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The reaction of l,5-bis(trimethylsilyl)-l,3.5-trimethylbiuret (1) with/Molylsulfenyl chloride
(2) furnished l-(/?-tolylthio)-5-trimethylsilyl-l,3,5-trimethylbiuret (3). In the reaction of 3 
with phenyldichlorophosphine, 2-phenyl-2-(/?-tolylthio)-l,3,5-trimethyl-l,3,5-triaza-4,6-dione- 
2-phosphorinonium chloride (4) was formed. The same product was obtained from the reac
tion of 2-phenyl-l,3,5-trimethyl-l,3,5-triaza-2/.3- phosphorin-4,6-dione (6) with p-tolylsulfenyl 
chloride (2). Compound 4 was isolated and characterized in the form of the hexachloroanti- 
monate (4a). The spirophosphorane 2-phenyl-l,3,5-trimethyl-l,3,5-triaza-7,10-dioxa-8,9- 
perchlorobenzo-2As-phosphaspiro-[4.5]decan-4,6-dione (7) was prepared by the reaction of 4 
with tetrachloroorthobenzoquinone. The new products were characterized by 'H- and 13C 
NMR spectroscopy, elemental analysis, 31P NMR spectroscopy in the case of 4a. 6 and 7, and 
mass spectrometry (4a). Single-crystal X-ray structural analyses of compounds 4a and 7 were 
conducted. The phosphorus atom of 4a has the expected tetrahedral geometry, with a rather 
short P-S bond of 204.9(2) pm. In 7 the geometry at phosphorus is almost ideal trigonal 
bipyramidal. Weak hydrogen bonds are formed from a C (:0) group to deuterochloroform 
of solvation.

Introduction

T he first com p o u n d  involving the  1,3,5-tri- 
m ethyl-1,3,5-triaza-2A 4-phosphorin -4 ,6 -d ione ring 
system  w as o b ta in ed  in 1966 by H. P. L atscha as a 
b y -p roduc t o f the reac tio n  o f p h ospho rus p en ta- 
ch lo ride  w ith N ,N '-d im ethy lu rea  [1], In the last 
th ree  years a large n u m b er o f 1 ,3 ,5-triorgano-
1,3 ,5-triaza-2-phosphorin-4 ,6-d iones, involving 
p h o sp h o ru s w ith co o rd in a tio n  n um bers from  3 to
5, have b een  d escribed  (see refs. [2 -6 ]  and  the 
lite ra tu re  cited  th e re in ). T hese investigations fo
cused on the  reac tions o f l,3,5-triaza-2A 3-phos- 
p horin -4 ,6 -d iones w ith oxidizing agents, e.g. hexa- 
f lu o ro ace to n e  and  te trach lo ro o rth o b e n zo q u in o n e , 
lead ing  to  sp iro p h o sp h o ran es, l,3 ,5-triaza-7,10-di- 
oxa-8 ,8 ,9 ,9-te trak is(trifluorom ethyl)-2A 5-phospha- 
sp iro[4 .5]decan-4 ,6-d iones and  l,3 ,5-triaza-7,10-

* For parts 1-10 see ref. [6] and the literature cited 
therein, part 11: Z. Naturf. 51b, in press.

** Reprint requests to R. Schmutzler.

d ioxa-8 ,9 -perch lo robenzo-225-phosphaspiro[4 .5]- 
decan-4 ,6-diones, respectively  [3 -5 ] .

R ecen tly  we re p o r te d  an  unusual in tram o lecu la r 
rea rran g e m en t th a t to o k  place d u ring  the  ph o s
p ho ry la tion  o f N -ary lth io -N ,N '-d io rg an o -N ’-(tri- 
m ethy lsily l)u reas w ith d ich lo rophosph ines [7, 8]. 
T he resu lting  co m p o u n d s w ere show n to  be four- 
m em b ered  cyclic p h ospho ranes, the  2-arylthio-2- 
ch lo ro -l,2 ,3 -tr io rg a n o -l,3 ,2 P -d ia zap h o sp h e tid in -
4-ones. W e w ished to  find  ou t if th e  sam e k ind of 
rea rran g e m en t w ould  be possible in the  field of 
b iu re t-p h o sp h o ru s  heterocycles, leading, in this 
case, to  the  co rresp o n d in g  s ix -m em bered  cyclic 
com pounds.

Results and Discussion

l,5 -B is(tr im eth y ls ily l)-l,3 ,5 -trim e th y lb iu re t (1) 
was allow ed to  reac t w ith p-to ly lsu lfeny l chloride
2 in a 1:1 m o la r ra tio  (Schem e 1). T he reaction  
was ca rried  ou t in d ic h lo ro m eth a n e  and  occurred  
in stan taneously  at 0°C, resu lting  in l-(/> to ly lth io )-
5 -trim ethy l-s ily l-l,3 ,5 -trim ethy lb iu re t (3). This
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pro d u ct was charac terized  by 'H  and  13C N M R  
spectroscopy  and  by e lem en ta l analysis (see E x 
perim en ta l section ), and was used in the  subse
q u en t phospho ry la tion  reac tio n  w ithou t fu rth e r 
purification .

