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The 1,3-dichloro- and 1,3-dibromo-substituted title com- 
pounds 5b, c result from the condensation of triphenylphos- 
phonium-bis(trimethylsily1)methylide 1 with PC13 and PBr3. 
The chloro derivative 5b undergoes a variety of single and 
double substitution reactions, of which some have merely 
been tested and others have been made prepardtive use of. 
The substitution of one chloride by an ylidyl, dmino, phos- 
phino, or metal carbonyl group is accompanied by the spon- 
taneous dissociation of the other P-CI bond to yield the 1,3- 

diphosphetenium chlorides 14/15, 19, 31 and 36, respec- 
tively. In other cases (9, 27, 32) dissociat.ion can be achieved 
by means of a Lewis acid. Protonation of 5b occurs at the 
carbon ring members; methylation and formation of transi- 
tion metal complexes occurs at a phosphorus ring member. 
PCL3 degrades the four-membered ring of 5b or enlarges the 
ring to yield 3,5-diphosphoranediyl-l,2,4-triphospholane de- 
rivatives 39, 40, 42. 

px2 

PXZ 

px3 
SiMe, The alternating combination of the divalent units Ph3PC 

Ph3P$siMe3 ~ _ t  px3 Ph3P=( -----+ ph3p=( 
- Me,SiX 

2c, X = B r  3c, X = Br 

PXZ 
and PX (X = CI, Br) leads to a new class of oligomers, 
(Ph3PCPX),, (n = 2, 3, 4)'' The characteristic feature of 
these compounds is the easy dissociation of the PX bonds, 
with the tendency towards ionic structures increasing with 
increasing n. The four-membered cyclic dirners, 1 ;3-dihalo- 

SiMe, - Me,SiX 

1 2b, X = C I  3b, X = C I  

2,4-bis( triphenylphosphoranediy1)- 1 ,3-diphosphetanes are 
not dissociated. As will be shown here, however, their sub- 
stitution may be accompanied by dissociation. 

Halogensubstituted 1,3-Diphosphetanes 

The bis(trimethylsily1)ylide 1 reacts with phosphorus tri- 
chloride and tribromide in two separate steps lo give the 
dihalophosphino (trimethylsily1)ylides 2 and the bis(diha1o- 
phosphino)ylides 3[s.61. The chlorosubstituted diphosphe- 
lane 5b results from the slow self-condensation of 2b[1.31. 
To obtain the bromosubstituted diphosphetane 5c, the bis- 
(trimethylsily1)ylide 1 is condensed with 3~1~1.  

The latter reaction necessarily passes through an inter- 
mediate of type 4, and although the reaction leading from 
2b to 5b might instead involve an intramolecular elimi- 
nation of Me3SiC1 from 2b and thc dimerization of the re- 
sulting intermediate, it seems more likely that this reaction 
also proceeds by an intermolecular condensation and thus 
also passes through an intermediate of type 4. 

An X-ray structure analysis of 5b['l shows an almost 
planar arrangement of the four ring mcmbers and the two 
exocyclic phosphorus atoms. The two P-C1 bonds are cis to 
each othe1-1~1 and virtually eclipsed to the filled pz orbitals at 
the ylidic carbon atoms, with Cl-P-C-P dihedral angles 
of 82 and 69" for one chlorine atom and 83 and 70" for 
the other. This conformation favors charge transfer to the 

4 { - Me3SiX 

4 - Me3SiX 

X 

P 

P 
I 
X 
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Ph,P=( >PPh3 5b3 

5C, X =  Br 

antibonding orbitals of the P-CI bonds (negative hyper- 
coiijugation~*-"]) and results in extrcmely long PFCI 
bonds. of 220.4(4) and 225.1(3) pin["] as compared to 204 
pm in PCI3. 

The chemical behaviour of 5b ha5 been characterized by 
a variety or reactions. The reactions were followed and the 
products were identified by their 31P-NMR spectra. The 
data are compiled in Tables 1-3. The products were iso- 
lated from only some of the reactions. 

5b readily takes on hydrogen chloride - even uninten- 
tionally from dichloromethane used as a solvent - to give 
the hydrochloride 6b. The analogous bromo compound 6c 
has also been observed. With more HCl one of the phos- 
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phorus ring members is lost as PC13. The resulting acyclic 
dicationic chlorophosphine 7 is known as the adduct of two 
equivalents of triphenylphosphonium methylide with one of 
PC13[13]. Its formation from 5b probably follows a pathway 
similar to that discussed for the reaction of 5b with meth- 
anol (see below). It involves the opening of P-C bonds 
under the nucleophilic attack of chloride ions. If this attack 
is prevented by complexing the chloride ions with A1C13, 
the dication is conserved as tetrachloroaluminate 8. 

CI 

GI 

6b 

8 

In the absence of HCI aluminum chloride abstracts a 
chloride ion from 5b and gives (among other products) the 
1 -chloro- 1,3-diphospheteniurn tetrachloroaluininate Ya['l. 
Tin tetrachloride similarly gives 9b. 

CI 
AICI, I 
SnCl, P 

5b - Ph3P< ,>gPh3 
or P 

X- F,CS0,SiMe3 
- Me3SiCI 

9a, X =  AICI, 
9b, X=SnCI, 
9C, X = F3CSO3 

With three moles of trimethyliodosilane the PCI units of 
6b are converted to PI units, yielding the hydroiodidc 6d 
from which the 1,3-diiododiphosphetane 5d can be freed 
with triethylamine. 

I I 
I I 
P Me,Si I 

6b - Me3SiCI Ph,P< )-;Ph3 - Et3NH+ I- 7 1- I 
I 

6d 

I 

5d 

With one mole of antimony trifluoride the PCI units of 
6b are converted to PF units, yielding the hydrofluoride 6a 
of the 1,3-difluorodiphosphetane. Attempts to deprotonate 

6a with triethylamine failed due to decomposition rcac- 
tions. 

F 
I 
P 

Ph,P< k ; P h 3  
p F- 

SbF, 
6b - 

- SbCla 

F 
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Organosubstituted l,>Diphosphetanes 

1,3-Organosubstituted 2,4-bis(triphenylphosphorane- 
diyl)-l,3-diphosphetanes are accessible either by direct syn- 
thesis or by substitution reactions from 5b. As an example 
of the first route, the 1,3-diphenyl derivative 11 was pre- 
pared from the bis(ch1orophenylphosphino)ylide 10 and 
three moles of the triphenylphosphonium methylide in a 
double substitution and transylidation reaction. 

