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Abstract—The reaction of oxyallyl cations with phosphole sulfide as well as phosphole oxides was investigated and
was found to give the expected 8-phosphabicyclo[3.2.1]octanic system (2, 4 and 7) apart from other unexpected
products (3 and 5)." In the case of the phosphole sulfide (1), the oxyallyl cation is believed to react preferentially with
the P=S group, rather than the dienic moiety, leading to a P=S to P=0 transformation or to a very particular reaction
resulting in . This occurs through an intermediate (j) in which a C=S group reacts in a (2 + 4] cycloaddition with the
phosphole as a diene. The structure and stereochemistry of the various products were established by the aid of their
spectral data in conjunction with spectral data of some related compounds. A formal PhPO extrusion occurs while
reacting compound §, or a model compound, with m-chloroperbenzoic acid. This PhPO elimination is believed to
occur through an intermediate phosphinate resulting from Bayer-Villiger like oxidation, which then loses the [PhPO;)

group.

Phosphole sulfide (1), previously found to react as a dienophile, was shown to enter a [2 + 4] cycloaddition as a
diene with powerful dienophiles like 4-methyl-1,2,d-triazoline-3,5-dione (10).

The cycloaddition of oxyallylic cations to conjugated
dienes (cyclopentadiene, furane, N-methylpyrrole etc)
have been shown to offer an efficient and general tool for
the construction of bicyclo{3.2.1]octanes, as well as the
corresponding 8-oxa- and 8-azabicyclic systems.’

In the course of our investigation of the 8-
phosphabicyclo[3.2.1]octanic system,*™ it was interesting
to investigate whether the above synthesis could also be
further expanded for the preparation of these compounds
i.e. reacting phospholes, as dienes, with the oxyallyl
cation. The phospholic systems are known as poor dienes,
though the oxides, e.g. 1-phenyl-1-0xo0-3,4-dimethyl-
phosphole (8), are at least as good as cyclopentadiene and
undergo rapid dimerization.’ The thio analog of the oxide
8 (compound 1) can also be utilized in Diels-Alder
reactions. In contrast to the oxide, the phosphole sulfide
does not undergo dimerization® and has already been used
by us in cycloaddition reactions.” Indeed, in the reaction
of 1-phenyl-1-thio-3,4-dimethylphosphole (1) with
tropone,” compound 1 reacted as the dienophile rather
than the diene, in a {4+2] cycloaddition reaction.
Nevertheless, we thought it worthwhile to check the
reactivity of compound 1 towards the much more reactive
oxyallylic cation.

The reaction between compound 1 and the oxyallyl
cation, the latter prepared by the addition of Zn(Cu)
couple to a solution of 2,4-dibromo-3-pentanone in dry
glyme,” led to the isolation of two compounds 2 and 3 in
40% and 60% yield respectively.

Compound 2, according to the NMR spectrum (Table 1)
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was an expected adduct of both reactants, namely a
8-phosphabicyclo[3.2.1]Joctane system. However it did not
contain the P=S moiety but a phosphoryl one, as was
confirmed by the IR spectra (1200 and 1170 cm™' (P=0)),
elemental analysis (C,-H;,0.P) and mass spectrum (m/e
288; M"). the second compound (3) turned out to be the
dimer of 1-phenyl-3,4-dimethylphosphole oxide® (8)—
again a product of the phosphole oxide rather than the
sulfide. The question arises as to whether the phosphole
sulfide can react in this cycloaddition reaction, to give
compound 2, or whether it is initially converted to the
oxide which then competetively gives the
bicyclo(3.2.1]octanic system or the dimer. Carrying out
the synthesis, with the more stable dibenzyl-oxyallyl
cation prepared under other conditions (by reacting
a,a’-dibromodibenzyl ketone with Nal in boiling
CH;CN®) resulted once again in two phosphoryl bearing
compounds (3 and 4) but in much lower yields, when
compared with the above reaction, with Zn(Cu), to give 2
and 3. Furthermore a third compound (5) was isolated in
varying yields (3% to 30%) depending on the reaction
conditions. The spectral data of compound 4 (Table 1 and
Experimental) proves its structure as another 8-
phosphabicyclo[3.2.1]octane adduct. As far as the latter
reaction conditions are concerned (use of Nal for the
oxyallyl cation preparation) the thiophosphoryl-to-
phosphoryl transformation may be explained by the aid of
the bromine and/or iodine obtained during the reaction.
Indeed, addition of bromine to the solution of 1in CH;CN
under N, atm afforded, among other products the dimer 3
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Table 1. Coupling constants are given in Hz; § in ppm
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of the phosphole oxide (8). The situation was less clear in
the case of the Zn(Cu) couple (no reaction occurs when
omitting the dibromoketone from the reaction mixture), A
possible mechanism for the exchange from a P=S to a P=0
group, under these as well as under the former described
reaction conditions, will be discussed later.

In order to determine whether a phosphole oxide can
possibly undergo the cycloaddition reaction with the
oxyallylic cation, the stable 1,2,5-triphenyl phosphole
oxide (6)" (which does not dimerize) was submitted to the
reaction conditions (a,a’-dibromodibenzy! ketone, Nal,
CHiCN, N, A) and indeed an adduct (7) was obtained in
90% yield (Table 1 and Experimental). The usefulness of
the NMR-shift reagent'' could once more be seen, in the

*In order to find out whether the phosphole sulfide (1) is ever
capable of entering a Diels-Alder reaction as a diene, its reaction
with the excellent dienophile 4-methyl-1,2 4-triazoline-3,5-dione'*
was performed. This reaction is now under further investigation.

