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The h y d r o g e r m y l a t i o n  and h y d r o s t a n n a t i o n  of u n s a t u r a t e d  compounds  a r e  r e a l i z e d  by  h e a t i n g  a m i x t u r e  
of the  o le f in  and a Ge o r  Sn h y d r i d e ,  a s  w e l l  a s  by  r e a c t i n g  t h e m  in the  p r e s e n c e  of P t  c a t a l y s t s  o r  r a d i c a l -  
f o r m i n g  i n i t i a t o r s  [1]. A c o m m o n  s h o r t c o m i n g  of t h e s e  me thods  is  t h e i r  r e s t r i c t e d  r a n g e  of a p p l i c a t i o n .  T h e s e  
r e a c t i o n s  c a n  a l s o  be  i n i t i a t e d  by  6~ 7 r a d i a t i o n  [2, 3], which s i g n i f i c a n t l y  a l t e r s  the  r a t e  of the  r e a c t i o n  and 
the  c o m p o s i t i o n  of t he  p r o d u c t s  ob ta ined .  In the  p r e s e n t  w o r k  we  s tud ied  the m a i n  laws  g o v e r n i n g  h y d r o g e r -  
m y l a t i o n  and h y d r o s t a n n a t i o n  r e a c t i o n s  i n i t i a t e d  by  r176 7 r a d i a t i o n  in the  e x a m p l e  c a s e s  of the  o le f ins  l i s t e d  
in T a b l e s  1 and 2 and Ge and Sn h y d r i d e .  I r r a d i a t i o n  of a m i x t u r e  of a h y d r i d e  and an  o le f in  a t  ~ 25 ~ i n i t i a t e s  
t he  s m o o t h  h y d r o m e t a l l a t i o n  of the  olefin~ p r a c t i c a l l y  wi thout  the  f o r m a t i o n  of b y - p r o d u c t s  ( see  Tab l e s  1 and 2). 
The  d e t a i l e d  m e c h a n i s m  of the  r a d i a t i o n - c h e m i c a l  h y d r o m e t a l l a t i o n  was not  i n v e s t i g a t e d  in th is  w o r k .  How- 
e v e r ,  the  h igh  v a l u e s  of the  r a d i a t i o n - c h e m i c a l  y i e l d s  ( G -  103 m o l e c u l e s / 1 0 0  eV) for  a l l  the  r e a c t i o n  s y s t e m s  
i n d i c a t e  t ha t  i t  ha s  a c h a i n  c h a r a c t e r .  A s t e p  invo lv ing  the r a d i o l y s i s  of the  h y d r i d e  is  p r o b a b l y  r e s p o n s i b l e  
for  t he  i n i t i a t i o n  of th is  r e a c t i o n ,  and the h y d r o m e t a l l a t i o n  p r o c e s s  a s  a whole  m a y  be  r e p r e s e n t e d  by  the  
s c h e m e :  

R~MH ~.~ RaM" ~- H" 

CH~ = CHR' ~ RaM" --~ RaMCHz~HR' 

BaMCH~dHR' -~ RaMH --~ RaMCH~CH~R' -]- RaM' 

HaMCH~dHR' -~ CH~ = CHR' --~ RaMCH~CHCH2~HR' 
I 

R' 

(1) 
(2) 

(3) 
(4) 

The a b s e n c e  of h i g h - m o l e c u l a r - w e i g h t  o r g a n o m e t a l l i c  compounds  in the  r e a c t i o n  p r o d u c t s  shows tha t  t e l o m e r i -  
z a t i o n  s t e p  (4), wh ich  is c h a r a c t e r i s t i c  of r e a c t i o n s  i nvo lv ing  r a d i a t i o n - i n d u c e d  a d d i t i o n  a c r o s s  a C = C bond,  
is  not  r e a l i z e d  in  th i s  c a s e .  

* D e c e a s e d .  

T A B L E  1. 