2-Phenyl-2-(/?-to ly lth io)-1,3 ,5 -trim ethy l-1,3,5- 
tr iaza-4 ,6 -d ione-2 -phosphorinon ium  ch lo ride  (4) 
was o b ta in ed  th rough  p h o sp h o ry la tio n  o f the d e 
rivative 3 w ith pheny ld ich lo rophosph ine. Its fo r
m ation  was observed  in the  31P N M R  spectrum  
((3(31P) = 69.46), but it p ro v ed  to  be u n stab le  and 
was finally iso lated  in the  form  of the  hexach lo ro - 
an tim o n a te  4a (Schem e 1). In the  'H  N M R  
spectrum  a do u b le t for the  P (N C //3)2 g roups and 
a singlet due to  the ( (0 : ) C ) 2N C /73 p ro to n s w ere 
observed  (see E x p erim en ta l section). A s for the 
u rea -based  com pounds [7, 8], bo th  <5(13C) values 
o f the  C ( :0 )  g roups of 4a lie to  h igher field than 
those of the acyclic educt 3 (see E x p erim en ta l

O MeII I
C -N —SiMe3

C-N -SiM e, II l 3
0  Me

QSQH^-p-CHj
2

0  Me
C -N -S -C A -p -C H ,

C-N-SiM e,II I 3
0  Me

■ Me,SiCI PhPCl

0  Me
C -N -S -C 6H4CH3 

M e-N "Y
C -N —P—ClII I I
0  MePh

P art). In the FAB -M S m ass spectrum  (N B A  m a t
rix) a [ca tion]+ peak  o f 100% in tensity  was o b 
served. The fragm en tation  is p rese n ted  in the  E x 
perim en ta l section.

The p roposed  m echanism  of fo rm ation  of the 
cyclic derivative 4 is sim ilar to  th a t o f th ioch lo ro - 
p h osphoranes [7, 8], The ch lo ro am in o p h o sp h in e  
3a is first fo rm ed and then  undergoes re a rra n g e 
m ent. The first stage involves an e lec troph ilic  a t 
tack  of phosphorus at n itrogen , resu lting  in an 
increase of electrophilic ity  of su lphur, w hich su b 
sequen tly  attacks phosp h o ru s (Schem e 1). It 
should  be em phasized  th a t in th is case the phos- 
phonium  salt is fo rm ed , w hereas in the case of 
N .N '-d isubstitu ted  u rea  deriva tives the  fo rm ation  
of p h osphoranes (the  l,3,2A5-d iazaphosphetid in -4 - 
ones) was observed . This illustrates the special s ta 
bilizing influence o f d iazap h o sp h etid in e  rings on 
p en taco o rd in a ted  phosphorus.

For the th iophosphon ium  salt 4a a single-crystal 
X -ray  struc tu re  analysis was co n d u c ted  (Fig. 1, 
Tables I, II and  III). T he asym m etric  unit consists 
o f a phosphon ium  ca tion  and a h exach lo roan tim o- 
nate anion. The phosp h o ru s a tom  has a som ew hat 
d is to rted  te trah ed ra l coo rd in a tio n  geom etry , w ith 
the largest dev iations from  ideal angles for N ( l) -  
N -P(3) 102.7(2)° and N (l)-P -C (6 ) 113.9(2)°; the 
phospho rus atom  lies 23 pm o u t o f the p lane 
fo rm ed  by N ( l) ,  N (2), N (3), C (2) and  C (4) (m ean  
deviation  of 1 pm ), which sub tends w ith the p h e 
nyl g roup  C (6 ) -C ( ll )  and  the /?-tolyl g roup  C (21)- 
C (27) in te rp lan a r angles of 66° and  28°, resp ec
tively. B oth P-N bond  lengths [P -N (l)  164.3(3) pm , 
P-N (3) 164.5(3) pm ] are of the  sam e o rd e r  as for 
the b iu ret-based  heterocycles described  previously

,S-C6H4-p -CH3
/  ®\‘ 

4 p\  /  
C-N II l 
0  Me

3b

I

Cl

O MeII IC-N p,
X, v /  \® /P h  SbCl? M e-N  P *

\  /  \
C -N  S-C6tVp-CH3 ii i 6 ^ y 3 
O Me

4a

e
O MeII I

/C N\? ^ P h  a
\ /  \
C-N S-C6H4-p-CH,II I 6 3
0  Me

4

Scheme 1. Synthesis and mechanism of formation of 
compound 4.