]
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tIn the case of the 8-methyl-8-0xo-8-phosphabicycio][3.2.1]oct-
6-en-3-one the following values were measured: *Jouy,,, = 6Hz
and Jony,., = 27Hz.

structure determination of 7; addition of Eu(fod); to a
solution of compound 7 (molar ratio of 0-52) in CDCL
revealed the signal of the Cqy vinylic protons. (In the
absence of the complexant, this signal is hidden among
the signal of the five phenyl groups).

A second phosphole oxide which was examined was the
1-phenyl-3 4-dimethylphosphole oxide® (8), the corres-
ponding oxide of 1. Once again an adduct (4) with the
dibenzyl-ally] cation could be obtained, however only in
fow vyields (~6%), the dimer 3 being the major product
(Scheme 1). The last experiment confirmed the possible
synthesis of 4 from 8 but does not exclude its origination
from 1; the differences in yields found for the two
reactions may result from the preparation of 8 in situ,
while using the phosphole sulfide, which thus lowers the
extent of dimerization.*

The NMR spectrum of the three bicyclic compounds (2,
4 and 7) are compared in Table 1. Most significant in these
spectra was the "Jon,,, value of 7-5Hz found for all three
compounds, indicating the C-2, C-4 protons to be axial (a
PC, CHaux angle of ca 60° is in accordance with a 5-7Hz
coupling constant, whereas the equatorial proton with an
angle of ca 170° should exhibit a J-value of ca 30Hz)."”t
The fact that only the diequatorial substituted compounds
were obtained, was not surprising whether resulting from
the preference of the “‘compact transition state” over the
“extended one”' or even from a thermodynamic control-
led process (if equilibrium can occur under the reaction
conditions). The trans-2,4 isomer as well as the cis-28,48
one (which is expected to flip over into the boat
conformer) are both expected to be less favored, due to
strong steric interactions with the phosphoryl group. The
Ju, (or Ju,) value of 1Hz, is in accordance with a ca 75°
angle measured for the suggested structure.’ Indeed, this
J-value also agrees with the ca 105° angle measured for
the cis-28, 48 isomer, however the latter is excluded by
the Jecen,,-value (an angle of ca 130° demands a J-value
of more than 20Hz)."” The P-phenyl configuration was
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SCHEME 1.

determined by complexation of the adducts with Eu(fod):
as has already been described,’ and it turned out to be the
expected equatorial one (towards the phosphorinane ring)
in all three compounds.

Although the yields the  8-phospha-
bicyclo[3.2.1Joctanic  systems prepared according
to this method are not always high, it can serve as a
convenient synthesis for substituted derivatives which
can not be readily obtained by the two previously
described methods of synthesis.””> The reason for low
yields in some cases can be sought in the nature of the
diene as well as the experimental conditions:

(a) In the absence of great excess of the diene, which
usually also serves as the solvent for these reactions, the
reactive oxyallyl cation undergoes undesired side reac-
tions;' (b) The high reactivity of the phosphole oxide
results in large amounts of the dimer (Outstanding in this
respect is 6 which gives much higher yields); (c) Under the
reaction conditions even the phosphole sulfide undergoes
dimerization, most likely being previously converted to
the corresponding oxide vide infra.

As mentioned above compounds 3 and 4 were
accompanied by another compound (5) the yield of which
changed remarkably according to the reaction conditions
(gradual addition of the dibromodibenzy] ketone to the
reaction mixture increased the yield ten fold). The nature
and mechanism of obtaining this compound (5) follows.
Compound 8, m.p. 202°-204° (dec.), C/H2s0.SP (m/e 444
M*), viar 3030 (Ph), 1600, 1495, 1440 (Ph-P), 1715 (C=0),
1630 (C=C) 1195 s (P=0) cm™', exhibits the following
NMR spectrum: 8 1-00d (“Jocu,=1Hz, 3H), 1-73 d

of

(Jp—cu, = 1Hz, 3H), 3-73 dd (Jpy = 7-5Hz, Juy = 1-5Hz, 1H),
4-32d (A) and 3-58 d (B) (an AB quartet J = 16-5Hz), 4-03
dd (Jpu =7-5Hz and Jux = 1-5Hz, 1H) and 6-75-7-80 m
(15H), (Fig 1). The existence of two Me-groups as well as
three phenyls indicate that both reactant moieties are
indeed included in §, however a structure proposal at this
stage was impossible. The existence of the phosphoryl
group, in addition to the S atom which was still in the
molecule was unexpected.

