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The hydrogermylation and hydrostannation of unsaturated compounds are realized by heating a mixture

of the olefin and a Ge or Sn hydride, as well as by reacting them in the presence of Pt catalysts or radical-

forming initiators [1]. A common shortcoming of these methods is their restricted range of application, These
reactions can also be initiated by 8Co v radiation [2, 3], which significantly alters the rate of the reaction and

the composition of the products obtained. In the present work we studied the main laws governing hydroger-

mylation and hydrostannation reactions initiated by $9¢Co y radiation in the example cases of the olefins listed
in Tables 1 and 2 and Ge and Sn hydride. Irradiation of a mixture of a hydride and an olefin at ~25° initiates
the smooth hydrometallation of the olefin, practically without the formation of by-products (see Tables 1 and 2).

The detailed mechanism of the radiation-chemical hydrometallation was not investigated in this work. How-

ever, the high values of the radiation-chemical yields (G= 10° molecules/100 eV) for all the reaction systems

indicate that it has a chain character. A step involving the radiolysis of the hydride is probably responsible
for the initiation of this reaction, and the hydrometallation process as a whole may be represented by the

scheme:

RgMH % ReM' + H

CH, = CHR’ + RM' — R;MCH,CHR’
RMCH,CHR’ -+ R,MH — R;MCH,CH,R’ + R,M'
RyMCH,CHR’ 4 CH, = CHR’ — R;MCH,CHCH,CHR'

R’

(1)
2)

(3
(4)

The absence of high-molecular-weight organometallic compounds in the reaction products shows that telomeri-
zation step (4), which is characteristic of reactions involving radiation-induced addition across a C=C bond,
is not realized in this case.

*Deceased,

TABLE 1. Hydrogermylation of Olefins Initiated by y Radiation

S

Dose, 3 S

Olefin Hydrides Reaction product oy E9o

Mrad = o 5 S

MR VoA

CH,=CHC.H, (CHy)sGeH 7 | (CiHy) 3GeCeHys 98 400
CH,=CHC,H, (CeHs) sGeld 3 | (CeHl5)sGeCsHys 82 700
CH,=CHC,H» (C.Hy) sGeH 7 | (CiHo) sGeCsHyr 64 250
CH,=CHCgH,s (CeHs) 3GeH 5 | (CeHs)sGeCsHyq 81 650
CeH;CH=CH, (CuH,)sGeH | 20 | (C.Ho)sGeCH,CH,CsH; 46 24
cyclo -CSH 0 (CAHQ) 3GGH 20 (C.;H.g) 3GBCGHH 75 100
CyClO 'CG 10 (CsHs) 1:GeH 3 (CsHs) 3G€CsHu 76 650
CeH:C=CH (C:Hy) 3GeH 3 | (CiHoe) sGeCH=CHGCsHs 51 500
CH,=CHCH.0H "~ (CiHo)sGeH | 30 | (CiHs)3GeCH,CH,CH,O0H 76 160
CH,=CHCH,OH (CeHs) sGeH 5 | (CsHs)3GeCH,CH,CH,OH 94 800
CHz =CHOC¢H9 (C4Hg) 3GeH 7 (C;Hg) 3GECH2CH2,OCLH9 94 500
CH=CCH,O0H (C.Ho)sGeH | 20 | (C4Hs)sGeCH==CHCH,OH 60 70
CH,=CHCOOCH; (CsHs) 3GeH 7 1 (CuHo)sGeCH,CH,COOCH; 92 400
CH,==C{CH;) COOCH; [(C.Hs)sGeH 7 | (C4Hs);GeCH,CH(CH;) COOCH; | 92 400
CH;=CHCONH: (CeHs) 3GeH 5 | (CsHs)3GeCH,CH,CONH, 82 450
CH,=CHCN . (CH,):GeH | 20 | (CiH,):GeCH,CH,CN 65 100
CH,=CHCN (CeHs) sGeH 5 | {CsHs)3GeCH,CH.CN 98 550
CH.=CHCH,NH, (CiHo)sGeH | 50 | (CuHs) sGeCH,CH,CH.NH, 80 50
CH,=CHCH,NH, (CeHs)sGeH | 3 | {Colls) :GeCH,CH,CH,NH, 95 | 1000
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TABLE 2. Hydrostannation of Olefins Initiated by ¥ Radiation

