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CHAPTER I
HISTORICAL

Recent Developments in the Syntheses and
Chemistry of Derivatives of

Phosphinolines

The chemistry of polycyclic carbon-phosphorus (C-P) heterocycles
is currently an active area under intense development.112 To date,
the most comprehensive review132 on the chemistry of fused polycyclic
C-P heterocycles was published in early 1977 althoﬁgh earlier

. 9,91,119
reviews

had included the very meager data available through
1966. 1In order to lay a proper foundation for the discussion of our
results, a brief survey will be given on recent dévelopments in
carbon-phosphorus heterocyclic chemistry.

In a recent paltentlz1 a phosphinoline system was obtained from

precursors which underwent phosphorylation on an arene ring. For

example, it was shown that J;treated with a Lewis acid gave a 1,2,3,4-

1. znCl,
2. HC1, H»0
7\ FERN
Cl C1 0 OH
1 2
=~ lad

tetrahydrophosphinoline system 2.(91%). Chlorination of‘g with SOCl2



produced the l-chloro derivative é which, upon reaction with vinylmag-

nesium bromide, led to the P-vinyl derivative i (74%), the key

P
VAN /E\<§§7 SN
o ¢l 0 0

b 2o

3
e

tun

precursor to the P-analogs of benzomorphan analgestics. Bromination
of 4 with N-bromosuccinimide (NBS) followed by heating the solution
in DMF gave '5’ (90%) which underwent cyclization with methylamine to

give _Q. (77%). Reduction of '6_ with trichlorosilane followed by

—CH, —CHy
/
P
P
! ¥
hs S
6 7
o~ o~
addition of sulfur resulted in formation of phosphine sulfide Jw (82%).

Michael-type addition of dimethylamine to the P-vinyl derivative

igave '%_which, upon reduction with trichlorosilane, led to ‘% Treat-

P\) P\) \)
/ .. >P
0 S

9 0
3 - ©



ment of'g with sulfur produced ;9 (95%) .

Other N-alkyl derivatives reported in this patent were‘l}, ;g, and

121 1

}9. H NMR, IR and mass spectral data supported all of the struc-
tures.
N
N—R -] :N(cH3),
P..._.j R" i’
Rl
R" X
X
11 12
~

R' R" X R' R" X
lla H H S 12a H OH S
P~ o~
‘11b H CH40 S 12b CHgq H S
o~ P
}15 -CHZ—CHZ—C6H5 OH S
11d -CHZ—CH=C(CH3)2 OH S
1lle -CHZ-CHZ—C6H5 OH 0 < o >
11£ —CHZ—CH=C(CH3)2 OH 0 HO P

=N_ X

llg CH3 H N C02C2H5
11lh CHg H Lone pair ;Ei

Ring expansion reactions proved in certain cases to be of value in
the syntheses of derivatives of phosphinoline.74 fhe possibility of a
one carbon ring expansion of phosphindoles to get a phosphanaphthalene
system had been studied.74 3-Butyl-1,2-diphenylphosphindole (%&),
ethyl propiolate and HZO in THF gave 4-butyl-2-(ethoxylcarbonylmethyl)-
1,2-dihydrobenzo [b] phosphin-l-oxide (}2) as a glass. The structure

was established by IR, NMR and mass spectral analyses. It was also



cH C4Hy
479 C.H
AN 65
N\ CeHs CH,,C0,,C, H

F C H”R\b H

C6H5 65
14 15
~

demonstrated that reaction of is,with benzoyl chloride in the presence
of triethylamiﬁe in dry ether, followed by treatment with water, led to

the ringéexpanded productlgg (13%), mp’221—224oC. . Microanalytical and

C4H9 04H9 cH
C H 65
| cqts /- Cels
v 0
/ N\ OH ‘ ‘ P—
C.H 0 /N
65
C6H5 0
ﬂ7

spectroscopic data were in excellent agreement with this proposed
structure. Further expansion of,}g to a seven-numbered‘ring system
}Z (18%) was achieved by treatment of }g'with NaH in DMF.74
In several recent developments, somé perhydrophosphinoline
systems were prepared from the cyclization of semicyclic 1,5-diketones
133-135 |

with suitable phosphorus reagents. The reaction of 1,5-diketones

}E’with alkyl hypophosphitesl3s was investigated by Vysotskii and

Rl
H R
+ H—P—O0R" > CH
0 - l 675
: P
65 0 HO
| o’ Norr
R' = H, ( - ' =
( » CgHy, p-CH,OC(H,)  (R" = H, CHy, C,H,,
T 19
% C4H9, C6H5CH2) —~



co-workers and led to 8a-hydroxyperhydrophosphinolines ;2,(10—40%).
Cyclization of }§,in the presence of phenylphosphine (C6H5PH2)
gave the perhydrophosphinoline derivative 221(16-55%)133 whereas

treatment of ;grwith phosphine (PH3) led to g£. The configurations of

R R R

cH
65 Colls Cels
P~ P P
HO ¢/ \ Ho / \ R'0/\
(R = H, C.H,) (R = H, CH,) (R = H, CH,,
20 21 R'=H, CH,CCO),
~ o~ 3
R"=H, CH,)
22
o~

stereoisomers of Zl were investigated by spectral methods.134 Treat-
ment of %é with the appropriate reagents gave derivatives %g.

X-Ray analysis of the crystal structure of 1,2,3,4-tetrahydro-
4 ,4-dimethyl-1-methyl-1-phenylphosphinolinium hexafluorophosphate (gg)

146 . .
showed that puckering occurred at the two carbon unit attached to

CH3 CH3

phosphorus. The conformational angles in the phosphorinane ring



demonstrated it to be half-chair. The ionic nature of'the structure
was reflected in the number of short H---F distances.

As a part of investigation of the mechanism of polyphosphoric
acid (PPA) induced cyclization110 of B-alkenyl-substituted phosphonium

salts %ﬁ and gé, an X-ray analysis was performed50 on crystals of

CH CH3

3
AN . X
+ , Br + s Br
A\ /'
C6H5 CH C H C.H

3 65 275

24 25
—~ —~

1,2,3,4—tetrahydro—l,4—dimethyl—l—phénylphosphinolinium hexafluoro-
phosphate (29) and 1,2,3,4—tetrahydro—l—ethyl—4—methyl—1—pheny1phds-
phinolinium hexafluorophosphate (EZ). These data revealed an unusual

co-crystallization of the two diastereomers %29 and 26b in the

CH H H CH H CH

3 3 3
Q+ , PF_ + , PF,~ + , PF
P 6 P 6 P 6
/7 \ \ 7\
C6H5 CH3 C6H5 CH3 C6H5 CZHS
262 26b 27

crystalline structure of géland thus confirmed the formation of two
inseparable diastereomers during cyclization of ;i to gé,in the
presence of 1157 PPA at 160°cC. However, 1157 PPA-induced cyclization

of 32 gave only one diastereomer ZZ. An X-ray diffraction analysis



confirmed its structure é.lso.50 The X-ray analysis of gg,and 27, showed
the conformations of the heterocyclic ring in both the compounds to be
very similar. The P+—C (phenyl) distances were rather long (1.792 A°

in gg'versus 1.788 A° in‘gZ) due to steric hindrance, and the P+—CH

3
distance (1.783 AO) was shorter than the P+—CH2CH3 distance (1.792 AO).
In the heterocyclic rings, the aryl—P+ bond distances (1.788 A° in %g
versus 1.795 A° in’g]) were different as expected.

Polyphosphoric acid (PPA) has been extensively used in the annu-

lation of phosphorus heterocycles.llz’132

“The cyclization of 1-

(methyl-p~tolylphosphinoyl)=-3-methyl-butan-2-ol (Eg) in the presence
2

of PPA 8 at 120°C produced an inseparable isomeric mixture (837%) of

1,4,4,7- and 1,4,4,6-tetramethylphosphinoline oxides Egrand ég'in the

0 0 ' 0
i on !
HC o p HiC—p H,C — P
™~
H3C
CH3 CH3
28 29
0 0
HO i HO 1
>\/\ P >,/\ P
H3C
CH3
31 32



ratio of ca. 3:1. Further reaction of the mixture containing ’23 and ;9/
with E—C4H9Li in THF near 10°C, followed by addition of acetone at
-780C, led to a mixtufe of isomeric alcohols '3_39 and ;_g, (60%) in the
ratio of ca. 4:1.

The formation\ of the tetrahydraphosphinoline oxide ’2_2 during PPA
cyclization of ‘2_81was rationalized28 by a mechanism which involved

cationic ipso cyclization followed by migration of the phosphinoyl

group. Ipso ring closure of the carbonium ion’é’ formed the spiro-

0

!

H.,C '
/P \'P
g H.C
3 a.c
PPA 3
~ A
+ i
CH3

CH, CH,
A B \ C
~ ~ Land
...H+
0
r ~
N
P
H -H
—_ 4 30
’J
CH4
D
'—l

conjugated carbonium ion ’BU Migration of the phosphinoyl group to

produce the new carbonium ion g is favored by the restoration of the



cisoid diene conjugation. Loss of a proton to regain aromaticity could
favor the formation of 32 The_ P-oxide ;_9 should have as a precursor
the carbonium ion D.
~e
Cyclization of the mixture containing 31 and 32 with PPA at
P~ P

170-180°¢ gave the tricyclic product 3_3’ (22%).28 Reduction of’.'ig with
excess trichlorosilane in benzene at reflux led to 1,1,5,5,8-penta-
methylphosphalilodine (;_l:) (827%) which was converted into stable

methyl-substituted phosphonium salt 35. Treatment of 29 and 30 with
~ 7~ o~

i B

P >( P+ , T
H,C H,C

) ED 2

_r_1_—C4H9Li in THF, followed by addition of excess of isobutyraldehyde

at -78°C, gave a diastereomeric mixture of ;:_6, (347%). The cyclization

of ;1-9 in the presence of PPA led to ’3_2 which was purified via prepara-

0 0
Ho%y %r
H.C
3
CH3
36
pa 37, 38,

tive TLC analysis. Reduction of ;3.]/ with trichlorosilane produced
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1,1,6,6,8-pentamethylenephosphajulalidine (;§) (85%) as a colorless,
viscous oil. Elemental analyses, 1H NMR, 31P NMR and mass spectral
analyses supported all of the structures. UV spectroscopic and cyclic
VOltammetrig data suggested that ;&;and §§,have essentially no n-II
interaction between the lone pair electrons on the phosphorus‘and the
adjacent aromatic Il system. These selected examples of polycyclic
carbon-phosphorus heterocycles are only representative of work done

in the field but éther cases have been cited in the new reference of

Quin.112

Resolution of Heterocyclic Phosphonium Salts

The stereochemistry of derivatives of optically active
organophosphorus compounds has been discussed in several review

30,31,54,63,73,77,89,99-101

articles. Tables of known optically active

organophosphorus compounds are also available in literature.gs’140
Methods and reagents appiicable for the resolution of all types of
the organophosphorus compounds have been discussed by Snider120 whereas
épecific resolution of quatérnary phosphonium sélts has been reviewed
by Chen.29 The methods for the determination of the absolute config-
urations of quaternary phosphonium salts have been cited by Klyne and
Buckingham.82

Holliman and Mann67 pioneered the earliest successful resolution
of a heterocyclic phosphonium salt in 1947. They attempted to resolve
two heterocyclic phosphonium salts 1,2,3,4-tetrahydro—ngthdroxyphenyl—
2-phenylphosphinolinium bromide (;2) and the correspondiﬁg isophos-
phinolinium bromide ﬁg,into optical aptipodes. Although they were

unsuccessful with the former compound, the isolation of a dexterorotatory
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- | OH
+ s Br
P
OH s Br
39 - 40,

form of the isophosphinolinium bromide ﬁgl[having a molecular rotation

o
of [M];7 = +32.9° (in aqueous ethanol)] was achieved through its

17°
(+)-camphorsulfonate ([M]D7 = +113.50; ethanol). The isolation of
the corresponding levorotatory form was not realized and also later
6
attempts to repeat the first successful resolution met with failure. 7
These failures were attributed to the formation of partial racemates
of 40.
~
4
Hartman and Mann6 recorded the total resolution of P-spiro-bis-

1,2,3,4~tetrahydrophosphinolinium iodide (ﬁ&) into its dextro=and

levo-isomers ([M]D = +66° and —650, respectively; HCClB) via the

T

41
~

(+)- and (-)-phosphonium (-) menthoxyacetate. The (+)- and (-)-isomers
of ﬁi have high optical stability. However, the spiro-salt ﬁ; owes its
optical activity to molecular dissymmetry rather than to the presence

of an asymmetric phosphorus atom.
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The alkaline hydrolysis of the topically active 2,2,3,3-tetra-

methylphosphetanium salt ﬁg has been reported by Trippett and co-

3¢ U3
g
H,C
H C// H -
3 P I
/7 \ ’
Cellg CH,=C¢Hs
42
ﬂ

4+21.8°.

workers.36 The iodide i% had a specific rotation of [a]D
However, the details of the resolution of ﬁg,have not yet been
disclosed.

Chen and Berlin27 were the first to use silver D(-)- and L(+)-
hydrogendibenzoyltartrates (HDBT) to resolve a carbon-phosphorus
heterocyclic salt. Partial resolution of l-ethyl-1,2,3,4-tetrahydro-
1-phenylbenzo [h]phosphinolinium bromide (ﬁg) was obtained via the use

CoHg

43
o~

of D(-)- and L(+)-HDBTs. The dextro-isomer of ﬁé [ [oc]lz)5 = +28° (HCC13H

was isolated. This was the first reproducible and unambiguous example

of the resolution of a polycyclic phosphonium salt reported in liter-

ature.



13

The successful resolution of 5,6,7,8-tetrahydro-4-(methylthio)-

6-benzyl-6-phenylphosphornial4,3-d]pyrimidine bromide (ﬁﬂ) with silver

A
@
cs
3 -
+ ) Br
Cells P
C.H
65
4t
~

D(-)- and L(+)~HDBT as resolving agents was recorded in 1973.by Snider
and Berlin.118 The isolation of both dextro- and levo-forms having
reproducible values for optical rotation [ [a]g5 = +78° and —770,

respectively; CH,OH] was achieved.

3
93
Marsi and Tuinstra  recorded in 1975 the first instance of the
complete resolution of a five-membered ring with a quaternary phosphorus

atom. Resolution of trans-l-benzyl-3-methyl-l-phenylphospholanium

iodide (ﬁé) was realized with the aid of silver (+)-10-camphorsulfonate

3
+ > I
P
CH/\CH
65 2 |

2
into (+)- and (—)—&2,[ [oc]D2 = 42,16 *+ 0.09° and -2.14 + O.llo, respec—
tively; DCC13]. A unique triangular scheme of recrystallization
employing a minimum amount of hot ethanol and ethyl acetate was success-

fully utilized to separate the two diastereomeric salts of ﬁg.
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Holmes énd co—workers40 were able to assign the absoiute con-
figuration to the levorotatory form of solid.éé’based on X-ray analysis
on an optically pure sample. In agreement with the predictions made
from lH NMR analysis and a reaction of known stereochemistry, the

methyl and benzyl groups have a trans arrangement. Guided by the

rules22 governing chiral derivatives, the (—)—gg,was designated as

(1 R,3 S)-(-)-trans-1-benzyl-3-methyl-l-phenylphospholanium iodide.

Separation and Resolution of Stereoisomers

of Bisphosphonium Salts

The first and only previous successful separation of diastereomers

and resolution of an open-chain bisphosphonium salt was reported68

by
Horner and co-workers in 1966. Fractional crystallization (using

CHBOH) of 1,2—ethanediy1bis(benzylmethylphenylphosphonium),diper—l

chlorate (46, X = Cl0,) derived from the dibromide of 46 (X = Br),
~ 4 o~

o
§_—CH.—PY—CH, —CH.—P-CH. —C_H
CeHis 0y 2ty N
Cells » 2% CgH,
46
o~~~

gave the pure meso- and racemic-form of the»diperchlorates of ﬁg. The
latter were converted to the corresponding dibromides [mps 278° and
2930, respectively]. The (+)- and (—)—ig (X = Br) isomers were isolated
from the racemic mixture via the use of silver hydrogen D(-)-dibenzoyl-
tartrates. The pure enaniomers were converted to and characterized as

perchlorates and methyl sulfates. The (+)- and (—)—ﬁé; (X = 0S0 OCH3),

2

(mps 139° and 1750, respectively) isomers had specific rotations of
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[()L]D = +64.05° and —65.40, respectively, in CHBOH. The (+)'ﬁé X =
C104) had a specific rotation of [a]D = 34.10: This is the only
example of a separation and resolution of stéreoisomers of a non-
heterocyclié bisphosphonium salt reported in literature.

Recently, the resolution of racemic 1,2-ethanediylbis(benzyl-

methylphenylarsonium) diiodide g&]), the arsenic analogue of ﬁﬁ, was

H CH
e )3
: A+ C H
C6H5——H2C——TS-—CH2——CH2—f s——CHZ—— 615
C6H5 » 2X C6H5
47
o~~~

recorded12 via the use of AgD(-)HDBT. The pure enantiomers were
characterized as the bis(hexafluorophosphates). The (+)- and (—)—&L

0

X = PF6) had specific rotations of [a]g = +5.22° and —7.740, respec-

tively, in acetone.

It is of interest to note that the meso- and racemic-forms of

1,2-ethanediylbis(phenylmethyl-n-butylarsonium) dipicrate (ﬁg) were

CH CH
| 3 . I 3 OZN
+ + -
C4H9——1|&s--—CH2——CH2--—1|&s——C4H9 » 20 No,
C6H5 C6H5 02N
48

~
. 26 ' .
isolated by Chatt and Mann  some 30 years before the resolution of
ﬁz was achieved. The separation of ﬁg into two forms was effected by

fractional crystallization using ethanol (the a-form had a mp 113-115°¢

and the B-form had a mp of 139.5—140.50C). These two forms must
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represent meso- and racemic-isomerides and the latter should therefore
be resolvable into optically active forms. No attempt to do so has
been reported possibly because of the great difficulty in resolving
dissymmetric arsonium salts and the comparative inaccessibiiity of the

two pure picrates.

Separation of Diastereomers and Discrimination
of Stereochemical Configurations by

NMR Spectroscopy

Methods of optical resolution have been summarized and discussed

. . 11,13,34,139,141
in several reviews.

The same strategies employed in
optical resolutions have also been extended to the separation of meso-
and racemic-forms df.compounds bearing two equivalent chiral centers.
Fractional crystallization continues to_be the most Widely employed

technique to separate the diastereomeric: pairs of compounds. For

instance, separation of meso- and (i)—ﬁg was accomplished by fractional

T6H5 feﬂs
HSCZOZC—(ll—CHz-—-CHZ-—-(IJ—COZCZHS
CN CN
49
o~

crystallization using methanol.24 The first crop of crystals (mp
131—13300) had the meso configuration whereas the secoﬁd crop (mp
98—lOO°C) obtained from the crystallization liquor proved to be the
racemic mixture. |

Mechanical separation of the diastereomers was possible in the

case of 1,4-diphenyl-1,4-dithiabutane-1,4-dioxide (;9). The direct
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C6H5_—T—_CHZ——CHZ_—T__C6H5

;9,

crystallization of Eg from toluene resulted in the formation of meso

and racemate crystals which were separated mechanically.lo6

Chromatography has been successfully applied to the separation

33,51

of some diastereomers. Thus, with ii,the meso- and (%)-forms were

obtained by column chromatography (Merck silica gel) using 80:20
hexane~-ethyl acetate as the eluant system.57 Gas chromatography has

also been employed for the separation of diastereomeric pairs of a

simple molecule like 52.23
,V
| |
H3C——CIJ——CH2——CH2——(|J——CH3
C1 Cl
52
o~

Complex formation12 has been instituted to obtain individual
diastereomers of ethylene-1,2-bis(methylphenylarsine) (Dias) (23).
Complexation of ;3 with chloropalladate(II) in methanol resulted in

the formation of [Pd Dias-ClZ] which could be separated when chromat-
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HBC——ZI'\s——CHZ——CHz—-ll'\s—-CH3
Cc1 C1
;g

ographed on silica gel and eluted with 5%'THF—CH2C12. The first
species to be eluted was the (%)-{[Pd Dias~C12]. The more slowiy
moving fraction gave meso-[Pd Dias'Clz]. Decomposition of the
complexes with NaCN produced the corresponding diastereomers of ég.

The determination of the configuration at an atom by NMR spec-
troscopy has been extensively discussed in a review56 published in
- 1977. lH NMR, 13C NMR and lgF NMR analyses were employed as tools
to discriminate meso- and (*)-forms of molecules which contained
symmetrically disposed chiral groups. 1H NMR differentiation and
identification of meso- and (*)-forms of acycaic_structures with two
equivalent chiral centers have also been widely explored in systems
in which two asymmetric centers‘were separéted by one carbon atom.5
The same criterion, based on symmetry principies,lo2 such as aniso-
chronism of diastereotopic groups of one of the diastereomers, was
also applied to certain molecules which have asymmetric centers

separated by two carbon atoms.24’33,76

In accordance with the findings
of Jung and Bothner—By,76 the (+)-isomers exhibited an AA'BB' quartet

. . . A 1 .
while meso-isomers showed a simplified "H NMR spectra (in some cases,

a fortuitous singlet) for the -CH,—CH,- groups in y-disulfoxides EEL

2 2
?6H5 TGHS
R——T——CHZ——CHZ——T——R R-—T_—CHZ——CHZ——?——R
0 CN CN
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122

R =2C or substituted phenyl)33’ and in a,0'-diphenylsubstituted

6''s
adiponitriles ﬁ2.24 However, the assignment of a singlet to the
methylene protons of the meso-isomer was not observed24 for gggg:ig
R = CH3 or C2H5) which exhibited an AA'BB' quartet like the racemic
form.

It is known that the mediated effect of an asymmetric center on
the anisochronism of diastereotopic groups decreases with distance.
Casini and co—w'orkers57 used geminal probes to examine the effect of
distance on the anisochronism of diastereotopic groups from two
equivalent chiral centers separated by three carbon atoms such as in
25. Anisochronism of diastereotopic protons was used for assignment
of the configurations of asymmetric centers in the diastereomers.