(This is in contrast to the situation with compounds 3
and 4 where the P=§ was converted into the P=0 with loss
of the S-atom). According to the elemental analysis, the
molecule was expected to contain, apart from the three
phenyls, C=0 and P=0 sites, three additional unsatura-
tions, i.e. double bonds and/or cyclic rings. However, it
was difficult to suggest a structure fulfilling these
requirements and at the same time being also in
accordance with the NMR data, mainly the requirement
for one saturated methyl (§ 1-00) and another vinylic one
(8 1-73). Heating of § to 150°-160° in an inert solvent
resulted in its decomposing to unidentified sulfur contain-
ing compounds. Hydrogenation of 5 under various
conditions, i.e. Pd/C, Pt/C or large excess of RaNi, which
was supposed to overcome the expected poisoning of the
catalyst by the sulfur, or even cause desulfurization of
compound 5, gave unidentified products. In addition
submitting of 5 to H.O, or NalO. in order to oxidise the S
atom, suspected to be part of a thioether moiety, to a
sulfone or at least a sulfoxide left it surprisingly
unchanged. However this reaction once more confirmed
the absence of the P=S in the molecule, which had it been
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Fig. 1. NMR spectrum of compound 5 (60 MHz). a. phosphorus spin decoupled. b. partail spectrum of compound
d,-5 and c. phosphorus spin decoupled of the latter signal.

left there should have been converted to a phosphory)
group. The reaction which lead to the break through was
the oxidation with m-chloroperbenzoic acid. The peracid
was found to attack compound § immediately, even at low
temperatures, to give a whole series of compounds.
However conditions could be found, upon which only one
main compound was obtained; adding one equivalent of
the peracid to the solution of compound 5 in CH.Cl; at
~10°, caused immediate coloring of the solution, disap-
pearance of the starting material, and the appearance of
mainly one new compound-9. Following chromatography,
pure 9 (50%) could be obtained; m.p. 97°-98°, C,;Hx0S,
(m/e 320M"), § (CDCL) 1-80 d (J=1-5Hz, 3H), 1192 d
(J=1-5Hz, 3H) 3-65 s (2H), 5-83 brs (1H), 6-05 brs (1H),
6-95-7-50 m (10H), viar 3050, 3020, 1600 (Ph), 1710 (C=0)
no P=0 absorption. All these data indicate that 5 formally
lost a PhPO unit, to give, most likely, a diene. Two vinylic
protons each being coupled to one out of two vinyl-

methylic groups, in the NMR spectrum, may suggest the
—CH=C(CH;)}-C(CH;:)=CH-site. Furthermore the signal at
3:65 s (2H) could be attributed to two benzylic protons
(-COCH=-Ph) which most likely belong to the same two
protons giving rise to the observed AB quartet (2H, which
are not coupled by the P-atom) appearing in the NMR
spectrum of §. Assuming that no C-C bond migration
occurs, the latter signals in § and 9, should point towards
the existence of a PRCC(O)CH.Ph site originating from
the oxyallyl cation, which brings us to the suggestion that
1-thia-6-phenyl-6-(1'-keto-2"-phenethyl)cyclohexa-2,4-diene
is the structure of 9. To ascertain the diene moiety in 9, we
choose the Diels-Alder reaction and more particularly the
4-methyl-1,2 4-triazoline-3,5-dione  (10) as dienophile.
Compound 10 is known as an excellent dienophile,
reacting even if very strained adducts result.”” In the
event two 1:1 adducts, between 9 and 10 could be
obtained, giving 11 and 12 (Experimental data), thus

C|H3 CH,
O
3 e S
N —CH,Ph 07N\ N e o\ N
5 — s = /&Qccmph M ﬁ/\”‘
Me Me - Ph Me CCH,Ph
® L Me-jg | 8 Me S y)
1. m-chloroperbenzoic acid 1 12

SCHEME 2.
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confirming the diene structure (Scheme 2). Furthermore, .

the fact that two adducts were obtained* is in accordance
with a suggested chiral center in these compounds, the
existence of which may explain the prochiral benzylic
protons in §, 9, 11 and 12 (appearing as an AB or A,-like
pattern). The pronounced diastereomerism of the two
benzylic protons in §, 11 and 12, in contrast to the
situation in 9, has to be due to large intrinsic diastereomer-
ism as well as non equivalent population of the rotamers
around the CO-CH,Ph bond, both originating from the
presence of a heterobridge in 5 (vide infra) 11 and 12. The
absence of such a bridge in 9, which is also responsible for
the conformational flexibility of its structure, accounts for
the Aj-like pattern (of the benzylic protons) in this case.
Of special interest in the NMR spectrum of 11 were the
chemical shifts of the two Me groups, one of which
appears as high as 8 1-10 while the second appears at §
1-85, as expected for the vinyl-methylic group. In the
second isomer (12) both vinyl-methyls appear in the

*No exo-endo isomerization is expected for the triazoline
adducts. As in the case of 1,2-succinoyl4,5-dimethyl-1,2,3,6-
tetrahydropyridazine,'® a low inversion barrier for the nitrogens is
expected, and indeed cooling down the NMR sample of 11 to
- 12(° caused significant broadening of the N-Me line with respect
to the other two methyls. Furthermore, an exo-endo isomerization
is excluded by the NMR data, i.e. if this were the case both
C-methyl groups of 11 and 12 would be expected to be similarly
shifted.

tThe 7-phosphabicyclo[2.2.1]heptene is also known to lose the
PhPO but at higher temperatures®—it may be that this process
occurs also by heating of 5.
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appropriate range (1-88 and 2-00 ppm). This high value (8
1-10) can be best explained by a diamagnetic effect of the
C-3 pheny! group on the spatial neighbour C-11-CH;
which due to the rigid structure of 11 is sterically oriented
as to be strongly influenced. This outstanding value
brought us back to the § 1-00 ppm value found for one of
the two Me-groups, believed to be a saturated one, in the
NMR spectrum of §. On the grounds of the NMR
spectrum of 11 we suggest a similar rigid bicyclic system
of §, namely 2-thia-endo-3-phenyl-exo-3(1'-keto-2'-
phenethyl)-5,6-dimethyl-7-phenyl-7-0xo-7- phosphabicy-
clo[2.2.1]hept-5-ene.
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H, ﬁ?(c—cmph
H)C S Ph
5

Such a compound is expected to be even more rigid than
11 and 12, which thus explains the relatively high field
position of the Cs-Me-vinyl group signal. Furthermore the
1-5 Hz coupling constant between C-1-H and C4-H can
be explained by a long range coupling known to exist in
such bicyclo[2.2.1] compounds.'® Compound ¢ is there-
fore obtained from § by a formal elimination of a PhPO
group as a result of the m-chloroperbenzoic acid
oxidation.