Fig. 1. The formula unit of compound 4a in the crystal 
(excluding solvent).
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Crystal habit colourless prism
Crystal size (mm) 0.50x0.50x0.25
Temperature (°C) -130
Crystal system triclinic
Space group P i
Cell constant
a (pm) 1058.7(2)
b (pm) 1199.9(2)
c (pm) 1217.4(2)
a ( ° ) 96.85(3)
ß n 91.77(3)
Y (°) 102.88(3)
U (nm3) 1.4942(5)
Z 2
Dx (Mg IT T 3 ) 1.716
// (mm-1) 1.697
^(000) 764
Absorption correction psi-scans
min and max. trans. 0.692 and 0.980
2 dmax(°) 50
No. of reflns.:
measured 6307
independent 5275
^ in t 0.010
wRiF2, all refl.) 0.120
R(F, > 4 o(F)) 0.042
No. of parameters 327
5 1.056
max. A/a <0.001
max. Aq (e nm "3) 1422

Table I. Summary of X-ray 
data for compounds 4a 
and 7.

791.7(4)
1240.1(5)
1512.5(7)
80.17(3)
76.69(3)
80.13(3)
1.4103(11)
2
1.738
1.079
740

50

5224
4823
0.027
0.220
0.073
337
1.115
<0.001
855

Compound 4a-0.5 CFFC L0.5 CH,CN 7-2 CDCL
Formula C 19 5H23 5C17N3 sO.PSSb C,yFI14Cl1()D2N ,0 4P
Mr 771.85 737.87

colourless tablet 
0.96x0.60x0.28 
-100  
triclinic 
P i

[3, 4] and  fo r tert-butyl-d im ethylam ino-phenyl-/?- 
to ly lth io p h o sp h o n iu m  te tra p h e n y lb o ra te  [8]. The 
P-S bond  [204.9(2) pm ] is sh o rte r  than  in the thio- 
p h o sp h o n iu m  salt in ref. [8] (207.37(9) pm ).

C o m p o u n d  4 could  also be o b ta in ed  via an o th er 
ro u te , nam ely  the reac tion  of 2-phenyl-l,3 ,5 - 
trim ethy l- 1,3,5-triaza-2A3-phosphorin -4 ,6 -d ione 6 
w ith /7-tolylsulfenyl ch lo ride  2 (Schem e 2). R eac
tions of sulfenyl ch lo rides w ith com pounds of tr i
v alen t ph o sp h o ru s lead ing  to  p hosphon ium  salts 
have been  tho ro u g h ly  stud ied  [9, 10]. C om pound  
6 was o b ta in ed  by the  usual m e th o d  [2] viz. the 
reac tio n  o f 1 ,3 ,5-trim ethylb iuret 5 w ith phenyl- 
d ich lo ro p h o sp h in e  in th e  p resence o f trie thy l
am ine (Schem e 2). A ll the  spectroscop ic  d a ta  of 6 
a re  co m p arab le  to  those  o f the re la ted  2-organo- 
su b stitu ted  triazap h o sp h o rin ed io n es [2], and are 
p rese n ted  in the E x p erim en ta l Section.

T he reac tion  of 2-phenyl-2-(/?-to ly lth io)-l,3 ,5- 
trim ethy l-l,3 ,5 -triaza-4 ,6 -d ione-2 -phosphorinon i- 

um  ch lo ride  (4) w ith te trach lo ro o rth o b en zo q u i-

PhPCl2
Et,N

- EtjN ■ HQ

O MeII I
C -N -H

C -N -Hll i 
O Me

O Me

XC -N /  S-C6H4-p-CH,II I 6 3
O Me

i©

O MeII I
C -N

M e-N  P-P h
XC -N  II l 

O Me

6

C1SC6H4-p -CH3
2

O Me

A v ^ P h  a e
M e-N  P '

XC -N  S-C6H4-p-CH,II I 6 3
o  Me

Scheme 2. Alternative synthesis of compound 4.

none in refluxing to lu en e  resu lted  in the fo rm ation  
of the  spirocyclic p h o sp h o ran e , 2 -pheny l-l,3 ,5 -tri- 
m ethyl- l,3 ,5 -triaza-7 ,10-d ioxa-8 ,9-perch loro-ben- 
zo -2P -phosphasp iro [4 .5 ]decan -4 ,6 -d ione  (7) (eq. 
(1)). Its d (31P) value o f -29.5 ppm  is characteristic  
o f com pounds o f this class (see, e.g., [3 -5 ]) . Com -
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Table II. Atomic coordinates (x IO4) and equivalent iso
tropic displacement parameters (pm2 x 10"') for com
pound 4a. U(eq) is defined as one third of the trace of 
the orthogonalized tensor.