That chiral solvents and chiral shift reagents can be used to
distinguish meso- from d- or l-diastereomers has been discussed by

Gaudemer.56 ‘The 19F spectrum of a mixture of meso- and (*)-1,2-

difluoro—l,2—dichloroethane (;g) in L-bornyl acetate resolved the 19F

resonances of the separate d- and l-stereoisomers, thus identifying
thé glfmixture.l However, three other chiral solvents, viz., fenchol,
fenchone and carvone, did not induée sufficient resolution in the
spectrum of‘ég to show two signals for 19F.

The use of 13C NMR spectroscopy for the determination of config-

urations was predictedas’86 only after 1970. 13C NMR analysis appears
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: 1 ' .1 .
complementary to H NMR spectroscopy in terms of providing evidence on
the relative configurations of atoms in acyclic compounds. This is
. R 13 . . 47
dte to the sensitivity of C shifts to steric effects and the
greater magnitude of these shifts compared with proton chemical

shifts.23 Meso- and (%)-forms of ;1 and‘2§,have markedly different

H3C—TH—CH2—CH—_CH3 | I-I3C—CIIH—(|]H—CH3
Cl Cl Cl C1
57 58
~ : ~
13 23,56

““C NMR chemical shifts for each carbon. Recently, configurations
of atoms in diastereomers with vicinal asymmetric centers in 2,3-disub-
stituted butanes and 5,6-disubstituted n-decanes have been discussed
. 85 , 13 .

by Levy, Pehk and Lippmaa in terms of ~TC shifts. In some cases,

5N chemical shifts and solvent-lattice relaxation times have also

65
been evaluated. Hasan ~ reported that the meso- and (x)-forms of a
‘ 1
number of o,a'-disubstituted succinic acids have different 3C chemical
shifts. The significant difference observed between certain chemical
shifts [§ ) ] has been rationalized on the basis of non-bonded
meso rac :

interactions affecting the asymmetric center in the preferred confor-

mation of each isomer.
The importance of steric effects on 31P chemical shifts is well-

known.lll’llz

However, the use of 31P NMR spectroscopy for the deter-
mination of configurations around P in phosphorus compounds has not

been explored to date. 1In 1962,vMaier88 noted that the 31P NMR spectrum
of diphosphine ;2 exhibited two peaks corresponding to the meso- and

(x)-forms of_;g. Recently, Valentine and co—workers129 observed two

signals at 44.8 and 42.53 ppm downfield from external phosphoric acid
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men men
C6H5__T_———T—-C6H5 C6H5——P——(CH2)4—-P——-C6H5
CH3 CH3 0
(men = menthyl)
5
2 D

in the lH decoupled 31P NMR spectrum (DCCl3) of meso—ggf This area

appears ripe for exploration.

Biological Activity of Derivatives

of Phosphinoline

The determination of biological potenfial of carbon-phosphorus
heterocycles received renewed attention in thé last decade.112 Several
successful applications of phosphonium salts in the biological field
were listed in another extensive review.

In the course of studies in collaboration with the National Cancer
Institute of the National Institutes of Health, Berlin and co-workers
discovered that certain heterocyclic phosphonium salts exhibited
carcinostatic activity. 1-Ethyl-1,2,3,4-tetrahydro-l1-phenylbenzol[h]-

phosphinolinium bromide gﬁ;) was prepared by Chen and Berlin.27 The

Tz“s
_— , Br
C6H5 P+
' NSC-145185
T/C = 142 (6.25 mg/kg)
[3 P531° tumor system]
43
~

National Cancer Institute established and confirmed that phosphonium
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bromide ﬁé had a high level of activity against 3p531° system [P-388
lymphocytic leukemia cell line]l. Rather striking was the finding
that;ig had the highest test/control (T/C) value (survival time of
test animals/survival time of control animals) of all the benzophbs—
phinolinium salts tested toAdate. This small breakthrough accelerated
interest in the synthesis and study of biological activity of this
class of compounds. The NSC number.refers to that number assigned to
that compound by National Cancer Institute.

In spite of the difference in the test system employed (L-1210
leukemic line versus P388 leukemic line), it Wasvobserved114 that
cyclization of open phosphonium salts generally led to a phosphinoline
system with a marked increase in the T/C_valué. For example, 1157

43,110

PPA-induced cyclization of both the open-chain precursors‘gl and

Tﬁﬁs - G5
CeH—P % I , Br | CeH—P "+ , Br_
CH . X
3 NSC-245392 NSC-248535
T/C = 110 T/C = 125
(6.25 mg/kg) - (12.5 mg/kg)
61 [1~1210] 62 [L-1210]

9& produced éé’when NaCl was added in the final step of the workup (or

C H, CoH,
CeH—P + , C1 Cols—P "+ . PFG‘
CH, NSC-273810 CH, NSC-245397
T/C = 155 T/C = 107
(25 mg/kg) - (6.25 mg/kg)
63 ' [P-388] 64 [L-1210]
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93 when KPF6 was used in the final step). The T/C value increased
from 110 for 61 and 125 for 62 to 155 with the cyclic product 63. The
~ —~ ~
low T/C value (107) for 95 was tentatively attributed to an unknown
effect of PF6 anion. The observation that PF6 salts always had a
smaller T/C value compared to the counterpart with a Br or Cl anion
was supported via analysis of the products obtained from conversion

of open phosphonium salt 92 to benzophosphinolinium salts gé'and QZ

as shown below. The chloride gg had a T/C value of 118 while the PF

6
T6H5
c H ——Pf:\\\ Br
[L\\ NSC-245394
(25 mg/k
_ g/kg)
[L-1210]
65
)
CeHe
— , PF_~
C6H5 P + 6
NSC-273808 NSC-245398
CH,
T/C = 118 T/C = 106
(6.25 mg/kg) _ (12.5 mg/kg)
[1-1210]

- [P-388]

66
ﬂ

salt éz,had a value of 106.

Besides the nature of the anion, the type of substituent on
phosphorus is likely important for maximum activity. Recently, Berlin
and co-workers evaluated50 the screening data furnished by National
Cancer Institute in terms of carcinostatic activity of phosphinolinium

salts versus the type of substitution on phosphorus. The 1157 PPA-
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induced cyclization of gﬁ,at 160°cC gave a mixture of two diastereomers

%Eg and %EB (NSC-248536) in the ratio 3:1 and having a T/C value of 107

|
c .H.—P+ , Br
65 I NSC-245853
CH, T/C = 104
(0.8 mg/kg)
[P-388]
24
~
?sz
CH.—P + , Br
6.5 | - NSC-24393
CH, T/C = 112
(3.13 mg/kg)
[P-388]
25
fﬂ
CH - C.H
[ 3., PF, l2 5 PF,
—p _ NSC-245396
CeH, P/:T\\] ) CeH —PF +

CHs t/c = 121

Q CH, H  (6.25 mg/kg)

[LlelO]

(3.13 mg/kg) in the L-1210 leukemic systemp However, cyclization of
Eg produced EZ with a larger increase in T/C value. Both acyclic and
éyclic phosphonium salts Eg and‘gl having an ethyl substituent on
phosphorus had higher T/C values than the corresponding phosphonium
salts with a methyl substituent on phosphorus.

The position of the phosphorus atom in the ring also appears
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crucial for maximum biological activity of compounds. It was observed
that in certain isophosphinoline systems the T/C values did not change

gignificantly when the open-chain precursors gg and 69 were compared to

c .H

C,H C H C,H
6 5
\‘/ 65 6 5\}/ 65
_P . P
4 +\\], Br +\\! Br
k\ NSC-245383 ? NSC-245386
> N AN
<:;:> T/C = 115 CcH T/C = 113
; (12.5 mg/kg) 3  (6.25 mg/kg)
HoC
[L-1210] [L-1210]
58 &

the cyclic products lg and Zi. The low T/C values for lg and Z&Imlght

C.H C.H
65 65
| \/ _
P , PPy
NSC-245388 + NSC-245391
T/C = 117 T/C = 102
(6.25 mg/kg) O CH, (100 mg/kg)
[L-12101 H3C [L-12101
70 71
-~ -

be due to the presence of the PF6 anions.

At this time, there exists no unequivocal rationale to explain the
biological activity in terms pf structure of a carbon-phosphorus heter-
ocycle or for many systems in fact. Steric effects and the influence
of several conformations of flexible molecules in solution remain
parameters difficult to evaluate in predicting biological activity.20

Some phosphinoline systems have exhibited other types of biological
activity. TFor example, N-alkyl derivatives of phosphinoline }i'and ;g‘

12
were prepared 1 and subjected to a Mouse Writhing Test and to the
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S P

McKenzie Beechy Mouse Tail Stimulation Test to determine the analgesic
activity present. The compounds iﬁ which X = S showed high activity.
Phosphine sulfide }g,(X = S; R' = R" = H) was active at 16 mg/kg in the
Tail Stimulation Test which was compa;able to morphine in this assay.

The toxicity test for }3 showed an LD_, of 170 mg/kg.

50
The high degree of activity exhibited by phosphinolinium salts
ﬁg and 23 has offered encouragement that other phosphinoline deriva-

tives and selected C-P heterocycles may have chemotherapeutic value.

Much work remains to be done in this field.
Applications of Bisphosphonium Salts

Several successful applications of quaternary phosphoniumAsalts
were listed in an extensive review5 published in 1972. The appearance
of nearly 70 patents and articles about the applications of bisphos-
phonium salts in the last decade has revealed the potential use of
such salts in medicine and industry. Since‘it is impractical to list
all the recent literatures (since 1970) concerning the applications of
bisphosphonium salts, the discussion will primarily focus on selected
references judged on the basis of potential utility.

Bisphosphonium salts have exhibited high antimicrobial and moderate

. - . . 126 . .
antifungal activity in vitro. Recently, strong anticholenergic
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activity of a,w-alkanediylbis(triphenylphosphonium) salts Zg'(n =2, 3,

+ +
[(c6H5)3P-_(CH2)n——P(c6H5)3] , 2 X

72
o~
5, 6; X = Br) has been discovered.'97 1,10-Decanediylbis (triphenylphos~

phonium dibromide (72; n = 10; X = Br) has been used as a bactericide7

in detergents, for examplé. Bisphosphonium salts Z; are useful as

+ +
— "w__ -
[(C6H5)2T CHR T(Ceﬂs)z] » 2 X (g = C H, or substituted CH,
T Dt
R R R" = C6H5’ H, X, alkyl, etc.
jEi , X = halogen)

antiparasitics55 to.control helminths in domestic and farm animals.

Methylenebis(triphenylphosphonium)dibrdmide (Zg; R'.f C6H5; R" = H;

X = Br)'controlled larger number of helminths in sheep at 15-30 mg/kg.
Horner  and co¥workers discovered70 that bisphosphonium salts,

expecially those with C bridges between the P-centers, were

4-10
excellent corrosion inhibitors for metals in acid solutions. Certain
bis-salts were better corrosion'inhibitors than polymers with incor-
porated "phosphonium" centers. The protective value (Z) of a,w-
alkanediylbis(triphenylphosphonium) salts Zz‘(n =2, 4, 5, 6, 10; X =
Br, C1, FeCl4) was found72 to be higher at low inhibitor concentration
for iron specimens. The protection is apparently due to secondary
inhibition. Evidence for secondary inhibitors formed on iron boundaries

from reductive degradation of Zi{has been obtained by UV absorption and

fluorescence spectroscopy.69 Corrosion of aluminum,58 zinc,125 iron and

steel115 in different environments was inhibited with the aid of selected



28

+
CHZ—-P(C6H5)3 » C1

cl

CH —--P(C6H5)3 ’

2

74
~

bisphosphonium salts.

The application of bisphosphonium salfé in fire-proofing of
plastics and textileé is also well known.5 Mény patents deal with
l,2—ethanediy1bis[fris(2—cyanoethyl)phosphonium] dibromide (Zé) as a

+ +

[(wc-H C—H2C)3P-CH2—CH2—P(CH2—CH —CN)3]., 2Br

2 2

Zg

flame retardant for polypropylene,103 polystyrene,138 ABS,103 poly-

(esterethers)19 and poly(methylm.ethacrylate).41 Thermogravimetric4
and_mechanism studies116 of a flame-retardant system containing Zé'and
ammonium polyphosphate indicated that the synergistic effect observed
by ﬁomBination of the two components was due to the formation of a
P-rich char which forms an insulatingvlayer on the polymer surface
with liﬁtle effect on thermal and mechanical properties of polymers.
The bis—salt}lé has been used as fire-retardant-adhesion-promoter for
polystyrene based adhesives.104 Heat-resistant films of vinyl polymers
on metals like aluminium are formed94 by electrolyzing monomers in the
presence of bis-salt Zg (X = Br). The bisphosphonium salt Zg (X = Br)
is also useful as a non-opaque flame—retardant48 for polycarbonates

and an antistatic agent for nylon fabrics.117 ' Use has been made of
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+ +

(CgHy) ;P—H,C CH,—P(CH), » 2 X
76
o~

several bisphosphonium salts as colorfast agents53 in textiles against
heat, light and laundering.

Many.bisphosphonium salts have been employed as catalysts for
polymerization reactions. The use of bis-salt lg [X = (C6H5)4B] as a
promotor for cross-linking of epoxy resins with anhydrides has been
proposed.107v Bisphosphonium salts have served as catalyst538 for
polymerization of epoxides with isocyanates, thickening accelerators42
for unsaturated polyester resin solutions by MgO and chiral phase
transfer catalyst80 for NaBH4 reduction of u—keto esters.

Quaternary phosphonium ionomers have been formed by the reaction
of o,w-alkanediylbisphosphonium dihydroxides 1ike‘1Z with sulfonated

+ + _
[(CZHS)BP—_(CHZ)14—_P(CZH5)3] s, 2 OH
z
irubbers.l6 The ionic polymers formed vary from water-soluble poly-
electrolytes useful as thickening agents to thermoplastic rubbers
useful as speciality and general purpose rubbers.

Bisphosphonium salts have found value.in waste-water treatm.ent,52
extraction of uranium8 and deactivation of glass surfaces and glass
capillary columns.90 In the photographic field, bisphosphonium salts
have been used as photographic hardening agents.142

In synthetic chemistry, bisphosphonium salts can serve as
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precursors for the bis-ylids used in the synthesis of polyenes,79
macrocyclic compounds,113 fluorescent Whitener387 for organic materials
andazodyes4 to list only a few examples. Cyclization10 of bis-salt
;g_with lithium ethoxide in ethanol gave (+)-pentahelicene (12). 1,2-

Ethenediylbis (triphenylphosphonium) dibromide (§9) reacted with alcohol

7 ~
~ ‘l ~ +
~N CHZ-—P(C6H5)3 , 10, li
AN CHZ——i(C6H5)3 , 10, | -
| | ~
N
78 79
~ | —

9 v
or phenol3 in the presence of triethylamine to yield 25 which was

hydrolyzed by base to the vinyl ether‘§2,(overall yield 50-76%). Com-

+ +
[(C¢Hg) P—CH=CH—P(C(H),1 , 2 Br  + ROH
‘ ' (R = alkyl, aryl)
§g
, (Cytl5) 3N
+

R-0-CH=CH-P(C_H,) 5, Br
81

NaOH/H20

R—O—CH=CH2

82
fv

paratively, little use has been made of bisphosphonium salts for organic

synthesis as concluded from a literature survey.



CHAPTER II
RESULTS AND DISCUSSION

1,2,3,4-Tetrahydrophosphinolinium salts are of special interest

. . . 27 ]
both from a stereochemical point of view  as well as for potential

50,114

biological activity. Substituted 1,2,3,4~tetrahydrophosphino-

linium salts ﬁg and éélare the only C-P heterocycles which have

TZHS T6H5
— , Br H.— ™, Cc1
C B —P ™+ r CoH—P '+
NSC-145185 | NSC-273810
CH,
[gi::) T/C = 142 <:::) T/C = 155
[P-388 system] [3 P531° system]
43 63
~ ~

confirmed carcinostatic activity as demonstrated by the National Cancer
Institute during the routine screening process. In addition, certain
o,w-alkanediylbisphosphonium salts have exhibited anticholenergic,97
antimic’robial7 and antihelminitic55 activity. They are also valuable
in several industrial applications (vide infra).

Although simple 1,2,3,4-tetrahydrophosphinoline systems have been

2,112,132 no method has ever been recorded for the prepar-

synthesized,
ation of o,w-alkanediylbis(1,2,3,4-tetrahydrophosphinolinium) salts.
The general formula for the family of targeted compounds is illustrated
323 (d,1-pair possible). Also, a search of the

literature revealed that no attempt has been made to separate such

by 83 ~form) and
v ’~’(meso orm) an

31
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H Y

C H C,H_ s 6"

1!6 5 6!J ! + +
J\ (CHZ)/ \ /

(CH,)
, 2X . . , 2%
83 &

diastereomers or to resélve the d,l-pair of a C—f‘héterocycle con—
taining two asymmetric phosphorus atoms in the rings. Stimulated by
these observations and an interest to explore the cyclization technique
for preparing C-P heterocycles found in our laboratory,43 we attempted
the preparation of certain substituted o,w-alkanediylbis(1,2,3,4-tetra-
hydrophosphinolinium) salts which are dissymmetric because of two
asymmetric phosphorus atoms. In addition, we anticipated that the
bis-salts would possess useful biological activity.

Diquaternization of commercially.availéble bisphosphines (§§—§2)

(C H )'P—(CHz)n—P(C6H5)2 + 2(H3C)2C=CH—CH2C1_

| 652
85 n=2 88 n =25
~ —~
86 n=3 89 n =6
= ~
gl n=4 C6H6/N2/heat, 44 h

+ +
— (CeHo) ,P—(CH,) —P(CH,),

(CH3) 2C=CH-CH2 CHZ—CH=C (CH3) 9
, 2 Cl
90 n = 2 93 n =75
—~ -
91 n =3 94 n =6
92 n =4
pad
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+ +
<06H5)21|"(CH2){P(06H5)2
(CH.) .C=HC—-CH CH, =CH-C(CH..)
372 2 2 372 1. 115% PPA/180°/1 h
» 2 PRy 2. KPF,
95 n =2 98 n =75
~ -~
9 n =3 99 n =6
~ —~
97 n =4
—~

1. 115% PPA, 180°, 1h

N

2. KPF6

%29 n=2 103, n =5
101 n=3 104 n =6
o~ ’-J
102 n =4

~

with 1-chloro-3-methyl-2-butene gave B—alkenyl—sﬁbstituted bis-
phosphonium dichlorides 2972& [characterized as bis(hexafluorophosphates)
22—22]. Cyclization of open-chain bisphosphonium salts in presence of
1157% PPA produced ;ng%gs which always displayed two 31P NMR signals
arising from the racemic- and meso-forms in solution.

Treatment of bis(diphenylphosphino)methane (%9;) with l-chloro-3-
methyl-2-butene, following the same procedure as discussed previously,
gave only the mono-alkylated product ;Qg, possibly due to steric
hindrance of the trigonal phosphorus atom by the quaternized P atom.

Even an excess of the reagent, longer reaction pefiods and using a high

boiling solvent like toluene or xylene did not produce the dialkylated
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product. The mono-chloride %Qg (converted to and characterized as }Q])

did cyclize, however, to 108. Dialkylation of 105 to 109 was finally
r~ o~ o~

(C6H5)2P—CH2—P(C H), + 2(H3C)2C=CH—CH Ccl

652 2
;Qé C6H6/N2/heat,'96 h
. +
(C6H5)2P—CH2—T(C6H5)2
_ CH,—-CH=C(CH.,)

e 2 3’2
106

~

1. 115% PPA/180°/1 h

KPF6 2. KPF6

+
(C6H5)2P—CH2—P(C6H5)2 (C H,)

CHZ—CH=C(CH3)2

6

, PF

107 108
Y an P

échieved with 1-bromo-3-methyl-2-butene, although the reaction time was
long (10 days). Cyclization of the dibromide 109 (characterized as 110)
. Vo o~

with 115% PPA at 205°C for one hour gave 111.

+
(C_H_) . P-CH,.-CH=C(CH.,)
65 2| 2 . 372 CeHs  CHg
CH, , 2X ) §
(C4Hy) ,P~CH,~CH=C(CH,) , P+ /j/P
+
CH,
109 X = Br
— » 2 PF,
;10 X = PF,
111



Using our gemneral procedure, diquat

with allyl brpmide led to 112 and, witb

ernization of bisphosphine 8

5
113

5-bromo-l-pentene, produced
o~

(characterized as %lé). Similarly, diquaternization of‘§1'with 4=bro-

+ +
[mgng«mgﬂﬁwggbj , 2 X
R R
112 n=2; R = -CH,-CH=CH.; X = Br
~~ 2 2
%19 n=2; R= —CHZ—CHZ—QHZ—CH=CH2; X = Br
ilj n=2; R=-CH,~CH,~CH,-CH=CH,; X = PF,
115 n=4; R = -CH,-CH,-CH=CH,; X = Br
%lé n=4; R = —CHZ—CHZ—CH=CH2; X = PF6

mo-1l-butene gave 115 (characterized as 1

subjected to our general cyclization pro

16). .When these compounds were
— .

cedure, several unusual obser-

vations were made as a result of the formation of several isomers.

For the separation of diastereomers
prepare the diperchlorate ;&Z.
115% PPA at 180°C for one hour, followed
aqueous NaC104, resulted in the formatio

meso— forms of 117.
I ~

Fractional crystall

Cellg
I,

, it proved beneficial to

Cyclization of 29 in the presence of

by treatment with saturated
n of a mixture of racemic- and

ization of the mixture of

Cells

-+

V//J\\\\(CHZ)é////

=
=
~

cio0

~ 4
18 X = B(CGHy),
119 X = cl

, 2 X
120, X =1
121, X = L(+
X = L(+)HDBT
122, X = D(-)HDBT

\
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“diperchlorates llz with HZCClz—ether resulted in the separation of the
\ ; .
much less soluble meso—}lz (outlined below). Treatment of the other

fraction, highly enriched with the racemic—;;l, with a methanol solu-

tion of sodium tetraphenylborate gave enriched (i)—;l§ (tetraphenyl-

117 (meso- and (x)-forms)

H CC12/Ether

2 .
| .
_Nlis;—lr]_l, (2 c10,7) (t)—enrliched 117 (2 C104;
Dowex 1-X8 (Cl) | NaB(CHJ),
; H,CCN/H,0 L H,COH
Meso-119, (2 c1) (+)-enriched 118 [2 B(C6H5)4—]
NaI/H,0 H,CCl,/Ether
gt;s_c;-lrzg (2 1) (i)-jlrl_8,[2 B(CgHy) , ]
Dowex 1-X8
H,CCN/H,0

()-119, 2 €17)

NaClOa/HZO

(#)-117 (2 Cl0,")

borate). Fractional crystallization of the crude racemic-enriched
mixture with HZCClz—ether was successful and (x)-118 was separated in

- +) — . .
pure form. Both meso-117 and (+)-118 were converted into the respective
dichlorides, meso-119 and (*)-119, via passage through a column of

meso-__2 ~12, Via

Dowex 1-X8 (Cl ). Further proof of the structure for meso-119 was
obtained through metathesis and characterization of the diiodide,

meso—igg, whereas (i)—;lg was converted to and characterized as the
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diperchlorate, (i)'}lZ' The 31P NMR analysis was advantageously used

to monitor the separation of diastereomers.

