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Abatract: The first syntheaie of seco-[61-prismane 5, the 
closeat, one-bond-away aecologue of [61-priemane 4, from the 
readily available Diels-Alder adduct of 1,5-cyclooctadiene and 
drmethoxytetrachlorocyclopentadlene 18 described. The key 
chemical operationa in the 17 step sequence are (11 4*2-cyclo- 
addition of singlet oxygen 20 ~22, (111 boron mediated frag- 
mentation 47‘ 14 and (iii) intramolecular Z+Z-photocycloaddi- 
tion 14 __+ 49. The methodology outlined here offera opportuni- 
ties for further elaboration to I61-priamane as well a8 several 
of ite homo- and secologuea. 

Introduction 
tnl-Prismanee conatrtute an enchanting claee of polycyclic hydrocar- 

bon8, made-up of even number of methane unite of general formula (CHl2n 
and Dnh symmetry, whose synthetic appeal emanate8 from their compact, 
aesthetically pleasing shape and the prediction and expectancy of nove 1 
structural characteristica and unusual chemical reactivity.1 Concep- 
tually, prismanes were introduced over a century ago a.8 Ladenburg’s etruc- 
ture for benzene but the first practical realrsation of a prismane was 
achieved only in 1964 by Eaton and Cole through their seminal effort8 
culminating in the 8yntheSiE of [I]-priamane (2, cubanel.2 Since then, 
[31-prismane 13 and [51-priemane 34 have been synthesised in 1973 and 
1981, respectively. Thus, in each of the preceding three decade8 one 
priemane has been synthesised, and by extrapolation [61-prismane 4, the 
next in line, 18 due for the nineties1 To meet the deadline, we initiated 
effort8 rn quest for 4, well In advance, and thre and the following 
reports5arb reveal the strategies that have been pursued and the progress 
achieved eo far. 

hexaprismane 4 ia composed of twelve identical methane unite (CHll2, 
arranged at the corners of a regular hexagonal prism and thus the two 
parallel 6-membered rings are cojoined by 81x 4-membered rings. It 1s 

formally a face-to-face d1mer of benzene. Molecular mechanict&a-c and & 
1n1tlo6d-h calculations predict D6h symmetry for hexapriamane in the 
loweet energy arrangement with a ater1c energy of -164 Kcal/mol.6b Fur- 
thermoreZ 4 1e the first [nl-priamane in the series in which carbon atoms 
have C-C-C bond anglea, both less than (90.1 and greater than (120’1 the 
norma 1 tetrahedral angle.61 The synthetic creation of heptacyclrc 4 
requires a unique assemblage of BLX cyclobutane rings, all fused rn a s, 
D-manner and poses a synthetic challenge of high magnitude that has 
enticed many eynthetlc group8 around the world. However, only lAm1ted 
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success towards the synthesis of hexaprismane has been achieved so far.7 
Herein, we report the ayntheals of secohexaprxamane 5, the closest, one- 
bond-away aecologue of 4.8 

EI N ($9 
1 2 3 

@-@ *@ 

4 5 

Synthetm Strategy 
For the conatructlon of [61-ptlsmane framework, we opted for a 

strategy that appeared conceptually simple but involved the arduoua task 
of coaxing the precursors into proper apatlal alignment for the multiple 
cycloaddltlons. Thus, two face-to-face benxenea & (C6 + C6) ot two 
bottom-to-bottom Dewat benzene8 B (C6 + C61 or a cyclobutadlene over 
cyclooctatetraene C (Cq + CS) ot three cyclobutadlenea Q (C4 + C4 + Cq) 
could eventuate in 4, Scheme 1. While such esotetrc approaches look 
great, they rely heavily on provldentlal forces to succeed1 Therefore, a 
more practical and tatxonal approach would be to deploy teadlly available 
chemical equivalents of Cq, C6 and CS fragmenta and unite them, atep-by- 
step with reg io- and steteochemrcal controla, in a series of logically 
arranged synthetic opetatlona. 
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Among the poseibzlltlee mentloned in Scheme 1, we preferred the Cq + 
C8 approach C to hexaprlsmane 4 , and, therefore, identified 5,5-dlme- 
thoxy-1,2,3,4-tetrachlorocyclopentadlene 6 and 1,5-cyclooctadlene 7 via 0 
as the chemical equrvalent of cyclobutadlene (C4) and cyclooctatetraene 
(CS), respectively, Scheme 2. 

SCHEME 2 

Keeping In view, 6 and 7 or 8 as readily and abundantly avallable C4 
and C6 equlvalenta, a retrosynthetlc theme for the projected ayntheers of 
[61-prlemane was delineated, Scheme 3. According to this theme, the 
pentacycllc dlmer of benzene 13, formally a true cycloaddend of cyclo- 
butadiene and cyclooctatetraene, emerged ae the penultimate precursor, 
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which on rntramolccular 2+2-photocycloaddltion would generate [61-prlemane 
framework. Further down the line, 10 wae a pivotal intermediate that 
required either direct access from 6 and 8 or through 9 m allyllc func- 
tionali8ation. The transformation of 10 to 13 through 11 and 12 appeared 
to be relatively straight-forward. 

To lend a certarn degree of flexibility to our strategy, we also 
targeted some homo- and eecologuee of 13. These back-up alternatives 12 
and 14 
through 
to 4. 
overall 

~17 alongwith 13 are ahown in Scheme 4 and each one of them 
2+2-photoclosure and few addItiona tactical manoeuvres could lead 
Access to precursors 12 and 14 c 17 could be galned wrthln the 
framework of Scheme 3 with minor variations. 

Cl 
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SCHEME 4 

synthetic Stud&em 
To give expreaslon to Scheme 3, 5,5-dlmethoxy-1,2,3,4-tetrachloro- 

cyclopentadlene 6 and excess 1,5-cyclooctadlene 7 were subyected to Dlels- 
Alder cycloaddltlon to afford the well characterlsed --adduct 9 in 
64% yield, Scheme 5.9 The next task was to 1,4-dlfunctlonalrse the 
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allylic positions of the cyclooctene moiety rn adduct 9, so that the 
appended functionalitrea could readily serve aa precursors for oleflnlc 
bonda of the diene 12. Direct functionaliaatxon of the diene 9 to 10 via 
allylic bromination with N-bromoeuccinimide was attempted. It furnished a 
mixture of allylic mono-bromidee 18 and 19 only, and in that too, the 
double bond shifted isomer 18 predominated.7b Since further bromination 
of 19 to 10 could not be achieved, it was decided to convert the allylic 
bromide mixture into a symmetrical 1,3-diene and further refunctronalise 
it through 1,4-addition. 

Initial attempts at dehydrobromination of 19 led to the formation of 
20 in low yield and the malor product of the reaction was the intra- 
molecular Diels-Alder adduct 21.7~ In order to suppress this unwanted 
product,milder reaction conditions for dehydrobromlnation were devised and 
it was found that DBU in DMSO (-2O'C) furnished the labile diene 20 in an 
acceptable 71% yield, Scheme 5. The 1~ NMR spectrum of 20 showed a 
characteristic olefinic proton signal at 6 6.0-5.4 and the 13C NMR 
spectrum revealed its symmetrical structure. 