Ph 
I /PPhC' 3 Ph,P=CH, P 

f: 
Ph,P =C * Ph,P=( +PPh3 

'pphcI - 2 Ph,PCH,+ Ci- 

6h 

10 11 

The preparation of the 1,3-bis(dicyanomethyI) derivative 
12 by reaction of 5b with lithiomalodinitrile provides an 
example of the second route. The singly substituted product 
is not observed in the course of this reaction; if the reac- 
tants are used in a 1 : 1 molar ratio, half of 5b is converted 
to 12 and the other half is left unchanged. It seem that the 
substitution at P-1 enhances the substitution rate at P-3. 
With regard to those ylidylphosphorus chalcogenides which 
may be stable as m0nomers"~1, in 12 a 1,3-proton shift and 
subsequent monomerization to give a push-pull substituted 
phosphaethene 13 seemed possible but was not observed at 
room temperature. 

Y H W 2  

2 LiCH(CN), P 

5b - P W <  )=PPh3 
P - 2 LlCl 

~H(cN), 

12 

f f ,  Ph,P_7 
P = C(CN), 

13 

The reaction of 5b with the triphenylphosphonium ylides 
Ph3P=CHR (R = Me, Et) proceeds in a 1 : 2  molar ratio 
and yields the ionic monosubstitution products 14a, b, 
which thus represent examples of the spontaneous dis- 
sociation mentioned in the Introduction. Although in the 
symmetric starting compound 5b the two phosphorus ring 
members participate equally in the electron transfer from 
the ylide carbon atom9 (see the discussion of its structure), 
here the ylide substituted ring member P-1 will participate 
less and therefore will leave a greater share to P-3. This 
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renders the nature of the P-Cl bond at P-3 much the same 
as that in other known cyclic or acyclic bis(phosph0ranedi- 
yl)chlorophosphines, which all undergo spontaneous dis- 
sociation[','S 171 

ph3pYR 

14a, R=Me 
14b, R = E t  

For the same reason the addition of hexaphenyl carbodi- 
phosphorane to 5b leads to the dissociated product 15 with 
a doubly charged cation[']. 

+ 

ph3pY PPh3 

5b 

15 

Reactions of the Dichloro-1,3-diphoshetane with Amines 
Compound 5b combines the possibility of nucleophilic 

substitution at the PCl units with the basicity of the ylide 
moieties. The reactions with protic nucleophile\ (such as 
non-tertiary amines) that can be anticipated from this situ- 
ation are summarized in Scheme 1 Two equivalents of a 
non-tertiary aininc may add in steps to yield the diphos- 
phonio-1,3-diphosphetane chlorides 16 and 17['*]. Their de- 
protonation may then give the substitution products 18 and 
20 with a possibility of the monosubstituted product 18 dis- 
sociating to yield its ionic form 19"'. Direct access to the 
substitution products 18/19 and 21 can be expected from 
reaction of 5 b with trimethylsilylamines or lithium amides 
MNR2 (M = Mc,Si, Li). 
Scheme 1 

NRZ 

CI NR, 

16 17 

4 - HCI i - H C l  

y 2  
Ph3P <:% PPh, 

I 
CI 

I GI 

NRZ 

18 HNR, 20 

4 - HCI 

19 
NRZ 

21 

The examples investigated verify all the anticipated pos- 
sibilities. Thus aniline and cyclohexylainine add in two steps 
to 5b to yield the 2,4-bis(triphenylphosphonio)-l,3-diphos- 
phctane dichlorides 17a (R2 = H, Ph) and 17b (R, = H, 
ChHII) .  17a is deprotonated once by triethylamine to give 
20a (R, = H, Ph), but not a second time to reach 21a. One 
equivalent ol'diethylamine or morpholine adds to 5b to give 
16d (RL = Et,) or 16e (R, = C4HsO), respectively: with 
two equivalents of these amines compounds 19d, e are 
formed, and these add a third equivalent to give 20d, e. 
Neither 20d nor 20e is further deprotonated by triethyl- 
amine. 

Substitution of a chlorine atom in 5b with trimethyl- 
silylamines and -inlines Me3SiNR2 (R, = Me?, Et2, C4H80, 
CPh,) yield the ionic products 19c (R, = Me2), 19d (R2 = 

Et2). 19e (R2 = C4H80) and 19f (R2 = CPhz). As with 
compounds 14 and 15, the substitution at P-1 is again ac- 
companied by dissociation at P-3. An excess of the trimeth- 
ylsilylamine does not alter the product. However, disubsti- 
tuted products 21a (R2 = H, Ph) and 21 b (R2 = H, C6H11) 
are obtained from 5b with two equivalents of the respective 
lithium amides. Like for compound 12, no 1,3-proton shift 
was observed for 21a or 21b either. Such a shift could have 
led to the iminophosphanes 22 or to the diazadiphosphet- 
idines 23 as their dimers. 

P rPPh3 
21a + Ph3P=-\ + R-N< )N-R 

P=NR P 

23 Ph3P 
22 

21d (R, = El2) is obtained from 19d by the addition of 
one equivalent of lithium diethylamide. Butyllithium adds 
analogously to give the unsymmetric diphosphetane 24. 

NEt2 
I 

6 BuLi 
19d Ph,P=( )=PPh3 

P 
I 

Bu 

24 

On protonation of 19d with HBF4 the chloride ion reas- 
sociates to give 16d with BF, in place of Cl-. Methanol 
adds to 19d, yielding the mixed substituted product 25. Oxi- 
dation of 19d with selenium also causes reassociation of 
the chloride ion[*]. From the product 26 the latter can be 
abstracted again with A1Cl3 to give 27. 

Reaction of the Dichloro-l,3-diphosphetane with Methanol 

The reaction of 5b with methanol (as that with HCl, see 
above) leads to a degradation of the 1,3-diphosphetane 
ring. Trimethyl phosphite and mcthoxybis(tripheny1phos- 
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NU, 

I 

OMe 

25 

I 
CI 26 

27 

phoniomethy1)phosphane dichloride 30 are identified as 
products. 

r ?Me 1 
MeOH 

1 29 30 

This, at first unexpected, unsymmetrical ring cleavage can 
be understood by following a pathway initially analogous 
to that of Scheme 1: The addition of two moles of alcohol 
should result in a doubly ionic intermediate 28 (equivalent 
to 17, with OMe in placc of NR2). The ring of 28 may then 
open under the nucleophilic attack of a third equivalent of 
alcohol to give the intermediate 29. If its terminal P(OMe)2 
group is easicr attacked than its ccntral POMe group, the 
alcoholysis of a sccond P-C bond will consequently lead 
to 30 as the final product. The use of just two equivalents 
of methanol does not stop the reaction at thc stage of the 
intermediate, but instead leaves half of the 5b unreacted. 

