
Monatshefte fiir Chemic 112, 511--516 (1981) MenatsheftefOr Chemie 
�9 by Springer-Verlag 1981 

The Absolute Chirality of (+)-]2-Bromo-[2.2-]metaeyelo- 
phane-4-carbonitrile r 

Harald  Lehner  ~, Helmut Paulus b, and Karl  SehlSgl ~' * 

a Institut ffir Organische Chemic, Universit/it Wien, 
A-1090 Wien, Austria 

b Institut t~]r Physikalisehe Chemic, Technische Hochschule Darmstadt, 
D~6100 Darmstadt, Federal Republic of Germany 

(Received 8 October 1980. Accepted 21 October 1980) 

The absolute eoniigur~tion of (+)-12 bromo-[2.2Jmetaeyclophane-4-car- 
bonitril [(+)-4 el was determined by the Bijvoet X-ray diffraction method as 
(R)p (Fig. t). This result allows tile unambiguous assignment of th(. absolute 
chiralities of all optically active 4-monosubstituted, 4,14-homodisubstituted, 
4,12 and4,14-heterodisubstituted [2.2]metacyclophanes chemicallyeorrelated 
with ( + )-4 e. The result is compared with those obtained by other methods for 
establishing the absolute configuration. 

( K eywords : Bijvoet X-ray di~]?'action method; Circular dichroism ; Exciton 
model; Kinetic resolution) 

Die absolute Chiralitiit yon (+)-12-Brom-[2.2]metacyclophan-4-carbonitril 1 

Di~: absolute Konfigur~tion yon (+)-12-Brom-[2.2Jmetacyclophan-4-ear- 
bonitriI [ (+)-4e]  wurde mit HilIe der anomalen RSntgenbeugung (B~voet- 
~Iethode) als (R)p (Fig. 1) ermittelt. Damit sind auch die Konfigurationen aller 
optisch aktiven 4-monosubstituierten, 4,14-homodisubstituierten sowie der 
4,12- und 4,14-heterodisubstituierten [2.2JMetaeycloiohane bekannt, die mit 
(+)-4e eindeutig chemisch korreliert sind. Dieses Ergebnis wird mit jenen 
verglichen, die mit Hilfe anderer Methoden zur Konfigurationsermittlung 
erhalten wnrden. 

Introduction 

[2 .2JMetacyclophanes  are of increasing impor tance  as vehicles in 
s tereochemical  and contbrmat iona l  studies (el. 2-5 and reterenees cited 
therein). I n  this con tex t  we have described the syntheses,  optical 
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resolution and enant iomeric  purit ies of a var ie ty  of chiral [2 .2]meta-  
cyclophanes with various subs t i tu t ion  pa t te rns  belonging to the point  
groups C1 and C2, resp.1, 2, 6, 7. A t en ta t ive  proposal  as to the absolute 
configurat ion was based on the result  of the kinetic resolution of the 
anhydr ide  of (__)-[2 .2]metacyclophane-4-earboxyl ic  acid (l f) with 
( - - ) (S) -phenethylamine  6 and subsequent ly  f rom the circular diehroism 
(CD) spec t ra< These results led to the cont igurat ion (S)p for ( )-1 f. 

Kinet ic  resolutions had been successtully employed  to carboxyl ic  
acids of systems with related topology,  such as ferrocene, benchrotrene,  
cymantrene,  E2.2Jparacyclophane, [10]paracyclophane, methano[10]anu- 
lene and d ihydroe thanoanthracene  s. For  the metallocenes and [2.2]para- 
cyclophane  the absolute conf igurat ion der ived from these results had 
subsequent ly  been confi rmed by  the X- r ay  diffract ion me thod  9. 

We repor t  now the absolute ehiral i ty  of the  ti t le compound  ( + )-4 e 
established by  the Bijvoet method.  The knowledge of the configurat ion 
of this key compound  4e  renders possible the unambiguous  con- 
f igurat ional  ass ignment  of all optical ly act ive [2 .2]metacyclophanes  
which had been previously  correlated with ( + ) - 4 e  (see Table  1). 