Efforts were expended to resolve the new dissymmetric C-P enan-
tiomers of (i)'¥l9' Partial resolution was achieved by using silver
hydrogen D(-)- and L(+)-dibenzoyltartrates (HDBT) as the resolving

agents (outlined below) and monitoring the process via 31P NMR

— (#)-119 (2 c1")
2 Ag" D(—)HDBT’ -~ l 2 Ag® L(+)HDBT

(+)-122 [D(-)HDBT] (2)-121, [L(+)HDBT]
24 _ o 24 _ o
[l " = -91.5" [aly" = +92.5
HCClB/Ether HCCl3/Ether
(+)-122_ [D(-)HDBT] (=)-121, [L(+)HDBT]
[algl = -60.0° [a]gl = +60.5°
NaClO4/H3COH .lNa0104/H2COH
(H)-117 (2 c10, ) (-)-117, (2 c10, )
26 _ 0 21 _ .o <O
[a]D = +19.1 [a]D = -18.5

spectroscopy. Metathesis of (+)-119 with Ag L(+)-HDBT in methanol gave
a mixture of diastereomers from which it was possible to fractionally

 crystallize (HCC1

21
D 3

same procedure, (+)—¥g§ [D(-)HDBT] was isolated and had a mp 147.5-149°C

3—ether) out in pure form (-)-121 [L(+)HDBT; mp 151-

153°C (d); [0l = +60.5° (¢ = 1.0 g/100 mL; H,COH)]. Following the

(d) and [u]éo = -60.0° (c = 1.0 g/100 mL; H_COH). The inclusion of 1

3

equiv. of water was found (as revealed by elemental analysis) in the
crystalline (+)—;gg,[D(—)HDBT].

Metathesis of (+)-122 [D(-)HDBT] with NaClO4 in H3COH resulted in
the formation of the enantiomer (+)—£l1’ mp 263—264.50C; [u]él = +19.lo;
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(¢, 1.0 g/100 mL; acetone). Following the same procedure, the other

2
enantiomer (—)—%lz was isolated and had a mp 262.5-264°C and [oc]Dl =

-18.5° (c = 1.0 g/100 mL; acetone). This is the first example of a
resolution of C-P heterocycles involving a bisphosphonium salt.
Then meso-119 (2 Cl ) was subjected to similar experiments as

employed in the resolution of (*)-119. The diastereomers meso-121

[L(+)HDBT] and meso-122 [D(-)HDBT] upon metathesis with NaClO4 in
Meso-119 (2 C1 )
Beso--_2
2 Ag' D(~)HDBT | 2 Ag' L(+)HDBT
24Meso—122 [D(-)HDBT] 24 Meso—%&% [L(+)HDBT]
[a]7" = -91. 3° (20 mg/2 mL; H,COH) [a]5" = +92. 5° (20 mg/2 mlL; H ,COH)
. NaClO4 H3COH NaClO4 HBCOH

Meso—%il (2 ClO4 ) <

21 _

D 0° (20 mg/2 mL; acetone)

[al

3

expected. Elemental analysis revealed the inclusion of one mole of

H_ COH, gave the same meso—%il (2 C104—) with a rotation of 0o as

water in the crystalline ESEQT}E} [L(+)HDBT] but not in EgﬁgfLQE
[D(-)HDBT].

In view of the lack of work in the area and the scarcity of model
sysfemé, chemical degradation of 1,1'—(a,w-a1kanediyl)bis[1,2,3,4—
tetrahydro-4,4-dimethyl-1-phenylphosphinolinium] salts was investigated
via basic hydrolysis studies and a single crystal analysis of one
member of the family via X-ray diffraction. Thus, Egggfiig,(Z cl)
in methanol was mixed with aqueous NaOH and boiied. Assuming attack

by hydroxide ion on one phosphorus atom, loss of ethylene apparently
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occurred with concomitant formation of the phosphine 123 isolated as

the methiodide 124 (converted to and identified as 125). In addition
P L

CH, (T)
_ , X —
CH —P + géns P
123
124 X =1 126,
125 X = PF
— 6

phosphine oxide %gg was isolated. Moreover, reduction of meso—%ig

(2 C17) in dry THF with LiAlH, or NaH gave the phosphine %Zé which was

4
converted to salt 124 and characterized as 125, but all in low yields.
Pad ’-"

An X-ray diffraction examination of meso—%lz (2 C104—) provided
unequivocal evidence for its structure and was supportive of our
general postulated structures of the 1,1'-(o,w-alkanediyl)bis[1,2,3,4-
tetrahydro-4,4-dimethyl-1-phenylphosphinolinium] salts. This work is
also the first for this family. Moreover, the structures of all new
materials described herein are supported by IR, lH NMR and 31P NMR data

listed in Tables I-IV in addition to elémental analyses found in the

Experimental Section.

Diquaternization of o,w-Bis(diphenylphosphino)-

alkanes (§§—§2,and 105)

Several synthetic methods have been employed for the preparation of
quaternary phosphonium compounds but the most widely used process is the

Menshutkin~type reaction of a phosphine with a compound RX (R = H, alkyl
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TABLE I

IR AND 31P NMR SPECTRAL DATA FOR OPEN~CHAIN BISPHOSPHONIUM SALTS

IR Spectra in KBr Pellets® 31P NMR Spectrab
Compd »
Plate Selected bands, cm™1 Plate ppm®
22, I 1440(s), 1120(vs), 997 (m), LVII +26.48
845(br), 730(vs), 690(vs)
96, II 1438(s), 1122(vs), 997(m), LVIII +23.81
844 (br), 735(vs), 688(vs)
97 III 1442(vs), 1118(vs), 1001(m), LIX +24.63
~ 844 (br), 743(vs), 692(vs)
98 IV 1442 (vs), 1118(vs), 1001(m), LX +23.76
al 844 (br), 743(vs), 690(vs)
99 Y _1442(VS), 1118 (vs), 999(m), LXI +24.36
~ _ 844 (br), 742(vs), 689(vs)
107¢ VI 1440(vs), 1115(vs), 999(m), LXII +23.80
— 844(br), 742(vs), 689(vs) (d, Jpcp =
66.80 Hz);
-30.18
(d, Jpcp =
66.08 Hz)
110 VII 1439(vs), 1114(vs), 998(m), LXIII +19.97
e 844 (br), 744(s), 685(vs)
112 VIII 1440 (vs), 1118(vs), 998(m), LXIV +26.79
~— 738(vs), 691(vs)
114 IX 1440(vs), 1118(vs), 998(m), LXV +29.77
~ 844 (br), 741(vs), 689(vs)
iig X 1438 (vs), 1118(vs), 997 (m), LXVI +26.56

844 (br), 743(vs), 688(vs)

a . s
Abbreviations used for IR spectral data -are: s, strong; vs, very
strong; w, weak; m, medium; br, broad.

b31P NMR Spectra obtained in DCCl3 with 1-2 drops of CF3COZH added,
unless otherwise specified.

Cly decoupled 31P resonance in ppm relative to 85% H3PO4 standard
external.

d31P NMR Spectrum obtained in DMSO-d,. The trigonal phosphorus in ;QZ

has a value of -30.18 ppm and the quaternary phosphorus has a value of
+23.80 ppm.



TABLE II

15 om CHEMICAL SHIFTS AND COUPLING CONSTANTS FOR OPEN-CHAIN BISPHOSPHONIUM saLTs?
Structure Compd. Plate § values from TMSb Assignments
Iil (o) 95, XXIX }fs (s, 6 H) CH, (ai__;—_
+ (d) _CH3 (b)
(C.H. ). P—CH. —Ce=C 1.60 (s, 6 H) | CH, (b)
65 2[ 2 ~¢ _
- cH3 (a) 2.76-3.26 (m, 4 H) CH,~CH, (c)
CH, _ -
(c) éH , 2 PFg 3.32-3.84 (dd, 4 H, CH, (d)
' J =13, J = 8 Hz)
£) | 2 _CHy (a) JPCH HCCH )
(C_H_) ,P—CH,—C=C ‘
: TN 4,64-5.02 (my, 2 H CH (e)
652 W@ | Temy o) ( : ---
H (e) 7.30-8.04 (m, 20 H) Ar-H (f)
H (f) 3_6/ XXX 1.09 (d, 6 H, Jpg = 3.5 Hz) CH3 (a)
(g) + | _cHg (b) _
(C6H5)2P—CH2—C=C 1.63 (d, 6 H, Jpy = 5.5 Hz) CH3 (b)
] ~ "CcHg (a) -
CH:2 (d) 1.42-1.92 (m, 2 H), over- CH2 (c)
I _ lapped with CH3 .
THZ () 2 PFg 2.70-3.16 (m, & H) CHy (d)
CH, (d) , - 3.22-3.62 (dd, 4 H, CHy (e)
(g) I _~CH3 (a) Jpcy = 13, Jgccu = 8 Hz)
(CH) ,P—CH,—C=C_ _ -
+ (e% | CH3 (b) 4,68-5.02 (m, 2 H) CH (f)
H (f) _—— '
: 7.32-7.96 (m, 20 H) Ar-H (g)

1%



TABLE II (Continued)

§ values from TMSb

Structure Compd. Plate Assignments
H (£) 97 XXXI  1.16 (4, 6 H, Joy = 3.5 Hz) CH, (a)
~ 4 > Y“PH 3
(g) + (e) | _cH3 (b) — - -
(c,H.) —C=C 1.63 (d, 6 H,~JPH‘= 5.5 Hz) CH3 (b)
655 2T H, N (@) z - e
3 \a 1.44-1.96 (m, 4 H), over- CH, (c)
CH, (d) 2
2 v lapped with CHjg
(CHy), (e) , 2 PFy 2.56-3.04 (m, 4 H) CH, (d)
?Hz (d) G ) 3.30-3.72 (dd, & H) CH, (e)
- a J =13, J =8 H
(C6H5)2P —an,—c—c] 3 Iech HCCH 2 T
+ (et | CH, (b) 4.78-5.06 (m, 2 H) CH (f)
H (f) : _—
7.30-7.94 (m, 20 H) Ar-H (g)
v (5 98 .16 (4, 6 - 3.5H
(8) + (o) l _CH (b) XXXIT. 1.16 (d, H, Jpyg = 3. z) Chj (a)
(cgHy) )P—CHy—C=C_ ’ 1.65 (d, 6 H, Joy = 5.5 Hz) CH. (b
| CH, (a) . > s Jpy = 2.0 Hz 3 )
CHZ (d) 1.25-1.80 (m, 6 H), over- CH2 (c)
- lapped with CHj
(CH2)3 (¢) , 2 PF6
2.44-2.94 (m, 4 H) CHy (d)
CH2 (d)
/CH3 (a) 3.26-3.58 (dd, 4 H, CH2 (e)
(c —C=C__ JpcH = 13, Jgccy = 8 Hz)
(6 5 2+ ( 3 l (b) - -
H (f) CH, 4.76-5.04 (m, 2 H) CH (f)

7.36-7.94 (m, 20 H)

(44



TABLE II (Continued)

8 values from TMSb

Structure Compd. Plate Assignments
H () 29, XXXIIT 1.20 (d, 6 H, Jpg = 3.5 Hz) CH, (a)
(8 + | _cH3 (b)
(C6H5)2P—-CH2—-C=C\ 1.66 (d, 6 H, Jpy = 5.5 Hz) CH, (b)
l CH,y (a)
CH, (d) 1.28-1.58 (m, 8 H), over-— CH, (d)
l - lapped with CHjy
(CH,), (¢) , 2 PF -
24 6 2.4-2.88 (m, 4 H) cH, (@)
CH2 (d)
~Cl, (a) 3.24-3.63 (dd, 4 H, CH, (e)
(‘261;15)25_((3H§""T=C\ CH. (b) Jpcy = 13, Juccm = 8 Hz)
g e :
H (f) 3 4.,76-5.10 (m, 2 H) CH (f)
7.43-7.90 (m, 20 H) Ar-H (g)
H (e) 107°  XXXIV  1.22 (d, 3 H, Jpy = 3.5 Hz) CH, (a)
. J » JPH
(£) + (@ | _ACHy () —~ 3
(C6H5)21l>—CH2—c=c\ 1.59 (d, 3 H, Jpg = 5.5 Hz) CH3 (b)
CH, (a) -
CHZ (C) 3 —. 3.36—3-62 (d, 2 H, JPCH =13 HZ) CHZ (C)
(éf% ) 1',. » 2 PFg 3.48-3.78 (dd, 2 H, Jpgy = 13, CH, (@)
652" Jaccy = 8 Hz), overlapped
with CHy (c)
4.70-5.00 (m, 1 H) CH (e)
7.20-7.84 (m, 20 H) Ar-H (f)




TABLE II (Continued)

§ values from TMSb

Structure Compd. Plate Assignments
H (e) 110 XXXV  0.88 (d, 6 H, J__ = 3.5 Hz) CH, (a)
(£ + (o) | _CH, (b) ~ o PH 3
(C6H5)2P_CH2_C=C\CH . 1.53 (d, 6 H, Jpy = 5.5 Hz) CH, (b)
CH, (d) 3 2.98-3.32 (dd, 4 H, Jpcyg = 13, CH, (c)
| _CH, (a) Jhcey = 8 Hz)
(C¢H,) ,P—CH,—C=C_
+ (c? | CH, (b) 4.60-5.01 (t, 2 H, Jpoy = 15 Hz) CH, (d)
H (e)
_ 4.60-5.01 (m, 2 H), over- CH (e)
, 2 PF6 lapped with CH2 (d)
7.48-8.04 (m, 20 H) Ar-H (f)
@ + ) (o) 112 XXXVI ~ 3.18-3.58 (m, 4 H) CH,CH, (a)
(Ceﬂs)zll"‘"CHz_CH=CHz (d) 4.02-4.44 (dd, 4 H, G, ()
(a) THZ R 2 Br— JPCH = 13:_5HCCH = 8 HZ) |
_ CH (c)
cH 5.04-5.60 (m, 6 H) Ciy ()
@ |2 . -- ---
(C_H_ ) ,P—CH.—CH==CH, (d) 7.44-8.10 (m, 20 H) Ar-H (e)
652, (bg 2

oy



TABLE II (Continued)

§ values ppm from TMSb

Structure Compd. Plate Assignments
_ H (d) 114 XXXVII 1.16-1.64 (m, 4 H) CH, (a)
(éfgl ) ;_ég)_ég)_ég)_(l:=c/ﬂ (e) 1.94-2.28 (m, &4 H) CH, (b)
652 2 2 2 “E @
(c) (THZ)Z , PF6— 2.62-3.08 (m, 8 H) CH2 (c)
H (d)
(g )ZP—CH}-—CH;——CH —c=c” 4.82-5.11 (m, 4 H) CH (d)
)+ (F (af of }II @ i (e) 5.22-5.79 (m, 2 H) CH (e)
A 7.46-8.02 (m, 20 H) Ar-H (f)
() + (o) () _H (d) .
(C6H5)21|>——CH2——CH2—(II=C\H o . 55 XXXVIII 2.50—1.92 (m, &4 H) CH, (a) _
(c) THZ H (d) - 72.02—2.44 (m, 4 H) CH2 (b)
(a) ((lzﬂz)2 , 2 PR, 2.58-3.04 (m, 8 H) CH, (c)
(c) CH, H(d) 4.92-5.28 (m, 4 H) CH (d)
.2 @ 42-5.96 (m, 2 H) (e)
C,H_) P—CH,—CH, —C=C 5.42-5.96 (m, 2 H CH (e
6372, (§ 2 SE () , --
7.48-7.93 (m, 20 H) Ar-H (f)

aSpectra obtained in DCC1l

The multiplicity of each peak is indicated as follows:

3

cSpectra obtained in DMSOjgﬁ.

with 1-2 drops of CF3C02H added unless otherwise specified.

s, singlet; d, doublet; t, triplet; m, mﬁltiplet.

Sy
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TABLE III

P NMR SPECTRAL DATA FOR CYCLIC PRODUCTS

46

IR Spectra in KBr Pellets?

31p R Spectrab

Compd. 1 c
Plate Selected bands, cm Plate ppm
100 X1 1441(vs), 1114(vs), 1000(m), LXVII +15.09;
—~ 844 (br), 741(vs), 688(vs) - +16.03
101 XII 1440 (vs), 1116(vs), 998(m), LXVIII +12.50;
~—~ 844 (br), 739(vs), 690(vs) +12.92
102 XIIT  1440(vs), 1118(vs), 998(m), LXIX +13.28;
— 844 (br), 741(vs), 690(s) +13.37
103 - XIV 1442 (vs), 1119(vs), 1001(m), LXX +13.02;
o~ 844(br), 752(vs), 691(s) +13.08
104 XV 1442 (vs), 1119(vs), 1000(m), LXXI +13.91;
~ 844 (br), 752(vs), 692(s) +13.96
igg? XVI  1438(vs), 1110(vs), 999(s), LXXII +21.24
844(br), 740(VS), 688(VS) (d, JPCP =
10.6 Hz);
+30.03
(d, Jpcp =
10.6 Hz).
111 XVII  1438(vs), 1110(vs), 994(vs),  LXXIII +10.01;
~ 844 (br), 745(vs), 692(vs) +11.25
meso—¥lz XIX 1439(vs), 1111 (vs), 1085(br), LXXV +14.85
745(vs), 689(s), 624(s) '
(+)-117 XX 1438(vs), 1085(br), 998(m), - LXXVI +15.93
730(s), 688(s), 622(vs) »
(+)-117 XXI 1439(vs), 1085(br), 998(m), LXXVII +16.04
— 750(s), 690(s), 622(vs) .
(-)-117 XXIT  1438(vs), 1085(br), 998(m), LXXVIII  +16.03
— 730(s), 689(s), 622(vs)
(£)-118  XXIII  1439(s), 1112(s), 998(m), LXXIX +16.24
—~ 732(vs), 705(vs), 688(s),
611 (vs)
meso-120 XXIV 1438(vs), 1115(vs), 744(s), LXXX +15.13
~ 998(m), 689 (vs)
(-)-121° XXV 1725(vs), 1438(s), 11l4(vs), LXXXII  +16.97
-~ 689 (m), 614(vs)
meso-121%  XXVI  1724(vs), 1439(m), 1112(vs), LXXXIII  +15.62
~ 998(m), 689(m), 615(vs) " 4+15.58
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TABLE III(Continued)

31

IR Spectra in KBr Pellets? P NMR Spectrab

Compd.
mp 1

Plate Selected bands, cm” Plate ppm¢

(+)-122°  XXVI  1724(vs), 1439(m), 1112(vs), LXXXIII  +16.90

—~ 998 (w), 689(m), 615(vs)

meso-122° XXVIII 1724(vs), 1440(m), 1112(vs),  LXXXIV +15.54
i 998 (m), 689(m), 615(vs) +15.51

aAbbreviations used for IR spectral data are: s, strong; vs, very
strong; w, weak; m, medium; br, borad.

with 1-4 drops of CF_CO,H added

b31P NMR Spectra obtained in DCCl 3¢9,

unless otherwise specified. 3

Cly decoupled 31P resonance in ppm relative to 857 H3PO4 standard
external.

d31P NMR Spectrum obtained in DMSOﬁg6.

®3lp NMR Spectra obtained in DCC13.



