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Abstract - '!he hindered ro ta t ion  about four d i r e c t  bonds between t h e  - 

[2.21pmracyclophanyl subst i tuents  and t h e  meso car,ban centers of 

porphyrin i n  t h e  t i t l e  compound r e s u l t s  i n  t h e  appearance of m m y  

s terr j i samers ,  some of them representing the  type of stereoisomerism 

which had never been encountered before i n  p a r p h y r ~  chemistry. 

CJTWODUCTION 

1 SLLccessfl Synthesis i n  our laboratory of meso-tetrakis[2,2lparacyclophqylparph~~1iin , T(PCPjP, as 

a representa t ive  of t h e  novel c l a s s  of compounds containing t h e  d i rec t  l i n k ( s j  between the para- 

2 cyclaghane and porphine systems drew our a t t en t ion  t o  the  prohlan of atropaisoners formed . 
P.lthou& some atropoisamers have been separated so far, the  whole phenomenon of stereoisomerism o f  

porphyrins subst i tu ted by the  ch i ra l  u n i t s  of [2.2lparacycloptlme, PCP, appeared t o  u s  as desenrirg 

pa r t i cu la r  consideration3. 

The experimental d i f f i c u l t i e s  i n  obtaining su i t ab le  c rys ta l s  f o r  X-ray examination led us t o  exmine 

the  s t ruc tu re  of T(PCPjP by theoret ical  methods. The appl icat ion of geometry aptinAzation pmcedure 

has d e t e n i n e d  t h e  r e l a t i v e  positioning of the planes of porphine and paracyclaphane u n i t ( s j  and 

enabled fu r the r  theore t i ca l  treatment concerning t h e  energy ba r r i e r s  between the  stereoisomers. 

COIv~RMATIONAL ANALYSIS 

?he d i f f i c u l t y  i n  estimating t h e  s t r ~ c t u r e  of T(PCPjP by experimental methods gives  pa r t i cu la r  

irrportance t o  t h e  calculazians concerning i ts  confarmaziorril s t a t e s .  l h e  cam~armatianal analysis 

had t o  be perfom.& with t h e  use of the  geometry optimization by t h e  saniempir-ical f a r c e  f i e l d  

4 method . The KIND0/3 method5 was exclusively appl ied t o  t h i s  molecule containing 158 atoms with a 

basis  se t  of 422 atomic o & i t a l s .  A l l  ca lcula t ions  were performed on a CRAY supercomputer. The 

p m g r m  i n  M W  was used, wri t ten  by one of t h e  authors (Akl,*Ij. The Householder-$R-Inverse- 

6 I t e r s t i o n  method was mdif i ed7 ,  and applied t o  m t r i x  d i ~ o m l i z a t i a n .  This program made possible 



calcula t ions  f o r  systems containing up t o  200 a t o m  and 500 AOs as the  functional base.  A s  t h e  

authors '  e a r l i e r  c o n f o m t i o m l  analysis  of meso-[Z.Z!oaracyclophmyltriphenylporphyrin, PCPP, 

showed8, iden t i ca l  r e s u l t s  were achieved by MIIDO/3 and CMX7/2 methods. I n  a l l  ca lcula t ions ,  the  

porphine s t ruc tu re  of D2h s)mnetryg was considered based on X-ra .~  d i f f r ac t ion  stcdieslO, see 

Figure 1. Similarly,  f o r  t h e  paracyclophane s t ruc tu ra l  * w e n t ,  the  eeonetry chosen was based on 

11 crysta l lographical  data of [2.2lparacyclophane . 

FESULTS AND DISCUSSION 

FirfIing the  s t ab le  confomers of T(?CP)P represents a t a sk  much mre canplicated than i n  t h e  case 

8 of PCPP . The fallowing fac to r s  are responsible f o r  t h i s :  ( i )  @-eater nmber of PCP subst i tuents ,  

( i i )  two ways of subs t i tu t ing  each meso-hydrogen atom of parphyrirl by PCP which represent e i t h e r  

LL 
the  R o r  S configuration , see Figure 1, and ( L i i )  t h e  existence of two energet ical ly  s t a b l e  

8 confomer~ f a r  each way of subs t i tu t ion  . 

