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SI TU PEUX

Si tu peux voir d£ tru it l'ouvrage de  ta vie 
Et sans d ire  un  seul m ot te m ettre  & reb&tir,
O u p e rd re  en  un seul coup le gain  d e  cent parties 
Sans un  geste et sans un  soupir,

Si tu  peux  e tre  am an t sans e tre  fou d 'am our,
Si tu peux etre  fort sans cesser d ’e tre  tendre,
Et, te sen tan t hai, sans hair a ton tour,
Pouvan t lu tte r e t te d£fendre,

Si tu  peux su p p o rte r d ’en tend re  tes paro les 
Travesties p a r des gueux  pour exciter les sots,
Et d 'en ten d re  m entir su r toi leurs bouches folles 
Sans m en tir  to i-m em e d ’un  m ot,

Si tu peux rester d igne  en  d tant populaire,
Si tu  peux rester peup le  en  conseillant les rois,
Et si peux a im er tous tes am is, en frfcres,
Sans q u 'au cu n  d 'eux  soit tout p o u r toi,

Si tu sais m £diter, observer et connaftre,
Sans jam ais deven ir sceptique ou  destructeur,
Rever, m ais sans laisser ton rdve e tre  ton  m altre,
Penser sans n'fitre q u 'u n  penseur,

Si tu peux e tre  d u r  sans jam ais etre  en rage,
Si tu peux e tre  b rave  et jam ais im pruden t,
Si tu  sais e tre  bon, si tu  sais £tre sage,
Sans e tre  m oral ni pedan t,

Si tu  peux rencon trer T riom phe apres Defaite,
Et recevoir ces deux  m enteurs d  un m em e front,
Si tu peux conserver ton courage et ta t£te,
Q uand  tous les au tres la perd ron t,

A lors les Rois, les Dieux, la C hance et la Victoire 
Seront h tou t jam ais tes esclaves soum is,
Et, ce qui vau t m ieux que  les Rois et la Gloire,
Tu seras un  hom m e, m on fils.

RUDYARD KIPLING (traduit p a r A ndre  M aurois)
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IF

If you can keep your head w hen all about you 
A re losing theirs an d  blam ing it on you.

If you  can tru s t yourself w hen all m en doub t you,
But m ake allow ance for their doub ting  too;

If you can w ait and  not be tired  by w aiting,
O r being lied about, don 't deal in lies,

O r being hated , d o n 't give w ay to hating.
A nd yet d o n ’t look too good, nor talk  too wise;

If you can dream - and  not m ake dream s your m aster;
If you can think- and  not m ake thoughts your aim; 

If you can m eet w ith  T rium ph and  D isaster 
And treat those tw o im posters just the same;

If you can bear to hear the tru th  you 've spoken 
T w isted by knaves to m ake a trap  for fools,

O r w atch the things you gave your life to, broken, 
A nd stoop and  bu ild 'em  w ith  w orn-out tools;

If you can m ake one  heap  of all y o u r w innings 
A nd risk it on one tu rn  of p itch-and-toss,

A nd lose, an d  start again  at your beginnings 
A nd never b reathe a w ord  about your loss;

If you can force your heart and  nerve and  sinew  
To serve your tu rn  long after they are  gone,

A nd so  hold on  w hen  there  is no th ing  in you 
Except the Will w hich says to them : ” H old on!"

If you can talk w ith crow ds and keep your virtue,
O r w alk w ith K ings-nor lose the  com m on touch,

If ne ither foes no r loving friends can h u rt you,
If all m en count w ith  you, bu t none too m uch;

If you can fill the unforg iv ing  m inu te  
W ith sixty seconds 'w orth  of d istance run ,

Yours is the E arth  and  every th ing  that* in it, 
A nd-w hich is m ore-you 'll be a M an, m y son!

RUDYARD KIPLING 
" Brother Square-Toes" - R ew ards and  Fairies.
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ABSTRACT

This d isse rta tion  deals w ith  the syn thesis and  charac teriza tion  of 

p o ly  nuc lear a rom atic  h y d rocarbons w ith  cu rv ed  surfaces w hose  carbon  

fram e w o rk s  m ay  be  id en tifie d  on  th e  C60 su rface . C60, k n o w n  as

b u ck m in ste rfu lle ren e , is the  m ost im p o rtan t m em ber of th e  fu lle rene  

fam ily, the  recently  d iscovered new  form  o f elem ental carbon.

C h a p te r  o n e  p resen ts  th e  syn thesis  an d  th e  d y nam ic  N M R  

b eh av io r o f cy c lo p en taco ran n u len e  (CPC), th e  firs t co n fo rm a tio n a lly  

"locked", fu lle ren e -re la te d , b o w l-sh a p ed  a ro m a tic  h y d ro ca rb o n . T he 

d e te rm in ed  barrie r for the  ring  inversion  of CPC is m ore  than  tw ice as 

la rg e  as th a t o f co rannu lene . In co n trast to th e  crystal s tru c tu re  of 

c o ra n n u len e , th e  c ry s ta l s tru c tu re  o f th e  u n sa tu ra te d  cy c lopen teno - 

c o ran n u len e  show s rem arkab le  long  range bow l stacking  in a concave- 

convex o rien ta tion .

C h ap te r tw o  p resen ts the  syn thesis and  characterization  of th e  first 

tw o  k n o w n  se m ib u c k m in s te rfu lle re n es  (C3o H 12)- T hese  p o ly n u c lea r 

arom atic  hydrocarbons represen t one half of



CHAPTER ONE. CYCLOPENTACORANNULENE: THE FIRST
CONFORMATION ALLY "LOCKED1', FULLERENE-RELATED, 

BOWL-SHAPED MOLECULE

1.1 INTRODUCTION.

1.1.1 Literature review.

1.1.1.1 Synthesis of corannulene

O ne o f th e  m o st exciting  d eve lopm en ts  in o rgan ic  chem istry  has 

been  the  d iscovery  of a th ird  a llo tropic  form  of carbon, besides g rap h ite  

an d  d iam o n d , called  carbon  cages o r fu lle ren e s .1 The m ost im p o rtan t 

m em b er of th e  fu lle ren e  fam ily  is th e  ico sah e d ra l C60, k n o w n  as

b uckm insterfu llerene  (1) (Figure 1.1), nam ed after the  A m erican engineer, 

a rch itec t an d  desig n er R, B uckm inster Fuller (1895-1983) w h o  in v en ted  

stable, geodesic  dom es form ed of hexagons and  pen tagons. In  a process 

first rep o rte d  in  1985, l l > c 60 an d  h igher fu lle renes w ere  p ro d u c e d  by

vaporization  of g rap h ite  by laser irradiation.

W hile  g ra p h ite  and  d iam ond  exist as an  in fin ite  a rran g em en t of 

carbon atom s w ith dang ling  bonds at the external carbon atom s sa tu ra ted  

w ith  o th er atom s, buckm insterfu llerene  o r "buckyball" and  the fullerenes 

in general a re  the pu rest and  the  only  form  of carbon th a t is a m olecule 

since there are  no dang ling  bonds (closed cage structure).

P ub lica tions on  fu llerene  chem istry  becam e very a b u n d an t in the 

las t decade . T his is e spec ia lly  tru e  for b u c k m in s te rfu lle re n e  w hich , 

am ong  o th er transfo rm ations, has been d o p ed  w ith  alkali-m etals, inflated 

to large sizes, oxid ized , reduced , used as a sponge for free radicals, changed 

from  iso la to r to co n d u cto r to su p erco n d u c to r, m arried  to  d iam o n d  on 

film s, an d  so o n .2' 10 B uckm insterfu llerene w on  th e  title  "M olecule of the  

year" in the  Dec. 20, 1991, issue of Science.

1
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Figure 1.1 B uckm insterfu llerene

The discovery of fullerenes has also generated  a renew ed  in terest in 

po lynuclear arom atic  hydrocarbons w ith  curved  surfaces w hose  carbon 

netw orks are rep resen ted  on fullerene surfaces. These hydrocarbons m ay 

serve as m odels for u n d ers tan tin g  the chem ical behavior of fullerene, and  

also as po ten tial precursors for the  chem ical synthesis of fullerenes.

C o ran n u len e  (2), the  sm allest buckm insterfu llerene su b u n it w ith  a 

cu rv ed  surface, w as first syn thesized  in 1966 by  Barth an d  L aw ton  in 

six teen  step s (S chem e 1.1) s ta r tin g  w ith  a c e n a p h th e n e . 11 A recent 

com m ent in C hem ical and  Engineering N ew s, M arch 1991, stated: "it (the 

synthesis) w as so  to rtu rous that no one  o ther than Barth an d  L aw ton ever 

repeated  it ."12
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5 Steps

OOCH HO

10 Steps

2

Pd/C

240 °C

Schem e 1.1 The first synthesis of corannulene.

T w o years  la te r, C ra ig  an d  R obins rep o rte d  a new  sy n th e tic  

a p p ro a c h  to c o ra n n u le n e  u s in g  f lu o ra n th e n e  d e r iv a tiv e s  h a v in g  

su b s titu en ts  in the  7- and  10-positions ,13 bu t failed  at the  final s tep  of 

cyclization of the  diacetic acid (3) u n d e r  Friedel-C rafts cond itions w ith  

strong acids (Schem e 1.2 ).

3

Scheme 1.2 Craig and Robins's approach to corannulene.
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A ttem p ts  by D avy, Isk an d er and  Reiss to pho to ch em ica lly  o r 

c h e m ic a lly  fo rm  th e  c e n tra l f iv e -m e m b e re d  r in g  in [2,2](2,7>- 

n aph tha lenocyclophaned iene  (4) and  [2,2](2,7)-naphthalenocyclophane (5) 

failed a lso .14

4 5

In 1991, Scott and  cow orkers m ade  the b reak th rough  to a short and  

conven ien t syn thesis of co rannu lene  in six steps (S chem e 1.3) by Flash 

V acuum  Pyrolysis (FVP) of 7 ,10*diethynylfluoranthene (6 ) or 7,10-bis(2,2- 

d ib rom ov iny l)fluo ran thene  (7) in the crucial ring  closure s tep .15

MeÔ CVv,J iŝ  CO2M

6

Scheme 1.3 Scott's route to corannulene.



5

A year later, Siegel et al., using a d ifferen t pa thw ay , also succeeded in 

s y n th e s iz in g  c o ra n n u le n e  f ro m  l ,6 ,7 ,1 0 - te tr a - (b ro m o m e th y l)~  

fluo ran thene  (8 ) and  the sulfone 9 (Schem e 1. 4 ).16

Br

2 Steps SO

Br

8 FVP 9FV

2

Schem e 1.4 Siegel’s rou te  to corannulene.

M ore  recen tly , Z im m erm an n  a n d  N u e c h te r  a lso  u se d  h ig h  

te m p e ra tu re  p y ro ly sis  to o b ta in  co ran n u len e  from  3 -(4H -cyclopen ta  

[rfL’/]p h en an th ry lid en e )-l,5 -b is(tn m eth y ls ily l)“l,4 -p en tad iy n e  (10) (S chem e 

1.5) .17 A lthough their yield w as com parable to those repo rted  by Scott and  

Siegel, th is ro u te  also gave  sm aller po ly n u clea r a ro m atic  hyd ro ca rb o n s 

d u rin g  the  pyrolysis.

FVP

10

Scheme 1.5 Zimmermann and Nuechter’s route to corannulene.
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C urren tly  the best m ethod for the synthesis of co rannu lene  is an 

im proved  version  of the  Scott m ethod , a rela tive ly  s im p le  th ree  steps 

synthesis (Schem e 1 .6 ) sta rting  w ith acenaph thaqu inone .18

a) glycine, n o rb o rn a d ie n e /to lu e n e ,110 °C , 3 days, 70%. b) PC15, benzene, 
reflux, 3 hrs, 60%. c) FVP, 1100 °C, ca. 30%

Schem e 1.6 Scott's im proved  version of corannu lene  synthesis.

1.1.1.2 D ynam ic o f th e  co rannu lene  system .

C orannu lene  consists of five six-m em bered  rings w hich are  joined 

along  their edges form ing a five-m em bered ring in the  center. This five- 

m em bered  ring  in tro d u ces  the  cu rv a tu re , g iv ing  the  m olecu le  its bow l 

shape. C oronene  w ith  a cen tral six-m em bered  r in g , 19 and  [7] circulene 

w ith  a cen tra l seven -m em bered  rin g  - c o ran n u ten e ’s an a lo g u es - have 

p lanar and sadd le-shape geom etries, respectively.

C o ra n n u le n e  is a very  flexible bow l in v e rtin g  itse lf m ore  th an

200,000 t im e s /s  in so lu tion  at room  tem p era tu re 20 as de te rm ined  by the  

dynam ic  *1-1 NM R of corannu lene  derivatives. Since corannu lene  has all
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equ iva len t p ro tons, a su itab le  probe is necessary to m easure the barrier 

tor the ring  inversion . Som e of the  p robes, show n  in T a b le  1.1, are 

d im e th y l carbinol, isop ropy l and  benzyl g ro u p s w hich bear a p rochiral 

cen ter that m ake the m ethyl g roups (in d im ethyl carbinol and  isopropyl) 

o r th e  h y d ro g en s  (in benzy l) d iaste reo top ic . W hen th e  bow l-to -bow l 

inversion  is fast on  th e  NM R tim e scale, the  tw o  m ethy l g ro u p s (or the 

tw o  benzy lic  h y d ro g en s) becom e eq u iv a len t a n d  g ive  a s in g le t for 

d im e th y l carb ino l and  benzyl, o r a d o u b le t for isop ropy l. W hen the 

in te rc o n v e rs io n  b e tw e e n  th e  c o n fo rm a tio n s  is s lo w e d  a t lo w er 

tem p era tu re s , th e  m ethyl g ro u p s (or th e  benzylic  h y d ro g en s) becom e 

observable separately  and  NM R show s a doublet (dim ethyl carbinol) or 

tw o  d o u b le ts  (iso p ro p y l o r benzyl). By d e te rm in in g  the coalescence 

tem p era tu re  (Tc ), one is able to calculate the barrier for inversion (AG* )

u sing  a com bination of G utow sky and  H olm , and Eyring equations:

AG* = 4.57 Tc (9.97+log10 (Tc /  Av ))

D espite the  significant cu rv a tu re  o f corannu lene , the  barrie r of its 

bowl*to-bowl inversion  is su rp rising ly  low , being close in energy  to that 

for th e  inversion  of cyclohexane from  o n e  chair conform ation  to ano ther 

(AG* = 10.3 k ca l/m o l at -67 °C ),21 and  low er than that of cydooctate traene  

from  one tub  conform ation  to ano ther (AG* = 14.7 k ca l/m o l at -2 °C ) .22 

T he focus of th is  ch ap te r is to  a n sw e r the  q u e s tio n  o f h o w  m any  

add itional fused rings on the corannulene struc tu re  a re  needed  to  prevent 

the  bow l-to-bow l inversion process.
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T ab le  1.1 Barriers for the  ring inversion of co rannulene derivatives.

R

R Tc (°C) AG" (K cal/m ol)

< fH 3

—  c — OH

C H 3

f H3
- C - H

C H 3

- r O
H

-64 10.2 20

-31 11.3 23

-39 11.2 23
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1.2 RESULTS AND DISCUSSION .

1.2.1 S yn thesis  of cyclopentacorannulene.

T he s tra teg y  of a d d in g  a n ew  fused  ring  to  th e  co ra n n u len e  

s tru c tu re  consisted  of inco rpo ra ting  it at the  beg inn ing  of the synthetic  

ro u te  u sing  the latest version  of the  corannulene syn thesis by Scott e t al. 

(S chem e 1.6). C onsequen tly , 1 ,2 -d iketopyracene (11) seem ed th e  best 

s ta r t in g  m a te ria l fo r in c o rp o ra tin g  a five  m e m b e re d -r in g . 1,2 - 

D iketopyracene was p repared  by Friedel-Crafts acylation of acenaphthene 

w ith  oxalyl ch lo ride  (or oxalyl b rom ide) and  a lum inum  b ro m id e  as a 

catalyst.24

D ouble  K noevenagel co n d en sa tio n  of 11 w ith  2 ,4 ,6 -h ep tan e trio n e  in 

m ethanol w ith trie thy lam ine as a base afforded the cyclopen tad ienone 12 

in 40% yield.

Q O

cp^ci2
A lB r3

11

12
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The c ru d e  m ateria l w as sub jected , w ith o u t fu rth e r p u rifica tion , to an 

inverse  electron  d em an d  D iels-A lder cycloadd ition  w ith  n o rb o rn ad ien e  

in reflux ing  n -bu tanol. C helo trop ic  ex tru sion  of carbon  m onoxide  and 

expulsion  of cyclopentad iene from  the heptacyclic in te rm ed ia te  (13) gave 

the  diacetyl 14 in 64% yield.

C onversion to the divinylic d ich loride  15 w as achieved by treatm ent of 14 

w ith three equ ivalen ts of p h o spho rus pen tach lo ride  in boiling benzene in 

50% yield.

12

13 14

C' Cl

14

15

Flash pyrolysis of 15 at 1000 °C under a p ressu re  of 1.5 m m  H g an d  a small 

flow  of n itro g en  no t o n ly  c losed  the  rings on b o th  s id es (in a 1,5-
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sig m atro p ic  h y d ro g en  sh ift a fte r loss of tw o  m olecu les of h y d ro g en  

ch lo ride), bu t a lso d e h y d ro g e n a te d  the e th an o  fragm en t and  p a rtia lly  

detached the e thane bridge producing  a m ix ture  of 16 and 2 (ca. 7:3; 10-15% 

yields a fte r ch rom atography). A com plete  separa tion  of the m ix tu re  by 

c o lu m n  c h ro m a to g ra p h y  w as n o t su c c e s s fu l,  b u t su c c e ss iv e  

recrystallizations from  e thanol a llow ed enrichm en t of the  m ix tu re  in 16 

u p  to 98% (by GC).

In an effort to im prove  the  y ield  of the  pyro lysis, an d  avo id  the 

contam ination  by 2 , w e decided  to incorporate  the  doub le  bond  before the 

pyroly tic  step , expecting that de tachm ent of the  e thene  b ridge  w ould  not 

take place. Brom ination of 14 at the  benzylic positions by treatm ent w ith 

N -b ro m o su cc in im id e  in benzene  gave  severa l p ro d u c ts  in c lu d in g  the 

d ib ro m o  d e riv a tiv e  18 as the  m ajor p ro d u c t. D eb rom ination  o f 18  

u tiliz in g  po w d ered  po tassium  iod ide  in reflux ing  acetone p roceeded  in 

77% yield.

15 1000 ° c

16 2
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N B S

Br
18

19

C o n v e rs io n  o f 19 to  th e  d iv in y l d ic h lo r id e  w ith  p h o s p h o ru s  

pen tach lo ride  in refluxing benzene yielded  a m ix tu re  of po lych lo rinated  

w ith 20  as the  m ajor p roduct instead  of the  desired  product (22 ).

20

T hus the d o u b le  b o n d  is reac tiv e  to w ard s  p h o sp h o ru s  p en tach lo rid e , 

w h ich  can  u n d e rg o  b o th  an  a u to -io n iz a tio n  e q u ilib riu m  (1 ) a n d  a 

d isso c ia tio n  e q u ilib r iu m  (2 ).25 C h lo rin a tio n  of th e  a lkene  b rid g e  is 

p resum ably  caused by a double  sequence of chlorine add ition  follow ed by 

hyd rogen  ch loride  elim ination .
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2PC1 - - = = = — —  PC14+ + PCI b' (1)

PCI 5 ^ ..... -  PCI 3 + Cl 2 (2)

A d d in g  a la rg e  excess of p h o sp h o ru s  tr ic h lo r id e  to d isp lac e  the  

eq u ilib riu m  (2 ) to the left (to  decrease  the  concen tra tion  of ch lorine  in 

so lu tion) in o rd e r  to  p rev en t ch lo rination  of the  d o ub le  bond  d id  not 

im prove  the  results.