The next operation was the 1,4-functlonallsation of the diene moiety 
in 20 in a manner that the functionality introduced could be a double bond 
equivalent to realise the key dlene 12. As the initial attempts at 1,4- 
functionalisation in 20 employing Backvall's palladium chemistry10 were 
unsuccessful, recourse was taken to singlet oxygen 4+2-cycloadditlon. 
Irradiation of a solution of 20 using methylene blue as sensitizer at 
-15'C led to a single, highly crystalline, stable endoperoxlde 22 in 70% 
yield in a highly stereoselective reaction, Scheme 6.11 Some quantity of 
21 was also formed in the reaction due to competitive intramolecular 
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Dlele-Alder reaction, While the 1~ NMR and l3C NMR spectra of 22 revealed 
the grors oymmetrical structure, its stereostructure was unequivocally 
establiehed through X-ray crystal structure determ1natlon.12 The addition 
of lo2 to 20 exhibit remarkable n-facial selectivity and exclusive 
addition from the etheno-face 18 observed. This stereoselectlve addition 
of 102 to 20 from the seemingly more hindered face and between the two n- 
sy8tems indicates that the addition 1s electronically controlled through 
secondary orbital stabll18atlon of the transition state by the etheno I- 
electrone. As the endoperoxlde 22 was not serviceable for the 2+2-photo- 
cyoloaddltlon due to the lncompatlble dispo81tion of the double bonds, it 
became necessary to cleave the peroxide bridge. Thus, 22 was exposed to 
Et3N and the cyclic hemi-acetal 24 was obtained 1n quantltatlve yield w 
the hydroxyketone intermediate 23, Scheme 6. The hemi-acetal was charac- 
terieed on the basic of the absence of carbonyl absorption :n the IR spec- 
trum and presence of a highly deshlelded signal at 6 109.4 corresponding 
to the -O-C-OH moiety in the 13C NMR spectrum. It was subJected to Jones 
oxidation in the hope of obtaining the enedlone 25 as per the literature 
precedences 1n similar systems.13 But, in practice only the lntra- 
molecular aldol product 26 having polyqurnane structure and derived from 
25 wa8 isolated 1n 68% yield, Scheme 6. Even with milder oxldlalng agents 
like PCC and MnO2, the symmetrical enedlone 25 could not be isolated and 
only 26 wae obtained. 

20 22 I 2s I 
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1 
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J 
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SCHEME6 

Since 25 could not be obtained and 26 was not suitable for effecting 
intramolecular 2*2-cycloaddition, the endoperoxlde 22 was reductively 
opened wrth L1A1Hq to the d1ol 27, Scheme 7. The highly polar and 
1naoluble nature of the d1ol 27 rendered 1t dlfflcult to characterlse and 
handle, and was therefore, converted to the symmetrrcal dlacetate 28. In 
28 we had the masked COT-dimethoxytetrachlorocyclopentadlene adduct (cf. 
10) as envisaged in Scheme 3. On UV irradiation, using acetophenone as 
sensitizer, 28 underwent the desired intramolecular n2s + ~2s photocyclo- 
addition to furnish the pentacyclic dlacetate 29 1n 73% yield, Scheme 7, 
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The l,h-diacetate functlonallty in 29 now needed to be transformed to 
the key drene 12. Towards thla end, the acetate moieties in 29 were 
hydrolysed and the reeultlng endo,endo-dlol 30 was oxldleed with PCC to 
the pentacyclic dlone 31. However, 31 exreted exclusively as the internal 
aldol 32 and was thus unserviceable for further conversion to 12. It wa8, 
therefore, decided to convert the endo,endo-dlol 30 to the dlmesylate 33 
and effect double ellmlnatlon to the dlene 12. However, direct ellmlna- 
tion of the mesylate groups in 33 to dlene 12 could not be effected. 
Realieing that the endo,endo-stereochemistry of the mesylate groups In 33 
was not aulted for E2-type ellmlnatlon, we opted for a subatltutlon-ellml- 
nation methodology.14 Consequently, 33 was treated with NaI in HMPA 
under high dilution condltlone and the much sought-after pentacyclrc dlene 
12 was secured aa gllstenlng colourless crystals In 73% yield, Scheme 7. 
The presence of oleflnlc proton signals at 6 6.15-6.05 (2H) and 6 5.92- 
5,62(2R) In the 400 MHz IH NMR spectrum and a 9 line 13C NMR spectrum with 
carbon resonances at 6 128.1 and 127.4 established the structure of dlene 
12. An X-ray crystal structure determlnatlon on 12 unambiguously conflr- 
med this formulatlon.12 

22 27 29 
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SCHEME7 

The carbonyl functlonallty at ClI In 12 was unveiled to furnish 34. 
The keto dlene 34 was subjected to the crucial Favorskll ring contraction 
in toluene containing dry powdered NaOH.7as15 The resultrng -1 : 1 
mixture of acids was esterlfled and separated. The less polar ester was 
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aaargned the structure 15 as it exhlblted a proton signal at 6 4.34 
corresponding to H-$-Cl in the 1H NMR spectrum and a dragnostrc 14 line 
13C RMR rpectrum. The more polar eater 13 turned out to be the required 
ring contracted diene and exhibited a simplified 1~ NMR and a 14 line 13c 
NMR spectra. The structure of 13 was clinched through catalytic hydroge- 
nation to the known pentacyclic compound 35.7a While 13 18 formed m the 
expected and deeired Favorekii rearrangement, the tetracyclic 15 resulta 
from a Haller-Bauer cleavage characteristic of non-enolisable ketones, 
Scheme 8.16. It icl known that in many strained ring ayatema, the Raller- 
Bauer cleavage compete6 favourably with Favorakll rearrangement.7at16 

With the eucceasful attainment of the penultimate precursor of hexa- 
priamane as contemplated in Schemea and 4, the crucial intramolecular 
2*2-photocycloaddition to the I61-prlamane system wae attempted. But, 
disappointingly, 13 could not be induced to undergo 2*2-photocycloaddrtion 
to 36 under a variety of conditions employing different solvente and Ben- 
sitizers. Even recourse to elevated temperatures for lrradratlon led only 
to intractable products. 

Cl 
Cl 

Isix C 
COOCH, 
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At thrs atage, we took cogniaance of the literature precedence that 
hypostrophene 37 does not undergo 2+2-photocycloadditlon to pentapriemane 
38,17 whereas homohypoatrophene 39 undergoes smooth photocycloaddition to 
homopentapriemane 49,4b*l6 Scheme 9. Consequently, we attempted the 
intramolecular photocycloaddition in the homologuoue diene 12 which 1s 
aleo well suited for conversion to hexapriamane framework via ring contra- 
ction protocol. However, even 12, whose X-ray crystal structure indicated 
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that the two double bonds are well within range (2.92 A) with favourable 
epatlal orlentatron for an intramolecular ~26 + ~26 cycloaddltron, failed 
to undergo ring closure to 41, Scheme 9. 

12 41 

SCHEME9 

An intramolecular 2+2-photocycloaddltlon on the Hailer-Bauer cleavage 
product 15 was also attempted to gain access to the secohexaprlsmane 
framework 42. However, this reaction also met with failure. In order to 
overcome possible interference due to chlorine atoms, if any, during 
photocycloaddltlon, the ester moiety In 15 was hydrolysed and the acid 
dehalogenated with Na-liq.NH3 and reesterlfled to 43, Scheme 10. However, 
43 also failed to undergo 2+2-photocycloaddltlon to 44. 
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SCHEME 10 
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At this juncture, attention was turned to the other alternatlvea 
indicated in Scheme 11. It appeared reasonable to presume that ring 
expansion of the norbornane part in 34 to a bicyclo[2.2.2loctane moiety 
would probably bring the double bonds closer to induce Z+Z-photocycloaddl- 
tion.19 Hence, 34 was subjected to ring expansion with dlazomethane to 
obtain the keto diene 45, As the direct irradiation of 45 might be comp- 
licated due to intervention of Norrieh-type reaction, it was reduced with 
NaBHq and then converted to the acetate derivative 16. But, 16 also was 
found to be recalcitrant towards photochemical 2+2-cycloaddition and no 
evidence for the formation of 46 could be obtained. 

cl 
Cl 

Q4z c!&Y Cl 
Cl 

46 

I SCHEME 11 

The consistent failure of the intramolecular 2+2-cycloadditrona in 
our case, even with double bond8 under seemingly favourable spatial dispo- 
sition, forced us to reassese our option8 as, such photocyclieatione had 
pivotal role in our scheme of things. A careful scrutiny of the litera- 
ture revealed that divinylcyclobutane systems do not readily undergo 
intramolecular 2+2-cycloadditions to furnish multiple fused cyclobutanea 
due to some stereoelectronic conatrarnts.4b~26~21 It was therefore decided 
to employ a diene precursor for the photocyclisation which did not contain 
the divrnylcyclobutane moiety. In Scheme 4, two such precursors 14 and 17 
have been identified. However, we recognised the fact that 14 and 17 can 
only lead to a SeCO-[61-prlsmane system, from which the generation of the 
target [61-priemane would be difficult; but given the aberrant behaviour 
of 12 and 13 toward8 photoirradiation, settlhng for 14 appeared to be the 
best available course. 

