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P—Cl bond dissociation

The 1,3-dichloro- and 1,3-dibromo-substituted title com-
pounds 3b, c result from the condensation of triphenylphos-
phonium-bis(trimethylsilyl)inethylide 1 with PCl; and PBr,.
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 preparative use of.
The substitution of one chloride by an ylidyl, amino, phos-
phino, or metal carbonyl group is accompanied by the spon-
taneous dissociation of the other P—CI bond to vield the 1,3-

diphosphetenium chlorides 14/15, 19, 31 and 36, respec-
tively. In other cases {9, 27, 32) dissociation 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.
PCl; degrades the four-membered ring of 5b or enlarges the
ring to yield 3,5-diphosphoranediyl-1,2,4-triphospholane de-
rivatives 39, 40, 42.

The alternating combination of the divalent units Ph,PC
and PX (X = Cl, Br) leads to a new class of oligomers,
(PhsPCPX),, (n = 2, 3, 4)!' 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 dimers, 1,3-dihalo-
2.4-bis(triphenylphosphoranediyl)-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(trimethylsilyl}ylide 1 reacts with phosphorus tri-
chloride and tribromide in lwo separate steps to give the
dihalophosphino (trimethylsilyl)ylides 2 and the bis(dihalo-
phosphino)ylides 3%l The chlorosubstituted diphosphe-
tane 5b results from the slow self-condensation of 2bit:3L.
To obtain the bromosubstituted diphosphetane 5S¢, the bis-
(trimethylsilylyylide 1 is condensed with 3¢l

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 Me;SiCl from 2b and the 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 5bFl shows an almost
planar arrangement of the four ring members and the two
exocyclic phosphorus atoms. The two P—Cl bonds are cis to
each other” and virtually eclipsed to the filled p, orbitals at
the ylidic carbon atoms, with C1—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
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antibonding orbitals of the P—Cl bonds (negative hyper-
conjugation® ="y and results in extremely long P—Cl
bonds, of 220.4(4) and 225.1(3) pmH?! as compared to 204
pm in PCls.

The chemical behaviour of 5b has been characterized by
a variety of reactions. The reactions were followed and the
products were identified by their *'P-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 HCI one of the phos-
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phorus ring members is lost as PCl;. The resulting acyclic
dicationic chlorophosphine 7 is known as the adduct of two
equivalents of triphenylphosphonium methylide with one of
PC1,*31. Tts 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 AlCl;,
the dication is conserved as tetrachloroaluminate 8.

cl
b

HCH +

5b — » Ph3P=< >—PPh3

f crr
cl
6b

3 HCl

—_— + +

—PCly  php” P PPh,
|
¢ o
7
cl

2 HCI ;,

2 AICI * +

5p 2@ PhaP—< >—PPh3

P .
| (ACL),
cl
8

In the absence of HCI aluminum chloride abstracts a
chloride ion from 5b and gives (among other products) the
1-chloro-1,3-diphosphetenium tetrachloroaluminate 9af*.
Tin tetrachloride similarly gives 9b.

ALCI; ¢
SnCly P .
5b —» Pnp=x >—PPn
or P/ _ °

F,CS0,51Ma; X

— Me,SiCl
9a, X=ACl,
9b, X = SnClg
9¢, X=F4C80,

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

i
| )
P P

MegSi | + EtN
— PP >— 8, pnp=x D=prn
b e M p PPla —Enmr - °
P! |
[ [
6d 5d

With one mole of antimony trifluoride the PCI units ol
6b are converted to PF units, yielding the hydrofluoride 6a
of the 1,3-difluorodiphosphetane. Attempts to deprotonate
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6a with triethylamine failed due to decomposition reac-
tions.

1
P
SbF, +
6b ———— 350 PhyP =< . >—F;:n3
I
F
6a

Organosubstituted 1,3-Diphosphetanes

1,3-Organosubstituted 2,4-bis(triphenylphosphorane-
diyl)-1,3-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(chlorophenylphosphino)ylide 10 and
three moles of the triphenylphosphonium methylide in a
double substitution and transylidation reaction.

Ph
|
PPhCI B
3 PhyP=CH,
PheP =C PhsP = >—Pen,
ppncl |~ 2 PhaPCHS" Gl ’
Ph
10 11

The preparation of the 1,3-bis(dicyanomethyl) 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, hall of 5b is converted
to 12 and the other half is left unchanged. It seems that the
substitution at P-1 enhances the substitution rate at P-3.
With regard to those ylidylphosphorus chalcogenides which
may be stable as monomers'4l 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.