The p rob lem  w as overcom e by execu ting  the  above sequence  of 

reactions (brom ination  and  debrom ination) w ith com pound  15 to finally 

ob ta in  the  d esired  p recu rso r for py ro lysis  (2 2 ) w ith  the  inco rpo ra ted  

doub le  bond

N B S

15

U n fo r tu n a te ly , p y ro ly s is  o f 2 2  u n d e r  th e  c o n d itio n s  u sed  

p rev iously  for 15 gave a m ixture of p roducts  including 2 ,1 6  an d  unclosed 

m ateria ls by G C /M S . A lso un like  1 5 ,2 2  ten d ed  to po ly m erize  before 

reaching  the  hot zone of the oven since at the  en d  of the  pyro lysis there  

w as a significant am o u n t o f ta rry  p ro d u c ts  left in the  boat. T herefore



im provem en t of the pyroly tic  step w as not successful, and  com pound  15 

rem ains as the  best p recursor for the synthesis of 16.

H eterogeneous catalytic hydrogenation  of 16 w ith  ethanolic  nickel 

acetate  trea ted  w ith  sod ium  bo rohydride  (P-2 N ickel)26 selectively reduced  

the e theno  b ridge  affording 17 quantitatively .

H 2 ,1  atm
P-2 Nickel

17

1.2.2 Dynam ic *H NMR o f cyclopentacorannulene

B ecause o f its sy m m etry , c y c lo p e n te n o c o ra n n u le n e  (16), like 

corannulene, is not su itab le  for a dynam ic  process study  by  NM R. This is 

no t the  case  for cyc lopen taco ranu lene  (17) w hich  has n o n -eq u iv a len t 

benzylic  p ro to n s  d u e  to the  c u rv a tu re  of the m olecu le  (endo  pro tons; 

p ro to n s  to w ard s  the  concave side: exo p ro tons; p ro to n s  to w ard s  the 

convex side) . At room  tem p era tu re , the  400 M H z *H N M R sp e c tru m  

(D M SO -d6) of 17 show s tw o  sets of a liphatic  hydrogens, centered at 2.98

and  3.75 ppm  (F igure 1.2), characteristic  for an A A ’BB' system . The n on 

equivalence of the en d o  and  the  exo pro tons p roves that the bow l-to-bow l 

inversion  is slow  on the NM R tim e scale.

T h is  is in  c o n tra s t  to  th e  b e h a v io r  o f m o n o s u b s t i tu te d  

co ran n u len es  w hich  show  d iffe ren tia tio n  o f the  d ias te reo to p ic  p ro to n s
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only at low temperatures (Table 1.1). By variable-temperature 'H NMR, 

17 shows no signal coalescence up to 135 °C, the upper temperature limit 

of the instrument. At this temperature the lower limit for the barrier to 

ring inversion of 17 may be estimated at 18.8 Kcal/mol.

a

I ' >------  ' T  ~ ■ I I T ■ T T         ■
3 *  3 # 3 7 3 6  3 S  3 4 3 . 3  3 2  3 1 3 0 2 9

pew

Figure 1.2 400 MHz l H NMR spectrum of the aliphatic region of 17.

The dynamic behavior of 17 was also studied with the spin 

polarization transfer method27 at 127 °C. This method consists of 

applying a selective 180° pulse to one of the doublets, in order to reverse
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its po lariza tion , follow ed by a nonselective 90° pu lse  a fte r increasingly  

longer delay  tim es (from lp s  to 15.0 s). A delay dom ain  betw een 0.0 and

8.0 s w as used . At longer de lay  tim es o th er tim e-d ep en d en t processes 

in te rfe re  w ith  the m easu rem en t. The tw o  processes considered  in th is 

m ethod  are  th e  exchange in te rconverting  the  e n d o  an d  th e  exo p ro tons 

(the  bow l-to -bow l in v ers io n ), a n d  the  re lax a tio n  tim e (T j) of these

p ro tons.

AA' BB’

T iaa

R elaxation

TiBB'

W hen the  ra te  o f in v ers io n  is v e ry  slow  (or if th e re  is no  

inversion), after certain  tim e co rrespond ing  to the relaxation  tim e Tj the

negative  signal becom es positive  again  w ithou t any  change in th e  o ther 

part of the  spectrum  (Inversion-Recovery Technique for m easu ring  Tj). If

the  ra te  of inversion  is com parab le  to the  relaxation  process, then  there  

sh o u ld  be a change  in the  o th er p a rt of th e  sp ec tru m  (decrease  in  the  

in tensity  of the peaks) since the  endo  pro tons becom e exo an d  vice-versa. 

W e observed  very  little  sp in  po lariza tion  tran sfe r in 17, even at 127 °C ,



and this allowed an estimation of the lower barrier for ring inversion at

26 Kcal/mol.

T he v a r ia b le - te m p e ra tu re  N M R  a n d  the sp in  p o la riza tio n  

transfer m ethods suggest that the  ra te  of bow l-to-bow l inversion  is slow er 

th an  th a t of the  relaxation tim e of the  benzylic p ro tons. T herefore these 

m ethods could  not be  used  for the  de te rm ina tion  o f th e  ba rrie r in CPC. 

T hus, an  o p tio n  w as the  syn th esis  o f an o p tica lly  active  d eriv a tiv e , 

fo llow ed by separation  of the  enantiom ers and  m easurem ent of the  decay 

of the optical activity w ith  tim e and  tem pera tu re . H ow ever, d u e  to the 

relatively  sm all am ount of m aterial available, we p referred  a m ethod  that 

cou ld  be d o n e  m ore easily on  a m illigram  scale. H ence w e decided  to 

d e u te ro g e n a te  16 in h o p e  o f o b ta in in g  o n e  s te reo iso m er w ith  the  

d eu te riu m  only on one side. W e could  then de term ine  the  bow l-to  bowl 

in v ers io n  as a m easu re  of the ra te  of e q u ilib ra tio n  b e tw een  th e  tw o 

stereo isom ers.

P-2 Nickel

[Rh(PPh1)2NBD]+ BF4

D euterogenation  of 16 w as accom plished by the  m ethod used  in the 

h e te ro g en eo u s cata lysis h y d ro g en a tio n  o f 16 (section 1 .2 .1 ), rep lac ing



hyd rogen  gas w ith  d eu te rium  gas and sod ium  bo ro h y d rid e  w ith sodium  

bo rodeu te ride . O nly one  stereoisom er of the d id eu te ra ted  p ro d u c t (23) 

w as detected by *H NM R w hich show ed a singlet at 2.95 ppm  (in CDC13).

The sam p le  left a t room  tem pera tu re  for fou r day s show ed  no  signs of 

change, but w hen  heated  at 150 °C  for ten m inutes, the  ^  NM R show ed 

tw o singlets of equal in tensities at 2.94 an d  3.71 ppm  (in DM SO-d6 ). This 

su g g e s te d  th a t e q u ilib ra tio n  b e tw ee n  th e  tw o  s te re o iso m e rs  w as 

established  by ring inversion.

1endo

2.94 A

exo

’ar

3.31 A
T he d e u te ro g e n a tio n  reaction  is Tt-facial s te reo se lec tiv e . T he 

upficld  chem ical shift of the benzylic p ro tons (due  to the  an iso tropy  of the 

a ro m atic  rings) su g g ested  that c is-d eu te ro g en a tio n  is ste reose lec tive ly  

occuring  on the  convex side  of the  bow l because of the cu rv a tu re  of the 

m olecule. This w as confirm ed by an NOE experim ent conducted  on the



equ ilib ria ted  m ix ture  of the exo and  endo  d ideu tero  isom ers (A p p e n d ix  

25). Irrad ia tio n  o f the  a rom atic  h y d ro g en  p rox im al to th e  benzylic  

h yd ro g en s (Hflr 7.34 ppm ) enhanced  the signal at 2.94 ppm  tw ice as m uch

as the signal at 3.75 ppm . As calculated at the H F/3-21G  level of theory, 

the  Har - H en(j0 d istance  is 2.92 A, as com pared  to  3.31 A for H ar _ H exo.

The convex  s te reo se lec tiv e  d e u te ro g e n a tio n  w as a lso  p re fe re d  in  a 

h o m o g e n e o u s  c a ta ly s is  w ith  th e  W ilk in so n 's  r e la te d  c a ta ly s t , 

[Rh<NBD)<PPh3)2]+BF4-.

The rates of equ ilib ra tion  betw een  the tw o stereo isom ers of 23 at 

tem p era tu re s  ran g in g  from  52 to 99 °C  w ere s tu d ied  by 'H  NM R by 

m easu ring  the in tensity  of the respective peaks. An illu stra tion  is g iven  

in F ig u re  1.3 w ith a tem p era tu re  of 85.1 °C  and  tim es vary ing  from  0 to 

240 m inutes.

The kinetic expression for this reversible system  is given b y :28 
dx  = k (a - x) - kx = k (a - 2x)
dt

a = initial concen tra tion  of the  g iven  stereoisom er

x = the am oun t changed into the o ther stereoisom er after tim e t

k = ra te  constant (since the tw o rate  constants are equal)

The in tegrated  form  of this equation  is:
.. 2.3 a
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Figure 1.3 Stacked plots showing the equilibration of the stereoisomers of 
23 at 85.1°C with time (minutes).
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Figure 1.4 Plot of log (a /a  -2x) vs. tim e (min)

The rate  constan ts for d ifferent tem pera tu res a re  ob tained  by  p lo tting  log  

(a /a-2x ) vs. tim e (m in) (F igure 1.4). The Free energy  of activation  (barrier 

for th e  ring  inversion) is obtained  from  the Eyring eq u a tio n :29

k = K - ^ L  exp (-AG*/RT) 
h

k= rate constant

K= transm ission  coefficient (usually  taken as unity) 

k B= Boltzm ann constant = 3.29986.10*24 cal k*1

h= Planck 's constant =1.58369.10 '34 cal s 

R -  U niversal gas constant = 1.98719 cal m ol k’1
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The results are sum m arized  in T ab le  1.2.

T ab le  1.2 Rates constants, half-life tim es and  free energy of activation of 
the stereoisom ers of 23 by 'H  NM R experim ent.

T(°C) k-rfs-1) t1/ 2(s) AG# (k ca l/m o l)

99.3 4.53x10"* 770 27.67
94.0 2.67x10"* 1283 27.65
85.1 1.19x10-* 2888 27.59
78.9 5.04 x 10‘5 6876 27.65
52.1 1.91x10-* 181,300 27.61

The ring  inversion  b a rr ie r  of 27.6 K c a l/m o l m easu red  by th is 

m ethod  is m ore than  tw o tim es h igher than  th a t of c o ran n u len e  and  

show s good  ag reem en t w ith  the estim ation  from  the sp in  p o la riza tio n  

tran sfe r m ethod . A lso, T a b le  1.2 show’s very  little  free  en erg y  of 

ac tiva tion  (AG*) d ep en d en ce  w ith  tem p era tu re  w hich m eans that the  

contribution  of the  en tropy  term  to AG* is small.

1.2.3 C rystal s truc tu re  of c y d o p en ten o co ran n u len e

Slow  crystallization of 16 from  diethy l e ther p ro v id ed  o range  p lates 

w h ich  w ere  su b jec ted  to  X -ray c ry s ta llo g ra p h ic  ana ly sis . A m o st 

in te res tin g  p ro p erty  o f 16 is its crystal packing. W hile convex-concave 

stacking  m ay be expected for the m in im um  energy  a rrangem en t of tw o 

b o w l-sh ap ed  m olecu les, since it m axim izes a ttrac tiv e  Van d e r  W aals 

in te rac tions , th is a rran g em en t is not o bse rved  for co ran n u len e  w here  

very little bow l stacking is detected .30 In contrast, cyclopentacorannulene 

exhibits a high degree of long-range stacking in the solid sta te  as show n in 

Figure 1.5.31
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Figure 1.5 Stacked bowls of cyclopenta corannulene (16)



2 4

T he s tru c tu re  o f 16 is a lso  in te re s tin g  since  it  is the  sm allest 

fu lle rene  re la ted  cu rved  arom atic  tha t, un like  co rannu lene , incorpora tes 

th e  py racy lene  u n it w hich  is th o u g h t to be  responsib le  fo r som e o f the  

chem istry  of b u ck m in ste rfu lle ren e .4 The five-m em bered ring  "pu lls’’ the  

co rannu lene system  a little tigh ter resu lting  in a d eep e r bow l as indicated 

by  th e  d is tan ce  be tw een  the  cen tral five-m em bered  ring  an d  th e  rim  

arom atic  carbons (Figure 1.6).

0.89 A

Bowl Depth

1.05 A

Figure 1.6 Bowl d ep th  from  X-ray diffraction as m easured  from  the rim 
arom atic  carbons to  the best p lane  contain ing  the  central 
five-m em bered ring.

1.3. C onc lu sio n s

C y c lo p e n ta c o ra n n u le n e  w as sy n th e s iz e d  by  th e  Scott e t al. 

p ro ced u re  for th e  syn thesis of co rannu lene  itself except that the  sta rting  

m ateria l w as 1 ,2-diketopyracene (11). The in troduction  of one fused , five- 

m em b ered  ring  o n to  the  co ran n u len e  s tru c tu re  is e n o u g h  to effectively 

lock th e  bow l geom etry  of the  m olecule. W hile  the  b a rrie r for the  ring  

inversion  o f co rannu lene  estim ated  from  its de riva tives is ab o u t 10 to 11 

K cal/m o l (T able  1.1), the  barrie r for the ring inversion  of th e  d ideu tera ted
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d e r iv a tiv e  o f c y c lo p e n ta c o ra n n u le n e  (23) is d e te rm in e d  to be 27.6 

K cal/m o l, m ore than  tw ice as large. The solid sta te  o f the u n sa tu ra ted  

cy c lo p en ten o c o ran n u le n e  (16) exhib its a u n iq u e  bow l stack ing  p a tte rn  

w hich is not seen in the  solid sta te  of corannulene.

1.4 E xperim ental.

1.4.1 Materials and Methods.

M ateria ls  w ere  o b ta in e d  from  com m erc ia l so u rces a n d  u sed  

w ith o u t fu r th e r  p u r if ic a tio n  ex cep t fo r a c e n a p h th e n e  w h ich  w as 

recrystallized  from  ethanol, and  N -brom osuccin im ide, recrystallized  from  

w ater. |R h(N B D )(PP h3)2] + BF4* w as k ind ly  p ro v id ed  by Dr G eorge G.

Stanley. All reactions w ere perform ed u n d er n itrogen a tm osphere. NM R 

spectra  w ere recorded  w ith either a Bruker AC-200, AC-250 or AMX-400, 

using  CDCI3 as solvent unless noted otherw ise. P ro ton  chem ical shifts are

e x p re ss e d  in  p a r ts  p e r  m illio n  (p p m ) d o w n f ie ld  from  in te rn a l  

te tram eth y lsilan e  (TMS), and  coupling  constan ts  a re  rep o rte d  in H ertz  

(Hz). 13 C chem ical sh ifts  are  also exp ressed  in p p m  usin g  res id u a l 

so lven t signa ls to scale TMS at zero . G C /M S  w ere  ru n  on  a H ew lett 

Packard 5971 m ass spectrom eter. H igh reso lu tion  m ass spectrom etry  w as 

d o n e  by  th e  M idw est C en ter for M ass Spectom etry  at the  U niversity  of 

N ebraska-L incoln, NE, and  by the M ass Spectrom etry  Facility at Louisiana 

S tate U niversity . E lem ental analyses w ere perfo rm ed  by O neida Research 

Services. Inc.. M elting p o in ts  w ere  de te rm in ed  u sin g  a MEL-TEM P II 

capillary  m elting po in t ap p ara tu s and  are  reported  uncorrected. The silica 

gel u sed  for ch ro m ato g rap h y  w as 60 A (200-400 m esh) silica gel from  

A ldrich Chem ical C om pany.
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The Flash Vacuum  Pyrolysis a p p ara tu s  (F igure 1.7) w as purchased  

from  K ontes Glass, Inc.. The general pyrolysis p rocedure  is as follow: the 

sam ple  is d isso lved  in d ich lo rom ethane an d  transferred  to a sm all glass 

boat filled w ith  glass wool. The solvent is evaporated , and  the boat placed 

in  th e  in le t cham ber w ra p p e d  w ith  a h ea tin g  m an tle  w h ich  a llow s 

sub lim ation  of the su b s tra te  u n d er vacuum  and  sm all flow  of n itrogen . 

The pyrolysis p roduct condenses on the side  arm  of the quartz  tube  cooled 

w ith  d ry  ice and  acetone.

Oven
Heating mantle

Vacuum

Quartz tube

Dry ice 
Acetone

Figure 1.7 Flash vacuum  pyrolysis apparatus.

1.4.2 Synthesis of 5,6-dihydrocyclopent[/,g)acenaphthylene 1,2- 
dione, ( ll) .24

(C O C lh, c s

11

A so lu tion  of 20 g (0.13 m ol) acenaph thene  in 400 m L of carbon 

d isu lfid e  in a 1000 m L th ree-neck  ro u n d  bo ttom  flask eq u ip ed  w ith  a 

m echanical s tirrer w as cooled in a d ry  ice bath to -15 °C . Then 20 mL (0.23



27

m ol) of oxalyl ch loride w as added . The m ix tu re  w as stirred  v igorously  

and 72 g (0.27 m ol) of p ow dered  a lum inum  b rom ide  w as ad d ed  over a 

period  of 30 m in, m ain tain ing  the  tem p era tu re  betw een  -15° and -10 °C. 

A fter the ad d itio n , the  d ry  ice bath was rem oved  and  the m ix tu re  w as 

stirred  o vern igh t (15 hrs) at room  tem peratu re . A fter the m ix tu re  w as 

refluxed for 30 m in, the  carbon d isu lfide  w as decanted  an d  the  rem ain ing  

black gum  w as treated  w ith  1L of cold 10% aqueous hydrochloric  acid and 

stirred  for 30 m in. The d a rk  b row n solid w as filtered  and  tho rough ly  

w ash ed  w ith  w ater. The m ix tu re  w as su sp e n d e d  in 800 m L of 10% 

aqueous sod ium  bisulfite  and heated  to 80 °C for one  hour. W hile hot, it 

w as filtered and the filtra te  w as w arm ed  to 80 °C  an d  acid ified  w ith  

concen tra ted  hydroch lo ric  acid. A fluffy yellow  solid  form ed an d  w as 

collected. This ex traction  process w as repea ted  five tim es on the  dark  

b ro w n  so lid  to y ield  6.4 g (23.9% y ield). R ec ry sta lliza tio n  from  

d im ethy lfo rm am ide gave 5.5 g (20.5% yield) of com pound  11 as a yellow 

solid; m p  304-306 °C [Lit.24: 305-306 °C]; *H NM R (CDC13, 200 MHz): d  7.99

(d, J=7.4 Hz, 2H), 7.58 (d, J=7.4 Hz, 2H), 3.65 (s, 4H); G C /M S, m /z  (relative 

intensity): 208 (58, M +), 180 (100), 152 (80).
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1.4.3 Synthesis of 5 ,7-diacetyl-l,2-dihydro-6H-dicyclopentl«,/g>
acenaphthylen-6-one, (12).