l

L_>

; TR0

Olefin Hydride gﬁs:i' Reaction product % =R P

Ee (083
CH2=CHC5H“ (C2H5)3SHH 2 (Csz) 3SHC7H15 86 960
CH2=CH05H“ (CQHQ) 3SDH 2 (C(,Hg) 3SI!C1H15 T4 190‘0
CH,=CHCgH,; (C2Hs)sSnH 2 |(CoHs):SnCsHyr 77. | 1000
CH2=CHCSH13 (CAHQ) 3SnH 2 (CaHs) 3SDCsH11 70 750
CH2=CHC3H13 (CGH5) 3SDH 2 (CsHs) 3SBC3H17 T4 700
CH2=CHC7H15 (Csz) 3SBH 2 (Csz) 3SDC9H19 86 1200
CH2=CHC7H15 (GLHQ) 3SI}H 2 (Cng) 3SDC9H19 87 '1200
CH,=CHGCzH,, {C,H5)sSnH 2 (CHs)sSnCyoHay 86 | 1200
CH,=CHCGCsH,, (CyHs) sSnH 2 {(CiHs)3SnCsoHzy 96 | 1000
CH,=CHCsH;s (CZH5 ) 3:SnH 2 (Csz) 3SnCHzCHzCsH5 50 700
CH,=CHCH; (C.Hq)sSnH 1 |(CiHs),SnCH,CH,CeH; 97 | 2100
CeHsCscH (C3H5) 3SnH 2 (Csz) 3SBCH=GHC5H5 70 800
CsHsC=CCeH; (CHs) sSnH 2 1(C2Hs)sSn(CeHs) C=CHGCeHs 70 800
CsHsC=CCsH; (C.Hyg) sSnH 2 |(C.Hy)s5n(CeHs) C=CHCeH3 80 720
CH,=CHCH,0H (CoH5) sSnH 2 |(CyHs) ;SnCH,CH,CH,OH 93 { 1500
CH,=CHCH,0H (CiH,)sSnH 1 |(C.H,)3SnCH,CH,CH,0H 81 | 2000
CH,=CHCH,0H (CiHg)sSnHs| 2 {(CiHa),Sn(CH,CH:CH,OH). 86 | 1000
GH.=CHCH,0H (C¢Hs) sSnH 2 | (CeHs) :SnCH.CH,CH,0H 80 | 1200
CH2=CH002H5 (CgHs) 3SHH 2 (Csz) 3SnCHzCHzOCzH5 80 1300
CH2=CHOCZH5 (CAHg) 3S11H 3 (C;Hg) 3SDCH20H20C2H5 92 1300
CH,=CHOC,H, (CzHs) sSnH 2 |(CeHs)sSnCH,CH,0C Hs 88 | 1370
CH,=CHOC, H, (C.Ho)sSnH | 3 |(CaHo)sSuCH,CHAOC,Ho 99 | 1100
CH,=CHCOOCH; (CoHs) ;SnH 2 |(CzHs) :SnCH.CH,COOCH; 74 | 1200
CH,=C(CH;) COOCH3; | (C;Ho)sSnH 2 |(C.Hs)sSnCH,CH (CH;)COOCH, | 91 | 1000
CH;=CHCONH, (C:Hyg)sSnH 2 {(C.Hs);SnCH;CH.CONH, 75 950

