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By bromination of but-, 3-phenylprop-, hex- and cyclohex-2-enyltriphenylphosphonium
bromides with molecular bromine in chloroform the corresponding 2,3-dibromo derivatives have been
obtained. It is established that 2,3-dibromo-butyl- and 3-phenylpropyl-triphenylphosphonium
bromides under the action of sodium carbonate are dehydrobrominated with participation of the
hydrogen atom in a-position of the side chain forming the corresponding a,B-unsaturated
phosphonium salts. As a result of the interaction of 2,3-dibromobutyltriphenylphosphonium bromide
with triethylamine, 3-bromobut-2-enyltriphenylphosphonium bromide was unexpectedly obtained The
formation of the latter apparently takes place due to the “reverse prototropic isomerization” of the
initially formed 3-bromobut-1-enyltriphenylphosphonium bromide.

References 8.

Recently, we have found that prop-2-enyltributyl- and triphenylphosphonium
bromides are easily brominated by the B,y-double bond with molecular bromine in
the cold (-3+-5°C) in a chloroform solution with formation of the corresponding
adducts with almost quantitative yields. It should also be noted that, according to X-
ray structural analysis, the triphenylphosphonium analogue is a mixture of R- and S-
conformers with a synclinic arrangement of bromine atoms [1].

In continuation of these studies we have synthesized but-2-enyl- (1) [2], 3-
phenylprop-2-enyl- (2) [3] and hex-2-enyltriphenylphosphonium (3) bromides, as
well as a cyclic analog of allylphosphonium salt — cyclohex-2-
enyltriphenylphosphonium bromide (4) [4] in high vyields by interaction of
triphenylphosphine with the appropriate allyl halogenides. It should be noted that
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phosphonium salt 1, according to the *H and *3C NMR spectral data, is the mixture
of two geometric isomers in the 67:33 ratio.

Our investigations have shown that all of the above p,y-unsaturated
phosphonium salts 1-4 are easily brominated with the molecular bromine in the cold
to form the corresponding 2,3-dibromo derivatives of phosphonium salts 5-8,
respectively, in high yields.
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It should be noted that phosphonium salts 1 and 2 are also easily brominated
under the action of hv-irradiation in chloroform. In both cases, there is the formation
of a mixture of diastereomers with signals in 3P NMR spectra at 23.70, 24.25 (5)
and 23.69, 23.73 (6) ppm, respectively. From the obtained diastereomers mixture of
phosphonium salt 6 by adding acetonitrile, we have succeeded in isolating one
diastereomer in a pure form with a signal in *'P spectrum at 23.69 ppm.

In our previous report [1], it was found that triphenyl-2,3-
dibromopropylphosphonium bromide under the action of sodium carbonate in
chloroform  undergoes  dehydrobromination to  form  3-bromoprop-1-
enyltriphenylphosphonium bromide in ~75% yield. The data obtained indicate that
dehydrobromination proceeds with the participation of the most mobile a-hydrogen
atom of the side radical.

In this paper, it is shown that in a similar way, phosphonium salt 5 under the
action of the fourfold amount of sodium carbonate in chloroform at room
temperature is dehydrobrominated to form 3-bromobut-1-enyltriphenylphosphonium
bromide (9) in 71% yield.

When carrying out the same reaction using triethylamine as a
dehydrobrominating agent, 3-bromobut-2-enyltriphenylphosphonium bromide (10)
was unexpectedly isolated in 80% yield and identified.

N2,COy_ ph,p—CH=CH—CHBrCH,
R Br 9
Ph;P—CH,CHBrCHBrCH; ——

Br C,H.);N +
5 GHIT phyp—CH, CH=C—CH,

Br é

)
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In continuation of the studies, phosphonium salt 5 was involved in reactions
with ethylene glycol and ethylenediamine in the presence of a fourfold excess of
soda in order to realize the cyclization reaction in the side radical by means of
double nucleophilic substitution of vicinal bromine atoms. However, as a result of
the conducted reactions, only dehydrobromination products 9 and 10 were obtained.