Reactions of the Dichloro-1,3-diphosphetane with 
Phosphanes 

The condensation of 5 b with diphenyl(trimethylsily1)- 
phosphane. like that with trimethylsilylamines, yields an 
ionic product 31. No reaction of 5b with triphenylphos- 
phine is observed. However, with additional aluminium 
chloride the doubly charged cation in 32 is formed[',']. 

Methylation of the Dichloro-1,3-diphosphetane 

While Sb is protonated at the carbon ring mcinbcrs (see 
above), it is alkylated by methyl iodide or dimcthyl sulfate 
at a phosphorus ring member to yield 33a and 33b. uespec- 

1522 

PPh2 
I 

Me3SiPPh2 P 
5b - Ph3P< ,>-:Ph3 

P CI- - MesSiCl 

31 

+ 
PPh, 

tively. The isomeric C-methylated cation and the corre- 
sponding ethyl derivative can be achieved, however, by di- 
rect synthesis in the form of their chlorides 34a. b. Isomeri- 
zation was not observed for either 33 or 34, nor could it be 
thermally induced. 

CI 

33a, x = I 

33b, X = MeSO, 

CI 

CI CI 

3&, R = Me 

34b, R = Et 

Reactions of the Dichloro-1,3-diphosphetanc with Metal 
Carbonyls and Carbonylates 

In accord with the methylation, 1 be-metalcarbonyl frag- 
ments also add to a phosphorus ring member of 5b to give 
the complexes 35a, b. With metal carboriylates 5b un- 
dergoes a substitution reaction and, as in case of the ylidyl, 
amino, and phosphino derivatives, the products 36 prove to 
be ionic. 
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Reactions of the Chloro-1 ,Zdiphosphetane with Phosphorus 
Trichloride 

Reaction of 5b and PC13 in different molar ratios always 
gives a mixture of products. These can be understood as 
resulting from electrophilic attack of PC13 on either a car- 
bon or a phosphorus ring member. yielding the isomeric 

r 1 

J 37 L 
5b 'Cl,f 

\ 

CI 

41 + 
c; ,GI 

P - P  

Ph3P+p)= PPh, 

CI 

40 

CI 

38 

c\ ,Cl 
P - P  

Ph,P d!., ;> PPh, 

GI CI 
,p\ CI- 

39 

(and possibly tautomeric) adducts 37 and 38, which are, 
however, not observed (Scheme 2) .  Thc addition of a se- 
cond molecule of PCI? to 37 then leads back to 3b. This 
extent of this rcaction is reduced when lcss PC1, is available, 
and it can be completely avoided by lowering the tempera- 
ture. Intermediate 38 on thc other hand uiidcrgoes either an 
intramolecular redox reaction to yield 1,2;4,4-tetrachloro- 
1,2,4-triphospholanium chloride (39) or a reaction with a 
second molecule of 5 h to yield 1,2,4-trichloro-l,2,4-triphos- 
pholane (40) as the reduced part and 1.3.3-trichloro-l.3- 
diphosphctanium chloride (41) as the oxidized part. The 
latter two compounds are generally the major products and 
are found in nearly equimolar amounts. thus indicating that 
they originate from thc same reaction step. 

If the reaction of 5b and PC13 is carried out in the pres- 
ence of tin dichloride, 40 is further rcduccd to the 1.2,4- 
triphosphole salt 42. and the second half of 5h is trans- 
formed to the diphosphetenium salt 9b and is thus pro- 
tected rrom further electrophilic attack. The synthesis and 
chemistry of the bis(triphenylphosphonio)-1.2,4-triphos- 
pholide ion: such as in 42. have been described in a preced- 
ing paper[l71. 

"'P-NMR Spectra 
The 31P-NMR dala of all observed compounds are com- 

piled in Tables 1-3. The symmetry of the dihalodiphos- 
plictancs 5 is reflected by their 31P-NMR spectra, of AzCz 
spin type (see Table 1 A for the ring phosphorus atoms: C 
for the exocyclic phosphorus atoms). The dissociation of a 
P-C1 bond, the unlike substitution of the Lwo ring phos- 

Table 1. "P-NMR data of 2,4-bis(triphenylphosphorunediyl)-1.3-dipl1osphetancs 5, 11, 12, 21 (A2Cz spin systcms) and 24, 26, 35 (ABC2 spin 
systcms) and or 2,4-bis(triphenylphosphoranediyl)-l,3-diphosphetanium salts 33; 41 (ABC2 spin systems), in CH2C12 if not otherwise indicated; 

coupling constanls .I  in Hz 
R 

5b 

5bIa1 

5bLb1 

5c 
5d 
11[cJ 

21afc1 

12 

21b 

2 l d  

24 

26 

33a 
33b 
35aic1 

35b 

41 

2 2 
'BC 

2 
6, 6, 6, 'AB JAC 

cl 
c1 
CI 
Br 

I 

Ph 

CH(CN), 

PhNH 

Et,N 

Bu 

c1 
cl 
cl 
cl 
c1 

cl 

cl 
cl 
cl 
Br 

I 

Ph 

CH(CN), 
PhNH 

C6H11NH 

EtZN 

Et2N, SeLdl 

cl, Mef I- 

Cl, Mef MeSO4- 

C1, Fe(CO), 

c1, Cr(CO)5 

EtZN 

CI2+ c1- 

194.6 

189.5 

186.3 

214.7 

230.6 

72.0 

-23.5 

73.1 

65.0 

61.7 

105.6 

2 16.0 

151.2 

150.3 

177.4 

172.6 

121.6 

16.5 

16.0 

16.2 

15.5 

15.6 

14.4 

26.5 

14.4 

10.5 

10.0 

81.0 10.8 93.6 

45.0 10.8 34.6 

48.2 14.9 85.5 

48.8 15.1 89.5 

167,5 16.1 109.4 

165.6 15.2 139.6 

8.4 10.9 35.1 

51.9 

51.9 

48.3 

48.1 

44.3 

96.6 

61.1 
91.6 

95.7 

104.1 
105.8 89.5 

67.2 16.3 

42.7 12.2 

42.8 12.2 

57.0 20.3 

46.5 lY.Y 

41.2 13.1 

LA] In C6HiCl. - Ch] In  ChHh. - 
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Table 2. "P-NMR data of 2,4-bis(triphenylphosphoranediyI- 1.3-diphosphetenium salts 9, 19, 27, 36 (ABC2 spin systcins), 14, 31, 32 (ABC2E 
spin systems) and 15 (ABC,EF spin system), in CH2C1, if not otherwise indicated; coupling constants J in Hz 