Seoo-tbl-prxsmane 5 
For access to the ring system 5, the tetracyclic precursor 14 had to 

be prepared (Scheme 41 and this required regioaelective removal of one of 
the cyclobutane bonds in the pentacyclic dimeaylate 33 (heavy line, Scheme 
12). For this purpose, Marshall's boronate fragmentation strategy22 
appeared to be a promising option. Towards this objective, 33 was first 
subjected to a controlled NaI-HMPA mediated substitution-elimination reac- 
tion and the olefinic monomesylate 47 was readily secured in 55% yield. 
Next, 47 was sequentially reacted with diborane and aq.NaOH and the reac- 
tion took the projected course through 40 to furnish the dlene 14 in 74% 
yield, Scheme 12. The 8 line 13C NMR spectrum of 14 confirmed the resto- 
ration of symmetry and the 1~ NMR resonances were fully in consonance with 
its structure. 
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Irradiation of a solution of 14 In acetone did take the expected 
course and the hexacyclic 2+2-cycloadduct 49 was obtained in 60% yield, 
Scheme 13. The absence of oleflnlc protons and presence of addltlon four 
cyclobutyl protons signal at 6 2.96 in the lH NMR and the 9 line 13~ NMR 
spectra were In accordance with its structural formulation. Unmasking of 
the carbonyl group in 49 led to the hexacyclic ketone 50 (85%) and set the 
stage for the Favorskil ring contraction protocol.23 

The hexacyclic ketone 50 could also be approached in an alternate way 
e 52 as envisaged in Scheme 13. When 14 was subjected to the carbonyl 
unveiling operation, a rearranged ketone 52 instead of the expected 51 was 
obtained in quantltatlve yield. The ketone 52 showed ready tendency to 
get hydrated to 53 and the 13C NMR spectrum recorded In DMSO-d6 lndlcated 
the presence of 53. Formation of 52 from 14 involves an extremely facile 

want- 
3 

sowgo,, cycl, 85% 
1 

9oxk&o,, CH&& 

53 52 50 
SCHEME 13 
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[3,31-slgmatroplc transformation (occurring at -5'C) and can be attributed 
to the accelerating effect of the remote catronlc centre.24 Intramolecu- 
lar 2+2-photocycloaddltion in 52 proceeded smoothly and the product obtar- 
ned waa rdentlcal with 50 obtained earlier. 

Favorakii ring contraction of 50 employing the NaOH-dry toluene 
milieu and esterrflcatlon furnished a mixture of secohexaprlsmane ester 54 
and the corresponding Haller-Bauer ester 55 in a -2 : 5 ratlo, respecti- 
vely, in 85% yield, Scheme 14. The 3 line lH NMR and 14 line l3C NMR 
spectra of 54 with resonances at 6 168.5, 74.8, 68.6, 66.9, 59.1, 51.9, 
44.4, 43.4, 40.0, 31.1, 28.6, 28.2, 17.5, 16.8 were in accordance wrth its 
structural formulation. The structure of 55 was established through the 
presence of a signal at 6 4.38 characterlstlc of H-b-Cl type functzonalrty 
in the 1~ NMR spectrum and dlagnostlc 1% NMR resonences. 

With the successful attainment of the secohexaprlsmane framework 54, 
the next operation was to remove the chloro and ester substltuents and 
acquire the target hydrocarbon 5. This was accompllahed in three ateps as 
shown in Scheme 14. The ester group in 54 was hydrolysed to the acrd 56 
and subjected to modified Hunadlecker reactlon.25 The resulting tetrahalo 
compound 57 was subjected to reductive dehalogenatlon employing Li-t.BuOH- 
THF26 to furnish the hexacyclic C12Hl4 hydrocarbon seco-[61-prlamane 5 as 
a highly volatile waxy aolld. Seco-[Cl-prlsmane sublimes readily at - BO*C 
and does not melt till 250'C (sealed tube). The EI and CI mass spectra of 
5 did not show a molecular ion peak, but a base peak at m/e 79.0559 corr- 
esponding to M*/2 1CgH7+) was observed. The 300 MHz 1H NMR spectrum 
exhibited four resonances at 6 3.12-3.06 (ml, 2.90-2.79 (m), 1.78 (d with 
St., J=14 Hz) and 1.30 (d, J=lrlHz) rn ratio of 1 : 4 : 1 : 1. The 13C 
NMR spectrum exhibited four resonances at 6 35.0, 33.8, 29.2 and 20.5 
accordance wrth Its symmetry. 

in 

./ a~KOH,MeOH 

SCHEME14 
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In conclusion, we have outlined (Scheme 3 t 41 a novel approach to 
[61-prismane involving step-wise, regio- and stereo-controlled, multiple 
cycloadditrons between a cyclobutadiene equivalent and a cyclooctatetraene 
equivalent. Despite notable success in assembling the pentacyclic 
precursors 12 and 13 of [61-prrsmane, the final target has eluded us due 
to the unexpected failure of the key 2+2-intramolecular photocyclo- 
addition. However, taking advantage of the built-in flexibility of our 
approach (Scheme 41, it has been possible to accomplish the synthesis of 
seco-I61-prismane 5, the closest possible and one-bond-away, aecologue of 
(61-prlsmane. 

Illxporimentd 

Melting points were recorded on Buchi SMP-20 apparatus and are unco- 
rrected. IR spectra were recorded on Perkln Elmer 297 apectrophotometer 
and calibrated against the polystyrene absorption at 1601 cm-l. All solid 
samples were recorded as KBr wafers and liquid samples as thin films 
between NaCl plates. 1~ NMR (100 MHz) and 13C NMR (25.0 MHz) were 

recorded on JEOL FX-100 spectrometer in CDC13 solvent. Mass measurements 
were carried out on JEOL JMS DX-303 spectrometer and Elemental analysis 
were performed on a Perkln-Elmer ZIOC-CHN analyoer. All reactions were 
monitored by employing tic technique using appropriate solvent systems for 
development. Moisture-sensitive reactions were carried out using standard 
syringe-septum techniques. Dichloromethane and carbontetrachlortde were 
distilled over P2O5. Benzene and toluene were distilled over sodium and 
otored over pressed sodium wire. Dry ether and dry THF were made by 
distilling them over sodium-benxophenone ketyl, Pyridine was distilled 
over potassium hydoxrde and stored over potassium hydroxide. All solvent 
extracts were washed with water, brine, dried over anhydrous Na2SOq and 
concentrated on a Buchi-EL rotary evaporator. In all gram scale reac- 
tions, the yields reported are average yields from a number of experi- 
mental runs. 

1,10,11,12-Tetrach1oro-13,13-d~~thoxytr~cyc1o~8.2.1.02~91tr~deca-5,11- 
diene (91:9 Prepared as per the literature procedure. mp.: 70'~ (Lit.9 71- 
72.c); IR:1650, 1608 cm-l: 1~ NMR(CC141: 6 5.75 (ZH, 8, -HC=CH-), 3.60 
(3H, 8, -OCH3), 3.50 (3H, s, -OCH3), 2.88 - 1.28 (lOH, ml; 13C NMR* 6 
131.5, 129.0, 111.8, 79.5, 52.6, 51.5, 50.9, 24.9. 

Brorination of 9 (18 and 19):7b A mrxture of compound 9 (50 g, 0.134 
mol), N-bromosuccinlmide (24 g, 0.134 mol) and a catalytic amount of 
AIBN (450 mgl in carbontetrachloride (500 mL) was refluxed for 4h. The 
reaction mixture was cooled and the floating euccinimide filtered off and 
washed with carbontetrachlorrde (50 mL). The combined organic layer was 
waohed with 20% HCl (3 x 50 mL1, 10% NaHC03, water and dried. Evaporation 
of the solvent under reduced pressure furnished a mixture of allylrc 
bromides 18 and 19 (60 g, 100%) as a viscous material which was used ae 
such for the next reaction. IR: 1680, 1655 cm-l. The IR spectrum of the 
material was found identical to the compound prepared earlrer.7b 
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1,10,11,12-Tetrach1oro-13,13-d~methoxytricyc1o~8.2.1.02~91tr~deca-4,6,11- 
triene (2O):7c TO a solution of allylic bromide mixture 18 and 19 (309, 
0.066 mm011 in DMSO (150 mL) was added DBU (209, 0.131 mall rn DMSO 
(50 mL1 dropwlse under N2 atmosphere and the mixture stlrred overnight at 
-2o.c. The reaction mixture was poured into ice-cold water (500 mL1 and 
extracted with ether (4 x 150 mL). The combined ethereal extract was 
washed with 20% HCl (3 x 50 mL1, water and dried. The solvent was removed 
under vacuum at -2O'C and the residue charged on a slllca gel (300 g) 
column. Elutlon with 5% ethyl acetate-hexane and evaporation of the 
solvent under vacuum at -2O.C furnished the trlene 20 (17 g, 71%). IR: 
1605 cm-l; 1~ NMR: 6 6.0-5.4 (4H, m, -fiC=CH-1, 3.5 (3H, 8, -OCH3), 3.45 
(3H, 8, -ocFi3,, 2.7 (2H, m, -CH2-Cfl-1, 2.3 (4H, m, -CH2-1; 13C NMR: 6 
129.6, 129.0, 128.4, 112.2, 79.5, 52.8, 51.5, 47.9, 25.0. Further elution 
of the column gave the intramolecular 2+2-cycloadduct 21 (49, 17%) and it 
was found identical with the sample prepared ear lier from our 
laboratory.7c mp.: 177'C (Llt.7c 177-178'C) 