CHI(CN),
|
2 LiCH(CN), P
_— PhsP P
S s ‘__<P>=P hs
{
CH(CN),
12
_7L7L, PhgP —\
P =C(CN),
13

The reaction of 5b with the triphenylphosphonium ylides
Ph;P=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 cqually in the electron transfer from
the ylide carbon atoms (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(phosphoranedi-
yl)chlorophosphines, which all undergo spontaneous dis-
sociation[l-13- 171,

YR

P
N
PhyP :_—< />— PPhy
P o

14a, R=Me
14b, R=FEt

PhgP

2 PhyP=CHR
e ——————ee .
—PhsPCH,R* CI”

For the same reason the addition of hexaphenyl carbodi-
phosphorane to 5b leads to the dissociated product 15 with
a doubly charged cation!!,

' +
PhyP . PPh,
T
Phop == >—Bpn, (C17),
P

15

(PhgP),C
5b —

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 nucleophiles (such as
non-tertiary amines) that can be anticipated from this situ-
ation are summarized in Scheme 1. Two equivalents of a
non-tertiary amine may add in steps to yield the diphos-
phonio-1,3-diphosphetane chlorides 16 and 17!8). 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 5b with trimethylsilylamines or lithium amides
MNR, (M = Me;Si, Li).

Scheme 1
NR, NR;
|
HNR P + HNR + P +
5b 2, PhyP :_—< >_ PPh; ——2» PhsP —<P>— PPhg
T or R
ct NR,
MNR, 16 17
—McCl l—HCI L—HCI
NR, NR,
| |
P P,
PhyP = = PPh, Phyp =< >—FPh,
P P -
I | a
cl NR,
18 HNR, 20
‘ T / l —Hol
NR, "“Rz
|
P MNR P
+ 2
PhgP :_<P/>— PPhy  — = PP :<P>: PPh,
clI~ I
NR,
19 21
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The examples investigated verify all the anticipated pos-
sibilities. Thus aniline and cyclohexylamine add in two steps
to 5b to yield the 2,4-bis(triphenylphosphonio)-1,3-diphos-
phetane dichlorides 17a (R, = H, Ph) and 17b (R, = H,
CqHy1). 17a is deprotonated once by triethylamine to give
20a (R, = H, Ph), but not a second time to reach 21a. One
equivalent of diethylamine or morpholine adds to 5b to give
16d (R, = Et,) or 16e (R, = C,Hz0), 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 -imines Me;SINR, (R, = Me,, Et,, C,H;O,
CPh,) yield the ionic products 19¢ (R, = Me,), 19d (R, =
Et,), 19¢ (R, = C4HgO) and 19f (R, = CPh,). 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 (R, = H, Ph) and 21b (R, = H, C;H )
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.

|//PPh3
/P\

21a #» Ph3P=\P__NR #» H_N\P/N_H
/J

2 PhsP™ o3

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

NEt,
|
R N4 .
1 ~Tc s :<P>: ha
)
Bu
24

On protonation of 19d with HBF, the chloride ion reas-
soclates 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?l, From the product 26 the latter can be
abstracted again with AlCl; to give 27.

Reaction of the Dichloro-1,3-diphosphetane with Methanol

The reaction of 5b with methanol (as that with HCI, see
above) leads to a degradation of the 1,3-diphosphetane
ring. Trimethyl phosphite and methoxybis(triphenylphos-
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NEY,
b
MeOH +
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PToor
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phoniomethyl)phosphane dichloride 30 are identified as
products.

OMe
|
2 MeOH + + MeOH
5b — | PhyP PPhy | —
T (CI),
OMe
28
P(OMe);
MeOH
+ + + +
Phgp” NP PRy | —— PP P RPN,
| . - P{OMe), ! .
OMs  (CI7), OMe (CI),
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 place of NR;). 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),
group is easicr attacked than its central POMe group, the
alcoholysis of a second 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 the stage of the
intermediate, but instead leaves half of the Sb unreacted.

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

The condensation of 5b with diphenyl(trimethylsilyl)-
phosphane, like that with trimethylsilylamines, yields an
ionic product 31. No reaction of §b 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 5b is protonated at the carbon ring members (see
above), it is alkylated by methyl iodide or dimethyl sulfate
at a phosphorus ring member to yield 33a and 33b, respec-
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tively. The isomeric C-methylated cation and the corre-
sponding ethy] 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.

Cl
b
MeX +
5b —_— PhsP =< />— PPhy
P
N -
Ms o X
33a, X=1
33b, X =MeSO,
ci
{
/R P R
3b + PhgP=C —_— Ph3P=< ><+
\SiMeS - Meg;SiCl T PPh,
cr Ccrr
34a, R =Me
34b, R=FEt

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

In accord with the methylation, 16e-metalcarbonyl frag-
ments also add to a phosphorus ring member of 5b to give
the complexes 35a, b. With metal carbonylates 5b un-
dergoes a substitution reaction and, as in case of the ylidyl,
amino, and phosphino derivatives, the products 36 prove to
be 1onic.