R X 6, 6, 6, 6E.F 2 JAB 2 JAC 2 JBC 1'2~BE,F 3 J A E  
REF 

PB 
I 

Ph3Pc<+ >'PPh, 9a cl Ala, 407.8 P 

9b 
9c 
14a 
14b 
15 

A x- 

19c 
19d 
27 
19eLC1 

19f 
31 
32 

36aLC1 
36b 

cl 
a 
Ph3P=CMe 
Ph,F'=CEt 
(Ph,P),C? C1- 

Me2N 

Et2N 
E$N, Seb 
OC,H,N 
Ph2C=N 
Ph2P 
Ph,P+ AlCI,- 

CpFe(COI2 
CpCr(W3 

SnC1, 409.5 
TfO 413.5 
cl 350.8 
cl 343.8 
cl 370.1 

cl 372.5 
cl 372.2 
Alcl, 429.5 
cl 379.1 
cl 266.7 
CI 403.5 

AlCI, 441.7 
CJ 366.8 
a 381.3 

76.0 
75.9 
75.8 
48.4 
45.0 
0.0 

64.2 
57.5 
44.0 
60.7 
84.3 
60.6 
21.1 

1 00.8 
55.7 

19.4 
17.9 
17.1 
16.0 
16.0 
17.3 

14.4 
14.5 
14.9 
14.2 
14.2 
17.5 
19.7 
19.9 
17.2 

122.1 
120.9 
117.9 

22.2 98.6 
22.1 105.8 
24.5 119.6 
24.6 

97.6 
99.7 
38.7 
97.6 
135.3 

-1,4 81.4 
1.7 91.6 

120.1 
124.1 

50.7 32.6 
48.3 32.9 
44.7 34.0 
56.0 23.4 192.3 
57.0 24.9 206.5 
65.1 26.1 179.8 

16.81a1 
46.8 32.6 
49.3 32.1 
46.8 c 3 
48.8 32.5 
57.0 39.2 
52.9 24.5 270.6 26.4 
54.9 22.4 444.6 39.4 
57.0 18.4 
57.0 20.3 

2JkF = 54.7. - rbl '.TSep = 562.6. - In THF 

phorus atoms, the alkyladon or complexation of one of 
them, and/or the protonation of one of the ring carbon 
atoms lowers this symmetry to the spin systems indicated 
in the Table captions. The chemical shifts of the phosphorus 
ring members clearly indicate their coordination number 
and the nature of their substituents. Signals at very low 
field, i.e. between 6 = 442 and 6 = 267, are a sign of two- 
coordinate (phosphenium-type) phosphorus atoms. This 
range is followed by the ranges of halo- and amino-substi- 
tuted three-coordinate phosphorus atoms (6 = 231 -76 and 
6 = 88-7, respectively). The signals of the triphenylphos- 
phoranediyl and triphenylphosphonio groups are found in 
the narrow range 6 = 30-10; where they are both present 
in the same ion. as in compounds 6 and 34, the signal of 
the charged group is generally found at lower field. 

The two Ph3P groups in compound 15, which were intro- 
duced by the addition of a carbodiphosphorane. are not 
equivalent (signals E and F. Table 2), indicating their fixed 
endo- and exocyclic orientations. This originates from the 
pyramidal coordination of the phosphorus ring member 
and the hindered rotation of its exocyclic P-C 
The signal with the much larger coupling constant 2Jpp is 
assigned to the exo position, which is synperiplanar to the 
electron lone pair at P(I1I). 

Experimental Section 
All operations were carried out in flame-dried glassware under 

dry argon using Schlenk techniques. Tctrahydrofuran was dried by 
reflux with sodiumlbenzophenpne and distillation. Pentanc was 
dried over molecular sieve (4 A). Dry dichloromethane and bcn- 
zene were used as obtained (Fluka). Melting points were measurcd 
in sealed capillaries and are uncorrected. - NMR: JEOL GSX 270 

("P), JEOL EX 400 ('FI, "C) with Me4Si (int.) and 8 5 Y n  H3P04 
(ext.) as standards. The synthesis o f  Sb and Sc has been described 
previously ''1. 

1,3- Dichloro-2- triphrri~ilp/iosph~r~inedi~il-4- t ripiien~ll'ho.~phonio- 
1,3-d@hosp/iefune Chloride (6b): To a solution of 71 mg (0.1 mmol) 
of Sb in 0.5 ml of dichloromethane at -78"<:, 0.1 ml (0.1 mmol) 
HCl (1 M in diethyl ether) was added by a syringe. The -"P-NMR 
spe&rum showed the signals o f  6b and 7. To this solution 0.3 in1 
(0.3 mmol) of HCl was added. - jLP{'HJ NMK (CHzCI,): 8 = 

70.4 (t), 23.7 [d, 'Jpp = 50.3 HZ (7"31)], 219.3 (PC1;). 

1 -Chlo~o-2,4-bi .~i tr iph~n~~~i~os~1~iori ined~~ilJ  -1,3-diyhosi~heteniu~i 
Tetruchlororrluminate (9a): 'To a solution of 65 mg (0.1 mmol) of 
5b in 0.5 ml of dichloi-omethanc at -78°C. 20 mg (0.1 m o l )  of 
AIC13 was added. The j'P-NMR spectrum showed mainly the sig- 
nals of 9a and 8. 

1 -Chloro-2,4-bis (triphrrz~lplzosphr,vun~di~l j -  l,.i-r~~ihosphetenitrnz 
Trylate (9c): To a solution of 55 mg (0.1 mmol) of Sb in 0.5 ml of 
dichloromethane at -78 "C, 22 mg (0.1 mmol) of trimethylsilyltri- 
flate was added. The 31P-NMR spectrum showed the signals of 9c 
and 6b. 