Indeed thermal PhPO extrusion from strain compounds
like  7-phenyl-7-oxo-7-phosphabicyclo[2.2.1]hepta-2,5-
dienes,’t is known at 155°""; however in these cases the
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Fig. 2. Partial NMR spectrum of compounds 13 and 14 (100 MHz). *Signals of compound 14. a. spectrum of compound
13, containing about 20 per cent of 14. b. spectrum of pure 14.
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cleavage occurs without any oxidant, the driving force
being the aromatization energy which is gained. For the
purpose of examining the generality of the oxidative
extrusion, another strained compound containing the
7-phosphabicyclo[2.2.1]heptenic system which is not
expected to undergo aromatization by removal of the
PhPO unit, was undertaken. A model which fits the above
demands is the dimer of 3,4-dimethylphosphole oxide (3).
(The conjugated double bond C.Cs in 3 is known to
undergo epoxidation with the m-chloroperbenzoic acid
only under drastic conditions).”® Addition of the peracid
to a solution of 3 in CHCI, resulted in almost immediate
conversion to a new unstable compound 13. After ca 15
min at r.t. another compound (14), resulting from
compound 13, could be seen on a TLC plate. The
conversion of compound 13 to 14 could be followed by the
NMR spectrum of purified 13 (ca 80% pure), (Fig 2),
obtained from a chromatography column.

Compound 14 m.p. 153°-154°; C\sH»,0 P(m/e 284 M™),
8 1:20 s (Co~CHs); 1-85 m (C+~CH; and C¢~CH3); 2:10 m
(Cs-CH); 2-55 ddm (*Jpn, = 12Hz; Jum, = SHz; He); 5-35 d
SCHEME 3. (‘JPH,=2HZ; HA) 545 dm (JH,H,"—'SHZ, H?); 610 dm
(Jpy, =24Hz, Hy); 7-3-79 m (Ph, 5H), is indeed a
diene, namely 1-phenyl-1-0x0-3,5,6,9-tetramethyl-8-

0 T HC T
. Il g 20
PhC=S «— Ph—C—C—CH,Ph P
121(16) 240(0-3) H.C Ph
d,~121(84) dr-242(5) 204(0-3)
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. b C-{r—CRzPh .
77(20) < PhCH,* «———— H,C o — > H, ), Ph
91(20) H,C H,C .
d,-93(84) ’ ’ S
- 5 R=H 444(<001) 325(<0-1)
d~5 R=D 446(<0-01)* d~325(<0-1)
412(<0-1)
ds—414(<0-1)
H.C.__~COCH:Ph HC. - h
$ Ph - Is
TRO HCT X
320(<0-01) 201(100)
d,-322(<0-01) d,~201(100)
0* *
c/// COCH Phj
2
H,C = - HC_~ HC Ph
— Ph — [
Heo XS e XS He XS
229(7) 9 320(20) 201(100)
SCHEME 4.

Mass spectra of compounds 5 and 9.

*The strong variation in the intensity of the peaks of 5 in comparison to d—5 are most probably due to
variations in the inlet temp.
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hydrophosphindole, and as such could give an adduct (15)
with the triazoline (10) (Scheme 3). As mentioned in a
previous report,' compounds like 3 are expected to react
with the peracid to undergo Bayer-Villiger-like oxidation,
thus compound 13 should be a phosphinate. Being
unstable, compound 13 could be characterized only by its
NMR spectrum (Fig 2 and Experimental). In the mass
spectrum it is converted to 14; i.e. the highest m/e value
was 284 which fits in the molecular ion of 14.

The most striking feature in the NMR spectrum was the
signal at 4-84 dd CJp,ock, = 22Hz; *Jpu, = 2Hz; Ha; Fig 2)
atrributed to the proton a- to the phosphinate-bearing
C-atom, appearing in 3 at 3-3 m. Similar values for such
protons were found in the case of the phosphinates
obtained from the 8-phosphabicyclo[3.2.1]octenic sys-

*Following CH.N, addition to the solution of 13 in ether-
methanol (9:1), phenyldimethyl phosphonate was isolated; an oil,
Y man 3030, 2940, 2830, 1590, 1460, 1240, 1170, 1120, 1045, 1020, 960
cm™'; 8 3-78 d Jpocw, = 1Hz; POCH;; 6H) and 7-3-8:0 m (Ph);
mle (%): 186 (61), 185 (61), 172 (23), 171 (19), 156 (35), 155 (37), 142
(16), 141 (51}, 91 (100), 77 (77).

*For this purpose as well as for further NMR study (Fig 1), the

tem.' The latter bicyclo[3.2.2] systems, being less
strained, do not undergo the PhPO, extrusion, but
epoxidation which thus stabilizes the compounds. As far
as we know this PhPO, elimination, which leads to 14
from 13 is unknown. It is suggested that compound §
should be converted to 9 by a similar intermediate, which
being more strained could not be isolated.