1

TABLE IV

H NMR CHEMICAL SHIFTS AND COUPLING CONSTANTS FOR CYCLIC PRODUCTS®

§ values from TMSb_

Structure Compd. Plate Assignments
Celg CeHe 100 XXXIX  1.39 (s, 12 H) CH,
g + +§ , 1.82-3.25 (m, 12 H) CH2
P
H,C i CH -
3 AN CH.) e 3 7.36-7.96 (m, 18 H) Ar-H
H,C ( 2 CH
3 _ 3
s 2 PF6 '
§6H5 C6Hg }(_)_]J. XL 1.14-1.48 (m, 12 H) CH3 _
H3C P{ /+P CH3 }.66—3.38 (m, 48 CI-I2
, 2 PF,
§6H5 C6H% igg XLI 1.40 (s, 12 H) CH,
H3C P{ /+P >CH3 }.50—3.20 (m, 16 H) CH2 .
H3C' . (CH2)4 CH3 7.28—7..92 (m, 18 H) Ar-H
, 2 PF6—

8%



TABLE IV (Continued)

Structure Compd. Plate § values from TMSb Assignments
Colls CcH @ %,03 XLII  1.14-3.84 (m, 712 H) ciy,
G 5+ + - 1.14-3.84 (m, 18 H), CH2
3 \(CH ) / | 3 overlapped with CH3 ______
HBC 275 CH3
_ . 7.32-7.98 (m, 18 H) Ar-H
, 2 PF
6
CoHe C6H§ % XLIIT 1.43 (s, 12 H) CH, i
1.14-3.08 (m, 20 H) CH
H3C P+\ /+ i ' CH3 overlapped with CH 2
H,C (CHy) ¢ CH -2 ,
3 _ 3 7.38-8.06 (m, 18 H) Ar-H
, 2 PF
6
(e (e) (e) 108°°¢ XLIV  1.58 (s, 3 H) CH, (a)
(e) 3
S6'ls Cells ~ .
(a) § 1.75 (s, 3 H) CH, (b)
a
H.C P+ + P—C_H_ (e) _ -CH
H3C Y . ] 65 2.8-3.98 (m, 4 H) _cHy-CH, (o)
2 () 2 B 4.73 (t, 2 H, Jpgg = 13 Hz)  CH, (&)
- _ Ar-H (e)
7.42-8.04 (m, 20 H) ot (£)

6%



TABLE IV (Continued)

Structure Compd. Plate § values from TMSb Assignments
d
CH cH %il’ XLV 0.99-1.40 (m, 12 H) CH3
$6 5 6 > - -
g 2 1.48-3.62 (m, 10 H) cH,
P + + P - e e
™ pd 7.12-7.96 (m, 18 H) Ar-H

meso—%iz XLVII 1.39 (d, 12 H), two singlets

CH3
overlapped into a doublet
1.62-3.38 (m, 12 H) CH2
7.38-8.04 (m, 18 H) Ar-H
(¥)-117 XLVIIT 1.39 (d, 12 H), two singlets CH3
—~ overlapped into a doublet
1.72-3.74 (m, 12 H) fCH2
7.30-8.04 (m, 18 H) Ar-H

0¢s



TABLE IV (Continued)

8§ values from TMSb

Structure Compd. Plate Assignments
C6H5 (+)-117 XLIX 1.38 (d, 12 H), two singlets CH3
' overlapped into a doublet :
HC P+ + _
375 \ / 1.70-3.64 (m, 12 H) CH2
H C/ (CH2)2
3 _ 7.44-8.02 (m, 18 H) Ar-H
, 2 Cl0
4
(-)-117 L 1.38 (d, 12 H), two singlets CH
i6H5 -~ overlapped into a doublet 3
H3C Pi 1.72-3.64 (m, 12 H) CH2
HyC (CHy), 7.44-8.05 (m, 18 H) Ar-H
, 2 ClO4
(+)-118 LI 1.39 (s, 12 H) CH
' 1.48-3.94 (m, 12 H) CH2
HC P+ + _
3 \\\\(CH )_//// 7.26-8.00 (m, 58 H) Ar-H
H,C 272 '

y 2 B(C6H5)4

I8



TABLE IV (Continued)

Compd. -

§ values from TMSb

Structure Plate Assignments
meso-120 LII 1.40 (d, 12 H), two singlets CH
<:> iGHS C6Hg —~ overlapped into a doublet -3
+ P .58-3.
H3C P+\ / CH3 vl 58-3.62 (m, 12 H) CH2
e (CH,), CH, 7.42-8.38 (m, 18 H) Ar-H
, 21
d
(-)-121 LIII 1.32 (d, 12 H), two singlets CH, (a)
, (d) éd; éd% (d) —~ overlapped into a doublet 3
65 65 <:>
(a) . (:) ' = 1.50-4.42 (m, 12 H) CH2 (b)
H,yC T + P CH, (a) -—-
3
HBC//' (b) (CH (b}\v/)<:CH (a) 5.78 (s, 4 H) CH (c¢)
(a) 7.02-8.18 (m, 28 H) Ar-H (d)
0,CC.H, H (c)
(d) _
, 2 Hozc-—clz————————c——co2
H (c) 0,CCH, (d)

[49



TABLE IV (Continued)

Structure Compd. "Plate § values from TMSb Ass_ignments
@ (@ @ (d) meso-121% LIV 1.22 (s, 12 H) CH, (a)
C H, CeHs — - —_—
1.48-3.88 (m, 12 H) CH, (b)
(a) P + I" ' ' :
HC N - ~CH, (a) 5.78 (s, 4 H) CH (c)
H,C (CH,) CH, (a) . —
3 (b) (b) 3 7.12-8.34 (m, 28 H) Ar-H (d)
(a) ; (d)
(I)ZCC6H5 Ili (c)
, 2 Hozc--T--————--cl:——co2
H (¢) 0,CC H, (d)
@ (@ @ () (+)-122¢ v 1.24 (d, 12 H) two singlets cH, (a)
C_H CH -~ overlapped into a doublet
'6 5 65
(a) P+ + P 1.54-4.58 (m, 12 H) CH2 (b)
H,C N (b) CH, (a) -
: . , 4 H CH
G by CH) o7 (1) Ser, (@) 3-81 (s, 4 H) (@
(a) 7.10-8.26 (m, 28 H) A-H (d)
H (c) 0,CC H,
, 2 HO,C—C : C co,~

02CC6H5 (d) H (c)

119



TABLE IV (Continued)

Structure Compd. Plate § values from TMSb Assignments
(d @@ @ (@ meso-122% WI  1.23 (s, 12 H) CH. (a)
— 3
C6H5 C6H5 <:> - v
1.48-3.84 (m, 12 H) CH, (b)
(a) ' +! 2 —
H,C P CH, 5.79 (s, 4 H) CH (c)
H.C~ b) (CH,) b CH
3 ®) 2’2 (® 3 6.96-8.32 (m, 28 H) Ar-H (d)

(a)

H (c) (I)ZCCGH5

, 2 HO,C—C

02006H5 (e)

(d)

C

2 C C
| |
H

a
b

The multiplicity of each peak is indicated as follows:

CSpectra obtained in DMSOjg6.
Spectra obtained in DCC13.

eThe assignments of CH3

protons may be interchangeable.

All spectra obtained in DCCl3 with 1-4 drops of CF3002H added unless otherwise specified.

s, singlet; d, doublet; t, triplet; m, multiplet.

9<
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or acyl group; Y = halogen or acyl group).5 Commercially available
bisphosphines §é;§2’and_¥gg were used in direct quaterni;ations with
selectively substituted allylic halides to form the open-chain bisphos-
phonium salts 90-94 and 109. These bisphosphonium salts possess the

) ~ r~ K nd ?
capability for conversion into C-P heterocycles via the use of 115%

PPA.43’110

Reaction of one equivalent of bis(diphenylphosphino)alkane §é;§2,
with more than two equivalents of l-chloro-3-methyl-2-butene at 80°¢c
in benzene under Né for a period of 44 hours afforded the symmetrically
substituted bisphosphonium dichlorides 29;2&,(66-98%). The elemental
analyses strongly implied the hygroscppic nature of the dichlorides.
Therefore, these salts were converted into the corresponding bis(hexa-
fluorophosphates) 22722,(313 metathesis with aqueous KPF6 at room
temperature in H3COH) for characterization. However, following tﬁe
same procedure, bis(diphenylphosphino)methane (%Qé) and‘l—chloro—3—
methyl-2-butene gave only the monoalkylated product %99 (characterized
és }9]). Attempts to effect dialkylation of ;2; using excess l-chloro-
3-methyl-2-butene for longer reaction period (96 h) at the boiling
temperature of different solvents (benzene, toluene and xylene) gave
no indication of formation of dialkylated product as revealed by
31? NMR analysis. The reluctance of %9; to form a dialkylated product
may possibly be due to steric hindrance to the approaching electrophile
or to the decreased basicity of phosphino moiety of thé moﬁoalkylated
product %29. The electron-withdrawing effect of ::;:: which is in close
proximity to the phosphino moiety in %99 reduces the effectiveness of

the latter to displace a poor leaving group like Cl” in an SN2 reaction.

Hussian and Schmidbaur75 reported similarly a type of monoalkylation of
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%Q; with methyl chloride giving ;gz,even in sealed tube, but they were

. + _ + + _
(C6H5)2P-CH2—P(C6H5)2 , Cl [(C6H5)ZT—CH2-P(C6H5)2] , 2 Br
‘CH3 CH3 CH3
127 ' 128
P~ ) ~

able to prepare the dialkylated product lZE‘”ithmEthyl bromide. Using
1-bromo-3-methyl-2-butene in benzene at 800C, diquaternization of %22
was attained after 10 days. This reaction was monitored by 31P NMR
analysis. Only after 10 days did the reaction product show a lone
31P NMR signal corresponding to the symmetric dibromide %gg (99%) .

Numerous solvent systems have been recorded for the purification
of phosphonium salts.5 We found that the most succeséful method
involved dissolution of tﬁe bisphosphonium salt in a minimum amount
of HZCCl2 foliéwed by addition of anhydrous diethyl ether until the
solution became cloudy. Reprecipitation of the salt resulted when
the solution was allowed to stand at room temperature or by scratching
the sides of the flask with a spatula. When H3CCN or H3COH was used
for purification, great difficulty was encountered in removing the last
traces of solvent. Since phosphonium salts tend to be hygroscopic,
water was excluded in all solvents employed.

The IR absorptions of all the open—chaih bisphosphonium salts in
this study listed in Table I are in excellent agreement with data on
simple systems tabulated in a survey done by Witchard and Griffin.143
Characteristic maxima at 1430-1440 and 1110-1120 cm.—l have been assigned
to the H5C6—P bond.124 It is thought143 that the absorption in the

range 1430-1440 cm_l is due to a vibration arising from the deformation
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of planarity of the phenyl ring bonded to a heavy atom (phosphorus).
The very strong absorption at 844 cnrl has been assigned to a PF6 anion.
The lH decoupled 31P NMR data and the 1H NMR shifts for open-chain
bisphosphonium salts are condensed in Tables I and II. All 2-butenyl-
phosphonium salts exhibited a doublet of doublets in the lH NMR spec-
trum corresponding to the methylene protons adjacent to phosphorus
(P-CH,-CH=). This phenomenon was not observed in 114 and 116 con-
taining 4-alkenyl and 3-alkenyl substituents. We would expect to see
a doublet for the methyl protons in the lH NMR spectrum of 2-butenyl-
phosphonium salts 94-99, 107 and 110. Of course, these compounds

exhibited a doublet of doublets for methyl protons due to long range

JP—H coupling.59 In the 31P decoupled lH NMR. spectra of these com—

pounds, the doublet of doublets collapsed to a lone doublet (Plate

J

(B) HyC H PH
:::C==C<::\ H; 4.2 c.p.s.
(A) H3C

A3

CHZP(O)(OCHB)2 HB; 5.4 c.p.s.

XXXI), confirming the coupling of methyl protons with phosphorus.
Several reviews concerning 31P NMR spectra of organophosphorus

compounds have been published.6l’96’112

Each symmetrically substituted
bisphosphonium salt in our work showed a single peak as expected for
phosphorus nuclei injgg—gg; The 31P chemical shift differences for
these salts are relatively small and these values compare very well
with those of many open-chain bisphosphonium salts such as 1,3-
propanediylbis (triphenylphosphonium)dibromide, + 23.2 ppm.62 An AB

spectrum was observed for the unsymmetrical molecule 107 containing

two nonidentical P nuclei with ZJPCP = 66.08 Hz. The_PF6 anion has
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value at -143.99 ppm and -143.92 ppm in 21 and lgz, respectively,

compared to KPF, in HZO (all compared to 857% H_ PO, standard-external)

6 374

which has a value of +144.68 ppm.

Synthesis of 1,1'-(a,w-Alkanediyl)bis(1,2,3,4~
tetrahydro-4,4-dimethyl-1-phenylphosphino-
linium) Bis[hexafluorophosphates(1l-)]
({99—%93 and %l}) and 1-[(Diphenyl-
phosphonio)methyl]-1,2,3,4-tetra-
hydro~4,4-dimethyl-1-phenylphos-
phinolinium Bis [hexafluorophos—

phate (1-)] (108)

Polyphosphoric acid (PPA) hés been widely used in the annulation
of a variety of heterocyclic systems.83 Several reviewslos’128 have
illustrated the broad range of functional groups which can beltreated
by this reagent to promote cyclization. The versatiiity of PPA arises
from the fact that its mild action seldom causes chafring of organic
compounds, althougﬁ it is a strong dehydrating agent. Moreover, PPA
does not cause phosphonation of aromatic compounds under many reported
conditions and structural rearrangements are at a minimum. In addition,
PPA‘solutions can be heated to over 300°¢ and are easily decomposed by
pouring into ice-water. This reagent is often one of the choices over
such reagents as sulfuric acid, hydrogen fluoride, phosphoric anhydride,
aluminium chloride and methanesulfonic acid for cyclization reactions.83
Our cyclizations were performed via the use of a special 1157 PPA

that was commercially available from the FMC Corporation123 through the

generosity of Mr. J. P. Cassidy. A partial listing of the composition
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of the acid is shown below:

7 P205 in H3PO4 Composition of 115% H3PO4 from FMC

% H3P04 7% P205 PZOS % - 83.2
115 83.2 PZOS distributed as

105 76.0 orthophosphoric acid 5%

85 61.5 pyrophosphoric acid 167

75 54.0 - triphosphoric acid 177

tetraphosphoric acid 16%

higher polymer acids 46%

Recent discoveries that B—alkenyl substituted phosphonium

43,110 B-hydroxyalkyl substituted phosphine oxides28 and w-

130,131

salts,
carboxyalkylphosphonium salts undergo Friedel-Craft's cycli-
zation in PPA have provided new entries to C-P heterocycles. It was
found that a preparation of 1157 PPA prepared from the addition of
PZOS to commercial H3PO4 failed to promote a rapid cyclization in all
phosphonium salts subjected to a variety of cqnditions.v Thus, the 115%
PPA from FMC has properties uniquely required in the éynthesis.

Tables of organophosphorus compounds containing fwo‘phosphorus

. . . . 5,132
atoms have been included in extensive reviews. ’

However, very few
bisphosphonium salts of the type P—(CHz)n-P containing two C-P hetero-
cycles have been recorded. For example, alkali metal cleavage of C-P
bond in l-phenyldibenzophospole (;Eg) with an excess of Li in THF at

room temperature gave the lithium salt 130. Reaction of 130 with a,w-
~ ~/

dibromoalkanes produced the cyclic bisphosphines 131. Diquaternization
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|
c H

65 T Lit
129 130

of %2& (n = 6) with excess H3CI in boiling benzene gave 132.14 The

~
@P—L/
ne” |t ]
(CH ) , 2 I
'H3c\ |+2 6
P.
¢ 0O
131 (n = 2,6) 132
(--J r\/

bisphosphonium dibromide %25 was obtaihed as one of the products in the

reaction of 1-bromo-3,4-dimethylphosphol-3-ene (%2;) with the conjugated

H.C
3 CH,y HyG CH,
— —\ , 2 Br~
N
P
o \ 3!_ /N ey
Br H,C—C=C—CH, 3
R = CHZ—C-—CH3)
= pal

diene 2,3—dimethyl—1,3—butadiene.95 It is to be noted that in the

preparations of 132 and 134 C-P heterocycles are sta;ting materials

However, we elected to extend the scope of the cyclization method
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developed in our 1aboratory43’110

to prepare the P—(CHZ)n—P systems
containing two C-P heterocycles from selectively substituted open-chain
bisphosphonium salts because of the difficulty aﬁticipated to obtain
other precursors.

Our general method of cyclization utilized very basic laboratory
equipment, moderate reaction.conditions and employed avvery simple
work-up procedure. AThe standard technique for the cyclization was to
add slowly approximately 1l g of B—alkenyl—substituted bisphosphonium
salt'gg—géito 115% PPA at 180°C. A gas presumably HCl (dense white
fumes with NHB'HZO)was given off about 10-15 seconds after the addition

of the salt.43’llo

Upon stirring at the same temperature for 1 hour,
the reaction mixture turned from colorless to a light green-colored
solution. Several authors have noted the formation of intense colors
during PPA catalyzed cyclizations and have suggested color development
as a means of determining the severity of conditions to be used.78’127
When the reaction was completed, the golden-colored mixture was cooled
to 100-120°C and slowly poured into 200-250 mlL of ice-water. Decom-
positioﬁ of the reacfion mixture was apcomplished by continued stirring
which produced a clear homogeneous solution. A precipitation was

effected by the addition of a large excess of KPF, solution to the

6
reaction mixture. Crude C-P heterocycles 100-104 formed and were
o~

purified by the same method employed for the open-chain bisphosphonium
salts. Following the same procedure, the chloride ;Qg was cyclized to
give 108 and the dibromide 109 to 111.

o~ o~~~ o~

The cyclizations of open-chain bisphosphonium salts are not limited
to chloride or bromide as the anion of the salt. Other salts with PF6

anion could be used. The cyclization of bis(hexafluorophosphate) 2§’to
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593 was achieved by the use of 1157 PPA. 1In earlier work, a variety
of reaction temperatures were tested and it was found that at tempera-
tures below 160°C cyclization failed and frequently only a metathesis
.occurred depending upon the salt added to precipitate the bisphospho-
nium compound from H20. At temperatures above 195°C extensive charring
freqhenﬁly occurred.

Se&eral workers havé studied the mechanism of cyclizatibn of
B-alkenyl-substituted phosphonium salts in 115% PPA via stereochemical
analysis of the products and 31P NMR monitoring of the cy;lization
process at variable temperatures.so’110 One postulate has that the
reaction was believed to proceed through a mechanism reminiscent of
an acid-catalyzed alkylation of an arene in an electrophilic substi-

. . . . 1 .
tution process. An intermediate with a strong 3AP NMR signal was

observed in the reaction of 135 to give 136. Since a gas (presumably
o~ o~

, 20PPA~ OPPA
- P .
(CgHg) P, , Br (CH P ) 4 %"'s. /// WY s 0PRA
. H C H /
CcH fast (:::> CH3 |
PPA . /
135 A
’ ~ slow ~
P+ 20PPA™ PEEA OPPA
(CeHo) o > C.H ,Qon\; P
‘/ CH3
e
c D
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) KPF6 ’ fast
_H+
136
— E

HBr) was evolved during the cyclization, the only reasonable anion
remaining in the solution was that of PPAF—. An initial T complex:g
was predicted to form between a proton and B-alkenylphosphonium salt,
a step not uncommon in most electrophilic substitution processes. The
logical second step in an electrophilic attack on an arene ring is to
form an electron-deficient system QE(N:E? atFached in our case to a
quaternary phosphorus atom and this should be}a very high energy
process. Conceivably a tight-ion.pair involvihg PPA could account
for the stabiiity of the dication E’but this is not currently favored.
This cyclization is remarkable in that the intramolecular alkylation
‘takes place ortho to the phosphonium group which is a strong meta-
director. Thus, the more favored mechanism has involved the formation
of an intermediate’glcontaining a penta-covalent phosphorus atom. This
avoids generation of an intermediate 1ike‘E'but rather favors‘Q,(from’g).
We assume same mechanism is operating in the cyclization of similar
R-alkenyl-substituted bisphosphonium salts 29—2&,

The IR, lH NMR and 1H decoupled 31P NMR spectral data were
recorded in Tables III and IV. lH NMR Spectra of %29-%2& and 108 were
very complex due to severe signal overlap of QEZ protons in the ring

with those of methylene protons in the bridge. The methyl protons in

4-position of the rings showed a singlet for compounds Egg, %Qg‘and
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103 and a doublet for compdunds 101, 104 and 108. Since the cyclic
— ~ o~ —
salts 100-104, 108 and 111 are a mixture of meso- and (%)-isomers with
I~ T A et —

different conformational preferences, there is no clear rationale at
the moment to explain the different signal patterns. In the case of
108, the signal due to P-H proton is found to overlap with those of
aromatic protons.

lH decoupled 31P NMR spectra of the cyclic bisphosphonium salts
showed expected upfield shifts compared to open chain analogues.
Fusion of the benzo group at the b-face of phosphorinane ring as in

;29 leads to the installation of a double bond adjacent to P(IV). It

" 0123@
NV

(CHy),

is acceptedz’3 that interaction of m electrons on an adjacent double
bond with P(IV) can cause upfield 3lP NMR chemical shifts. It may be:
due to the sharing of some of the electron density on the a-carbon.
In general, an increase in d-orbital utilization produces shielding.
Installation of unsaturation next to phosphorus necessarily changes
non-bonded interactions and bond angles and hence a chemical shift is
a consequence of several molecular alteratiqns. In addition to the
conjugative electronic effect on P(IV), benzannelation brings about a

significant modification in the steric environment about phosphorus.
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Specifically an eclipsing interaction (also shielding) may develop with

the ortho C-H bond in the fused benzene ring.112

. . . . 31
The cyclic bisphosphonium salts ;OO %gé'always exhibited two ~ P

NMR signals arising from the meso~ and racemic-forms in solution. It

is reasonable that the phosphorus atom in the chiral center may give

different 31P NMR chemical shifts in the meso- and racemic-forms. This

is supported by the fact that the carbon atom in the chiral center of

the molecules of the meso- and racemic-forms has been proved to exhibit
23,65,85,86

different 13C chemical shifts. The unsymmetrical molecule

108 containing two non-identical quaternary phosphorus nuclei showed

an AB spectrum with ZJPCP = 10.6 Hz.

We assume a heavy population of anti-rotamer in solution for
bisphosphonium salts because the electrostatic repulsion and bulkiness
should keep the two phosphorus atoms with like charges at the greatest
distance from eaéh othér. Single crystal X-ray diffraction analysis
of meso-1,1"'-(1,2-ethanediyl)bis[1,2,3,4-tetrahydro-4,4-dimethyl-1-
phenylphosphinolinium] diperchlorate (ES§97£iZ) revealed that the
molecule indeed assumed an anti-conformation in the solid state.
However, the dihedral angle between C-P bonds was found to be 143.6°
rather than the expected 1800. The X-ray analysis data will be dis-
cussed later as a proof for the stereochemistry of the partially

unsaturated ring of fused C-P heterocycle and preferred conformation

of meso-117 in the solid state.
—
Other Attempted Cyclizations

Due to the success of the synthesis of 1,1'-(a,w-alkanediyl)bis~

[1,2,3,4-tetrahydro-4,4-dimethyl-1-phenylphosphinolinium] salts with
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. the use of cyclization procedure, we considered the preparation of
other substituted a,w-alkanediylbis(1,2,3,4-tetrahydrophosphinolinium)
salts and bisphosphonium salts contaihing the phosphorus in 5-membered

phosphindole %éz ring systems. Diquaternization of 1,2-bis(diphenyl-

Ve

P

137

phosphino) ethane (§§) with allyl bromide, using standard conditioms,
gave %&g (70%) within 24 hours whereas with 5-bromo-l-pentene, it took

96 hours to form %lé (64%). With 4-bromo-1-butene, 1,4-bis(diphenyl-

R R
‘: (C6H5)2P—(CH2)n—P(C6H5)2:I , 2 X
+ +
%l; n=2; X=2Br; R-= —CHZ—CH=CH2
113 n=2; X = Br; R = —CHz—CHz—CHz—CH=CH2
££§ n=2; X-= PF6; R = —CHZ—CHZ-CHZ—CH=CH2
115 n=4; X =3Br; R = -CHZ-CHZ—CH=CH2
}lg n=4; X-= PF6; 3 = —CHZ—CHZ—CH=CH2

phosphino)butane (EZ) gave 115 (61%) after 96 hours in benzene as sol-

vent. The salts 113, and 115, being hygroscopic, were converted into

114 and 116, respectively, for characterization. The structures of 112,
— p—
114 and 116 were supported by elemental analyses in addition to the

—~ e~

=

IR, "H NMR and 31P NMR spectra (Tables I and II).