Atom X y z U(eq)

P 1275.7(8) 2281.0(7) -2947.3(7) 26.1(2)
S 1242.4(10) 1127.6(9) -4337.7(8) 37.5(2)
0(1) 4343(3) 2707(3) -1101(3) 54.7(8)
0(2) 3322(3) 5221(3) -3284(3) 59.3(9)
N (l) 2366(3) 2177(3) -1999(2) 29.6(6)
N(2) 3800(3) 3955(3) -2203(3) 46.4(9)
N(3) 1761(3) 3622(3) -3200(3) 31.1(6)
C (l) 2152(4) 1097(4) -1480(3) 40.9(9)
C(2) 3561(4) 2940(4) -1723(3) 38.9(9)
C(3) 5104(5) 4733(6) -1899(7) 93(2)
C(4) 2998(4) 4328(3) -2917(4) 39.9(9)
C(5) 954(4) 4028(4) -4026(3) 41.2(9)
C(6) -324(3) 2034(3) -2505(3) 28.4(7)
C(7) -748(4) 2962(3) -1953(3) 32.5(8)
C(8) -2015(4) 2780(3) -1622(3) 37.4(8)
C(9) -2838(4) 1696(4) -1832(4) 42.3(9)
C(10) -2400(4) 771(4) -2361(4) 43.4(10)
C ( ll) -1152(4) 930(3) -2702(4) 35.9(8)
C(21) 2941(4) 1571(3) -4550(3) 33.1(8)
C(22) 3380(4) 2472(4) -5146(4) 44.9(10)
C(23) 4707(5) 2821(4) -5267(4) 53.0(11)
C(24) 5582(4) 2263(4) -4821(4) 46.2(10)
C(25) 5089(4) 1338(4) -4253(4) 44.1(9)
C(26) 3776(4) 981(4) -4112(3) 39.1(9)
C(27) 7026(5) 2631(5) -4939(5) 68.1(15)
Sb 700.0(2) 2970.9(2) 1705.4(2) 28.5(1)
Cl(l) 2481.3(12) 2108.3(11) 1857.5(11) 54.9(3)
0 (2 ) -1044.0(11) 3879.1(9) 1539.5(11) 50.4(3)
Cl(3) 1726.8(11) 3977.2(9) 290.9(8) 45.1(3)
Cl(4) -286.9(12) 1990.1(10) 3148.5(9) 50.3(3)
Cl(5) -389.5(11) 1421.4(8) 398.6(8) 43.6(3)
Cl(6) 1762.9(10) 4527.3(8) 3052.5(8) 38.1(2)
C(99) 5833(12) 1701(11) 960(9) 68(3)
Cl(98) 5715(4) 1561(4) 2403(3) 97.3(12)
0 (9 9 ) 5244(5) 306(3) 275(3) 115(2)
N(99) 5545(9) 728(9) 2419(8) 59(2)
C(97) 5646(10) 1312(9) 1692(9) 50(2)
C(96) 5780(11) 2408(9) 1112(9) 59(3)

T able III. Selected  b o n d  leng ths [pm] and  ang es [°] for
c o m p o u n d  4a.

P -N (l) 164.3(3) P-N(3) 164.5(3)
P-C(6) 176.5(4) P -S 204.9(2)
S-C(21) 179.4(4) 0(1 -C(2) 120.6(5)
0(2)-C (4) 119.4(5) N(1 -C(2) 139.2(5)
N( 1) — C( 1) 148.4(5) N(2 -C(4) 137.6(6)
N(2)-C(2) 138.8(6) N(2 -C(3) 149.2(6)
N(3)-C(4) 140.0(5) N(3 -C(5) 149.3(5)
N( 1 )-P -N (3 ) 102.7(2) N( 1 -P -C (6 ) 113.9(2)
N (3)-P-C (6) 110.4(2) N(1 - P - S 111.63(12)
N (3)-P -S 111.82(12) C(6 - P - S 106.46(13)
C(21 ) - S - P 95.55(13) C(2 -N ( l) -C ( l) 115.3(3)
C(2)-N( 1 )- P 126.3(3) C(1 — N( 1) — P 117.6(3)
C (4)-N (2)- C(2) 128.6(3) C(4 -N (2)-C (3) 116.4(4)
C (2)-N (2)- C(3) 115.0(4) C(4 -N (3)-C (5) 115.6(3)
C (4)-N (3)- P 125.5(3) C(5 -N (3 )-P 117.2(3)
0 ( 1) — C(2) - N(2) 122.6(4) 0(1 -C (2 )-N (l) 120.3(4)
N (2)-C (2)- N( 1) 117.1(3) 0(2 -C (4)-N (2) 122.3(4)
0 (2 )-C (4 )- N(3) 120.2(4) N(2 -C (4)-N (3) 117.5(3)
C (7)-C (6)- C(11) 120.7(3) C(7 -C (6 )-P 118.5(3)
C(11)-C(6) -P  120.8(3)

pou n d  7 is the first of its type for w hich a single 
crystal X -ray  analysis has been  co n d u c ted  (Fig. 2, 
T ables I, IV, V).