The elimination of PhPO, is by itself very interesting,
furthermore compounds of type 13 may serve as PhPO,
suppliers for synthetic use.* In the absence of compounds
that may react with the PhPO, molecule it is suspected to
undergo oligomerization as in the case of metaphosphoric
acid,” or the PhPO group.”

The mass spectra of compounds §, 9, 11, 12 and f shown
in Schemes 4 and S, are in full agreement with the
proposed structures.t

The following mechanism (Scheme 6) is suggested for
the reaction leading to compound 5.

The first step is expected to be the oxyallyl cation
attack on the P=S bond, rather than the diene, to give a
phosphole spirane k. Phosphole spianes are known, and in
one particular case such a pentacovalent compound could

d,-5 compound was prepared (Experimental). even be isolated at r.t™ Furthermore 1-oxo-3-
mk
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H,C” XN
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(l,l 7 I_S 201(22)
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| y—CHs |
HC X N\ﬁ Ny 0
C
0% }11
193(100) e N
g H,C ) Ph
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Ph—C—C—CH,Ph HC 314(<0-1)
240(33) 433(<0-1) 4«
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l ~COCH2Ph
PhC* =S 6
121(88) 816
O
mE -
1782) ——_ HC_~ N /H\ HC ~ ﬁ[
61(100) «— 1] I/Q—CH: e
H.C N\cli H,C x N
o 108(87)
t 193(63)
SCHEME 5.*

Mass spectra of compounds 11 and f.
*The mass spectra of 12 is undistinguishable from that of 11.
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thiophospholane has been suggested as an intermediate in
the conversion of oxiranes to thiiranes.”” The step after
tautomerization of k to j, can be pictured as an
electrophilic attack by bromine or iodine on the phos-
phorane j leading to intermediate m. The mechanism of
phosphorane opening by bromine, already investigated by
Ramirez” in the case of the 2,2,2-trioxy-2,2-dihydro-1,3,2-
dioxaphospholenic ring, supports the possibility of a
similar path way in our case. Intermediate m is then
believed to undergo a very preferential intramolecular
Diels-Alder reaction between the reactive thiocarbonyl
dienophile™* and the phospholium salt (m) as a diene.t
Once the tricyclic system (n) is obtained, it should
undergo rapid hydrolysis upon work up, in order to
release the strain and to provide a more stable structure;
thus leading to the 2-thia-7-phosphabicyclo[2.2.1] system
(5). The proposed mechanism is in agreement with the
suggested P=0O and C-3 configuration i.e. the COCH,Ph
group being spatially near the P=0 one.

Once the thiophosphoryl attack by the oxyallyl cation
leading to the oxa-thiaphosphorane (J) is expected,
intermediate m may decompose competitively to the

*The C=S bond in m is expected to be even more activated by
the two-electron attracting groups.”

1A positive charge on the P-atom is expected to improve this
diene as can be seen by the comparison of phosphole oxide and
the phosphole sulfide; the former P-atom being more positive
charged.

Diels-Alder reaction, by substitution of a halide ion at the
position a to the C=S group.”

xe
H,C ‘
e 0O X
S
“CH,Ph
H,C
/; “ph

m

HC A _o
P\

HC” Y Ph

This sequence leads to the phosphole oxide which, as
described above, will lead to compounds 2 and 3. The
oxa-thiaphosphorane (j) can obviously also be suggested
in the case when the oxyallyl cation is prepared by the use
of the Zn(Cu) couple. However under these reaction
conditions compound § is not obtained. Moreover, as no
halogen is expected to be present in the reaction mixture'
some other factor should be responsible for the decom-
position of j to the phosphole oxide. Indeed, submitting
3-phospholene sulfide (16) to these reaction conditions
converted it almost quantitatively to the corresponding
oxide (17).

|
+ Ph—é—?—CHzPh

X =Brorl
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CH,! (!?HCH;.
S (0]
I Pé Br Br I Pé
\Ph Za(Cu), \Ph

16 17

Further investigation of the various factors in the
decomposition of the phosphorane (j) into the phosphole
oxide, may be obtained if the phosphole sulfide 1 would be
reacted with dimethyl cyclopropanone,® under various
reaction conditions. This may enable the examination of
the oxa-thiaphosphorane stability; attempts in this direc-
tion are undertaken.

EXPERIMENTAL

For general directions see Ref 3.

Starting materials. 1,2,5-Triphenylphosphole and its oxide (6)
were prepared according to the method of Hughes et al.;* 3,4
dimethyl-1-phenylphosphole, the sulphide (1) and the dimer (3) of
the oxide analog, were synthesized using the method of Mathey .
3,4-Dibromo-3,4-dimethyl-1-phenyl phospholan-1-oxide was pre-
pared according to Quin’s method;* a,a’-dibromodibenzyl ketone
was synthesized in a method described by Breslow et al.;* 2,4-
dibromo-3-pentanone was prepared according to Doerer et al.”’