The difference between the radiation-chemical variant of hydrometallation and the thermal variant is
graphically displayed in the reactions of the hydrides with the a-olefins. According to the data in {4], when
triphenylgermane is heated (115°C, 360 h) with 1-octene, the extent of addition is only 29%. Hydrides of the ali-
phatic series are not added to a-olefins upon heating without a catalyst. In a field of ¥ radiation with a dose
equal to 2 Mrad triethyl- and tributylstannane are quantitatively added to 1-hexene, 1-octene, and 1-decene,
the radiation-chemical yield being G~ 10" molecules/100 eV:

CHy(CH,)yCH = CH, -+ R,SnH — CHy(CH,),CH,CH.CH,SaRs, where = 3, 5, 7
The organogermanium hydrides require irradiation with a dose equal to 7 Mrad (G = 102 molecules/100 eV).

The smooth course of the reaction with relatively unreactive olefins indicates that the rate-limiting step
of the hydrometallation process is probably the decomposition of the hydride molecule, as was previously
postulated for hydrides in [5]. '

An important feature of radiation-chemical hydrometallation is the inhibition of the polymerization of the
original olefin in the presence of a hydride. Apparently, at 25°C the radical adducts (A) are added to the new
olefin molecule more slowly than they eliminate an H atom from the hydride:

>C=C< | I
e

I
RygM—C—C . ——
!

RsMH

- B3M(fl—(_’]—H
i

The hydrometallation of acetylene compounds is regioselective. For example, the irradiation (3 Mrad) of a

mixture of phenylacetylene and tributylgermane results in the formation of f-tributylgermylstyrene (51% yield).

Further irradiation does not increase the yield of the latter and does not cause its hydrogermylation, as ob~

served when tributylgermane is heated with tributylgermylstyrene.

The structure of the original reactants significantly alters the rate of hydrometallation. The nature of
the metal atom in the hydride has the strongest influence. The Ge hydrides are less reactive than are the Sn
hydrides (Fig. 1). This is apparently due to the greater strength of the Ge—H bond than of the Sn—H bond (69
and 35-50 kcal/mole, respectively) and the features of the absorption of the radiation energy by the Ge and Sn
atoms. A comparison of the data obtained with the data on radiation~chemical hydrosilylation [5, 6] shows that
the effects of ¥ irradiation on the hydrometallation of olefins by hydrides of the group-IVB elements decrease
along the series Sn>Ge>Si. The structure of the organic radical in the Sn hydrides has almost no influence
on the rate of hydrostanation, In the case of the less reactive Ge hydrides, the replacement of the aliphatic
substituents by aromatic substituents significantly accelerates the reaction (Fig. 2).

The influence of the functional group in the olefin on the course of the reaction can be clearly traced in
the example of the Ge hydrides. In the series of & olefins the reaction is slowed as the length of the hydro-
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Fig. 1. Influence of the nature of the metal atom on the
radiation-chemical hydrometallation of allyl alcohol (1, 6),
methyl acrylate (2, 5), and methyl methacrylate (3, 4) by
tributylstannane (1-3) and tributylgermane (4~6).
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Fig. 2. Influence of the nature of the organic substituents on Ge on the radiation-chemical
hydrogermylation of allylamine (1, 2), acrylonitrile (3, 4), and allyl alcohol (5, 6) by tri-
phenyl- (1, 3, 5) and tributylgermane (2, 4, 6).

Fig, 3. Variation in the yields of the products of the hydrogermylation of functionally sub-
stituted olefins by tributylgermane as a function of the nature of the substituent: 1) 1-hexene;
2) butyl vinyl ether; 3) methyl methacrylate; 4) methyl acrylate; 5) acrylonitrile; 6) allyl
alcohol; 7) allylamine.

carbon chain is increased. The olefins with an internal location for the C=C bonds are more inert than the
c-alkenes, Thus, with a dose of 7 Mrad 1-hexene is completely consumed, while the extent of reaction of
cyclohexene is only 65%. The results of the experiments on the hydrogermylation of unsaturated compounds
with different functional groups show that there is a correlation between the rate of addition and the value of
the electron density in the double bond, The data obtained are consistent with the idea that the germyl and
stannyl radicals are electrophilic. As we see in Fig. 3, the a-olefins are the most reactive., The introduction
of electron-acceptor substituents lowers the reaction rate: Methyl methacrylate and acrylonitrile react more
slowly than does 1-hexene. Allyl alcohol and allylamine do not fit into this series (curves 6 and 7), and this is
attributed to the inertness of radicals of the allyl type.