4,5,6,7-Tetrachloro-l5,l5-d~methoxy-ll,l2-d~oxatetracyclo ~[8.2.2.14,7.03,81 
pentadeca-5,13-dlene (22): In a long lrradlatlon vessel fitted with an 
outer jacket for cold water clrculatlon was placed trlene 20 (20 g, 0.054 
mol), methylene blue (300 mg) and dlchloromethane (350 mL1. The solu- 
tion was irradiated with a 500 W tungsten lamp under a slow stream of 
bubbling oxygen for 7 days.lla The solvent was evaporated off and 
residue charged on a slllca gel (500 g) column. Elution with 10% ethyl 
acetate-hexane lnltlally furnished the intramolecular Diels-Alder product 
21 (5 g, 25%) which was recrystalllsed from hexane. mp.: 177'C (Llt.7c 
177-178.C). Further elutlon of the column with the same solvent furnished 
the endoperoxlde 22 (11 g, 50%) which was recryatalllsed from dlchloro- 
methane-hexane. When the reaction was done on - 5 g scale, better yield 
(- 70%) of 22 was obtained. mp.: 17O'C. IR: 2950, 1600, 1195, 725 cm-l; 
1~ NMR: 6 6.52-6.4 (ZH, m, -I$=$-), 4.9-4.64 (2H, m, -I&-O-O-), 3.54 (3H, 
s, -OCti3), 3.52 (3H, s,-OCH3), 2.86-1.9 (6H, series of ml. 13C NMR: 6 
131.4, 130.0, 111.3, 79.2, 74.6, 52.8, 51.7, 48.3, 32.8. Anal. Calcd. for 
C15H16Cl404: C, 44.80; H, 4.01. Found. C, 45.04; H, 4.08. 

4,5,6,7-Tetrach1oro-14,14-d~methoxy-13-oxatetracyc1o~8.2.1.14~7.03~81tetr- 
adec-5,11-en-l-01 (24): To a solution of endoperoxlde 22 (500 mg, 1.24 
runol) in dlchloromethane (25 mL) was added Et3N (250 mg, 2.48 mm011 and 
the reaction mixture stirred overnight at - 25'C.l3 Removal of solvent 
furnished a residue which was flltered through a silica gel (15 g) column 
to furnish 24 (500 mg) in quantrtative yield. mp.: 141-142'C; IR: 3300, 
1610, 1180, 1110, 1030 cm-l; 1H NMR: 6 6.32 (lH, dd, Jl = 7H2, J2 = J3 = 
2Hz, -HC=CH-1, 6.12 (lH, d, J = 7H2, -HC=C&-OH), 4.80 (lH, br s,-&-O-l, 
3.56 (3H, s, -0cg31, 3.52 (3H, s, -0CFi31, 3.10 (lH, s, -O-tr-OH,, 2.92-1.52 
(6~, series of ml; 13C NMR: 6 136.0, 134.4, 130.2 (2c1, 111.6, 109.4, 
79.1, 78.7, 52.7, 51.6, 51.3, 48.4, 46.1, 40.3, 34.0. Anal. Calcd. for 
C16H16Cl404: C, 44.80; H, 4.01. Found: C, 44.88; H, 4.00. The same product 
was also obtained when the endoperoxide 22 was stirred with two equiva- 
lents of thlourea In methanol. 

G MEHTA~~S PADMA 
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Oxldatlon of 24 with Jones reagent: To a solution of compound 24 (100 mg, 
0.25 mm011 in acetone (20 mL), Jones reagent was added dropwise (- 0.5 mL) 
until tic (30% ethyl acetate-hexane) indicated the absence of starting 
material. Acetone was removed under reduced pressure and the residue 
diluted with water (10 mL). The aqueous phase was extracted with 
dichloromethane ( 3 x 10 mL ) and the combined organic layer washed with 
10% NaHC03, water and dried. The residue obtained after removal of 
solvent was charged on a silica gel (59) column. Elution with 30% ethyl 
acetate- hexane furnished the intramolecular aldol product 26 (68 mg, 68%) 
which was recrystallised from dichloromethane- hexane. mp.i 150.C; IR: 
3500, 1710, 1610, 1160 cm-l; 1H NMR: 6 7.42 (lH, d, -flC=CH-C=O,, 5.19 
(LH, d, -HC=CIj-k=O), 3.54 (3H, 8, -0Cti31, 3.52 (3H, 8, -0(X3), 3.2 (ZH, m), 
2.59 (lH, br s, -HC-k=O), 2.04 ( 3H, m); 13C NMR: 6 206.7, 164.8, 150.1, 
130.6, 130.1, 114.3, 104.9, 91.3, 78.0, 77.5, 59.7, 55.9, 52.5, 51.6, 
37.2. Anal. Calcd. for Cl5Hl4ClqOq: C, 45.01; H, 3.52. Found: C, 44.95; H, 
3.65. 

1,10,11,12-Tetrachloro-4,7-dlacetoxy-l3,l3-d~~thoxytr~cyclo~8.2.l. 02*91- 
trldeca-5,11-dlene (28): In a 500 mL three necked RB flask equipped with 
a nitrogen inlet and an addition funnel was placed LiAlH4 (2.5 g, 

0.065 mol) and ether (100 mL). To this suspension, the endoperoxlde 22 
(10 g, 0.025 mol) in ether (200 mL) was added dropwise and the reaction 
mixture stirred for 3h at - 25'C. The unreacted LiAlH4 was destroyed by 
dropwise addition of saturated solution of sodium sulphate. The ethereal 
layer was separated and the residue extracted with ethyl acetate (3 x 
150 mL). The combined organic layer was washed and dried. Removal of 
solvent gave the crude dlol 27 (10 g) which was directly used for the next 
step. IR: 3500-3250 (br), 1605, 1190 cm-l. 

A mixture of the above crude dial 27 (10 gr 0.025 mol), pyridlne 
(80 mL) and acetic anhydride (20 g, 0.196 mol) was stirred at _ 25'C for 
4h. The reaction mixture was poured into ice-cold water (150 mL) and the 
aqueous layer extracted with ether (3 x 100 mL). The combined ethereal 
extract was washed thoroughly with 20% HCl (5 x 50 mL), 10% NaHC03, water 
and dried. Removal of solvent gave 12 g of crude material which was 
crystallised from dichloromethane - hexane to furnish the pure dlacetate 
28 (9 g, 75%). mp.: 171'~; IR: 1750, 1740, 1610, 1245,,1040 cm-l; 1~ NMR: 
6 5.68-5.56 (2H. m, -HC=C& 1, 5.16-4.96 (2H, m, -HC-0-C(O)-CH3), 3.62 
(3H, s, -0Cri31, 3.50 (3H, s, OCH3)l 3.40-3.20 (2H, m, -CH&-), 
2.04 (6H, s, -o-C(O)-CH31, 2.0-1.52 (4H, m, -Cti2-); l3C NMR: 6 170.2, 
131.3, 128.7, 111.6, 78.8, 72.1, 52.6, 51.7, 50.6, 36.3, 21.1. Anal. 
Calcd. for Cl9H22Cl406: C, 46.74; H, 4.54. Found: C, 46.72: H, 4.38. 