O Mell I
C -N TOB

O MeII l
C-N Ph

C-Nll I 
O Me

SC6H4-p-CH3 -/>-CH3C„H4SCl , >c°
C-N  O

( 1)

The sum  of the squares of the  angle dev ia tion  at 
p h osphorus from  idealised  values d e term in es the 
d egree  of d isto rtion  from  trigonal b ipyram idal o r 
square  p lan ar geom etry  [11]. This sum  in the  case 
o f 7 am ounts to  293.45 (T B P ) o r 1819.31 (SQ P), 
and  thus the geom etry  at ph o sp h o ru s is only 
slightly d isto rted  from  trigonal b ipyram idal. The 
eq u a to ria l angles vary from  110.5(2)° [N (l)-P - 
C ( l) ]  to  125.4(2)° [0 (1 )-P -C (1 )]. T he angles b e 
tw een axial and equa to ria l su b stitu en ts  vary from  
85.8(2)° [0 (1 )-P -N (3 )] to  94.9(2)° [N (3 )-P -C (l)]. 
The axial bonds are m arked ly  longer than  the  
eq u a to ria l bonds for chem ically  equ iva len t atom s; 
P-O  178.3(4), 166.2(4), P-N 175.8(5), 168.1(5)°. 
The heterocycle displays a f la tten ed  b o at co n fo r
m ation , w ith P 60 and  N2 20 pm  ou t o f the p lane 
of the  o th e r  atom s (m ean  dev iation  1 pm ). The 
in te rp lan a r angle to  the  p e rch lo ro b en zo  system  is 
85°. The atom  0 4  is the  rec ip ien t for tw o w eak 
C -H --0  hydrogen  bonds from  the  solvent; 
0 4  . . .  D98 215 pm , 0 4  . . .  D99 (l-.v, 1-y, 1 -z) 229 
pm.

Fig. 2. The formula unit of compound 7 in the crystal. 
(H atoms omitted for clarity).
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Table IV. Atomic coordinates (x 104) and equivalent iso
tropic displacement parameters (pm- x 10 1) for com
pound 7. U(eq) is defined as one third of the trace of 
the orthogonalized Ujj tensor.

Atom X y z U(eq)

P 5045(2) 3497.6(11) 8291.5(9) 24.4(3)
C l(l) 3324(2) 97.0(12) 8071.7(12) 41.8(4)
Cl(2) 1896(2) -1124.8(13) 10051.3(14) 49.2(5)
Cl(3) 1809(2) -34(2) 11778.0(13) 54.2(5)
Cl(4) 3069(2) 2305.4(14) 11531.3(10) 41.8(4)
Cl(99) 4771(4) 8147(3) 5308(2) 94.9(9)
Cl(98) 1793(3) 9726(2) 5850(2) 78.2(7)
Cl(97) 3237(4) 9571(2) 3922(2) 72.7(7)
Cl(%) 11297(3) 2342.5(13) 3943.4(13) 51.4(5)
Cl (95) 10095(2) 4563.7(15) 3174.8(12) 50.4(5)
Cl(94) 12185(2) 4214.6(13) 4553.5(12) 43.5(4)
0(1 ) 4415(5) 2328(3) 8174(3) 26.5(8)
0(2 ) 4214(5) 3193(3) 9493(3) 29.6(9)
0(3 ) 9943(5) 3062(4) 8310(3) 37.1(10)
0(4 ) 7747(5) 3046(3) 5857(3) 34.6(10)
N( 1) 7014(6) 3583(4) 8496(3) 26.1(10)
N(2) 8649(6) 2801(4) 7188(3) 26.9(10)
N(3) 5805(6) 3647(4) 7096(3) 25.3(10)
C (l) 3690(7) 4826(4) 8294(4) 27.9(12)
C(2) 1959(7) 4949(5) 8781(4) 30.0(12)
C(3) 975(8) 5980(5) 8784(4) 34.8(13)
C(4) 1702(8) 6896(5) 8312(5) 39.7(15)
C(5) 3413(8) 6784(5) 7821(5) 40.0(15)
C(6) 4393(8) 5763(5) 7802(4) 36.1(14)
C(7) 3747(7) 1694(4) 8970(4) 28.4(12)
C(8) 3206(7) 674(5) 9042(4) 32.6(13)
C(9) 2611(7) 144(5) 9921(4) 33.4(14)
C(10) 2536(7) 625(5) 10692(4) 36.1(14)
C (ll) 3085(7) 1684(5) 10598(4) 30.0(13)
C( 12) 3667(7) 2190(4) 9735(4) 26.7(12)
C( 13) 7094(8) 4084(5) 9300(4) 35.3(14)
C( 14) 10357(8) 2243(5) 6734(5) 40.2(15)
C( 15) 4486(8) 3880(6) 6526(4) 39.1(15)
C(20) 8634(8) 3140(4) 8030(4) 30.2(13)
C(21) 7400(7) 3166(4) 6660(4) 26.9(12)
C(98) 10560(8) 3705(5) 4158(4) 35.4(14)
C(99) 2813(9) 8847(5) 5033(5) 43(2)

Experimental

A ll experim en ts  w ere ca rried  ou t w ith exclusion 
of air and  m oistu re ; so lven ts w ere purified  and 
d ried  accord ing  to  the  usual m ethods [12].

