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Tert-butyl-diphenylmethylnitroxyl radical formation
with the reaction of triphenylbismuth dicrotonate
and C-phenyl-N-tert-butylnitrone in benzene

Ph,Bi(V)—"—[ Phe | —""Ph,CHN(0e)Bu- t

Decomposition of triphenylbismuth dicrotonate in diffused light in benzene
in the presence of spin trap of C-phenyl-N-tert-butylnitrone leads to formation
of phenyl radicals which are registered as the adduct PhCH(Ph)N(Q«)Bu-t.

Triphenylbismuth dicrotonate Ph_Bi(0,CCH=CHCH,), in benzene solution in
the presence of C-phenyl-N-tert-butylnitrone PhCH=N(0)Bu-t decomposes in
light. An adduct of phenyl radical and spin trap PhCH(Ph)N(Oe)Bu-t was regis-
tered by ESR method.
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O6pa3oBaHue
mpem-6yTunaneHNIMeTUNHUTPOKCUNIBHOr0 paguKana
B peakuun AUKpoToHaTa TpudreHunBUCMyTa
n C-cpenun-N-mpem-6yTunHutpoHa B 6eHsone

Ph,Bi(V)—"—[ Phe | —""Ph,CHN(0e)Bu- t

Pacnap pukpoToHaTta TpUEHWNIBUCMYTA HA paccesiHHOM CBeTy B beH3one
B MPUCYTCTBUM CMIMHOBOM n0BYLIKK C-chernn-N-mpem-6yTunHUTpoHa npuBoauT
K 06pa30BaHM0 (PeHUNBbHBIX PAAUKaNoB, KOTOPLIE PEFUCTPUPYIOTCS KaK aggykT
PhCH(Ph)N(Oe)Bu-t.
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Hnkpotorar  tpucpermneucvyta  Ph,Bi(0,CCH=CHCHs)2 B  npucyTtcTeum
C-chenun-N-mpem-6ytunHutpoHa PhCH=N(0)Bu-t Ha cBeTy pacnagaetcs B 6eH-
3one. AnaykT deHnnbHoro pagukana u cnHosoii nosywiku PhCH(Ph)N(Oe)Bu-t

6b1n 3admkcmposaH Metogom JlP.

KnioueBble cnosa: 3MP; gukpoToHat TpucherunsucmyTa; C-cherun-N-mpem-6yTUIHUTPOH.

Moctynuno: 01.03.2017; npunsto: 03.04.2017; onybnukosaHo: 14.07.2017.
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Introduction

Polymethylmethacrylate  with
organobithmuth compounds additives
was known to be obtained with the radical
polymerization in the presence of perox-
ide initiators [1, 2]. It was established that
Bi(V) acrylates accelerated the polymeri-
zation reaction. It was suggested that the
acceleration was caused by decomposi-
tion of organometallic compounds on ex-
posure by diffused light, as the polymer-
ization slowed in the dark. The charac-
ter of the process was not studied. When
various diacyl derivatives of triphenyl-
bismuth were used, no significant change
in polymerization rate or molar mass was
observed, indicating the predominant
role of the Ph,Bi(V) fragment. Besides,
the previous study of the photo-induced
cation polymerization of oxiranes and
vinyl monomers was carried out with
triaryl(1-pyrenyl)bismuth salts as initia-
tors [3, 4]. When such compounds were
irradiated by visible light, the homolysis
of Bi-C(pyrene) bond occured with the
formation of pyrenyl radical and cation
radical of triarylbismuth, which subse-
quently initiated polymerization. It is also
known that organometallic compounds of
bismuth(III) can cause the controlled liv-
ing radical polymerization [5, 6]. Recently
a phenyl-tert-butylnitroxyl stable radical
was fixed in the triphenylbismuth dicro-
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tonate reaction with 2-methyl-2-nitroso-
propane [7]. That result isn’t clear proof
of the phenyl radical formation by light
discharge of organometallic compounds,
because of spin trap 2-methyl-2-nitroso-
propane in diffused light can be cleavaged
to give initial fert-butyl radicals. So, phe-
nyl radical could be a secondary product
of homolytic substitution reaction:
t-BuN=0 - t-Bue + NO
t-Bue + PhBi(V) <> t-BuBi(V) + Phe

That is why the aim of present work
was investigation of triphenylbismuth
dicrotonate decomposition reaction in
light in the presence of another spin trap
C-phenyl-N-tert-butylnitrone which is
stable for sun light.