1,3-Diiodo-2,4-bis (tripheiiJilphosyhori~edi~l) -1,3-diphosphetane 
(5d) and 1,3-Diiodo-2-triphe~~~~~iosphonio-4-frip~ieii~~~~iospl~orune- 
di~'l-1,3-dipiiosphata~zc Iodide (6d): To a solution of 0.43 g (0.63 
mmol) of Sb in 12 ml o f  dichloroinethanc at -78"C, 0.38 g (1.95 
mmol) of trimethyliodosilaiie in 3 ml o f  dichloromethane was ad- 
ded dropwise. The intially ycllow solution turned orange and an 
orange precipitate was formed. After warming to room tempera- 
ture the precipitate was filtered off and the orange solution was 
concentrated to half its original volume. The 3LP-NMR spectrum 
showed the signals of 6d. After adding 0.09 mg (0.95 mmol) of 
triethylamine, Sd separated as an orange precipitate. - Yield 320 
mg (54%), m.p. 105- 110°C (decomp.). 5d is almost insoluble in all 
usual solvents. Its jlP-NMR spectrum was observed from the fil- 

1524 Chern. Be~lRecued 19W. 130, 1519-1527 



2,4-Diphosphoranediy1- 1 ;3-diphosphetanes FULL PAPER 
Table 3. 3'P-NMR data of 2-triphenylphosphonio-4-triphenylphosphoranediyl-l,3-diphospl~~~ane ions of 6, 20,34 (A,CD spin systems) and 16, 
25 (ABCD spin systems) and 2,4-bis(triphenylphosphoni0)-1,3-diphosphetane ions of 8, 17 (A& spin systems) in CH2Cl2; coupling constants 

J in Hz 
R R 

s, 2 
JAB 

2 
JAC 

2 
JAD 

2 
JBC 

2 
JBD 

4 
JCD 

6a 

6b 
6c 
6d 
34aLaJ 
34hlb1 
16b 

16c 
16d 
16e 
16f 
20a 
20d 

20e 

25 

8 
[cl 
17a 

17h 

F 

cl 
Br 
I 
c1 

cl 
cl 
c1  

cl 
a 
cl 
P h N H  

Et2N 
OC4HgN 

OMe 

CI 

'Bu 

PhNH 

C6H11NH 

F 

a 
Br 
I 
cl 
a 
C6H11NH 

Me2N 

Et2N 
OC,H,N 
Ph2C=N 

PhNH 

E P  

EtzN 

OC4HSN 

166.9 

153.6 

162.9 

169.8 

177.8 

177.7 

157.3 

155.9 

156.8 

157.5 

182.6 

50.7 

51.7 

54.7 

129.5 

83.2 

21.4 

6.7 

7.1 

19.3 

21.0 

19.7 

19.6 
19.4 

19.3 

85.9 21.1 

88.0 21.1 

85.7 20.6 

85.9 20.9 

85.2 19.4 

18.7 

18.2 

17.1 

73.0 19.5 

22.3 

22.4 

23.5 

24.8 

29.6 

28.4 

22.1 

22.2 

22.1 

22.1 

21.2 

21.9 

23.1 

22.7 

21.3 

24.7 

21.4 

22.9 

25.1 

91.5 

92.6 

95.6 

93.6 

91.6 

72.3 

45.8 73.2 

55.2 50.6 

50.4 48.9 

45.7 51.8 
52.9 61.9 

50.9 59.0 

71.2 57.0 

73.3 54.9 

75.2 59.0 

71.2 59.0 

61.0 59.0 

81.4 59.0 

105.8 61.0 

99.7 61.0 

85.5 57.0 

61.0 

67.2 

67.2 

19.8 

13.8 

13.7 

10.7 
14.2 

14.2 
67.1 46.8 20.3 

67.1 48.8 18.3 
67.1 50.9 20.3 

69.2 48.8 19.3 
45.5 45.6 12.2 

24.5 

32.6 

28.8 
81.4 54.9 23.4 

Me in place of H. - Lb] Et in place of H. - ['I Ref.['7]. 

trate. - C38H30P412.CHZClZ (949.29): calcd. C 49.35, H 3.40; found 
C 49.55, H 3.82. 

l,3-Di~i~oro-2-triplieii~~lphosplior~io-4-tripheii~lphosphoranedi~l- 
1,3-diphosphrmnc Fluoride (6a): 0.40 g (0.57 nimol) of Sb and 0.1 
g (0.59 mmol) of SbF3 were dissolved in a mixture of 5 in1 of tetra- 
hydrofuran and 2 in1 of dichlorometlianc. At room teinpcraturc the 
initially yellow solution slowly turned orange. the "P-NMR spec- 
trum showed the signals of 6a as the main product (85%). 

1,3-Dil'henyI-2,4-hi.ri ~riphen!.lphosplioranci~i~l)  - 1,3-diphos- 
pl?erme (11): To a solution of 0.73 g (1.30 mmol) of 10 in 20 ml of 
tetrahydrofuran at room temperature, 1.08 g (3.91 mniol) of Ph$= 
CHI in 10 ml of tetrahydrofuran was added dropwise. After stirring 
for 18 h the formed precipitate was filtered off and identified as 
metliyltriphenylphosphonium chloride by N M R  spectroscopy (6 = 
22.5). From the concentrated filtrate 11 separated after 18 h as an 
orange-red precipitate. 

1,3-Bi.r~dic~~anorizetl~~~l)-2,4-bis~~~iphe~iylpl1ospliorunediyl)-l ,3- 
diphosphetam (12): To a suspension of 0.45 g (0.66 mmol) of Sb 
in 3 nil of tetrahydrofiiran at 0"C, a tetrahydrofuran solution of 
LiCH(CN)2 from 0.09 g (1.33 nimol) of CH2(CN)? and 0.83 ml 
(1.33 mmol) of n-butyllithiuni (1.6 M in hexane) was added drop- 
wise. After warming to room temperature the beige-coloured pre- 
cipitate of 12 was filtered off and identified by its 31P-NMR spec- 
trum (40% yield. not pure). 