When these compounds were subjected to our general cyclization
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procedure, several unusual observations were noted. Using 1157 PPA,
cyclization of }ig was attempted at different temperatures (160-250°C).

Only a metathesis with KPF, was observed below 240°c. At 25000, a

6
solid formed and it showed a lone 31P NMR signal (+20.00 ppm) con-
firming the presence of a pure single product. However the lH NMR
spectrum was very complicated. It has not been possible to assign a

reasonable structure to the product with the data available. It was

found that attempts to cyclize simple salts like 138 to get pure cyclic

+

[(C6H ).,P—CH

)y ,—CH=CH,1 , Br

138

product were unsuccessful with 1157 PPA over a temperature range of

160-300°¢. **

Compounds il; and 115 appeared to undergo cyclization with 1157

R R
[(C6H5)23——(CH2)n——£(C6H5)2] s 2 Br

113 n=2; R = —CHZ—CHZ—CHZ—CH=CH2
115 n=4; R = —CH2—CH2—CH=CH2

PPA at 195°C. The lH NMR spectra were again very complicated and

showed no signal for the corresponding olefinic hydrogen atoms.

Several 31P NMR signals observed for products from %lg and ;lé,may

be due to the formation of several possible isomers (cis- and trans-,
racemic- and meso-) along with structural isomers containing six- and/or
seven-membered rings as reported for the cyclization of the simple

110
system such as 139. These isomeric mixtures have resisted all
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CH ' CH ‘ CH

| 2 | 2 | 2
H—P + - — - ‘ — N\ -
CeH , PF, CeH —P + , PF, CgH —P + , PF,
or
PPA _
l - CH,~—CH, -
3
139, 140 141

attempts of separation and purification.

Separation of Diastereomers and Resolution of
Racemic-form of 1,1'-(1,2-Ethanediyl)bis=
| -(l,2,3,4—tetrahydro—4,4—dimethyl—l—
phenylphosphinolinium) Diper-

chlorate (117)
N

The separation of meso- and (*)-forms from the diastereomeric

mixture of 117 was achieved by fractional crystallization using

meso-117 X = C1l0 meso-121 X = L(+)HDBT
meso-119 X = Cl meso-122 X = D(-)HDBT

meso-120. X =1
aeso~_ <

HZCC12~ether (see page 36). The meso—%lz (2 0104_) was isolated in

the pure form and had a mp 291-293°C. Several attempts to separate
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+)- = - =

() ;lz X ClO4 (£)-121, X = L(+)HDBT
(t)—%ig_ X = B(C6H )4 (£)-122 X = D(-)HDBT
+)—- =

(¥)-119 X = Cl

pure .(+¥)-117 were unsuccessful. Conversion of (+)-enriched 117 into

F o~
enriched (i)—;1§, followed by fractional crystallization using H2CC12—
ether, resulted in the isolation ofvpure (i)—;lS [2 B(C6H5)4 1.

Silver D(-)- and L(+)-HDBTs (142 and 143) have been used to effect
— Pand . .

resolutions of a few quaternary phosphonium salts.27’68’84 It was
-+ -+
CO2 Ag CO2 Ag
c 6Hscoz—-————--n- H H — el 0,CC H,
H —— el 0,CC H, c 6Hscoz—---————--— H
COZH | ’ COZH.
142 143
—

-
found convenient to employ.dihalides (i)j;lg,(Z Cl_) as reactants with
silver salts %ﬁg and %ig. The conversion of (i)°£l§ [2 B(C6H5)4_] to
(i)—{ig (2 C17) was effected by passing (i)—;lg [2 B(C6H5)4—] through
an anion-exchange column packed with Dowex 1-X8 (C17) anion exchange

r '3 - - 3 + _
resin. Metathesis of (%) %ig (2 C1 ) with NaClO4 in H20 gave (%) llz
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(2 C104—), mp 256-258°C. Since there was no simple experimental method
available to distinguish a meso-form from (+)-form of the compound, we
subjected both the diastereomers, meso- and (i)—}il (2 C104~), to
reaction with Ag L(+)- and D(-)-HDBTs, respectively. Therefore, meso-
;&Z,(Z C104_) was converted into gg§97¥12,(2 C17) by anion-exchange
with Dowex 1-X8 (C1 ).

Some success in the resolution of (i)_¥£2 (2 Cl_) with Ag D(-)-
HDBT and L (+)HDBT (%&2 and %ﬁé) was also attained. Two diastereomeric
salts, (-)-121 [L(HEDBT], [mp 151-153°C (d), [a]él = +60.5° (c = 1.0

£/100 mL; H,COH)] and (+)-122 [D(-)HDBT] [mp 147.5-149°C (d), [a]go -

3

-60.0° (c = 1.0 g/100 mL; H_,COH)] were obtained by treatment of (#)-119

3 —

(2 C1') with Ag L(+)HDBT (143) and Ag D(-)-HDBT (142) in H,COH, respec-

3

tively, followed by fractional cfystallization using HCClg—ether. The

stoichiometric inclusion of one equivalent of‘water invthe crystal bf
(+)—£zg [D(-)HDBT] waé revealed by elemental analysis. Such an
inclusion of solvent is not unknown with phosphonium salts.27’39’105
Metathesis of (+)-}g& [D(-)HDBT] and (—)—%g; [L(+)HDBT] with
NaClO4 in H3C0H gave the pure enantiomers (+)f}lz (2 C104_) [mp 263-
264.5°C, [algl

c10,7) [mp 262.5-264°C [algl = -18.5° (c = 1.0 g/100 mL; acetone)],

= +19.1° (¢ = 1.0 g/100 mL; acetone)] and (-)-117 (2
e

respectiveiy. The structures of (+)- and (—)—};Z (2 C104_) were
confirmed by IR, 1H NMR, 31P NMR and elemental analyses (Tables III
and IV).

Metathesis of meso-119 (2 C1 ") with Ag D(-)HDBT (142) and Ag L (+)HDBT
(143) resulted in the formation of EEEQ‘EEE.[D(‘)HDBT] and meso-121

[L(+)HDBT], respectively, as shown on page 38. Treatment of both

meso—%lz (2 ClO4 ) and meso—%zg,[D(—)HDBT] with NaClO4 in H3COH gave
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the same meso-117, (2 Cl1 ) with a rotation of 0° as expected. Elemental
analysis revealed the inclusion of one equivalent of water in the
crystalline meso-121 [L(+)HDBT].

The lH NMR, 1H decoupled 31P NMR and IR spectral data are

recorded in Tables I and II. 31P NMR spectroscopy was advantageously
used to monitor the separation of diastereomers of ;lz (2 C104_) and
the resolution of racemic—%lg (2 Cl—). The diastereomeric mixture

of %ll gave two 31P NMR signals corresponding to EEEQ:}EZ (2 ClO4_)

and (i)—;l} (2 C104_), whereas the diastereomers (Egggzilz, (i)—llz,
(i)—%ig, E§§97¥l9’ (i)-;lg or meso—azg) exhibited a lone 31P NMR signal.

This is reasonable since the carbon atoms in the chiral centers of

meso- and (%)-isomers of compounds such as 37 and 58 are shown to

H,C—CH—CH,—CH—CH H,C—CH—CH—CH

3 l 2 I 3 3 l l 3
Cl Cl Cl cC1
5 58
exhibit different 13C chemical shifts.23'56 The meso-isomer of a

salt always showed a 31P NMR signal upfield relative to the corres-
ponding (*)-isomer which may be due to differences in non-bonded
interactions in the preferred cogformation of the diastereomers.65’85
The stereochemistry of the complex substituents attached to phosphorus
could .complicate the conformational analysis, and X-ray analysis of
the diastereomers would be instructive as to the stereochemistry of
the molecule in the solid state.
It is interesting to note that diastereomeric mixtures having

chiral anions, (i)—%&; [L(+)HDBT] or (t)—}zg‘[D(—)HDBT], showed two

31 . . . .
P NMR signals in DCCl3 corresponding to two diastereomers. One
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common interaction between optically active molecules, which is
important in resolution procedures, is the dipolar attraction between
anions and cations.25 The dipolar attraction between the chiral
anions to the chiral phosphorus centers creates a chiral environment
and results in two 31P NMR signals, each signal corresponding to a
phosphorus atom with different.configuration. It was fortuitously
observed that the addition of a drop of tfifluoroacetic acid (TFA)
to the solution of (i)—}%} [L(+)HDBT] [or (i)—%zzl in DCCl3 made the
two 31P NMR signals collapse to one signal (Table V). This may be
due to the replacement of chiral anion, L(+)HDBT by trifluoroacetate
anion. Each pure diastereomer, (—)—%2} [L(+)HDBT] or (+)—£gg [D(-)HDBT],
as well as each pure enantiomer, (—)—;lz (2 0104_) or (+)illz (2 C104_)
exhibited a lone 31P NMR signal as expected, either in DCCl3 or in
DCCl3 containing a drop of TFA.

Two 31P NMR signals observed for meso-121 [L(+)HDBT] or meso-122

4 —_— ~ —_— —~

[D(-)HDBT] in DCCl3 (Table V) may also be explained by a similar-
argument. In the chiral environment created by dipolar attraction of
chiral anions to chiral phosphorus centers, the tﬁo phosphorus atoms

with different configurations in the meso-121 [L(+)HDBT]. or meso-122
—_— o~ —_— r~

[D(-)HDBT] may be able to exhibit different 31P chemical shifts.

Valentine and co-—workers129 observed two 31P NMR signals for meso—gg
men Ten
C 6H5-—i— (CHZ) 4-—-P—C 6H5
0] 0 (men = menthyl)

60
o~

in which a chiral ligand is directly attached to each phosphorus atom
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TABLE V

31P NMR SPECTRAL DATA FOR DIASTEREOMERIC MIXTURES

[(£)-121, MESO-121, (%+)-122 and MESO0-122]

31P NMR Data (ppm from 857% H3PO4)
Compound Anion : : :
DCCl, o DCC1, with a drop of TFA
(+)-121 L(+) HDBT 17.27; 15.91
~ 17.03
(£)-122 . D(-)HDBT 17.45; 15.98
- 17.21
meso—-121 L (+)HDBT 15.62; 15.06
~ 15.58
- meso-122 D (-)HDBT 15.54; | 15.07

15.51
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by a covalent bond. In our examples, it was observed that the two 31P

NMR signals of EEEQT%E& [L(+)HDBT] or gg§97¥gg,[D(—)HDBT] collapsed
into one signal by the addition of a drop of TFA to the solution
(DCClB), apparently due to the destruction of chiral environment
around each phosphorus atom, as indicated previously.

The lH NMR spectra of the diastereomefs and enaﬁtiomers were

2 2

protons in the phosphorinane ring, but there are some interesting

complex due to severe signal overlap of bridge CH, protons with CH

features. The 31P decoupled lH NMR spectrum of EEEQT%EZ is distinct
from that of (i)—%lz (2 0104_) (Plates XLVII and XLVIII, respectively).
The difference in these spectra may be explained on the basis of a
preferred conformation. The most reasonable staggered conformations

are represented in the following diagram. GR and GS refer to the two

opposite configurations of the group C6H5——P— Indeed, because

of notable steric hindrance and the like charges of the GR and GS

groups, the anticonformation is probably the most populated

Gr Hp' Hpr
Hy Hp H H H H
meso or A B A B
RS form
H.B ' HA t HA 1 GR GR H.B 1
Gg Gg Cs
Gy Hy o Hp'
, Hp Hp Hy Hp Hy Hp
dl or
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in both meso- and dl-forms. When a methylene group is adjacent to
an asymmetric atom, the two methylene protons are diastereotopic
and therefore, in principle, anisochronous.102 Since the JHH trans
values are larger than the JHH gauche values, one should obtain

a greater value for J in the dl-form and for Jpar in the

AB'
gggg—fo;m due to heavy population of antirotamers. The —CHZ—CHZ—
group would be expected to give an AA'BB'-type multiplet pattern
both in the meso- and dl-forms. However, it has been observed that
a simplified spectrum (in some cases a fortuitious singlet) was
detected for the bridge methylene protons in the meso-form and a

multiplet for the dl-form. Such examples include the o,0'-diphenyl

. . . 24 . _ .
substituted adiponitrile ﬁg, and y-sulfox1des;2£ R = C6H5 or substi

Teﬁs TsHs
C2H5OZC——?~—CH2—-T——C02C2H5 . R——i—_CHz——CHZ——i——R
CN CN 0 0
49 54,
33,122

tuted phenyl). ‘The antirotamer of EEEQf%lZ (2 C104~) is a
centrosymmetric molecule in which the H atoms trans to each other in
the bridge are in identical environments whereas the trans H atoms

in the ethylene bridge of antirotamer (i)—%lz (2 C104-) are in
different environments due to lack of symmetry in the molecule.
Accordingly, a simplified spectrum (a fortuitous singlet) was observed
for the bridge —ng——qu— protons in Egggfllz (2 C104—) and, in the
case of (i)iliz (2 C104-), the ethylene group gave a AA'BB'-type

multiplet. However, signal overlap of the methylene protons in the

phosphorinane ring with bridge CEZ protons further complicated the



76

analysis. Thus, this phenomenon of a singlet for § in the
CH,~CH,

meso-isomer with the required structure discussed may well be a
distinguishing feature for this type of diastereomer, assuming no
extraordinary differences exist in the magnetic shielding for each

of the geminal protons on one carbon.

Chemical Degradation of Meso-1,1'-(1l,2-Ethane-
diyl)bis(1,2,3,4-tetrahydro-4,4-dimethyl-
1-phenylphosphinolinium) Dichloride

M -
(Meso %lg)

Alkaline hydrolysis of phosphonium salts is known to be useful in
cleavage of C-P bonds and leads to the formation of phosphine oxides.81
The ease of elimination of various groups has been noted in the same

order as the stability of the displaced anions as follows:99

benzyl > a- or B- naphthal > phenyl > methyl >

B-phenethyl > ethyl > high alkyls.

1,2-Ethanediylbisphosphonium salts %ﬁé,have been found to underto

cleavage by alkali into a phosphine oxide with a loss of the two-

+ + - +
- OH
2 X, (CgHg) P~CH,~CH,P(CcH) +  (CgHy) JP (OH)CH,~CH,~P (C(H,) ,
143 "OH
(CgHg) 4P=0 + CH,=CH, + P(CgHy); «—— (CcHc),P(07)-CH,~CH,~P(CcHo) ,
17,144

carbon bridge. Similar products were isolated (see page 39) from

alkaline hydrolysis of meso-119, (2 Cl7). The phosphine 123 was isolated
ydroly , ) phosp 123
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CH3 0
C6H5——P f s X C6H5——P
123 124 X =1 126
~ — ~
125 X = PF
—~ 6

as salt 124 which was converted to 125 by metathesis with KPF The
P and P d

6"
properties of compounds %zé and %29 were compared to those in the

’

4
literature and identified by spectroscopic means.

Reduction of 1,2-ethanediylbisphosphonium salts 145 with metal

H
+ + + |+ o+
- - - + - - -
R,P-CH,-CH,-PR, | B — RgP CTZ CH,~PR,

145 -

— H +
— = +
H, H + PR3 + CH2 CH2 PR3

hydrides gave phosphines with the loss of ethylene bridge. It.has
been suggested18 that a monophosphorane is formed which subsequently
fragments in a manner analogous to alkaline hydrolysis. Reduction of
_gggg—%lg (2 €17) in dry THF and NaH gave the phosbhing %gg which was
isolated as methiodide lzf; Lithium aluminium'hydride with meso-119

N
(2 €17) in dry THF behaved similarly and resulted in the formation of

124, Thus, identification of chemical degradation products of meso-119
~ —— T~
(2 €17) provided additionmal support for its structure. Final confir-

mation came via an X-ray examination of meso-117, (2 C104—).
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Single Crystal Analysis of Meso—;lz (2 ClO4 )

by X-ray Diffraction

Preliminary reports of single crystal analysis by X-ray diffrac-
tion of meso—%lz (2 C104_) are shown in Figure 1 (numbering scheme and
bond distance) and Figure 2 (bond angles). The tortional angles are

given in Table VI. As can be seen from the torsionalbangles, meso—%iz

(2 0104—) assumes a near anti-conformation in the solid state. -The
dihedral angle between the C-P bonds, P(1)-C(18)-C(36)-P(2), was found
to be the 143.6°. All data including electron densities, bond angles,
bond lengths, torsional angles, least—squares refinement and location
of H atoms would be instructive to explain the deviation of the C-P
dihedral angle from 180°. Moreover, the preliminary data proves the
structure of meso—%lz (2 C104_) unequivocally and is supportive of the
proposed structures of a,w-alkanediylbis(l,2,3,4~tetrahydro-4,4-
dimethyl-1-phenylphosphinolinium) salts 100—%25 and %l;.

To summarize, syntheses of the novel C-P heterocycles, the
dissymmetric 1,1'~(o,w-alkanediyl)bis(1,2,3,4-tetrahydrophosphinolinium
salts 100-104 and 111, have been attained from readily available bis-

—~ P o~

phosphines Eé—gg. The open-chain precursors were easily prepared by

diquaternization of the bisphosphine §§7§2,and %QQ with alkenyl halides.

The acid-induced (115% PPA) intramolecular alkylation of the open-chain

precursors 90-94 and 109 at 180°C for one hour furnished the hitherto

NN o~

unknown family of the substituted 1,1'-(o,w-alkanediyl)bis(1,2,3,4-

tetrahydro-4,4-dimethyl-1-phenylphosphinolinium) salts 100-104 and ‘111
O~ r—

‘which were dissymmetric because of two asummetric phosphorus atoms.

With 1~chloro-3-methyl-2-butene, the bis(diphenylphosphino)methane (}Qé)
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OB =Tai3 [Tai5
1413

0(6) 808

Figure 1. Numbering Scheme and Bond Distance (in £) for
Meso-117, (2 ClO4 )
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107-3 109-9

lo'r-z{ ne-s
1091 | 108-4
12-0 | 1098

c(2)- P(1)- cl12)
C(8a)-P{1)-C(9)
C(3)-C(4)-cl11)
Cl42)- C(4)-C{10)
cl2)'-p('-cti2)
clsq)-P{i-c(9)
C(3) C(a)c1Y
Cl4a)-Ci4)-C(10)'

ot -cLinN-o(s)
0(2)-CL(-0 (4)
0(%)-CL(2)-0(7)
0(6)- CL(2)-0(8)

Figure 2.

Bond Angles for.Meso—ll7 (2 c10, )

n-o
1091
108-8
107-@
181
108-3
109-9
110-8
1071
1082
108-7
1091
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TABLE VI

COMPARISON OF SOME SELECTIVE TORSION ANGLES IN
THE TWO HALVES OF MEso—;;Z (2 0104—)

Torsional Angle (°)

Fragment

Unpr imed Primed
C(9)—P_(1)-C(2) -C(3) 161.0 -70.9
C(9)-P(1)-C(12)-C(13) 97.3 - 35.8
C(9) '-Cc(9)-P(1)-C(2) -~ 46.5 -73.6
C(9) '-C(9)-P(1)-C(8a) 162.8 172.3
c(9)'-Cc(9)-P(1)-C(12) | -75.1 49.6

P(1)-C(9)-C(9) '=P(1)"  143.6
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yielded the monoalkylated product ;Qg which underwent cyclization with
115% PPA at 180°C to give a mono(1,2,3,4-tetrahydrophosphinolinium)
salt %Q?. The lH NMR, 31P NMR, IR and elemental analyses supported
the structures of all the new compounds. |

The 31P NMR analysis was advantageéusly used to monitor the
separafion of diastereomers and the resolution of (+)-form of 1,1'-
(l,2—ethanediyl)bis(l,2,3,4—tetrahydro—4,4—dimethyl—l—phenylphos—
phinolinium) diperchlorate (;lZ) by fractional crystallization. This
is the first case to be reported in the literature regarding the
separation of diastereomers and resolution of (+)-form of a bisphos-
phonium salt containing two asymmetric phosphorus atoms in two C-P
heterocycles.

Chemical degradation studies of gg§gi££g (2 C17) and X-ray
analysis of meso-117, (2 C104_) conclusively supported the proposed
structures of 1,1'-(a,w-alkanediyl)bis(1,2,3,4-tetrahydrophosphino-
 1linium) salts 100-104 and ;L}. It was also evident from the X-ray
analysis thatv the meso-117 (2 0104—) assumes a near anticonformation
in the solid state. This X-ray analysis is also the first for this
family.

The National Cancer Institute is now carrying out the screening
tests to evaluate the biological activity of the bisphosphonium salts
90-94 and 100-104. It is anticipated that the future chemistry and
biological testing results of these bisphosphonium salts will be both

interesting and fruitful.
Suggestions for Future Work

The successful procedure for the preparation of 1,1'-(a,w-alkane-
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diyl)bis(1,2,3,4-tetrahydrophosphinolinium) salts described herein
provide a basic starting point for the preparation of many derivatives
of this previously unknown family. These derivatives should have
sufficient chemical and structural variation to allow an initial
evaluation of tﬂe gross overall chemotherapeutic value of this family
of heterocycles. For instance, it should be possible to prepare
1,I'-(o,w-alkanediyl) bis(4-ox0-1,2,3,4-tetrahydrophosphinolinium) salts

%ﬂg from commercially available bisphosphines (outlined below). The

(CgHg) ,P-(CH,) -P(CBo)y o 5 ¥ cH. —CH.-CO.H

2 2 2
Cellg, A
o+ +
HOZC—HZC—CH2 CHZ—CHZ—COZH
,2X
1. 115% PPA
2. HyO
3. KPF
L 4
C6H5 C6H
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separation and resolution of the cyclic bisphosphonium salts %ﬁg could
31

be monitored by ~ P NMR analysis.
Cyclic 1,2,3,4-tetrahydrophosphinolinium salts 147 have been used
16,92

as precursors for the phosphanaphthalene derivatives such as 148.

Using our methods to obtain cyclic phosphinolinium salts, a wide

Br
1. H.PO, ~N
+ , C10,~ 3 4
P . 2. NaOH =
/N P
R R B o, 7\
(R = CHCH,, C.H, R R
147 148

variéty of systems containing two phosphorin rings could possibly be
obtained. The biological activity of these systems is certainly open
for investigation.

