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Abstract 
We present here the synthesis and X-ray crystal 
structure of a new 2 + 2' modified p-tert-butylcalix- 
[4]arene, diethyl { 5,11,17,23-tetra-tert-butyl-26,28-bis- 
(2-methoxyethoxy)pentacyclo[ 19.3.1.13,7.19.13.115.19]_ 
octacosa- 1 (25),3,5,7(28),9,11,13(27), 15,17,19(26),- 
21,23-dodecaene-25,27-diyldioxy}diacetate, bearing 
glycol methyl ether and ethyl ester functional groups. 
~H NMR spectra of this compound indicated that it 
has a cone conformation; this is confirmed by the 
crystallographic study. 
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Comment 
Calix[4]arenes are a new class of macrocyclic com- 
pounds, which are easily transformed into various 
derivatives at the 'lower rim' by complete alkylation 
of the phenolic functional groups (Gutsche, 1989; 
Vicens & B6hmer, 1991). As a result of selective 
1,3-dialkylation of  p-tert-butylcalix[4]arene (Gutsche, 
1989; Vicens & B6hmer, 1991), conformationally 
stable modified-tetrameric structures with the 2 + 2' 
functional group disposition having distal 1,3- 
regiochemistry have been developed. They are syn- 
thesized by treatment of p-tert-butylcalix[4]arene 
with various electrophiles such as ethyl bromoace- 
tate, chloroacetone, bromopinacolone and chloro- 
acetonitrile in basic conditions (Collins, McKervey & 
Harris, 1989; Collins et al., 1991). 

Final atomic coordinates of non-H atoms and 
equivalent isotropic thermal parameters are listed in 
Table 1; bond lengths and angles are shown in Table 
2. As depicted in Fig. 1, the molecule clearly shows a 
cone structure, although slightly distorted in two 
regions. Molecular geometry can be related to the 
mean molecular plane of the methylene groups where 
the CH2 bridges show out-of-plane distances of 
- 0.188, 0.189, - 0.188 and 0.187 A. With respect to 
this ideal plane, we can distinguish a hydrophilic 
region above it, created by the oxygens of the ether 
and ester groups, and a hydrophobic cavity below it, 
created by the aromatic and tert-butyl groups. The 
conformation of the macrocycle may be defined by 
the dihedral angles between the aromatic rings and 
this mean molecular plane, which are 44.3, 85.7, 
132.9 and 93.7 ° . The relative dihedral angles between 
two adjacent rings are 79.1, 84.9, 86.4 and 80.9 °, and 
between two opposite rings are 88.7 and 80.5 ° . 

The conformation of the ester chains may be 
conveniently described by the C(1)--O(1)--C(7)-- 
C(8) and C(35)--O(6)--C(36)--C(37) torsion angles 
which are 95.2 and 86.4 °, respectively, whereas the 
corresponding values for the ether oxide chains, 
C(21)--O(4)--C(22)--C(23) and C(50)--O(9)-- 
C(51)---C(52), are 173.7 and 165 °, respectively. There- 
fore the ether oxide chains attached to the aromatic 
tings are almost parallel to each other and perpen- 
dicular to the mean molecular plane. Thus the 
methylene groups of the ether oxide chains point 
outwards, whereas the methylene groups of the ester 
chains point inwards and the COOEt moieties are 
inside the hydrophilic cavity (Fig. 2). Bond angles 
involving the bridging methylenes are 112.0(11), 
110.4 (11), 112.3 (10) and 106.1 (10) °, which deviate 
slightly from the theoretical value of 109.5 ° . This 
shows that the macrocycle conformation, in the 
absence of any intramolecular hydrogen bonding, is 
mainly determined by steric interaction between the 
different chains. This is also confirmed by the torsion 
angles involving the bridging methylene C atoms 
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which deviate significantly from the value of 90 ° 
observed in other cyclic oligomers, where the cone 
structure was essentially determined by strong intra- 
molecular hydrogen bonds (Ungarro, Pochini, 
Andreetti & Domiano, 1985; Andreetti, Ungarro & 
Pochini, 1979; Coruzzi, Andreetti, Pochini & 
Ungarro, 1982). 
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Fig. 1. PLUTO (MotherweU & Clegg, 1978) perspective view o f  

(2). 