The triphenylbismuth dicrotonate was
chosen as organobismuth(V) derivative
with good solubility in benzene, hydro-
litical and oxidative stability on air. The
structure of this compound has been
studied [8]. The thermal stability of this
compound was investigated by thermo-
gravimetric analysis. The experimental
data were used to calculate the standard
thermodynamic functions: heat capacity,
enthalpy, entropy and Gibbs energy over
the range from T = 0 to 400-420 K. For
the compounds under study the standard
entropy of formation was calculated at
T =298.15K [9].



Experimental

ESR spectra were registered on the
Bruker ER200D9.5 GHz in degassed tubes.

Benzene, Et,O and THF were dried
over anhydrous calcium chloride, then
distilled and kept over sodium wire. Chlo-
roform was dried over anhydrous calcium
chloride and distilled. Hexane was used
without previous purification. Anhydrous
BiCl, was purified by sublimation (350 °C,
0.5 torr).

Triphenylbismuth was synthesized ac-
cording to conventional procedure [10]
from BiCl, and PhMgBr with the use of
the benzene and THF (1:2) mixture as the
solvent.

The synthesis of triphenylbismuth di-
crotonate was carried out according to
conventional procedure [11] by the oxi-
dative addition reaction at room tempera-

Results and Discussion

We have investigated the decom-
position of triphenylbismuth dicroto-
nate in benzene in the presence of PBN
PhCH=N(O)Bu-t by ESR method in a
sealed and degassed ampoule in diffuse
light. The choice of the solvent is due to
its low activity in radical reactions at the
chosen conditions.

We recorded ESR spectrum of the
mixture and found an adduct of spin trap
PhCH(Ph)N(Oe)Bu-t with phenyl radi-
cal, formed by decomposition reaction:

Ph,Bi(O,CCH=CHCH,), >
- 2 Phe + PhBi(O,CCH=CHCH,),
Phe + PhnCH=N(O)Bu-t >
-> PhCH(Ph)N(Os)Bu-t

The ESR spectrum of triphenylbis-
muth dicrotonate in benzene (with PBN
as the spin trap) is show in Fig. 1.

For the adduct PhCH(Ph)N(Qe)Bu-t
the values of hyperfine interaction con-
stants have been determined: a, = 14.4 Oe,

ture in Et,O from triphenylbismuth, cro-
tonic acid and tert-butylhydroperoxide
(reagent ratio 1:2:1). The product was pu-
rified by recrystallization from the medi-
um hexane - chloroform (4:1). The yield
of the purified reaction product was 73 %,
melting point 153 °C.

The synthesis of PBN performed [12]
from benzaldehyde, tert-butylamine and
hydrogen peroxide.

Triphenylbismuth dicrotonate decom-
position in diffused light was prepared as
follows: in one elbow of tube a sample of
PBN (0.2 mmol) was placed, while the
other elbow was filled by the benzene
solution of triphenylbismuth dicrotonate
(1 mL, 0.2 mol/L concentration). The am-
poule was degassed, sealed and after mix-
ing the ESR spectrum was registered.

a,=2.2 Oe, g=2.0060, which are in agree-
ment with the literature data for the ad-
dition compound generated in benzene
by photolysis of Ph,Bi (a,= 14.5 Oe, a,, =
2.3 Oe), Ph,Sb (a,,=13.2 Oe, a, = 2.2 Oe),
Ph,As (a, = 13.40e, a, = 2.2 Oe) [13].