HOC,H,OH Ph3p+—CH=CH—CHBrCH3
. Na,CO Br
PhyP—CH,CHBrCHBrCH; —2—3 ’
B s H,NCH,CH,NH, +
—————— Ph;P—CH,—CH=C—CHj

Br 10 Br
Comparing the obtained results on the behavior of phosphonium salt 5 in
relation to the used dehydrobrominating agents, it can be assumed that in all cases at
the first stage dehydrobromination of salt 5 with participation of the most mobile -
hydrogen atom takes place. Then the formed a,B-unsaturated phosphonium salt
under the action of nitrogenous bases - triethylamine and ethylenediamine is
subjected to the reverse prototropic isomerization according to the following
Scheme:
+ + N\
Ph;P—CH,CHBrCHBrCH; —» Ph3P—CH=CH1CBrCH3—>
Br Br 9 |
5 H

Br B
10 °F

By a specially set experiment it was actually established that 3-bromobut-1-
enyltriphenyl-phosphonium bromide (9) under the action of triethylamine underwent
the reverse prototropic isomerization to form phosphonium salt 10.

In the literature, there are examples of prototropic isomerization of pB,y-
unsaturated phosphonium salts to the a,B-unsaturated analogs [5-7], however,
examples of the reverse isomerization are not known to us.

Proceeding from the above-mentioned, it should be assumed that the action of
different bases, in our case, soda or triethylamine on phosphonium salt 6 would
make it possible to obtain phenyl analogues of salts 9 or 10, respectively.

However, if, in the case of using soda as a dehydrobrominating agent, an
analogue of salt 9 -3-bromo-3-phenylprop-1-enyltriphenylphosphonium bromide
(11) was actually obtained, then in the case of triethylamine the reaction product was
exclusively triphenylphosphine oxide, formed, most likely, according to the Scheme
below:
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PhyP—CH,CHBICHBrCeHs N9 ph,P—CH=CH—CHBIC4Hs

Br Br 11
l(C2H5)3N
. parafinic
— —-CH= 1
Ph]33l?r CH;~CH=CBrCeHs %» Ph;PO + unidentified products

In continuation of the research, we found that phosphonium salt 8 under the
action of the excess of triethylamine in chloroform at room temperature was
dehydrobrominated to form  3-bromocyclohex-1-enyltriphenylphosphonium
bromide, which, according to P NMR, was a mixture of two geometric isomers in

the 95:5 ratio.
+ +
Phﬁ_’—Q (C,Hs);N Phﬂf—Q
Br Br

Br Br Br
8 12

Experimental Section

1H, 3¢ and *'P spectra were recorded on a Varian Mercury in DMSO-dg:CCl,

(1:3) at 300 MHz and 121 MHz, using TMS and 85% H3PO, as an internal standard,
respectively.

2,3-Dibromobutyltriphenylphosphonium bromide (5).

1. Bromination of but-2-enyltriphenylphosphonium bromide (1). To a
solution of 2 g (5 mmol) of phosphonium salt (1) in 20 ml of chloroform 0.8 g
(5 mmol) of bromine was added at -3+-5°C. Then the solvent was evaporated and the
residue was washed with benzene, abs. ether and dried in vacuo, affording 2.8 g
(100%) of phosphonium salt 5 with mp 195-196°C. Found, %: Br~14.65.
CasHpsBrsP. Caled.,%: Br~ 14.37.'H NMR, §, ppm, Hz: 1.73 (d, CH3 J =7.0, 47%);
1.85 (d, CH3 J =7.0, 53%); 4.2-4.96 (m, 4H, CH,CHBr-CHBr); 7.7-8.05 (m, 15H,
PhaP™). *'P NMR, &, ppm: 23.70 (47%) (s) and 24.25 (53%) (s).

2. Bromination of but-2-enyltriphenylphosphonium bromide (1) under hv-
irradiation. To a vigorously stirred solution of 1 g (2.5 mmol) of phosphonium salt
1 in 15 ml of chloroform 0.4 g (2.5 mmol) of bromine was added during hv-
irradiation. The reaction mixture was refluxed for 5 h, then the solvent was
evaporated and the residue was washed with benzene, abs. ether and dried in vacuo,
affording 1.4 g (100%) of phosphonium salt 5.

2,3-Dibromo-3-phenylpropyltriphenylphosphonium bromide (6).