EXPERIMENTAL

A freshly distilled unsaturated compound and a Ge or Sn hydride ina 1:1 or 1.5: 1 mole ratio were
placed in a glass ampul with a ground-glass stopper, which had been blown through with argon. The ampul was
placed in a field of 8co v irradiation. In the case of high dose rates, which are associated with the evolution
of heat, the temperature was held close to 25°C with the aid of water cooling, The reaction product was
analyzed by GLC, the liquids were vacuum-distilled, and the solid compounds were recrystallized.
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The analysis of the organotin compounds was carried out on a Tsvet-4 chromatograph with a katharo-
meter in a stream of helium (60-80 ml/min). The column was 2 mx 4 mm and contained 10% Apiezon on
Chromosorb W (80-100 mesh). The quantitative determinations were carried out relative to an internal refer-
ence, viz., hexadecane. The analysis of the organogermanium compounds was carried out on an AG K-6
chromatograph with a katharometer in a stream of helium (80 ml/min). The column was 3 mx 4 mm and cop-
tained 5% SE-30 on Chromaton N, which was treated with dimethyldichlorosilane, The analysis was carried
out with programming of the temperature from 100 to 270°C and from 170 to 270°C at the rate of 20 deg/min,
The internal reference was tetradecane.

CONCLUSIONS
1. The hydrostannation and hydrogermylation of olefins is efficiently initiated by 8¢Co vy radiation.

2. The addition of Ge and Sn hydrides to olefins initiated by ¥ radiation is consistent with the main laws
governing radical chain reactions in the liquid phase.

3. The radiation effects in the hydrometallation reaction decrease upon the transition from Sn hydrides
to Ge hydrides and from hydrides of the aromatic series to the aliphatic series.

4, The rate of the radiation-chemical hydrometallation increases with increasing electron density in the
double bond; the introduction of electron-acceptor substituents lowers the reaction rate.
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REACTIONS OF SEVERAL a-ENONES
WITH TRIMETHYL PHOSPHITE

B. A, Arbuzov, G. A, Tudrii, UDC 542.91:547.1'118
and A, V. Fuzhenkova

It is known [1-3] that the reaction of trialkyl phosphites with «,f-unsaturated ketones containing elec-
tron-acceptor groups proceeds with the formation in the first step of an adduct of bipolar siructure and its
subsequent stabilization in the form of a cyelic phosphorane or enol ester. We have previously [4~6] demon-~
strated the possibility of the formation of A'~oxaphospholenes in reactions of trialkyl phosphites with o-enones
in which there are no electron-acceptor substituents, but which offer the possibility of the stabilization of the
bipolar ion by means of a resonance interaction between the anionic center and the benzylidene group or an
aromatic ring.

As a continuation of these investigations we studied the reaction of 2,5-dibenzylidenecyclopentanone 0
and 3,3-diphenyl-2-benzylidenehydrindone (I) with trimethyl phosphite (II). In analogy to 2,6~dibenzylidene-
cyclohexanone [4] and 2-benzylidenetetralone [6], in the case of I and II we postulated the formation of bipolar
ions IV and V, which subsequently yield cyclic phosphoranes VI and VII:

A. M. Butlerov Chemical Institute. I. V. Ul'yanov-Lenin Kazan' State University. Translated from
Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 2, pp. 382-386, February, 1980. Original article
submitted December 5, 1978.
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