Fig. 2. Stereoscopic diagram of  (2) viewed in the same orientat ion 
as Fig. 1. 

Experimental 
Crystal data 

CssHs0Oz0 C u  K a  rad ia t ion  
Mr = 937 .3  A = 1.5418 
M o n o e l i n i c  Cel l  pa r ame te r s  f r o m  25 
Cc ref lec t ions  
a = 25 .767  (2) ,~ 0 = 1 5 - 2 7  ° 
b = 13.897 ( 2 ) / k  # = 0.55 m m  -z  
c = 19.867 (4) ,~ T - -  293 K 
/3 = 126.91 (1) ° Pa ra l l e l ep iped  
V = 5688 .3  (4) ,~3 0 .75 × 0 .30  x 0 .30  m m  
Z = 4 C o l o u r l e s s  
Dx = 1.095 M g  m - 3  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r ac tome te r  
w/20  scans  
A b s o r p t i o n  correc t ion:  n o n e  

8108  m e a s u r e d  ref lec t ions  
4225  independen t  re f lec t ions  

3068  o b s e r v e d  ref lec t ions  
[I > 30"(/)] 

Refinement 

R e f i n e m e n t  o n  F 
R --- 0 .062  
wR = 0 .062  
S = 2.31 
3068  ref lec t ions  
613 pa rame te r s  
H - a t o m  pa rame te r s  not  re-  

f ined 
Uni t  we igh t s  app l i ed  

Rim = 0 .03 
0max = 60  ° 
h = - 2 8  ~ 28  
k = 0 ---~ 15 
l = 0 - - - , 2 7  
5 s t andard  re f lec t ions  

f r equency :  120 m i n  
in tens i ty  var iat ion:  4% 

(A/0.)m~x = 0 .095  

A p m ~  = 0.28 e ~ - 3  

Apmin = - 0 . 1 7  e ,~ -3  
A t o m i c  sca t te r ing  fac tors  

f r o m  International Tables 
for X-ray Crystallography 
(1974,  Vol. IV)  and  S t ew-  
art, D a v i d s o n  & S i m p s o n  
(1965)  

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A 2) 

Ueq= 1 * * § ~ai~ayUija i ay ai.aj. 
x y 

C(1) 0.8479 (5) 0.1514 (9) 
C(2) 0.9062 (5) 0.1278 (9) 
C(3) 0.9430 (5) 0.0611 (10) 
C(4) 0.9224 (6) 0.0168 (10) 
C(5) 0.8615 (6) 0.0378 (9) 
C(6) 0.8219 (5) 0.1081 (8) 
O(1) 0.8079 (1) 0.2244 (3) 
C(7) 0.8336 (4) 0.3215 (6) 
C(8) 0.8147 (5) 0.3787 (9) 
0(2) 0.7928 (4) 0.3568 (5) 
0(3) 0.8155 (5) 0.4771 (5) 
C(9) 0.8065 (9) 0.5454 (8) 
COO) 0.8241 (15) 0.6255 (12) 
C(11) 0.9643 (4) -0.0609 (8) 
C(12) 1.0265 (5) -0.0841 (11) 
C(13) 0.9280 (10) -0.1483 (16) 
C(14) 0.9824 (8) -0.0331 (12) 
C(15) 0.7554 (6) 0.1316 (9) 
C(16) 0.7013 (5) 0.0888 (9) 
C(17) 0.6939 (5) -0.0121 (9) 
C(18) 0.6453 (6) -0.0536 (9) 
C(19) 0.6071 (6) 0.0057 (9) 
C(20) 0.6129 (5) 0.1027 (8) 
C(21) 0.6617 (3) 0.1441 (5) 
0(4) 0.6668 (2) 0.2458 (3) 
C(22) 0.6264 (4) 0.2908 (5) 
C(23) 0.6292 (4) 0.3963 (6) 
0(5) 0.5917 (3) 0.4131 (4) 
C(24) 0.5886 (6) 0.5134 (7) 
C(25) 0.6358 (4) -0.1675 (5) 
C(26) 0.6661 (8) -0.2105 (7) 
C(27) 0.5685 (6) -0.1922 (8) 
C(28) 0.6592 (13) -0.2041 (9) 
C(29) 0.5757 (5) 0.1607 (9) 
C(30) 0.5928 (6) 0.1309 (9) 
C(31) 0.5557 (6) 0.0576 (10) 
C(32) 0.5762 (6) 0.0107 (10) 
C(33) 0.6379 (6) 0.0404 (10) 
C(34) 0.6733 (5) 0.1137 (10) 
C(35) 0.6518 (5) 0.1605 (8) 
0(6) 0.6920 (2) 0.2228 (4) 
C(36) 0.6726 (4) 0.3182 (7) 
C(37) 0.6895 (4) 0.3833 (7) 

