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COMMUNICATION 

Selective functionalization of 
calix [ 41 arenes via tricar bon ylchr omium 
complexes 
TAKETOSHI KIKUCHI, HIDESHI IKI, HIROHISA TSUZUKIT and SEIJI SHINKAI* 

Department of Organic Synthesis, Faculty of Engineering, Kyushu University, Fukuoka 812, Japan and t Center of Advanced 
Instrumental Analysis, Kyushu University, Kasuga, Fukuoka 816, Japan 

Tricarbonylchromium complexes of 25,26,27,2&tetrapropoxycatix- 
[4]arene conformers (1,Pr) were synthesized. Since the benzene ring 
is activated through complexation with Cr(C0)3, the functional 
groups (e.g. -D, -CH3, and -CHO) could be selectively 
introduced into the Cr(CO)3-complexed benzene ring. The substitution 
reaction occurred mainly at the pposition. The para selectivity was 
attributed to the steric crowding being relatively lower than that 
around the meta and benzyl position. This view was supported by the 
X-ray crystallographic study of 1,3-alternate-I4Pr (CO),. This is a 
novel and general methodology for selective introduction of functional 
groups into calix [ n] arenes. 

Calix [ n] arenes are cyclic oligomers which belong to 
the class of [ ln]-metacyclophanes. As calix[n]arenes 
have a cavity-shaped architecture, they are useful as 
building blocks for designing host-guest-type catalysts 
through appropriate modification of the edges.' - 4  

To design such functionalized calix [ n] arenes, it is 
necessary to develop new methods for the selective 
introduction of desired functional groups into the 
benzene nuclei. In fact, a few groups have so far 
attempted to develop such synthetic methods,5- ' 
but there exists no versatile methodology for the 
selective introduction of functional groups. When 
taking into account that calix [n] arenes belong 
to the class of [ I,] metacyclophanes, we noticed 
that the formation of arene-tricarbonylchromium 
complexes may be useful as a potential methodology 
for this purpose. It is known that tricarbonylchromium 
(Cr( CO),) forms stable @-arene complexes and the 
complexed benzene ring becomes extraordinarily 
'reactive'. ' - We thus expected that the functional 
group would be selectively introduced into the benzene 
unit which was activated through complexation with 
Cr(CO), (as shown in scheme 1). 

* To whom correspondence should be addressed. 

For ease of H-NMR assignment we used conforma- 
tionally immobile calix [ 41 arenes. As described 
previously,' ',' the oxygen-through-the-annulus rota- 
tion, which causes the conformational isomerism, 
can be inhibited by using 0-substituents bulkier 
than the ethyl group. We thus chose 25,26,27,28- 
tetrapropoxycalix [4] arene ( 14Pr). The syntheses of 
conformational isomers of 14Pr and their Cr( CO), 
complexes were reported previo~sly. '~  When 2,6- 
dimethylpropoxybenzene - Cr(CO), (2 - Cr(CO), was 
used as a reference compound: 0.17mmol) was 
lithiated with BuLi (0.19mmol) at -78 "C in THF 
(5.0 mi) and then treated with methyl iodide ( 1.70 mmol), 
the methyl group was introduced into the m-, p-, and 
benzyl-positions in the ratio 2 1 : 50:29 (run 1 in Table 
1).* A similar result was obtained from deuteration 
with D 2 0  (run 2).* 

When 14Pr.Cr(CO), with a cone conformation 
(cone-1,Pr * Cr(CO),) was treated in a similar manner, 
neither methylation nor deuteration took place (runs 
3 and 6). We thus increased the concentration of BuLi 
to 2.5 mol equiv. and raised the reaction temperature 
to -30 to -40°C. As shown in runs 7 and 8, 
deuteration proceeded smoothly and the substitution 
occurred at the m- and p-positions (but not at the 
benzyl position) in the Cr(CO),-complexed benzene 
nucleus. Methylation also proceeded smoothly but the 
substitution occurred only at the p-position (run 4). 
When DMF was used as a reagent at - 30 "C, the 
p-formyl derivative was produced in 92% yield (run 
9). On the other hand, when iso-propyl iodide, a bulky 

* The isomer distribution in Table 1 was determined by the 'H-NMR 
measurement of the product mixture after demetalation with I,. 
The methyl derivatives of 2 and cone-1,Pr were identified 
spectrophotometrically after separation by column chromatography. 
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nucleophilic 
substitution 

decornplexation 

OR OR 

OR OR 

OR OR 

Table 1 Methylation, deuteration and formylation of tricarbonylchromium complexes of 1,Pr and 2* 

litharioti Substituted 
Position (% ) 

M a /  Equic. Temp. Time Unreacted 
Run Arene Reagent of BuLi ("C) ( h l  m P benzyl arene ( % ) 