Table 1. Absolute configurations of mono- and disubstituted [2.2]metacyclophanes 

R R 

9 4 1 

1 2 3 4 

R 
(--)-a ( - - ) -a  (;Ha - -  
( - - ) -b  ( )-b CHe0H 
( + )-e ( + )-e CH2Br - -  
( ) - d  ( - - )  a O H 0  - -  - -  
( )-e (+)-e COCHs -- 

( + )-f (--)-f C00H ( + )-a (--)-a 
( )-g (--)-g COO- (+)-b (--)-b 
( + )-h ( + )-h COOCH 3 ( + )-e (--)-e 
( )-i ( )J CONH2 (+)-d ( )-d 
(+)-j ( + ) j  CN (+)-e (+)-e 

M a t e r i a l s  a n d  M e t h o d s  

Optically pure (+)-4 e was prepared as described in ref>. The sample was 
characterized by its nap. (175 177 ~ rotation ([~]~)0 + 9 ~ in ethanol) and mass 
spectrum (m/e 313, 311). The CD-spectrum was recorded at. 20 __ 0.1 ~ with the 
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diehrograph Mark i I I  (dobin-Yvon) in ethanol using cyclindrical quartz 
cuvettes of variable path lengths (0.1 1.0 era). A E (X, nm): + 23 (202), - -21  
(216), + 6.3 (255),--0.56 (297), of. Fig. 2. 

Crystals for the X-ray analysis were obtained by slow evaporation of an 
ether solufion at room temperature. 

The following crystM data were obtained: 
monoclinic, space group P21 
a = 13.635 (2) b = 7.899 (1) c = 6.345 (1) A 
f~ =94.18(1) ~ D = 1.52g'em 3 (Z =2)  

4,706 reflections were measured with a STOE Four-circle diffraetometer. 
Averaging equivalent reflections yielded 2 411 symmetry independent 

reflections, of which 2 272 were employed for the refinement. The final 
weighted R-factor amounted to 2.45~. All crystallographic calculations were 
performed with the program SHELX*, modified for use at a small computer. 

Results and Discussion 

The geomet ry  of the skeleton of ( + ) - 4  e closely resembles t h a t  of 
achirM [2 .2]metacyelophanes .  Thus  the dis tor t ions of the single and 
double bonds (ef. Fig. 1) are very  similar to [2 .2 ]metacye lophane  1~ 11 
itself, its 8,16-dimethy11% 8 ,16-d ib romomethyP  3- and 8,16-difluoro- 
der ivat ive  14 as well as to related t r ibenzaspi rophanes  11. As in those 
compounds  the dis tor t ions observed in ( + ) - 4 e  are due to a sterie 
compression of the in t raanula r  posit ions 8 and 16 forcing the benzene 
rings into a boat  like conformat ion.  The ra ther  insignificant differences 
in the geometr ic  parameters  of  4e  as compared  with [2 .2]metaeyclo-  
phane  are in agreement  with earlier findings, showing t h a t  the devia 
t ions t i 'om the C2n-symmetry of the pa ren t  hyd roca rbon  by  subs t i tu t ion  
in the ex t raanu la r  a romat ic  posit ions ought  to be very  small S. 

A compar ison  of  the R-factors  obta ined  for the possible con- 
figurations**(6.1 and 3.6~o, resp.) o f 4 e  ascribed the configurat ion as 
shown in Fig. 1C** to the d e x t r o r o t a t o r y  enant iomer  (+ ) -4e .  

Thus,  according to previous correlat ions with other  4,12-hetero- 
d isubs t i tu ted  (4 a-4 d) 2, with 4 ,14-heterodisubst i tu ted (3 a 3 e) 1, with 
4 ,14-homodisubs t i tu ted  (2a 2j)  1 and especially with 4-monosubs t i tu-  
t ed [2 .2 ]me tacyc lophanes  (l a 1 j)6 the absolute  configurat ions as listed 
in Table  1 result. 