z 
0.6798 (7) 0.097 (18) 
0.7561 (7) 0.060 (17) 
0.7507 (7) 0.067 (17) 
0.6783 (8) 0.096 (20) 
0.6042 (7) 0.083 (18) 
0.6038 (6) 0.050 (15) 
0.6792 (1) 0.094 (7) 
0.7036 (7) 0.109 (17) 
0.6370 (8) 0.112 (20) 
0.5604 (5) 0.123 (14) 
0.6540 (6) 0.139 (20) 
0.5911 (9) 0.129 (22) 
0.6199 (20) 0.149 (24) 
0.6757 (5) 0.110 (15) 
0.7558 (7) 0.107 (20) 
0.6394 (18) 0.130 (24) 
0.6209 (12) 0.141 (24) 
0.5244 (7) 0.075 (17) 
0.5254 (7) 0.058 (16) 
0.5212 (7) 0.053 (16) 
0.5226 (7) 0.065 (17) 
0.5322 (7) 0.075 (17) 
0.5390 (6) 0,050 (15) 
0.5336 (4) 0.056 (9) 
0.5393 (3) 0.063 (6) 
0.4597 (5) 0.094 (12) 
0.4722 (6) 0.118 (14) 
0.5018 (4) 0.109 (13) 
0.5261 (9) 0.127 (23) 
0.5112 (5) 0.114 (14) 
0.4801 (11) 0.122 (23) 
0.4550 (15) 0.101 (22) 
0.5954 (10) 0.133 (23) 
0.5589 (7) 0.061 (17) 
0.6447 (7) 0.063 (17) 
0.6469 (8) 0.070 (19) 
0.7229 (7) 0.066 (18) 
0,7968 (7) 0.069 (19) 
0.7931 (7) 0.060 (18) 
0.7183 (6) 0.053 (14) 
0.7195 (3) 0.064 (7) 
0.7014 (5) 0.092 (14) 
0.7766 (6) 0.086 (13) 
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0(7) 0.6999 (4) 0.3552 (6) 0.8379 (5) 0.124 (16) 
0(8) 0.6799 (4) 0.4686 (5) 0.7536 (5) 0.114 (15) 
C(38) 0.6995 (8) 0.5309 (12) 0.8306 (13) 0.122 (24) 
C(39) 0.6643 (8) 0.6244 (12) 0.7816 (13) 0.122 (24) 
C(40) 0.5392 (3) -0.0706 (6) 0.7263 (5) 0.086 (12) 
C(41) 0.4810 (6) -0.0977 (8) 0.6421 (5) 0.093. (20) 
C(42) 0.5808 (5) -0.1624 (7) 0.7558 (6) 0.122 (18) 
C(43) 0.5331 (5) -0.0596 (8) 0.7935 (5) 0.091 (17) 
C(44) 0.7435 (5) 0.1355 (9) 0.8737 (6) 0.055 (16) 
C(45) 0.7957 (5) 0.0898 (8) 0.8699 (6) 0.048 (14) 
C(46) 0.8029 (6) -0.0083 (9) 0.8746 (7) 0.080 (19) 
C(47) 0.8503 (6) -0.0561 (9) 0.8740 (7) 0.085 (19) 
C(48) 0.8904 (5) 0.0017 (9) 0.8635 (7) 0.064 (17) 
C(49) 0.8827 (5) 0.1029 (9) 0.8570 (6) 0.054 (17) 
C(50) 0.8387 (3) 0.1469 (5) 0.8624 (4) 0.052 (9) 
0(9) 0.8326 (2) 0.2448 (3) 0.8606 (3) 0.067 (6) 
C(51) 0.8729 (3) 0.2913 (6) 0.9425 (4) 0.064 (11) 
C(52) 0.8748 (4) 0.3987 (6) 0.9291 (5) 0.089 (13) 
O(10) 0.9121 (2) 0.4181 (4) 0.8990 (4) 0.092 (9) 
C(53) 0.9076 (6) 0.5139 (7) 0.8810 (7) 0.114 (20) 
C(54) 0.8609 (4) -0.1624 (6) 0.8788 (6) 0.120 (15) 
C(55) 0.8727 (7) -0.2031 (7) 0.8267 (9) 0.124 (24) 
C(56) 0.8080 (6) -0.2186 (7) 0.8743 (11) 0.108 (24) 
C(57) 0.9172 (9) -0.1860 (9) 0.9684 (8) 0.127 (23) 
C(58) 0.9255 (5) 0.1605 (8) 0.8407 (7) 0.065 (17) 

