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Abstract 
The title compound, C28H60N1206P4, consists of a chair- 
shaped cyclic tetrameric phosphazene ring with six 
bulky morpholino and two ethylamino side groups. 
The two ethylamino side groups are in trans positions. 
The bulky substituents are effective in determining 
the eight-membered-ring conformation. The endocyclic 
N - - P - - N  angles around the P atoms having different 
substituents are not the same as the P - - N - - P  angles of 
the macrocyclic ring. 

Comment 
Cyclophosphazenes (N3P3C16 and N4P4C18) have poten- 
tial use in the synthesis of new high polymeric phos- 
phazenes with inorganic backbones, which have many 
different uses (Allcock, 1985; H6kelek & I~hq, 1990; 
H6kelek et al., 1996). The small-molecule organo-- 
cyclophosphazenes are also small-molecule models for 
the corresponding linear organo-polyphosphazenes (All- 
cock, 1985). Some of the aminophosphazenes are 
thought to be useful as cancer chemotherapeutic agents 
(Chernov et al., 1959; van der Huizen, 1984). A rela- 
tionship is observed between the structures of the cyclo- 
phosphazenes and cytostatic activity (van der Huizen, 
1984), and for effective tumour growth inhibition, 
electron-donating groups (e.g. aziridine, pyrrolidine and 

morpholine) in the P-N ring skeleton appear to be 
essential. 

There are two crystal modifications, K and T forms, 
of N4P4C18, which is known as a standard com- 
pound for tetrameric phosphazenes (Hazekamp et al., 
1962; Wagner & Vos, 1968). The crystal structures 
of some N4P4C18 derivatives, such as /3-trans-N4P4- 
(NHMe)4Ph4 (Bullen & Mallinson, 1972), N4P4C14- 
(NEt2)4 (Hrkelek & Kahq, 1990), N4P4(NMe2)8 (Bullen, 
1962) and NaP4Clv(OC6H2-2,6-tBu2-4-Me) (Hrkelek et 
al., 1996), have been determined. 

A structure analysis of the title compound, (I), was 
undertaken to determine the influences of the relatively 
hindered side groups, and also of steric and electronic 
factors, on the macrocyclic tetraphosphazene ring. The 
title compound is illustrated in Fig. 1. Its structure 
consists of a cyclic tetrameric phosphazene ring in a 
chair conformation with two ethylamino (in 2,6-trans 
positions) and six bulky morpholino side groups. The 
four P atoms are coplanar and the four N atoms are 
displaced above (+) and below ( - )  their plane by 
equal amounts [NI -0.380 (5) and N2 0.555 (4) A]. The 
conformation of the macrocyclic phosphazene ring is 
indicated by the torsion angles of the ring bonds in 

o_) 
0~/~  NHCH2CI-13 

(I) 

which the symmetry operation reverses the sign of a 
torsion angle (shown in Fig. 2). From the distribution 
of the endocyclic torsion angles, it appears that in the 
central ring there are two local pseudo-mirrors, one 
running along the midpoints of the N1--P1 and N I ' - -  
PI '  bonds, the other along the midpoints of the P2--NU 
and P2'--N2 bonds. 

The P - - N - - P  bond angles are in the range 127.3 (2)- 
134.4 (2) ° [average 130.9 (2)°]. Similar spreads of P ~  
N ~ P  angles were observed in f3-trans-N4P4Cl4(NMe2) 
(Hrkelek & Kl11~, 1990) and N4P4C17(OC6H2-2,6- 
/Bu2-4-Me) (Hrkelek et al., 1996), and it was re- 
ported that such large angles appear to be characteris- 
tic of molecules containing chlorine or fluorine (George 
et al., 1972). Although, the title compound contains 
neither chlorine nor fluorine, large P - - N ~ P  angles 
appear to be due to the different substituents on the P 
atoms. The variation in the endocyclic N - - P - - N  bond 
angles are in the range 117.4(2)-121.5(2) ° [average 
119.5 (2)°]. In N3P3C16 derivatives, it has been observed 
that endocyclic ( N - - P ~ N )  angles about P decrease 
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Fig. 1. An ORTEPII (Johnson, 1976) drawing of the title molecule 
with the atom-numbering scheme. The displacement ellipsoids are 
drawn at the 50% probability level. 

