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As a continuation of studying the initiation of rad ica l  reac t ions  by Group VI meta l  carbonyls  [1] we studied 
the t e lomer iza t ion  of propylene  with CC14 in the p r e s e n c e  of the molybdenum and tungsten hexacarbonyls .  As 
was es tabl ished by the EPR method using spin t r ap s ,  these carbonyls  r e a c t  with CC14 under UV i r rad ia t ion  to 
give CCI 3 r ad ica l s  [2]. Starting with this ,  it could be expected that the t e lomer iza t ion  of propylene with CC14, 
initiated by Mo(CO)6 andW(CO) 6, as well as by Cr(CO)6 [1], will proceed by the f r e e - r a d i c a l  m e c h a n i s m ,  since 
the CC13 rad ica l  propels  the kinetic chain in peroxide- in i t ia ted  te lomer iza t ion .  The fact  that the values of the 
par t ia l  c h a i n - t r a n s f e r  constants  for  t e lomer iza t ion ,  initiated by peroxides  and by the studied ini t ia tors ,  co in-  
cide can also s e r v e  as proof  for  the f r e e - r a d i c a l  m e c h a n i s m .  The possibi l i ty  of initiating te lomer iza t ion  by the 
molybdenum and tungsten hexaca rbony l s  was f i r s t  shown in [3] for  the examole  of reac t ing  ethylene with CC14. 

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

T h e  GLC ana lys i s  was run in a he l ium s t r e a m  (6 l i t e r s /h )  on an LKhM-8MD ins t rument  equipped with a 
k a t h a r o m e t e r  and a 2000 x 3 m m  s tee l  column packed with 15% SKTFT-50 deposited on Chromaton N-AW, and 
the t e m p e r a t u r e  was p r o g r a m m e d  f r o m  40 to 160~ (8 deg/min) .  The reac t ions  were  run in sealed 4 -ml  g lass  
ampuls .  The exper imen ta l  p rocedure  is descr ibed  in [1]. The amounts  of s t a r t ing  r eac t an t s ,  the exper imenta l  
condit ions,  and the GLC ana lys i s  r e su l t s  for  the reac t ion  mix tu re s  a r e  given in Tables 1-3. The par t ia l  cha in-  
t r a n s f e r  constants  C n were  calculated using the Mayo equation. 

D I S C U S S I O N  O F  R E S U L T S  

The telomerization of propylene with CCI4, initiated by W(CO)6 , proceeds at 140 ~ with good conversions 
and without the formation of side products (see Table 1, Expts. 4 and 5). The reaction is considerably slower 
at 120 ~ Thus, the conversions of propylene and CCI 4 in 150 rain were a total of 4.8 and 9.4%, respectively, 
while at 140 ~ with the same amounts of the reactants, they were respectively 15 and 30% in 60 mino The dis- 
tribution of the TI-T 3 telomer homologs in this reaction at 120 ~ (33~ 59.3, and 7.7%) did not differ from the ex- 
periments run at 140 ~ (see Table 1, Expt. 3). In the studied range of W(CO)6 amounts (7.5.10-2-30o0 �9 10 -2 
mmole) and time (30-90 min) the distribution of the telomer homologs was independent of the reaction time (see 
Table 1, Exptso 6, 7, and 3) and the amount of W(CO) G (Exptso 2-5), and coincided with the distribution when ini- 
tiation was by tert-butyl peroxide (TBP) (Expt~ 1). Higher concentrations of W(CO)6 or a longer reaction time 
led to the formation of side products and tarring of the reaction mixture. 

Initiation of the telomerization with Mo (CO)6 at 140 ~ leads to tarring of the reaction mixture, which is ab- 
sent at 120 ~ Like in the initiation with W(CO)G, the distribution of the telomer homologs was independent of the 
Mo(CO)6 concentration (see Table 1, Exptso 9-12) and coincided with the distribution when initiation was by ben- 
zoyl peroxide (BP) (Expto 8). The use of Mo(CO)6 in an amount exceeding 30 o 10 -2 mmole leads to the appear- 
ance of si( e products in the reaction mixture. 

