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Abstract 
Each N - - H  bond of the two triethylammonium 
cations faces each of the non-bridging O atoms of 
the monoanionic phosphate moiety in the phenyl- 
phosphonatosulfate dianion. The N---O distances of 
2.676 (9) and 2.736 (9) A, show the existence of inter- 
molecular N--H-. .O hydrogen bonds. No direct 
interactions exist between the two cations and the 
monoanionic sulfate group. 

Comment 
Many structural studies have been reported for com- 
pounds of biologically important mono-, di- or tri- 
phosphate esters (e.g. Calvo, 1967; Aoki, 1979; 
Kennard et al., 1971). The phosphatosulfate ester 
bond is very important in biological sulfate-transfer 
reactions (Peck, 1974), but its structural study has 

© 1993 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

not been reported. In this paper we report the struc- 
ture of the title compound (1) and discuss the nature 
of the phosphatosulfate chain. 
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The phenyl phosphatosulfate (PPS) was synthe- 
sized as described in the literature (Benkovic & 
Hevey, 1970; Tagaki, Eiki & Tanaka, 1971) and then 
converted to the title salt. Colourless crystals for 
data collection were prepared by the dissolution of 
the salt in acetone followed by the addition of ethyl 
acetate. Elemental analysis found: C, 47.53; H, 8.21; 
N, 6.18; S, 6.95%. Calculated for C]8H37N207PS: C, 
47.36; H, 8.17; N, 6.14; S, 7.02%. 

The two triethylammonium cations neutralize the 
two negative charges of the dianion of (1). As seen 
from Fig. 1, each of the atoms N(1) and N(2) has a 
tetrahedral configuration (including the N- -H  + 
bond). Each of the N(2)--H(37) and N(1)--H(36) 
bonds faces the two non-bridging O atoms of the 
monoanionic phosphate moiety, 0(3) and O(2), 
respectively; the intermolecular bond angles N(2)--  
H(37)...O(3) and N(1)--H(36)...O(2) are 172.9(10) 
and 153.0 (9) °, respectively. The intermolecular dis- 
tances O(2)-..HQ6) and O(3)...H(37) are 1.720 (11) 
and 1.592(11)A, N(2)...O(3) and N(I)...O(2) are 
2.676 (9) and 2.736 (9)A, respectively. These values 
correspond to the hydrogen-bond lengths between 
each triethylammonium cation and the nearest non- 
bridging O atom of PPS 2-. The literature values are 
as follows: (i) the N--H.. .O hydrogen-bond lengths 
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Fig. 1. Molecular structure of" the tide compound with atomic 
numbering scheme. 
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are 1.58-1.89/k in nucleosides and nucleotides 
(Jeffrey & Saenger, 1991); (ii) the intermolecular 
N...O distances are 2.79(10) (O--H.. .N) and 
2.89 (14)/k (N--H.. .O) in organic homomolecular 
crystals (Kuleshova & Zorkii, 1981). While the 
monovalent anion of the phosphate moiety in (1) 
interacts with two cations, the sulfate moiety does 
not interact with any. Thus the non-bridging phos- 
phate O atoms have a much higher affinity for 
protons than the non-bridging sulfate O atoms. 

Experimental 
Crystal data 

2C6HI6N+.C6HsOTPS 2-  Z = 2 
Mr = 456.53 Dx = 1.274 Mg m -3 
Triclinic Mo Kc~ radiation 
P ]  A = 0.71069 
a = 14.251 (7) ,~, Cell parameters  f rom 47 
b = 10.062 (9) ,/~ reflections 
c = 8.691 (9) ,~, # = 0.244 m m  -1 
o~ = 103.91 (6) ° T = 293 K 
/3 = 90.65 (7) ° Parallelepiped 
3' = 99.98 (5) ° 0.3 × 0.2 × 0.1 m m  
V = 1190.1 ,tk 3 Colourless 

Data collection 
M A C  science DIP100 

d i f f r a c t o m e t e r  
Oscillation scans 
Absorpt ion correction: 

none 
9378 measured  reflections 
4347 independent  reflections 
4075 observed reflections 

[ I >  O] 

Refinement 

Refinement  on F 
R = 0.0831 
wR = 0.0831 
S = 2.0188 
4075 reflections 
263 parameters  
H-a tom parameters  not  re- 

fined 

0max = 25.3 ° 
h = 0 ---~ 17 
k = - 1 2  ~ 11 
I = - 10 ~ 10 
Standard reflections not  mea-  

sured (data collection by 
area detector; see below) 

w = l  
(A/O')max = 0.022 

Apr~x = 0.4 e A, -3 
Apmi~ = --0.76 e A, -3 
Atomic  scattering factors 

f rom International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

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

Beq = (4/3)Ei~fl3ijai.aj. 
x y z Beq 

S(I) 0.2365 (1) 0.1832 (2) 0.0886 (3) 3.60 (6) 
P(1) 0.2177 (1) 0.4489 (2) 0.2926 (2) 2.87 (6) 
O(1) 0.2222 (3) 0.5906 (5) 0.2355 (6) 3.35 (18) 
0(2) 0.3065 (4) 0.4520 (5) 0.3846 (6) 3.61 (19) 
0(3) 0.1241 (4) 0.4298 (5) 0.3650 (6) 3.93 (19) 
0(4) 0.2113 (3) 0.3401 (5) 0.1200 (6) 3.15 (17) 