Q  If O

^ 3 .  AAA
11

A so lu tio n  of 5.8 m L (41.7 m m ol) tr ie th y la m in e  in 20 m L of 

m ethano l w as ad d ed  d ropw ise , th rough  a d ro p p in g  funnel, to  a stirred  

solution of 5.9 g  (28.4 m m ol) 1,2-diketopyracene (11) and  6 .8  g  (47.5 m m ol) 

2 ,4 ,6 -h e p ta n e tr io n e ^2 in 50 mL of m ethanol. T he m ix tu re  w as stirred  

overn igh t, filtered and  the  dark-silver solid w ashed  w ith m ethanol. After 

d ry in g  3.56 g  (40% yield) w as ob tained  w hich w as used  w ithou t fu rther 

purification . D issolving in ho t DMF, cooling and  filtration  gave  a d a rk  

solid (12): 235-240 °C (decom p.); l H  NM R (CDC13, 200 MHz): 8 8.6 (d, J= 7.4

Hz, 2H), 7.49 (d, J= 7.4 H z, 2H), 3.58 (s, 4H), 2.64 (s, 6 H); Exact m ass 

m easurem ent calculated for C ^ H ^ C ^ : 314.0942, found: 314.0933.
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1.4.4 Synthesis of l,lMl,2-dihydrocyclopentalcrf)fluoranthene-5,8-
diyObis-ethanone, (14).

A so lu tion  of 8.6  g (28.34 m m ol) of c ru d e  12, an d  5.2 m L (48.18 

m m ol) of bicyc!o(2.2.1]hepta-2,5-diene in 150 m L of n-butanol w as refluxed 

o v e rn ig h t . A fte r  co o lin g , th e  b ro w n  so lid  w a s  f i lte re d  an d  

ch rom atographed  on silica gel w ith  h e x an e /e th y l acetate (10:1 then 5:1) o r 

DCM to p rov ide  5.6 g (yield: 64 %) of a yellow ish p roduct (14); m p 249-250 

°C; 'H  NM R (CDC13, 250 MHz): 6  8.49 (d, J= 7.5 Hz, 2H), 7.7 (s, 2H), 7.48 (d, 

J= 7.5 H z, 2H), 3.53 (s, 4H), 2.8 (s, 6 H); 13C NM R (CDC13, 50 M Hz): 8  29.69, 

32.27, 120.91, 126.03, 128.53, 129.43, 132.04, 136.31, 137.44, 138.86, 148.17, 

201.45; G C /M S , m /z  (relative intensity): 312 (100, M +), 297 (100), 269 (24), 

254 (19), 226 (42); analysis: calculated  for 5.16; O,

10.25. Found: C, 83.89; H, 5.13; O, 10.98. HRMS calculated for C 22H 160 2: 

312.1150, found: 312.1152.

N o rb o rn a d ie n e

Butanol, ^

12
14
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1.4.5 Synthesis of 5,8-bis(l-chloroethenyI>-l,2-dihydrocyclopenta-
Icdlfluoranthene, (15).

14

PCi5
B en zen e,^

1.08 g (3.46 m m ol) of 14 and  2.52 g (12.11 m m ol) of PCI5 in 40 m L of 

benzene w as refluxed for 3 hours. A fter cooling, the m ix ture  w as poured  

o n to  ice and  th e  o rg an ic  layer w as w ash ed  w ith  w a te r an d  so d iu m  

carb o n ate  so lu tion , d ried  over a n h y d ro u s  m agnesium  su lfa te  a n d  the 

so lven t ev ap o ra ted . A fter pu rifica tion  by colum n ch ro m ato g rap h y  on  

silica gel w ith  cyclohexane as e lu an t, 0.6 g  of a ye llow  solid  (15) w as 

ob tained  (50% yield); m p 144-146 °C; NM R (CDC13, 250 MHz): 6  8.3 (d,

2H, J= 7 Hz), 7.46 (d, 2H, J= 7 Hz), 7.37 (s, 2H), 5.92 (d, 2H, J=1.2 H z), 5.8 (d, 

2H, J= 1.2 Hz), 3.51 (s, 4H); 13C NM R (CDC13, 250 MHz): 6 32.27, 117.02,

120.88, 126.18, 127.07, 130.14, 131.32, 135.34, 136.39, 137..31, 138.30, 147.01; 

G C /M S , m /z  (relative intensity): 350 (44), 348 (69), M +), 313 (42), 276 (100), 

263 (15), 250 (57), 138 (69); HRMS calculated for C 22H 14C12: 348.0456, found:

348.0457.



1.4.6 Flash vacuum  pyro lysis o f 5,8-b is(l-ch lo ro e th en y l)-l,2- 
d ihydrocyclopen tafo flfluoran thene, (15).

A 985 m g sam ple of 15 w as pyro lyzed  in  batches of 80 m g each at 

1000 oC  u n d e r a slow  bleed of n itrogen  an d  1.5 m m  H g of p ressu re  as 

described  in section 1.4.1. After each ru n  (3 hrs) the pyro lysis p roduct w as 

w ashed  ou t of the trap  an d  the e lbow  w ith  DCM and  com bined. The 

so lven t w as ev ap o ra ted  an d  the c ru d e  m ateria l flash ch rom atog raphed  

w ith silica gel and  hexane as e luan t to give a m ixture of 16 and 2 (7:3, by 

G C /M S). Yields varied from 10 to 15%. C om pound (16): ^  NM R (CDC13,

200.13 MHz): 8  6.49 (s, 2H), 7.31 (s, 2H), 7.38 (s, 2H), 7.44 (d, 2H, J= 9 Hz), 7.50 

(d, 2H, J= 9 Hz); 13C NM R (CDC13, 100.614 M Hz): 8  124.17, 126.46, 127.26, 

128.28, 128.42, 129.73, 137.51, 137.89, 138.16; G C /M S , m /z  (re la tive  

intensity): 274 (100, M +), 272 (18), 137 (20), 136 (18). Slow crystallization 

from  d ie th y l e th e r  g av e  o ran g e  pelle ts. C rysta l d a ta  an d  collection 

param eters are  given in T ab le  1.3.
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1.4.7 Selective hyd rogena tion  o f d ibenzol^ftt, m no]cyclopenta[cd]- 
f luo ran thene , (16).

In  a 50 m L th ree -n eck  ro u n d  b o tto m  flash  e q u ip p e d  w ith  a 

m agnetic  s tirre r, 0.07 g (0.29 m m ol) of nickel ace ta te  te trah y d ra te  was 

d isso lved  in 3 m L o f 95% ethanol. The system  w as p u rged  an d  filled w ith 

hydrogen  three tim es. 0.3 m L of a solution of sod ium  b o ro h y d rid e  (0.25 g 

of N aB H 4, 6 mL of 95% ethanol an d  0.31 m L of a so lu tion  of 2N sodium

hydrox ide) w as ad d ed , fo llow ed by the  sam ple  (16, 3 m g) d isso lved  in 1 

m L of DCM, rin sed  w ith  ano ther m L, and finally  w ith  3 mL of e thanol 

95%. The m ix tu re  w as allow ed to react for fifteen m inutes. The so lu tion  

w as th en  filte red  th ro u g h  a celite  p a d  u s in g  DCM  as so lv en t and  

evapo ra ted . T he res id u e  w as passed  th rough  a ch rom atograph ic  colum n 

w ith  silica gel and  hexane as eluant. The reaction w as quan tita tive  by GC. 

C o m p o u n d  (17): ' H  NM R (CDC13, 200.13 M Hz). 5 2.98, 3.39 (4H), 7.34 (s, 

2H), 7.70 (s, 4H), 7.72 (s, 2H); 13C NM R (CDC13, 100.614 MHz): 8  31.83, 

121.74, 126.32, 126.96, 127.68, 130.31, 137.19, 137.53, 138.71, 139.41, 145.04, 

147.51. G C /M S , m /z  (relative intensity): 276 (100, M +), 275 (21), 274 (34), 

138 (27), 137 (32)136 (18); HRMS: calculated  for C 22H 12: 276.0939, found:

276.0937.

H 2, 1 atm

P-2 Nickel

16 17
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1.4.8 S yn thesis  o f 7,10>diacetyl-3,4-(l,2-dibrom oethano)- 
f luo ran thene , (18).

NBS, Benzene

R eflux

Br Br
18

2.52 g (8 m m ol) of 14, 3.02 g (16.96 m m ol) of NBS an d  traces of 

benzoyl perox ide  in 120 m l of benzene w ere  refluxed for 6 hours. A fter 

cooling the m ixture, the solvent w as ev apo ra ted  and  the residue  taken in 

DCM and  w ashed  w ith w ater. The so lu tion  w as d ried  w ith  a n h y d ro u s  

m agnesium  su lfa te , and  th e  so lvent ev ap o ra ted . C h ro m ato g rap h y  on 

silica gel w ith  DCM as e luan t gave 1.66 g  (437c yield) of the  d ib rom inated  

product (18); NM R (CDC13, 250 MHz): 6  8.6  (d, J=7.2 Hz, 2H), 7.8 (s, 2H),

7.7 (d, J=7.2 Hz, 2H), 6  (s, 2H), 2.8 (s, 6H); 13C NM R (CDC13, 50 MHz): fi 29.8, 

55.7, 124, 127, 127.4, 127.5, 129.8,133.1,138.2,139.5,142, 201.

1.4.9 S yn thesis of 7 ,10-diacetyl-3 ,4-ethenofluoranthene, (19).

KI, acetone

Br Br 19
18

In a n itro g e n  a tm o sp h e re , 1.66 g (3.5 m m ol) o f th e  d ib ro m o  

c o u m p o u n d  (18) d isso lved  in 103 ml of acetone w as trea ted  w ith  7.73 g
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(46.56 m m ol) of an h y d ro u s po tassium  iodide. A fter 20 hrs of refluxing, 

the  m ixture w as cooled and  pou red  into cold aqueous sod ium  thiosulfate. 

The aqueous m ix ture  w as extracted  w ith  DCM and  dried . Evaporation of 

the solvent and  ch rom atography  on silica gel w ith DCM gave 0.84 g (77% 

yield) of a red  solid (19); !H NM R (CDC13, 250 MHz): 6  7.71 (d, J=7.25 Hz,

2H), 7.3 (s, 2H) 7.1 (d, J=7.25 Hz, 2H), 6.5 (s, 2H), 2.64 (s, 6 H); 13C N M R 

(CDC13, 50 M Hz): 8  29.56, 123.8, 125.9, 127.78, 128.16, 130, 132.54, 133.78,

135.88, 138.1,142.33, 200.01. G C /M S, m /z  (relative intensity): 310 (100, M +), 

295 (72), 267 (28), 224 (39). HRMS calculated for C22H 140 2: 310.0993, found:

310.0995

1.4.10 A ttem p ted  sy n th esis  of 7 ,10-di-(l-ch loroethenyl)-3 ,4-etheno- 
f lu o ran th en e  (22) from  7 ,10-diacetyl-3 ,4-ethenofluoranthene, 

(19).

19

PC15, Benzene

R eflux

1.08 g (3.46 m m ol ) of 19 and  2.52 g  (12.11 m m ol ) of PC15 in 40 m L of 

benzene w as refluxed for 3 hours. After that tim e the m ixture w as cooled, 

p o u red  on to  ice, an d  then  th e  organic  layer w as w ashed  w ith  a sa tu ra ted  

so lu tion  of sod ium  carbonate  and  w ater. A fter d ry ing  w ith  MgSO^ and

ev ap o ra tin g  the so lvent, it w as pu rified  by colum n ch ro m atro g rap h y  on 

silica gel w ith  hexane as e luan t. G C /M S  analysis show ed  a m ix tu re  of 

po lych lo rina ted  p ro d u cts , the  m ajor p roduct being  com p o u n d  (20). The
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reaction w as repeated , this tim e add ing  a large excess of PC13 (8.5 g; 60.55

m m ol) in o rd e r to  decrease  the  concentra tion  of ch lorine, bu t the  sam e 

resu lts w ere obtained . C om pound (20): NM R (CDC13, 250 MHz): 8  7.51

(d, 2H, J= 6.9 Hz), 7.10 <d, 2H, J= 6.9 Hz), 7.03 (s, 1H), 5.78 (d, 2H, J= 1.6 Hz), 

5.64 (d, 2H, J= 1.6 Hz). ,3C NM R (CDC13, 50 MHz): 8  29.93, 117.54, 124.2,

125.55, 129.67, 131.17, 132.46, 136.43, 136.80, 137.24, 137.73, 139.88. G C /M S, 

m /z  (relative intensity): 416 (88 ), 414 (6 8 , M +), 344 (77), 308 (59), 274 (100). 

HRMS calculated for C22H 10C12: 413.9536 found: 413.9475

1.4.11 Synthesis of 7,10-di(l-chloroethenyl)-3,4-(dibromoethano)- 
fluoranthene, (21).

15

NBS, Benzene

reflux

In a 50 mL round  bottom  flask equ iped  w ith a m agnetic stirrer, 428 

m g (1.23 m m ol) of 15, 490 m g (2.75 m m ol) of NBS and  traces of benzoyl 

perox ide  in 20 m L of benzene w ere refluxed for 6  hours. After cooling the 

m ix tu re , the  so lven t w as evapo ra ted  and  the  res id u e  taken in DCM and 

w ashed  w ith w ater. The solution w as d ried  w ith an h y d ro u s  m agnesium  

sulfate , and  the  so lven t evaporated . C h rom atog raphy  on silica gel w ith  

D C M /h ex an e  (10:1) as e luan t gave 300 mg of 21 (yield: 57%). *H NM R 

(CDC13, 250 M Hz): 8  8.34 (d, 2H, J= 7.5 Hz), 7.66 (d, 2H, J= 7.5 Hz), 7.36 (s,



3 6

2H), 6.03 (bs, 2H), 5.89 (bs, 2H), 5.75 (bs, 2H). 13C NM R (CDC13, 50 MHz): 5 

55.90,117.77,124.16,127.21,128.57,132.21 133.86,136.32,137.75,141.03

1.4.12 Synthesis of 7,10-di(l-chloroethenyl)-3,4-etheno- 
fluoranthene, (22).

BrBr
22

A so lu tion  of 224 m g  (0.53 m m ol) o f 21 an d  1.1 g (7 m m ol) of 

po tassium  io d id e  in 30 mL of acetone w as refluxed o v ern ig h t (20 hrs). 

A fter coo ling , the  m ix tu re  w as filte red  and  the  res id u e  w ash ed  w ith  

acetone. The filtra te  and  the w ash ings w ere  com bined and  the so lvent 

ev ap o ra ted  (ro tavapor). C h ro m ato g rap h y  on silica gel w ith  hexane as 

e luan t gave 89 mg (49% yield) of 22 as a redd ish  solid w hich decom poses 

over 220  °C. ^  NM R (CDClj, 250 MHz): 5 5.65 (d, 2H, J= 1.33 H z), 5.76 (d,

2H, J= 1.33 Hz), 6.52 (s, 2H), 7.11 (d, 2H, J= 7.25 Hz), 7.51 (d, 2H, J=7.25 Hz); 

13C NM R (CDC13, 62.89 MHz): 8  29.92, 117.29, 125.42, 125.88, 129.08, 132.21,

136.37, 137.58, 141.53. G C /M S , m /z  (relative intensity): 348 (29), 346 (44, 

M +) 311 (23), 276 (56), 275 (51), 274 (60), 250 (16), 155 (18), 137 (100), 124 (32). 

HRMS calculated for C22H i2Cl2: 346.0316 found: 346.0305
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1.4.13 Flash vacuum  P yro lysis o f 7 ,I0-d i(l-ch loroethenyl)-3 ,4- 
e th en o flu o ran th en e , <22).

1000 °C, 1.5 m m  H g

FVP

2
22 16

A 247 m g sam ple of (2 2 ) w as pyro lyzed  in th ree  batches at 1000 °C  

u n d e r a slow bleed  of n itrogen  and  1.5 m m  H g of p ressu re  as described in 

section 1.4.1. After each ru n  (3 hrs) the  pyro lysis p roduct w as w ashed  ou t 

of th e  trap  an d  th e  elbow  w ith  DCM and  com bined . T he so lven t was 

ev ap o ra te d  an d  th e  c rude  m ateria l flash ch ro m ato g rap h ed  on silica gel 

w ith  hexane as e lu an t to y ield 13 m g of a m ix tu re  of 16, 2 an d  unclosed  

p ro d u cts  by  G C /M S. M oreover, after each ru n  the  glass w ool and the boat 

w ere  recovered  w ith  tarry  m aterial suggesting  th a t 22  po lym erizes before 

reach ing  th e  oven.

1.4.14 H eterogeneous selective deu te ro g en a tio n  of dibenzo(gffi>
m no)cyclopenta[cd]fluoran thene, (16).

P-2 Nickel

D2 ,1  atm

16
D D 

23
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In a 50 mL three-neck round  bottom  flask equ iped  w ith  a m agnetic 

stirrer, 0.21 g (0.84 m m ol) of nickel acetate te trahydra te  w as dissolved in 9 

m L of 95% ethanol. The system  w as p u rg ed  an d  filled w ith  deu te riu m  

(D 2, 99.6% and HD, 0.4%; from  C am bridge  Iso tope L aboratories) th ree  

tim es. 0.9 m L of a solution of sodium  borodeu teride  (0.75 g  of NaBD4, 18 

m L of 95% ethanol and  0.93 m L of a so lu tion  of 2N so d iu m  hydrox ide) 

w as ad d ed , follow ed by the sam ple  (10 mg) d isso lved  in 6  m L of DCM, 

rin sed  w ith  an o th e r 3 mL an d  finally  w ith  9 m L of e thano l 95%. The 

m ix ture  w as allow ed to react for fifteen m inutes. A fterw ards the  solution 

w as filtered th rough  a celite pad  using  DCM as solvent. The filtrate  w as 

ev apo ra ted  and passed  th rough  a ch rom atograph ic  co lum n on silica gel 

w ith  hexane as eluant. 8 m g of a yellow  p roduct (23) w as ob tained  : 

NM R (CDC13 250 MHz): 8  2.95 (s, 2H), 7.34 (s, 2H), 7.70 (s, 4H), 7.72 (s, 2H). 

! H NM R afte r equ ilib ra tion  (DM SO-d6 250 M Hz): 8 2.94 (s, 2H), 3 71 (s,

2H), 7.49 (s, 2H), 7.83 (s, 4H), 7.85 (s, 2H). 'H  NM R afte r eq u ilib ra tio n  

<Benzene-d6 250 MHz): 8 2.42 (s, 2H), 3.26 (s, 2H), 7.00 (s, 2H), 7.48 (s, 4H), 

7.51 (s, 2H). 13C NM R (CDC13, 62.9 MHz): 8 31.43 (t, 20 Hz; DEPT 90 and

135 show ed  a m inor peak of a C H 2 g ro u p  su g g estin g  th a t th e  sam p le

contained  traces of the m onodeu tera ted  product; p robably  a side  p roduct 

from  H D  con ta ined  in D2), 121.79, 126.32, 126.94, 127.68, 130.31, 137.19,

137.53, 138.71, 139.41, 145.04, 147.51. G C /M S , m /z  (relative intensity): 278 

(100, M +), 277 (67), 276 (37), 275 (24), 139 (45) 138 (54), 137 (53), 136 (18), 125

(20).
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1.4.15 Homogeneous selective deuterogenation of dibenzo[^/ii, mwoj-
cyclopentalcdlfluoranthene, (16).