N M R : B ru k er A C  200 ( ‘H at 200.1 M H z, ,3C at
50.3 M H z, 31P at 81.3 M H z); re feren ce  substances 
w ere S iM e4 (TM S) int. (>H,  13C ), 85%  H 3P 0 4 ext. 
(3IP); h igh-field  shifts w ere given negative, low- 
field shifts positive signs.

M aterials: l,5 -b is(trim ethy lsily l)-l,3 ,5 -trim ethy l- 
b iu re t [13] and  /j-to ly lsulfenyl ch loride [14] w ere 
syn thesized  accord ing  to  the p ro ced u res  described  
in the lite ra tu re .

“ In vacuo" (i.v.) re fers to  a p ressu re  of 0.1 Torr, 
unless o therw ise  s ta ted .

1,3,5-Trim ethylbiuret was a donation  from  
B A Y E R  AG.

Table V. Selected bond lengths [pm] and angles [°] for 
compound 7.

P -O (l) 166.2(4) P -N (l) 168.1(5)
P-N(3) 175.8(5) P -0 (2 ) 178.3(4)
P -C (l) 180.5(6) C l(l)-C (8) 171.7(6)
Cl(2)-C(9) 172.7(6) Cl(3)-C( 10) 172.3(6)
Cl(4)-C( 11) 171.6(6) Of 1 )-C(7) 136.9(7)
0 (2 )-C ( 12) 135.0(6) 0(3)-C (20) 119.1(7)
0 (4 )—C(21) 121.2(7) N( 1 )-C(20) 138.5(7)
N( 1 )-C ( 13) 147.5(7) N(2)-C(21) 138.1(8)
N(2)-C(20) 140.4(8) N(2)-C( 14) 148.1(7)
N(3)-C(21) 137.0(7) N(3)-C( 15) 146.4(8)
C (l)-C (2) 139.5(7) C(1 )-C(6) 139.7(8)
C(7)-C(8) 138.2(8) C (7)-C( 12) 138.5(8)
C(8)-C(9) 139.3(9) C(9)-C( 10) 138.3(9)
C( 1())-C( 11 ) 142.7(8) C(11)—C(12) 136.1(8)

0 (1 )-P -N ( 1) 124.0(2) 0 (  1 )-P -N (3 ) 85.8(2)
N( 1 )-P -N (3 ) 93.3(2) Of 1 ) -P -0 (2 ) 87.5(2)
N (l) -P -0 (2 ) 90.0(2) N (3 )-P -0 (2 ) 173.3(2)
0 (1 )-P -C (1 ) 125.4(2) N(1) — P—C(1) 110.5(2)
(3 )-P -C (l) 94.9(2) 0 (2 ) -P -C ( l) 89.4(2)
C (7 )-0 ( 1 )- P 116.0(3) C (1 2 )-0 (2 )-P 113.0(3)
C(2())-N( 1) -C(13) 113.9(5) C(20)-N( 1 )-P 126.8(4)
C(13)-N( 1) -P 119.1(4) C(21)-N(2)-C(20) 125.7(5)
C(21 )-N(2) —C( 14) 117.1(5) C(20)-N(2)-C(14) 115.2(5)
C(21)-N(3) -C(15) 113.2(5) C(21 )-N (3 )-P 124.5(4)
C( 15)—N(3) -P 117.3(4) C (2)-C (l)-C (6) 118.7(5)
C (2 )-C (l)- P 122.0(4) C (6 )-C (l)-P 119.3(4)
0(1 )-C (7 )- C(8) 126.2(5) 0(1)-C (7)-C (12) 111.9(5)
C (8)-C (7)- C(12) 121.8(5) 0 (2 )-C (1 2 )-C (l 1) 127.4(5)
0 (2 )-C ( 12) -C(7) 111.2(5) C(11)-C(12)-C(7) 121.5(5)
0(3)-C (20) -N (l) 122.7(5) 0(3)-C (20)-N (2) 121.5(5)
N( 1 )-C(20) -N(2) 115.7(5) 0(4)-C (21 )-N(3) 123.7(6)
0(4)-C (21) -N(2) 119.7(5) N(3)-C(21)-N(2) 116.6(5)

1 -(p-T olylth io)-5-trim ethylsilyl-l ,3,5- 
trim ethylbiuret (3)

A  so lu tion  o f /M oly lsu lfenyl ch lo ride  (2) (1.08 g, 
6.8 m m ol) in 5 ml o f d ic h lo ro m eth an e  was added  
dropw ise w ith s tirring  at -20°C over 15 m in to  a 
so lu tion  of l,5 -b is(trim ethy lsily l)-l,3 ,5 -trim ethy l- 
b iu re t (1) (1.97 g, 6.8 m m ol) in 5 ml o f d ich lo ro 
m ethane . The so lven t was rem oved  i.v. and  the  oily 
residue was used in su b seq u en t experim en ts  w ith 
ou t fu rth e r  purifica tion .