1 - ( I  - Triphenyl~~hosphoranedi~let l i~l)  -2.4-bis/ triphenylphos- 
phorancciiylj-l,3-diphospheteniurn Chloride (14a): To a suspension 
of 0.90 g (1.32 i m o l )  of S b  in 7 nil of tetrahydrofuran. a solution 
of 0.77 g (2.65 mmol) of Ph3P=CHMe in 3 in1 of tetrahydrofuran 
was added dropwise. After stirring at room ternpcrature the precipi- 
tate formed was separated and identified by 31P-NMR spec- 
troscopy as a mixture of 14a and ethyltripheiiylphosphonium chlo- 
ride. Recrystallization from dichloromcthanelpentane gave pure 
14a as the second fraction. - Yield 385 mg (28%), ni.p. 165'C 
(decomp.) - 'H  NMR (CD2CI,), 1-substituent: 6 = 1.75 (dd, 
3JpH = 3.9, 14.7 Hz, 3H, Me). 7.53 (m. 6H. o-H). 7.43 (m, 6H, ni- 
H), 7.75 (m, 3H, p-H); 2.4-substituents: 6 = 7.59 (m. 12H, m-H), 
7.82 (m, 18H. o-, p-H). - Cj8H4,CIP5.0.5 CHZCIZ (977.81): calcd. 
C 71.18, H 5.05; found C 71.53. H 5.32. 

1 - / I  - Triphm?, lphosphoran~di~lprop~l~-2 ,4-b is (  tviphenylphos- 
phoriineclijdj -1,S-d~~ho.~~~hetenMiurn Clilorick (1 4b): To a suspension 
of 0.73 g (1.18 mmol) of 5h in 7 ml of tetrahydrofuran, 0.72 g 
(2.36 mmol) of Ph,P=CHEt in 5 ml of tetrahydrofuran was added 
dropwise. According to its 3'P-NMR spectrum the precipitate was 
a mixture of propyltriphenylphosphonitini chloridc (6 = 24.9) 
and 14b. 

1 - i I - Triphenylphasphor~~nedi~ltriplien~~lphosphonionieth~~l) -2,4- 
b i s i t r i p h ~ ~ ~ l p h o s p h o r ~ ~ n ~ ~ i ? l i j - 1 , 3 i u n i  Diddoride (15): 
To a suspension of 0.34 g (0.5 mmol) of 5b in 5 ml of dichloro- 
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methane at O T ,  0.34 g (0.6 mmol) of (Ph.3P),C in 5 ml of dichloro- 
methane was added dropwise. The 31P-NMR spectrum of the solu- 
tion showed the signals of 1Sb together with that of (Ph3P)&Hf 
(6 = 21.1). 

I ,3-Bis (unilinoj -2.4-hisf triphe Iphosphon io ) - I,.? -ch$o,yphe tone 
DitAlori(kJ ( I  7a) and I ,3- Bi.s( LI o)  -2-triplien,l;lphospli(~nio-4- tri- 
phmn~~lphosphorunedi~i-I ,3-d~3ho.~plzrt~irie Cliloride (20a): 'lo a solu- 
tion or62 mg (0.18 mniol) of Sb in 0.5 ml of dichloromcthane, 17 
ing (0.18 mniol) of aniline was added. The "P-NMR spectrum 
showed the signals of 17a and after adding 43 mg (0.43 mmol) of 
triethylamine those of 20a as the main product. 

1.3-Bis (anilino J -2.4-his (triphenytpiiosplioraiie~li~~l~ -1 ,.I-diphos- 
phctnne (2laj: To a solution of' 20 mg (0.21 mmol) of aniline in 2 
in1 of tetrahydrofuran at DOC, 0.14 ml (0.21 miiiol) of a 1.6 M solu- 
tion of n-BuLi in hexane was added. Aftcr stirring for 30 inin this 
solution was added dropwise to a suspcnsion of 72 nig (0.1 1 inmol) 
of 5b in 5 ml of tetrahydrofuran. After 3 h the solution was filtcred 
and concentrated in vacuo. Its "P-NMR spectrum showed the sig- 
nals of 21a as the main product. 

I,3-Bisl c ,~~c lohe .~~ lar i i i r1o ) -2 .4 -h i~s[~r~~ im~i~~hospho~ i io ) - l . 3 -d i -  
phosphetane Uichloride (17b): To a solution 01 51 mg (0.08 mmol) 
of 5b in dichloromethane, 14 mg (0.15 mmol) of cyclohexylamine 
was added. Its "P-NMK spectrum showed the signals of 17b. 

I,J-Bis( cyc.lohe.uylamino ~-2,4-bis j t i .~~h~r~y~1kospho~ariedi ,~l j  -1,3- 
diphosphetane (21b) and I-C~rlohe,~~~lurriino-3-LI7lnro-2-triplien~~l- 
p i io .~phonio-4- t r ipheny~~io~p~ior~1iedi :~-~ ,3-d ip~~os~~~~eta ize  Chloride 
(16b): To a solution of0.26 g (2.6 mmol) of cyclohexylamine in 10 
nil of tetrahydrofuran at 0°C. 1.59 ml (2.6 nimol) of'a 1.6 hz solu- 
tion of n-BuLi in hexane was added. After stirring for 30 min the 
resulting red solution was added dropwise at 0°C to a suspension 
of 0.90 g ( 1  3 0  mmol) of Sb in 6 ml of tetrahydrofuran. Aner stir- 
ring for 20 h all volatiles were removed in vacuo. The "P-NMR 
spectrum of the residue showed [he signals of 21 b (45%) and 16b 
(20'34,). 

I - ~ i m e f l i ~ ~ l u i n i n o - 2 . 4 - b i s ~ t ~ ~ ~ i h e ~ z y ~ ~ h o s p ~ i o r a i ~ e d i ~ ~ ~  - I  ,3-tliphos- 
phefeniunz Chk~r-itl (19c): To a solution 01 45 mg (0.07 mmoli of 
5b in 0.5 ml of  dichloromethane, 8 mg (0.07 minol) of N-trimethyl- 
silyldimethylamine was added. The 31P-NMR spectrum of the or- 
ange solution shows the signals of 19c as the main product. 

I -Dirtli~vlatni~io-2.4-hi.r ( t r i p h e i i , ~ l ~ ~ h o . ~ p l i o r a i i e d i ~ l ~  - I  .3-dI j)hO.S- 
phetenium Chloride (19d): To a suspension of 0.82 g (1.2 mmol) of 
5b in 10 in1 of dichloromethane, 0.2 g (1.5 mmol) of Me3SiNEtZ 
was addcd. After I h all volatiles were removed in vacuo. The 31P- 
N M R  spectrum o f  the residue showed the signals of 19d. 