In a 25 m l ro u n d  b o tto m  flask , 60 m g (0.074 m m o l) of 

[R h(N B D )(PPh3)2]+BF4‘ in 10 m L of d ry  TH F w as flushed  w ith  d eu te rium

gas th ree  tim es. The o range color of the so lu tion  faded  in a few  seconds. 

The so lu tion  w as stirred  v igorously  at room  tem p era tu re  an d  a t constan t 

p ressu re  (1 atm ) for ten m inutes. 20 m g (0.073 m m ol) of 16 in 2 m L of TH F 

w as injected in to  th e  so lu tion , and  the  reaction  stirred  for one  hour. The 

solvent w as rem oved  (ro tavapor) and th e  black res idue  ch rom atog raphed  

on silica gel w ith  hexane to g ive 15 m g of the d id eu te ra ted  p ro d u c t (23).

] H N M R  S h o w ed  id e n tic a l sp e c tru m  to  th a t o b ta in  w ith  th e  

heterogeneous catalysis experim ent (section 1.4.14)

1.4.16 Kinetic measurements of the equilibration of the stereo 
isomers of 23.

Five NM R tubes each  con ta in ing  app rox im ate ly  4 m g of 23 in  0.5 

mL of d eu te ra ted  benzene w ere  degassed  an d  sealed  u n d e r vacuum . The 

sam p les w e re  kep t in th e  freezer befo re  s tu d y in g  th e  k inetics o f the  

equilib ration  of the tw o stereoisom ers at a given tem perature . In a typical 

p rocedure , th e  sam ple  is taken o u t from  the  freezer, w arm ed  u p  to room  

te m p e ra tu re  and  im m ersed  in a th e rm o sta t ca lib ra ted  at 0.1 °C  for a 

de te rm in ed  tim e, then  frozen w ith  a d ry  ice-acetone bath . The spectra  

w ere taken at room  tem pera tu re  w ith a 400 M H z *H NM R w ith the sam e 

param eters (relaxation time: 20 s, num ber of scans: 32 and  receiver gain: 

512).
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T ab le  1.3 Crystal data  and collection param eters for 16.

C om pound: CPC 

Form ula: C22 H io  

Space G roup: Pbca 

a: 9.441 (2)A

a: 90°

V: 2587(2)A3 

m: 5.7 c m 'l  

R in t:

M in. T ransm : 

Max. Decay:

R(obs. data): 0.055

FW: 274.3

Radiation: C uK a 

b: 7.593(2)A 

p: 90°

Dc: 1 409 g cm -3 

T: 23 °C 

Max. Transm :

Pooo- 1136 

Z: 8

c: 36.081(5)A

y : 90°

Dm :

0 Limits: 2-75° 

Av. Transm :

Xtal Size:0.03x0.25x0.67mm Color: O range plate

Min. Decay: 

Rw- 0.068

Av. Decay:

R(all data): 0.084

U nique Data: 2660 O bs Data: 1807 GOF: 2.695 Cutoff: I>3o(I)

Max. Shift: <0.01 o  Variables: 200 Fudge: 0.02

Max. Residual: 0.20 eA ' 3 M in. Residual:-0 .21eA -3  Extinction: 4.8(6)xl0*7



Figure 1.8 ORTEP drawing of cydopentacorannulene (17).



T ab le  1.4 C oord inates and equivalent isotropic therm al param eters for 
16.

a to m X y z Beq(A2)

C l 0.5402(3) 0.5452(3) 0.14607(7) 3.39(6)
C2 0.4699(3) 0.5104(4) 0 .11222(8 ) 3.45(6)
C3 0.5721(3) 0.5270(3) 0.08370(7) 3.55(6)
C4 0.7057(3) 0.5679(3) 0.10043(7) 3.31(5)
C5 0.6852(3) 0.5751(3) 0.13933(7) 3.28(5)
C6 0.4988(3) 0.4632(4) 0.17726(7) 3.71(6)
C7 0.3564(3) 0.3954(4) 0.11006(8) 3.83(6)
C8 0.5603(3) 0.4380(4) 0.05068(7) 4.02(6)
C9 0.8312(3) 0.5174(4) 0.08491(8) 3.79(6)
CIO 0.7876(3) 0.5223(4) 0.16423(8) 3.67(6)
C ll 0.3751(3) 0.3553(4) 0.17735(8) 4.04(6)
C12 0.3048(3) 0.3243(4) 0.14473(9) 4.27(7)
C13 0.3333(3) 0.3256(4) 0.07354(8) 4.64(7)
C14 0.4298(3) 0.3465(4) 0.04544(8) 4.64(7)
C15 0.6936(4) 0.4162(4) 0.03112(8) 4.76(7)
C16 0.8214(3) 0.4534(4) 0.04716(8) 4.66(7)
C17 0.9463(3) 0.4993(4) 0.11055(9) 4.29(7)
C18 0.9253(3) 0.4995(4) 0.14815(8) 4.13(6)
C19 0.7393(4) 0.4513(4) 0.19949(7) 4.36(7)
C20 0.5975(3) 0.4201(4) 0.20535(7) 4.09(6)
C21 0.5184(4) 0.2965(5) 0.22863(8) 5.79(9)
C22 0.3881(4) 0.2594(5) 0.21259(9) 5.74(8)

T ab le  1.5 Bond distances in angstrom s for 16.

atom  1 atom  2 d istance atom  1 atom 2 distance

C l C2 1.415(4) C8 C14 1.427(4)
C l C5 1.408(4) C8 C l 5 1.452(4)
C l C6 1.344(4) C9 C16 1.449(4)
C2 C3 1.416(4) C9 C17 1.434(4)
C2 C7 1.385(4) CIO C18 1.434(4)
C3 C4 1.432(4) CIO C19 1.455(4)
C3 C8 1.374(4) C l l C12 1.372(4)
C4 C5 1.418(4) C l l C22 1.470(4) 

(Table con’d.)
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C4 C9 1.365(4)
C5 CIO 1.380(4)
C6 C ll 1.427(4)
C6 C20 1.416(4)
C7 C I2 1.447(4)
C7 C13 1.437(4)

C13 C14 1.373(4)
C15 C16 1.368(5)
C17 C18 1.371(4)
C19 C20 1.375(5
C20 C21 1.464(5)
C21 C22 1.388(5)

T ab le  1.6 C oordinates assigned to hydrogen atom s for 16.

a to m X y

H12 0.2209 0.2551
H13 0.2482 0.2628
H14 0.4091 0.2984
H15 0.6919 0.3745
H16 0.9057 0.4369
H17 1.0398 0.4868
H18 1.0044 0.4840
H19 0.8058 0.4264
H21 0.5514 0.2487
H22 0.3181 0.1837

BiSo<A2>

0.1448 5
0.0686 6
0.0217 6
0.0062 6
0.0332 6
0.1012 5
0.1640 5
0.2185 5
0.2513 7
0.2228 7

T able 1.7 Bond angles in degrees for 16.

atom  1 atom  2 atom  3 angle atom  1 atom  2 atom 3 angle

C2 C l C5 109.7(2) C14 C8 C15 128.9(3)
C2 C l C6 120.0(3) C4 C9 C16 115.1(3)
C5 C l C6 120.2(3) C4 C9 C17 114.8(3)
Cl C2 C3 106.9(2) C16 C9 C17 128.5(3)
C l C2 C7 122.0(3) C5 CIO C18 114.0(2)
C3 C2 C7 122.9(3) C5 CIO C19 117.2(3)
C2 C3 C4 108.2(2) C l 8 CIO C19 126.4(3)
C2 C3 C8 122.1(3) C6 C ll C12 119.5(3)
C4 C3 C8 122.9(3) C6 C l l C22 102.6 (2 )
C3 C4 C5 107.8(2) C12 C l l C22 134.2(3)

(Table con’d.)
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C3 C4 C9 122 .0(2 ) C7 C12 C ll 121.0(3)
C5 C4 C9 122.4(2) C7 C l 3 C14 122.3(3)
Cl C5 C4 107.3(2) C8 C14 C l 3 122.1(3)
Cl C5 CIO 121.4(2) C8 CIS C16 122.3(3)
C4 C5 CIO 122.5(2) C9 C16 C15 121.6(3)

C l C6 C ll 120.4(3) C9 C17 C18 121.9(3)
C l C6 C20 121.0(3) CIO C18 C17 122.1(3)
C l l C6 C20 113.9(2) CIO C19 C20 120.2(3)
C2 C7 C12 116.6(3) C6 C20 C19 119.4(3)
C2 C7 C13 113.7(3) C6 C20 C21 102.9(3)
C12 C7 C13 127.1(3) C19 C20 C21 134.0(3)
C3 C8 C l 4 115.1(3) C20 C21 C22 110.0(3)
C3 C8 CIS 114.0(3) C l l C22 C21 109.5(3)

T ab le  1.8 Torsion angles in degrees for 16.

atom  1 atom  2 atom  3 atom  4 angle

C5 Cl C2 C3 -2.67 (0.30)
C5 C l C2 C7 146.50 (0.27)
C6 C l C2 C3 -147.95 (0.26)
C6 Cl C2 C7 1.22 (0.42)
C2 C l C5 C4 2.91 (0.30)
C2 C l C5 CIO -145.34 (0.26)
C6 C l C5 C4 148.12 (0.26)
C6 C l C5 CIO -0.13 (0.40)
C2 C l C6 C ll -6.61 (0.42)
C2 C l C6 C20 147.54 (0.28)
C5 Cl C6 C ll -148.27 (0.27)
C5 Cl C6 C20 5.87 (0.41)
Cl C2 C3 C4 1.38 (0.30)
Cl C2 C3 C8 153.20 (0.26)
C7 C2 C3 C4 -147.43 (0.27)
C7 C2 C3 C8 4.39 (0.43)
Cl C2 C7 C12 5.34 (0.41)
Cl C2 C7 C13 -157.74 (0.27)
C3 C2 C7 C12 149.61 (0.27)
C3 C2 C7 C13 -13.47 (0.40) 

(Table con'd.)
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C2 C3 C4 C5 0.38 (0.30)
C2 C3 C4 C9 150.10 (0.26)
C8 C3 C4 C5 -151.15(0.26)
C8 C3 C4 C9 -1.42 (0.42)
C2 C3 C8 C14 7.67 (0.41)
C3 C4 C5 C l -2.00 (0.29)
C3 C4 C5 CIO 145.84 (0.26)
C9 C4 C5 C l -151.59 (0.26)
C9 C4 C5 CIO -3.75(0.41)
C3 C4 C9 C16 12.31 (0.39)
C3 C4 C9 C17 -154.73 (0.26)
C5 C4 C9 C16 157.66 (0.26)
C5 C4 C9 C17 -9.39 (0.39)
C l C5 CIO C18 157.29 (0.26)
Cl C5 CIO C19 -6.37 (0.39)
C4 C5 CIO C18 13.84 (0.38)
C4 C5 CIO C19 -149.82 (0.26)
Cl Cfe C ll C l 2 5.14 (0.44)
C l Cfe C ll C22 166.54 (0.28)
C20 C6 C ll C12 -150.72 (0.28)
C20 Cfe C ll C22 10.68 (0.33)
C l Cfe C20 C21 -165.96 (0.28)
C l l C6 C20 C19 151.05(0.28)
C l l Cfe C20 C21 -10.24 (0.33)
C2 C7 C12 C ll -6.74 (0.43)
C13 C7 C12 C ll 153.73 (0.30)
C2 C7 C13 C14 11.08 (0.44)
C12 C7 C13 C14 -149.87 (0.32)
C3 C8 C14 C13 -9.96 (0.44)
CIS C8 C14 C13 153.02 (0.32)
C3 C8 CIS C16 10.78 (0.44)
C14 C8 C15 C16 -152.34 (0.32)
C4 C9 C16 CIS -11.58 (0.42)
C17 C9 C16 CIS 153.35 (0.32)
C4 C9 C17 C18 11.95 (0.41)
C16 C9 C17 C18 -153.01 (0.31)
C5 CIO C18 C17 150.73 (0.30)
C5 CIO C19 C20 7.45 (0.41)
C18 CIO C19 C20 -153.93 (0.30)
Cfe C l l C12 C7 1.71 (0.44)
C22 C ll C12 C7 -152.53 (0.34)
Cfe C ll C22 C21 -6.63 (0.36)
C12 C ll C22 C21 150.57 (0.35) 

(Table con’d.)
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C 7 C13 C14 C8 0.46 (0.49)
C8 C15 C16 C9 -0.03 (0.57)
C9 C17 C18 CIO -1.64 (0.46)
CIO C19 C20 C6 -2.11 (0.43)
CIO C19 C20 C22 5.45 (0.36)
C19 C20 C21 C22 -151.68 (0.34)
C20 C21 C22 C ll 0.80 (0.40)



C H A P T E R  T W O . B U C K Y B O W L S l S Y N T H E S IS  A N D  
CH A RA CTERIZA TIO N  OF SEMIBUCKM INSTERFULLERENES <CMH 12)

2.1 In troduction .

As w e p rog ress in the  genera tion  o f hyd rocarbons w hose  carbon 

fram ew orks a re  rep re se n te d  on  the  b u c k m in s te rfu llu ren e  su rface , w e 

en c o u n te r  a new  class o f p o ly n u c lea r a ro m atic  h y d ro ca rb o n s  called  

s e m ib u c k m in s te r fu l le r e n e s  (o r " b u c k y b o w ls " ) . T h ese  C 3 0 H 12 

hydrocarbons rep resen t half o f the buckm insterfu llerene C60 surface, and  

share  several com m on characteristics includ ing  30 sp 2 carbon fram ew orks 

consisting  of m u ltip le  fused  five and  six -m em bered  rings, an d  bow l

shaped  geom etries. A m ong the  buckybow ls, the  ones that a re  th e  m ost 

hem ispherical and  have the h ighest sym m etry , a re  24 ,25  and  26.

24 25 26

O n e  of th e  rea so n s  b e h in d  th e  in te re s t in  th is  su b c lass  o f 

p o ly n u clea r a rom atic  hyd rocarbons is th a t they  a re  a ttrac tiv e  syn the tic  

ta rg e ts  as po ten tia l in te rm ed ia tes in a "classical" to ta l synthesis of C ^ ;  a

goal fo r a n u m b e r o f re sea rch  g ro u p s .33 ' 38 A m ong  them , O rv ille  

C h ap m an  an d  h is team  at the  U niversity  of C aliforn ia  a t Los A ngeles, 

exp lo red  the  chem istry  of th e  truxenone (27) to ob tain  25 in an a ttem p t to

4 7
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dim erize  it to C6(), but tailed at the step of dehydra tion  of the  m ix ture  of 

syn an d  anti triols (28) to 5 ,I0 ,15-trim ethy lenetribenzo[a ,/,frftrindene or 

truxenene (29) (Schem e 2.1 ).38

27

O CHjMgBr

OH OH

CH

OH
28

25
/

29

Schem e 2.1 C hapm an et al. a ttem pts to 25.

T ruxenene (29) has been recently  syn thesized  from  the truxenone  via the 

trio ls (28) by  a team  o f Ita lian  research ers .39 H ow ever, n e ither flash  

v a c u u m  th e rm o ly s is  n o r p h o to ch em ica l ir ra d ia tio n  o f 29 g av e  the  

p roduct of ring closure. So, desp ite  all the  efforts tow ards the  synthesis of 

25^33,34,38,39 sem ib u ck m in ste rfu lle ren es  h av e  rem a in ed  e lu sive . T his 

c h ap te r  p re se n ts  th e  sy n th esis  an d  ch a rac te riza tio n  of th e  first tw o  

sem ibuckm inste rfu llerenes 24 and  25.
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2.2 R esults an d  d iscussion .

2.2.1 S yn thesis  and  characterization  o f diacenaphtho[3,2,l,8-cffe/g 
3 ',2 ',r ,8 '- /m n o p ]ch ry sen e , (24),

2.2.1.1 A ttem pted  syn thesis  of 24 from  bis(4H-cyclopenta(d<>/7- 
phenan th ren -4 -y lidene), (30),

Schem e 2.2 Retrosynthetic routes p roposed  for 24.

O ne of the designed  routes to p rep a re  24 w as by d ehyd rocyd iza tion  

of the  know n  stilbene-type  hydrocarbon  30 (ro u te  A). H ow ever, in o u r  

h a n d s , b o th  th e rm al a n d  pho tochem ical d e h y d ro c y d iz a tio n  of 30 to 

p ro d u ce  24 w ere  unsuccessful. Also, researchers at the  D ep artm en t of 

H igh  T em p era tu re  R eactions a t th e  U n ivers ity  o f L eipzig  (G erm any) 

recen tly  rep o rted  th e  failu re  of therm al d e h y d ro c y d iza tio n  of 30 to g e t
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24.38 T hus, th is app roach  w as ab an d o n ed , an d  in stead  w e tu rn ed  o u r 

a tten tion  to the  syn thetic  rou te  w hich has been used for the  synthesis of 

co ran n u len e  an d  cy c lo p en taco ran n u len e  (rou te  B). The crucial s ta rting  

m aterial for that type of chem istry is the 1,2,5,6-tetraketopyracene (31).

2.2.1.2 Synthesis of cyclopentf/gJacenaphthylene-1,2,5,6- 
tetrone, (31).

A lth o u g h  th e  sy n th esis  o f 31 seem ed  ra th e r  s im p le , c lassical 

m eth o d s of o x id a tio n  of 11 and 32 w ere  unsuccessfu l. For exam ple , 

oxidation  of 11 w ith  po tassium  d ich rom ate  cleaved the d iketone  p a rt to 

g ive an anhydride . Also, ox idation  of 32 w ith  po tassium  perm angana te , 

ch rom yl ch lo ride , p a llad iu m  d ich lo rid e  o r p a llad iu m  n itra te  d id  not 

p roduce  the desired  product.

11 32

W e finally  succeeded  in ob ta in ing  31 first by  b rom ina tion  of 1,2- 

d iketopyracene  (11) at the benzylic positions w ith  NBS,41 then  conversion 

of the d ib rom o  com pound  to the n itra te  ester d e riv a tiv e  (34) w ith  silver 

n itra te  in aceton itrile . T rea tm en t of th e  n itra te  e ste r w ith  a cataly tic  

a m o u n t of a so d iu m  ace ta te  so lu tio n  in d im e th y lsu lfo x id e  a ffo rd ed

1,2,5,6-tetraketopyracene in yields of 55-70% (Scheme 2.3) 42
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11

l.N B S

DMSO

IMOj
34

Schem e 2.3 Synthesis of 1,2,4,6-tetraketopyracene (31).

R ecry sta lliza tio n  of 31 from  d im e th y lfo rm a m id e  gav e  o ran g e  

plates. X-ray diffraction analysis show ed tw o m olecules of DMF w ith  tw o 

d ifferen t o rien ta tio n s (p o p u la tio n s of 85 and  15%) associated  w ith  each 

m olecu le  of 31 (F igure  2.1). The s tru c tu ra l fea tu res o f bond  d istances, 

coo rd ina tes and  equ iva len t iso trop ic  therm al p aram eters , bond  angles, 

an d  the coo rd ina tes assigned  to  h y d ro g en s  a re  inc luded  in T a b le s  2.2  

th rough  2.5, respectively.