2,4,6,7-Tetramethyl-8- phenyl-8-0xo-8-phosphabicyclo [3.2.1}oct-
6-en-3-one (2). 2,4-Dibromo-3-pentanone (freshly distilled, 2-5 g)
was added dropwise to a cooled (—10°), stirred soln of 1 (2 g) in dry
glyme (35 ml) in the presence of freshly prepared Zn(Cu) (0-5 g)
under N.. Another portion of Zn(Cu) (0-5 g) was added within
every 1/2 h (4 portions). This whole procedure was repeated 4
times, the last two being carried out under heating (80°). (The total
amounts added were: 10 g of dibromoketone and 10 g of Zn(Cu)).
The metal was then filtered and the soln diluted (CHCI,, 300 ml)
washed with water, IN HCI aq (50 ml) and again water, dried
(Na,S0,) and the solvent evaporated under reduced pressure. The
viscous, yellow oily product (4-8 g) was chromatographed on a
silica column. The product 2, eluted with MeOH-EtOAc (V/V
5:95) (0-99 g), was followed by the dimer 3 (1:39 g). Compound 2
m.p. 156°-157° (ether); vX2: 3020, 2900-2850, 1720, 1475, 1445,
1390, 1350, 1200, 1170, 1130, 1110, 1080, 1030, 995, 920, 850, 815,
750, 700, 550, 495, 460 cm™'. & 1-28 dd Ocaamcn, = 7'5Hz;
“Jo_cy, = 2:3Hz; C(CH,), C(CH,); 6H); 1:75 d (Jp_cy, = 2:3Hz;
Cs(CH,), CACH,); 6H); 2-65 dd (*Jeu,,, = 13-5HZ; Jua e, = Juaen, =
1Hz; H,, Hs; 2H); 3-40 dd quartet Cleny,, = 7-5Hz; Jun, = Jugse, =
1Hz; H,, H,; 2H); 7-25-7-75 m (Ph-H; SH) ppm. (Found: M* 288;
C1>H2,0,P requires: MW 288).

24,8 Triphenyk-6,7-dimethyl-8-0x0-8-phosphabicyclo[3.2.1]oct -
6-en-3-one (4). 1,5-Diazabicyclo[5.4.0Jundec-5-ene (DBU; 6-3 g)
was rapidly added to a cooled, stirred soln of 3,4-dibromo-3,4-
dimethyl-1-phenylphospholan-1-oxide (75 g) in dry benzene (50
ml) under N, (1 h). The brownish ppt was filtered off and the soln
washed twice with IN HCI aq (2 x 15 ml), water, dried (Na,SO.)
and most of the solvent evaporated under reduced pressure
(minimal heating) yielding a reddish, oily product containing
white, crystalline solid. The crystals (dimer 3; 1-5 g) were filtered
off and the residual soln was diluted with dry CH,CN (50 ml) to
which Nal (7-5 g) and a,a’-dibromodibenzylketone (2-5 g) were
added. The mixture was then refluxed under N, (3 h). After
cooling, the mixture was diluted in CHCI, (150 ml), washed with

*Compounds 4, § and 3 were obtained (1-0, 0-2 and 1-7 g
respectively) when the dibromoketone and Nal were added in two
portions only (2x 5-5 and 2 X 12 g respectively) under the same
conditions.

10% Na.S;0,-aq (2x 15 ml), then water, dried (Na,SO,) and
evaporated to dryness. The dark, oily product (3-76 g) was
chromatographed on a silica column. Product 4 was eluted with
benzene-EtOAc (V/V 1:1) (0-5 g, 6%) followed by dimer 3 (1-3 g).
Compound 4 m.p. 202°-204° (EtOH, dec), viax: 3050, 3030, 3000,
2950-2830, 1705, 1600, 1595, 1500, 1455, 1445, 1390, 1215, 1190,
1135, 1110, 1090, 1025, 995, 850, 800, 765, 750, 710, 700, 560, 535,
510, 490, 455 cm™*, 8 1-58 d (“Tpcy, = 1:5Hz; C4(CH;), CACH.);
6H); 2-99 dd Clpu, 5, = 13-5HZ; Jum, = Juun, = 1-5SHz; H,, Hs; 2H);
4-65 dd Clpuy,, = 7-5Hz; Jayu, = Jugn, = 1-:5Hz; Ha, Ky 2H), 7-23 '
(C:(Ph), C.(Ph); 10H); 7-05-7-80 m (P(Ph); 5H) ppm. (Found: C,
78-58; H, 6-15; P, 7-39; C,sH.50,P requires: C, 78-62; H, 6-11; P,
7-51%).

2 - Thia - endo - 3 - phenyl - exo(1’ - keto - 2’ - phenethyl) - 5,6 -
dimethyl - 7 - phenyl -7 - 0xo - 7 - phosphabicyclo[2.2.1]hept - § -
ene (5). a,a’-Dibromodibenzylketone (2 g) and Nal (35 g) were
added to a stirred soln of 1 (6:60 g) in dry CH,CN(75 ml). The
mixture was refluxed under N, (1 h). Another portion of the
dibromo ketone (2-0 g) and Nal (3-5 g) was added, and the reflux
continued. This whole procedure was repeated 8 times (the total
amounts added were: 20 g of dibromoketone and 35 g of Nal).*
After a further reflux period (15 h) the soln was cooled, CHCl, was
added (750 ml) and the reddish soln was washed with 10%
Na;S,0, aq (2 x50 ml), water, dried (Na,SO,) and the solvent
removed under reduced pressure. The dark-red oily product (17 g)
was chromatographed on a silica column. Compound § was eluted
with benzene-EtOAc (V/V 4: 1) (4-05 g 31%) followed by 4 (0-4 g)
and the dimer 3 (0-5 g). Compound § m.p. 202°-204° (EtOH), »52*:
3030, 3000, 29002825, 1715, 1630, 1600, 1495, 1445, 1400, 1375,
1320, 1195, 1110, 1085, 1025, 1000, 965, 910, 840, 805, 790, 770, 750,
740, 720, 710, 690, 580, 545, 535, 505, 480, 440cm™', § 1:00 d
(‘Jr-cu,= 1Hz; C4(CH;); 3H); 173 d (‘Jr-cu,= 1Hz; C4(CH,);
3H); 373 dd (Jpw, = 7-5Hz; Juyu, = 1'SHz; He; 1H); AB quartet
(64 =432; 85=13-58; Jan = 16-5Hz; C(O)YCH.Ph; 2H); 4:03 dd
Clow, = 1-5Hz; Jum, = 1:5Hz; H,; 1H); 6:75-7-80 m (aromatic
protons; 15H) ppm. (Found: C, 72:50; H, 5-56; P, 7-25; S, 7-21;
CH250,SP requires: C, 7295; H, 5:67; P, 6:97; S, 7-38%).