1. The experiment was carried out similarly to the described above. 3 g
(6.5 mmol) of 3-phenylprop-2-enyltriphenylphosphonium bromide (2) and 1 g
(6.5 mmol) of bromine yielded 3.2 g (80%) of phosphonium salt 6 with mp 108-
109°C. Found, %: Br~ 13.04. Cy;H,4BrsP. Calcd., %: Br~ 12.92. 'H NMR, &, ppm,
Hz: 4.2-5.39 (m, 3H, CH,CHBr); 5.95 (d, 1H, CHBrPh, J =7.5, 38%), 6.35 (d, 1H,
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CHBrPh, J =2.2, 62%); 7.19-7.39 (m, 5H, Ph, 62%); 7. 5-7.63 (m, 5H, Ph, 38%);
7.69-8.02 (m, 15H, PhsP*). P NMR, 5, ppm: 23.69 (38%) (s) and 23.73 (62%) (s).

2. The experiment was carried out similarly to the described above. 0.8 g
(1.7 mmol) of 3-phenyl-prop-2-enyltriphenylphosphonium bromide (2) and 0.28 g
(1.7 mmol) of bromine under hv-irradiation afforded 0.96 g (91.4%) of phosphonium
salt 6.

2,3-Dibromohexyl triphenylphosphonium bromide (7). The experiment was
carried out similarly to the described above. 0.14 g (0.33 mmol) of hex-2-
enyltriphenylphosphonium bromide (3) and 0.053 g (0.33 mmol) of bromine yielded
0.2 g (100%) of phosphonium salt 7 with mp 108-109°C. Found, %: Br~ 13.35.
Co4Ha6BrsP. Calcd., %: Br~ 13.68. '"H NMR, &, ppm, Hz: 0.93 (t, 3H, J =6.9); 1.28-
1.99 (m, 4H, CH,CH,); 4.28-4.8 (m 4H, CH,CHBr-CHBr); 7.67-8.03 (m, 15H,
PhsP™). *'P NMR, 8, ppm: 23.80 (s).

2,3-Dibromocyclohexyltriphenylphosphonium bromide (8). The experiment
was carried out similarly to the described above. 3 g (7.1 mmol) of cyclohex-2-
enyltriphenylphosphonium bromide (4) and 1.1 g (7.1 mmol) of bromine yielded 3.3
g (80.5%) of phosphonium salt 8 with mp 154-155°C. Found, %: Br~ 13.35.
C,4H26BrsP. Calcd., %: Br~ 13.68. 'H NMR, 3, ppm, Hz: 1.88-2.48 (m, 6H,
cyclohexyl); 4.45-4.56 (m, 1H, CHBr-cyclohexyl.); 4.84-4.94 (m, 2H, Ph;P*-CH-
CHBr-cyclohexyl); 7.74-7.99 (m, 15H, PhsP*). *C NMR, &, p.p.m, Hz: 20.17 (d, Jyc
=13.2); 22.79 (d, Joc =2.5); 34.85 (d, Joc =54.2); 49.43 (d, Jpc =3.1); 52.64 (d, Jyc
=10.5); 115.78 (d, J,c =84.7); 130.19 (d, Jpc =12.5); 134.05 (d, Jpc =9.7); 135.01 (d,
3. =3.0). P NMR, 5, ppm: 26.17 (s).

3-Bromobut-1- enyltriphenylphosphonium bromide (9). To a solution of 0.5
g (1 mmol) of phosphonium salt 5 in 10 ml of chloroform 0.38 g (3.6 mmol) of
sodium carbonate was added at room temperature, and the reaction mixture was
stirred for 12 h. The solvent was filtered and evaporated, then the residue was
washed with benzene, abs. ether and dried in vacuo to afford 0.43 g (92.3%) of
phosphonium salt 9 with mp 117-119°C. Found, %: Br~17.05. C,,H,.Br,P. Calcd.,
%: Br~ 16.81.'H NMR, &, ppm, Hz: 1.91 (d, 3H, J =7.0); 5.28-5.4 (m, 1H, -CHBr);
6.7 (ddd, 1H, CH=CH, J;=20.2, J,=16.4, J;=8.4); 7.71-7.79 (16H, CH=CH, PhsP").
BC NMR, 8, ppm, Hz: 23.41 (s); 45.66 (d, J,c =21.7); 109.53 (d, J, =83.4); 117.45
(d, Joc =90.4); 129.98 (d, Jpc =13.0); 133.64 (d, J,c =10.8); 134.83 (d, Jc =3.0);
159.27 (d, Jp: =3.6). *'P NMR, &, ppm: 19.34 (s).