[*10* 6]
2.04
1.51
1.01
0.51
0.0-M (M»J M} W
-0.5:
-1.04
-1.54
1 1 I 1
2.0155 2.0038 1.9922 1.9808
[g-Factor]

Fig. 1. The ESR spectrum of triphenylbismuth
dicrotonate in benzene, the spin trap is PBN
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Conclusions

Decomposition of triphenylbismuth
dicrotonate in diffused light in benzene
solution in the presence of C-phenyl-N-
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Beepenne

PaHee MeTOOM paiMKaIbHOI IIOJIN-
MepM3aluy B NPUCYTCTBUM MHUIMATO-
POB ObLI IIONyYeH IOMMMETIIMETAKPH-
nmatr (IIMMA) ¢ mo6aBKkamy pasaMIHBIX
MeTa//IOOPTraHNYeCKIX COeNVHEeHMI
Bi(V) [1, 2]. bouto ycraHOB/IEHO, 4TO Ha-
ymane akpunatoB Bi(V) yckopser npore-
KaHMe nonmumepusaunu. [Ipennonoxuny,
YTO 3TO YCKOPEHNUe BBI3BAHO PacIajioM
MeTa//IOOPTaHNIeCKIX COeNVHEeHMI
HOfi [eVICTBMEM PAacCesHHOIO CBeTa,
T.K. B TeMHOTe IO/MMMepu3alusa 3aMef-
nanmace. Ilpy aToM XapakTep mpoliecca
usydeH He Obul. Ilpu mcronb3oBaHuUM
Pas/IMYHBIX [AMAIMIATHBIX IIPOU3BOJ-
HBIX TpUQEHNIBUCMYTa He HAOTIOfamoCh
3HAYNTE/IbHBIX M3MEHEHMII B CKOPOCTH
HOMMMepU3alMy M UX MOJIEKYIIAPHON
Macce, YTO CBUJETEbCTBYET O IpeBasy-
pyromeit pormn dpparmenta Ph,Bi(V). Tak-
)Ke paHee OblIa M3ydeHa (OTOMHEYIN-
pOBaHHasg KaTMOHHAs IOIMMepy3arys
OKCYPAHOB 1 BMHIIOBBIX MOHOMEpOB,
B KOTOpOIl VHMLIMATOpaMM BBICTYIIAJIN
comu Tpuapwi(l-nupenwn)sucmyTa |3,
4]. TIpu obmydeHny TaKMUX COERVHEHNIT
BUJIMMBIM CBETOM IIPOVICXOIMUT T'OMOJIN3
cBsi3u Bi-C(nmpen) ¢ o6pasoBaHmeM mu-
PEHWIBHOTO pajivKaja ¥ KaTMOH-pajiu-
Kajla TPUapUIBICMYTa, KOTOPBIIL B /JaJIb-
HellIlleM ¥ MTHULIMYPYeT ITO/IMMepU3alyIo.
Taxoke M3BeCTHO, YTO MeTaJUIOpPraHuye-

108

tert-butylnitrone leads to formation of
phenyl radicals which are registered in the
form of the adduct PhACH(Ph)N(Oe)Bu-t.

In Russian

ckne coemyuenus BucmyTa(Ill) cnoco6-
HBI BBI3BIBATb KOHTPOIMPYEMYIO KUBYIO
pajyKaIbHYI0 IOAMMepusanuio [5, 6].
HenaBHo, ¢enmn-mpem-0y TMITHUTPOK-
CU/BHBII CTAOMIBHBI pafuKam ObLI
3aQVKCHPOBAaH B peaKLuy JUKPOTOHA-
Ta TPUPEHUWIBUCMYTA C 2-MeTWI-2-HU-
TPO30IpONaHOM [7]. DTOT pe3ynbTaT He
SIBISIETCS YETKUM [OKa3aTeNbCTBOM 00-
pasoBaHNA (EHWIBHOIO pajyKana IIpU
pacmajze MeTa/JIOOPTaHNYeCKOTO COefyI-
HEHNA Ha PacCesTHHOM CBeTY, T. K. CIIVTHO-
Bas JIOBYIIKA 2-MeTH/I-2-HUTPO3ONPOIaH
MO>KET pacIafaTbCsi ¢ 06pasoBaHmeM yc-
XOIHBIX Mmpem-OyTUIbHBIX PafUKaIOB.
TakuMm 06pa3oM, (GeHMTbHBIN pafNKai
MO>KET OBITb BTOPUYHBIM IIPOAYKTOM pe-
aKIMJ TOMOIMTUYECKOTO 3aMellleHIA:
t-BuN=0 - t-Bue + NO