Fe,(COlq ¢
gy CTEOTH e :<P>= -
c(P\\M(CO)n
35a, M(CO), = Fe(CO),
35b, M(CO), = Cr(CO)
NaFeCp(COJ, MCp(CO),
5 NaCrCp(CO), . :/\P/>_;Ph3
Poar

36a, MCp(CO), = FeCp(CO),
36b, MCp(CO), = CrCp(CO);
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Reactions of the Chloro-1,2-diphosphetane with Phosphorus
Trichloride

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

2 3b PCly )Pi'z /'Zz
Php? P PPh,
|
cl
PCly L a7
5b {
oo o
p—p-Cl
PhP :( )— PP,
Poor
cl
¢ :
-] N 38
PhyP = >—PPh,
o _
/\ o 5b
¢l cl / l
41
N
cl cl q g
Yeop P—-P
PhyP :k ): PPhg PhgP =4 /)— PPhy
P N
|
& o o
40 39

(and possibly tautomeric) adducts 37 and 38, which are,
however, not observed (Scheme 2). The addition of a se-
cond molecule of PCly to 37 then leads back to 3b. This
extent of this reaction is reduced when less PCly is available,
and it can be completely avoided by lowering the tempera-
ture. Intermediate 38 on the other hand undcrgoes 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 5b to yield 1,2.4-trichloro-1,2,4-triphos-
pholane (40) as the reduced part and 1,3,3-trichloro-1,3-
diphosphetanium 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 PCl, is carried out in the pres-
ence of tin dichloride, 40 is further reduced to the 1,2,4-
triphosphole salt 42, and the second half of 5b is trans-
formed to the diphosphetenium salt 9b and is thus pro-
tected [rom 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!’l.

3P.NMR Spectra

The 3'P-NMR dala of all observed compounds are com-
piled in Tables 1-3. The symmetry of the dihalodiphos-
phetancs 5 is reflected by their >'P-NMR spectra, of A,C,
spin type (see Table 1; A for the ring phosphorus atoms, C
for the exocyclic phosphorus atoms). The dissociation of a
P—Cl bond, the unlike substitution of the Lwo ring phos-

Table 1. 3'P-NMR data of 2,4-bis(triphenylphosphoranediyl)-1,3-diphosphetancs 5, 11, 12, 21 (A;C; spin systems) and 24, 26, 35 (ABCZ spin
systems) and of 2,4-bis(triphenylphosphoranediyl)-1,3-diphosphetanium salts 33, 41 (ABC spin systems), in CH5Cl, if not otherwise indicated;
coupling constants .7 in Hz

R

s R(Py)  R(Pp) By 8 8 Vas  Mac  Use
PhaPC:<P/EC Frms bl cl 194.6 16.5 519
F',A splal cl 189.5 16.0 51.9

sl o cl 186.3 16.2 483
Sc Br Br 214.7 15.5 48.1
5d I I 230.6 15.6 443
1 pn Ph 72.0 144 96.6
12 CH(CN),  CH(CN), 235 26.5 61.1
21afl  PrNH PhNH 73.1 14.4 91.6
21b CeHyNH  CgH,|NH 65.0 105 95.7
21d Et,N EL,N 61.7 10.0 104.1
24 Bu EL,N 105.6 810 108 936 105.8 89.5
26 a Ef,N, Seld! 216.0 450 108 346 672 16.3
33a a Cl Me* I~ 151.2 482 149 855 427 122
33b a Cl, Mc* MeSO,~  150.3 488 151 895 428 122
3sald Cl, Fe(CO), 1774 1675 161 1094 570 203
35b a Cl, Cr(CO)s 1726 165.6 152 1396 465 199
41 cl cLt ar- 121.6 8.4 109 351 412 13.1

sl In C4HsCl. — ) In C;H,,. — 1 In THE. — [ g p = 710.0.
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Table 2. *'P-NMR data of 2,4-bis(triphenylphosphoranediyl-1,3
spin systems) and 15 (ABC

-diphosphetenium salts 9, 19, 27, 36 (ABC; spin systems), 14, 31, 32 (ABC,E

2EF spin system), in CH,Cl, if not otherwise indicated; coupling constants J in Hz