'H  N M R  (CDC13): (3 = 0.30 (s, S i(C H 3)3), 2.42 
(s, p -H 3C C 6H 4), 2.78, 3.04, 3.09 (s, N C H 3), 7 .7 8 - 
8.13 (m , C 6H 4). -  13C N M R  (C D C 1,): -0.12 (s, 
S i(C H ,)3), 21.37 (s, / ;-H ,C C 6H 4), 29.2, 31.9, 32.4 
(s, N C H ,), 120 .14-135 .15  (m , C6H 4); 163.5, 165.2 
(s, C(:Oj).

C lsH 2SN , 0 2SSi (339.5)
C alcd C 53.06 H 7.42 N 12.38% ,
Found C 52.67 H 7.12 N 13.05%.
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2-P h en yl-2-(p-to lylth io)-l ,3 ,5-trim ethyl-l ,3,5- 
triaza-4,6-dione-2-phosphorinonium  
hexachloroantim onate (4a)

A  solution o f P hP C l2 (0.82 g, 4.6 m m ol) in 3 
ml of d ich lo rom ethane  was added  dropw ise w ith 
stirring  at -20°C over 15 min to  a so lu tion  o f 3 
(1.56 g, 4.6 m m ol) in 3 ml of d ich lo rom ethane . The 
so lvent and the vo latile by-products o f th e  rea c 
tion  w ere rem oved  i.v., and  5 ml o f d ic h lo ro m e th 
ane was added  to  the oily residue. To this so lu tion  
a so lu tion  of SbC l5 (1.4 g. 4.6 m m ol) in 5 ml of 
d ich lo rom ethane was added  dropw ise w ith s tirring  
at -60°C over 30 m in. The so lven t was rem o v ed  i.v. 
to  1/2, and the p ro d u ct was o b ta in ed  as colorless 
crystals afte r leaving the resu lting  so lu tion  at 
-20°C for 48 h. Y ield 2.87 g (88% ), m.p. >200°C .

'H  N M R  (C D ,C N ): = 2.41 (d. J (H P ) = 2.65 
Hz, p-H^CC6H 4), 2.82 (s, ((0 :)C )-> N C //,), 3.06 (d, 
3J (H P ) = 11.26 Hz, P (N C / / ,) 2), 7 .3 7 -8 .1 8  (m, 
C 6/ / 4, C6/ / 5). -  13C N M R  (C D ,C N ): 6 = 21.32 (s, 
/7-H ,C C 6H 4), 31.50 (s, ( (0 : ) C ) 2N C H 3), 32.07 (d. 
2J (C P  ) = 6.55 H z, P (N C H ,)2), 117 .81-139.89 (m, 
C6H 4, C6H .) , 145.76, 149.43 (d. 2J(C P ) = 3.70 Hz,
2.28 Hz, (C ( :0 )) .  -  31P N M R  (C D ,C N ): d =
69.0. -  FAB-M S (N B A ): m /z  (% ): 374 (100) 
[C ation]+; 91 (38) [H 3C C 6H 4]+, 77 (40) [Ph]+.

C 18H 21Cl6N , 0 2PSSb (708.9)
[C ,«H 21N 3Ö 2PS]+ (374.4)

Calcd C 30.50 H 2.99 N 5.93% ,
Found C 29.97 H 2.89 N 5 .9 0 % .

2-Phenyl-1,3,5-trim ethyl-l ,3,5-triaza-2V - 
phosphorin-4,6-dione  (6)

A  m ixture of 1 ,3 ,5-trim ethylb iuret (3.1 g, 21.4 
m m ol), P hPC l2 (3.8 g, 21.4 m m ol), and trie thy l- 
am ine (2.2 g, 21.8 m m ol) in 25 ml of to lu e n e  was 
h ea ted  with stirring  at 80°C for 3 h. T he so lven t 
w as rem oved  i.v. and  15 ml o f d iethyl e th e r  and 
15 ml of to luene w ere added  to  the residue. The 
p rec ip ita te  was filte red  off and  the so lven t w as re 
m oved from  the  filtra te  i.v. To the  residue 20 ml 
o f light petro leum  e th e r  (b.r. 3 0 -4 0 °C ) w as ad d ed  
and  the p roduct was o b ta in ed  as a slightly yellow  
am orphous substance on cooling this so lu tion  to  
-20°C. Yield 3.4 g (63% ), m.p. 6 7 -6 8 °C .

'H  N M R  (C D C L ): 6 = 3.03 (s, ( (0 : ) C ) 2N C // ,) ,  
3.18 (d, -V(HP) = 12.16 Hz. P (N C H ^ ) ,  7 .1 4 -7 .3 7  
(m . C6/ / , ) .  -  13C N M R  (C D C h ): 29.79 (s, 
((0:)C )->N C H 3), 31.02 (d, 27 (C P  ) = 6.51 Hz, 
P (N C H ,),) , 120.43-137.17 (m , Q H ,) ,  150.22 (d, 
2J(C P ) = 8.72 H z, (C ( :0 )) .-  31P N M R  (C D C 1,):
6 = 70.6.

C n H 14N 30 2P (251.2)
C alcd C 52.59 H 5.62 N 16.73%,
Found C  52.10 H 5.63 N 16.64%.