Table 2. Bond lengths (~,) and angles (o) 
C(1)--C(2) 1.389 (17) C(29)--C(30) 1.538 (17) 
C(1)--C(6) 1.370 (15) C(30)--C(31) 1.416 (22) 
C(I)--O(1) 1.440 (14) C(30)--C(35) 1.395 (17) 
C(2)--C(3) 1.374 (20) C(31)--C(32) 1.423 (18) 
C(2)--C(58) 1.509 (17) C(32)--C(33) 1.431 (19) 
C(3)--C(4) 1.347 (18) C(32)--C(40) 1.506 (18) 
C(4)--C(5) 1.394 (19) C(33)--C(34) 1.397 (21) 
C(4)--C(11) 1.549 (20) C(34)--C(35) 1.396 (16) 
C(5)--C(6) 1.408 (20) C(34)--C(44) 1.565 (17) 
C(6)--C(15) 1.510 (17) C(35)--O(6) 1.340 (15) 
O(1)--C(7) 1.452 (10) O(6)--C(36) 1.387 (1 I) 
C(7)--C(8) 1.359 (17) C(36)--C(37) 1.569 (13) 
C(8)--O(2) 1.303 (15) C(37)--O(7) 1.147 (13) 
C(8)--O(3) 1.406 (15) C(37)--O(8) 1.241 (12) 
O(3)--C(9) 1.474 (18) O(8)--C(38) 1.555 (21) 
C(9)--C(10) 1.208 (23) C(38)--C(39) 1.549 (26) 
C(11)--C(12) 1.463 (15) C(40)--C(41) 1.476 (13) 
C(I 1)--C(13) 1.436 (27) C(40)--C(42) 1.539 (14) 
C(I I)--C(14) 1.470 (25) C(40)--C(43) 1.443 (14) 
C(15)--C(16) 1.526 (23) C(44)--C(45) 1.530 (20) 
C(16)--C(17) 1.411 (18) C(45)--C(46) 1.371 (17) 
C(16)--C(21) 1.364 (17) C(45)--C(50) 1.443 (16) 
C(17)--C(18) 1.392 (22) C(46)--C(47) 1.395 (23) 
C(18)--C(19) 1.381 (22) C(47)--C(48) 1.420 (22) 
C(18)--C(25) 1.597 (14) C(47)--C(54) 1.495 (15) 
C(19)--C(20) 1.353 (17) C(48)--C(49) 1.415 (18) 
C(20)--C(21) 1.445 (17) C(49)--C(50) 1.349 (17) 
C(20)--C(29) 1.478 (20) C(49)--C(58) 1.545 (20) 
C(21)--O(4) 1.417 (8) C(50)--O(9) 1.366 (8) 
O(4)--C(22) 1.413 (9) O(9)--C(51) 1.454 (8) 
C(22)--C(23) 1.482 (11) C(51)--C(52) 1.521 (12) 
C(23)--O(5) 1.420 (15) C(52)--O(10) 1.430 (13) 
O(5)--C(24) 1.493 (12) O(10)--C(53) 1.365 (11) 
C(25)--C(26) 1.389 (24) C(54)--C(55) 1.363 (20) 
C(25)--C(27) 1.431 (25) C(54)--C(56) 1.528 (22) 
C(25)--C(28) 1.485 (20) C(54)--C(57) 1.510 (17) 