3-Bromobut-2-enyltriphenylphosphonium bromide (10). To a solution of 0.5
g (0.89 mmol) of phosphonium salt 5 in 10 ml of acetonitrile 0.18 g (1.78 mmol) of
triethylamine was added at room temperature, and the reaction mixture was stirred
for 18 h. The reaction mixture was then washed with water and dried over anhydrous
magnesium sulfate. The solvent was evaporated, and the residue was washed with
benzene, abs. ether and dried in a vacuum, affording 0.4 g (95.2%) of phosphonium
salt 10 with mp 163-165°C. Found, %: Br=17.13. CyHxBr,P. Calc., %: 16.81. H
NMR, 8, ppm, Hz: 2.31 (dg, 3H, CHs, J;=6.4, J,=1.2); 4.65 (dd, 2H, CH,CH=,
3,=15.9, J,=7.5); 5.89-5.98 (m, 1H, CH,CH=); 7.62-7.97 (m, 15 H, PhsP"). ¥'p
NMR, 6, ppm: 22.07 (s).
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Interaction of phosphopnium salt 5 with ethylene glycol. To a solution of 0.1
g (1.4 mmol) of ethylene glycol in 10 ml of chloroform 0.6 g (5.6 mmol) of sodium
carbonate was added at room temperature and stirred for 30 min. Then to the
resulting solution 0.8 g (1.4 mmol) of phosphonium salt 5 was added dropwise, and
the reaction mixture was stirred for 12 h at the same temperature. The solution was
filtered, evaporated and the residue washed with benzene, abs. ether and dried in a
vacuum to yield 0.55 g (82.1%) of phosphonium salt 9.

Interaction of phosphopnium salt 5 with ethylenediamine. To a solution of 1
g (1.8 mmol) of phosphonium salt 5 in 20 ml of chloroform 0.11 g (1.8 mmol) of
ethylenediamine was added at room temperature and the reaction mixture was stirred
for 3 h. Then to the reaction mixture 0.76 g (7.2 mmol) of sodium carbonate was
added and stirred for 3 h at the same temperature. The solvent was filtered and
evaporated and the residue washed with benzene, abs. ether and dried in vacuo to
afford 0.66 g (76.7%) of phosphonium salt 10.

Interaction of phosphopnium salt 9 with triethylamine. To a solution of 1 g
(1.8 mmol) of phosphonium salt 9 in 15 ml of acetonitrile, 0.36 g (3.6 mmol) of
triehtylamine was added at room temperature, and the reaction mixture was stirred
for 6 h. The solvent was evaporated and the residue washed with abs. ether and dried
in vacuo to afford 0.95 g (95%) of phosphonium salt 10.

3-Bromo-3-phenylprop-1-enyltriphenylphosphonium bromide (11). To a
solution of 2 g (3.2 mmol) of phosphonium salt 6 in 25 ml of chloroform, 1.02 g
(9.7 mmol) of sodium carbonate was added at room temperature and the reaction
mixture was stirred for 18 h. The solution was filtered, evaporated and the residue
washed with benzene, abs. ether and dried in vacuo. By fractional recrystallization
of the residue, 0.88g (52%) of phosphonium salt 11 was obtained. Found, %:
Br~14.49 CyHBr,P. Br~ 14.87. 'H NMR, &, ppm, Hz: 6.55 (d, 1H, J=8.6, CHBYr);
7.02 (ddd, 1H, J;=20.3, J,=16.3, J3=8.5, CH=CH,); 7.44-7.62 (m, 6H,
CH=CHCgHs); 7.7-8.0 (m, 15H, PhsP*). 3P NMR, &, ppm: 19.0 (s).

Interaction of phosphopnium salt 6 with triethylamine. To a solution of 1 g
(1.6 mmol) of phosphonium salt 6 in 15 ml of chloroform 0.4 g (4 mmol) of
trientylamine was added at room temperature and the reaction mixture was stirred
for 3.5 h. The latter was then washed with water and dried over anhydrous
magnesium sulfate. The solvent was evaporated and the residue washed with abs.
ether and dried in vacuo to afford 0.38 g (86.4%) of triphenylphosphinoxide with mp
155-156°C.