EF
. EB i R X 8a 8 b B Vap Mac Tme "Mpr Vae
PhaF :<;>= PPhs 9a Q AICl, 4078 760 194 1221 507 326
Aox % a SnCly 4095 759 179 1209 483 329
9c cl TIO 4135 758 171 1179 447 340
142 Ph,P=CMe a 3508 484 160 222 986 560 234 1923
146 Ph;P=CEt a 3438 450 160 221 1058 570 249 2065
15 PhyP),Ct CI- 370.1 00 173 245 1196 651 261 1798
24.6 16.8%!
19  Me,N a 3725 642 144 97.6 468 326
19d  EpN a 3722 575 145 997 493 321
27 EpN, Se® AICl, 4295 40 149 387 468 <3
19¢/  OC,HgN a 3791 607 142 97.6 488 325
19f  Ph,C=N a 2667 843 142 1353 570 392
31 Ph,P a 4035 606 175 -4 814 529 245 2706 264
32 PhP* AICL,~  AICL, 4417 211 197 17 916 549 224 4446 394
36al®  CpFe(CO), cl 366.8 100.8  19.9 1201 570 184
36b  CpCr(CO), Cl 813 557 172 1241 570 203

[ 27 0 = 54.7. — Pl L o = 562.6. — ] In THF.

phorus atoms, the alkylation 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 mcmbers clearly indicate their coordination number
and the nature of their substituents. Signals at very low
field, i.e. between 8 = 442 and & = 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
5 = 88—7, respectively). The signals of the triphenylphos-
phoranediyl and triphenylphosphonio groups are found in
the narrow range & = 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 Ph;P 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 bond !,
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(I1T).

Experimental Section

All operations were carried out in flame-dried glassware under
dry argon using Schlenk techniques. Tetrahydrofuran was dried by
reflux with sodium/benzophenone and distillation. Pentane was
dried over molecular sieve (4 A) Dry dichloromethane and ben-
zene were used as obtained (Fluka). Melting points were measured
in sealed capillaries and are uncorrected. — NMR: JEOL GSX 270
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(*'P), JEOL EX 400 ('H, '*C) with Me,Si (int.) and 85% H3PO,
(exl.) as standards. The synthesis of 5b and 5¢ has been described
previouslyFl.

1,3-Dichloro-2-triphenylphosphoranediyl-4-triphenylphosphonio-
1,3-diphosphetane Chloride (6b): To a solution of 71 mg (0.1 mmol)
of 5b in 0.5 ml of dichloromethane at —78°C, 0.1 ml (0.1 mmol)
HCI (1 M in dicthyl ether) was added by a syringe. The 3P-NMR
spectrum showed the signals of 6b and 7. To this solution 0.3 ml
(0.3 mmol) of HCI was added. — *'P{'H} NMR (CH,CLy): 8 =
70.4 (1), 23.7 [d, 2Jpp = 50.3 Hz (7031)], 219.3 (PCl;).

1-Chloro-2,4-bis{ triphenylphosphoranediyl)-1,3-diphosphetenium
Tetrachloroaluminate (9a): To a solution of 65 mg (0.1 mmol) of
5b in 0.5 ml of dichloromethane at —78°C, 20 mg (0.1 mmol) of
AlCl; was added. The *'P-NMR spectrum showed mainly the sig-
nals of 9a and 8.

1-Chloro-2,4-bis( triphenylphosphoranediyl j-1,3-diphosphetenium
Triflate (9c): To a solution of 55 mg (0.1 mmol) of 5b in 0.5 m] of
dichloromethane at —78°C, 22 mg (0.1 mmol) of trimethylsilyltri-
flate was added. The *'P-NMR spectrum showed the signals of 9¢
and 6b.

1,3-Diiodo-2,4-bis( triphenylphosphoranediyl)-1,3-diphosphetane
(5d) and [ 3-Diiodo-2-triphenylphosphonio-4-triphenyiphosphorane-
divl-1,3-diphosphetane Iodide (6d). To a solution of 0.43 g (0.63
mmol) of 5b in 12 ml of dichloromethane at —78°C, 0.38 g (1.95
mmol) of trimethyliodosilane in 3 ml of dichloromethane was ad-
ded dropwisc. The intially yellow 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 *'P-NMR spectrum
showed the signals of 6d. After adding 0.09 mg (0.95 mmol) of
tricthylamine, 5d separated as an orange precipitate. — Yield 320
g (54%), m.p. 105~ 110°C (decomp.). 5d is almost insoluble in all
usual solvents. Its *'P-NMR spectrum was observed from the fil-
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Table 3. °'P-NMR data of 2-triphenylphosphonio-4-triphenylphosphoranediyi-1,3-diph i spi
y ylph I yl-1,3-diphosphetane ions of 6, 20, 34 (A;CD spin systems) and 16,
25 (ABCD spin systems) and 2,4-bis(triphenylphosphonio)-1,3-diphosphetane ions of 8, 17 (A,D, spin systems) in 6H2C12; coupling gonstants

Jin Hz
T T
c P + + P +
PhyP =<P>—DPPh3 PhaPD—<P>—DPPh3
1A 1A
R R
R(PL) R(Pg) N dp B¢ dp Vap Yac Yap Yee Ymp Yo