As an extension of this Work,‘the‘base—catalyzed hydrolysis of
1,1'—(a,m—alkanédiyl)bis(l,2,3,4—tetrahydrophosphinolinium) salts
(n > 3) will probably give the dioxides 149 and reduction of these

salts with metal hydrides will lead to the bisphosphines }29. These

(CHZ)n | (CHZ)n
VAN /TN
P\‘o 0/P P: :P

149, 150,

reactions are of considerable interest from a mechanistic point of

view  ’"" and provide two new series of dissymmetric C-P heterocycles
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having two asymmetric phosphorus atoms. The bisphosphines ;§Q,may be
valuable as chelating agents in organometallic chemistry,

Since the resolution of (+)-117 (2 0104') and (-)-117 (2 C104—)
has been achieved, the framework has been laid for a possible investi-
gation of their dynamic stereochemistry. Of particular interest would
be whether the base—catalyzed cleavage of (+)—;EZ 9r-(—)—£il occurred
with retentiﬁn, inversion or racemization. The direction of cathodic
reduction will also be of interest, in view of the known stereochem-
istr?, i.e;, cleavage with retention.7l The group eliminated is
probably the one which would form the most stable anion.99

Also of particular interest would be the potential carcinostatic
activity of 1,1'-(a,w-alkanediyl)bis(1,2,3,4-tetrahydrophosphinolinium)
salts in viéw of the biological activities observed in simple systems

such as ﬁg‘and 63 by the National Cancer Institute (vide infra). This

Tzﬂs . (Celig) B + » C1
. _ , BTr
Clis—P + cH
| 3
T/C = 142
T/C = 155
43, | 83,

small breakthrough may be an indication that interest in this class of
compounds will increase not only from the medicinal point of view, but

also from a synthetic standpoint.



CHAPTER III
EXPERIMENTAL
General Information

Reactions were carried out under an atmosphere of N2 wherever

necessary. Melting points were obtained on a Thomas-Hoover melting
point apparatus and were uncorrected. The 1H and 31P NMR spectra

were recorded on a Varian XL-100(15) NMR spectrometer equipped with
a Nicolet TT-100 PFT accessory operating at 100.1 MHz for lH and at

40.5 MHz for 31P signals with (CH Si as internal standard for 1H

3)4 ‘
and 85% phosphoric acid as external standard for 31P. Infrared spec-
tral data were collected from avPerkin—Elmer 681‘spectro§hotometer
with samples in potassium bromide pellets. Elemental microanalyses
were performed by Galbraith Laboratories, Knoxville, Tennessee.
Rotations of optically active compounds were taken on a Rudolph
polarimeter (0. C. Rudolph & Sons, Inc., Model 80, No. 722) with a
circular scale reading to 0.001° via a 1 dm. polarimeter cell

(Rudolph 21). All spectral data are reported in Tables I-V in the

Results and Discussion.
Starting Materials

All liﬁuid reagents obtained from commercial sources were purified

by distillation prior to use. 1-Chloro-3-methyl-2-butene (Eastman Kodak

86
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23.5 _ . 136 20
77 = 1.4480 [Lit. 5

1-bromo-3-methyl-2-butene (Alfa Products) bp 65-66°C/ 55 mm, n23 =

D
., 136 4 o 15
1.4955 [lit. 50-51"C/40 mm. n" = 1.4930]; 3-bromopropene (Matheson

Coleman & Bell) bp 69.5-70.5°C, n>>"> = 1.4685 [Lit.™>° 70%C, no* =

Company) bp 108.SOC,n 1090C, n. = 1.4485];

1.4697]; 5-bromo-l-pentene (K & K Rare and Fine Chemicals) bp 121-125°C,

n§3 = 1.4634 [lit.145‘121—126oC]§ 4-bromo-l-butene (Aldrich Chemical

Company) bp 97.5-98.5°C, n§3 = 1.4635 [11it.12® 98.5°C, ngo - 1.4622];

benzoylchloride (Baker Chemical Company) bp 82°c/15 mm, nz4 = 1.5614

D
[1it.136 7l°C/9 mm, n%o = 1.5537]. All solid reagents were used as

purchased without further purification. Bis(diphenylphosphino)methane

109 1519%7; 1,2-bis(di-

1

(Pressure Chemical Company) mp 120.5°C [lit.

99 444%;
109

phenylphosphino) ethane (Arapahoe Chemicals) mp 143° [1it.
1,3-bis(diphenylphosphino) propane (Strem Chemicals) mp 62°C [lit.

62°CT; 1,4-bis(diphenylphosphino)butane (Strem Chemicals) ‘mp 132°%

[lit.109 133°C]; 1,5-bis(diphenylphosphino) pentane (Strem Chemicals)

1

mp 42°C [lit. 09 42°C1; 1,6-bis(diphenylphosphino)hexane (Strem

109

Chemicals) mp 127% [Lit. 127°C]; d-tartaric acid (Aldrich Chemical

Co.) mp 170°C(dec), [a]g4 = +12.2° (¢ = 4.0g/100 mL: HZO) [lit.136

171—40C, [a]go =+ 12,7 (¢ = 17.4 g/100 mL; HZO)]; l-tartaric acid

(]

(Aldrich Chemical Co.) mp 171—17400, [oa]é4 - 13.8° (c = 2.0 g/100 mL;

66

]

H,0) [lit. 168-17o°c, [a];O = - 14.2° (c = 4.05 g/100 mL; H,0)1;
sodium tetraphenylborate (Aldrich Chemical Co.): KPF6 (Pennwalt) ;
anhydrous NaClO4 (G. Frederick Smith Chemical Co.); silver nitrate
(Goldsmith Bros.); 115% polyphosphoric acid (FMC Corporation, 82.3%
PZOS guaranteed minimum]. Dowex 1-X8 (Cl ) anion exchange resin

(Baker Chemical Company) was used for packing in an anion-exchange

column.
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Organic solvents used were of reagent grade. Benzene
(Mallinckrodt) and anhydrous ether (Mallinckrodt) were dried over
sodium and filtered prior to use. Tetrahydrofuran (THF) (Fischer
Scientific Company) was dried by distillation first from NaH and

then from LiAlH4.

General Procedure for Synthesis of a,w-Alkane-
diylbis[diphenyl-(3-methyl-2-butenyl)-
phosphonium] Bis[hexafluorophos-

phates(1-)1 (95-99)

The synthesis of l,2—ethanediylbis[diphenyl(3—methyl—2—butenyl)-
phosphonium]'bis[hexafluorophosphate(l—)] (2§) is used as-an example to
illustrate the general procedure. A solution of 4.59 g (0.0112 mol)
of 1,2-ethanediylbis(diphenylphosphine) Qﬁg) in 40 mL of benzenebwas
added dropwise over a 3-h period from an addition funnel to a preheated
solution of 3.14 g (0.03 mol) of l-chloro-3-methyl-2-butene in 50 mL
of benzene in a 250 mL, 3-necked, round-bottomed flask. The latter
was equipped with a mechanical stirrer, condenser apd N2 inlet. The
solution was boiled another 40 h with stirring and then was allowed
to cool to room temperature. The solid which separated wasvcollected

by filtration and was then dissolved in a minimum amount of H,COH (ca.

3
20 mL). Reprecipitation was effected by the dropwise addition of
anhydrous (CZHS)ZO until the solution became cloudy. This mixture
was allowed to stand at room temperature for 24 h. A white solid

precipitated and was collected by filtration and dried in vacuo to

yield 6.14 g (88%) of the dichloride 90, mp 293-295°C. Elemental

~

analysis showed that 29 was mildly hygroscopic and hence it was



89

converted to the cofresponding bis(hexafluorophosphate) 22. Thus, 1.00
g (0.0016 mol) of dichloride 29 was dissolved in minimum amount of
methanol (ca. 2 mL), and the solution was diluted with an equal volume
of water. An equal Qolume of satufatéd aqueéus KPF6 solution was
added, and the solution was mechanically stirred for a 2-h period.

The solid formed was separated by filtration and then dissolved in
HZCCl2 (ca. 20 mL). This new solution was dried (NaZSO4), and the
resulting mixture was filtered to give a filtrate which was concen-
trated to ca. 10 mL on a rotary evaporator. Dry ether (ca. 5 mL) was
added, and the solution was allowed to stand for 1 h. The precipitate
was collected by filtration and was again dissolved in a minimum amount
of H2C012 (ca. 5 mL). Reprecipitation was effected by the dropwise
addition of dry ether until the‘solution became cloudy. After 1 h, a
precipitate was collected by filtration and waé recrystallized (H2CC12—
ether). This precipitate was dried in vacug to give 0.80 g (60%) of
95, mp 252-254°C. The H NMR spectrum (Plate XXIX), the - P NMR
spectrum (Plate LVII) and the IR spectrum (Plate I) supported ﬁhe
structure of‘gé.

Anal. caled. for C, H, P, F C, 52.31; H, 5.12; P; 14.99.

36424 12°
Found: C. 52.18: H. 5.03: P. 15.05.

Preparation of 1,3-Propanediylbis|diphenyl~
(3-methyl-2-butenyl)phosphonium] Bis-—

[hexafluorophosphate(1l-)] (Bé)

Bisphosphine §g (4.61 g; 0.0112 mol) was diquaternized with
l-chloro-3-methyl-2~butene (3.14 g; 0.03 mol) using the general

procedure. The crude dichloride 2& was reprecipitated twice (HZCClZ_
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ether) to give 5.2 g (74%) of pure 91, mp 190-192°C. Using the
general metathetic procedure, 1.00 g (0.0016 mol) of dichloride 2;
was converted into bis(hexafluorophosphate) 96. Two reprecipitations

(HZCCl_—ether) were required to give 1.00 g (74%) of 96, mp 214-215°C.

2
The IR, 1H NMR and 31P NMR spectra are displayed in Plates II, XXX and
LVIII, respectively.
Anal. calcd. for C37H44P4F12: C, 52.87; H, 5.28; P, 14.74,

Found: C, 52.94; H, 5.28; P, 14.56.

Preparation of 1,4-Butanediylbis[diphenyl(3-
methyl-2-butenyl)phosphonium] Bis[hexa-

fluorophosphate(1-)] qzz)

The diquaternarization of bisphosphine 87 (4.77 g; 0.0112 mol)
was successfully performed by the general procedure using l-chloro-3-
methyl-2-butene (3.14 g; 0.03 mol). Crude salt 2g,was reprecipitated
twice (HZCC12—ether) to yield 7.00 g (98%) of pure 92, mp 190-192°¢.
The conversion of the dichloride 92 (1.00 g; 0.0016 mol) into bis-

(hexafluorophosphate) 97 was effected by the metathetic procedure.

Crude salt 21 was purified by two reprecipitations(H2C012—ether) to
produce 0.70 g (52%) of pure 97, mp 174-175°C. The structure is

31
supported by the lH NMR, P NMR and IR spectra (Plates XXXI, LIX and

I11).
Anal. caled. for 038H46P4F12:
Found: C, 53.44; H, 5.38; P, 14.65.

C, 53.40; H, 5.43; P, 14.50.
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Preparation of 1,5-Pentanediylbis[diphenyl(3-
methyl-2-butenyl)phosphonium] Bis[hexa-

fluorophosphate(1l-)] €2§)

The general method was employed to diquaternize the bisphosphine
§§,(4.92 gs; 0.0112 mol) using l-chloro-3-methyl-2-butene (3.14 g;
0.03 mol). Crude dichloride 21 was obtained in the form of semisolid
which resisted all attempts at crystallization. This semisolid was
dissolved in a minimum amount of methanol (ca. 25 mL), and the solution
was diluted to ca. 50 mL by addition of water. Then, 100 mL of satur-
ated aqueous KPF6'solution was added, and the resulting mixture was
stirred for 1 h. The solid formed was extracted (HZCClZ; ca. 200 mL),
and the aqueous layer was separated. The HZCCl2 layer was dried
(Na SO4), and the resulting mixture was flltered to give a filtrate
which was concentrated to ca. 25 mL. Dry ether (ca. 20 mL) was added
dropwise until the solution became cloudy. The precipitate was

collected by filtration and was reprecipitated again (HZCCl -ether).

2
This precipitate was dried in vacuo to yield 7.7 g (78%) of pure 2§J
mp 232-233°C. The proposed structure of 2§ is supported by the IR,
lH NMR and 31P NMR spectra (Plates IV, XXXII and LX).

Anal. calcd for C39H48P4F12 C, 53.92; H, 5.57; P, 14.26.

Found: C, 54.04; H, 5.71; P, 14.08.

Preparation of 1,6-Hexanediylbis|[diphenyl(3-
methyl-2-butenyl)phosphonium] Bis[hexa-

fluorophosphate(l-)] (22)

With l-chloro-3-methyl-2-butene (3.14 g; 0.03 mol), the bisphos-
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phine §2,(5{08 g3 Q.OllZ mol) was &iquaternized via tﬁe'genefal
procedure. Crude dichloride 94 was reprecipitated twice'(HéCCIZ—ether)
to produce 7.45 g (65.7%) of pure 23, mp 259-261°C. The'convérsion of
the dichloride 94 (1.00 g; 0.0015 mol) into bis(hexafluorophosphate)
99 was effected in the usual manner. Two reprecipitationé of crude
salt‘ég (HZCClZ—ether) were required to acquire 0.8 g (60.4%) of pure
22, mp 181-182°C. Structure identification was supported by the lH
NMR, 315 \MR and IR spectra (Plates XXXIII, LXI and V).

. Anal. calcd. for C40H50P4F12: C, 54.43; H, 5.71; P, 14.03.

Found: C, 54.61; H, 5.76; P, 13.95.

Preparation of [(Diphenylphosphino)methyl]-
(3-methyl-2-butenyl)diphenylphosphonium

Hexafluorophosphate(l—) (Eg?)

 'A solution of 4.33 g (0.0112 mol) of diphosphiné %Q; iﬁ 40 mL

" of benzene was added dropwise over a 3-h period from an additién
funnel to a boiling solution of 3.14 g (0.03 mol) of l-chloro-3-
methyl-2-butene in 40 mL of benzene in a 250 mL, 3-necked, round-
bottomed flask equipped with a mechanical stirrer, condenser and was
then allowed to cool to room temperature. A soiid:formed was

collected by filtration and was then dissolved in H CCl2 (ca. 70 mL).

2
Reprecipitation‘was effected by the dropwise addition of ether. After

1 h, a solid sepérated and was collected by filtration and again repre-
cipitated (HZCClz;ether). The solid was dried in vacuo to give 4.67

g (85.68%7) of the chloride, 106, mp 217-220°C. Then 1.00 g (0.002 mol) |

of }99 was dissolved in methanol (ca. 10 mL) which was diluted to 20

mL by the addition of water. Exactly 20 mL of saturated aqueous KPF6
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solution was added, and the resulting mixture was stirred for a period
of 1 h. The solid formed was extracted with H2C012 (4 x 25 mL). The
H2C812 layer was separated, dried (Na2304) and concentrated to ca. 10
mL on a rotary evaporator. Dry ether was added until the solution
became cloudy. The solid formed was collected by filtration and was
again reprecipitated from HZCCIZ—ether. The precipitate was dried

in vacuo to give 1.0 g (83.5%) of 107, mp 171-172°C. The structure is
supported by the IR, lH NMR and 3lP NMR spectra (Plates VI, XXXIV and

LXII).
Anal. calcd. for CSOH31P3F6: C, 60.21; H, 5.22; P, 15.53.

Found: C, 60.22; H, 5.40; P, 15.62.

Preparation of Methanediylbis[diphenyl(3-
methyl-2-butenyl)phosphonium] Bis[hexa-

fluorophosphate(1-)] (110)
o~

The general procedure was employed to diquarternize bis(diphenyl-
- phosphino)methane (%Qé) (1.92 g; 0.005 mol) using l-bromo-3-methyl-2-
butene (3.0 g; 0.02 mol). _31P NMR analysis was used to monitor the
conversion of 105 into dialkylated product %gg. A reaction period of
10 days was required for complete reaction. A lone 31NMR signal at

+ 21.15 ppm confirmed the formation of ;gg. Two reprecipitations of
crude solid (H20012-ether) gave 3.4 g (99%) of pure }92, mp.266-268°C.
Then 0.5 g (0.0007 mol)‘of dibromide 109 was converted into bis(hexa-
fluorophosphate) 119 as usual. Crude salt %lg,was purified by two
recrystallizations (boiling CHBOH) and then dried in vacuo to give
0.29 g (49%) of pure %ig, mp 207-209°C. The 1H NMR, 31P NMR and IR

spectra (Plates XXXV, LXIII and VII) support the structure.
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Anal. caled. for C35H40P4F12:

Found: C, 51.64; H, 4.98; P, 14.99.

C, 51.74; H, 4.96; P, 15.25.

Preparation of 1,2-Ethanediylbis(allyl-

diphenylphosphonium) Dibromide (;lg)

A solution of 8.9 g (0.0225 mol) of 1,2-ethanediylbis(diphenyl-
phosphine) (§§) in 100 mL of benzene was heated almost to reflux in
a 250 mL, 3-necked, round-bottomed flask fitted with a mechanical
stirrer, condenser, N2 inlet and an additional funnel. A solution
of 7.26 g (0.06lmol) of 3-bromopropene in 55 mL of benzene was added
from the addition funnel gradually over a 3-h period. The solution
was boiled 21 h and was allowed to cool to room temperature. A solid
separated was collected by filtration and was fhen dissolved in a
minimum amount of methanol. Reprecipitation was effected by dropwise
addition of‘anhydrous ether until the solution became cloudy. This
mixture was allowed to stand at room temperature for 3 h. The white
solid separated was filtered and then recrystallized twice (methanol-
ether). The solid was dried in vacuo to yield 10.1 g (70%) of pure

112, mp 302-303°C (dec). The IR, 'H NMR and o'

P NMR spectra (Plates
VIII, XXXVI and LXIV) support the proposed structure of 112.
. Anal. calcd. for C32H34P2Br2: C, 60.02; H, 5.35; P, 9.67;
Br, 24.96.
Found: C, 60.22; H, 5.25; P, 9.44;

Br, 24.82.



95

Preparation of 1,2-Ethanediylbis(4-pentenyl-
diphenylphosphonium) Bis[hexafluoro-

phosphate(1-)] (%if)

The general procedure was used to convert bisphosphine §§,(2.39
g; 0.0056 mol) into dibromide ll; using 5-bromo-l-pentene (4.47 g;
0.03 mol) over a period of 90 h. The crude solid was purified by two
reprecipitations (HZCClz—ether) to give 2.5 g (64%) of pure ¥l§, mp
244-246°C. Metathesis of ;l; (0.5 g; 0.0007 mol) into bis(hexafluoro-
phosphate) 114 was successfully performed using the general procedure.

Two reprecipitations of crude ;lﬁ (CH2C12—ether) gave 0.29 g (50%) of

pure 114, mp 183-185°C. The i R, 3'p MR and IR spectra (Plates

XXXVII, LXV, and IX) support the proposed structure of 114.
Anal. calcd. for 036H42P4F12: C, 52.31; H, 5.12; P, 14.99.
Found: C, 52.32; H, 5.13; P, 14.75.

Preparation of 1,4-Butanediylbis(3-butenyl-
diphenylphosphonium) Bis[hexafluoro-

phosphate(1-)] (%lé)

Diquaternization of bisphosphine 87 (2.39 g; 0.0056 mol) with
4-bromo-l-butene (4.0 g; 0.03 mol) was successfully performed using
the general procedure. A reaction of period of 90 h was required
for complete reaction. The crude solid formed was purified by two
reprecipitations (HZCClz—ether)-to yield 2.4 g (61%) of pure %lé, mp
169-171°C. Metathesis of 115 (1.0 g; 0.0014 mol) with 40 mL of
saturated aqueous KPF6 was carried out using the general procedure.

Two reprecipitations of crude salt llg (HZCClZ—ether) gave 0.88 ¢
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(76%) of pure %ig, mp 167-168°C. Structural characterization of 116
is supported by the IR, lH NMR and 31P NMR analyses (Plates X, XXXVIII
and LXVI).
Anal. calcd. for C36H42P4F12: C, 52.31; H, 5.12; P, 14.99.
Found: C, 52.46; H, 5.24; P, 15.12.

General Procedure for Synthesis of 1,1'-(a,w-
Alkanediyl)bis(1,2,3,4~tetrahydro-4,4-
dimethyl-l-phenylphosphinolinium) Bis-

[hexafluorophosphates(1-)] (%ng%gﬁ)

The synthesis of 1,1'-(1,2-ethanediyl)bis(1,2,3,4~tetrahydro-4,4-
dimefhyl—l—phenylphosphinolinium) bis[hexafluorophosphate(1l-)] (%Qg)
is used as an example. In a 100 mL beaker was placed 40 mL of 115%
polyphosphoric acid (PPA) which had been heated to iSOOC. 1,2-Ethane-
diylbis[diphenyl-(3-methyl-2-butenvl)phosphonium] dichloride 90, (0.91
g; 0.0015 mol) was added over a 10-min period followed by an additional
1 h of stirring. The solution was allowed to cool in 110°C and was
slowly poured into 500 g of crushed ice. This resulted, after stirring
for 30 min, in the formation of a homogeneous solution. Upon the
addition of 50 mL of saturated aqueous KPE6 solution, precipitation of
a crude compound resulted. The crude, wet solid was collected by
filtration and dissolved in a minimum amount of H20012 (ca. 50 mL).
The water layer was separated and the organic phase was washed with
saturated sodium bicarbonate solution (to remove any PPA) followed by
washing with water. The organic layer was dried (Nazsog) and treated

with charcoal. After filtration, the filtrate was concentrated to

ca. 10 mL and reprecipitation was effected by dropwise addition of
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ether until the solution became cloudy. A second reprecipitation

-ether) followed by drying in vacuo gave 0.50 g (40%) of pure

2
100, mp 268-270°C. The lH NMR, 31P NMR and IR spectra displayed in
,—~I

(HZCCl

Plates XXXIX, LXVII and XI support the structure of %_9.

Anal. calcd. for C36H42P4F12:

Found: C, 52.19; H, 5.30; P, 14.82.

C, 52.31; H, 5.12; P, 14.99.