1 2 Me1 1.1 - 78 1.0 21 50 29 0 
2 2 D2O 1.1  - 78 1 .o 28 45 27 0 
3 cone-1,Pr Me1 1.1 - 78 1.0 0 0 0 100 
4 cone-1,Pr Me1 2.5 - 30 1.5 trace 87 0 9 
5 cone-1,Pr iso-Prl 2.5 - 30 1.5 0 0 0 100 
6 cone-1,Pr D2O 1.1 - 78 1.0 0 0 0 100 
7 cone-1,Pr D2O 2.5 -40 1.5 15 40 0 45 
8 cone-1,Pr D2O 2.5 - 30 1.5 15 75 0 10 
9 cone-1,Pr DMF 2.5 - 30 1.5 4 92 0 4 

10 l,3-alternate-l4Pr Me1 1.1 - 78 1 .o 0 0 0 100 
11 1,3-alternate-14Pr Me1 2.5 - 30 1.5 1 40 0 59 

'In S.Oml of THF, I,Pr.Cr(CO), 01)69mmol, or Z.Cr(CO), 0.17 mmol, BuLi 1.1 or 2.5 cquiv. of the Cr(CO), complex, and reagent 1.70mmol. 

alkylation reagent was used instead of methyl iodide, was low (e.g. in runs 5 and l l) ,  we raised the reaction 
the alkylation reaction did not take place even at temperature up to - 10 to 0 "C. We found, however, 
- 30 "C (run 5 ) .  In the reaction with methyl iodide, that the reaction mixture gradually turned brown and 
1,3-alternate-14Pr. Cr(C0)3 was also unreactive at a number of the unknown byproducts resulted. The 
-78 "C (run 10) but yielded the p-methyl derivative foregoing results support the idea that various 
in 40% yield at -30°C (run 11). In case the yield functional groups can be introduced selectively into 
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1. BuLi 

@ m * ~ ?  3. 2. I, Mel, D 2 0 ,  o r  D M F  - @cH2~y 
‘\ THF 

Cr(CO), X 

1,Pr. Cr(CO), X= Me, D, or CHO 

Figure 1 X-ray structure of 1,3-alternate-I4Pr *Cr(CO),. Hydrogen atoms are not shown for clarity 

the Cr( CO),-complexed benzene nucleus (particularly 
into the p-position). 

Then why is l,Pr.Cr(CO), less reactive than 
2*Cr(CO),, and what is the origin of the high 
p-selectivity in l,Pr-Cr(CO),? We and others have 
already found that conformationally immobile 
calix [4] arenes are considerably crowded and the 
benzene rings are sterically covered by the sub- 
s t i t ~ e n t s . ’ ~ ~ ~ - ~ ~  This view is also supported by 
X-ray crystallographic - 2 6  Examination 
of Table 1 reveals that both the m- and p-positions 
can accept D+ but only the p-position can accept 
Me+, whereas neither D+ nor Me+ is accepted by the 
benzyl position. The results indicate that the steric 
crowding in l,Pr.Cr(CO), increases in the order of 
para < meta < benzyl. This situation can be seen from 
the CPK molecular models. In the calix [4] arene ring 
the m- and benzyl-positions are more crowded than 
those in 2 because of the neighbouring benzene rings. 
In contrast, the p-position is scarcely influenced by 
such a ring effect. In the Cr(CO), complexes not only 

the m- and benzyl-positions but also the p-position is 
crowded because of the ‘umbrella effect’ of the 
Cr(CO), group. This is why l,Pr.Cr(CO), is much 
less reactive than 2-Cr(CO),. The m- and benzyl- 
positions are particularly deactivated because of both 
the ring effect and the ‘umbrella effect’. In 1,3-alternate- 
14Pr, the p-position is sandwiched by two inversed 
phenyl rings and is therefore more crowded than that 
in ~ o n e - l , P r . ~ ~  This is why the p-position in 
1,3-alternate-14Pr * Cr(CO), is less reactive than that 
in cone-l,Pr.Cr(CO),. 

To obtain further insights into the steric crowding 
we tried to isolate single crystals of the l,Pr *Cr( CO), 
complexes. We succeeded in the X-ray crystallographic 
analysis of 1,3-a1ternate-l4Pr.Cr(CO), (Fig 1). It is 
known that the benzene .Cr(CO), complex has neat 

* Recrystallized from acetonitrile. Crystal data: chemical formula 
C,3H,80,Cr; Fw 728.85; crystal system monoclinic; space group 
P2,,1; Z = 4; Dc = 1.243 g ~ m - ~ ;  cell dimensions a = 19.496(3) A, 
b = 11.118(2)& c = 19.121(2)A; = 109.95(l)deg; R = 0.055; 
RW = 0.068. 
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C3 symmetry and the distance between Cr and the six 
carbons is 2.23 I%.27 On the other hand, the structure of 
1 ,3-alternate-14Pr - Cr( CO),  is considerably deformed 
to reduce the steric crowding. The Cr(CO), moiety is 
largely inclined to the p-position side. The distances 
from Cr to each benzene carbon are 2.26A for C-1, 
2.28I% for C-2, 2.20A for C-3, 2.181% for C-4, 2.21A 
for C-5, and 2.26I% for C-6. Also, it is worthwhile 
mentioning that the 0-CH,-CH,-CH, group in 
the Cr( CO),-complexed phenol unit adopts a gauce 
conformation whereas those in the residual three 
phenol units adopt an anti conformation. It is clear 
that the gauche conformation is adopted here to reduce 
the steric crowding. It is seen from Figure 1 that the 
m- and benzyl-positions are covered by Cr(CO), and 
the neighbouring benzene rings, whereas the p-position 
has the open space for the approach of reagents. 