2.2.1.3 S yn thesis  of d iacenaphtho[3 ,2 ,l,8~ci/e/g : 3 ',2 ', l '^ '- /m « o p ]-  
chrysene, <24).

Follow ing Scott’s p ro ced u re  for th e  syn thesis o f co ran n u len e ,18 a 

m ix ture  of 31, 2 ,4 ,6-heptanetrione and  glycine w as refluxed in to luene  and  

n o rb o rn ad ie n e  for th ree  day s to  y ield  th e  te traace ty l co m p o u n d  (35). 

T reatm ent of 35 w ith six equ ivalen ts of PC15 in refluxing to luene gave the

tetrach lo rov iny l com pound  (36). Flash vacuum  pyrolysis of 36 at 1000 °C  

gave only the  p roduct of q u ad ru p le  ring closure (24) (Schem e 2.4).43



g lycine/ toluene

31

- 2 O
2 C O

(15%)

PCh

Toluene

(30%)

FVP

1000 °C 

(5%)

36 24

Scheme 2.4 Synthesis of 24.



53

As expec ted  from  its s tru c tu re , the  *H N M R  sp ec tru m  of 2 4 

exhibited  an AB m ultip le t at 7.91 and  7.55 ppm , and  a singlet at 7.42 ppm  

(in CD CI3, ratio  2 :1). The 13C NM R sp ec tru m  show ed  th ree  m e th in e

carbons and  five qu a te rn ary  carbons. The assignm ent of the  struc tu re  of 

24 w as also su p p o rte d  by its m ass spectrum  as w ell as by exact m ass 

m ea su re m e n t.

T here  is a fo rm al possib ility  th a t u n d e r  the  h igh  te m p e ra tu re  

conditions used  in the FVP, com pound 24 m ay rearrange itself in to  24' by 

S to n e -W ale s  t r a n s fo rm a tio n .44 The rea rran g ed  p ro d u c t (24 ') w o u ld  

exh ib it the sam e sym m etry  p a tte rn  as com pound  24 in its an d  13C 

NM R spectra.

24’

H ow ever, such  process is ra ther unlikely  in o u r case since recent 

s tu d ies  show  th a t the  b a rr ie r  for th is rea rran g em en t is very  h igh  for 

fu lle renes. For exam p le , no  racem ization  for th e  op tically  active  C 84

isom er w as observed  even for tw o  hours at 700 °C  w hich sets a lim it for 

the  ac tiva tion  energy  of th e  Stone-W ales tran sfo rm ation  h igher th an  83 

R e a l/m o l .45 Recent calculations show  that the activation barrier for this 

process in C 60 is abou t 143 K c a l/m o l46 M oreover, n o  isotope scram bling

w as observed  u n d er FVP for 13C labeled pyracylene .47
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Even though  24 is expected to have a bow l-shape geom etry, it does 

not rep resen t a sym m etrical half o f buckm insterfu llerene. That is, w hen 

the  carbon  fram ew ork  of 24 is rem oved  from  C 60, the  rem ain ing  C 30

s tru c tu re  is no t id en tica l w ith  it. T his m ak es the p o ss ib ility  of 

d im eriza tio n  to b u ck m in ste rfu lle ren e  un like ly  from  24, or at least no t 

possib le  w ithou t som e bond reorganization  o f the  carbon fram ew ork.

Insp ired  by o u r success w ith  th e  pyro ly tic , m u ltip le  ring  closures 

req u ired  for th e  syn th esis  of 24, w e u n d e rto o k  th e  syn th esis  o f the  

sym m etrical half of buckm insterfu llerene: benz[5,6]-as-indaceno[3,2,l,8 ,7- 

m nop^r]indeno[4,3,2,l-crfc/]chrysene o r triin d en o trip h en y len e  (25).

2.2.2 Synthesis of benz[5,6]-as-mdaceno[3,2,l,8,7-mn0p4r]indeno- 
[4,3,2,1-crfe/khrysene, (25).

To synthesize 25 o u r g ro u p  has been exploring the chem istry 

of tru x in e  (37). The trian ion  of 37 reac ted  w ith  m eth y lch lo ro fo rm a te  

p ro d u c e d  th e  tr ic a rb o x y lic  e s te r  (38) an d  re d u c tio n  w ith  lith iu m  

a lum inum  h y d rid e  gave a m ixture of syn and anti triols (39). C onversion 

of the trio ls to the trib rom ides for py ro lysis  w as not ach ieved  an d  this 

rou te  w as later abandoned  (Scheme 2.5).48
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MeOOC
COOMe

2. Cl-COOMe

37

LiAlH

BrH

HOH

39

Schem e 2.5 Previous attem pts to 25 by ou r group .

W e finally  sy n th esized  25 from  the truxenone  (27) o b ta in ed  by 

trim erization  of 1 ,3-indanedione w ith su lfuric  ac id .49

h ?s o 4

27

G e n e ra tio n  of d ic h lo ro m e th y ll i th iu m  from  d ic h lo ro m e th a n e  an d  

lith ium  d icy dohexy lam ide  in the p resence of 27 afforded  a m ix ture  of syn 

and  an ti hexachlorotrio ls (40) (1: 6  by NM R, 80% yield).
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34
C H f: i2

<C6H n )2N ru

c i ^

O H

2

40

C rv s ta ls  of syn -40  su itab le  for X-ray d iffrac tio n  w e re  g ro w n  from  

D CM :hexane. The s tru c tu ra l fea tu res of b o n d  angles, b o n d  d istances, 

coord inates and  equ iva len t iso trop ic  therm al p aram eters , the  coord inates 

assigned  to hyd rogens and  th e  torsion angles are  inc luded  in T ab les  2.7 

th rough  2 .11 , respectively.

W e tr ie d  to  d e h y d ro h a lo g e n a te  40 to th e  tr is (c h lo ro v in y l)  

d e riva tives bu t w ithou t success. D ehydration  w ith  para-to luene  sulfonic 

acid in reflux ing  benzene  gav e  the  co rresp o n d in g  hexach lorov iny l 41 in 

60% yield. W e w ere  also ab le  to get crystals o f 41 su itab le  fo r X-ray 

d iffrac tion . The s tru c tu ra l fea tu res  o f bond  d is tan ces , b o n d  ang les, 

coord inates assigned  to hydrogens, coord inates an d  equ iva len t iso trop ic  

therm al param eters  and  torsion  angles are  g iven  in T ab le s  2.13 th ro u g h  

2.17, respectively.

40
p  -ToSH

,CI

Cl

Cl
41
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Flash vacuum  pyrolysis of 41 at 1000 °C  gave a m ix ture  of p roducts 

c o rre s p o n d in g  to  th e  tri, d i a n d  m o n o c h lo r in a te d  25  by  m ass 

spectrom etry ; the  C30H 12 hydrocarbon  w as detected  only as a very  m inor

p ro d u c t. A ttem p ts  to  sep a ra te  the  m ix tu re  w ere  unsuccessfu l. Also, 

several dech lo rination  m ethods w ere  tried , bu t no  significant am o u n t of 

25 w as form ed.

T hus, w e decided  to decrease the  num ber of chlorines before the pyrolytic 

step. C om pound  41 w as treated  w ith  th ree  equ ivalen ts o f n -bu ty llith ium  

to  g ive  a m ix tu re  of isom eric te tra  an d  trich lo rov iny l d e riv a tiv es (42). 

C om ple te  conversion  of 41 to th e  trich lorov iny l d e riva tives  w as never 

possible for reasons beyond o u r understand ing .

41
1000 ° c

FVP

41
n-BuLi/ THF

-78 °C

H

Cl

(R = Cl, H) 

42
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P yro lysis o f the  m ix tu re  o f te tra  a n d  trich lo ro v in y l d e riv a tiv e s  

y ie ld e d  25, som e incom plete  ring  c losu re  p ro d u c ts , a n d  a n u m b er of 

sm aller hydrocarbons. The d esired  p ro d u c t (25) w as iso lated  by  colum n 

c h ro m a to g rap h y  o n  silica gel a n d  hexane: D CM  (25:1). C rysta lliza tion  

from  p e tro leu m  e th e r gave 25 as an o range solid  th a t darkened , softened 

an d  sublim ed over 250 °C  in a sealed tube, bu t d id  not m elt below  340 °C.

The s tru c tu ra l assignm ent of 25 w as m ad e  by NM R spectroscopy. 

*H N M R exhib ited  a doub le t of doublets at 7.39 ppm , tw o  doublets a t 7.62 

an d  7.67 ppm , an d  a singlet a t 7.85 ppm . 13C NM R show ed four m eth ine 

ca rb o n s a n d  six q u a te rn a ry  carbons. T he  s tru c tu re  of 25 w as also 

suppo rted  by G C /M S  as well as by HRMS.

2.3 C onclusions.

T he sy n th e s is  o f th e  first tw o  se m ib u c k m in s te rfu lle re n es  w as 

su c c e ss fu lly  a c h ie v e d  u s in g  h ig h  te m p e ra tu re  p y ro ly s is  m e th o d  

d e v e lo p e d  for the  sy n th esis  o f co rannu lene . T he ch em istry  of these  

m olecu les, an d  th a t o f po lynuclear arom atic  hyd ro carb o n s w ith  curved  

su rfaces in general, ho lds grea t p rom ise  an d  has yet to  be  exp lored . Of 

special in te rest, of course, is th e ir d im eriza tion  to  fu llerenes w hich will 

lead  to the  d ev e lopm en t of a syn thetic  ro u te  w hich w ou ld  allow  things 

n o t p o ss ib le  v ia th e  v a p o riz a tio n  o f g ra p h ite  such  as se lec tive  13C 

labe lling , th e  in co rp o ra tio n  of h e te ro a to m s o r th e  c ap tu re  of su itab le  

a tom s w ith in  th e  sphere . H ow ever, im provem en ts are  still necessary  in  

th e  syn the tic  m ethod  of these  m olecules since th e  overall yields are  low. 

The im portance  of o u r w ork  on po lynuclear arom atic  hydrocarbons w ith  

cu rved  surfaces has been  recognized by the  chem ical com m un ity .50*55
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2.4 E xperim ental.

2.4.1 S yn thesis  o f d iacen ap h th o l3,2,1,8 -cdefg : y,2 ',V ,8 '-tm ttop] 
chrysene, (24).

2.4.1.1 S yn thesis  of 5,6-dibroino-5,6-dihydrocyclopenttyg]- 
acenaph thy lene-l,2 -d ione , (33).39

33

A so lu tion  of 6.858 g  (32.97 m m ol) 1 ,2-diketopyracene (11), 12.44 g 

(69.9 m m ol) of NBS and  traces of benzoyl perox ide  in 520 mL of benzene 

w as refluxed  fo r 6 hou rs. The so lu tio n  w as cooled , filte red  an d  the  

solvent evaporated . The solid w as taken in DCM an d  w ashed  w ith  water. 

C hrom atography  on silica gel w ith DCM as e luan t gave  10.4 g  of a yellow 

solid (33) (yield: 60%). NM R (CDCI3 , 200 M H z ): 6  6.09 (s, 2H), 7.9 (d, 

2H, J= 7 Hz), 8.2 (d, 2H, J= 7 HZ) [Lit:39 6.09 (s, 2H), 7.91 (d, 2H), 8.25 (d, 2H)]; 

G C /M S , m /z  (relative intensity): 366 (16, M +), 364 (34), 362 (16), 338 (50), 

336 (100), 334 (50), 310 (29), 308 (65), 306 (29), 281 (10), 258 (14), 256 (14), 230 

(19), 228 (19), 207 (6 6 ).
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2.4.1.2 Synthesis of 5,6-dihydro-5,6-bis(nitrooxy)*cydopent[/gJ- 
acenaph thy lene-l,2 -d ione , (34).

A g N 0 3 /C H 3C N

33 34

5,6-D ibrom o-5 ,6-d ihydrocyclopentl/gJacenaphthyiene-l,2 -d ione (33) 

(5.19 g; 14.18 m m ol) w as d isso lved  in 300 mL o f aceton itrile . To th is 

so lu tio n  w as a d d e d  6.02 g o f s ilv e r n itra te  tr ih y d ra te  in 100 m L of 

acetonitrile . A fter reflux ing  for o n e  hour, it w as filtered an d  the solid 

silver b ro m id e  w ashed  w ith  d ie th y l e ther. The com bined  filtra te  and  

w ash ings w ere evapo ra ted  (ro tavapor). The residue  w as taken in DCM, 

w ash ed  w ith  w a te r  an d  d r ie d  w ith  a n h y d ro u s  m ag n es iu m  su lfa te . 

C hrom atog raphy  on silica gel w ith  DCM :hexane (4:1) yielded 3.74 g (80% 

yield) of tw o  isom ers of (34). S epara tion  of the  tw o  isom ers w as not

a ttem pted . *H NM R (CDCI3 , 250.13 M H z ): 6  8.23 (d, 2H), 7.98 (d, 2H), 7.10 

(s, 2H), 6.96 (s, 2H).



6 1

2.4.1.3 S yn thesis  o l cyclopent[/g]acenaphthylene-l,2 ,5 ,6-tetrone,
<31).

N a0 A c.3 H 20
DMSO

O O 

3134

Sodium  acetate  trih y d ra te  (0.118 g; 0.872 m m ol) w as ad d ed  to the 

s tirred  so lu tion  of th e  m ix tu re  of n itra te  esters  (34) (1.44 g; 4.36 m m ol) 

d isso lved  in 40 mL of DMSO. A fter th irty  m inu tes, the  reaction m ix tu re  

w as p o u red  o n to  400 mL of ice-w ater sa tu ra ted  w ith  sod ium  ch loride, 

filtered, w ashed  thorough ly  w ith  w ater and  dried . R ecrystallization from  

d im ethy lfo rm am ide gave 0.81 g  of o range p lates (79% yield). C rystal da ta  

and  collection param eters are  given in T ab le  2.1. C om pound  (31): m p  > 

350 °C; *H NM R (DM SO-d6 , 400.13 MHz): 6 8.29 (s, 4H); 13c  NM R (DMSO- 

d 6 , 100.61 M H z): 8  122.8, 131.7, 141.8, 185.4. G C /M S , m /z  (re la tive  

in tensity ): 236 (41, M +), 208 (82), 180 (89), 152 (100), 124 (64); HRM S 

calculated for C 14H 40 4: 236.0110, found: 236.0102
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2.4.1.4 Synthesis of l,4,7,10-tetraethanone-indeno[l,2,3-c</]-
fluoranthene, (35).

2,4,6-heptanetrione, g lycine

n o rb o rn a  d ien e -to lu en e

35

In a 250 m L th ree-neck  ro u n d  b o tto m  flask  e q u ip p e d  w ith  a 

therm om eter, a m agnetic  s tirre r  an d  a D ean-Stark receiver fitted  w ith  a 

condenser, 1.87 g (7.92 m m ol) of the  te trak e to n e  (31) an d  1.48 g (19.81 

m m ol) of g lycine in 48 mL of to luene w ere  refluxed for 30 m in. A fter this 

tim e, 3.33 g (23.4 m m ol) of 2 ,4 ,6-heptanetrione w as ad d ed  to the  m ix tu re  

and  stirred . A fter 30 m in, 50 m L of n o rbo rnad iene  w as a d d e d  and  the 

m ix ture  w as refluxed for 24 hours. At the end of this period, ano ther 2.5 g 

(17.58 m m ol) of 2 ,4 ,6-heptanetrione w as ad d ed  an d  the b row n  so lu tion  

w as refluxed for a total of 72 hours. The m ix ture  w as cooled an d  d ilu ted  

w ith 20 m L of DCM and  w ashed  w ith w ater. The organic layer w as d ried  

over m agnesium  sulfate. A fter evapo ra ting  the so lvent, ch rom atography  

on silica gel w ith ethyl acetate  gave 0.553 g (15% yields) of (35): N M R

(CDCI3 , 250.13 MHz): 5 8.10 (s, 4H), 7.53 (s, 4H), 2.74 (s, 12H). G C /M S , m /z  

(relative intensity): 444 (100, M +), 429 (66 ), 393 (33), 367 (33), 344 (16), 313 

(6 6 ), 281 (50), 264 (6 6 ), 239 (83).
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2.4.1.5 Synthesis of l,4,7,10-tetrakis(l-chloroethenyl)-indeno(l,2,3- 
rdjfluoranthene, (36).

FCle

T o lu e n e

36

240 m g (0.54 m m ol) of 35 and  670 m g (3.24 m m ol) of PClg in 20 mL 

of to luene w ere refluxed for 3 hours. The solvent w as evapora ted  and  the 

residue  chrom atographed  on silica gel w ith hexane; 85 m g (30% yield) of a 

yellow  solid  (36) w as obtained . NM R (CDCI3 , 250.13 M Hz): 5 5.71 (d, 

4H, )= 1.5 Hz), 5.83 (d, 4H , J= 1.5 Hz), 7.15 (s, 4H), 7.89 (s, 4H). 1 3 c  NM R 

(CDC13, 62.9 M Hz): 8  171.47, 126.05, 129.03, 132.96, 136.21, 136.50, 137.73, 

139.40. G C /M S , m /z  (relative intensity): 520 (28), 518 (57), 516 (46, M +), 445 

(18), 410 (21), 374 (82), 372 (78), 348 (75), 281 (100). HRMS calculated  for 

C 30H 16C14: 516.0006, found: 515.9976.
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2.4.1.6 Flash vacuum pyrolysis of l,4,7,10-tetrakis(l-chloroethenyl)
in denol 1,2,3-rrflfl uoran (hene, (36).

36 24

Flash vacuum  pyro lysis of 270 m g o f 36 in runs o f 90 m g each at 

1000 °C  u n d e r a flow of n itrogen  an d  a p ressu re  of 1.5 m m  of H g gave 23 

m g of c ru d e  p ro d u ct. C h ro m ato g rap h y  on  silica gel w ith  hexane:D CM  

(50:1) p ro v id ed  12 m g of the  desired  p ro d u c t (24). C rysta lliza tion  from  

benzene gave yellow  need les w hich  decom pose  over 300 °C. *H N M R 

(C D C b, 400.13 MHz): 6 7.42 (s, 4H), 7.55 (d, 4H, J= 9 Hz), 7.91 (d, 4H, Hz); 

13C NM R (CDCI3 , 100.61 MHz): S 125.5,126.8, 127.3, (all three C H  by DEPT

experim ent); 128.2, 128.6, 136.8, 137.3, 142.0 (quaternary ). G C /M S , m /z  

(relative intensity): 372 (M+, 100), 186 (30). HRM S calculated  for C30H 12:

372.0939, found 372.0929.
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2.4.2 S yn thesis o f benz[5,6]-as - indacenol 3,2,1,8,7-mm>p<7r] indeno[4,3,2,1- 
cdeflchty&ene, (25).