9,10,12,13-Tetrachloro-ll,ll-d~methoxy~ntacycloC6.5.O.O~~l2.O5~~o.O9~13~ 
trldecane-2,7-dlol, dlacetate (29): A solution of the diacetate 28 (8 4, 
0.016 mol) and acetophenone (209) in benzene (800 mL) was purged with 
nitrogen and irradiated for ah, using Pyrex filter. The solvent was eva- 
porated and acetophenone distilled off at - lOO'C/l torr. The residue was 
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crystallised from dichloromethane-hexane to furnish the pure pentacyclic 
diacetate 29 (5.8 g, 73%). mp.: 175'C; IRz 1730, 1230, 1010 era-1; 1R NMR: 
4 5.07 (ZH, dd, J1 = 10Hz. J2 = 3H2, -I&O-C(O)-CH3), 3.7 (38, s,-OCEi31, 
3.68 (3H, a,-OCE_i3), 3.28 (ZH, s, cyclobutyl-Ctj), 3.0 (2H, br s, -H&CH2-B, 
2.56-1.80 (4H, m, -CIi2-1, 2.04 (68, s, -0-c(O)-cR3); 13C NMR:-4 169.9, 
105.1, 72.7, 72.2, 65.2, 51.8, 51.0, 46.8, 41.3, 23.5, 21.0. Anal. Calcd. 
for ClgA22Cl406: C, 46.74: H, 4.54. Found: C, 47.04; Ii, 4.40. 

Rydrolyaia of photolyeed diacetate 29: The diacetate 29 (5 g, 0.01 mol) 
wae taken in methanol (50 mLl and aq.KOH (1.15 g, 0.02 mol in 5 mL water) 
was added to it and stlrred for 2h at - 25'C. Methanol was evaporated off 
at 50.C in vacua and the residue was diluted with water (25 mL). The 
aqueous layer was extracted with ethyl acetate (3 x 30 mL). The combined 
organic extract was washed with 52 RCl, water and dried. Removal of 
solvent furnished the crude dxol 30 (49) which was used for the next step 
without purlficatron. IA: 3500-3100 (br), 1220, 910 cm-l; 

9,10,12,13-Tetrach1oro-11,11-dlaPethoxy-7-hydroxyhexacyc1o~6.5.0.03~7.04~12~ 
05~10.09~13ltridecan-2-one (32): To a suspension of pyridinrum chloro- 
chromate (850 mg, 3.94 mm011 and molecular sieves (4 A*, lgl in dichloro- 
methane (10 mLl was added a solution of dlol 30 (500 mg, 1.23 mmol) at 
O'C. The reaction mixture was stirred further for 2h at - 25'C, diluted 
with ether and filtered through a short column of floriell. Removal of 
solvent and crystallisation from acetone-hexane furnished the aldol pro- 
duct 32 (400 mg, 80%). mp.: 233-244'C; IR: 3400, 1740, 1205, 1020 cm-l; 1H 
NMR: 6 3.66 (3H, 8, -OCEl3), 3.60 (3H, -OCg3), 3.56 (lH, m), 3.30-3.06 
(38, ml, 2.56 (18, dt, J1 = 8H2, J2 = 2Hz), 2.34 (lH, s, -OR), 2.12- 2.0 
(PA, x11. Anal. Calcd. for ClgHl4Cl404: C, 45.01; H, 3.52. Found: C, 
45.18; H, 3.45. 

9,10,12,13-Tetrach1oro-11,11-drmethoxy~ntacyc1ot6.5.0.04~12.05~10.09~131- 
trldecane-2,7-dimeeylate (33): To a solution of dlol 30 (4 g, 0.01 8101) 
in dry pyrldlne (20 mL) was added methaneeulphonyl chloride (8 gr 0.07 
mol) at 0.C. The reaction mixture was stirred further for 5h at - 25'c 
and then poured into ice-cold water (60 mLl. The aqueous layer was 
extracted with ethyl acetate (3 x 40 mL) and the combined organic extract 
washed successively with 10% HCl (5 x 25 mL), 10% NaHC03, water and dried. 
Removal of solvent under vacuum and cryatalliaatlon from dichloromethane 
furnished the pentacyclic dlmesylate 33 (4.7 g, 85%). mp.: 165'C; IR: 
2950, 1320, 1170, 900 cm -1; 1H NMR: 6 5.06 (ZH, t with St., -I&-OSO2CH3), 
3.68 (3H, 8, -OCH3), 3.66 (3H, s, -OCIi3), 3.51 (2H, 8, cyclobutyl-CIj), 
3.06 (8H, s, -0so2cIi3 and -CH2-&-I, 2.44-2.2 (4H, m, -CEi2-). Anal. Calcd. 
for Cl7H22Cl408S2: C, 36.44; H, 3.96. Round: C, 36.47; A, 4.01. 

9,10,12,13-Tetrach1oro-11,11-d~wthoxypentacyc1o~6.5.0.04~12.05~10.09~131- 
trideca-2,6-diene (12): In a 100 mL two necked RB flask fitted with a 
nitrogen inlet was placed a mixture of dlmesylate 33 (500 mg, 0.9 mmol), 
NaI (4 g) and HMPA (50 mL) and the contents heated at 125-130'C for 72h. 
The reaction mixture was cooled to - 25'C and poured into ice-cold water 
(150 mL). The aqueous layer was extracted with ether (3 x 100 mL) and the 
combined ethereal extract washed with water and dried. Removal of solvent 
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furniehed a residue which waa charged on a silica gel (10 g) column. 
Elution with 10% ethyl acetate - hexane furnished the pentacyclic diene 12 
(240 rag, 73%) whxch was recryetallxeed from dichloromethane-hexane. The 
reaction wae done in lots of 500 lag ae the above mentioned ratio of rea- 
gents wae crucial in obtaining optimum yield of the product. mp.: 236'C; 
IR:3025,2925,1460,120~,73~ cm -1;l~ NMR(400 MHz):66.15-6.05 (2H,m,-gC=CH-), 
5.92 - 5.82 (28, m, -HC=C&l, 3.71 (3H, 8, -W&3), 3.67 (3H, 8, -OCH3), 
3.63-3,58 ( 28, m, allylic cyclobutyl-CA), 3.43-3.38 (2H, m, -CH=CA-Cfl-1; 
13C NMR: 4 128.1, 127.4, 104.1, 74.1, 72.5, 51.9, 51.1, 50.2, 47.8. Anal. 
Calcd. for Cl5814Cl402: C, 48.94; H, 3.03. Found: C, 49.24; A, 3.72. 

9,10,12,13-Tetrachloropentacyclo~6.5.0.04~~2.O5~~O.O9~~3ltrrdeca-2,6-dien- 
11-one (34): To a solution of the dimethoxyacetal diene 12 (600 mg, 1.62 
Maol) in dichloromethane (1 mL) cooled to O'C in an ice-bath was added 
dropwlse 90% 82804 (v/v 6 mL1. The reaction mixture was stirred further 
for 12h at - 25'C and then poured over 159 of crushed ice. The aqueoue 
layer was neutralieed with sodium bicarbonate and extracted wrth dichloro- 
methane (3 x 30 mL). The combined organic extract was washed with water 
and dried. Removal of eolvent gave 500 mg of the crude compound which was 
crytatallrsed from dichloromtthane-hexane to furnish the pure keto-diene 34 
(450 mg, 85%). mp.: 213'C (ahrinks), 218-219'C (melts); IR: 3050, 1805, 
725 cm-l; 1H NMR: 6 6.34-5.80 (4H, m, -.@sCH-), 3.88-3.72 (ZH, m, allylic 
cyclobutyl -cfz,, 3.44-3.24 (ZH, m, -CH=CH-&j-j; 13C NMR: 6 201.2, 128.9, 
126.9, 71.7, 68.1, 50.6, 46.1. Anal. Calcd. for C13H~Cl40: C, 48.49; H, 
2.50. Found: C, 48.77; H, 2.35. 