Olefin 

CH2=CHC~H~ 
CH2=CHC~H~ 
CH~=CHC~H~ 
CH~=CHCsH~ 
CsHsCH=CH~ 
cyclo-CsH~0 
cyclo -CsFlio 
C~HsC-~CH 
CH~=CHCH~0H 
CH~=CHCH~OH 
CH~=CHOC~H~ 
CH~CCH~OH 
CH~ = CHCOOCH~ 
CH~=C (CH~) COOCH~ 
CH~=CHCONH= 
CH~=CHCN 
CHz=CHCN 
CH~=CHCH2NH2 
Ctt~=CHCH~NHz 

H y d r o g e r m y l a t i o n  of Olef ins  In i t i a t ed  by  T R a d i a t i o n  

Hydrides 

(C~H,~) ~GeH 
(C6H~) zGeH 
(C~H~) ~GeH 
(C~Hs) ~GeH 
(C~H~) ~GeH 
(CCH~)aGeH 
(CsHa) ~GeH 
(CaH~) aGeH 
(C~H~) aGeH 
(C~H~) ~GeH 
(C~H~) ~GeH 
(C~Hg) ~GeH 
(CaHg) ~GeH 
(C~H~) ~GeH 
(CsHa) ~GeH 
(C~H~) ~GeH 
(CsHs) ~GeH 
(C~H~) aGeH 
(C6H~) ~GeH 

Dose, 
Mrad 

2O 
20 
3 
3 

30 
5 
7 

20 
7 
7 
5 

20 
5 

5O 
3 

Reaction product 

(C~Hg) aGeCsHl3 
(CsH5)aGeC~H,a 
(CaHg) aGeCsH17 
(CsHs) 3GeCsHt7 
(C~Hg) aGeCHzCHaCsH~ 
(C~Hg) aGeC~Hit 
(C6H5) 3GeCsH~l 
(Cr 3GeCH=CHC~H5 
(C~Hg) 3GeCHzCH2CH20H 
(C6H5) 3GeCH2CH2CH20H 
(C~H.~) 3GeCH2CH2OCCHq 
(C,.Hg)sGeCH=CHCH20H 
(C~Hg) 3GeCH2CH2COOCHs 
(C,~Hg) 3GeCH2CH (CH~) COOCH3 
(Celia) 3GeCH~CH2CONH~ 
(C~H~) 3GeCH2CH2CN 
(CsHs) 3GeCH2CH2CN 
(C~Hg) 3GeCHzCH~CH.~NHz 
(C~H~) aGeCHzCH~CH~NH~ 

98 
82 
64 

51 
76 
94 
94 
60 
92 
92 
82 
65 
98 
80 
95 

4O0 
700 
250 
65O 
24 

i00 
650 
50O 
toO 
8O0 
5~ 
70 

400 
400 
45O 
i(D 
550 
5O 

i000 
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TABLE 2. 

O lc fin 

CH2=CHC~H,, 
CH2=CHCsH~ 
CHe=CHCeH,~ 
CH~=CHCsH,~ 
CH~=CHCeH,~ 
CH~=CHC~H,~ 
CI~=CHC~H,~ 
CH~ =CHC~H, 
CH~=CHC~H,~ 
CH~=CHC~H~ 
CHz=CHC~H~ 
C~H~C~-CH 
C~H~C-~CC~H~ 
C~H~C~CC~H~ 
CH~=CHCH~OH 
CH~=CHCH~OH 
CH2~CHCH~OH 
CH._=CHCH~OH 
CH~=CHOC2H~ 
CH2~CHOC2H~ 
CH~CHOC~H9 
CHz=CHOC,H9 
CH2=CHCOOCH~ 
CH~=C (CH~) COOCH~ 
CHz=CHCONH2 

Hydrostannation of Olefins Initiated by T Radiation 

Hydride 

(C2H~) ~SnH 
(CaH~) aSnH 
(C~H~) ~SnH 
(C~H~) ~SnH 
(C~H~) ~Sntt 
(C~H~) aSnH 
(CCH~) aSnH 
C~H~)~SnH 
C~t{9) ~SnH 
C~H~)~SnH 
C~H~) sSnH 
C.~Ha) ~SnH 
IC~Ha) zSnH 
(C~H~) ~SnH 
(C~H~) aSnH 
(C~Hg) ~SnH 
(C~H~) ~SnHz 
(CeH~) 3SnH 
(C2H~) ~SnH 
(C~H~) ~SnH 
(C2H5) ~SnH 
(C~H~)sSnH 
(C~Ha) 3SnH 
(C~H~) ~SnH 
(C~H~)3SnH 