2.4.2.1 S yn thesis  o f 5H -d iindeno[l,2 -a: T,2’-clfluorene-5,10,15-trione 
<27).43

h ^o 4

27

In a 500 m L th ree -neck  ro u n d  b o tto m  flask  e q u ip p e d  w ith  a 

m ag n e tic  s tir re r , 27 g of 1 ,3 -in d an ed io n e  w as a d d e d  to  192 m L of 

concen tra ted  su lfuric  acid u n d e r n itrogen  over a period  o f 8  hou rs, and  

the reaction w as a llow ed to stir overnight. The reaction m ix ture  w as then 

p o u red  o v er crushed  ice, filtered, an d  w ashed w ith  w a te r un til the w ater 

w as no longer acidic. T he rem a in in g  so lid  w as th en  w ash ed  w ith  

m ethano l and chloroform . Extraction w ith  ch loroform  for tw o  d ay s  in a 

soxhlet g av e  10.5 g (44% yield ) of 27 as a yellow  solid. P rio r to  use, 

c o m p o u n d  27 w as h e a ted  in  N ,N -d im e th y lfo rm a m id e , f ilte re d  an d  

w ashed  w ith  m ethanol: m p  > 360 °C; NM R (CDCI3 , 250.13 M Hz): 6 

9.31 (d, 3H, J= 8  H z), 7.88 (d, 3H, 8 Hz), 7.78-7.71 (m , 3H), 7.62-7.54 (m,

3H).
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2.4.2.2 Synthesis of 5,10,1 5-tris(dichioromethyl>-5,10,15-trihydroxy*
5H-diindeno[l,2-«: 1', 2'-c]fluorene, (40).

p n y f  . o h

o CHC1

27

A s o lu t io n  o f l ith iu m  d ic y c lo h e x y la m id e , p r e p a re d  from  

dicyclohexylam ine (17 mL, 93.6 m m ol) a n d  n -bu ty llith ium  (51 m L of 1.6 

M so lu tion  in hexanes, 93.6 m m ol) in 75 m l of d ry  THF, w as a d d e d  

d ro p w ise  over a pe riod  of one  h o u r to a w ell s tirred  su spension  of 5H- 

d iin d e n o ll,2 -o  il '^ '-c Jfluo rene-S ^O ^S -trione  (27) (2.8 g, 7.3 m m ol) in 100 

m L of THF and  6  mL of d ich lorom ethane at 0 °C. The m ix ture  w as stirred  

for ano ther 30 m in  at the sam e tem pera tu re , an d  subsequen tly  quenched  

w ith  aqueous am m on ium  chloride. TH F w as rem oved  u n d e r red u ced  

p ressu re , an d  th e  re su ltin g  m ix tu re  ex trac ted  w ith  DCM. T he o rgan ic  

layer w as w ashed  w ith aqueous citric acid solution, d ried  and evaporated . 

Flash chrom atography  on silica gel w ith  DCM p ro v id ed  a m ix ture  of syn 

an d  anti triols (40) (ca. 1:6 by *H NM R) w hich can be  subsequen tly  used  

w ithou t fu rther purification . Yield 80%. A dd itiona l ch rom atography  on 

silica gel w ith D C M :hexane (3:1) p ro v id ed  sam ples of the  anti an d  syn 

triols. Anti-40: colorless crystals (from CH CI3 ), decom posing  over 285 °C. 

*H N M R (CDCI3 , 250.13 MHz): 5 3.33 (s, 1H), 3.40 (s, 2H), 6.69 (s, 1H), 6.76 

(s, 1H), 6.86  (s, 1H), 7.42-7.58 (m, 6H), 7.94-8.04 (m , 3H), 8.48-8.54 (m, 3H);
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!3C  NM R (CDCI3 , 62.90 MHz): 6  74.34, 84.45, 84.82, 85.40, 125.09, 125.21, 

125.37, 125.60, 128.74, 128.80, 130.84, 137.92, 138.44, 138.53, 139.05, 139.95, 

143.96, 144.02. Som e o f the  p e ak s  a re  b ro a d , a p p a re n tly  d u e  to 

overlapp ing . FA B/M S, (m /z ): 640, 638, 636. L C /M S: no  m olecu lar ion 

detected , loss of CH CI2 p roduces C2 9 H 17CI4O 3 fragm ent: m /z ,  (relative

in tensity ) 553(59), 555(100), 557(60). Syn-40: ye llow ish  c ry sta ls  (from

D C M :hexane), d eco m p o sin g  ov er 240 °C. C rysta l d a ta  an d  collection 

param eters are  g iven in T ab le  2 .6 . *H NM R (CDCI3 , 250.13 MHz): 8  3.84 (s, 

3H), 6.41 (s, 3H), 7.35 - 7.38 (m, 6H), 7.75 - 7.79 (m, 3H), 8 .1 1 -8 .1 4  (m, 3H). 

13C NM R (CDCI3 , 62.90 MHz): 8 74.04, 84.78, 124.87, 125.10, 128.58, 130.85, 

138.40,138.50, 139.96,143.07.

2.4.2.3 S yn thesis  o f 5,10,15-tris(dichlorom ethy!ene)-5H - 
d iin d e n o [l,2-n: l ' ,2 f-c)fluorene (41).

C ljH C
CHC12

p -ToSH

A m ix ture  of triols 40 (2.1g, 3.28 m m ol) and  p -to luene sulfonic acid 

(3.8 g, 20 m m ol) in 140 m L of benzene w as refluxed for 20  hours. Benzene 

w as then  ev ap o ra te d  an d  the  resu ltin g  m ix tu re  ex trac ted  w ith  DCM , 

w ashed  w ith  aqueous sod ium  carbonate , an d  ch rom atog raphed  on  silica
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gel w ith  hexane:D C M  (25:1). Yield 60% of ye llo w  c ry s ta ls  (41 ), 

d ecom posing  over 380 °C . C rysta l da ta  an d  collection p a ram ete rs  are 

g iven  in T ab le  2.12. N M R  (CDCI3 , 400.13 M Hz): 5 7.36 (t, J = 7.0 Hz, 

3H), 7.43 (t, J = 7.3 H z, 3H), 7.62 (d, J = 7.7 Hz, 3H), 8.17 (d, J = 7.6 Hz, 3H). 

13C N M R (CDCI3 , 100.61 M Hz): 8  120.28, 124.42, 125.76, 127.53, 128.12, 

133.84, 136.26, 137.270, 138,98, 139.18. P D /M S , m /z :  585. L C /M S, m /z  

(relative intensity): 588(36), 586(79), 584(100), 582(51).

2.4.2.4 F lash vacuum  pyro lysis  o f 5,10,15-tris(dichlorom ethylene)- 
5H -d iindeno[l,2 -a: l ' ,2 '- c jfluo rene  (41).

Cl

FVP

1000°C

41
n = 0-3

Flash V acuum  pyro lysis of 1.15 g of 41 at 1000 °C  u n d e r a flow  of 

n itrogen  an d  a p ressu re  of 1.5 m m  o f H g gave 71 m g  of a red d ish  p roduct 

a fte r  c h ro m a to g ra p h y  on  silica  gel w ith  hexane:D C M  (1 :2 ). Som e 

po lym eriza tion  a n d /o r  decom position  of th e  substra te  in the evapora tion  

zone occured, as ev idenced  by the  p resence  of black, ta rry  m aterial in the 

sub lim ation  boat. L C /M S  show ed th ree  m ajor peaks w ith  m asses of 476, 

442 a n d  406 c o rre sp o n d in g  to th e  tri, d i and  m o n o ch lo rin a ted  25 , 

respectively. A m inor peak  of m ass 372 (m olecular peak  o f 25) w as also
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observed  by L C /M S  as w ell by  G C /M S  an d  P D /M S , b u t n o  significant 

am ount of 25 could be produced. Several a ttem pts to separa te  the m ixture 

w ere  unsuccessfu l. A lso, m e th o d s for rem o v in g  th e  ch lo rines w ere  

w ithou t success.

2.4.2.S S yn thesis  o f 5,10-bis(chlorom ethylene)-15-dichloro> 
m eth y len e  -5H -d iindeno ll,2 -a : l ' , 2’-c)fluorenes, (42).

n-BuLi/ THF

-78 °C

(R = Cl, H) 

42

6.1 m m ol of n -bu ty llith ium  (1.6 M in hexanes) w as ad d ed  dropw ise  

to  a so lu tion  of 41 (1.07 g, 1.84 m m ol) in  100 m L of TH F u n d e r n itrogen  at 

-78 °C. S tirring  w as con tinued  for 1.5 hrs, and  then  the reaction m ix ture  

w as q u en ch ed  w ith  a 1:1 m ix tu re  of A cO H /T H F . TH F w as rem oved  

u n d e r red u ced  p ressu re , and  th e  resu lting  m ix tu re  ex tracted  w ith  DCM, 

w ashed  w ith  w ater, d ried  an d  evaporated . C h rom atography  on silica gel 

w ith  hexane:DCM  (25:1) yielded 0.43 g  (45%) of a yellow  solid consisting of 

a m ix tu re  o f at least tw o  iso m ers o f th e  te tra c h lo ro  d e riv a tiv e s  as 

d em o n stra ted  by L C /M S spectroscopy w hich  show s iden tical p a tte rn  for 

bo th  fractions: m /z  (relative intensity): 520(17), 518(53), 516(100), 514(76), 

an d  iso m ers  of th e  trich lo ro  d e riv a tiv e s  as sh o w n  by  L C /M S: m / z
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(relative intensity): 484(25), 482(100), 480(98). The separa tion  of the above 

m ixture was not a ttem pted .

2.4.2.6 Flash vacuum pyrolysis of 5,10-bis(chloromethylene)-15-
dichloromethylene-5H-diindeno[l,2*a: l ’,2’-c]fluorenes, (42).

FVP

1000 ° c

(R = Cl, H)

42

The m ix tu re  of te trach lo  an d  tr ic h lo rin a te d  m ateria l w as flash  

vacuum  pyro lysed  in a stream  of n itrogen  as a carrier gas u n d er th e  total 

p ressu re  of 1.5 torr. In a typical run  ca. 80 m g of the  substra te  w as slow ly 

su b lim ed  d u rin g  tw o  h o u rs  an d  the d a rk  p y ro lisa te  (10-15 m g) w as 

w ashed  ou t from  the cold trap  w ith  DCM. Som e po lym eriza tion  a n d /o r  

deco m p o sitio n  of the  su b s tra te  in th e  e v ap o ra tio n  zo n e  o ccu red , as 

evidenced by the presence of black, tarry  m aterial in the  sub lim ation  boat. 

C o m b in ed  p y ro lisa te s  from  severa l ru n s  (typ ica lly  80-90 m g) w ere  

ch rom atographed  on silica gel w ith  hexane:DCM  (25:1), and  the less po lar 

fractions w ere  collected. S ubsequen t ch ro m ato g rap h y  on silica gel w ith  

cyclohexane o r recrystallization  from  petro leum  e th e r p ro v id ed  ca. 5 m g 

of pu re  25 as an o range  solid that darkens, softens an d  sublim es over 250 

°C, bu t does not m elt below  340 °C. N M R (CDC13, 400.13 M Hz): 8  7.39
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(dd, 3H), 7.62 (d, 3H, J= 8.0 Hz), 7.67 (d, 3H, J= 6.9 Hz), 7.85 (s, 3H); 13C 

NM R (CDC13, 100.61 MHz): 6 120.7, 125.0, 127.4, 128.3, (all four C H  by

DEPT-90 experim ent), 135.4, 138.2, 138.6, 144.9, 148.3, 153.1. G C /M S , m /z  

(relative intensity): 373 (M +l, 22), 372 (M+, 74), 186 (100), 185 (85), 184 (50), 

172 (20), 171 (15). HRMS calculated for C ^ H ^ :  372.0939, found 372.0936.
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Table 2.1 Crystal data and collection parameters for 31.

.. r°

Form ula: C 20 H ]8  N 2O 6 FW: 382.4 

Space Group: C 2 /c  Radiation: Mo Ka

a: 19.963(9) A 

a:

V: 1763(2)A3 

p: 1.0 c m '1 

Rint: 0.047 

M in. T ransm :

Max. Decay:

R(obs. data): 0.055 

U nique Data: 1565

Max. Shift: 0.03o

b: 6.193(2)A 

p: 94.85(4)°

Dc: 1.426 gcm '^  

T: 115 K 

Max. Transm :

Fooo: 800 

Z: 4

c: I4.316(7)A 

y:

O m :

8 Limits: 1-25° 

Av. T ransm :

XtalSize:0.88x0.62x0.01m Color: Yellow plate  
m

Av. Decay:

R(all data): 0.088 

Obs Data: 1045 

Variables: 152

Min. Decay:

Rw- 0.057 

GOF: 2.450 Cutoff: I>3a(I) 

Fudge: 0.02

Max. Residual: 0.28eA '3 Min. Residual:-0.32 eA"3 Extinction: 1.9(2)xl0"6
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:3S

Figure 2.1 ORTHP drawing of cydopent(/e]acenaphthylene-1^5,6-tetrone, 
(31) and DMF.
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Table 2.2 Bond distances in angstroms for 31.

atom  1 atom  2 d istance atom  1 atom  2 distance

O l C l 1.203(4) C5 C6 1.379(5)
0 2 C2 1.208(4) C6 C7 1.398(5)
Cl C2 1.579(5) C7 C7 1.385(5)
C l C6 1.504(5) O IS C IS 1.230(5)
C2 C3 1.497(5) N1S C IS 1.298(5)
C3 C4 1.373(5) N1S C2S 1.433(5)
C3 C7 1.392(5) N1S C3S 1.479(6)
C4 C5 1.433(5)

T ab le  2.3 C oord inates and equivalent isotropic therm al p aram eters for 31.

a to m X y z Beq(A2)

O l 0.1293(1) 0.1008(4) 0.7097(2) 1.76(5)
0 2 0.2109(1) 0.4841(4) 0.7584(2) 1.72(5)
C l 0.1697(2) 0.1756(6) 0.6610(2) 1.50(7)
C2 0 .2121(2 ) 0.3864(6) 0.6854(2) 1.31(7)
C3 0.2520(2) 0.4284(6) 0.6034(2) 1.28(7)
C4 0.2971(2) 0.5824(6) 0.5795(2) 1.42(7)
C5 0.3269(2) 0.5686(6) 0.4922(2) 1.40(7)
C6 0.1891(2) 0.1036(6) 0.5666(2) 1.28(6)
C7 0.2357(2) 0.2580(6) 0.5423(2) 1.19(6)
O IS 0.4116(1) 0.9784(4) 0.4126(2) 2.05(5)
N 1S 0.5163(1) 0.8965(6) 0.3731(2) 1.92(6)
C IS 0.4666(2) 1,0254(8) 0.3856(3) 1.73(9)#
C2S 0.5819(2) 0.9618(9) 0.3505(3) 2.5(1)#
C3S 0.5097(2) 0.6633(8) 0.3926(3) 2.9(1)#
C IS ' 0.458(1) 0.852(4) 0.391(2) 2.0(5)*
C 3S’ 0.529(1) 1.144(5) 0.358(2) 2 .8 (6 )*
C 2S’ 0.573(2) 0.754(6) 0.358(2) 4.4(7)*

# Populated 0.85
* Populated  0.15 and  refined isotropically.
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Table 2.4 Coordinates assigned to hydrogen atoms for 31.

A to m X y z B is o ^ 2)

H4 0.310(1) 0.707(5) 0.619(2) 0.3(6)
H5 0.363(1) 0.673(6) 0.479(2) 2 . 1 ( 8 )

H IS 0.475(2) 1.195(7) 0.365(3) 3(1)*
H21S 0.5963 0.8736 0.3024 3*
H31S 0.5354 0.6299 0.4497 3*
H22S 0.6128 0.9484 0.4051 3*
H23S 0.5805 1.1083 0.3310 3*
H32S 0.5256 0.5820 0.3431 3*
H33S 0.4638 0.6291 0.3983 3*

* Population  = 0.85

T ab le  2.5 Bond angles in degrees for 31.

atom  1 atom  2 atom  3 angle atom  1 atom  2 atom  3 angle

O l C l C2 124.2(3) C l C6 C5 135.5(3)
O l C l C6 130.1(3) C l C6 C7 104.4(3)
C2 C l C6 105.7(3) C5 C6 C7 120.1(3)
0 2 C2 C l 123.8(3) C3 C7 C6 119.2(3)
0 2 C2 C3 129.9(3) C3 C7 C7 120.8(3)
C l C2 C3 106.3(3) C6 C7 C7 120.1(3)
C2 C3 C4 136.0(3) C IS N1S C2S 125.5(4)
C2 C3 C7 104.4(3) C IS N 1S C3S 119.5(3)
C4 C3 C7 119.6(3) C2S N 1S C3S 114.6(3)
C3 C4 C5 120.4(3) O IS C IS N1S 127.7(4)
C4 C5 C6 119.1(3)



7 6

Table 2.6 Crystal data and collection parameters for syn-40.

C om pound  : syn-40 

F o rm u la :
C30H 18CI6O 3 ' C H 2CI2

Space G roup: P i  

a: 11.1328(11 )A

a: 71.202(7)°

V: 1605.7(2)A3 

Ij : 68.4 cm '^

Rin t :

FW: 724.1

Radiation: C u Ka  

b: 11.6731 (9) A

p: 85.681(8)°

Dc: 1.498 gem*3 

T: 24 °C

Max. Transm : 99.88%

M in. Transm : 60.49% Xtal
Size:0.50x0.12x0.04mm

Max. Decay:

R(obs. data): 0,066

U nique Data: 6599 

Max. Shift: 0.14a

Av. Decay:

R(all data): 0.097

O bs Data: 4330 
Variables: 398

Fooo; 732 

Z: 2

c: 14.0665(11 )A 

Y: 68.283(8)°

D m

8 Limits: 2*75°

Av. Transm : 87.64%

Color: Yellow lath

Min. Decay:

Rw- 0.083

GOF: 3.181 Cutoff: I>3o(I) 
Fudge: 0.02

Max. Residual: 0.71 e A '3 Min. Residual:-0.11 eA -3  Extinction: 2.8(6)xl0‘7



Figure 2J2 ORTEP side view 5,10,15-tris(dichloromethyl)-5,10,15- 
trihydroxy-5H-diindeno[l, 2-a, l ’,2‘-c]fluorene, (syn-40).
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Figure 2.3 ORTEP top view of 5,10,15-tris(dicWoromethyl)-5,10,15- 
trihydroxy-SH-diindenotl, 2-a, l',2’-c]fluorene, (syn-40).
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Table 2.7 Bond angles in degrees for syn-40.

atom  1 atom  2 atom  3 angle atom  1 atom  2 atom  3 angle

C2 C l C16 119.9(5) C12 C13 C14 120.9(5)
Cl C2 C3 120.8(5) C13 C14 C25 117.8(5)
C2 C3 C4 120.1(6 ) 0 3 C15 C25 113.1(4)
C3 C4 C17 119.3(5) 0 3 C15 C26 111.0(4)
O l C5 C17 113.2(5) 0 3 C15 C30 107.2(4)
O l C5 C18 115.4(3) C25 C15 C26 103.3(4)
O l C5 C28 104.6(4) C25 C15 C30 113.5(4)
C17 C5 C18 102.3(4) C26 C15 C30 108.6(4)
C17 C5 C28 114.1(3) C l C l 6 C17 119.0(5)
C18 C5 C28 107.4(5) C l C16 C27 133.1(4)
C7 C6 C20 118.3(5) C17 C16 C27 107.9(4)
C6 C7 C8 121.2(5) C4 C17 C5 128.0(5)
C7 C8 C9 121.4(5) C4 C17 C16 120.9(5)
C8 C9 C21 117.9(5) C5 C17 C16 111.1(4)
0 2 CIO C21 113.4(3) C5 C18 C19 129.5(4)
0 2 CIO C22 114.7(4) C5 C l 8 C27 109.6(4)
0 2 CIO C29 105.6(4) C19 C18 C27 120.6(4)
C21 CIO C22 102.7(4) C18 C19 C20 132.2(4)
C21 CIO C29 113.1(4) C18 C19 C22 119.4(4)
C22 CIO C29 107.3(3) C20 C l 9 C22 108.4(4)
C12 C ll C24 119.8(5) C6 C20 C19 132.2(5)
C ll C12 C13 120.6(5) C6 C20 C21 119.6(4)
C19 C20 C21 108.0(4) C15 C26 C23 109.6(4)
C9 C21 CIO 127.7(4) C15 C26 C27 129.7(4)
C9 C21 C20 121.5(4) C23 C26 C27 120.5(4)
CIO C21 C20 110.6(4) C16 C27 C18 108.5(4)
CIO C22 C19 109.3(4) C16 C27 C26 132.2(4)
CIO C22 C23 130.2(4) C18 C27 C26 119.3(4)
C19 C22 C23 120.2(4) CL1 C28 CL2 109.0(2)
C22 C23 C24 131.9(4) CL1 C28 C5 111.8(3)
C22 C23 C26 119.9(4) CL2 C28 C5 112.7(4)
C24 C23 C26 108.2(4) CL3 C29 CL4 109.4(3)
C ll C24 C23 132.5(4) CL3 C29 CIO 111.8(3)
C ll C24 C25 118.6(4) CL4 C29 CIO 112.4(3)
C23 C24 C25 108.8(4) CL5 C30 CL6 109.9(3)
C14 C25 C l 5 128.1(5) CL5 C30 C15 111.7(4)
C14 C25 C24 122.2(5) CL6 C30 C15 111.4(4)
CIS C25 C24 109.7(4)
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Table 2.8 Bond distances in angstroms for syn-40.