6a F F 166.9 193 223 458 732 19.8
6b a 153.6 210 224 552 506 13.8
6¢ Br Br 162.9 197 235 504 489 13.7
6d [ 1 169.8 196 2438 457 518 10.7
3™ q Q1 1778 194 296 529 619 14.2
o cl 1777 193 284 50.9  59.0 14.2
16b cl CgH, NH  157.3 859 211 221 915 712 570 671 468 203
16¢ cl Me,N 155.9 880 211 222 926 733 549 671 488 183
16d a Et,N 156.8 857 206 221 956 752 590 671 509 203
16e cl OC,HgN 1575 859 209 221 936 712 590 692 488 193
16f cl Ph,C=N 1826 852 194 212 916 610 590 455 456 122
202 PhNH PhNH 50.7 187 219 814 590 245
20d Et,N Et,N 517 182 231 1058 61.0 326
20e OC,HgN  OC,HgN 547 171 227 997  61.0 28.8
25 OMe Et,N 129.5 73.0 195 213 723 855 570 814 549 234
8 cl 832 247 61.0
fc] By 214 214
17a PhNH 6.7 229 67.2
17b CeH,NH 7.1 25.1 67.2

T4l Me in place of H. — [Pl Bt in place of H. — [ Ref.!'7],

trate. — C3sH3gPyl; - CH,Cl; (949.29): caled. C 49.35, H 3.40; found
C49.55, H 3.82.

1,3-Difluoro-2-triphenylphosphonio-4-triphenylphosphoranediy |-
1,3-diphosphetane Fluoride (6a): 0.40 g (0.57 mmol) of b and 0.1
£ (0.59 mmol) of SbF; were dissolved in a mixture of 5 ml of tetra-
hydrofuran and 2 ml of dichloromethanc. At room temperature the
initially yellow solution slowly turned orange. the ¥'P-NMR spec-
trumn showed the signals of 6a as the main product (§5%).

1.3-Diphenyl-2,4-bis( triphenyIphosphoranedivl)-1,3-diphos-
phetane (11): To a solution of 0.73 g (1.30 mmol) of 10 in 20 mi of
tetrahydrofuran at room temperature, 1.08 g (3.91 mmol) of Ph;P=
CHs in 10 ml of tetrahydrofuran was added dropwise. After stirring
for 18 h the formed precipitate was filtered off and identified as
methyltriphenylphosphonium chloride by NMR spectroscopy (6 =
22.5). From the concentrated filtrate 11 separated after 18 h as an
orange-red precipitate.

1,3-Bis{ dicyanomethyl)-2,4-bis( triphenyiphosphoranedivl)-1,3-
diphosphetane (12). To a suspension of 0.45 g (0.66 mmol) of 5b
in 3 ml of tetrahydrofuran at 0°C, a tetrahydrofuran solution of
LiICH(CN), from 0.09 g (1.33 mmol) of CH,(CN), and 0.83 ml
(1.33 mmol) of n-butyllithium (1.6 M in hexane) was added drop-
wise, Afler warming to room temperature the beige-coloured pre-
cipitate of 12 was filtered off and identified by its *'P-NMR spec-
trum (40% yield, not pure).
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1-(1-Triphenyiphosphoranediylethyl)-2,4-bis( triphenylphos-
phoranediyl)-1,3-diphosphetenium Chioride (14a): To a suspension
of 0.90 g (1.32 mmol) of b in 7 ml of tetrahydrofuran, a solution
of 0.77 g (2.65 mmol) of Ph;P=CHMe in 3 ml of tetrahydrofuran
was added dropwise. After stirring at room temperature the precipi-
tate formed was scparated and identified by *'P-NMR spec-
troscopy as a mixture of 14a and ethyltriphenylphosphonium chlo-
ride. Recrystallization from dichloromethane/pentane gave pure
14a as the second fraction. — Yield 385 mg (28%), m.p. 165°C
(decomp.) — '"H NMR (CD.Cl,), l-substituent: & = 1.75 (dd,
3Jpn = 3.9, 14.7 Hz, 3H, Me), 7.53 (m, 6 H, 0-H), 7.43 (m, 6 H, m-
H), 7.75 (m, 3H, p-H); 2 4-substituents: 8 = 7.59 (m, 12H, m-H),
7.82 (m, 18H, o-, p-H). — CsgHusCIPs- 0.5 CH,Cl, (977.81): caled.
C 71.18, H 5.05; found C 71.53, H 5.32.

1-( I-Triphenylphosphoranediyipropyl)-2,4-bis( triphenyiphos-
phoranediy!)-1,3-diphosphetenium Chloride (14b): To a suspension
of 0.73 g (1.18 mmol) of 5b in 7 ml of tetrahydrofuran, 0.72 g
(2.36 mmol) of PhyP=CHEt in 5 ml of tetrahydrofuran was added
dropwise. According to its *'P-NMR spectrum the precipitate was
a mixture of propyltriphenylphosphonium chloride (8 = 24.9)
and 14b.