D o s e ,  Reaction }Mrad [ product 

i 
(C2Hs) sSnC7H,5 
(C~Hg) ~SnCTH15 
(C~Hs) aSnCsHl7 
(C~Hg) sSnCsHt7 
(CsH~) 3SnCsH,~ 
(C2H5) sSnCgH,~ 
(C4H~) ~SnC~H~ 
(C~H~) ~SnC~0H2, 

[ (C~Hg) ~SnC,oHz, 
(CzHD ,SnCH~CHzC~H~ 

J (CtHg) ~SnCHzCHzCeH~ 
| (CzH~) ~SnCHfCHCeH~ 
| (CzH,),Sn (C~H~) C=CHC~H~ 
J (CtH~) ~Sn (CeH~) C=CHCeHs 

2 | (CzH~) ~SnCH2CH~CH~OH 
i (C4H~)~SnCH~CH~CH~OH 

(C~H~) zSn (CHzCH~CH~OH) 
(CeH~) ~SnCH~CH~CH~OH 
(C~H~) ~SnCH~CH~0C~H~ 
(C~H~) ~SnCH~CH20C2H~ 
(C~H~) ~SnCH2CH~0C~H~ 
(C~H~) ~SnCH~CH~OC~H9 
(C~H~) ~SnCH~CH~COOCH~ 
(C4H~) ~SnCH~Ctt (CH~)COOCH~ 
(C~Hg) ~SnCH~CH~CONH~ 

! 
o > 

86 960 
74 i000 
77 1000 
70 750 
74 700 
86 i200 
87 i2O0 
86 i2O0 
96 iO00 

7OO 
97 2100 
70 800 
7 0  800 
80 ~ 720 
93 1500 
81 2000 
86 1000 
80 i200 
80 1300 
92 1300 
88 i390 
99 ~AO0 
74 t200 
91 t000 
75 950 

The difference between the rad ia t ion-chemica l  var iant  of hydrometal la t ion and the thermal  var ian t  is 
graphical ly displayed in the react ions of the hydrides with the ~-olef ins .  According to the data in [4], when 
t r iphenylgermane is heated (115~ 360 11) with 1-octenes the extent of addition is only 29%. Hydrides of the al i -  
phatic se r ies  are  not added to ~-olef ins  upon heating without a catalyst .  In a field of T radiat ion with a dose 
equal to 2 Mrad t r ie thyl -  and tributylstammne are quantitatively added to 1-hexene, 1-octene,  and 1-decene,  
the rad ia t ion-chemica l  yield being G ~ l0 s molecules/100 eV: 

CH3(CIi~)nCH ~ CH2 + B3SnH --~Cft~(CH2)~CH~CH~CH~SuR3,whcrc n = 3, 5, 7 

The organogermanium hydrides require  irradiation with a dose equal to 7 Mrad (G :, 102 molecules]100 eV). 

The smooth  c o u r s e  of the react ion  with re la t ive ly  unreact ive  olefins indicates that the ra te - l imi t ing  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 rad ia t ion-chemica l  hydrometal la t ion is the inhibition of the polymerizat ion of the 
original olefin in the presence  of a hydride.  Apparently,  at 25~ the r ad i ca l  adducts (A) a r e  added to the new 
olefin molecule more  slowly than they eliminate an H atom f rom the hydride:  

>c=c< l I I I 
~ RaMC--C~C--C �9 

I f I 1 I 1 
BaM--C--C. 

. . . .  B.3MC--C--H 
I J 

The hydrometal la t ion of acetylene compounds is regioselect ive .  For  exampled the i r radia t ion (3 Mrad) of a 
mixture of phenylacetylene and t r ibutylgermane resul t s  in the format ion of ~- t r ibu ty lgermyls tyrene  (51% yield). 
Fur ther  i r radia t ion does not increase  the yield of the latter and does not cause its hydrogermyiat ion,  as ob- 
served when t r ibutylgermane is heated with t r ibutylgermyls tyrene .  