atom  1 a tom  2 d istance  a tom  1 a tom  2 d istance

C l C2 1.375(8)
Cl C16 1.389(7)
C2 Cl 1.375(8)
C2 C3 1.392(8)
C3 C2 1.392(8)
C3 C4 1.379(8)
C4 C3 1.379(8)
C4 C17 1.385(8)
C5 O l 1.412(5)
C5 C17 1.511(7)
C5 C18 1.520(6)
C5 C28 1.541(8)
C6 C7 1.398(8)
C6 C20 1.384(7)
C7 C6 1.398(8)
C7 C8 1.370(8)
C8 C7 1.370(8)
C8 C9 1.383(8)
C9 C8 1.383(8)
C9 C21 1.378(7)
CIO 0 2 1.417(5)
CIO C21 1.512(6)
C18 C27 1.417(6)
C19 C18 1.388(6)
C19 C20 1.478(6)
C19 C22 1.426(6)
C20 C6 1.384(7)
C20 C19 1.478(6)
C20 C21 1.411(7)
C21 C9 1.378(7)
C21 CIO 1.512(6)
C21 C20 1.411(7)
C22 CIO 1.519(7)
C22 C19 1.426(6)
C22 C23 1.376(6)
C23 C22 1.376(6)
C23 C24 1.486(6)

CIO C22 1.519(7)
CIO C29 1.547(7)
C l l C12 1.378(8)
C l l C24 1.382(7)
C I2 C l l 1.378(8)
C12 C13 1.377(9)
C13 C12 1.377(9)
C13 C14 1.396(8)
C14 C13 1.396(8)
C14 C25 1.368(7)
CIS 0 3 1.432(7)
C15 C25 1.523(7)
C15 C26 1.515(6)
C15 C30 1.549(6)
C16 C l 1.389(7)
C16 C17 1,403(7)
C16 C27 1.480(7)
C17 C4 1.385(8)
C l 7 C5 1.511(7)
C17 C16 1.403(7)
C18 C5 1.520(6)
C18 C19 1.388(6)
C25 C14 1.368(7)
C25 C15 1.523(7)
C25 C24 1.405(7)
C26 C15 1.515(6)
C26 C23 1.420(6)
C26 C27 1.384(6)
C27 C16 1.480(7)
C27 C18 1.417(6)
C27 C26 1.384(6)
C28 CL1 1.763(5)
C28 CL2 1.775(5)
C28 C5 1.541(8)
C29 CL3 1.757(5)
C29 C M 1.774(5)
C29 CIO 1.547(7) 

(Table con’d.)



8 1

C23 C26 1.420(6) C30 CL5 1.761(7)
C24 C ll 1.382(7) C30 CL6 1.775(5)
C24 C23 1.486(6) C30 C15 1.549(6)
C24 C25 1.405(7)

T able 2.9 C oord inates and  equivalent isotropic therm al param eters for
syn-40.

a to m  x y z  Beq(A2)

CL1 0.6510(2) 0.3043(2) 0.9345(1) 6.48(4)
Cl 2 0.4062(2) 0.3495(2) 1.0285(1) 6.55(4)
CL3 0.7485(1) 0.6177(1) 0.7527(1) 5.20(4)
CL4 0.7339(1) 0.8551(1) 0.5972(1) 5.56(3)
CL5 0.9369(2) 0.2299(2) 0.7078(1) 7.59(4)
CL6 0.9648(2) 0.0328(2) 0.6159(1) 7.34(5)
O l 0.2910(3) 0.4550(3) 0.8242(3) 4.8(1)
0 2 0.5700(3) 0.7885(3) 0.4831(2) 389(8)
0 3 0.6936(3) 0.1908(3) 0.5372(2) 4.06(8)
C l 0.5823(5) 0.0906(4) 0.7461(4) 4.5(1)
C2 0.5352(6) 0.0010(5) 0.8090(4) 5.5(1)
C3 0.4447(6) 0.0342(5) 0.8788(4) 6 .0 (2 )
C4 0.4062(6) 0.1561(5) 0.8892(4) 5.3(1)
C5 0.4250(5) 0.3842(4) 0.8248(3) 3.7(1)
C6 0.3217(5) 0.7211(5) 0.7670(4) 4.5(1)
C7 0.2664(5) 0.8521(5) 0.7610(4) 5.2(2)
C8 0.3120(5) 0.9423(5) 0.6980(4) 5.1(1)
C9 0.4166(5) 0.9068(4) 0.6400(4) 4.3(1)
CIO 0.5832(4) 0.7168(4) 0.5870(3) 3.1(1)
C l l 0.7893(5) 0.5684(5) 0.4262(4) 4.4(1)
C12 0.8806(5) 0,5343(5) 0.3584(4) 5.2(1)
C13 0.9314(5) 0.4082(5) 0.3562(4) 5.3(1)
C14 0.8931(5) 0.3118(5) 0.4234(4) 4.7(1)
C15 0.7515(4) 0.2597(4) 0.5747(3) 3.5(1)
C16 0.5427(5) 0.2145(4) 0.7542(3) 3.7(1)
C17 0.4557(5) 0.2457(4) 0.8276(4) 4.1(1)
C18 0.4929(4) 0.4358(4) 0.7323(3) 3.3(1)
C19 0.4967(4) 0.5593(4) 0.6893(3) 3.1(1)
C20 0.4251(4) 0.6839(4) 0.7083(3) 3.5(1)
C21 0.4735(4) 0.7775(4) 0.6466(3) 3.5(1)
C22 0.5825(4) 0.5805(4) 0.6108(3) 3.2(1) 

(Table con'd.)



C23 0.6569(4) 0.4805(4) 0.5754(3) 3.3(1)
C24 0.7521(4) 0.4745(4) 0.4954(3) 3.6(1)
C25 0.8061(4) 0.3461(4) 0.4927(4) 3.8(1)
C26 0.6513(4) 0.3548(4) 0.6193(3) 3.3(1)
C27 0.5701(4) 0.3322(4) 0.6968(3) 3.3(1)
C28 0.4835(5) 0.3961(5) 0.9154(4) 4.3(1)
C29 0.7170(5) 0.7027(4) 0.6235(4) 37(1)
C30 0.8532(5) 0.1577(5) 0.6589(4) 4.5(1)
CL1S 0.9892(6) 0.6984(7) 0.0764(4) 19.2(3)*
CL2S 0.9100(7) 0.7876(6) -0.1381(4) 2 1 .2 (2 )*
CL3S 0.908(1) 0.9128(8) -0.0318(8) 21.8(5)*
CL4S 1.0668(8) 0.628(1) -0.0639(8) 22.3(4)*
C IS 0.913(1) 0.770(2) -0.0385(9) 38.6(7)

* CL1S and CL2S are  populated  0.65; CL3S and CL4S 0.35.

T ab le  2.10 C oordinates assigned to hydrogen  atom s for syn-40.

a to m X y z B i s c M J >

HI 0.6417 0.0676 0.6972 5
H2 0.5647 -0.0846 0.8047 7
H3 0.4094 -0.0270 0.9194 7
H4 0.3462 0.1783 0.9380 6
H 6 0.2891 0.6591 0.8103 5
H7 0.1958 0.8792 0.8012 6
H 8 0.2709 1.0310 0.6942 6
H9 0.4482 0.9696 0.5968 5
H l l 0.7520 0.6562 0.4253 5
H12 0.9086 0.5983 0.3127 6

H13 0.9933 0.3865 0.3084 6
H14 0.9263 0.2252 0.4210 6
H28 0.4695 0.4858 0.8989 5
H29 0.7786 0.6542 0.5869 4
H30 0.8070 0.1200 0.7114 5
H I OH 0.2425 0.4530 0.7651 8
H 20H 0.4915 0.7867 0.4612 8
H 3 0 H 0.7534 0.1662 0.4838 8
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T ab le  2.11 Torsion angles in degrees for syn-40.

atom  1 atom  2 atom  3 atom  4 ang le

C16 C l C2 C3 2.10(0.89)
C2 C l C16 C17 0.59 (0.81)
C2 C l C16 C27 -177.05 (0.55)
C l C2 C3 C4 -3.31 (0.94)
C2 C3 C4 C17 1.76(0.91)
C3 C4 C17 C5 178.72 (0.54)
C3 C4 C17 C16 0.93 (0.85)
O l C5 C17 C4 -46.81 (0.70)
O l C5 C17 C16 131.16(0.44)
CIS C5 C17 C4 171.66 (0.53)
C18 C5 C17 C16 6.30 (0.55)
C28 C5 C17 C4 72.73 (0.72)
C28 C5 C17 C16 -109.31 (0.50)
O l C5 CIS C19 54.70 (0.69)
O l C5 C18 C27 -131.76 (0.43)
C17 C5 C18 C19 178.04 (0.49)
C17 C5 C18 C27 -8.42 (0.52)
C28 C5 C18 C19 -61.52 (0.64)
C28 C5 C18 C27 112.02 (0.45)
O l C5 C28 CL1 176.13(0.32)
O l C5 C28 C U 52.88 (0.45)
C17 C5 C28 CL1 51.89 (0.53)
C17 C5 C28 CL2 71.35 (0.51)
C18 C5 C28 CL1 -60.73 (0.45)
C18 C5 C28 C U 176.03(0.33)
C20 C6 C7 C8 0.56 (0.85)
C7 C6 C20 C19 -173.41 (0.52)
C7 C6 C20 C21 1.69 (0.76)
C6 C7 C8 C9 -1.68 (0.92)
C7 C8 C9 C21 0.46 (0.86)
C8 C9 C21 CIO 176.34 (0.50)
C8 C9 C21 C20 1.84 (0.78)
0 2 CIO C21 C9 -43.76 (0.69)
0 2 CIO C21 C20 131.23 (0.42)
C22 CIO C21 C9 -168.17(0.50)

(Table con'd.)
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C22 CIO C21 C20 6.82 (0.50)
C29 CIO C21 C9 76.48 (0.62)
C29 CIO C21 C20 -108.53 (0.46)
0 2 CIO C22 C19 -132.75 (0.41)
0 2 CIO C22 C23 53.52 (0.68)
C21 CIO C22 C19 -9.19 (0.49)
C21 CIO C22 C23 177.07 (0.48)
C29 CIO C22 C19 110.28 (0.42)
C29 CIO C22 C23 -63.46 (0.60)
0 2 CIO C29 CL3 178.96 (0.29)
0 2 CIO C29 CL4 55.45(0.41)
C21 CIO C29 CL3 54.35 (0.45)
C21 CIO C29 CL4 -69.16 (0.44)
C22 CIO C29 CL3 -58.24 (0.42)
C22 CIO C29 CL4 178.26 (0.30)
C24 C ll C12 C13 2.60 (0.85)
C12 C ll C24 C23 -178.94 (0.53)
C12 C ll C24 C25 -1.87 (0.78)
C ll C12 C13 C14 -0.86 (0.89)
C12 C13 C14 C25 -1.56(0.85)
C13 C14 C25 CIS -178.69 (0.50)
C13 C14 C25 C24 2.29 (0.81)
0 3 C15 C25 C14 -54.42 (0.69)
0 3 CIS C25 C24 124.70 (0.43)
C26 CIS C25 C14 -174.48 (0.52)
C26 C15 C25 C24 4.65 (0.52)
C30 C15 C25 C14 68.09 (0.67)
C30 CIS C25 C24 -112.79(0.47)
0 3 CIS C26 C23 -127.17(0.41)
0 3 CIS C26 C27 58.36 (0.64)
C25 CIS C26 C23 -5.64 (0.51)
C25 CIS C26 C27 179.88 (0.50)
C30 C15 C26 C23 115.20(0.44)
C30 CIS C26 C27 -59.28 (0.66)
0 3 CIS C30 CL5 177.32 (0.31)
0 3 CIS C30 CL6 53.97 (0.46)
C25 CIS C30 CL5 51.63 (0.49)
C25 CIS C30 CL6 -71.73 (0.47)
C26 C15 C30 CL5 -62.70 (0.47)
C26 CIS C30 CL6 173.94 (0.34)
Cl C16 C17 C4 -2.12 (0.79)
C l C16 C17 C5 179.75(0.46)
C27 C16 C17 C4 176.07 (0.49) 

(Table con'd.)
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C27 C16 C17 C5 -2.06 (0.57)
Cl C16 C27 C18 174.32 (0.56)
C l C16 C27 C26 -4.64 (0.97)
C17 C16 C27 C18 -3.51 (0.56)
C17 C16 C27 C26 177.54 (0.52)
C5 C18 C19 C20 -9.48 (0 .88 )
C5 C18 C19 C22 170.83 (0.47)
C27 C18 C19 C20 177.60 (0.48)
C l l C18 C19 C22 -2.09 (0.69)
C5 C18 C27 C16 7.65 (0.54)
C5 C18 C27 C26 -173.24 (0.43)
C19 C18 C27 C16 -178.14 (0.43)
C19 C18 C27 C26 0.96 (0.70)
C18 C19 C20 C6 -8.14 (0.92)
C18 C19 C20 C21 176.34 (0.50)
C22 C19 C20 C6 171.58 (0.53)
C22 C19 C20 C21 -3.94 (0.53)
CIS C19 C22 CIO -171.85 (0.41)
C18 C19 C22 C23 2.62 (0.69)
C20 C19 C22 CIO 8.39 (0.52)
C20 C19 C22 C23 -177.14 (0.43)
C6 C20 C21 C9 -2.95 (0.75)
C6 C20 C21 CIO -178.30 (0.44)
C19 C20 C21 C9 173.24 (0.46)
C19 C20 C21 CIO -2.11 (0.54)
CIO C22 C23 C24 -7.37 (0.87)
CIO C22 C23 C26 171.17(0.46)
C19 C22 C23 C24 179.46 (0.47)
C19 C22 C23 C26 -1.99 (0.70)
C22 C23 C24 C l l -5.65 (0.94)
C22 C23 C24 C25 177.06 (0.51)
C26 C23 C24 C ll 175.68 (0.54)
C26 C23 C24 C25 -1.61 (0.55)
C22 C23 C26 C15 -174.21 (0.43)
C22 C23 C26 C27 0.85 (0.71)
C24 C23 C26 C15 4.64 (0.53)
C24 C23 C26 C27 179.71 (0.43)
C l l C24 C25 C14 -0.61 (0.77)
C l l C24 C25 C15 -179.79 (0.45)
C23 C24 C25 C14 177.11 (0.48)
C23 C24 C25 C l 5 -2.07 (0.55)
C15 C26 C27 C16 -7.50 (0.89)
C15 C26 C27 C18 173.64 (0.46) 

(Table con'd.)
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C23 C26 C27 C16 178.54 (0.49)
C23 C26 C27 C18 -0.32 (0.70)
C M S CL1S CL3S CIS 40.45 (0.91)
CL3S CL1S CL4S CL2S -30.58 (0.52)
CL3S CL1S CL4S C IS -34.07 (0.85)
C IS CL1S CL4S CL2S 3.49 (0.78)
CL3S CL1S CIS CL2S 117.42 (3.21)
CL3S CL1S C IS C M S 128.61 (1.04)
CL4S CL1S C IS CL2S -11.19 (2.56)
CL4S CL1S C IS CL3S -128.61 (1.04)
CIS CL2S C M S CL1S -3.89 (0.88)
CL4S CL2S C IS CL1S 11.51 (2.63)
CL4S CL2S C IS CL3S 125.28(1.19)
CL1S CL3S C IS CL2S -154.30 (1.54)
CL1S CL3S C IS C M S -75.16(1.08)
CL1S CL4S C IS CL2S 174.48 (1.25)
CL1S C M S C IS CL3S 79.45 (1.09)
CL2S CL4S C IS CL1S -174.48(1.25)
CL2S CL4S C IS CL3S -95.04 (1.22)
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Table 2.12 Crystal data and collection parameters for 41.