PCP rn PCP 

PCP (RIPCP (SIPCP 

Figure 1. Iles~tetr&is[2.Z]paracyClophany1p011phyrin, T(PCP)P 

The f ac to r  ( i )  of the  quant i ta t ive  character w i l l  be considered l a t e r .  The a t t en t ion  i u i l l  be f i r s t  

focussed on the  cwo remaining s t e r i c  f ac to r s  applied t o  t h e  mono-PCP subst i tu ted porplline. The 

consequence of f ac to r  ( i i )  are two modes of l inking t h e  porphine k i t h  PCP, denoted, respectively, 

as R and S. The S mode of joining the  s h l e  PC? substit i lent with t h e  porphine of DZh symmetry 

is shown i n  Figure 2. 

Figure 2.  Def ini t ion of the  dihedral W l e  

The s ing le  C5-Cl11 band joins  both s t ruc tu ra l  f r w e n t s ,  and the  dihedral angle C6--C5-C4'-C5' 

defines t h e  ro ta t iona l  angle e between them. The angle 8 = 0' when t h e  benzene r ing  of PCP which is 
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d i rec t ly  lid<& Lo p o v h i n e  is coplanar with porp1,ine and t h e  second benzerle rini;, bound by ethane 

bridges with t h e  first one, i s  s i tuated below. The value of 8 increases as t h e  r e s u l t  of the  clock- 

wise ro ta t ion  (when looking from C5 t o  C 4 ' ,  i . e .  IYom porphine t o  PCP). The "down" conformation is 

assumed f a r  0' < 8 < 90' and 270' < e < 360°, ,while t h e  "up" canformtion f a r  90' r B < 270'. The 

a l t e rna te  lode R ,  not shown i n  Figure 2, l inks  paFphine with PCP v ia  the  C5-C5' bond; t h e  rota t ion 

i s  dnscribed again by the  dihe&al a l e  C6-~5-~5 ' -CQ' ,  v i m &  as previously. However, i n  t h e  l a t t e r  

case f o r  6 =  o', the  benzene ring of PCP not band& d i r e c t l y  with parphine i s  s i tua teu  abowe, ard t h e  

m t a t i o n  takes Place i n  the  anti-cloclwise fashiori. For the  R rmde, t h e  e ranges d e s c r i b d  above 

correspond respectively t o  t h e  "up" and "down" locat ions .  This r,esults i n  t h e  f a c t  that  fa r  t h e  same 

value of 8 considered f o r  R and S modes of banding, the  s t ructures  merge as enantioners.  ?actor 

( i i i ) ,  based on the  c o n f a m t i o n a l  analysis  performed fo r  PCPP', points t o  the  existence of two 

pa i r s  of these  s tn lc tu res .  The canfannational analysis  informs us  thar t h e  system can assume two 

energet ical ly  s t ab le  posi t ions ,  one f o r  t h e  PCP m t a t i o n  angle i n  which e l  = 14!.0~, and mother  for 

e z  = 321.8'. Acconding t o  the  de f in i t ion  of g for FCP of R configuration there  appear t h e  "up" and 

''do*%'' c o n f o m t i o n s  while for the  S configuration of PCP the "down" and "up" c o n f o m t i o n s  come 

t o  en i s tn lce .  The calcula t ions  point ,  hnuever, t o  (1 )  t h e  enereetic equivalence of the  "u2" and 

"do'm" c o n f o m t i o n s  and ( 2 )  the  high ro ta t ion  b a r r i e r  which makes the  interconversion of conformers 

impossible. A l l  t h i s ,  together with the  f a c t  tha t  - e l  = 180' leads t o  the  conclusion that  the 

"u?" and "dolm" c o n f o m t i o n s  are iden t i ca l .  Therefore the  presence of four  s t ruc tu res  f o r  PCPP i s  

only imaginary; i n  r e a l i t y  only one pa i r  of eruntiomers e x i s t s  f o r  t h i s  cmpourd. The cortormation 

of t h e  PCP subst i tuents  gains,  however, i n n o r r a c e  during the  attachment or' every other  PCP 

subst i tuent  because of the  lack of interconversion between t h e  "up" and "down" conformations. As a 

consequence, a var ie ty  of s t ruc tu res  of T(PCP)P merges. 