Preparation of 1,1'-(1,3-Propanediyl)bis-
(1,2,3,4-tetrahydro-4,4-dimethyl-1-
phenylphosphinolinium) Bis[hexa-

fluorophosphate(l-)] (}Q})

The cyclization of 2£ (0.9 g, 0.0014 mol) was accomplished by the
~ general procedure. Crude hexafluorophosphate salt %Q; was purified
by two reprecipitations using Hchlz-ether to give 0.6 g (51%)_of pure
o )

%9}, mp 243-245°C. The proposed structure of %g; is supported by the
IR, lH NMR and 31P NMR spectra (Plates XII, XL and LXVIII).

Anal. calcd. for C37H44P4F12: C, 52.87; H, 5.28; P, 14.74.

Found: C, 52.69; H, 5.35; P, 14.69.

Preparation of 1,1'-(1,4-Butanediyl)bis-
(1,2,3,4-tetrahydro-4,4-dimethyl-1-
phenylphosphinolinium) Bis[hexa-

fluorophosphate(1-)] (102)
7~

The bisphosphinolinium salt %Qg was prepared as follows. 1In a
250 mL beaker was placed 120 mL of 115% polyphosphoric acid (PPA) which
had been heated to 180°C. 1,4-Butanediylbis[diphenyl-(3-methyl-2-

butenyl)phosphonium] dichloride 2%/(2.0 g; 0.0031 mol) was added over a
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period of 25 min followed by an additiomal 1 h of stirring. The

solution ﬁas then allowed to cool to llOOC and‘was slowly poured onto
1000 g of crushed ice. This resulted, after stirring fof 30 min, in
the formation of a homogeneous solution. Upon the addition of 50 mL

of saturated aqueous KPF, solution, precipitation of a crude compound

6
resulted. The crude, wet solid was collected by filtration and
dissolved in a minimum amount of HZCClZ (ca. 50 mL). The water layer

was separated and the organic phase was washed with saturated sodium
bicarbonate solution (to remove any PPA) followed by washing with water.
The organic layer was dried (NaZSOA) and treated with charcoal. After
filtration, the filtrate was concentrated to ca. 10 mL and reprecipi-
tation was effected by dropwise addition of ether until the solution

became cloudy. A second reprecipitation (HZCC1 —-ether) followed by

2

drying in vacuo gave 1.20 g (45%) of pure 102, mp 214-215°C. The lH
a—— o~

NMR, 31P NMR and IR spectra displayed in Plates XLI, LXIX and XIII

support the structure of 102.
o~

Anal. calcd. for C38H46P4F12: C, 53.40; H, 5.43; P, 14.50.

Found: C, 53.15; H, 5.35; P, 14.26.

Preparation of 1,1'-(1,5 -Pentanediyl)bis-
(1,2,3,b4-tetrahydro=4,4—dimethyl-1~
phenylphosphinolinium) Bis[hexa-

fluorophosphate(1-)1 (103)
Tt~

Cyclization of bisphosphonium salt 93 (0.2 g, 0.00023 mol) was
successfully performed at 170°¢C using the general procedure. Crude

bis(hexafluorophosphate) 103 was reprecipitated twice (HZCCl —ether)

2
to yield 0.06 g (30%) of pure 103, mp 148-150°C. Structural identifi-
o~



99

cation is supported by the IR, 1H NMR and 31P NMR spectra (Plates
XIV, XLIT and LXX).
Anal. caled. for C39H48P4F12: C, 53.92; H, 5.57; P, 14.26.
Found: GC, 54.06; H, 5.76; P, 14.40.

Preparation of l,l'—(l,6-Hexanediyl)bis—
(1,2,3,4~tetrahydro-4,4-dimethyl-1-
phenylphosphinolinium) Bis[hexa-

fluorophosphate(1-)]1 (104)
r~

The bisphosphinium salt, g&, (0.5 g3 0.Q0095 mol) underwent
cyclization via the general procedure. The crude bis(hexafluorophos-
phate) salt %93 was purified by reprecipitations (HZCClz—ether) to
give 0.26 g (31%) of pure igﬁ, mp 113-117°c. Structural characteri-
zation is supported by the lH NMR, 31P NMR and IR spectra (Plates
XLIII, LXXI and XV). |

Anal. calcd; for C4OH50P4F12: C, 54.43; H, 5771; P, 14f03.

Found: C, 54.52; H, 5.84; P, 14.07

Preparation of 1,1'-(Methanediyl)bis(1,2,3,4-
tetrahydro-4,4-dimethyl-1-phenylphosphino-

linium Bis[hexafluorophosphate(1l-)] (}l;)

The bisphosphonium salt %92 (0.5 g; 0.007 mol) was converted into
the crude bis(hexafluorophosphate) ii; by the use of 40 mL of 115% PPA
at 205°C folldwing our general procedure. The solution turned golden
yellow initially and then dark-~brown during cyclization. Four repre-

cipitations (HZCCI -ether) of crude salt 111 finally gave 0.15.g (26%)

2
of pure 111, mp 165-168°C. The IR, lH NMR and 31P NMR spectra (Plates
o~ :
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XVII, XLV and LXXIII) support the structure of %&;.
Anal. calecd. for C35H4OP4F12: C, 51.74; H, 4.96; P, 15.25,

Found: C, 51.53; H, 5.06; P, 15.09.

Preparation of 1-[Diphenylphosphonio)methyl]-
1,2,3,4-tetrahydro-4,4-dimethyl-1-phenyl
phoéphinolinium Bis[hexafluorophos~

phate(1-)1 (108)

In a 100 mL beaker was placed 50 mL of 115% PPA which was
preheated to 175°C. Chloride }99 (2.0 g; 0.004 mol) was added over
a period of 15 min, followed by an additional 1 h or stirring. The
solution was cooled to 120°C and was slowly poured into 500 mL of
ice-water. After stirring for 15 min, the solution becamé'homogeneous.
Upon the addition of 50 mL of saturated aqueous KPF6 solution, precipi-
tation of a crude solid resulted. This crude, wet solid was collected

by filtration and was dissolved in a minimum amount of H,CCN (ca. 45

3

mL) . The aqueous layer was separated'and the organic phase was dried

(Na2804). The solid was reprecipitated from H_CCN by the dropwise

3

addition of ether until the solution became cloudy. A second precipi-

tation (H3CCN—ether) gave 1.55 g (52%) of pure %gg, mp 290-292°C. The

lH NMR, 31P NMR and IR spectra (Plates XLIV, LXXII and XVI) support the

proposed structure of 108.
o

Anal. calcd. for C30H32P4F12: C, 48.40; H, 4.33; P, 16.64.

Found: C, 48.263; H, 4.48; P, 16.47.



101

Attempted Cyclization of 1,2-Ethanediylbis-
(allyldiphenylphosphonium)

Dibromide (112)
o~

To 60 mL of 115% PPA at 250°C was slowly added 0.8 g (0.0012 mol)
of %lg, and the solution was stirred for a period of 1 h. The solution
turned golden yellow and was allowed to cool to 120°C and poured sldwly
into 200 mL of ice water. A solution of KPF6 (30 mL) was added, and
the heavy precipitate formed was filtered out. The solid was dissolved
and reprecipitated with ether three times to obtain 0.5 g of

a white solid, mp 212-214°¢C. lH NMR analysis showed some cyclized

in HZCC12
product but the signal integration was not in agreement with the
expected five-membered ring product. The lH decoupled 31P NMR. - spectrum
(Plate LXXXVII) showed a single 31P signal confirming the presence of

a pure single product. However, it has not been possible to assign a ’

reasonable structure for the product with the data available.

Attempted Cyclization of 1,2-Ethanediylbis-
[diphenyl(4—pentényl)phosphonium]

Dibromide (113)
T~

The cyclization of %lé (0.5 g, 0.0007 mol) was carried out by the
standard procedure using 30 mL of 1157 PPA at 195°C. The crude product

was reprecipitated thrice (HZCCl —-ether) to give a white solid (0.23 g)

2
which had a very wide range of mp 90-170°C. That cyclization took
place was suggested by the complex 1H NMR spectrum. However, the

presence of several 31P NMR signals may be due to the formation of

several possible isomers (cis- and trans-, racemic- and meso-isomers)
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along with structural isomers containing five and/or six-membered rings.
The isomeric mixture has resisted all attempts of separation or puri-

fication.

Attempted Cyclization of 1,4~Butanediylbis-
"[diphenyl (3-butenyl)phosphonium]

Dibromide (115)
. —

To 40 mL of 115% PPA at 195°C was added 1.0 g (0.0014 mol) of
%lg over 15 min, followed by a 1-h stirring period. The solution was
cooled to 120°C and poured into 500 g of ice-water. To the homogen-

eous aqueous solution was added a saturated KPF, solution (40 mL).

6
After 1 h, thg solid formed was collected by filtration and dissolved

inFHZCCl2 (20 mL). The latter solution was dried (Na2504) and concen-
trated to 10 mL. Dry ether was added until the solution became cloudy
and a whi;e solid slowly formed. Thfee reprecipitations (HZCClz-ether)

gave 1.0 g of a white solid, mp.193—196°C. 'lH'NMR analysis revealed

a complex spectrum but suggested some cyclization product. The 1H
decoupléd 31P NMR spectrum (Plate LXXXVIII) showed five signals which

may be due to the possible formation of cis- and trans-isomers besides

racemic— and meso-forms present in the reaction product. All attempts

to separate the isomeric mixture have been unsuccessful to date.

Preparation of 1,1'-(1,2-Ethanediyl)bis(1,2,3,4-
tetrahYdro—4,4—dimethyl-l~phenylphosphino—
.linium) Diperchlorate (;ll) - A Mixture

of Racemic—}lz (2 0104—) and Meso-%lz

(2 c1o4")

Phosphonium salt 29,(3.0 g, 0.0049 mol) was slowly added to 60 g
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of 115% PPA at 180°C with stirfing for 1 h. The solution was cooled
to 120°C and was slowly poured into 500 g of ice-water; continued
stirring gave a homogeneous solution. A heavy precipitate separated
when the clear solutioﬁ was treated with 40 mL of aqueous solution
containing 15 g of NaClO4. The precipitate was filtered and washed

,prdfusely with water. The dissolution of the precipitéte in H CCl2

2
~ (ca. 25 mL), followed by dropwise treatment with ether, produced

crude %il' Reprecipitation (HZCCl

2

-ether) gave 2.5 g (69.4%)-of %iZ’

‘mp 254-258°C.

The rather wide melting range of the diperchlorate 117 is under-
standable in view of the possible existence of the two diastereoisomers
due to the two similar asymmetric phosphorus centers. The existence
of the racemic- and meso-forms of 117 in the ratio ca. 5:4 in the
mixture was indicated by the two 31P signals at + 15.86 and + 14.83 ppm

downfield from 85% phosphoric acid in DCC1l CCO_H added

3 37772
(Plate LXXIV)]. The IR spectrum (Plate XVIII) showed the characteristic

~ at 1090 cm-l. The lH NMR spectrum

[a drop of F

very strong broad band for ClO4
(Pléte XLVI) further supported the proposed structure of %lZ‘ The
separation of meso-117 (2 0104—) and racemic-117 (2 0104—) was accom-

plished as shown on pages 102 and 105, respectively.

Separation of Meso-1,1'-(1,2-Ethanediyl)bis-
(1,2,3,4-tetrahydro-4,4-dimethyl-1-phenyl-
phosphinolinium) Diperchlorate

Meso—
(Meso %l])

The diperchlorate mixture Elz (24.0 g; 0.30 mol) was dissolved in

350 mL of H2C012, and dry ether (ca. 50 mL) was added slowly until
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the solution became cloudy. The mixture became clear after 2 h, and
the solid separated was filtered and dried to give 3 g of the first
fraction, mp 286-288°C. The filtrate was made cloudy by the dropwise
addition of ether. After 2 h, the solid separated was collected by
filtration to give 3.5 g of the second fraction, mp 284-286°C. Repre-
cipitation of the filtraté (dry ether) was repeated five more times
and the successive crops of diperchlorate were collected. Each of the
five crops had a mp of: 282-284°¢ (3.0 &), 258-260°C (2.0 g), 248-
250°¢ (3.0 g), 238-240°¢ (3.5 g) and 230-234°C (2.5 g), respectively.
The meso-117 was conveniently isolated by combining the first three
fractions (9.5 g) and recrystallizing from hot methanol (ca. 500 mL)
31

to obtain 8.0 g (75%) of meso-117 (2 C104_), hp 291-293°¢. The ~ P NMR

spectrum (Plate LXXV) with a lone signal at + 14.85 ppm downfield (85%

3 3

of the pure meso-form. The proposed structure of meso—%;z,(Z 0104—) is

phosphoric acid; DCCl, with a drop of F CCOZH) confirmed the separation

supported by IR and 1H NMR spectra (Plates XIX and XLVII).
Anal. caled. for 036H42P2C1208: C, 58.78; H, 5.75; P, 8.42.
Found: .C, 58.86; H, 5.81; P, 8.59.

The last four crops (110 g) enriched with the racemic-form were

useq to isolate racemic-117, (2 ClO4 ).

Separation of (+)-1,1'-(1,2-Ethanediyl)bis-
(1,2,3,4-tetrahydro-4,4-dimethyl-1-phenyl-
phosphinolinium)‘Bis(tetraphenyl—

borate) ((i)—}ig)

The last four fractions of diperchlorate }iz (11.0 g) (from the

above experiment) were dissolved in 800 mL of boiling methanol. The



105

" solution was allowed to stand overnight and the solid'separated was
filtered to give 1.5 g of the diperchlorate %lz enriched with the
meso-form. The filtrate was concentrated to 1/2 volume and was then
allowed to cool at room temperature; a solid precipitated. Two more
crops were obtained by repeating the same procedure. Stripping the
mother liquor then gave the fourth crop. The following data were

collected for the four crops:

o
+)— . -
No. of crops Wt. of product MP (C) () }lz.meso Eiz
1 2.5 g 248-250 4:1
2 » 3.0 g 255-257 10:1
3 2.1 ¢g 244-247 ' 5:2

4 1.2 g 240-246 7:2

The second crop was recrystallized from boiling methanol three
times to obtain 1.4 g of the diperchlorate %ll mp 255-257°C. The 31P
NMR analysis of this product displayed two signals corresponding to
(+¥)-117, (2 €10,") and meso-117 (2 C10,") in the ratio of ca. 11:1
(+ 16.15 and + 14.88 ppm‘downfield to 857 H3P04’ reSpectively). Further
attempts at separation to obtain the pure (i)—¥£z were unsuccessful and
‘hence the conversion or racemic=-enriched diperchlorate into the corres-
ponding bis—tetrapheﬁylborate £l§ was undertaken.

The 11:1 racemic-enriched mixture of diperchlorates (1.4 g; 0.0019
mol) was dissolved in 100 mL of boiling methanol, and the solution was
filtered into an aqueous solution (20 mL) containing 2.0 g of sodium
tetraphenylborate. The resulting mixture was stirred for 30 min. The

solid separated was filtered and dissolved in H2CC1 (ca. 150 mL).

2
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Exactly 6 drops of methanol were added to clear the solution which was
then dried (NaZSO4). Reprecipitation was effected by the dropwise
addition of ether until the solution became cloudy. The solid formed
was filtered and dried in vacuo to yield 2.1 g (94%) of }ig, mp 214~
217°C. The IR spectral analysis did not show a strong peak at 1090
cm_l'for C104_ anion. The 31P NMR analysis of 118 displayed two
signals at + 16.15 and + 15.11 ppm for racemic- and meso-forms of %lg’
respectively.

Then 2.1 g (0.0018 mol) of racemic-enriched 118 was dissolved in
200 mL of HZCC12, and the solution was filtered to remove the insoluble,
floating solid. Exactly 40 mL of dry ether was added dropwise to the
clear filtrate until it became cloudy; this mixture was allowed to
stand overnight. Crystals separated were filtered off and reprecipi-

tated (HZCCl -ether) to give 0.9 g (4.2%) of shining crystals of (&)-

2
118 (2 B(C,H.), ), mp 218-220°C. The lone 31P signal (Plate LXXIX) at
— 6 574
+ 16.32 ppm (relative to 857 H3P04) confirmed the achievement of
separation of pure racemic form of %lé. The lH NMR and IR spectra
(Plates LI and XXIII) support the proposed structure of (+)-118 (2
B(C6H5)4 ).
Anal. calcd. for C84H82P2B2: C, 85.86; H, 7.03; P, 5.27.
Found: C, 85.90; H, 7.04; P, 5.33.

Preparation of (+)-1,1'-(1l,2-Ethanediyl)bis-
(1,2,3,4-tetrahydro-4,4~dimethyl-1-phenyl-

phosphinolinium) Diperchlorate [(i)-ll]]

The anion exchange resin, Dowex 1X-8 (c17) (40.0 g), was packed

in a column (50 x 1.5 cm) and washed with 100 mL of solution of H3CCN
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and HZO (4:1). A solution of 2.0 g (0.0017 mol) of (i)—;lg (2

B(C6H5)4—) in 200 mL of a solution of H CCN:HZO (4:1) was passed

3

through the column at a rate of 1 drop per min. This column was

eluted with 200 mL of a solution of H CCN:HZO (4:1) (drop rate of 1

3

drop/min), followed by washing with 100 mL of the same solﬁent mixture.
All the eluates were combined and evaporated on a rotary evaporator to
dryness. To the residue was added 30 mL of acetone, and the solution
was again evaporated to dryness. This new residue was dissolved in

50 mL of H,CCl, and the solution was then dried (Na

,CCL, SO4). This

2

solution was filtered and the filtrate was concentrated to ca. 30 mL
under reduced pressure. Excess ether (ca. 30 mL) was added and the
solution was allowed to stand overnight. The!solid separated was

collected by filtration, reprecipitated from HZCClz—ether and dried

in vacuo to give (+)-119 (2 C17) [1.03 g (qt); mp 211-216°C]. The

20, H3COH and
CZHSOH but it was insoluble in ether. The product gave a positive

halogen test (AgNOB). The hygroscopic dichloride was characterized

bisphosphinolinium dichloride (+)-119 was soluble in H

as its diperchlorate derivative (i)—ll] (2 C104-) as described below.
An aqueous solution (5 mL) containing 2.0 g of NaClO4 was added
dropwise to bisphosphinolinium dichloride (i)—;ig (0.1 g, 0.00016 mol)
in 2.0 mL of water at room temperature with stirring for 15 min. A
white solid immediately precipitated which waé filtered and theﬁ
carefully washed with distilled water [to remove any excess of NaClO

4

and unreacted dichloride (i)—llg]. The soiid was dissolved in HZCC12
(ca. 10 mL), and the solution was dried (NaZSO4). This solution was

filtered and the filtrate was concentrated to ca. 4 mL under reduced

pressure. Reprecipitation was effected by the dropwise addition of
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ether until the solution became cloudy. This mixture was allowed to
stand overnight and deposited a solid which was collected by filtra-
tion. Reprecipitation (H2CC12—ether) and drying in vacuo gave 0.082
g of (¥)-117 (2 C10,7) (67.8%), mp 256-258°C. The IR spectrum (Plate
XX) displayed a strong peék at 1095 cm-.1 for the C104- anion. The
31P NMR spectrum of (i)_lil (Plate LXXVI) showed a lone signal at

+ 15.93 ppm (relative to 85% H3P04) The lH NMR analysis (Plate

XLVIII) supports the structure of (i)—;lz. The diperchlorate (%)-117

was soluble in HCCl3 and H3COH but not in H20.

Anal. calcd. for C36H42P201208 C, 58.78; H, 5.75; P, 8.42.

Found: C, 58.78; H, 5.89; P, 8.47.

Preparation of Meso-1,1'-(1l,2-Ethanediyl)bis-
(1,2,3,4-tetrahydro~4,4-dimethyl-1-phenyl-

phosphinolinium) Diiodide [(i)—%zgl

A solution of 4.0 g (0.0054 mol) of meso-117 (2 c1o4') in 250
mlL solution of H3CCN:H20 (1:1) was passed through a column packed
with 40.0 g of anion-exchange resin, Dowex 1X-8 (C17), which had been
previously washed with a 100 mL solution of H3CCN:H20 (1:1). The
column was eluted (drop rate of 2 drops/min) with 250 mL of H3CCN:H20
(1: 1), foliowéd by washing with 200 mL of the same solvent mixture.
Evaporation of the eluate in a rotary evaporator gave a residue which
was dissolved in 30 mL of acetone. This solution was again evaporated
to dryness, and the residue was dissolved in HZCCl2 (ca. 50 mL). This
solution was dried (NaZSO4) and filtered. Concentration of this

filtrate (ca. 30 mL) was effected at reduced pressure. Ether (30 mL)

was added and the solution was allowed to stand overnight. A solid
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formed was filtrated, reprecipitated (HZCCl —-ether) and dried in vacuo

2
to give 3.3 g (qt) of meso-119 (2 Ccl), mp 257-259°C. The salt meso-

20 and CZHSOH but not in ether. It gave a

positive halogen test (AgN03) and was characterized via its diiodide

119 (2 C1 ) was soluble in H

derivative ggggf%gg,as shown below.

An aqueous solution (2 mL) containing 0.2 g (0.0003 mol) of
gggg—{ig (2 Cl—) was added dropwise with stirring to an aqueous
solution (5 mL) containing 2.0 g of Nal at room temperature (30 min).
The solid formed was filtered and dissolved in H20012 (ca. 10 mL).
The solution was dried (NaZSOA)’ filtered, and conceqtrated to ca. 5
mL under reduced pressure. Reprecipitation was effected by the drop-
wise addition of ether until the solution became cloudy. After
standing overnight, a solid formed. This Waslfiltered, reprecipitated
twice from methanol-ether and dried in vacuo to give 0.2 g (77%) of
.Eg§97¥gg,(2 I), mp 324°¢ (dec). It gave a positive halogen test
(AgNOB). The 31P NMR analysis of E@ggf%gg,(Plate LXXX) displayed a
lone signal at + 15.12 ppm. The structure of EEEQ?¥291(2 1) is
supported by lH NMR and IR spectra (Plates LII and XXIV).

Anal. caled. for C  H, P, I ,: C, 54.70; H, 5.35; P, 7.84.

36 4272727
Found: C, 54.81; H, 5.48; P, 7.60.

Preparation of D(-)-Dibenzoyltartaric Acid
Monohydrate and L(+)-Dibenzoyltartaric

Acid Monohydrate

The D(-)-enantiomorph was prepared from d-tartaric acid (15.0 g,
0.1 mol; Aldrich Chemical), and 45.0 g (0.32 mol) of benzoyl chloride

by the method of Butler and Cretch21 to give 30.2 g (84.4%) of D(-)-
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dibenzoyltartaric acid monohydrate, mp 87—89°C, [a]i3 = -110° (c =

147

0.03 g/mL, acetone) [lit. mp 88—900C, [a];8 = —115.780, C HSOH)].