C(2)--C(1)--C(6) 126.3 (12) C(16)--C(21)--O(4) 122.0 (8) 
C(2)--C(1)--O(1) 118.4 (11) C(20)--C(21)--O(4) 115.8 (7) 
C(6)--C(1)--O(1) 115.2 (10) C(21)--O(4)--C(22) 112.4 (6) 
C(1)--C(2)--C(3) 114.8 (12) O(4)--C(22)--C(23) 108.8 (7) 
C(1)--C(2)--C(58) 124.2 (12) C(22)--C(23)--O(5) 104.7 (8) 
C(3)--C(2)--C(58) 120.5 (12) C(23)--O(5)--C(24) 117.9 (9) 
C(2)--C(3)--C(4) 122.9 (13) C(18)--C(25)--C(26) 114.3 (11) 
C(3)--C(4)--C(5) 120.2 (14) C(18)--C(25)--C(27) 111.1 (11) 
C(3)--C(4)--C(I 1) 121.3 (13) C(18)--C(25)--C(28) 104.8 (12) 
C(5)--C(4)--C(11) 118.4 (12) C(26)--C(25)--C(27) 106.9 (13) 
C(4)--C(5)--C(6) 120.3 (13) C(26)--C(25)--C(28) 113.4(13) 
C(1)--C(6)--C(5) 115.1 (12) C(27)--C(25)--C(28) 106.2 (14) 

C(1)--C(6)--C(15) 123.6(11) C(20)--C(29)--C(30) 110.4(11) 
C(5)--C(6)--C(15) 121.2 (11) C(29)--C(30)--C(31) 118.6 (12) 
C(1)--O(1)--C(7) 118.1 (7) C(29)--C(30)--C(35) 119.3 (12) 
O(1)--C(7)--C(8) 113.1 (10) C(31)--C(30)--C(35) 120.6(13) 
C(7)--C(8)--O(2) 130.6 (I 2) C(30)--C(31)--C(32) 122.3 (13) 
C(7)--C(8)--O(3) 113.0 (12) C(31)--C(32)--C(33) 115.6 (13) 
O(2)--C(8)--O(3) 116.3 (12) C(31)--C(32)--C(40) 123.3 (12) 
C(8)--O(3)--C(9) 116.7 (12) C(33)--C(32)--C(40) 120.9 (12) 
O(3)--C(9)--C(10) 111.7 (21) C(32)--C(33)--C(34) 120.9 (13) 
C(4)--C(11)--C(12) 116.6 (10) C(33)--C(34)--C(35) 122.7 (12) 
C(4)--C(11)--C(13) 110.5 (14) C(33)--C(34)--C(44) 118.5 (12) 
C(4)--C(11)--C(14) 112.3 (12) C(35)--C(34)--C(44) 118.4 (11) 
C(12)--C(11)--C(13) 108.5 (14) C(30)--C(35)--C(34) 117.7 (12) 
C(12)--C(11)--C(14) 103.6 (12) C(30)--C(35)--O(6) 123.6 (11) 
C(13)--C(II)--C(14) 104.5 (15) C(34)--C(35)--O(6) 118.3 (11) 
C(6)--C(15)--C(16) 112.0 (11) C(35)--O(6)--C(36) 117.4 (8) 
C(15)--C(16)--C(17) 118.7 (12) O(6)--C(36)--C(37) 117.0 (8) 
C(15)--C(16)--C(21) 122.5 (11) C(36)--C(37)--O(7) 124.7 (10) 
C(17)--C(16)--C(21) 118.8 (11) C(36)--C(37)--O(8) 108.6 (9) 
C(16)--C(17)--C(18) 120.1 (12) O(7)--C(37)--O(8) 125.8 (11) 
C(17)--C(18)--C(19) 118.6(13) C(37)--O(8)--C(38) 107.1 (11) 
C(17)--C(18)--C(25) 118.0 (11) O(8)--C(38)--C(39) 97.3 (15) 
C(19)--C(18)--C(25) 123.3 (12) C(32)--C(40)--C(41) 112.4 (9) 
C(18)--C(19)--C(20) 124.3 (13) C(32)--C(40)--C(42) 109.0 (9) 
C(19)--C(20)--C(21) 115.9 (11) C(32)--C(40)--C(43) 112.7 (9) 
C(19) --  C(20) --C(29) 121.4 (12) C(41) --C(40)--C(42) 102.8 (8) 
C(21)--C(20)--C(29) 122.4 (10) C(41)--C(40)--C(43) 118.3 (9) 
C(I 6)--C(21)--C(20) 122.1 (9) C(42)--C(40)--C(43) 99.9 (8) 
C(34)--C(44)--C(45) 112.3 (10) C(45)--C(50)--O(9) 117.8 (7) 
C(44)--C(45)--C(46) 119.8 (11) C(49)--C(50)--O(9) 122.6 (8) 
C(44)--C(45)--C(50) 122.0 (10) C(50)--O(9)--C(51) 114.8 (6) 
C(46)--C(45)--C(50) 118.2 (11) O(9)--C(51)--C(52) 108.5 (6) 
C(45)--C(46)--C(47) 123.8 (13) C(51)--C(52)--O(10) 111.1 (7) 
C(46)--C(47)--C(48) 116.7 (12) C(52)--O(10)--C(53) 108.8 (8) 
C(46)--C(47)--C(54) 126.7 (12) C(47)--C(54)--C(55) 118.6 (11) 
C(48)--C(47)--C(54) 116.5 (I 1) C(47)--C(54)--C(56) 112.2 (10) 
C(47)--C(48)--C(49) 120.1 (12) C(47)--C(54)--C(57) 107.4 (11) 
C(48)--C(49)--C(50) 121.4 (11) C(55)--C(54)--C(56) 110.0 (I1) 
C(48)--C(49)--C(58) 117.1 (11) C(55)--C(54)--C(57) 108:1 (12) 
C(50)--C(49)--C(58) 121.4 (10) C(56)--C(54)--C(57) 98.6 (11) 
C(45)--C(50)--C(49) 119.6 (9) C(2)--C(58)--C(49) 106.1 (10) 