1-( 1-Triphenylphosphoranedivitriphenylphosphoniomethyl )-2,4-
bis{ triphenylphosphoranedivl -1, 3-diphosphetenium Dichloride (15):
To a suspension of 0.34 g (0.5 mmol) of 5b in 5 ml of dichloro-
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methane at 0°C, 0.34 g (0.6 mmol) of (Ph;P),C in 5 ml of dichloro-
methane was added dropwise. The *'P-NMR spectrum of the solu-
tion showed the signals of 15b together with that of (PhyP),CH*
(6 = 21.1).

1,3-Bis(anilino )-2,4-bis{ triphenylphosphonio )-1,3-diphosphetane
Dichloride (17a) and 1,3-Bis(anilino )-2-triphenylphosphonio-4-tri-
phenylphosphoranedivi-1,3-diphosphetane Chloride (20a): To a solu-
tion of 62 mg (0.18 mmol) of 5b in 0.5 ml of dichloromcthane, 17
mg (0.18 mmol) 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 )-2,4-bis( triphenylphosphoranediyl j-1,3-diphos-
phetane (21a): To a solution of 20 mg (0.21 mmol) of aniline in 2
ml of tetrahydrofuran at 0°C, 0.14 ml (0.21 mmol) of a 1.6 M solu-
tion of n-BuLi in hexane was added. After stirring for 30 min this
solution was added dropwise 10 a suspension of 72 mg (0.11 mmol)
of 5b in 5 ml of tetrahydrofuran. After 3 h the solution was filtcred
and concentrated in vacuo. 1ts *'P-NMR spectrum showed the sig-
nals of 21a as the main product.

1,3-Bis( cyclohexylamine )-2,4-bis( triphenylphosphonio)-1,3-di-
phosphetane Dichloride (17b): To a solution of 51 mg (0.08 mmol)
of 5b in dichloromethane, 14 mg (0.15 mmol) of ¢yclohexylamine
was added. Its *'P-NMR spectrum showed the signals of 17h.

1,3-Bis( cyclohexylamino )-2,4-bis{ triphenylphosphoranediyl}-1,3-
diphosphetane (21b) and I-Cyclohexylamino-3-chloro-2-triphenyl-
phosphonio-4-triphenyiphosphoranediyl-1,3-diphosphetane  Chloride
(16b): To a solution of 0.26 g (2.6 mmol) of cyclohexylamine in 10
nl of tetrahydrofuran at 0°C, 1.59 ml (2.6 mmol) of a 1.6 M 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 (1.30 mmol) of 5b in 6 ml of tetrahvdrofuran. Afller stir-
ring for 20 h all volatiles were removed in vacuo. The *'P-NMR
spectrum of the residue showed the signals of 21b (45%) and 16b
(2084).

1-Dimethylamino-2,4-bis{ triphenylphosphoranedivl)-1,3-diphos-
phetenium Chloride (19¢): To a solution ol 45 mg (0.07 mmol) of
5b in (1.5 ml of dichloromethane, 8 mg (0.07 mmol) of N-trimethyl-
silyldimethylamine was added. The *'P-NMR spectrum of the or-
ange solution shows the signals of 19¢ as the main product.

1-Diethylamino-2,4-his( triphenylphosphoranediyl)-1,3-diphos-
phetenium Chloride (19d): To a suspension of 0.82 g (1.2 mmol) of
5b in 10 ml of dichloromethane, 0.2 g (1.5 mmol) of Me;SiNEt,
was added. After 1 h all volatiles were removed in vacuo. The *'P-
NMR spectrum of the residue showed the signals of 19d.

1-Chloro-3-morpholino-2-triphenylphosphonio-4-triphenylphos-
phoranediyl-1,3-diphosphetane  Chloride  (16e) and  [,3-Bis-
(morpholine)-2-triphenylphosphonio-4-triphenylphosphorane-
diyl}-1,3-diphosphetane Chloride (20€): To a solution of 49 mg (0.07
mmol) of b in 0.5 ml of dichloromethane, 7 mg (0.07 mmol) of
morpholine was added. The *P-NMR spectrum of thc orange
solution showed the signals of 16e. The same solution with 64 mg
(0.73 mmol) of morpholine gave the signals of 20e.