I - Cii1or~i-3-inor~iholiii~1-2-iri~~lirnyl~~hospiionio-4- triphrnylphos- 
phorane~iyl-l,3-~iphosphetune Chloride (16e) and 1.3-Bis- 
jmorpholino ) -2 - t r i~~herry lphospkon io -4 - t r ip l~en~~p l tos~~~1~rr i i~e -  
cii?~l)-1,3-dipiiosphetn1ie Chloride (20e): To a solution of 49 mg (0.07 
mmol) 01 Sb in 0.5 nil of dichloromethane, 7 mg (0.07 mmol) of 
morpholine was added. The 31P-NMR spectrum of the orange 
solution showed the signals of 16e. The same solution with 64 nig 
(0.73 mmol) of morpholinc gave the signals of 20e. 

1 -~2ilor~iholino-2,4-bis( triphen~~lphosplioruiictliyl/ - I  ,.I-diphos- 
pliefrnizini Chloride (19e): To a solution of 1.44 (2.11 mmol) of 5b 
in dichloromcthanc, 0.65 g (4.20 nimol) of i2'-trimettiylsilylmorph- 
oline was added dropwise. After stirring for 18 h all volatiles were 
removed in wcuo and the residue was recrystallized from a 1 : 1 
mixture of benzene and dichloromethaae. - Yield 1.14 g (74%) 
orange crystal$ 1n.p. 197-201 "C (decomp.) - 'H NMR (CHZCl2I 
C6D6, 4: 1): 6 = 7.88 (in, lXH, o-,p-H). 7.79 (m. 12H, m-H), 5.33 
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(CH2CI2). 3.23 (m, 4H, OCH,), 2.73 (ni, 4H, NCHL). - 13C('II) 
NMR (CDZC'12): 6 = 133.8 (m, o-C), 133.3 (m, p-C), 129.7 (m, in- 
C ) ,  124.9 (m: i-C), 109.1 (m, 2,4-C). 66.9 (in. G O ) .  46.9 (m, 
C-N), 54.1 (q. CD2Cl2). - C42H1xCINOP4 (732.12): calcd. C 
68.90. H 5.23, N 1.91; found C 68.12, H 5.28, N 1.87. 

I - C/iloro-3-henzophenonirniwo-2-triplietz.vl~~lzo.sphonio-4-tripkeiiyl- 
phospko~ i ined i~ l -1 ,3 -~ l~ i io~~p~i~~ iune  Cliloride (160: To a solution of 
71 nig (0.10 mmol) of 5b in 0.5 ml ofdichloronicthane, 40 mg (0.21 
mmol) of benrophenonc iniine was added. Its "P-NMR spcctruni 
showed 16f as the main product. 

I - Bcn~opker1or~Bni1ro-2,4-hi.r ( fri()lien~~Iphospiioranediylj -1,3-di- 
phospheteniuni Chloride (19f): To a solution of 0.45 g (0.65 mmol) 
of Sb in 6 ml of tetrahydrofuran. 0.1 2 g (0.65 mmol) of N-lrimethyl- 
silylbeiizophenone iiniiie was added dropwise. After 2 h the solu- 
tion was filtered and concentrated to a third 01 its initial volume. 
Its 31P-NMR spectrum showed the signals of 19f. 

1 -Dietlz)~lainino-3-birt~~l-2,4-bis( tr~)hen?.~)ho.sphoraneu'iyll- I,.?-di- 
plJUSphPfaliP (24): To a suspcnsion of 55 mg (0.1 mmol) of 19d in 
0.5 nil of tetrahydrofuran at -78"C, 48 pl (0.1 mmol) of a 1.6 hi 

solution or n-BuJ,i in hexaiie was addcd. The 31P-NMR spectrum 
showed 24 as the main product. 

I - ~ieiii~~lnini1io-3-:?zetho~-~~-_7- triphen~~l~~liosplioizio-4- tripherzyl- 
pizos~~horcmedi~l--1,3-d~ho.sphefui~e Chloride (25): To a solution of 
79 mg (0.1 mmol) of 19d in 0.5 mi ofdichloromethane at -78"C, 
3 mg (0.1 mmol) of inethanol was added. Its "P-NMR spectrum 
showed the signals o f  19d and 25. 

1 -Dieth:lamino-I-srleno~o-3-chloro-2,  4-biLs( triphcnylphos- 
phoranediyl)  -1,3-di~)liosphetnne (26) and I-Uieth,l;lamiiio-l-se- 
i~no.co-2.4-bis(triphen~lphosphorane~~i~l)-1,3-d~liosphetenii1m Tetizl- 
chloroulntninate (27): To a solution of 132 mg (0.2 mmol) of 19d 
in 0.5 nil of dichloromethane, 15 ing (0.2 nimol) of selcnium was 
added. Its ?'P-NMR spectrum showed the signals of 26 and. after 
addition of 38 mg (0.3 mmol) of AICI; those of 27. 

I -Diphen~~I~~hosplii~io-2.4-bi.r~tr.ip~iei?j~J?IpIiosphoruncdi~,I) - I  ,3-di- 
pkosphetc~iiiwm Chloride (31): To a solution of 0.40 g (0.59 mmol) 
of5b  in 4 in1 of dichloromethane. 0.15 g (0.59 mmol) of Ph2PSiMc3 
was added dropwise. The "P-NMR spectrum of the orange solu- 
tion showed the signals of 31. 

1 - Tri~il1c~tiylpho.r~~lionio-2.4-his ( i r ~ l i m i i y l p l i o s ~ h o r u i ~ i ~ ~ i ~ ~ l )  - I  ,3- 
diplio.spht~etiizim Tetrrcclilorouliiti~iii~il~ (32): To a solution of 73 mg 
(0.1 nimol) of 5b in 0.5 in1 dichloromethane at -78"C, 74 mg (0.5 
mmol) of AlCl, and 54 ing (0.2 mmol) of Ph3P were added. Its 31P- 
NMR spectrum showed 32 as the main product. 

1.3-Didiloro- I -metli~l-2,4-bisjtriphen)~l~~liosp'hornnerliLI) -1.3- 
dipho.\plietaiiiitrli Iodide (33a): To a solution of 86 mg (0.13 mmol) 
of 5b in 0.5 in1 of dichloromethane, 18 mg 0.13 mmol) of methyl 
iodide was added. The "P-NMR spectrum recorded after 1 h 
showed the signals of 33a. 

I ,3- Diclzloro-I-nieth~l-2,4- h i s ~ t r i p h r i i ~ ~ l p h o s p h o r a ~ i ~ ~ d i ~ l ~  - I  .3- 
d~)ho.sl)l?e/imiur?z Metliylsulfirte (33b): To a solution of 80 mg (0.12 
mmol) of 5b in 0.5 ml of dichloroniethanc, 7.4 nig (0.06 mmol) of 
Me2S04 was added. Its 31P-NMR spectrum showed the signals of 
33b (500/;#) and 6b (SOU/;>). 