1,2,3,12-Tetrachlorotctracyclo~6.4.O.O2~~.O4~~~ld~~a-5,9-diene-3- carbo- 
xyllc acid methyl ester (15) and 2,3,12-trlchloropentacycloC6.4.0.02,7.- 
03,12,04~11Jdodeca-5,9-dlene-1-carboxyllc acid methyl ester (13): A BUS- 
pension of powdered NaOH (1.6 g, 40 mmol) in toluene (10 mL) wae refluxed 
for 30 min and traces of water in NaOH was azeotropically removed using a 
Dean-Stark apparatus. The RB flask was cooled to - 25.C and the keto-diene 
34 (400 mg, 1.24 mm011 in toluene (5 mL) was added and the reaction mix- 
ture refluxed for 10 min.7a It was then cooled, diluted with water 
(5 mL) and acidified to - pH 4 with dil.HCl. The organic layer was aepa- 
rated and the aqueous layer extracted with ethyl acetate (3 x 25 mL). The 
combined organic layer was washed with water and dried. Removal of aol- 
vent gave a crude material which wae diesolved in methanol (5 mL) and 
eeterified with ethereal solution of diazomethane at O*C. A tic exami- 
nation (15% ethyl acetate-hexane) of the mixture indicated the presence of 
two products. The solvent was evaporated off and residue charged on a 
silica gel (30 g) column. Elution with 10% ethyl acetate - hexane gave 
the Haller-Bauer product 15 (220 mg, 46%) which was recryetallrsed from 
dichloromethane-hexane. mp.: 138'C; IR: 3050, 1740, 1260, 1230, 740, 690 
cm-l; 1~ NMR: 6 6.36-6.08 (2H, m, -HC=CH-1, 5.74-5.44 (2H, m,-HC=Cg-1, 
4.34 (lH, d, J = 4Hz,-ClCH- ), 3.9 (3H, 8, -C(O)-OCH31, 3.88-3.04 (4H, 
series of m); 13C NMR: 6 168.1, 132.4, 131.5, 126.9,-126.6, 73.6, 72.4, 
69.9, 58.8, 54.0, 53.2, 48.9, 44.8, 42.1. Anal. Calcd. for Cl4Hl2Cl402: C, 
47.49: A, 3.42. Found: C, 47.53; H, 3.33. Continued elution of the column 
gave the Favorekii product 13 (182 mg, 46%) which was recryatallised from 
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dichloromethane-hexane. mp.: 135.C; IR: 3050, 1730, 1280, 1220,720 cm-l; 
1H NMR: 6 6.36-6.0 (4H, m, -HC=Cg-1, 3.79 (3H, s, -c(o)-0~~31, 3.74-3.36 
(48, ml; 13C NMR: 6 167.4, 128.4, 128.2, 127.5, 127.4, 71.9, 67.4, 65.7, 
59.3, 52.2, 50.8, 49.9, 49.6, 41.4. Anal. Calcd. for C14AllCl302: C, 
52.94; Ii, 3.49. Found: C, 52.64; ii, 3.42. 

Eydrogenation of 13: A solution of compound 13 (5 mg,0.016 mmol) in dry 
ethyl acetate (3 mL1 was hydrogenated at atmospheric pressure over lO%Pd/C 
(1 mg) for a period of 4h. Pd/C was filtered off and solvent removed to 
furnish the saturated ester 35 (5 mg, 100%) which was recrystallised from 
dichloromethane-hexane. mp.: 161'~ (Lit.7a 161.5-162'C). 

Tetracyclo[6.4.0.02r7.O4~llldodeca-5,9-d~ene-3-car~xyl~c acid methyl ester 
(44): To a solution of compound 15 (20 mg, 0.056 mm011 in methanol (5 mL1 
was added aq.KOH (10 mg in 1 mL of water) and the reaction mixture re- 
fluxed for 10h. Methanol was removed under vacuum and the residue was 
diluted with water (5 mL). The aqueous layer was acidified with dil.HCl 
and extracted thoroughly with ethyl acetate (4 x 5 mL). The combined orga- 
nic extract was washed and dried. Removal of solvent gave 19 mg of the 
crude acid which was directly used in the next step. 

In a 50 mL three necked RB flask fitted with KOH guard tube and septum, 
freshly distilled ammonia (15 mL1 was placed and sodium (20 mg, 0.86 
mm011 was added. The crude acid (19 mg) in THF (1.5 mL) was injected 
dropwise and the reaction mixture stirred for 15 min. The reaction was 
quenched by alow addition of NH4Cl and ammonia was allowed to evaporate. 
The residue was diluted with water (5 mL1. The aqueous layer was acidified 
with dil,HCl and extracted with ethyl acetate (3 x 10 mL1. The combined 
organic extract was washed with water and dried. Removal of solvent gave 
the crude dechlorinated acid which was dissolved in methanol (5 mL) and 
esterlfled with ethereal solution of dlazomethane at O*C. Methanol was 
evaporated off and the residue chromatographed over a slllca gel (5 g) 
column. Elution with 5% ethyl acetate - hexane furnished the pure dechlo- 
rlnated ester 44 (5 mg, 41%) and was recrystalllsed from hexane. mp.: 
85.C; IR: 3050, 2950, 1725, 1430, 1190, 810, 720 cm-l; 1~ NMR: 6 6.4 (lti, 
dd, ~1 = J2 = 8Hz1, 6.2 (lH, dd, J1 = J2 = ~Hz), 5.42 (ZH, dd, J1 = J2 = 
BHz), 3.53 (3A, s, -C(O)-ocIi31, 3.45 (2?i, m, allylrc cyclobutyl-CH), 2.8 
(3H, m), 1.78 (lR, dd, Jl=Jp = 3H2, cyclobutyl-CB), 1.65 (lH, dd, J1 = J2 
= 3H2, cyclobutyl -CR), 1.02 (lH, dd, Jl = 4H2, J2 = 2Hx,=C:$ ), 0.9 (18, 
dd, Jl = 4Hx, Jl = 2Hx,:C!$).Anal. Calcd. for Cl4Hl602: C, 77.75; H, 7.46. 
Found: C, 77.71; A, 7.61. 

2,3,6,7-Tetrach1oropntacyc~oC6.6.0.02~7.03~12.06~11~tetradeca-9,13- dien- 
4-one (45): To a solution of keto dlene 34 (70 mg, 0.217 nun011 in ether 
(5 mL) maintained at 5-7-C was added a cold ethereal solution (10 mL) of 
dlazomethane (prepared from 200 mg of nitrosomethyl urea) followed by 
methanol (1 mL). The reaction mixture was kept at 5-7'C for 7h with occa- 
sional swirling. Excess dlazomethane was destroyed with a few drops of 
acetic acid and the ethereal solution washed with 10% NaHC03, water and 
dried. The solvent was evaporated off and resrdue charged on a allrca gel 
(10 g) column. Elution with 10% ethyl acetate-hexane furnished the ring 
expanded product 45 (22 mg, 55% based on recovered starting material) and 
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wae recryetallloed from dlchloromethane - hexane. mp.: 242-244.C 
(shrinks), 250'C (decomp); IR: 2925, 1740, 960, 740 cm-l; 1H NMR: 6 6.44- 
6.12 ( 2H. m, -&Z=CH-1, 5.86-5.56 (ZH, m, -BC=C&), 3.92-3.72(28, m, 
allyllc cyclobutyl -CA), 3.46 (lH, f ABq, J = 20Bz :C:", ), 3.28-3.16 (ZH, 
m, -HC=CH-&-1, 3.02 (lH, f ABq,J = ZOHz, x; ). 13C NMR: 6 196.0, 131.8, 
130.6, 127.4, 126.6, 77.6, 75.3, 73.1, 66.1, 49.5 (2C), 48.8, 47.0, 44.7. 
Anal. Calcd. for C14HlOCl40: C, 49.99 ; H, 2.999. Found: C, 49.54 ; H, 
3.02. Further elutlon of the column gave the unreacted etartlng material 
34 (32 mg). 