The subs t i tu t ion  of porphyrin by four PCP un i t s  shows a s imilar i ty  t o  the well  described substicution 

re su l t ing  i n  t h e  f o m t i o n  of "picket fence porphyrins" 13314. The l a t t e r  meso-tetrakis(orth0- 

subst i tu ted p h e ~ l j p a r p h y r i n s  can ex i s t  as four  atropoisamers: aooa, ouofl, oafl3 and aBaB where o 

and B denote t h e  locat ion of the  ortho-substituent,  respectively above and below t h e  porpiiine plane. 

The same pmblen was encountered i n  mesotetraferrocen;ilporphyrin~~~, For t h e  l a t t e r  compomdds the 

quan t i t a t ive  f ac to r  ( i )  had t o  be considered together with t h e  s t e r i c  reasons. However, i n  t h e  case 

of T(PCP)P, the  addi t ional  f ac to r s  ( i i )  and ( i i i )  gain  s ignif icance.  The reasons why they are 

responsible f o r  a great  increase of t h e  number of atmpoisomers L-e discussed below. Instezd o f  

four atmpoisomers arrtlo, rroo3, ooBB and oflufl t he re  appear four ~ o u p s  of isomers which w i l l  b e  

denoted as lRRR1, UWD, WDD ami UDUD. I n  t h i s  case U denotes the  c o n f o m t i a n  of t h e  PCP suilstituent 

in t h e  "up" posi t ion while D points t o  t h e  "down" posi t ion,  see Figure 3. 



UUUU UUUD 

Figure 3. Wo ster,eoisomers of T(PCP)P given as examples of differences between two 

configwations (PSRS vs PSRR) and two canfamations (WW) as IJlIUJ) 

The influence of the (ii) factor in the case of T(PCP)P makes possible existence of 16 configurational 

corbinations: RE%?, m S ,  RRSR, RSm, SF&?, RRSS, RSSR, PSRS, SSSS, SSSR, SSRS, SPSS, RSSS, SSRR, 

SRRS and SPSR. In general, the structures corresponding to the first eight CoFXiwations should be 

the emtimers of the eight remaining structures. For example this relation always concerns the 

structures of the m and SSSS combination. Far the remaining combinations such a relation is not 

so obvious because it depends on the factor (iii). It is hovrn t-t independently of the R or S 

configuration of the PCP substituent, each has U and D conformations. Therefore, each out of the 

first eight combinations can represent one of the four following structures: L W ,  UUUB, WDD and 

uDuo. Taking account of the factors (i) and (ii) gives, however, the structures which can be identical 

for different configurational combinations. In effect, the number of stereoisomers varies depending 

on the type of the structure, see Figure 4. For UUW two structures representing the R3BR and PP&S 

configurations are enantiomcrs while the structures RRSS and RSRS represent the meso forms; totally 

6 stereoisomers appear. For IME the eight structures shorn are enantiomers that gives 16 stereo- 

isomers. "hr lmD four structures of RRSS, BPS, SRRS and PSSR canfigur'ations represent the meso 

forms while the remaining three structures RE%?, RRRS and PSRR are emqtioners; as a result ten 

stereoisomers exist. Finally for ~~ three structures of P8Y.R, RRRS and RRSS configurations are 

enantiorners and one RSRS configuration represents the mesa farm which amounts to 7 stereoisomers. 

Total nmber of stereoisomers is 39. 