1,3- Dichloro-2-metliyl-2- t r i~~hen~lp / io .~plzo~i io-4- t r ip l~en~lp l i i~s-  
pho~unediyl-l,3-diphos~~~ieta1ie C'liloride (34a): To a solution of 0.52 
g (1.09 mmol) of 3b in 10 nil of tctrahydrofuran, 0.40 g (1 .09 nimol) 
of Ph3P=C(Me)SiMe3 in 2 nil of tetrahydrofuran was added drop- 
wise. After stirring for 18 h thc yellow precipitate formed was lil- 
tered off and recrystallized from a 1 : 1 mixture of tetrahydrofuran 
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and dichloromethane. - Yield 590 nig (74%)). m.p. 140°C (dc- 
comp.) 

1 ,3 -Dich loro -2 -e t l~~ l -2 - t r iphen~~lphosp~ ior1 i~ -4 - t r~p l~rn~~ lp l t~ , s -  
phorar ie~~i~l -1 ,3-d~ho~pl t r ta i~e  Chloride (34b): To a solution of 0.59 
g (1.23 mmolj of 3 b in 13 ml of tetrahydrofuran, 0.46 g (1.23 mniol) 
of Ph3P=C(Et)SiMe3 in 2 in1 of tetrahydrofuran was added drop- 
wisc. After stirring for 19 h the yellow precipitate formed was fil- 
tercd off and recrystallized from a l : l mixture of tetrahydrofuran 
and dichloromethane. - Yield 746 mg (81%). 1n.p. 15X"C (de- 
coinp.) - C40H35C13P, 0.25 CH2C12 (767.21): calcd. C 63.01. H 
4.66; found C 62.98. H 5.07. 

1,3-Dicliloro-2,4-bis(tr.iphe11~~lpho.s~hora1tedi~l) - 1,3-diphosphetone 
Irontrtrocurbonyl (3Sa): 0.83 g (1.21 mmol) of Sb and 0.44 (1.21 
mmol) of F C ~ ( C O ) ~  werc stirred in 15 ml of tetrahydrofuran. After 
17 h the solution was filtered and evaporatcd in vacuo. The j 'P- 
NMK spectrum of the residue showed 35a as the main product. 

1,3-Dicl1loro-2.4-bis(triphe11y~l~o.~~l1oranedi~l j - I  ,3-il~?ho.sp:pheturir 
C/1r~11iiu1~ipe~itociirboizyl (3Sb): To a suspension of 0.56 g (0.82 
nimol) of Sb in 5 nil of tetrahydrofuran, 13 nil of a 0.07 M solution 
of Cr(CO)5 THF in tetrahydrofuran was added. A 3'P-NMR spec- 
lrum of thc solution. recorded after filtration, showed 3Sb as the 
main product. 

1 - ( Cyclopenfadieiiyldicarbon?;liroiz) -2.4-bisi triphenylphos- 
p h ~ u u n r d i ~ l j - l , 3 - d i ~ l 1 o s ~ ~ l ~ ~ t e 1 ~ i ~ ~ n i  Chloride (36a): To a suspension 
of 0.59 g (0.86 mniol) of Sb in 10 ml of tctrahydrofuran at 0°C. 10 
ml of a 0.086 h.z solution of Na/KFc(CO)2Cp in tctrahydrofuran 
was added dropwise. The solution turned dark rcd and a precipitate 
formed. After stirring for I h at 0°C thc rcaction mixture was 
warmed to room temperature and the precipitatc filtcrcd off. Its 
"P-NMR spectrum showed broad signals of 36a (80%). 

I - (C~~cloyenfad~e~1~ltric~rbotz);lcilrol.n~ur?.1~-2,4-~~i.s( tri~~hrtiylphos- 
phoraner~i~l)-l,3-d~hosphctcniuni C77iloridc (36b): To a suspension 
of 0.35 g (0.52 imo l )  of S b  in 5 ml of tetrahydrofuran, 0.19 g 
(0.85 mniol) of NaCr(CO)3Cp in tctrahydrofuran was addcd. After 
stirring for 18 h the solution was reduced to half its initial volume 
and pentane was added. After 14 h black crystals of 36b had sepa- 
rated. 

Reortion of Sb  with Mcthunol: To a solution of 57 mg (0.08 
mmol) of Sb  in 0.5 ml of dichloromethane at O'C, 10 mg (0.33 
mmol) of methanol was added and the "P{'H{-NMR spectrum 
was recorded: 6 = 141.5 [s. 45Y0, P(0Me)3], 113.4 (t), 22.0 [d, 

Reaction of 5b with Phosphorus Trichbride: To a solution of 5b 
in 0.5 ml of dichloromethanc (first case) or a 1 : 1 mixture of di- 
chloromethane and benzene (other cases). PC13 was added. 
Amounts, conditions and observed results as taken lironi the "P- 
N M R  spectra are given in the Table below. - 31P N M R :  3bl5l; 39 
(AA'BCC', simulated by LAOCOON 5L2O]), SA = 121.6 (1,2-P), 

'JAC = 92.4, 3JAc. = -7.0, 'JBc = 70.2 Hz; 40'"': 41 (Table 1 ) .  
To a solution of 76 nig (0.11 mmol) of Sb and 2 I mg (0.1 1 mmol) 

of SnC12 in 0.5 ml of dichloroinethanc, 15 mg (0.1 1 nimol) of PCI, 

2Jpp = 50.8 HZ (30, SS'Yo)]. 

6 B  = 82.4 (4-P). 6c = 19.8 (PPh?), 'JAll, = -260.5, ' J A R  = 52.9. 

5b PC13 molar temp. time resulting molar percentage 
(mg) (mg) ratio [ T I  [h] PC1, 3b 39 40 41 

PCIJSb 

130 26 1 0-25 1 23 0 17 30 30 
14 15 1 50 48 15 27 6 24 28 
98 10 0.5 50 1 0 0 5 44 40 
90 10 0.5 50 48 4 4 8 39 36 

w a s  added. The "P-NMR spectrum showed mainly thc signals of 
42'"l (35%) and 9b (4O0L1). 

['I A .  Schmidpeter. G. Jochcni. M. Thiele, Plioqihoru.r Stl(fzrr Sili- 

A. Schmidpeter: H.-P. Schrodel, G. Jochem, Phosphorus Sulfur. 
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