I-Morpholino-2,4-bis( triphenylphosphoranediyl)-1,3-diphos-
phetenium Chloride (19¢): To a solution of 1.44 (2.11 mmol) of 5b
in dichloromethane, 0.65 g (4.20 mmol) of N-trimethylsilylmorph-
oline was added dropwisc. After stirring for 18 h all volatiles were
removed in vacuo and the residue was recrystallized from a 1:1
mixture of benzene and dichloromethane. — Yield 1.14 g (74%)
orange crystals, m.p. 197—201°C (decomp.) — '"H NMR (CH,Cl,/
CsDg. 4:1): 8 = 7.88 (m, 18H, o-, p-H), 7.79 (m, 12H, m-H), 5.33
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(CH,Cly). 3.23 (m, 4H, OCH,), 2.73 (m, 4H, NCH,). — '*C{'H}
NMR (CD,CL): & = 133.8 (m, 0-C), 133.3 (m, p-C), 129.7 (m, m-
©), 1249 (m, i-C), 109.1 (m, 2,4-C), 66.9 (m, C—O), 46.9 (m,
C—N), 54.1 (q. CD,CL). — C4HCINOP, (732.12): caled. C
68.90, H 5.23, N 1.91; found C 68.12, H 5.28, N 1.87.

1-Chloro-3-benzophenonimino-2-triphenylphosphonio-4-triphenyl-
phosphoranediyl-1,3-diphosphetane Chloride (16f): To a solution of
71 mg (0.10 mmol) of 5b in 0.5 ml of dichloromcthane, 40 mg (0.21
mmol) ol benzophenonc imine was added. Tts 3'P-NMR spectrum
showed 16f as the main product.

1-Benzophenonimino-2,4-bis( triphenylphosphoranediy! -1, 3-di-
phosphetenium Chioride (191): To a solution ol 0.45 g (0.65 mmol)
of 5b in 6 ml of tetrahydrofuran, 0.12 g (0.65 mmol) of N-{rimethyl-
silylbenzophenone imine was added dropwise. After 2 h the solu-
tion was filtcred and concentrated to a third ol its initial volume.
Its ¥P-NMR spectrum showed the signals of 19f.

1-Diethylamino-3-butyl-2,4-bis( triphenylphosphoranediyl ) -1,3-di-
phosphetane (24); To a suspension of 55 mg (0.1 mmol) of 19d in
0.5 ml ol tetrahydrofuran at —78°C, 48 pl (0.1 mmol) of a 1.6 M
solution of #-Buli in hexane was added. The *'P-NMR spectrum
showed 24 as the main product.

I-Diethylamino-3-methoxy-2-triphenylphosphonio-4-triphenyl-
phosphoranediyl-1,3-diphosphetane Chloride (25): To a solution of
79 mg (0.1 mmol) of 19d in 0.5 m! of dichloromethane at —78°C,
3 mg (0.1 mmol) of methanol was added. Its *'P-NMR spectrum
showed the signals of 19d and 25.

1-Diethylamino-1-selenoxo-3-chloro-2,4-bis( triphenylphos-
phoranediyl)-1,3-diphospherane (26) and I-Diethylamino-1-se-
lenoxo-2,4-bis( triphenylphosphoranediyl)-1,3-diphosphetenium Tetra-
chloroaluminate (27): To a solution of 132 mg (0.2 mmol) of 19d
in 0.5 ml of dichloromethane, 15 mg (0.2 mmol) of selecnium was
added. Its *'P-NMR spectrum showed the signals of 26 and, after
addition of 38 mg (0.3 mmol) of AlICl; those of 27.

I-Diphenylphosphino-2,4-bis( triphenylphosphoranediyl)-1,3-di-
phosphetenium Chloride (31): To a solution of 0.40 g (0.59 mmol)
of 5b in 4 ml of dichloromethane, 0.15 g (0.59 mmol) of Ph,PSiMe,
was added dropwise. The *'P-NMR spectrum of the orange solu-
tion showed the signals of 31.

I-Triphenylphosphonio-2,4-bis( triphenylphosphoranediyl)-1,3-
diphasphetenium Tetrachloroaluminate (32): To a solution of 73 mg
(0.1 mmol) of 5b in 0.5 ml dichloromethane at —78°C, 74 mg (0.5
mmol) of AlCl; and 54 mg (0.2 mmol) of Ph+P were added. Its !P-
NMR spectrum showed 32 as the main product.

1,3-Dichlovo-1-methyl-2,4-bis( triphenylphosphoranediyl)-1,3-
diphosphetanium fodide (33a): To a solution of 86 mg (0.13 mmol)
of 5b in 0.5 ml 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.

1,3-Dichloro-1-methyl-2,4-bis({ triphenylphosphoranediy!)-1, 3-
diphosphetanium Methyisulfute (33b): To a solution of 80 mg (0.12
mmol) of 5b in 0.5 ml of dichloromethane, 7.4 mg (0.06 mmol) of
Me,SO, was added. Its 3'P-NMR spectrum showed the signals of
33b (50%) and 6b (50%).