The s t ructure  of the original reactants  significantly a l ters  the ra te  of hydrometal lat ion.  The nature of 
the metal  a tom in the hydride has the s t ronges t  influence. The Ge hydrides a re  less reac t ive  than a re  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 radiat ion energy by the Ge and Sn 
atoms.  A compar i son  of the data obtained with the data on rad ia t ion-chemica l  hydrosi lylat ion [5, 6] shows that 
the effects of T i r radiat ion on the hydrometal la t ion of olefins by hydrides of the group-IVB elements dec rease  
along the ser ies  Sn>Ge > Si. The s t ruc ture  of the organic radical  in the Sn hydrides has a lmost  no influence 
on the ra te  of hydrostanation.  In the ease of the less reac t ive  Ge hydrides,  the rep lacement  of the aliphatic 
substituents by aromat ic  substituents significantly acce lera tes  the react ion (Fig. 2). 

The influence of the functional group in the olefin on the course  of the react ion can be c lear ly  t raced in 
the example of the Ge hydrides.  In the ser ies  of ~ olefins the react ion is slowed as the length of the hydro-  
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Fig. 1. Influence of the nature  of the meta l  a tom on the 
r ad i a t i on -chemica l  hydr0meta l la t ion  of a l ly l  alcohol (1, 6), 
methyl  ac ry l a t e  (~, 5), and methyl  me thac ry la t e  (3, 4) by 
t r ibuty ls tannane  (1-3) and t r ibu ty lge rmane  (4-6). 
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Fig.  2. Influence of the nature  of the organic subst i tuents  on Ge on the r ad ia t ion -chemica l  
hydroge rmyla t ion  of a l ly lamine  (1, 2), ac ry lon i t r i l e  (3, 4), and al lyl  alcohol (5, 6) by t r i -  
phenyl-  (1, 3, 5) and t r ibu ty lge rmane  (2, 4, 6). 

Fig. 3. Var ia t ion in the yields of the products  of the hydrogermyla t ion  of functionally sub-  
sti tuted olefins by t r ibu ty lge rmane  as a function of the nature  of the substi tuent:  1) 1-hexene;  
2) butyl vinyl  e ther ;  3) methyl  me thac ry l a t e ;  4) methyl  ac ry la t e ;  5) acryloni t r i le ;  6) allyl 
a lcohol;  7) a l ly lamine .  

ca rbon  chain is inc reased .  The olefins with an in ternal  location for  the C --- C bonds a r e  more  iner t  than the 
a - a l k e n e s .  Thus,  with a dose  of 7 Mrad 1-hexene is comple te ly  consumed,  while the extent of r eac t ion  of 
cyclohexene is only 65%. The r e su l t s  of the exper iments  on the hydrogermyla t ion  of unsatura ted  compounds 
with di f ferent  functional groups show that  there  is a co r r e l a t i on  between the r a t e  of addition and the value of 
the e lec t ron  densi ty  in the double bond. The data obtained a r e  cons is ten t  with the idea that  the ge rmy l  and 
stannyl r ad ica l s  a r e  e lec t rophi l ic .  As we see  in Fig. 3, the ~-o lef ins  a r e  the mos t  r eac t ive .  The introduction 
of e l e c t r o n - a c c e p t e r  subst i tuents  lowers  the reac t ion  r a t e :  Methyl me thac ry la t e  and acry lon i t r i l e  r e a c t  m o r e  
s lowly than does 1-hexene.  Allyl  alcohol and a l ly lamine  do not fit  into this s e r i e s  (curves  6 and 7), and this is 
a t t r ibuted to the iner tness  of r ad i ca l s  of the al lyl  type. 