3-Bromocyclohex-1-enyltriphenylphosphonium  bromide  (12). The
experiment was carried out similarly to the described above. 0.5 g (0.86 mmol) of
2,3-dibromocyclohexylptriphenylphosphonium bromide (8) and 0.13 g (1.3 mmol)
of triethylamine in 15 ml of chloroform yielded 0.4 g (93%) of phosphonium salt 12
with mp 146-148°C. Found, %: Br~14.02. C,sH24Br,P. Calcd.,%: 13.72. 'H NMR, §,
ppm, Hz: 1.91-2.53 (m, 6H, CH,-cyclohexyl); 5.08-5.14 (m, 1H, -CHBr-
cyclohexyl); 6.59-6.72 (m, 1H, =CH-cyclohexyl); 7.7-7.99 (m, 15H, PhsP*). *'P
NMR, 8, ppm: 23.85 (95%) (s) and 23.19 (5%) (S).
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UDP SULL By-NURESTWO HNUDNLPAFUUSPL ULELP UNLEUNFL3UL
LLOAUNY LLATTESUT UL U USUSUI U0 HPLALATTOUTLS3ULLELD
YENPMLOALLATEST UL AEUGESPULELD
UA-UL2LUNUSUNFE-3AFLLELL

U. & N\ UubhU 33U, G- 0. FUUNUL3UL, W U. APRU3UL L L. €. 1+6023UL

Prvin-, 3-plibfymypnuy-, Shpu- b gllyndhpu-2-bipy$nupnbpnduwyfbs ppndfyibpp ppo-
dusgdudp dngblnuyyup ppodny, piapngopdp J6Y wnugdly ki Sundugunnufunt 2,3-pf-
prrdwduligpubp: Snyy & nplky, op 2,3-ghpprdpnonpy- b -3-Ghupypypogfy-mpp by
HHLFJU.IJF rl_bClnz_pnllpnlfLuflnuf liil, uln_l.l.lzulgilblnl{ Cuufl.uuiuunulu[uulfl (X,B—ZCuul_lrglu& v.?nu-
prisfiduyfls wnlbp: 2,3-gfppndpnonfynph$bifyfoupabpncduyfpl ppdpgf b onpp-
bR fyuniilisfs sfprfusnglignefdyuts wpgyncpocd whspuubypophl wnwgdly § 3-ppodpan-2-
bsppnpfrplispy rupripmduwy s ppmdfy: LhipQfbifu wnmugnidp, wdbigh Sufub -
bnfyundp, wbaf § ohblincd whgpiuluds dincynd amwgfws 3-ppndpnen-1-Efynppgb-
Upypruprisfrmduy il ppodfugf, Shummpupd wypmnmnpny pgndbpfymgfugpl wpggncpocd:

OCOBEHHOCTH PEAI'MPOBAHMA PSJIA B,y-HENIPEIEJIBHBIX
O®OCPOHUEBBIX COJIEM C MOJIEKYJAPHBIM BPOMOM
N AETUAPOBPOMUPOBAHHUE ITOJYYEHHbBIX IUBPOMITPOU3BO/JHBIX

M. %K. OBAKHMSIH, T. I. TACTIAPSIH, A. C. BHYAXYSIH,
A. C.IIOTOCSIH u JI. B. IEPJ35TH

BpomupoBannem 0yT-, 3-peHUIIIPOn-, TeKC- U MUKIOTeKC-2-eHINTpUpeHIIPocho-
HUH OPOMHIOB MOJIEKYJSIPHBIM OpOMOM B XJIOpO()OpME IOJy4EeHBI COOTBETCTBYIOIIHE
2,3-1OpoMIIPOU3BOAHEIE. Y CTAaHOBICHO, 4TO 2,3-TUOPOMOYTHI- U -3-()CHIIIPOIIHI-
TpudenmihocPoHuit OpOMUIEI o] AeHcTBIEM KapOOHaTa HATPUS AETHIPOOPOMHUPYIOT-
Csl C y4acTHEM O-BOJOPOJHOTO aToMa OOKOBOM Ienu, o0pasyst COOTBETCTBYOLIME O, f3-
HeHacbllleHHble (pocdonuesbie conu. B pesynbrare ke B3aumopeiictBus 2,3-1u6pom-
oyruntpudpenmndochonunit 6poMuna ¢ TPUITHIAMHHOM HEOXKHIAHHBIM 00pa3oM Io-
nydeH 3-6pomOyT-2-eHmnTpudenmibochonnii Opomua. ObpaszoBaHue MOCICAHETO, MO-
BHJIUMOMY, IMEET MECTO B pe3ylibTaTe “‘00paTHOW MPOTOTPOITHOW M30OMepHU3auu’ Tep-
BOHa4YaJIbHO 00pa3oBasiierocs 3-0poMoyT-1-ennnrpudenmndocdonuit 6Gpomua.
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