Deuteration of compound 5 to give d,-5. A soln of 5 (100 mg) in
dry dioxane (10 ml) and fresh DO (2 ml) was heated (85°, 15 h)
under N, in the presence of a catalytic quantity of anhyd K,CO,.
The solvents were evaporated to dryness, the residue dissolved in
CHCl, (50 ml), washed with D,O (5 ml), dried (Na,SO,) and
evaporated, yielding a white solid. m.p. 201°-202° (EtOH, dec);
vrew: 2200 (C-D) cm™'. The NMR spectrum showed the
disappearance of the AB quartet appearing in the spectrum of §
(64 =432; 65 =3-58; Jan = 16-5 Hz; -COCH.Ph; 2H).

1,2,4,5,8 - Pentapheny! - 8 - oxo - 8 - phosphabicycio[3.2.1]oct -
6 -en -3 - one (7). Compound 6 (1:68 g) was reacted with
a,a’-dibromo dibenzylketone (10 g) in the presence pf Nal (20 g)
in CH;CN-CHCI, (60 ml; V/V 5:1) under N,, according to the
procedure described for 5. Compound 7 precipitated as a white
solid, after reducing the volume of the CHClsoln to S0 ml (2-50 g,
91%). m.p. 286° (CHCl,-toluene, dec) vxm: 3050, 3020, 3000, 2930,
1710, 1600, 1495, 1445, 1435, 1180, 1110, 1070, 1030, 990, 940, 810,
740, 690, 600, 535, 520 cm™', 8 5-25 d (lpny, =75 Hz; H,, Ha;
2H); 703 d (Jeu, =21 Hz; He, H,); 6:70-7-30 m (aromatic
protons) (27H) ppm. (Found: C, 82-58; H, 5-36; P, 5-73; C;,H»0,P
requires: C, 82-79; H, 5-45; P, 5-77%).

1 - Thia - 6 - phenyl - 6 - (' - keto - 2’ - phenethyl) - 3,4 -
dimethylcyclohexa - 2,4 - diene (9). m-Chloroperbenzoic acid
(80%, 242 mg) was added in small portions to a cooled (—10°),
stirred soln of § (526 mg) in CH,Cl, (10 ml). The yellowish soln
was rapidly chromatographed on neutral alumina column (Merck,
grade II1; CHCL,). The desired product was eluted as a white solid
(273 mg). Recrystallization from MeOH gave white needles (179
mg, 47%). M.p. 97°-98°, vxor: 3050, 3020, 3000, 2940, 2920, 2880,
2830, 1710, 1600, 1590, 1540, 1380, 1340, 1280, 1260, 1200, 1115,
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1090, 1065, 1030, 1000, 920, 875, 845, 820, 795, 765, 740, 720, 700,
640,620, 585 cm™', 6 1-80 d (“Jusen, = 1'5 Hz; C{CH,); 3H); 1-92d
(“Jusen; = 1'SHz; C5(CH,); 3H); 3-65 s (<C(O)YCH,Ph; 2H); 5-83 m
(Hs; 1H); 605 m (H:; 1H); 6:95-7:30 (C(Ph); 5H); 747 s
(C(OYCH:Ph; 5H) ppm. (Found: C, 78:06; H, 6:21; O, 5-03; S,
10-24; C,,H,0S requires: C,78-74; H, 6:29; 0, 4-99, S, 10-01%).