2,3,6,7-Tetrach1oro-4-acetoxypentacyc1ot6.6.0.02~7.03~~2.06~~11tetradeca- 
9,13-dlene (16): A solution of compound 45 (20 mg, 0.060 mmol) in metha- 
nol (2 mL) was cooled In an ice-bath and sodium borohydrlde (3 mg, 0.079 
mm011 was added and the reaction mixture stirred for 30 min. Methanol was 
removed under reduced pressure and the residue diluted with water (5 mL). 
The aqueous layer was extracted with ethyl acetate (3 x 5 mL) and the 
combined organic extract was washed with water and dried. Removal of 
solvent gave the hydroxy dlene (20 mg) which was directly used for the 
next step. A mixture of the above obtained hydroxy dlene (20 mg), acetic 
anhydride (5 drops) and pyrldlne (2 mL) wae etlrred for 4h at - 25'C. The 
reaction mixture was poured into ice-cold (10 mL) water and extracted with 
ethyl acetate (3 x 10 mL). The combined organic extract was washed aucc- 
essively with 10% HC1 (5 x 5 mL), water and dried. Removal of solvent and 
crystallleatlon from dlchloromethane - hexane furnished the pentacycllc 
acetate 16 (18 mg, 80%). mp.: >25O'C. IR: 1740, 1220, 1060, 960, 740 cm-l; 
1~ NMR: 6 6.22 (2H, dd, Jl = ~Hz, J2 = 6H2, -IjC=CH-1, 5.79 (ZH, dd, Jl = 
J2 = 7H2, -HC=C&), 5.26 (lH, dd, Jl = 9H2, 52 = 6H2, -H&-O-C(O)-CH31, 3.79 
(2H, dd, Jl = J2 = 5H2, allyllc cyclobutyl -CH), 3.09 (ZH, dd, Jl =J2 q  

5H2, -HC=CH-C&1, ), 2.68 (lH, 4 ABq, J = 
4Hz, :C:; 

2.76 (lH, + ABq, J = ~Hz, >C$ 
1, 2.14 (3H, a,-0-C(O)-CE3). Anal. Calcd. for Cl6H14C1402: C, 

50.56; H, 3.71. Found: C, 50.41; H, 3.65. 

9,10,12,13-Tetrach1oro-11,11-d~methoxy~ntacyc1o~6.5.0.04~~2.05~10.09~13~- 
trldecan-2-ene-7-meaylate (47): A mixture of dlmesylate 33 (500 mg, 0.9 
mol), NaI (2 g) and HMPA (40 mL) was heated at 1OO'C for 30h under N2 
atmoephere. The reaction mixture was cooled to - 25'C and poured into Ice- 
cold water (150 mL). The aqueous layer was extracted with ether (5 x 125 
mL) and the combined ethereal extract was washed and dried. The realdue 
obtained after removal of solvent was charged on a silica gel (25 g) 
column. Elution with 10% ethyl acetate - hexane furnished first the dlene 
12 (85 mg, 35% based on starting material recovery) and was recryetalli- 
aed from dlchloromethane- hexane. mp.: 236'C. Continued elutlon with 20% 
ethyl acetate - hexane furnished the monomeeyl olefln 47 (186 mg, 55% 
based on starting material recovery) which was recrystalllsed from dlchlo- 
romethane-hexane. mp.: 167'C; IR: 2950, 1335, 1200, 1170, 940, 880 cm-l; 
1H NMR : 6 6.24 - 6.04 (2H, m, -HC=CH-), 4.9-4.68 ( lH, t, J = 6Hz, 
-&OSO2CH3~, 3.68(3H, s -ocg3), 3.64(38, a, -0(X3), 3.64-3.04 (4H, m), 
3.02 (3H, s, -OSO2C!i3), 2.12 (28, dd, J1 = J2 = 5Hz, -Cii2-). Anal. Calcd. 
for Cl6Hl8C1405S: C, 41.40; H, 3.90. Found: C, 41.43; H, 3.79. Further 
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elution of the column with 508 ethyl acetate - hexane gave the unreacted 
drmesylate 33 (95 mg). 

1,2,7,9-Tetrachloro-8,8-dilethoxytetracyclol7.4.0.02~7.0~~~Oltr~daca-3,12- 
diene (14): Into a 50 mL three necked RB flask equipped with a nitrogen 
inlet, bubbler, condenser and mercury aeal waa mtroduced TBF (20 n\L) 
and the flask waa cooled to -78'C. In another 25 raL three necked RB flaak 
equipped with nitrogen inlet and an outlet connected to the bubbler men- 
tioned above, was placed NaBHq (lg, 0.026 rnol) and diglyme (5 mL). 
BF3.Et20 (2 rnL, 0.016 mol) was added dropwiae with a syringe and the 
diborane generated was bubbled into the flask containing THF. Then, the 
monomeeylate 47 (500 rag, 1.08 mmoll in TBF (5 mL) was added to the 
diborane solution and rtirred for 2h at of - 25'C. The flaak wa8 cooled 
in an ice-bath and 25% NaOH solution (4 mLl wae added dropwiee and the 
content8 of the flask refluxed for 1.5h.22 After cooling, the reaction 
mixture wae diluted with water and the organic layer wae eeparated. The 
aqueoue layer wae extracted with ethyl acetate (3 x 15 mL). The combined 
organic layer was washed with dil.HCl, 10% NaHC03, water and dried. 
Removal of eolvent gave 400 mg of crude material which wae filtered 
through a ellica gel (10 g) column ueing 10% ethyl acetate-hexane a8 the 
eluent. The pure diene 14 obtained (295 mg, 74%) was recrystalll8ed from 
hexane. mp.: 164-165.C; IR: 2950, 1445, 1240, 980 cm-l; 1~ NNR: 6 5.8-5.56 
(ZH, ddd, J1 1082, J2 = J3 = 4H8, -HC=Cg-l, 5.52-5.28 (ZH, ddd, J1 s 
1082, J2 = J3 = 2H2, -Cg=CH-1, 3.74 (3H, 8, -OCEi3), 
3.0 (2H, m, -I&-CH2-), 

3.68 (3H, 8, -OCEl3), 
2.34 (2H ,i ABq with st., J = 20 Hz, :C!:{ l, 2.0 

(2H, + ARq with at., J = 20 Hz, :C$ti l. 13C NMR: 6 130.8, 120.0, 104.5, 
72.5 (2Cl, 52.0, 50.8, 40.4, 20.7. Anal. Calcd. for C15816Cl402: C, 48.68; 
8, 4.36. Found: C, 48.92; Ii, 4.37. 

9,10,12,13-Tetrachloro-ll,ll-di#thoryhexaayclo~6.5.O.O2~7.~~12. 0.5,10.- 
09r13ltrrdecane (49): A solution of the diene 14 (350 mg, 0.95 mmol) in 
acetone (125 mL) was purged with a elow stream of nitrogen and irradiated 
for 14h, using Pyrex filter. The solvent waa removed and the reeldue 
chromatographed over a eilica gel (12 gl column. Elution with 4% ethyl 
acetate-hexane furnished the photolysed product 49 (152 rag, 60% baeed on 
starting material recovery) which wae recryatalllaed from drchloro- 
methane-hexane. mp.: 236-237'C; IR: 2950, 1450, 1430, 1200 CIU-l; lH 
NMR: 6 3.66 (3H, 8, -OCggl, 3.62 (38, 8, -OCH3), 2.96 (4H, 18, cyclobutyl- 
CH), 2.8-2.6 (2A, m, -ClC-Cl-), 1.62 (4H, br 8, -CIi2-1. 13c 
NMR: 6 106.5, 75.6, 73.0, 51.7, 51.0, 43.4, 39.6, 28.1, 16.3. Anal. Calcd. 
for C15H16C14q:CI 48.68; H, 4.36. Found: C, 48.60j H, 4.34. On further 
elution the starting material 14 (80 mg) wae recovered. 

9,10,12,13-Tetrach1orohexacyc1o~6.5.0.02~7.04~12.05~10.09~131tr~d~an-11- 
one (50): The hexacyclic compound 49 (150 mg, O.QOmmol) in dichlorome- 
thane (1 mL) wax cooled to 0.C in an ice-bath and 90% H2sOq (v/v) (4 mLl 
wae added dropwiee over a period of 15 min. The reaction mixture was 
stirred further for 10h at - 25.C and then poured over 10 g of cruehed 
ice. The aqueous layer was neutralieed with NaHC03 and extracted with 
dlchloromethane (3 x 20 mL). The combined organic extract wae washed and 
dried. Removal of solvent and cryetallieatlon from dichloromethane-hexane 
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furniahed the pure hexacyclic ketone 50 (110 rag, 85%). mp.: 250-251.C; IR: 
2925, 1810, 770, 600 cm-1;lH NNR:6 3.24-2.6 (6H, ml, 1.76 (QH,br a,-C!H2-1. 
Anal. Calcd. for Cl3HlOC140: C, 48.18; 8, 3.11. Found: C, 48.131 8, 3.06. 