t-Bue + PhBi(V) <> t-BuBi(V) + Phe

[ToaTOMy Lienbio HACTOsLE paboThL
OBLIO MCCIeNOBaHNe peaKiu pasioxKe-
HS1 JUKPOTOHATa TPU(EHWIBUCMYTa Ha
CBETY B IIPUCYTCTBUU JIPYTOIL CIIMHOBOI
nosyiiku  C-dernn-N-mpem-6y TumHu-
TPOHa, KOTOpas CTabWIbHA Ha CONHEY-
HOM CBeTY.

IuxpoToHat TpreHUIBUCMYTa ObLI
BBIOpaH B Ka4eCTBe MeTa//IOOPraHNYeCcKo-
ro mpousBopHoro BucmyTa(V) ¢ xopoumreit
PacTBOPUMOCTBIO B O€H3071e, TUAPOIATH-
YeCKOI Y OKVCITUTENIBHON CTAOMTBHOCTDIO



Ha Bo3ziyxe. CTpYKTypa 3TOr0 COe[MHEHN
usydeHa [8]. TepMOCTaOMIBHOCTD 3TOTO
COEMMHEHNST MCCIENOBaIach C IMMOMOIIBIO
TepMOTIPaBUMETPUYECKOTO aHa/MM3a. JKC-
[epyMeHTaIbHble JaHHbIE OBUTN MCIIONb-
30BaHbI [/I pacyeTa CTaHAPTHBIX TEPMO-

JKcnepuMeHTaNbHaA YacTb

OIIP-cnekTppl perucTpupoBany Ha
npubope Bruker ER200D-SRC ¢ pabo-
yelt yactortoi 9,5 I'T1y B lerasupoBaHHBIX
TpyOKax.

Bensorn, EtZO nu TI® cymmnu Hapg
6€3BOIHBIM XJIOPUOM Ka/IbLiVisl, TIEPero-
HSUIM ¥ XPaHWIK HaJl HaTPUEBOIL IPOBO-
nokoit. Xnopodopwm cymmnm Haz 6e3Bof-
HBIM XJIOPU/IOM KajIbLMs U IEePEerOHsIIN.
[etponeitnplit adup ucmonb3oBamu 6es
[IpeNBAPUTENbHON OYMCTKU. Be3BOmHBIN
BiCl, ounmranu cy6numanmeii (350 °C,
0,5 MM pT. CT.).

TpudeHnnBucMyT  CHHTE3MPOBAIN
no mspectHoit meropuke [10] u3 BiCl,
n PhMgBr ¢ wucnonp3oBaHmeM cmecn
6ensomna u TI'® (1:2) B kavecTBe pacTBO-
puTens.

CuHTe3 JuUKpOTOHATa TPUEHNUIBUC-
MyTa HIPOBOAMIN IIO M3BECTHON MeTO-
pvke [11] mo peakumm OKMCIUTENTBHOIO
MPUCOERMHEHNs] TIPYM KOMHATHOI TeM-
neparype B Et, O us tpudennnsucmyra,

Pe3ynbratbl U 06CcyxaeHue

VccnepoBam pacmaj AGUKPOTOHATa
TpudennaBucMyta MmetogoM JIIP B Gen-
sone B npucyrcrsuun @bH PhCH=N(O)
Bu-t. Boibop pacTBOpuUTENs 00YCIOBIEH
TEM, YTO OH MJIOAKTUBEH B PaJyKajib-
HBIX peaKLMAX B JaHHBIX YCTIOBUAX.