A lternate synthesis o f  2-phenyl-2-(p-tolylth io)-
1,3,5-trim ethyl-l ,3,5-triaza-4,6-dione-2- 
ph osphorinon ium  hexachloroantim onate (4a)

A  so lu tion  of p -to ly lsulfenyl ch loride (2) (0.2 g, 
1.26 m m ol) in 3 ml of d ich lo rom ethane  was added  
d ropw ise with stirring  at 0°C over 15 m in to  a so lu 
tion  o f 6 (0.3 g, 1.26 m m ol) in 3 ml o f d ich lo ro 
m e th an e . The so lvent was rem oved  i.v. and  to  the 
resid u e  5 ml of d ich lo rom ethane  was added . To 
th is so lu tion  a so lu tion  of SbC l5 (0.4 g, 1.26 m m ol) 
in 3 ml of d ich lo rom ethane  was added  dropw ise 
w ith stirring  at -60°C over 15 min. H alf o f the 
so lven t was rem oved  i.v. and  the p roduct was o b 
ta in ed  as colorless crystals on leaving the  resu lting  
so lu tion  at -20°C fo r 48 h; its physical and  sp e c tro 
scopic d a ta  w ere identical to  those of 4a o b ta in ed  
as above.

2 -P henyl-1,3,5-trim ethyl-l ,3,5-triaza-l',10-dioxa- 
8,9-perch loroben zo-2P -phosphaspiro- 
[4 .5 ]-decan-4,6-dione (7)

A  so lu tion  of P hP C l2 (1 g, 5.6 m m ol) in 5 ml of 
d ich lo ro m eth an e  was added  dropw ise w ith stirring  
at -20°C over 15 m in to  a so lu tion  o f 3 (2.2 g, 5.6 
m m ol) in 5 ml o f d ich lo rom ethane. T he solvent 
was rem oved  i.v. and  to  the oily residue 10 ml of 
to lu e n e  was added . To the resu lting  so lu tion  a so 
lu tion  of te trach lo ro o rth o b e n zo q u in o n e  (1.37 g, 
5.6 m m ol) in 5 ml of to luene was added  dropw ise 
w ith stirring  at 0°C  during  15 min. The reaction  
m ix tu re  was hea ted  for 2h at 110°C. The p roduct 
w as p rec ip ita ted  as a colorless crystalline su b 
stance  on cooling the reaction  m ix ture to  room  
te m p era tu re , and was recrystallized  from  the sam e 
so lven t. Yield 1.6 g (57% ), m.p. 159-160°C .

'H  N M R  (C D C l,): <5 = 2.92 (d. V (H P ) = 9.76 
H z, P (N C / / ,) 2), 3.34 (s, ( (O :)C ) ,N C //0 ,  7 .4 8 -7 .5 9  
(m , C 6/ / 5); 31P N M R  (CDC13): (3 = -29.5.

C 17H 14C14N , 0 4P (497.1)
C alcd C 41.08 H 2.84 N 8 .4 5 % ,
F ound C 41.23 H 2.81 N 8.53% .

X -R ay  C rystal S tru c tu re  D ete rm in atio n s

For a sum m ary of the crystal data: see Table I.
D ata collection and reduction: C rystals w ere 

m o u n te d  on glass fibres in inert oil and  tran sfe rred  
to  the  cold gas stream  of the d iffrac to m ete r (S toe 
S T A D I-4  for 4a, S iem ens P4 for 7, b o th  w ith LT-2
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low te m p e ra tu re  a ttach m en t). The cell constan ts 
for 4a w ere refined  from  ± cu angles o f 56 reflec
tions in the 26  range 2 0 -2 3 °  (m o n och rom ated  
M oK a rad ia tion ). The o rien ta tio n  m atrix  for 7 was 
refined  from  se tting  angles o f 63 reflections in the 
20  range 8 -2 5 ° .

Structure solution and refinem ent: The struc tu res 
w ere solved by d irect m ethods and  refined  aniso- 
trop ically  on f 2 (p rogram  system : SH E L X L -93, 
G .M . Sheldrick , U niversity  o f G ö ttingen ). H 
a tom s w ere included  using a riding m odel o r rigid 
m ethyl groups. The w eighting schem es w ere of the 
form  w 1 = [a2(F02) + (a P )2 + bP], w ith P  = (F02 
+ 2Fc2)/3. For 4a residual elec tron  density  was in 
te rp re te d  as half-occupied  d ich lo rom ethane  and

aceto n itrile  d iso rd ered  over the sam e region. F u r
th e r  details o f th e  s tru c tu re  d e te rm in a tio n s  have 
b een  d ep o sited  at the F ach in fo rm ationszen trum  
K arlsruhe, D -76344 E ggenste in -L eopo ldshafen . 
G erm any, from  w here this m ateria l m ay be o b 
ta in ed  on q u o tin g  the reference  num bers CSD 
404759 (4a) and  C SD  404758 (7).
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