E E . . . .  

P2 ~ N1 1 

Fig. 2. The shape of the phosphazene ring with torsion angles (o). 
Symmetry code as in Table 1. 

while exocyclic (R---P R') angles increase (H6kelek 
et al., 1994, 1996). The title compound,  (I), and other 
tetrameric phosphazenes containing bulky groups are 
different. The exocyclic angle N 3 - - P  l - - N 4  [ 107.7 (2) ° ] 
is highly affected, while the endocyclic angle N 1 - - P 1 - -  
N2 [121.5 (2) °] is less affected, by the existence of the 
two repelling morphol ino groups bonded to the P 1 atom 
compared with N4P4C18 (C1--P--C1 103.1 and N - - P - -  
N 120.5°; Wagner & Vos, 1968). On the other hand, 
the exocyclic angle N 5 - - P 2 - - N 6  [103.5 (2) °] remains 
unchanged, while the endocyclic angle N 1 - - P 2 - - N 2 '  
[117.4 (2) °] decreases as a result of  the morpholino and 
ethylamino groups bonded to the P2 atom. These inter- 
actions show that steric factors are more dominant  than 
electronic factors with respect to the ring skeleton. The 
P 1 - - N 2 - - P 2 '  angle is 134.4 (2) °, but the P 1 - - N 1 - - P 2  
[127.3 (2) °] angle is narrowed compared with the corre- 
sponding angle in N4P4C18 (133.6 and 137.6°; Wagner 
& Vos, 1968). 

In tetrameric phosphazenes, the P - - N  bond lengths 
have been correlated with the electronegativities of  the 
substituents (Bullen & Tucker, 1972). In the present 
structure, the ethylamino and bulky morphol ino are 
electron-donating groups. The average ring P - - N  bond 
length is 1.583 (4)A,  which is smaller than the single 
P - - N  bond length of 1.683 (5),~, (Allen et al., 1987). 
The short bonds in the ring have appreciable double- 
bond character; this is generally observed for phospha- 
nitrilic molecules (Wagner & Vos, 1968). 

Experimental 

In this study, compound (I) was prepared from the re- 
action of morpholine (10.0g, l16.5mmol) and trans-2,6- 
N4P4C16(NHEt)2 (1.6g, 3.2mmol) in chloroform (60m l). 
Triethylamine (5.2 g, 51.0 mmol) was added to this mixture, 
which was worked up according to the literature method of 
Contractor et al. (1987). The compound was crystallized from 
acetonitrile [m.p. 503-568 K; yield: 2.9 g (59%)]. 

Crystal data 

C28H6oNI_~O6P4 
Mr = 784.75 
Triclinic 
el 
a = 9.041 (1) ,~, 
b = 11.242 (1) 
c = 11.637 (1) 
a = 65.482 (5) ° 
/3 = 66.853 (5) ° 
7 = 73.376 (5) ° 
V = 978.75 (17) ~3 
Z = I  
D,. = 1.331 Mg m -3 
nm not measured 

Mo Ka radiation 
A = 0.71073 ,~, 
Cell parameters from 25 

reflections 
0 = 11-18 ° 
# = 0.248 mm-1 
T = 298 K 
Block-like 
0.30 x 0.25 x 0.20 mm 
Colourless 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
~/20 scans 
Absorption correction: 

empirical via ~ scans 
(MoIEN; Fair, 1990) 
Train = 0.985, Tmax = 0.999 

4224 measured reflections 
3961 independent reflections 
2700 reflections with 

F > 3or(F) 

Refinement 

Refinement on F 
R = 0.073 
wR = 0.084 
S=  1.07 
2700 reflections 
216 parameters 
H atoms riding 
w= l / [ a (Ff  + (0.02F) 2 