In conclusion, the present study demonstrates that 
various functional groups can be selectively introduced 
into calix [n] arenes via the formation of their Cr( CO), 
complexes. We believe that this would serve as the first 
general methodology for the selective functionalization 
of calix [ nl arenes. 

ACKNOWLEDGEMENTS 

This research was supported in part by a grant from the 
Ministry of Education of Japan. We thank Mr. Hideki 
Horiuchi for technical assistance in making glasswares 
for the anaerobic treatment of Cr( CO), complexes. 
(Received August 24, 1992) 

REFERENCES 

1 Gutsche, C.D.; Acc. Chem. Res. 1983, 16, 161. 
2 Gutsche, C.D.; in Synrhesis of Macrocycles: The Design of 

Selective Complexing Agents (Izatt, R.M. and Christensen, J.J., 
eds.), John Wiley and Sons, New York, 1987, p. 93. 

3 Gutsche, C.D.; Calixarenes, Royal Society of  Chemistry, 
Cambridge, 1989. 

4 Shinkai, S.; Bioorg. Chem. Front. 1990, I ,  161. 
5 No, K.H.; Gutsche, C.D.; J. Org. Chem. 1982, 47, 2713. 
6 Gutsche, C.D.; Lin, L.-G.; Tetrahedron 1986, 42, 1633. 
7 Iqbal, M.; Mangiafico, T.; Gutsche, C.D.; Tetrahedron 1987, 43, 

49 17. 
8 van Loon, J.-D.; Arduini, A.; Coppi, L.; Verboom, W.; Pochini, 

A,; Ungaro, R.; Harkema, S.; Reinhoudt, D.N.; J. Org. Chem. 
1990, 55, 5639. 

9 van Loon, J.-D.; Groenen, L.C.; Wigmenga, S.S.; Verboom, W.; 
Reinhoudt, D.N.; J. Amer. Chem. Soc. 1991, 113, 2378. 

10 ( a )  Arduini. A.; Pochinia. A.; Rizzi. A,; Sicuri. A.R.: Unaaro. 

11 
12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

R.: Tetrahedroniett. 1990,31,4653. (b)  Verboom, W.;'Dur&, A.; 
Egberink, R.J.M.; Asfari, Z.; Reinhoudt, D.N.; J. Org. Chem. 
1992, 57, 1313. 
No, K.; Hong, M.; J. Chem. SOC., Chem. Commun. 1990, 572. 
For comprehensive reviews see: Solladie-Cavallo, A,; Polyhedron 
1985, 4, 901 ; Uemura, M.; Kagaku Zokan 1985, 105, 175. 
Langer, E.; Lehner, H.; Tetrahedron 1973, 29, 375. 
Ohno, H.; Horita, H.; Otsuka, T.; Sakata, H.; Misumi, S.; 
Tetrahedron Lett. 1977, 265. 
Aroney, M.J.; Cooper, M.K.; Englert, P.A.; Pierens, R.K.; 
J .  Mol. Str. 1981, 77, 99. 
Uemura, M.; Minami, T.; Hirotsu, K.; Hayashi, Y.; J. Org. Chem. 
1989, 54, 469. 
Iwamoto, K.; Araki, K.; Shinkai, S.; J .  Org. Chem. 1991, 56, 
4995. 
Iwamoto, K.; Araki, K.; Shinkai, S.; Etrahedron 1991, 47, 
4325; ibid 47, 7197. 
Iki, H.; Kikuchi, T.; Shinkai, S.; J. Chem. Soc., Perkin Trans. 
1992, I ,  669. 
Ikeda, A,; Nagasaki, T.; Araki, K.; Shinkai, S.; Tetrahedron 1992, 
48, 1059. 
Shinkai, S.; Arimura, T.; Kawabata, H.; Murakami, H.; Iwamoto, 
K.; J. Chem. Soc., Perkin Trans. 1991, I ,  2429. 
Gutsche, C.D.; Reddy, P.A.; J .  Org. Chem. 1991, 56, 4783. 
Ghidini, E.; Ugozzoli, F.; Ungaro, R.; Herkema, S.; El-Fadl, A.A.; 
Reinhoudt, D.N.; J. Amer. Chem. SOC. 1990, 112, 6979. 
Shinkai, S.; Fujimoto, K.; Otsuka, T.; Ammon, H.L.; J. Org. 
Chem. 1992, 57, 1516. 
Fujimoto, K.; Nishiyama, N.; Tsuzuki, H.; Shinkai, S.; J .  Chem. 
Soc., Perkin Trans. 1992, 2, 634. 
Bott, S.G.; Coleman, A.W.; Atwood, J.L.; J .  Inclusion Phenom. 
1987, 5, 747. 
Rees, B.; Coppens, P.; Acta Cryst. 1973, B29, 2515. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