This ass ignment  of the absolute configurat ions of  mono-  and 
d isubs t i tu ted  [2 .2 ]metacyc lophanes  by  correlat ion with the key  com- 
pound  ( + )-4 e is much  more s t rMght forward  than  the recent  laborious 

* G.M. Sheldrick, Cambridge 1976, private communication. 
** According to Ref. 15 C-9 (see Table 1) is the "pilot atom" responsible for 

the orientation of the molecule in applying the (R)(S) nomenclature tbr planar 
chiral compounds. Accordingly, (+)-4 e has the configuration (R)p. 
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deduction of the absolute configuration of 4-methyl-[2.2]metacyclo- 
phane (l'a) 16 from the l-oxo-derivat ive 17 and avoids any assumption. 
The result reported inl~--(R)~ for ( + ) - l a - - i s  based on the - -a lbe i t  

v,037 -.031 

-015 .023 

c 

Fig. 1. Structure of (+)-12-bromo;[2.2]metacyclophane-4-carbonitrile (4 e), 
�9 = Br; @ = N. A Bond lengths (A), B Bond angles, C Deviations of atom 

(A) fl-om the best planes of the benzene rings 

very plaus ible--assumpt ion tha t  methyl  has no influence on the sign of 
the carbonyl C o t t o n  effect. 

I t  seemed of interest to compare the configuration derived from the 
unambiguous X- ray  diffraction with the results gained by means of 
other methods. The method of kinetic resolution 6 obviously failed in 
the case of the [2.2]metaeyclophane system. As mentioned above this 
method had given good results in several other cases, especially for 
[2.2]paracyclophane-carboxylic acid 9. 
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At the present it is not clear whether the failure of this method is due only 
to the special topology of the [2.2]metaeyclophane system where the difference 
between "above" and "beneath" for a substrate approaching the 4-position on 
which this method is based, is not so pronounced as for instance in [2.2]para- 
eyclophane. I t  should be emphasized in this context, however, that only the 
~'elative configurations of the metacyelophanes were relevant tbr the studies as 
described in refs.l, 2, 4, 6. The conclusions drawn are independent ti'om the 
absolute configuration. 

A fur ther  me thod  tbr the ass ignment  of the absolute conf igurat ion 
of b ichromophor ic  systems is based on the appl icat ion of the coupled 
oscillator model 18. However ,  in ana logy  to the  4 -monosubs t i tu ted  
[2 .2 ]metacyc lophanes  4 studied so far  (1 a-1 j) no bisignate Cotton effect 
is observed either in the 1L b- nor  in the 1La-transit ion region of  the CD 
spec t rum of ( + ) - 4  e (Fig. 2), indicat ing t h a t  the electronic interact ions 
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Fig. 2. CD-spectrum o f ( +  )-4 e in ethanol 

between the two aromat ic  moieties in 4 e are weak. Accordingly,  a band  
spli t t ing of the 1Lg-Cotton effect will occur only in the CD spectra  of' 
der ivat ives  where bo th  a romat ic  rings ca r ry  subs t i tuents  with large 
spectroscopic m om e n t s  4. T h u s - - a n d  since the molecule exhibits  C1 
s y m m e t r y - - t h e  point  dipole approx ima t ion  cannot  be applied to ( + )- 
4e.  For  this purpose,  a der ivat ive  like ( + ) - 2 h  with two m e t h o x y :  
carbonyl  l igands was chosen. 