The reaction between compound 9 and 4-methyl-1,2,4-triazolin-
3,5-dione (10) to give the adducts 11 and 12. A soln of 10 (200 mg)
in CH:Cl; (2 ml) was rapidly added to a cooled (0°), stirred soln of
9 (147 mg) in CH,Cl, (10 ml). The mixture was stirred for 1 h (0°),
the solvent reduced and the residue chromatographed on a neutral
alumina column (Merck, grade I1I; CH,CL,), yielding 12 (70 mg)
followed by 11 (118 mg) as white, crystalline solids. Each one was
recrystallized from benzene-hexane. Compound 12, m.p.
164:5°-165-5° (dec), vimar: 3030, 3000, 2950, 2925, 2880, 2830, 1780,
1760, 1740, 1600, 1450, 1400, 1310, 1265, 1185, 1130, 1030, 920, 810,
785, 750, 730, 700, 640, 580, 545, 500 cm™', 5 1-88 m; 2:02 m
(C\(CH,), Cyo(CH,); 6H); 2-88 s (N(CHs); 3H); AB quartet
(8, =3-31; 8a =3-58; Jap = 16 Hz; C(O)CH,Ph; 2H); 5-37 s (H.;
1H); 548 s (H,; 1H); 6:70-7-80 m (aromatic protons; 10H) ppm.
(Found: C, 66-35; H, 5-48; N, 9-78; S, 7:32; C,.H,,0,N,S requires:
C, 6648; H, 535; N, 9-69; S, 7:39%). Compound 11, m.p.
152°-153°, wkor: 3030, 3000, 2910, 2880, 2820, 1775, 1760, 1705,
1600, 1445, 1395, 1330, 1260, 1215, 1195, 1140, 1110, 1030, 920, 780,
760, 715, 700, 670, 640, 620, 590, 540, 525, 485 cm™', & 1:09 m
(C.+(CHs); 3H); 1-85 m (C,o(CH,); 3H); 2-80 s (N(CH,); 3H); AB
quartet (8, = 3:50; 65 = 3-84; J s = 16Hz; C(O)CH,Ph; 2H); 5-53
m (H,, He 2H); 6:70-7-60 m (aromatic protons; 10H) ppm.
(Found: C, 66-43; H, 5-28; N, 9-79; S, 7:23; C..H,;0;N,S requires:
C, 66-48; H, 535, N, 9-69; S, 7-39%).

The reaction of compound 3 with m-chloroperbenzoic acid, to
give compound 13. m-Chloroperbenzoic acid (80%, 265 mg) was
added in one portion to a stirred soln of 3 (0-5 g) in CHCI, (15 ml)
at r.t. The solvent was then reduced under vacuum (without
heating) and the mixture was rapidly chromatographed on a
neutral alumina column (Merck, grade II1; CHCI,). Compound 13
was eluted as a clear, viscous oil (89 mg) followed by traces of 14
and unreacted 3 (404 mg), 6 1-59 m (*Jocy, = 2 Hz; C5(CH,); 3H);
1-83 m; 1:89 m (C,o(CH,), C,,(CH,); 6H); 2-08 m (C«(CH,); 3H);
296 ddd (Jpw, = 11Hz; Jpu, = 4Hz; J1i,n, = 2Hz; Hy; 1H); 3-25 ddd
(Jeu, = THZ; Jpu, = 4Hz; )iy, = 2Hz; Hy; 1H); 4-84 dd (e p0cm, =
22Hz; Yoy, = 2Hz; Hy; TH): 593 dd Clem, = 23 Hz; Tyncuy =
1-5 Hz; H,; 1H); 7-35-80 m (aromatic protons; 10H) ppm.

Compound 14 from 13. Compound'13 (100 mg) in CHCl, (0-5
ml) was kept at r.t. for 4 h, then chromatographed on a short
alumina column (CHC,), yielding clear, viscous oil (58 mg), m.p.
153°-154° (E1OAc-¢ether), vX5:: 3010, 3000, 2980, 2915, 2885, 2865,
1600, 1590, 1480, 1470, 1390, 1280, 1230, 1190, 1160, 1120, 1100,
1080, 1060, 1030, 1010, 990, 870, 835, 815, 800, 760, 730, 720, 700,
620, 600, 550, 530, S00 cm™, § 1:20 s (C«(CH,); 3H); 185 m
(Cs(CH;), C&(CH,); 6H); 2:10 m Cx(CH,); 3H); 2:55 ddm
Cleuy = 12 Hz; Juu, = 5 Hz; He; 1H); 5-35 brd (*Jer, = 2Hz; Hy;
1H); 5-45 dm (Juyu, = SHz; Hs; 1H); 6:10 dm (Jpu, = 24Hz; H,;
1H); 7-30-7-90 m (aromatic protons; SH) ppm. (Found: M* 284;
C,sH2,OP requires: MW 284).

The reaction between compounds 14 and 10 to give compound
15. A soln of 10 (0-5 g) in CH,Cl, (5 ml) was added to a cooled (0°),
stirred soln of a mixture (containing 13, 14 and unreacted 3; 1-25 g)
in CH;Cl, (50 ml). Stirring was continued for 15 h (4°). The solvent
was reduced to a minimal volume and chromatographed on a
neutral alumina column (Merck, grade III; CHCI,) yielding pure 15
(184 mg) and a mixture of 15 and 3 (1-30 gr), m.p. 252°-253°

(EtOH-EtOAc) wici: 3020, 2940, 2900, 2870, 1775, 1760, 1600,
1450, 1400, 1270, 1190, 1155, 1130, 1110, 1070, 1030, 920, 880, 870,
860, 790, 775, 750, 720, 700, 635, 620, 570, 545, 515, 480 cm™', &
1-03 s (Co(CH,); 3H); 1-78 m; 1-98 m (C,(CH,), Ci5(CH,); 6H);
2:06 m (C.(CH,); 3H); 238 dd ({Jpu, = 4Hz; Ju,, = 3Hz; H,; 1H);
3.03 s (N.o(CH,); 3H); 465 d (“Jpu, = 1:5Hz; H,; 1H); 4-95 dd
Clen, =3Hz; Jypu, =3Hz; H,; 1H); 6:92 dm (Jpy, = 24Hz; H,;
1H); 7-40-7-90 m (aromatic protons; SH) ppm. (Found: M™ 397,
C1H,.0;N,P requires: MW 397).
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