The compound was prepared in a two-stage process, the 
first step being the treatment of p-tert-butylcalix[4]arene with 
methyl tosyloxyethyl ether (2.5 eq.) and potassium carbon- 
ate (9.5 eq.) in refluxing acetonitrile under nitrogen for 5 d. 
The filtered solution was concentrated and the resulting solid 
slurry precipitated with a mixture of dichloromethane and 
methanol to give the diethyl-5,11,17,23-tetra-tert-butyl-26,28- 
bis(2-methoxyethoxy)-26,28-dihydroxycalix[4]arene derivat- 
ive (1) as a white solid (m.p. 485-486 K) in ca 64% yield. 

(i) 

O C H  3 

(1) 

In the second step, compound (1) reacted with ethyl bromoac- 
etate (20 eq.) and potassium carbonate (30 eq.) in refluxing ace- 
tone under nitrogen for 8 d. The filtered solution was concen- 
trated and the crude residue was precipitated with a mixture of 
dichloromethane and methanol to give compound (2) as a white 
solid (m.p. 411-412 K) in ca 69% yield. Crystals suitable for 
X-ray diffraction were obtained by slow evaporation at 298 K 
of an ethanol solution of (2). 
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(I) 

OCH3 

(ii) 

(2) 

The nature of the 2 + 2' functional group and the cone con- 
formation were deduced initially from solution ]H NMR: two 
ten-butyl singlets at 1.04 and 1.13 p.p.m., and a single AB sys- 
tem for the bridging methylene groups at 3.16 and 4.69 p.p.m. 
(Jan = 12.7 Hz). 

The structure was solved by direct methods using 499 reflec- 
tions with E > 2.0 in MULTAN80 (Main, Fiske, Hull, Lessinger, 
Germain, Declerq & Woolfson, 1980), and anisotropic full- 
matrix refinement on F using SHELX76 (Sheldrick, 1976). A 
Lorentz-polarization correction was applied. Phenyl H atoms 
were inserted at calculated positions; every methyl group was 
treated as a rigid CH3 unit with its original orientation taken 
from the strongest H-atom peak in a difference Fourier synthe- 
sis; other H atoms were found by difference synthesis and theo- 
retically adjusted. No H atoms were refined. All calculations 
were performed on a MicroVAX II. 

Lists of structure factors, anisotropic thermal parameters, H-atom co- 
ordinates, least-squares-planes data and complete geometry have been 
deposited with the British Library Document Supply Centre as Supple- 
mentary Publication No. SLIP 71234 (27 pp.). Copies may be obtained 
through The Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH1 2HU, England. [CIF reference: PAl034] 

References 
Andreetti, G. D., Ungarro, R. & Pochini, A. (1979). J. Chem. Soc. 