Cl
C om pound  : 41 

Form ula: C3 0 H 12CI6 

Space G roup: P 2 i /n  

a: 12.460(1 )A

«: 90°

V: 2392(2)A3 

p: 68.738 c m 'l  

R int-

FW: 585.15

Radiation: Cu Ka  

b: 11.897(1 )A

p: 106.385(5)°

Dc: 1.625gcm"3 

T: 23 °C

Max. Transm : 99.546%

M in. Transm : 48.052% Xtal
Size.0.50x0.25x0.25mm

Max. Decay: 1.000 

R(obs. data): 0.086 

U nique Data: 4929

Max. Shift: 0.00 o

Av. Decay: 1.000 

R(all data): 0.097 

Obs Data: 4133 

Variables: 326

Fooo; U 76 

Z: 4

c: 16.819(1)A 

y .  90°

D m :

0 Limits: 2-75°

Av. Transm : 80.748% 

Color: B row n-orange

Min. Decay: 1.000 

Rw : 0.124

GOF:6.023 Cutoff: I>3o(I) 

Fudge: 0.02

Max. Residual:0.809eA '3 Min. Residual:-0.19eA‘3 Extinction:!. 1( 2 ) x 10-6
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C_J

Figure 2.4 ORTEP side view of 5,10r15-tris(dichloromethyJene)*5H- 
diindeno[l, 2-a : 1', 2-c]fluorene, (41).
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Figure 2.5 ORTEP top view of 5,10,15-tris(dichloromethylene)-5H- 
diindenotl, 2-fl : 1 2-c]fluorene, (41).
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Table 2.13 Bond angles in degrees for 41.

atom  1 atom  2 atom  3 angle

C2 C l C16 119.5(5)
C l C2 C3 119.9(6)
C2 C3 C4 121.3(6)
C3 C4 C17 119.3(5)
C17 C5 C18 106.6(4)
C17 C5 C28 126.0(5)
C18 C5 C28 125.5(5)
C7 C6 C20 119.0(5)
Cb C7 C8 120.6(5)
C7 C 8 C9 121.0 (6 )
C8 C9 C21 119.4(6)
C21 CIO C22 105.9(4)
C21 CIO C29 124.7(5)
C22 CIO C29 126.8(4)
C12 C l l C24 119.1(5)
C ll C12 C13 120.1(6 )
C12 C13 C14 122.2(6 )
C13 C14 C25 117.6(6)
C25 C15 C26 104.9(4)
C25 CIS C30 125.2(4)
C26 CIS C30 126.8(5)
Cl C16 C17 120.2(5)
C24 C23 C26 106.8(4)
C ll C24 C23 130.0(5)
C ll C24 C25 120.3(5)
C23 C24 C25 109.4(5)
C14 C25 CIS 131.2(5)
C l 4 C25 C24 120.6(5)
C15 C25 C24 108.2(4)
Cl 5 C26 C23 107.5(4)
C15 C26 C27 132.4(5)
C23 C26 C27 120.1(4)
C16 C27 CIS 108.0(4)

atom  1 atom  2 atom  3 angle

C l C16 C27 131.2(5)
C17 C16 C27 108.2(5)
C4 C17 C5 132.7(5)
C4 C17 C16 119.5(5)
C5 C17 C16 107.8(4)
C5 C l 8 C19 132.9(4)
C5 C18 C27 107.2(5)
C19 C18 C27 119.9(4)
CIS C19 C20 133.0(4)
C18 C19 C22 119.2(4)
C20 C19 C22 107.5(4)
C6 C20 C19 130.9(5)
C6 C20 C21 119.6(5)
C19 C20 C21 109.1(4)
C9 C21 CIO 132.5(5)
C9 C21 C20 119.8(4)
CIO C21 C20 107.7(4)
CIO C22 C l 9 106.7(4)
CIO C22 C23 133.5(4)
C19 C22 C23 119.9(5)
C22 C23 C24 133.1(5)
C22 C23 C26 119.7(4)
C16 C27 C26 132.2(5)
C18 C27 C26 119.5(5)
CL1 C28 CL2 109.6(4)
CL1 C28 C5 125.3(5)
CL2 C28 C5 124.2(5)
CL3 C29 C U 109.8(3)
C U C29 CIO 124.2(5)
CL4 C29 CIO 125.3(4)
C U C30 CL6 111.3(3)
C U C30 C15 123.0(4)
CL6 C30 C15 125.3(4)
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Table 2.14 Bond distances in angstroms for 41.

atom  1 atom  2 d istance atom  1 atom  2 distance

CL1 C28 1.702(7) CIO C29 1.329(7)
Cl 2 C28 1.708(7) C l l C12 1.384(8)
CL3 C29 1.723(5) C ll C24 1.380(8)
CL4 C29 1.717(6) C12 C13 1.38(1)
CL5 C30 1.704(5) C13 C14 1.38(1)
CL6 C30 1.711(6) C14 C25 1.392(8)
C l C2 1.409(9) C15 C25 1.484(8)
C l C16 1.359(8) C15 C26 1.496(6)
C2 C3 1.370(8) C15 C30 1.324(8)
C3 C4 1.38(1) C16 C17 1.423(7)
C4 C17 1.384(8) C16 C27 1.467(7)
C5 C17 1.477(8) C18 C19 1.391(8)
C5 C18 1.466(7) C18 C27 1.434(7)
C5 C28 1.357(9) C19 C20 1.448(7)
C6 C7 1.384(8) C19 C22 1.447(6)
C7 C8 1.40(1) C22 C23 1.370(7)
C8 C9 1.363(8) C23 C24 1.471(7)
C9 C21 1.396(8) C23 C26 1.434(7)
CIO C22 1.481(7) C26 C27 1.390(6)

T able  2.15 C oord inates assigned to hydrogen  atom s for 41.

a to m  x y z Beq(A2)

H I 0.5091 -0.0947 0.2658 5.0*
H2 0.6833 -0.1298 0.2361 6 .0 *
H3 0.8354 -0.0154 0.2912 6 .2 *
H4 0.8240 0.1389 0.3779 5.9*
H 6 0.6536 0.2631 0.6046 4.5*
H7 0.6600 0.3395 0.7341 5.2*
H 8 0.4925 0.3975 0.7626 5.5*
H9 0.3187 0.3411 0.6766 4.8*
H l l 0.1299 0.0265 0.4853 4.7*
H12 -0.0010 -0.1220 0.4461 5.6*
H13 -0.0080 -0.2284 0.3284 6.5*
H14 0.1173 -0.1982 0.2496 5.4*

S tarred atom s w ere assigned as the  calculated position.



9 2

Table 2.16 Coordinates and equivalent isotropic thermal parameters for
41.

a t o m X y z Beq(A2)

CL1 0.6083(2) 0.4146(2) 0.4668(2) 7.33(6)
CL2 0.8031(1) 0.3345(2) 0.4363(1) 6.94(5)
CL3 0.0833(1) 0.2384(2) 0.4097(1) 4.78(3)
CL4 0.1317(1) 0.3545(2) 0.5615(1) 5.34(4)
CL5 0.1896(2) -0.1067(2) 0.1363(1) 5.65(4)
CL6 0.3647(1) 0.0513(2) 0.16288(9) 4.92(4)
C l 0.5735(4) -0.0462(5) 0.2883(3) 3.8(1)
C2 0.6758(5) -0.0672(6) 0.2708(4) 4.4(1)
C3 0.7663(5) 0.0003(6) 0.3043(4) 4.9(1)
C4 0.7599(5) 0.0896(6) 0.3551(4) 4.5(1)
C5 0.6268(4) 0.1956(5) 0.4259(3) 3.3(1)
C6 0.5848(4) 0.2777(5) 0.6191(3) 3.6(1)
C7 0.5880(5) 0.3266(5) 0.6944(4) 4.2(1)
C8 0.4888(5) 0.3547(5) 0.7134(3) 4.3(1)
C9 0.3872(5) 0.3260(5) 0.6616(3) 3.7(1)
CIO 0.2870(4) 0.2240(4) 0.5212(3) 2.85(9)
C l l 0.1278(4) -0.0197(5) 0.4378(3) 3.6(1)
C12 0.0508(4) -0.1059(6) 0.4144(4) 4.4(1)
C13 0.0467(5) -0.1692(5) 0.3446(5) 5.1(2)
C14 0.1203(5) -0.1524(5) 0.2978(4) 4.1(1)
CIS 0.2904(4) -0.0294(4) 0.2879(3) 2 .8 (1)
C16 0.5649(4) 0.0429(5) 0.3367(3) 3.0(1)
C17 0.6604(4) 0.1099(5) 0.3740(3) 3.3(1)
C18 05161(4) 0.1625(4) 0.4319(3) 2.80(9)
C19 0.4533(4) 0.1944(4) 0.4847(3) 2.69(9)
C20 0.4813(4) 0.2515(4) 0.5639(3) 2 .8 (1)
C21 0.3816(4) 0.2709(4) 0.5873(3) 3.0(1)
C22 0.3381(4) 0.1582(4) 0.4665(3) 2.58(9)
C23 0.2984(4) 0.0766(4) 0.4082(3) 2.52(9)
C24 0.2022(4) -0.0003(4) 0.3921(3) 2.75(9)
C25 0.1992(4) -0.0671(5) 0.3224(3) 3.0(1)
C26 0.3628(4) 0.0442(4) 0.3535(3) 2.66(9)
C27 0.4727(4) 0.0807(4) 0.3684(3) 2.76(9)
C28 0.6747(5) 0.2981(6) 0.4458(4) 4.5(1)
C29 0.1823(4) 0.2611(5) 0.5030(3) 3.4(1)
C30 0.2867(4) -0.0317(5) 0.2084(3) 3.3(1)
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Table 2.17 Torsion angles in degrees for 41.

atom  1 atom  2 atom  3 atom  4 angle

C16 Cl C2 C3 1.64(0.89)
C2 Cl C16 C l 7 -4.21 (0.82)
C2 C l C16 C27 -176.19(0.54)
C l C2 C3 C4 -0.11 (0.97)
C2 C3 C4 C l 7 1.24(0.98)
C3 C4 C17 C5 179.30 ( 0.60)
C3 C4 C17 C16 -3.77 ( 0.89)
C18 C5 C17 C4 -171.24(0.61)
C18 C5 C17 C16 11.56(0.57)
C28 C5 C17 C4 24.03 (1.00)
C28 C5 C17 C16 -153.16 ( 0.56)
C l 7 C5 C18 C19 164.02 ( 0.55)
C17 C5 C18 C27 -15.40 (0.56)
C28 C5 C18 C19 -31.14 (0.93)
C28 C5 C18 C27 149.43 (0.55)
C17 C5 C28 CL1 151.52 ( 0.49)
C17 C5 C28 CL2 -16.83 ( 0.89)
C18 C5 C28 CL1 -10.42 (0.89)
C18 C5 C28 CL2 -178.77 ( 0.43)
C20 C6 C7 C8 -3.27 ( 0.88)
C7 C6 C20 C19 -175.42 ( 0.55)
C7 C6 C20 C21 -2.67 ( 0.82)
C6 C7 C8 C9 5.81 (0.94)
C7 C8 C9 C21 -2.13(0.91)
C8 C9 C21 CIO 176.28 ( 0.57)
C8 C9 C21 C20 -3.84 ( 0.83)
C22 CIO C21 C9 -169.83 (0.57)
C22 CIO C21 C20 10.27 (0.55)
C29 CIO C21 C9 27.52 (0.92)
C29 CIO C21 C20 -152.37 (0.52)
C21 CIO C22 C19 -17.02 ( 0.52)
C21 CIO C22 C23 162.37 (0.54)
C29 CIO C22 C19 145.15(0.54)
C29 CIO C22 C23 -35.46 ( 0.91)
C21 CIO C29 CL3 159.31 (0.43)
C21 CIO C29 CL4 -10.63(0.81)
C22 CIO C29 CL3 0.29 ( 0.83)
C22 CIO C29 C U -169.65 (0.42)

(Table con’d.)
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C24 C ll C12
C12 C l l C24
C12 C ll C24
C ll C12 C13
C12 C13 C14
C13 C14 C25
C13 C14 C25
C26 C15 C25
C26 CIS C25
C30 CIS C25
C30 CIS C25
C25 CIS C26
C25 CIS C26
C30 C15 C26
C30 CIS C26
C25 CIS C30
C25 CIS C30
C26 CIS C30
C26 CIS C30
C l C16 C17
Cl C16 C17
C27 C16 C17
C27 C16 C17
C l C16 C27
Cl C16 C27
C17 C16 C27
C17 C16 C27
C5 C18 C19
C5 CIS C19
C27 CIS C19
C27 CIS C19
C5 CIS C27
C5 C18 C27
C19 CIS C27
C19 CIS C27
C18 C19 C20
C18 C19 C20
C22 C19 C20
C22 C19 C20
C18 C19 C22
C18 C19 C22
C20 C19 C22
C20 C19 C22

C13 -1.98(0.90)
C23 -172.84 ( 0.54)
C25 0.34 ( 0.80)
C14 2.38 (1.01)
C25 -1.03(0.97)
C15 178.30(0.57)
C24 -0.64 ( 0.85)
C14 -165.87 ( 0.57)
C24 13.18(0.54)
C14 33.20 ( 0.92)
C24 -147.75 ( 0.53)
C23 -17.98 ( 0.52)
C27 160.90 ( 0.53)
C23 142.55 ( 0.54)
C27 -38.57 ( 0.89)
CL5 -15.18 (0.79)
CL6 156.41 (0.44)
CL5 -171.97(0.41)
CL6 -0.39 ( 0.83)
C4 5.33 (0.81)
C5 -177.04 ( 0.49)
C4 178.99(0.51)
C5 -3.38 ( 0.58)
C18 166.39 ( 0.56)
C26 -6.55 (0.97)
C18 -6.32 (0.57)
C26 -179.26 ( 0.53)
C20 -16.23 (1.01)
C22 170.76 ( 0.53)
C20 163.14 (0.53)
C22 -9.88 ( 0.73)
C16 13.49 ( 0.56)
C26 -172.52 ( 0.46)
C16 -166.03 ( 0.46)
C26 7.96 ( 0.73)
C6 -11.51 (1.00)
C21 175.15(0.55)
C6 162.10 ( 0.56)
C21 -11.24(0.57)
CIO -167.88 ( 0.45)
C23 12.63 ( 0.72)
CIO 17.47(0.54)
C23 -162.02 (0.45)

(Table con'd.)
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C6 C20
C6 C20
C19 C20
C19 C20
CIO C22
CIO C22
C19 C22
C19 C22
C22 C 23
C22 C23
C26 C23
C26 C23
C22 C23
C22 C23
C24 C23
C24 C23
C ll C24
C ll C24
C23 C24
C23 C24
C15 C2b
C15 C26
C23 C26
C23 C26

C21 C9
C21 CIO
C21 C9
C21 CIO
C23 C24
C23 C26
C23 C24
C23 C26
C24 C ll
C24 C25
C24 C ll
C24 C25
C26 C15
C26 C27
C26 C15
C26 C27
C25 C14
C25 C15
C25 C14
C25 CIS
C27 C16
C27 C18
C27 C16
C27 C18

6.27 ( 0.78) 
-173.83 (0.48) 
-179.52 ( 0.49) 
0.39 (0.57) 
-20.00 ( 0.96) 
167.62 (0.50) 
159.32(0.51) 
-13.06 (0.70) 
-7.09 (0.95) 
179.15 ( 0.53) 
166.00 ( 0.53) 
-7.76 ( 0.55) 
-169.85 ( 0.44) 
11.11 (0.72) 
15.95 ( 0.52) 
-163.09 ( 0.45) 
0.98 ( 0.79) 
-178.18(0.47) 
175.45 (0.49) 
-3.72 (0.57) 
-14.82 (0.94) 
172.90 ( 0.50) 
163.94(0.51) 
-8.34 ( 0.72)
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Appendix 1: NMR spectrum of 5,6-dihydrocyclopenta|/,gl acenaphthylene-1,2-dione, (11).
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Appendix 2: ]H  NMR spectrum of 5(7 -diacetyl-1,2 -dihydro-6 H-dicydopentak/i;]acenaphthylen-6 -one, (12).
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Appendix 3: 'H NMR spectrum of l,r-(l,2-dihydrocydopentaM)fluoranthene'5,8-diyl)biS'ethanone, (14).
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Appendix 4:13C NMR spectrum of l,r-(I,2-dihydrocyclopenta[a/]fluoranthene-5,8-diyl)bis-ethanone, (14).
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Appendix S: >H NMR spectrum of 5,»-bis<l-chloroethcnyl)-l,2-dihydrocyclopeittaM inuoranthene, (15).
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Appendix 6: 13C NMR spectrum of 5,8-bisU-chloro- ethenyl)-l^-dihydrocyclopenta[tt/)fluoranthene, (15).
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Appendix 7: *H NMR spectrum of dibenzofghi, mno]cyclopenta[cd|fluoranthene, (16).
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Appendix B: GC/MS spectrum of dibenzofghi, mno]cyclopenta[cd]fluoranthene, (16).
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Appendix 10: GC/MS spectrum of compound 17.
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Appendix 11: NMR spectrum of 7,10-diacetyl-3,4-{ 1,2-dibromoethano)fluoranthene, (18).
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Appendix 12:13C NMR spectrum of 7,10-diacetyl-3,4-(1,2*dibromoethano)fluoranthene, (18).

1 1 2



LU
m

a .5 e .o 6.0 5 .0 3 .5
PPM

Appendix 13: 'H  NMR spectrum of 7,10-diacety!-3,4-ethenofluoranthene, (19).
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Appendix 14:1SC NMR spectrum of 7,10-diacetyl-3,4-ethenofluoranthene, (19).
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Appendix IS: NMR spectrum of compound 20.
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Appendix 16: ,3C NMR spectrum of compound 20.



7.0 7.0 6.8 6.0 5.07.6 7 . 4 6.6 6.4 5.66 .0 7.2
PPM

Appendix 17: *H NMR spectrum of 7,10-(l-chloroethenyl)-3,4-(dibromoethano)nuoranthene, (21).
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Appendix 18:13C NMR spectrum of 7,10-(l-chloroethenyD-3/4-(dibromoethano)fluoranthene, (21).
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Appendix 20:13C NMR spectrum of 7,10-di(l-chloroethenyl)-3,4-etheno- fluoranthene, (22).
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Appendix 23.13C NMR spectrum of 23 after equilibration in CDClj
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Appendix 24: GC/MS spectrum of 23.
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Appendix 25. NOE effect on the benzylic protons of the equtlibriated mixture of 23 in CDC13 after 
irradiation of the aromatic proton at 7.32 ppm (Dl= 5, D2= 5, DP= 30L).
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Appendix 26: *H NMR spectrum of 5f6-dibromo-5,6*dihydrocydopentl/^lacenaphthylene-l,2-dione, (33).
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Appendix 27:1H NMR spectrum of 5,6-dihydro-5,6~bis(nitrooxy>cyclopent[/^]acenaphthylene-1,2-dione,
(34).
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Appendix 28: *H NMR spectrum of cyclopent(/glacenaphthylene-l,2,5,6-tetrone, (31) in DMSO*d6.
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Appendix 29: l3C NMR spectrum of cy clopen t {/#] ace naphthylene-1,2,5,6-let rone, (31) in DMSO-dft. ^



A
ppendix 

30: 'H 
NM

R 
spectrum

 
of 

l,4,7,10-tetraethanone-indenoll,2,3-afinuorA
nthene, (35).

Ol

CP
o

Li

CHCI,

DCM

0 £ I



^ J U U  V

U
___i—.—

J  J

^ L

\)

n o /  fl
I

1 6
T_

7 . 4

uu
7 2 7.0

—T — 
6 H 
PPM

—I— 
6 6

—T
6.  4

—r 
6 3

I6 0
T~

5 . 8
— j -

5 fi

Appendix 31: ' l l  NMR spectrum of 1,4,7,lO-tetrakisfl-chloroelhenyD-indenoll^^-rdlfluoranlhene, (36).
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Appendix 32: Hi NMR spectrum of diacenaphtho[3#2,l,8*cde/^: 3’,2',l',8'-/mnop)chrysene, (24).
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Appendix 33:13C NMR spectrum of diacenaphtho{3,2,l,ft-o/fftf: S'^rfS'-Zfrmoplchrysene, (24).
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Appendix 34: HR/MS spectrum of diacenaphtho[3,2,l,8<rff/g: 3,2M'^’-/mnopjehrysene, (24).
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Appendix 35: 'H  NMR spectrum of 5H-diindenoI1, 2 a V,  2V)fl uorene-5,10,15*tnone, (27).
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Appendix 37: ' l l  NMR spectrum of 5,10,15-trihydroxy-5H-diidenoll, 2*r.l', 2-c]fluorene, syn-(40).
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Appendix 38: 'H  NMR spectrum of 5,10,15-tris(dichloromethylene)-5H-diideno|l, 2-a:V, M fluorene, (41).
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Appendix 39: HR/MS spectrum of 5,10,15-tris(dichloromethylene)-5H-diideno[l, 2-*:!', 2-dfiuorene, (41).
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Appendix 40: LC/MS spectrum of the pyrolysis products of 5,10,15-tris-(dichloromethylene)-5H- 
diindenofl, 2-a.Y, 2’-c]fluorene, (41).
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Appendix 41: *H NMR spectrum of benz[5,6]-cs-indaceno[3,2,1 A7-mnpp^r]indeno[4,3,2,l-cdff]chrysene,
(25).



Appendix 42: ,3C NMR spectrum of benz[5,6l-iis*indaceno[3,2,l,8,7-mno;x|r]indenol4,3,2,l-flf</]chry$ene, 
(25).
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Appendix 43: GC/MS spectrum of benz(5,6]-fls-indaceno[3,2,l,8,7-m«op(jr]indeno(4,3,2,l-c^cflchrysene, (25).
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