+ 1.0] 

Rim = 0.063 
0max = 26.3 ° 
h = - l l  ---~0 
k=  -14---,  13 
l = - 1 4  ~ 13 
3 standard reflections 

every 250 reflections 
frequency: 120 min 
intensity decay: 1% 

(,6/a)m,x = 0.04 
Apmax = 0.83 e ,~-3 
Apmin = -0.21 e ~-3  
Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Co'stallography (Vol. IV) 
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Table 1. Selected geometric parameters (fL o) 
PI--N 1 1.583 (4) P2--N I 1.585 (3) 
P1--N2 1.578 (4) P2--N2' 1.585 (4) 

NI--PI--N2 121.5 (27 PI--N1--P2 127.3 (2) 
N 1--P2--N2' 117.4 (2) P I--N2--P2' 134.4 (2) 

N3--PI--N I--P2 - 138.1 (3) N6--P2--N I--PI - 176.9 (3) 
N4---PI--NI--P2 106.7 (4) N5--P2--NI--PI -65.1 (4) 
N2--PI--NI--P2 -14.1 (5) 

Symmetry code: (i) -x ,  1 - y, -z .  

The title structure was solved by the Patterson method. H- 
atom positions were calculated geometrically,  with U(H) = 
1.3Ueq of  the parent non-H atom. A riding model  was used in 
the refinement.  Due to the inconsistent values of  some of  the 
components  of  the displacement  parameters  of  the C5 and C7 
atoms, they were refined isotropically during the refinement 
process. 

Data collection: CAD-4 Software (Enraf-Nonius ,  1989). 
Cell refinement: CAD-4 Software. Data reduction: MoIEN 
(Fair, 1990). Program(s)  used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s)  used to refine structure: MolEN. 
Molecular  graphics: ORTEPII (Johnson, 1976). Software used 
to prepare material for publication: MolEN. 

The authors wish to acknowledge the purchase of 
CAD-4 diffractometer under Grant DPT/TBAG1 of the 
Scientific and Technical Research Council of Turkey. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA 1358). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title compound, C14HI3NOS2, consists of a car- 
bazole skeleton and a pentacyclic dithiolane ring bonded 
at position 1. The heteroatoms in the molecule are 
responsible for the changes in the bond lengths and 
angles of the carbazole core. 

Comment 
The title compound is an intermediate in the syn- 
thesis of tetracyclic indole alkaloids (Patlr, 1995; 
Patlr et al., 1996). It is used as a starting material 
for the preparation of 4-aminotetrahydrocarbazol-l-one 
derivatives (Paur & G6tz, 1993; Patlr et al., 1997). 
The tricyclic 4-aminotetrahydrocarbazole and 2-chain- 
substituted 4-oxocarbazole derivatives allow formation 
of the dasycarpidone skeleton (Magnus et al., 1992). 
Except for the 4-acetaminotetrahydrocarbazole deriva- 
tive (Vogel et al., 1982), 4-aminotetrahydrocarbazole 
has not been isolated in the free form, until now. 
Recently, starting from the title compound, (I), the stable 
tricyclic 4-aminotetrahydrocarbazole derivative was iso- 
lated in the free form (Pant, 1995; Patlr & G6tz, 1993). 
The structure determination of the title compound, (I), 
was undertaken in order to understand the effects of the 
dithiolane ring at position 1 on the geometry of the car- 
bazole system and to compare the results obtained with 
those of 2,3-dihydro-9-(phenylsulfonyl)carbazole-4(1H)- 
one and 1,2,3,4-tetrahydrocarbazole- 1-spiro-2'-[ 1,3]di- 
thiolane (H6kelek et al., 1994). 

H 
/ 

~'~" ,T"-N, S./.., 
! i, j 

(i) 

The title compound (Fig. 1) consists of a car- 
bazole skeleton and a pentacyclic dithiolane ring spiro- 
bonded at position 1. The S atoms of the dithiolane 
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