To achieve approximately the same conversions of the reactants at a constant initiator concentration and 
reaction time a temperature of 20 ~ lower is required for Mo(CO)6 than for W(CO)6 (see Table 1, Expts, 3, ]1 
and 5, 12). As a result, Mo(CO)6 is a more efficient initiator than W(CO)6 for the telomerization of propylene 
with CC14. 
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TABLE 1o T e l o m e r i z a t i o n  o f  P r o p y l e n e  with CCIa, In i t i a t ed  by  W(CO)B, 
Me(CO) G, t e r t - B u t y l  P e r o x i d e  (TBP), and B en zo y l  p e r o x i d e  (BP)* 

Z 

t 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
t t  
12 

l t lw "~176 Initiator 
(mmole .102~ 

IITB (2,0) 
w (co)  ~ {7,5) 
w(co)6 (18,5) 
W(CO)6 (25,0) 
w(co)~ (30,0) 
wico)6 (18,5) 
w(co) ,  (18,5) 
BP (1,2) 
Mo(CO)~ (0,8) 
Me(CO) 6 (2,5) 
Me(COb (18,5) 
Mo(CO)G (30,0) 

,~o~u, 6,o t2,1 
140, 60I 6,9 13,7 
t4o!Bol t5,0 30,8 
~4o,~o, 23,8 40.3 
1401601 33,6 6<3 
14oi 3o f 4,8 9,8 
140[ 90 ] t5,4 33,0 
t201601 7,7 15,9 
t20[ 601 5,4 10,5 
i20/601 16,5 33,7 
1201 601 19,9 42,4 
120160 t t9,2 36,3 

Amount of tel,reefs 
CC13 [GIt..CIt(Clrh}]nCI(T n) 
with n = l-a, mole% 

Ti T2 T3 

8,3 
8,2 
8,7 
8,9 
8.4 
7~o 
7,0 
9,2 
9,8 
9,6 
10,6 
9,8 

Amount of racemic 
diastereomeric 
~ood2ificatis - of T..._3, 

t h T. .-T, I ~-T. 

35,4 
35,2 
35,6 
36,0 
37,2 
39,0 
39,8 
29,8 
30,0 
29,2 
30,6 
32,0 

17.6 • 2.6 

56,3 
56,6 
55,7 
55,t 
54,4 
54,0 
53,2 
61,0 
60,2 
61,2 
58,8 
58,2 

32,9 
34,4 
34,1 
34,1 
34,0 
34,7 
35,5 
33,2 
33,1 
34,4 
32,9 
33.5 

49,3 I 17,8 
50,5 I 15,1. 
52,9 [ t3,0 
52,1 I t3,8 
53,6 / 12,4 
50,5 f l&8 
5i,2 / t3,3 
53,0 [ t3,8 
51,5 / t5,4 
52,5 | 13,t 
52,6 [ 14,5 
54,3 t t2,2 

mmoles C3H6, 4.9 • 0oi mmoles CC14, C3H6/CCI 4 = 3.6 • 0.10 

T A B L E  2. T e l o m e r i z a t i o n  o f  C3H 6 with CCI~ in P r e s e n c e  of  0 .03 m m o l e  
of  Mo(CO)~ (120 ~ 20 min)  

%1 Amount of T31 tel,- I Partial ehsin-trans- 
C~H~ } CGh Conversion, (c~go} I mers, molejo -- -1 fer constants C__nn 

L \ CCh ] av TI T2 T3 mmole C~I. CGI, t / Ct C: 

t2,87 9,99 
t5,27 7,13 
t7,5I 5,63 
t8,5t 4,57 
20,11 3,87 
18,00 2,91 
20,94 2,60 
20,50 2,15 
23,11 2,14 
30,41 2,37 

9,5 
6,2 
5,4 
3,5 
3,0 
3,8 
2,9 
2,6 
t,5 
0,5 

8,9 
8,6 
9,9 
8,2 
8,3 

~2,4 

12,3 
7,9 
2,8 

t,28 
2,20 
3,26 
4,26 
5,50 
6,79 
8,89 

10,38 
i t,2t 
12,98 

63,6 
47~8 
36,6 
34,0 
24,0 
22,7 
18,5 
18,7 
15,1 
14,7 

35,0 1,4 
49,6 2,6 
58,8 4,6 
58,9 7,1 
67,8 8,2 
67,3 i0,0 
67,7 13,8 
65,t t6,1 
64,9 20,0 
62,8 22,5 

Averag% 

2,24 
1,99 
1,80 
2,14 
1,69 
t,90 
1,92 
2,39 
1,99 
2,24 
2,03 
0,03 

32,1 
4t,4 
39,8 
34,5 
44,2 
43,6 
41,6 
42,0 
36,4 
36,2 
39,2 

0,6 

* A r i t h m e t i c a l  m e a n  e r r o r .  