Chem. Commun. pp. 1005-1007. 
Collins, E. M., McKervey, M. A. & Harris, S. J. (1989). J. Chem. 

Soc. Perkin Trans. 1, pp. 372-374. 
Collins, E. M., McKervey, M. A., Madigan, E., Moran, M. B., 

Owens, M., Ferguson, G. & Harris, S. J. (1991). J. Chem. Soc. 
Perkin Trans. 1, pp. 3137-3142. 

Coruzzi, M., Andreetti, G. D., Pochini, A. & Ungarro, R. (1982). 
J. Chem. Soc. Perkin Trans. 2, pp. 1133-1138. 

Gutsche, C. D. (1989). Calixarenes, Monographs in Supramolecu- 
lar Chemistry, Vol. 1, edited by J. F. Stoddart. London: The 
Royal Society of Chemistry. 

Main, P., Fiske, S. J., Hull, S. E., Lessinger, L., Germain, G., 
Declercq, J.-P. & Woolfson, M. M. (1980). MULTAN80. A 
System of Computer Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

Motherwell, W. D. S. & Clegg, W. (1978). PLUTO. Program for 
Plotting Molecular and Crystal Structures. Univ. of Cambridge, 
England. 

Sheldrick, G. M. (1976). SHELX76. Program for Crystal Structure 
Determination. Univ. of Cambridge, England. 

Stewart, R. F., Davidson, E. R. & Simpson, W. T. (1965). J. 
Chem. Phys. 42, 3175-3187. 

Ungarro, R., Pochini, A., Andreetti, G. D. & Damiano, P. (1985). 
J. Chem. Soc. Perkin Trans. 2, pp. 197-201. 

Vicens, J. & B6hmer, V. (1991). In Calixarenes: A Versatile Class 
of Macrocyclic Compounds. Dordrecht: Kluwer Academic 
Publishers. 

Acta Cryst. (1993). C49, 2124-2126 

Structure  o f  a P h e n y l s u l f o n y l a l l e n e  

MADELEINE HELLIWELL AND NEIL BARNWELL 

Chemistry Department, University of  Manchester, 
Manchester M13 9PL, England 

MICHAEL B. MITCHELL 

SmithKline Beecham Pharmaceuticals, 
Old Powder Mills, Tonbridge TNl  l 9AN, England 

JOHN A. JOULE* 

Chemistry Department, University of  Manchester, 
Manchester M13 9PL, England 

(Received 3 February 1993; accepted 26 May 1993) 

Abstract 
The crystal structure of  2-phenyl-3-[2-(phenyl- 
sulfonyl)-2,3-butadien-l-yl]indole (2) shows that  
reaction of  the Gr ignard  derivative of  2-phenylindole 
with 2,3-diphenylsulfonylbuta- l ,3-diene involves 
nucleophilic addi t ion to the latter, with loss of  
phenylsulfinate,  producing an allene. 

Comment 
We are developing a synthetic route to the mar ine  
alkaloid hinckdent ine (1) (Blackman,  Hambley,  
Picker, Taylor  & Thirasasana,  1987), and were seek- 
ing to establish a tricyclic nucleus containing both 

o 

Br H"~ f "~  NH 

(1) 

the required 2,3-dihydroindole and a 2-aryl substit- 
uent, following the methodology recently described 
(Bfickvall, Plobeck, & Juntenen,  1989; B~ickvall & 
Plobeck, 1990), whereby the Gr ignard  derivatives o f  
indole, and 2-methylindole,  undergo a cycloaddit ion 
with 2-phenylsulfonyl- l ,3-butadiene.  Unfortunately ,  
we found that no reaction took place with 2-phenyl- 
indole and in seeking to encourage a comparable  
t ransformat ion  we turned to the more electrophilic 
diene, 2 ,3-diphenylsulfonylbuta- l ,3-diene (Jegana- 
than  & Okamura ,  1982). Reaction of  this with the 
Gr ignard  derivative of  2-phenylindole led to an 
indolic, rather than a 2,3-dihydroindolic,  product  
which was crystallized and for which the allenic 
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