2

The L(+)-enantiomorph was prepared in an identical manner from
;ftartaric acid (15 g, 0.1 mol; Aldrich Chemical) and 45 g (0.32 mol)
of benzoyl chloride. Thus was obtained 30 g (0.08 mol) of L(+)-

dibenzoyitartaric acid monohydrate, mp 83—85°C, [on]Iz)3 = + 108° (c =

0.03 g/mL, acetone) [lit.21 mp 84—860C; [a]]2)5 = +109O).

Preparation of Silver Hydrogen D(-)-Dibenzoyl-
tartrate (;&g) and Silver Hydrogen L(+)-

Dibenonltartrate (143)
F—l

The silver salt 142 was prepared from 5.0 g (0.0133 mol) of

D(-)-dibenzoyltartaric acid monohydrate and 14.4 mL of 1 E_NHAOH in

150 mL of distilled water by the method of Coyne, McEwen and Vander-

werf.37 It was possible to obtain (after drying) 2.75 g (457) of %—g.

Silver hydrogen L(+)-dibenzoyltartrate (;&;) (3.25 g; 537%) was
similarly prepared from L(+)-dibenzoyltartaric acid monohydrate (5.0

g, 0.0133 mol) and 14.4 mL of 1 N NH,OH in 150 mL of distilled water.

4
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Resolution of (%)-1,1"'-(1l,2-Ethanediyl)bis-
(l,2,3,4~tetrahydro—4,4—dimethy1—l—ﬁhenyl—
phosphinolinium) Dichloride [(i)—%lgl by
 Silver Hydrogen L(+)-Dibenzoyltartrate

(%ﬁg). Synthesis and Separation of
(-)-1,1"-(1,2-Ethanediyl)bis-
(1,2,3,4-tetrahydro-4,4-di-
methyl-1-phenylphosphino-
linium) Bis(hydrogen
L(+)-dibenzoyltar-

trate) [(—)—%2}]

The bisphosphonium dichloride (i)—%ig (2‘Cl_) (0.4 g, 0.00066 mol)

dissolved in 20 mL of H3COH was slowly added to a suspension of silver

hydrogen L(+)-dibenzoyltartrate, (%&3) (0.62 g, 0.00133 mol) in boiling

H3COH (20 mL), and the mixture was boiled for a period of 1 h. The

white Ag HDBT 143 slowly dissolved during the reaction and AgCl pre-
cipitated. The mixture was cooled and silver chloride was filtered.
The filtrate was evaporated to dryness on the rotary evaporator, and

the residue was dissolved in ca. 20 mL of H,CCl The solution was

277720
treated with activated charcoal and filtered. The filtrate was con-
centrated to ca. 10 mL and excess dry ether was added. A solid
separated was filtered and dried in vacuo to give 0.7 g (84.8%) of

(+)-121 [L(+)HDBT], mp 152-154°C (d). @124 = + 92.5° (c = 0.02 g/2

D
mL methanol). The 31P NMR analysis of (*)-121 (Plate LXXXI) displayed
two signals at + 17.26 and + 17.03 ppm (1:1) indicative of the existence

of two diastereoisomers in equal amounts.
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The diastereoisomers of (+)-121 [L(+)HDBT] were separated from

the reaction product by fractional crystallization using HCCl3 and

ether. When 0.4 g (0.00032 mol) of (t)—%gl [L(+)HDBT] was dissolved

3

filtrate was concentrated to ca. 10 mL and dry ether was added dropwise

in 20 mL of HCCl,, an insoluble product formed and was filtered. The

until the solution became cloudy. After the mixture had stood for 6 h,
it was filtered to yield the first fraction. Two more fractions were
obtained from the filtrate by reprecipitation using dry ether. The

following data were recorded for the precipitationms.

No. of (+)-1213:1(—)—;_2_],
reprecipitations Wt. of product MP (OC) (from P NMR)
1 55 mg 149-151(d) 1:5
2 100 mg 150-152(d) - 1:7
3 45 mg 149-151(d) 0:1

These three fractions were combined and reprecipitated thrice

(HCC1

21
D

3—ether) to yield 135 mg of (—)—;g; [L(+)HDBT], mp = 151—153°C(d);

[a] = + 60.5° (0.02 g/2 mL; H,COH). Further reprecipitation from

3

HCCl3 and ether gave 115 mg of (—)—%gl with the same melting point and

specific rotation. The constancy of the melting point [mp 151—153o(d)]

1. + 60.50) following successive repre-

and specific rotation ([a];
cipitations strongly indicated that the separation of a pure diastereo-
mer had been achieved. The lone 31P signal at + 17.18 ppm (relative to
85% H3PO4) (Plate LXXXII) shown by (—)—;3; (in DCC13) further confirmed
the separation. The direction in which the rotation had changed (i.e.

from positive toward negative) indicated that the diastereomer isolated

was (-)-121 [L(+)HDBT]. The IR and lH NMR analyses (Plates XXV and
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LIIT) support the proposed diastereomeric structure of (_)'¥EE L) -
HDBT].
Anal. caled. for C72H68016P2: C, 69.11, H, 5.48; P, 4.95.
Found: C, 68.98; H, 5.46; P, 5.03.

Metathesis of (—)—1,1'—(l,2—Ethanediyl)Sis(1,2,—
3,4-tetrahydro-4,4~dimethyl-1-phenylphosphi-
nolinium) Bis[hydrogen L(+)-dibenzoyltar-
trate] [(—)—%g;] to (-)-1,1'-(1,2-
Ethanediyl)bis(1,2,3,4-tetra-
hydro-4,4-dimethyl-1-phenyl-
phosphinolinium) Diper-

chloratg, [(—)—&11]

A solution of (—)—%g} [L(+)HDBT] (0.08 g, 0.000064 mol) in 2 mL

of H3C0H was added to an aqueous solution (5 mL) of NaClO4 (2.0 gs

0.016 mol), and the solution was stirred for 30 min. The solid
formed was collected by filtratidn, washed profusely with water and

dissolved in ca. 20 mL of HZCCl This solution was dried (NaZSO4)

9"
and concentrated to ca. 5 mL on the rotary evaporator. Dry ether was
added until the solution became cloudy, and the mixture was allowed

to stand overnight. The solid was filtered and reprecipitated twice

(HZCCl and ether) to give 37 mg (78.7% of pure enantiomer (—)—%lz

2

- o 21 o
(2 ClO4 ), mp 262.5-264 C; [aJD =-18.5" (c = 20 mg/2 mlL; acetone).
The 1H decoupled 31P NMR spectrum of (—)—%lz (Plate LXXVIII) exhibited

a single signal at+15.40 ppm in DCCl, and at + 16.19 ppﬁ in DCCl, with

3
The lH NMR and IR spectra

3

3CC02H (relative to 85% H3PO4).

of (-)-117 (2 C104_) (Plates L and XXII) were identical to those of itsb

a drop of F
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racemic precursor, (i)‘;lZ'
Anal. caled. for C36H42P2C1208: C, 58.78; H, 5.75; P, 8.42,

Found: C, 58.78; H, 5.92; P, 8.40.

Resolution of (i)—l,l'—(1,2—Ethanediyl)bis(1,2,—
3,4-tetrahydro-4,4~dimethyl-1-phenylphosphino-
linium) Dichloride [(i)—%lgl by Silver
Hydrogen D(-)-Dibenzoyltartrate (;ﬂg%
Synthesis and Separationof (+)-
1,1'-(1,2-Ethanediyl)bis(1,-
2,3,4-tetrahydro-4,4-di-
methyl-1-phenylphosphi-
nolinium) Bis(hydro—ﬁ
gen D(-)-dibenzoyl-
| tartrate) [(4+)-

122]
—

A solution of bisphosphonium dichloride (i)—%lg (2 c1) (0.4 g,
0.00066 mol) in 20 mL of warm methanol was added slowly to a suspension
of silver hydrogen D(-)-dibenzoyltartrate (;gg) (0.62 g, 0.0013 mol) in

boiling H_COH (20 mL). The mixture was boiled for a period of 1 h.

3
The white Ag HDBT ;gg slowly dissolved during the reaction and AgCl
precipitated out. The mixture was cooled and AgCl was collected by
filtration. Evaporation of the filtrate gave a residue which was
dissolved in ca. 20 mL of HZCCIZ. The solution was treated with
charcoal and filtered. The filtrate was concentrated to ca. 10 mL

and excess dry ether was added. The solid was filtered and dried

in vacuo to give 0.55 g (66.7%) of (£)-122 [D(-)HDBTI, mp 151-153°Cc(d) ;
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24

lal " = - 91.5° (c = 0.02 g/2 mlL; H .

i +)—
3COH). P NMR analysis of (%) }23
(Plate LXXXIV) displayed two signals at + 17.21 and + 17.44 ppm (1:1)
indicating the existence of two diastereomers in equal amounts.

Fractional crystallization of (t)—%zg_(HCCl tether) resulfed in

3
the separation of (+)—¥Zg [D(~)HDBT]. Then 0.4 g (0.0003 mol) of
(i)-%&% was dissolved in 20 mlL of HCC13, and the insoluble matter was
filtered. _The filtrate was concentrated to ca. 8 mL and dry ether was
added dropwise until the solution became cloudy. After 6 h, the first
fraction of crystals formed and was collected by filtration. Two more

fractions were obtained from the filtrate by repeating the above

procedure. The following data were recorded during the reprecipi-

tations.

No. of 7 - (—)—;gg:(+)—122
fractions Wt. of product MP (OC) (from 31P NMR)
1 200 mg 148-151(d) 1:3
2 60 mg  147-150(d) 2:1
3 40 mg 148-150(d) 2:1

Two more reprecipitations of first fraction (HCCl

3
100 mg of (+)-122 [D(-)HDBT], [a]12)° = - 60° (c = 0.02 g/2 mL; H

and ether) gave
3COH).

Further reprecipitation of (+)—¥gg,(HC01 and ether) gave 85 mg of

3
(+)—£§g [D(-)HDBT] with the same melting point and specific rotation
as formed previously. A lone 31P signal at + 16.81 ppm (relative to
85% phosphoric acid) (Plafe LXXXV) shown by (+)—£§; further confirmed
the separation of the pure diastereomer. The IR and 1H NMR analyses

(Plates XXVII and LV) support the proposed structure of (+)-122

[D(-)HDBT].
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Anal. calecd. for C72H68016P2.H20: C, 68.13; H, 5.56; P, 4.88.

Found: C, 68.17; H, 5.50; P, 4.80.

Metathesis of (+)-1,1'-(1,2-Ethanediyl)bis(1,2,-
3,4~tetrahydro-4,4-dimethyl-1-phenylphosphino-
linium) Bis[hydrogen D(-)-dibenzoyltartrate]
[(+)—;gg] to (+)-1,1'-(1,2-Ethanediyl)bis-
(1,2,3,4-tetrahydro-4,4~-dimethyl-1-
.phenylphosphinpiinium)'Diper—

chlorate [(+)—¥lZ]

A solution of (+)—;gg,[D(—)HDBT] (0.06 g; 0.00004 mol) in 2 mL
H3C0H was added dropwise to an aqueous solution (5 mL) of NaClO4 (2.0
g, 0.016 mol), and the solution was stirred for 30 min. The solid
formed was filtered and washed profusely with water and then dissolved
in ca. 20 mL of H2CC12. The solution was dried (NaZSOA) and concen-
trated to ca. 5 mL on a rotary evaporator. Dry ether was added
until the solution became cloudy and the mixture was allowed to stand
overnight. The solid formed was filtered and, after two reprecipi-
tations from HZCCIZ—ether, there was obtained 26 mg (74%) of enantiomer,
(+)-117 (2 €10,7), mp 263-264°C, [a]§6 = +19.1° [c = 20 mg/2 mL;
acetone]. The lH decoupled 31P NMR spectrum of (+)—¥lz (Piate LXXVII)
showed single signal at + 15.85 ppm (DCC13). The lH NMR and IR spectra
éf (+)—}1] (2 C104_) (Plates XLIX, XXI) were identical to those of the
(ir)—}il (2 0104').

Anal. caled. for C36H42P2C1208: C, 58.78; H, 5.75; P, 8.42.
Found: C, 58.73; H, 5.88; P, 8.46.
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Preparation of Meso-1,1'-(1,2-Ethanediyl)bis[1,~
2,3,4-tetrahydro-4,4~dimethyl-1-phenylphos-
phinolinium] Bis(hydrogen L(+)-debenzoyl-

tartrate) (Meso-121)
—es0=-25

The bisphosphonium dichloride gg§g—¥lg (0.5 g, 0.0008 mol)
dissolved in 25 mL of warm H3COH was slowly added to a suspension
of silver hydrogen 'L(+)-dibenzoyltartrate (143) (0.8 g, 0.0017 mol)
in 25 mL of boiling methanol. The mixture was boiled for 1 h with
stirring and was then cooled and filtered to give AgCl (0.24 g, 100%).
The clear filtrate waé evaporated to dryness on a rotary evaporator,

2772

was treated with charcoal and filtered. The filtrate was concen-

and the residue was dissolved in ca. 30 mL of H.CCl,.. The solution

trated to ca. 10 mL and excess dry ether (ca. 10 mL) was added. After
2 h, the solid separated was filtered and dried in vacuo to give 0.95

g of meso-121 [L(+)HDBT] (95%), mp 153-155°C(d), [alo" = + 92.5° (c =
0.02 g/2 mL; H3COH). Elemental analysis strongly implied the inclusion

(stoichiometric) of one mole of water. Such inclusion of solventlg’so’105

is not uncommon with phosphonium salts. The IR, lH NMR and 31P NMR
spectra (Plates XXVI, LIV and LXXXIII) support the structural iden-
tification of meso-121 [L(+)HDBT].

Anal. calcd. for C72H68016P2.H20: C, 68.13; H, 5.56; P, 4.88.

Found: C, 67.97; H, 5.563 P, 4.80.
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Metathesis of Meso-1,1'-(1l,2-Ethanediyl)bis(1,-
2,3,4-tetrahydro-4,4-dimethyl-1-phenylphos~
phinolinium) Bis[hydrogen L(+)-dibenzoyl-
tartrate](@gggflg}) to Meso-1,1'-(1,2~
Ethanediyl)bis(1,2,3,4—tetrahydro—
4,4-dimethyl-1-phenylphosphino-

linium) Diperchlorate

(Meso-117,

The phosphonium.salt meso-%%é,[L(+)HDBT] (200 mg, 0.16 mmole)

~dissolved in ca. 5 mL of H3COH was added slowly to 10 mL of an aqueous

solution of NaClO4 (2.0 g, 0.016 mol), and the solution was stirred
for 30 min. The solid separated was filtered and washed carefully and

thoroughly with distilled H,O0 (to remove any excess NaC104). This

2

solid was then dissolved in 25 mL of HZCC12,

(Na2304). This solution was concentrated to ca. 5 mL on the rotary

and the solution was dried

evaporator and dry ether was added until the solution became cloudy.
The mixture was allowed to stand overnight at room temperature. The

solid formed was filtered and reprecipitated twice (H2C01 tether) to

2
yiéld 0.095 g of a compound, [mp 289—2910C, [a];1 = 0° (c = 20 mg/2 mL;
acetone)] which is identical to meso-117 (2 C104—) separated from the

diastereomeric mixture of 117.

Preparation of Meso-1,1'-(1,2-Ethanediyl)bis(1,-
2,3,4-tetrahydro-4,4~dimethyl-1-phenylphos-
phinolinium) Bis(hydrogen D(-)-dibenzoyl-

tartrate) (Meso-122)
—€80=_22

The bisphosphonium dichlorideMﬂso—%ig(Z Cl_) (0.5 g, 0.0008 mol)
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dissolved in 25 mL of warm H3C0H was added dropwise to a suspension

of Ag D(-)HDBT (142) (0.8 g, 0.0017 mol) in 25 mL of boiling>H3COH.
The mixture was boiled for 1 h with stirring and then allowed to

cool to room temperature. The resulting solution was filtered to
giﬁe AgCl (0.22 g, 100%Z). The clear filtrate was evaporated to
dryness (rotary evaporator). The residue was dissolved in ca. 15 mL
of HZCClZ’ and the solution was treated with charcoal and filtered.
The clear filtrate_was concentrated to ca. 10 mL and excess dry ether

was added. After 2 h, the solid separated was filtered, reprecipi-

tated (HZCClZ:ether) and dried in vacuo to give 0.75 g (75%) of

o
meso-122 [D(-)HDBT, mp 149-151°c(a), [a]§4 = - 91.3%° (c = 20 mg/2
mL; H3COH). The proposed structure of meso—¥gg,[D(—)HDBT] is supported

by lH NMR, 31P NMR and IR SPectra (Plates LVI, LXXXVI and XXVIi).

Anal. caled. for C72H68016P2: C, 69.11; H, 5.48; P, 4.95.

Found: C, 68.96; H, 5.44; P, 4.96.

Metathesis of Meso-1,1'-(1l,2-Ethanediyl)bis(1,-
2,3,4-tetrahydro-4,4~dimethyl-1-phenylphos—-
phinolinium) Bis(hydrogen D(-)-dibenzoyl-
tartrate) (Meso-122) to Meso-1,1'-(1,2-
Ethanediyl)bis(1,2,3,4~tetrahydro-4,4~
dimethyl-1l-phenylphosphinolinium)

' Diperchlorate (Meso—%l])

The phosphonium salt, meso—%zg,[D(—)HDBT] (200 mg, 0.16 mmole)
was dissolved in 5 mL of H3C0H, and the solution was added slowly to
10 mL of aqueous solution containing NaClO4 (2.0 g, 0.016 mole) with

stirring at room temperature. A white solid immediately precipitated
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from the aqueous solution. This solid was washed carefully and
thoroughly with distilled water (to remove any excess NaClOA) and was

then dissolved (25 mL of H CClz). The solution was dried (Na2304) and

2

concentrated to ca. 5 mL in the rotary evaporator. Dry ether was added
until the solution became cloudy, and the solution was allowed to

stand overnight at room temperature. The solid separated‘was filtered,
and two reprecipitations (HZCCIZ—ether) were required to get 0.085 g.
(72%) of a compound, [mp 289-2910C, [a]D = 0° (c = 20 mg/2 mL; acetone)]
which is identical to ESEQ—%EZ (2 C104-) separated from the diastereo-

meric mixture of 117.
P

Alkaline Hydrolysis of Meso-1,1'-(1,2-Ethane-
diyl)bis(1,2,3,4-tetrahydro-4,4-dimethyl-
l-phenylphosphinolinium) Dichloride

(Meso—%ig)

Aqueous sodium hydroxide (10 mL, 2 N) was added to a solution of

the bis-salt meso—%ig (2 c1) (2.0 g, 0.0033 mol) in 50 mL of H,COH,

3

and the mixture was boiled for 3 h with presumably the evolution of
ethylene. The cooled reaction mixture was diluted with water (200 mL)

and extracted with benzene (3 x 50 mL). The extract was dried (NaZSOA)
and treated with 3 mL of H3CI. The mixture was allowed to stand over-

night at room temperature. The solid separated was filtered and

reprecipitated (H2C01 -ether) to give 0.98 g (75%) of methiodide }gﬁ,

2
mp 198-200°C. The methiodide 124 was characterized as the hexafluoro-
phosphate %g; which was prepared by treating 0.5 g (0.00126 mol) of
124 in 20 mL of HBCOH:HZO (1:1) with 20 mL of saturated aqueous KPE6.

The mixture was stirred for 30 min. The solid formed was collected by
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filtration and dissolved in H_CCl, (ca. 15 mL). The solution was dried

2772
(Na2804) and excess ether was added until the solution became cloudy.
After a period of 2 h, a solid separated was filtered and reprecipi-
tated twice (HZCC12:ether)‘to yield 0.43 g (83.7%) of %z;, mp 211-213°C
(lit.llO mp 211~213.SOC). The benzene filtrate, after separation of
methiodide %g&, was evaporated on a rotary evaporator. The yellow oil
obtained was chromatographed over silica gel (benzene) and the resulting
0il was stored in a refrigerator for a period of 3 days. The waxy

solid obtained was recrystallized (hexane) to give 0.4 g (45%) of

phosphine oxide %Zg’ mp 103-105°C (1it.46 mp 99-101°¢C) .

Lithium Aluminium Hydride Reduction of Meso-1,1'-
(1,2-Ethanediyl) bis(1,2,3,4-tetrahydro-4,4—-
dimethyl-1-phenylphosphinolinium)

Dichloride (Meso-119)
—

Lithium aluminium hydride (0.125 g; 0.0033 mol) and ggggfllg (0.4
g, 0.0006 mol) were stirred under reflux iﬁ dry THF (25 mL) for a
period of 24 h. The reaction mixture was cooled to room temperéture
and the excess hydride was destroyed by. careful addition of ice-cold
water (ca. 0.25 mL). The reaction mixture was extracted with ether
(3 x 25.mL). The extract was dried (Na2804), concentrated to ca. 10

mL and treated with HBCI (2 mL). The mixture was allowed to stand

overnight in refrigerator. The solid separated was filtered and

reprecipitated (HZCCl -ether) to give 0.16 g (31%) of 124, mp 198-200°¢.

2
A small amount (0.10 g) of the methiodide %&5 was converted to the hexa-

110

fluorophosphate 125, mp 211-213°C (1it.” ™" mp 211-213.5°C).
N
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Sodium Hydride Reduction of Meso-1,1'-(1,2-
Ethanediyl)bis(1,2,3,4~tetrahydro-4,4~
dimethyl-1-phenylphosphinolinium)

Dichloride (Meso-;lg)

A suspension of meso—%ig (2 ¢c17) (0.607 g, 0.001 mol) and sodium

hydride (0.048 g, 0.002 mol, 50% dispersion in paraffin; washed with
dry ether) in THF (20 mL, distilled from LiAlH4)-wés stirred at room
temperature for a period of 12 h. The reaction mixture was filtered

directly into a large excess of H,CI (5 mL) in ether (20 mL). The

3

mixture was filtered and reprecipitated (HZCCl -ether) to give 0.115

2
g (15%) of ;gﬁ, mp 198-200°C. A small amount (0.075 g) of the

methiodide 124 was converted into %22, mp 211-213°C (1it.110 mp 211-

213.5°C).
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