E X P E R I M E N T A  L 

A f r e sh ly  dist i l led unsa tura ted  compound and a Ge or Sn hydride  in a 1 : 1 or 1.5 : 1 mole  ra t io  were  
placed in a g lass  ampul  with a g round-g lass  s topper ,  which had been blown through with argon.  The ampul  was 
placed in a field of 6~ ~ i r rad ia t ion .  In the ca se  of high dose r a t e s ,  which a r e  assoc ia ted  with the evolution 
of heat ,  the t e m p e r a t u r e  was held c lose  to 25~ with the aid of water  cooling. The reac t ion  product  was 
analyzed by GLC, the liquids we re  vacuum-d i s t i l l ed ,  and the solid compounds were  r ec rys t a l l i z ed .  
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The analysis  of the organ, t in  compounds was ca r r i ed  out on a Tsvet -4  chromatograph with a katharo-  
me te r  in a s t r e a m  of hel ium (60-80 ml/min).  The column was 2 m x  4 mm and contained 10% Apiezon on 
Chromosorb  W (80-100 mesh).  The quantitative determinat ions  were  ca r r i ed  out re la t ive  to an internal  r e f e r -  
ence, viz . ,  hexadecane.  The analysis  of the o rgan ,ge rmanium compounds was ca r r i ed  out on an AG K-6 
chromatograph with a ka tharomete r  in a s t r e a m  of hel ium (80 ml/min),  The column was 3 m •  4 mm and con- 
tained 5% SE-30 on Chromaton N, which was t rea ted  with dimethyldichlorosi lane.  The analysis  was ca r r i ed  
out with p rogramming  of the t empera tu re  f rom 100 to 270~ and f rom 170 to 270~ at  the r a t e  of 20 deg/min. 
The internal  r e f e r e n c e  was te t radecane .  

C O N C  LUS IO N S  

1. The hydrostannat ion and hydrogermyla t ion  of olefins is eff iciently initiated by ~~ o ~ radiat ion.  

2. The addition of Ge and Sn hydrides  to olefins initiated by T radiat ion is consis tent  with the main laws 
governing rad ica l  chain reac t ions  in the liquid phase.  

3. The radiat ion effects  in the hydrometa l la t ion  reac t ion  dec rease  upon the t ransi t ion f rom Sn hydrides 
to Ge hydrides and f rom hydrides  of the a romat ic  se r ies  to the aliphatic s e r i e s .  

4. The r a t e  of the rad ia t ion-chemica l  hydrometa l la t ion  increases  with increas ing  e lec t ron  density in the 
double bond; the introduction of e l ec t rou-accep to r  substituents lowers the reac t ion  ra te .  

1 .  

2. 

3. 

. 

5. 
6. 
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REACTIONS O F  SEVERAL ~-ENONES 

WITH TRIMETHYL PHOSPHITE 

B. A. Arbuzov, G. A. Tudrii,  
and A. V. Fuzhenkova 

UDC 542.91 : 547.1'118 

It is known [1-3] that the reac t ion  of t r ia lkyl  phosphites with ~,~-unsaturated ketones containing e lec-  
t ron -accep to r  groups proceeds  with the format ion  in the f i r s t  step of an adduct of bipolar s t ruc tu re  and its 
subsequent  s tabi l izat ion in the fo rm of a cyclic phosphorane or enol e s t e r .  We have previously  [4-6] demon- 
s t ra ted  the possibi l i ty of the format ion  of A4-oxaphospholenes in reac t ions  of t r ia lkyl  phosphites with ~-enones  
in which there  are  no e lec t ron-accep to r  subst i tuents ,  but which offer the possibi l i ty of the stabil izat ion of the 
bipolar ion by means of a r e sonance  interact ion between the anionic cen ter  and the benzylidene group or an 
a romat ic  r ing.  

As a continuation of these investigations we studied the reac t ion  ~f 2,5-dibenzylidenecyclopentanone (I) 
and 3,3-diphenyl-2-benzyl idenehydrindone (11) with t r imethyl  phosphite (III). In analogy to 2 ,6-dibenzyl idene-  
cyclohexanone [4] and 2-benzyl idenete t ra lone  [6], in the case  of I and II we postulated the format ion of bipolar 
ions IV and V, which subsequently yield cycl ic  phosphoranes VI and VII: 
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