0(5) 0.1903 (5) 0.1184 (6) -0.0642 (7) 5.36 (26) 
0(6) 0.1937 (6) 0.1272 (7) 0.2126 (8) 6.40 (32) 
0(7) 0.3380 (4) 0.2039 (7) 0.0904 (11) 7.21 (33) 
N(I) 0.3599 (5) 0.2792 (7) 0.5555 (8) 3.79 (24) 
N ( 2 )  --0.0389 (4) 0.2563 (6) 0.2484 (8) 3.51 (22) 
C(1) 0.2992 (5) 0.6586 (7) 0.1693 (8) 2.89 (23) 
C(2) 0.2990 (6) 0.7968 (8) 0.1769 (10) 3.90 (29) 
C(3) 0.3718 (7) 0.8704 (8) 0.1104 (11) 4.66 (35) 
C(4) 0.4434 (6) 0.8075 (8) 0.0364 (10) 4.20 (32) 
C(5) 0.4416 (6) 0.6688 (8) 0.0289 (10) 3.95 (30) 
C(6) 0.3703 (5) 0.5921 (7) 0.0943 (9) 3.44 (27) 
C(7) 0.4669 (6) 0.3202 (9) 0.5606 (11) 4.85 05) 
C(8) 0.5100 (7) 0.2733 (11) 0.4006 (14) 6.09 (45) 
C(9) 0.3266 (7) 0.1243 (9) 0.5045 (11) 4.89 (36) 
C(10) 0.3600 (9) 0.0457 (11) 0.6145 (15) 6.94 (53) 
C(ll) 0.3222 (8) 0.3459 (10) 0.7108 (11) 5.57 (42) 
C(12) 0.2149 (9) 0.3285 (14) 0.7079 (14) 7.15 (56) 
C(13) -0.0388 (6) 0.1949 (10) 0.0723 (11) 4.82 (34) 
C(14) -0.0225 (8) 0.3015 (13) -0.0257 (13) 6.43 (48) 
C(15) -0.0483 (7) 0.1422 (10) 0.3359 (12) 5.16 (38) 
C(16) -0.0467 (10) 0.1951 (14) 0.5124 (14) 7.70 (58) 
C(17) -0.1098 (6) 0.3507 (9) 0.2908 (12) 5.03 (36) 
C(18) -0.2122 (7) 0.2801 (13) 0.2581 (16) 7.09 (52) 

Table 2. Selected geometry (A, O) 
P(1)--O(1) 1.610 (6) N(I)--C(I 1) 1.506 (13) 
P(1)--O(2) 1.480 (6) N(1). • .0(2) 2.736 (9) 
P(I)--O(3) 1.484 (6) N(1)--H(36) 1.090 (12) 
P(1)--O(4) 1.622 (5) N(2)--C(13) 1.507 (12) 
S(1)--O(4) 1.640 (5) N(2)--C(15) 1.512 (12) 
S(1)--O(5) 1.428 (7) N(2)--C(17) 1.494 (12) 
S(1)--O(6) 1.427 (9) N(2). • .0(3) 2.676 (9) 
S(1)--O(7) 1.424 (10) N(2)--H(37) 1.089 (12) 
N(1)--C(7) 1.507 (12) 0(2).- -H(36) 1.720 (11) 
N(1)--C(9) 1.503 (12) O(3)...H(37) 1.592 (11) 

O(1)--P(1)--O(2) 110.9 (3) H(36)--N(1)--C(7) 108.0 (8) 
O(1)--P(1)--O(3) 104.2 (3) H(36)--N(I)--C(9) 104.8 (8) 
O(1)~P(1)--O(4) 98.9 (3) H(36)--N(1)--C(ll) 107.3 (8) 
O(2)~P(1)--O(3) 120.3 (3) C(7)--N(1)--C(9) 112.7 (7) 
O(2)~P(1)--O(4) 111.1 (3) C(7)--N(1)--C(ll) 110.3 (7) 
O(3)~P(1)--O(4) 109.2 (3) C(9)--N(I)--C(I I) 113.4 (7) 
O(4)--S(1)--O(5) 101.6 (4) H(37)--N(2)--C(13) 108.4 (8) 
O(4)--S(1)--O(6) 105.1 (4) H(37)--N(2)--C(15) 107.2 (8) 
O(4)--S(1)--O(7) 104.7 (4) H(37)--N(2)--C(17) 103.9 (8) 
O(5)--S(1)--O(6) 113.4 (5) C(13)--N(2)--C(15) 110.0 (7) 
O(5)--S(1)--O(7) 114.1 (5) C(13)--N(2)--C(17) 112.9 (7) 
O(6)--S(1)--O(7) 115.9 (5) C(15)--N(2)--C(17) 114.0 (7) 
P(1)--O(2). • .H(36) 125.0 (4) N(1)--H(36). • .0(2) 153.0 (9) 
P(1)--O(3). • .H(37) 126.9 (5) N(2)--H(37). • .0(3) 172.9 (10) 
P(1)--O(4)--S(1) 124.7 (3) 

Crystals became disordered rapidly when allowed to dry in air. 
Thus, a single crystal was sealed inside an X-ray capillary tube 
for use with the X-ray experiment.  A rapid data-collection sys- 
tem, M A C  science DIP100 using Fuji Imaging Plate as an X-ray 
detector (Tanaka et al., 1990), was used to measure  the inten- 
sity data to min imize  radiation damage.  The overall Rmerge value 
was 0.0297 [Rmerg~ = EY,[I(h); - (l(h))l/EEI(h)~, where  l(h) 
is the measured  diffraction intensity and the summat ion  includes 
all observations]. The structure was solved by the Monte  Carlo 
MULTAN method  (Furusaki, 1979). H atoms were  located in a 
difference electron density map  except  for the methyl  H atoms, 
the locations o f  which  were  calculated by assuming the stag- 
gered form. 

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71320 (17 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: OH1022] 
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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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