1,3-Dichloro-2-methyl-2-triphenviphosphonio-4-triphenylphos-
phoranediyl-1,3-diphosphetane Chloride (34a): To a solulion ol 0.52
£ (1.09 mmol) of 3b in 10 ml of tctrahydrofuran, 0.40 g (1.09 mmol)
of Ph;P=C(Me)SiMe, in 2 ml of tetrahydrofuran was added drop-
wise. After stirring for 18 h the vellow precipitate formed was [il-
tered off and recrystallized from a 1:1 mixture of tetrahydrofuran
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and dichloromethane. — Yield 590 mg (74%), m.p. 140°C (dc-
comp.)

1,3-Dichloro-2-ethyl-2-triphenylphosphonio-4-iriphenyIphos-
phoranediyl-1,3-diphosphetane Chloride (34b): To a solution of 0.59
£ (1.23 mmol) of 3b in 13 ml of tetrahydrofuran, 0.46 g (1.23 mmol)
of Phy,P=C(Et)SiMe; in 2 ml of tetrahydrofuran was added drop-
wisc. After stirring for 19 h the yellow precipitate formed was fil-
tercd off and recrystallized from a 1:1 mixture of tetrahydrofuran
and dichloromethane. — Yield 746 mg (81%), m.p. 158°C (de-
comp.) — CyH3sCl3Py « 0.25 CH,CL (767.21): caled. C 63.01, H
4.66; found C 62.98, H 5.07.

1,3-Dichloro-2,4-bis( triphenyiphosphoranediyl )-1, 3-diphosphetane
Irontetracarbonyl (35a): 0.83 g (1.21 mmol) of 5b and 0.44 (1.21
mmol) of Fe,(CO)y werce stirred in 15 ml of tetrahydrofuran. After
17 h the solution was filtered and evaporatcd in vacuo. The 3'P-
NMR spectrum of the residue showed 35a as the main product.

1,3-Dichloro-2,4-bis{ triphenylphosphoranediyl )-1,3-diphosphetane
Chromiumpentacarbony! (35b): To a suspension of (.56 g (0.82
mmol) of 5b in 5 ml of tetrahydrofuran, 13 ml of a 0.07 M solution
of Cr(CO)s- THF in tetrahydrofuran was added. A 3'P-NMR spec-
trum of the solution, recorded after filtration, showed 35b as the
main product.

I-( Cyclopentadienyldicarbonyliron)-2,4-bis(triphenylphos-
phoranediyl)-1,3-diphosphetenium Chloride (36a): To a suspension
of 0.59 g (0.86 mmol) of 5b in 10 ml of tctrahydrofuran at 0°C, 10
ml of a 0.086 M solution of Na/KFe(CO),Cp in tetrahydrofuran
was added dropwise. The solution turned dark rcd and a precipitate
formed. After stirring for 1 h at 0°C thc rcaction mixture was
warmed to room lemperature and the precipitate filtcred off. Its
SIP-NMR spectrum showed broad signals of 36a (80%).

1-( Cyclopentadienyltricarbonylchromium }-2,4-bis{ triphenylphos-
phorvanediyl)-1,3-diphosphetenium Chloride (36b). To a suspension
of 0.35 g (0.52 mmol) of Sb in 5 ml of tetrahydrofuran, 0.19 g
{0.85 mmol) of NaCr(CO),Cp in tctrahydrofuran was added. 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.

Reaction of 5b with Methanol: To a solution of 57 mg (0.08
mmol) of §b in 0.5 ml of dichloromethane at 0°C, 10 mg (0.33
mmol) of methanol was added and the *'P{'"H}-NMR spectrum
was recorded: 6 = 141.5 [s, 45%, P(OMe);], [13.4 (1), 22.0 [d,
2Jpp = 50.8 Hz (30, 55%)].

Reaction of 5b with Phosphorus Trichloride: 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), PCl; was added.
Amounts, conditions and observed results as taken [rom the 3'P-
NMR spectra are given in the Table below. — 3P NMR: 3bi%; 39
(AA'BCC’, simulated by LAOCOON 5200 5, = 121.6 (1,2-P),
dp = 82.4 (4-P), 8¢ = 19.8 (PPhy), Jan = —260.5, 2Jap = 52.9,
s = 924, 3 s = —7.0, 2pc = 70.2 Hz; 401'71; 41 (Table 1).

To a solution of 76 mg (0.11 mmol) of 5b and 21 mg (0.11 mmol)
of SnCl, in 0.5 ml of dichloromethanc, 15 mg (0.11 mmol) of PCl;
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5b PCL moiar temp, time resulting molar percentage
(mg) (mg) ratio [°Cl] [h] PCl, 3b 39 40 41
PCl./5b
130 26 1 0-25 1 23 0 17 30 30
74 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

was added. The ¥'P-NMR spectrum showed mainly the signals of
4217 (35%) and 9b (40%).
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