6,7,9,10-Tetrachloro-8,8-direthoxytetracyclo~7.4.O.O.2~7O4~~2ltr~-d~a- 
5,10-diene (521: The tetracycllc diene 14 (25 mg, 0.067 mm011 in dichlo- 
romethane (0.5 mL1 wae cooled to O'C in an ice bath and 90% H2SOq (v/v) 
(2 mL) wae added to it dropwiee over a period of 5 min. the reaction 
mixture was stirred further for 5 h at - 25-C and then poured over 8g of 
crushed ice. The aqueous layer was neutralieed with NaHC03 and extracted 
with dichloromethane (3 x 10 mLl. The combined organic extract was washed 
and dried. Removal of solvent and recryetallleatlon from dlchloromethane- 
hexane furnished 52 in near quantitative yield (20 mg). mp.: 250-251'C 
(decomp.1; IR: 3050, 1760, 1620, 730 cm-l; 1Zi NMR: 6 6.0-5.84 (2H, m, 
-l$=C&-), 3.36-3.16 (4H, ml, 1.85 (4H, ABq with at, J=lOHz, -CIi2-1. On 
storage and in DMSO, 52 readily forms a hydrate 53. lH NMR (DMSO- 
d6):66.24-6.1 (2H, m), 3.34 (4H, a), 1.88 (4H, ABqJ. J=10 Hz); 13C 
NMRtDMSO-d61: 6 143.1, 133.6, 108.8, 68.7, 32.4, 22.6, 19.7; Anal. Calcd. 
for Cl3Hl0Cl40: C, 48.19; H, 3.11. Found: C, 48.15; H, 3.16. 

Irradiation of 52: A eolution of 52 (7 mg, 0.021 mm011 in acetone (10 mL1 
was purged with a slow stream of nitrogen and irradiated for 4h using 
Pyrex filter. The solvent wae evaporated and the reeidue filtered through 
a ehort silica gel column. Elution with 30% ethyl acetate-hexane furni- 
shed the hexacyclic ketone 50 (6.5 mg, 90%). mp.: 250'C; The IR spectrum 
was identical with the compound 50 obtained in the above experiment. 

2,3,12-trichlorohexacyclo~6.4.O.O2~7.03~l2.O4~ll.O5~lOld~ecane-l-car~xy- 
lit acid methyl ester (541 and 3,14,11,12-Tetrachloropentacyclof6.4.0.02#7.- 
03~12.05~1Oldodecane-I-carboxylic acid methyl eater (551: A suspension of 
powdered NaOH (520 mg, 13 mmol) in toluene (5 mL) was refluxed for 30 mrn 
and traces of water in NaOH were azeotropically removed using a Dean-Stark 
apparatus. The RB flask waa cooled to - 25.C and the hexacyclic ketone 50 
(130 mg, 0.4 mm011 in toluene (3 mL1 wae added and the reaction mixture 
refluxed for 10 min. The flask was then cooled, diluted with water (5 mL1 
and acidified to - pH 4 with dil.HCl. The organic layer was separated and 
the aqueous layer extracted with ethyl acetate (3 x 20 mL). The combined 
organic layer was washed and dried. Removal of solvent gave a crude mate- 
rial which was dissolved in methanol (3 mL1 and esterrfied with ethereal 
solution of dlazomethane at O*C. The solvent waa evaporated off and real- 
due charged on a silica gel (20 g) column. Elution with 5% ethyl acetate - 
hexane gave the Haller-Bauer product 55 (85 mg, 60%) which was recrys- 

tallised from dlchloromethane-hexane. mp.: 167.C; IR: 2950, 
750 cm-l; 1H NMR: 6 4.38 (lH,d, J = 4Hz,ClC&-1, 

1740, 1250, 
3.88(38, s,-c~ol-oc?I3), 

3.6-1.5 LlOH, series of ml. 13C NMR: 6 169.8, 75.6, 74.3, 71.8, 61.8, 
53.8, 45.5, 41.5, 38.8, 36.1, 29.4, 28.7, 21.1, 18.4. Anal. Calcd. for 
C14H14Cl402: C, 47.22; H, 3.96. Found: C, 47.27; H, 3.83. Further elution 
of the column furnished the required Favorskil product 54 (32 mg, 25%) 
which was recryetallised from dichloromethane- hexane. mp.: 159.C; IR: 
2950, 1740, 1220, 1115, 720 cm-l. 1H NMR: 6 3.76 (3H. s, -c(ol-ocIi3), 
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3.32-2.8 (68, ml, 2.8-2.6 (4H, m, -CFi2-,; 13C NMR: 6 168.5, 74.8, 68.6, 
66.9, 59.1, 51.9, 44.4, 43.4, 40.0, 31.1, 28.6, 28.2, 17.5, 16.8; ARMS: 
M+/2 Calcd. for Cl4Hl3Cl302: 171.0303 and 146.9769. Found: 171.0186 and 
146.9773. The molecular ion peak was not seen in the mass spectrum. 

1-Broao-2,3,12-tr~ch1orohexacyc1o~6.4.0.02~7.03~12.04~11.05~1~1d~ecane 
(57): To a solution of the hexacycllc ester 54 (25 mg, 0.078 mmol) in 
methanol (2 mL) was added KOH (10 mg) In water (0.5 mL) and the reaction 
mixture refluxed for 3h. Methanol was removed under vacuum and the resi- 
due diluted with water (5 mL) and acidified with dll. HCl. The aqueous 
layer was extracted with ethyl acetate (3 x 10 mL) and the comb&ned orga- 
nlc extract washed and dried. Removal of solvent gave the crude acid 56 
(24 mg) which was used directly for the next step. 

A mixture of the above crude acid 56 (24 mg) in dlbromomethane (2 mL) 
and red mercuric oxide (35 mg, 0.16 mmol) was refluxed for lh. Then, 2 
drops of bromine was added and it was refluxed further for 2h.2Sb The 
reaction mixture was diluted with dlchloromethane (15 mL) and washed with 
water and dried. The residue obtained after removal of solvent was 
charged on a neutral alumina (3 g) column. Elutlon with 2% ethyl acetate 
- hexane furnished the bromo compound 57 (22 mg, 82% from 54) which was 
recrystalllsed from dichloromethane-hexane. mp.: 180'C (darkens), 197'C 
(melts); IR: 2950, 1250, 720 cm-l; 1H NMR: 6 3.44-3.10 (4H, m, cyclo- 
butyl-CH), 3.08-2.84 (2H, m, -I&CH2-), 1.68 (4H, m, -CIi2-). HRMS: u+/2 
Calcd. for Cl2HlOC13Br: 192.9243 and 146.9769. Found: 192.9170 and 
146.9785. The molecular ion peak was not seen In the mass spectrum. 

Eexacyc1o16.4.0.02~7.03~12.04~11.05~101d d o ecane(secohexaprrsmane) (5): In 
a 25 mL three necked RB flask equipped with a nitrogen inlet, condenser 
and septum was placed compound 57 (22 mg, 0.064 mmol), TAP (4 mL) and 
t-BuOH (0.06 mL). Lithium metal (14 mg, 0.002 g atom) was added to it as 
small pieces and the reaction mixture refluxed with vigorous stirring for 
3h.26 The unreacted lithium was filtered off and THF removed under 
reduced pressure. The residue was diluted with water (5 mL) and extracted 
with pentane (3 x 5 mL). The organic extract was washed with water and 
dried. Removal of solvent gave the crude hydrocarbon and it was charged 
on a slllca gel (1 g) column. Elution of the column with pentane furni- 
shed secohexaprlsmane 5 (3.2 mg, 32%) and was subllmed (- 80-C) to give a 
waxy solld.mp.: >250*C(sealed tube);IR.2950 cm-l;1 H NMR(300 MHz):63.12-3.06 
(2H, m), 2.90-2.79 (8H, ml, 1.78 (2H, d with st., J= 14H2, X:{ ), 1.30 
(2H, d, J = 14H2, =C+ ). 13C NMR: 6 35.0, 33.8, 29.2, 20.5. HRMS: u+/2 
Calcd. for C6H7+: 79,0548. Found: 79.0559. The molecular ion peak was 
not seen in the mass spectrum. 
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