Canfomtianal amlysis of T(PCP)P confirmed the stereochemical considerations presented above. The 

analysis was performed far five selected structures of identical topology, see F i ~ r e  5: 

(PsRs) -W,  (m)-LUW, (Sm)-WDD, (RSSRj-UUDD and ( ~ ) - U D I m ,  the symbols in brackets 

denoting the confiwations of the PCP substituents. The conformation given for each PCP substituent 

represents the primary conformation: the rotation q l e  e is expressed depending of the configuration 

of the substituent according to the already described mle (see F i w e  2). l h c  simultaneous change 

of the rotation q l e  B assumed in the calculations was identical for all PCP substituents. 
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UUUU UUUD UUDD UOUD 

- ~ % x x  
RRRs % X X X 
RRss 3 m X X - X 
-Rs 8 8 

RRSR SRRS 

RSRR RSSR 

SRRR RSRR 

SRRS 

F i g w e  4 .  A l l  possible meso forms and representatives of the enantiomeric 

pairs of T(PCP)P. Those not iabel led meso have enan t imer ic  

p a i r 5  

The heavy l ines  denote the  benzpne r ings  of t h e  [2.2]paracyclo- 

phanyl subst i tuents  not liniced dir,ectly with poryhyrin core 

which are turned "up". Each benzene ring d i rec t ly  linked t o  

porphyrin core is denoted by a n o m l  l ine ;  the second benzene 

ring is alwajs located below it. 



The calculations showed in all cases that stable confanners appear anly for two rotation angle 

values, el = 141.8' and e2 = 321.8", the energy values of both conformers being the same. A n  

identical result has been reached by the authors earlier on meso-l2.21paracyclophulyltriphenyl- 

B porphwin, PCPP . The energies of the five considered conformers are shown in Figure 5. 

A 
0 ----- UUUU (RRRR) 
I . 
3 
-z - UUUUIRSRS) 
0 

-286350 
UUDD (RSSR) 

r;' ----- UUUD (RRRR) 
E 
W 

- UUUDIRSRR) - 
Z 
W 

Figure 5. Total energies of same stereoisomers of T(PCP)P. Five stereoisomers 

represent the same topology sham on the right 

The ( ~ ) - m m  c o n f o m ~  Ins the lowest enerw while (RSRS)-WW has the himest energy. The 

difference in energy between these extremes quals 6.2 kcal/mol. k t  us notice that conformers 

similar in structure, (RSSR)-ULl!JD and (SRRS)-.UlDD, show distinctly different energies. In between 

them the ( P 3 , R - W  conformer is located. 

me regarded conf'omtioml analysis treatment allowed us to consider only five conformers. Because 

of the size of the mlecule and the number of stereoisoms (see Figure 41, it would be very 

difficult to perfom the analysis of all of them. Therefore a westion arises concerning the 

relation between the raining conformers and those already considered. We focussed attention on the 

(RRRR-UUK and (mE?-UIJLTU confolmers which heve different topology and are different from the 

five discussed previously. They bath represent the same configurations and can be reached fmm 

( m ) - U D U D  (see its ORTEP drawing in Figure 6) by changing the confomtional orientation of the 

PCP substituents from D ( e  = 321.8') to U (e l  = 1111.8~); the change should concern one and two 2 

substituents for the first and the second case, respectively. The energies of both conformers are 

presented by the dashed lines in Figure 5. The relative energies form the follau,ing order: 

%Duo SnJUD < %. For the reasons describ& above, no conformer could be converted into 

another (high energy barrier) even if anly one PCP substituent changes its canfomtion. The 

influence of the tautomerism (the inner H atoms located either along the n or the y axis) on the 
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energies of conformers is i n s i m i f i c a n t  a d  does not influence the  above considerations.  

Figure 6. St ructure  of t h e  T(PCP)P (RRRR)-LDlD stereoisomer according t o  OR?ZP 

CONCLUSIONS 

A s  many as 39 stereoisomers of T(PCP)P r e s u l t  frm t h e  subst i tu t ion of porphine i n  meso position by 

four PCP subst i tuents  i n  two d e s  (each i n  R or S conf igmat ion)  and two energet ical ly  allowed 

conformations (U and Dl appearing f a r  each configuration. Such a number of species and the way they 

are different ia ted are hewn so  far f o r  the der ivat ives  of p o r p m i n .  Canformational analysis  

was performed f o r  five stereoisomers representing t h e  same topology. me greates t  difference i n  

energy calculated (by MIID0/3) was 6.2 kca l /ml  between the  (RRRR-UDUD and (RSRS)-UUW stereaisomers. 

Any two stereoisomers are separated by an energy ba r r i e r  high enough t o  exclude the  poss ib i l i ty  of 

interconversion. 
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