Mgt 3apeructpuposanu cuextp IIIP
cmecnu v obHapyxwu agnykr PhCH(Ph)
N(Os)Bu-t cnmHOBOI nOBymKM C (pe-
HIWIBHBIM DAfMKaIoM, OOpa3sOBaHHBII
B pe3y/IbTaTe peaKINi pasIoKeHu:

IMHAMIYeCKNX (QYHKIMIL: TeIIOeMKOCTH,
SHTAJIBIINY, SHTPOIMHU U 3Heprun [n66ca
B muamasone oT 1T = 0 go 400-420 K. [Ins
U3yJaeMbIX COeIMHEHNI CTaH/lapTHAA 5H-
Tpomysi 00pa3oBaHMsI PACCUMUTHIBAIACH
npu T = 298,15 K [9].

KPOTOHOBOJI KUC/IOTHI U mpem-6yTuiru-
Ipoliepokcya (COOTHOLIEHNE peareHTOB
1:2:1). ITonmy4eHHBII IPORXYKT OUYMIAIN
HepeKpyUCTa/IN3alL el U3 CUCTEMBL: IIe-
TponeiHblit  aup-xmopodopm  (4:1).
BbIXOJ OUMILEHHOTO MPOAYKTa peaKiym
coctaBu 73 %, TeMIlepaTypa IIaB/IeHnA
153 °C.

@®BH cuuTesupoBanu us HeHsanb[e-
Tuja, TpeT-0y TUIaMmHa 1 IepOKCUAA BO-
mopopa [12].

[Tpurorosnenne pacTBo-
pOB  [IA  MCCHAENOBaHMA  paclajia
Ph,Bi(O,CCH=CHCH,), Ha paccesH-
HOM CBETy IIPOBOAVUIM CJIEAYIOLIVM
obpasom. B omno komeno H-o6pasnoit
amnynsl ansa OIIP momemanyu HaBecky
®BH (0,2 MMonb), B ipyroe — pacTBop
Ph Bi(O,CCH=CHCH,), B 6ensone
(1 v, xoHyentparys 0,2 Monb/m). Am-
YTy flerasypoBaIy, 3alayBaay U Hocje
CMeIlIeHVS COIEPXKVIMOTO PerrCTpUpOBa-
i cuextp IIIP.

Ph,Bi(O,CCH=CHCH,), >
- 2 Phe + PhBi(O,CCH=CHCH,),
Phe + PhCH=N(O)Bu-t >
> PhCH(Ph)N(Os)Bu-t
OIIP cnexkTp pukporoHata Tpude-
HWIBMCMYTa B GeH3ose (CIMHOBas JIO-
Bymka ObH) npencrasinen Ha puc. 1.
Ona appykra PhCH(Ph)N(Oe)Bu-t
oIpeJe/ieHbl 3HAUEeHMsI KOHCTAHT CBepX-
TOHKOTO B3alIMOJECTBUS a, = 144 3,
a,= 2,2 3, g = 2,0060, uTo cormacyercs
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C NUTEPATYPHBIMM [JAHHBIMM IO 3TO- rieel, |
My afgyKTy, TeHepupyeMoMy B OeH30-
ne B xofe ¢oronmusa Ph.Bi (a,= 14,5 3, 1.5
a,=2,393),PhSb(a,=1329,a,=2,29), 45
Ph,As (a,= 13,43, a,=2,29) [13].
0.5
3akniouenne ao bl (««f M}
Pacman mukpotoHara TpudeHUBuC- (v
MyTa Ha pacCesHHOM CBeTy B OeH305e o8
B npucyrctun C-dennn-N-mpem-6y- 1.0
THJIHUTPOHA MPOTEKaEeT C 06pa3oBaHyeM
(heHMIbHBIX PaJIKAIIOB, KOTOPbIE 3abUK- ]

cupoBaHbl B ¢popme appykra PhCH(Ph)
N(Oe)Bu-t.

1 L 1 1
2.0155 2.0038 1.9922 1.9808
[g-Factor]

Puc. 1. Cnextp IIIP guxporoHara
TpudeHmIBICMyTa B O€H3071e, CIMHOBAs
nosyuka - ®bH
bnarogapHocTu
Pabora BBIIONHEHA IpU IOALEPIKKe

Tocsamanusa PO.
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