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Preparation and Crystal Structure of 1,l-Diphenyl-1 -phospha-3,5-dithia- 
2,4,6-triazene, Ph,PS,N, ; an Eight melectron Inorganic Heterocycle 

By NEIL BURFORD, TRISIRAM CHIVERS,* and RICHARD T OAKLEY 
(Depnrtmeizt of Chenzastvy, The Unavevsaty of Calgavy, Cnlga~y 'I 2iv 1 x 4 ,  A lbef?n, Canada) 

and A IVALLAcr CORDES and PAUL S SWEPSTON 
(Ilepavtment of Cl~euzastry, Unavevszty of Avkansas, Fayettevzlle, Arkansas 72701) 

Summary The reaction of tetraplienyld~phospliine with 
S,N4 in toluene produces the six-membered heterocycle 
Ph,PS,N,, the structure of which has been determined by 
X-ray crystallograpliy , the structural parameters and 
electronic spectrum of the PS2NJ ring are consistent with 
an %electron n-system 

ALTHOUGH a number of planar S-N rings, e g S,N, (67r),I 
S,N3- (Ion),, S4N4,+  lo^),^ and S,NS+ ( 1 4 ~ ) ~  follow the 
Huckel rule (for aromaticity), theie are exceptions, e g 
S3N2+ ( 7 7 ~ ) , ~  and Banister has recently suggested that lack 
of strain may be more important than '4% + 2 stabiliza- 
tion' in promoting ring stability In a continuation of 
our studies of reactions of phosphines with S4N4,' we have 
found that tetraphenq.ldiphosphiiie reacts with S,N4 to 
produce Ph,PS,N, (1) shom n by X-ray crystallography to 
contain a six-membered ring comprising one P, t n o  S, and 
three N atoms 1 his heterocycle is a rare inorganic example 
of a Gatom eight n-electron ring system 

Compound (1) was prepared by adding tetrasulphur 
tetranitride (6-68 mmol) to a solution of tetraphenyl- 
diphosphine (6.70 mmol) in toluene (40 i d )  under nitrogen 
After 15 min a t  reflux the yellow solution had become 
intense red-purple After 14 h the volume of solvent was 
reduced to 10ml zn zlacuo, and clironiatography of this 
solution on a Bio-Beads S-X8 column (30 x 500 inm) 
gave (1) (1-65 mmol) a5 lustrous, deep purple plates (m p 
93-94 "C) after recrystallization from acetonitrile The 
u v -visible spectrum of (1) shows bands a t  550 ( E  cn 5 x 
lo3 1 mol-l cm-l), 301 (3 x lo3), and 252nni (6 x 10,) 
The 31P n m r spectrum (CDCI,) shows a singlet a t  8 -21 2 
p p m (us external H,P04) 

Crystals suitable for an X-ray structural deterinination 
were obtained from acetonitrile Crystal data. C,,H,,N,PS,, 
M = 291.3, monoclinic, space group P2,/c, a = 8 305(1), 

1317.3 k3, 2 = 4, and D ,  = 1-47 g cmU3 A total of 1611 
b = 13*183(2), c = 12*487(1) A, p = 105 53 ( l ) O ,  U = 

reflections [ I  3 3o(I)J were collected with a manual 
G E  XRLI-5 diffractoiiieter employing the 8-28 technique 
with Ni-filtered Cu-I<, radiation The structure was 
solved bq direct methods and refined by Fourler and full- 
matrix least-squares techniques and all non-hydrogen 
atoms were refined anisotropically to give a final un- 
weighted R-factor of 0.047 t 

FIGURE 1 ORTEP drawing of Ph,PS,N, (1) showing the atomic 
numbering scheme The atoms are represented by their thermal 
ellipsoids drawn to enclose 50 % of their electron density 
Hydrogen atoms are omitted for clarity Principal bond 
distances ( e  s d s in parentheses) are P(l)-N(2), 1 621(4), 
P(l)-N(6), 1 625(3), N(2)-S(3), 1 560(3), N(6)-S(5), 1 575(3), 
S(3)-N(4), 1 580(4), S(5)-N(4), 1 583(5) A Principal bond 
angles are N(6)-P(l)-N(2), 115 S(2) P(l)-N(2)-S(3), 121 3(2),  
P(l)-N(6)-S(5), 120 3(2), N(2)-S(3)-N(4), 116 9(2),  N(4)-S(5)- 
N(6), 116 3(2), S(3)-N(4)-S(5), 124 6(3)" 

t The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW 
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FIGURE 2 
aN = as + 2/3 = a p  + 38, all 8s equal) 

--Energy lex el diagram (not to scale) for (a) S,N,-, (b) Ph,PS,N, and (c) (Ph,I’N), (assuming homomorphic interactions 
The dashed line separates bonding and antibonding orbitals 

The structure of (1) is shown in Figure 1 The five atoms 
N(2)-S(3)-N(4)-S(5)-N(B) are coplanar to within 0 05 A, 
but the phosphorus atom is 0 28 A out of this plane Thus 
the nearly planar conforination is in marked contrast to 
the structure of (Me,SiNH),f’C;,=u’,, in which the six- 
membered ring is distinctly puckered and significant bond 
length variations are observed 1 he endocyclic bond 
lengths of the I’S,N, ring (an 8e v-slstem) in (1) provide 
an interesting comparison with those of the related S,N,- 
(a 10e n-system)2 and (l>h21’N), (a Be v-sVstein)lo~ll 
structures The HMO n-energy levels for dl1 three rings 
are illustrated in Figure 2 ‘Ihus the relativelv long P-N 
and short S-IT bonds in (1) reflect the mean 1’-S and S - X  
n-bond orders expected for a homoniorphic v-system whose 
7 ~ *  levels are occupied to an  extent intermediate between 
those of S,N,- and (P$PN), The origin of the low-energy 
electronic excitation in (1) is also readily seen from Figure 
2 The degenerate LUMO of S,N,- (for which the n --3 n* 
transition is a t  360 nm), is split in (l), giving rise to a small 

HOMO-LUMO gap Consistent with the large HOMO- 
LUMO gap in (P1i2T’N),, this latter molecule shows no 
absorption band above 200 iim 

In summary, (1) is another example of a non-Hucltel 
ring, wliich provides support for the coiiclusion that a 
4% + 2 complement of v-electrons is not associated .vcith 
any qpecial stabilization energy in electron-rich 
systems 6a*12913 1 lie important factor is the abilitv of the 
system to accommodate non-bonding and/or antibonding 
n-electrons in a relatively strain-free ring, e g %3N3-,L 
S5N5f,14 by formation of a cage, e g S4N4,12 or by dimcriza- 
tioii, e g S&+ 15 
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