The coordinate  sys tem was chosen so t h a t  the z-axis transfixes the 
eentres of bo th  a romat ic  rings and the z-axis is parallel to  the Ca-axis of 
the molecule. The 1La-transit ion m o m e n t  of  (R)p-2h comprises the 
angles r =  106 ~ t = 101 ~ and v = 160 ~ with the coordinate  axes, so tha t  
according to equat ions  (4) and (5) in ref. 4 vA--vB > 0 results for the  
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b a n d  sp l i t t ing  and RA > 0, R B < 0 tbr  the  r o t a t i o n a l  s t r eng ths  of the  
bands  wi th  A and  B s y m m e t r y * .  

A compar i son  wi th  the  ac tua l  CD s p e c t r u m  yie lds  the  conf igura t ion  
(R)p for ( - - ) - 2 h .  On the  basis  of the  chemica l  cor re la t ion  this  is in 
a g r e e m e n t  wi th  the  X - r a y  conf igura t ion  d e t e r m i n a t i o n  for ( + ) 4  e (cf. 
Tab le  1). 

Acknowledgements 

Generous supports by the "Fonds zur F6rderung der wissensehaftliehen 
Forsehung 0sterreieh" (Project 3033) and by the "Hochsehuljubilgumsstiftung 
der Stadt  Wien" are gratethlly acknowledged. 

References 

1 Stereoehemistry of Planar Chiral Compounds, Par t  8. Par t  7 : Krieger, Ch., 
Lehner, H., SchlSgl, K., Mh. Chem. 197, 195 (1976). 

2 Keller, H., Krieger, Ch., Langer, E., Lehner, 1-I., Derflinger, (;., Liebigs Ann. 
Chem. 1977, 1296. 

a Keller, H., Lehner, H., Liebigs Ann. Chem. 1978, 595. 
4 Keller, H., Krieger, Ch., Langer, E., Lehner, H., De~fliuger, G., Tetrahedron 

34, 871 (1978). 
5 Krois, D., Langer, E., Lehner, H., Tetrahedron 36, 1345 (1980). 

Kainradl, B., Langer, E., Lehner, H., Schl6gl, K., Liebigs Ann. Chem. 766, 16 
(1972). 

7 Glotzmann, C., Langer, E ,  Lehner, H., SehlSgl, K., Mh. Chem. 196, 763 (1975). 
s For a review see : SchlSgl, K., in Methodieum Chimicum, Vol. l, Par t  1 (Korte, 

F., ed.), p. 235. Stut tgar t :  G. Thieme. 1973; p. 227. New York: Academic 
Press. 1974. 

9 See Klyne, W., Buckingham, W., Atlas of Stereochemistry, 2nd., Vol. i and 2. 
London: Chapman and Hall. 1977. 

lo Brown, C.J. ,  J. Chem. Soe. (London) 1953, 3278. 
11 Kai, Y., Yasuoka, N., Kasai, N ,  Acta Cryst. B33, 754 (1977); see also 

Schuster, J. C., V6llen]cle, H., Mh. Chem. 109, 1155 (1978). 
12 Hanson, A. W,  Acta Cryst. 15, 956 (1962). 
la Mathew, M., Acta Cryst. B24, 530 (1968). 
14 Hanson, A. W., Acta Cryst. B31; 2352 (1975). 
15 Cahn, R. S ,  Ingold, C. K., Prelog, V., Angew. Chem. 78, 413 (1966); Intern. 

Ed. 5, 385 (1966). 
16 Nakazaki, M., Hiro~e, Y., Shimizu, T ,  Suzuki, T., Ishii, A., Ma]cimura, M., 

J. Org. Chem. 45, 1428 (1980). 
17 Mislow, K., Brzeehffa, M., Gsehwend, H. W., Puekett, R. T., 3. Amer. Chem. 

Soe. 95, 621 (1973). 
is See e.g. Haas, G., Hulbert, P.B., Klyne, W., Prelog, V., Snatzke, G., Helv. 

Chim. Acta 54, 491 (1971). 

* The sign of ~A '~B has erronously been interchanged in ref. 4 resulting in 
the antipodal configuration for ( + )-2 h. 