TABLE 3. Telomerization of C3H 6 with CCI 4 in Presence of 0.19 mmole 

of W(CO) B (140 ~ 25 rain) 
- I ] Amount of ~n telT- Partial ehaiu-trans-Te'~ 

c~II~ ccI~ ] Conversion, % ] (c,Hq mers, mo!e~/o 1 e~ Cn 

13,90 9,43 
t6,t3 7,18 
16,63 4,90 
21,93 4,59 
21,t6 8,86 
2t,82 2,59 
2t,96 2,t6 
24,30 2,17 
31,42 2,43 
30,85 2,06 

t0,9 
5,9 
4,8 
4,8 
4,4 
2,0 
3,8 
3,8 
2,2 
1,5 

tl,0 
8,2 
9,8 

12,3 
t2,6 
8,3. 

18,7 
20,5 
13,t 
10,2 

t,47 
2,28 
3,48 

4,98 
5,74 
8,71 

tt,t0 
t2,38 
13,74 
t5,70 

57,6 
44,0 
39,0 
28,7 
22.9 
19;6 
18,0 
15,6 
tt,0 

9,8 

39,2 3,2 
49,4 6,6 
54,0 7,0 
57,7 13,6 
61,9 t5,2 
60,8 i9.5 
60,0 2210 
59,1 25,8 ] 
57,4 3t,6 
61,2 29,0 

Average g* 

2,00 i8,0 
1,79 17,t 
2,22 26,8 
2,00 2t,1 
1,70 23,4 
232 27,2 
2,44 30,3 
2,29 28,9 
t,70 25,0 
1,70 33,i 
2,00 25,2 
0,04 0,9 

Arithmetical mean error. 

The fact that the distribution of the telomer homologs under the studied conditions is independent of the 

time and concentrations of Me (CO)~ andW(CO)6 enabled us to determine the partial chain-transfer constants C n 

in these reactions (see Tables 2 and 3). ~he range of change in C3HJCCI ~ in the corresponding experiments 

was selected within limits that excluded the formation of substantial amounts of telomers with n > 3. The aver- 

age values of C n when the telomerization was initiated with Me (CO)G and W(CO)G proved to be elose to the C n 

values when using peroxide initiation (C I = 2.23, C 2 = 40.3,105~ C I = 3.65, C 2 = 33.145 ~ [4]). This fact indicates 

that the telomerization of propylene with CCI4, initiated by 31o (CO) 6 and W(CO)6, proceeds by the free-radical 
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chain mechan i sm.  This m e c h a n i s m  is also conf i rmed by the coinciding of the s t e r eod i r ec t iv i ty  of the t e l o m e r -  
ization when it is initiated by molybdenum and tungsten carbonyls  and by peroxides .  The amount of r a c e m i e  di -  

a s t e r e o m e r i c  f o r m s  of the t e l o m e r  CC13CH2CH(CH3)CH2CH(CH3)CH2CHC1CH 3 (T a) is approx imate ly  the same 
fo r  t e lomer i za t ion  in the p r e s e n c e  of W(CO) 6 and TBP, and also Mo(CO)6 and BP (el. Expt. 1 and 2-7, and Expt. 
8 and 9-12 in Table 1). 

C O N C L U S I O N S  

1. The f i r s t  and second c h a i n - t r a n s f e r  constants  in the t e lomer iza t ion  of propylene with CC14, initiated 
by Mo (CO) 6 at 120 ~ and by W(CO) 6 at  140 ~ were  determined~ 

2. A coinciding of the par t ia l  c h a i n - t r a n s f e r  constants  and a re tent ion of the same  s t e reod i ree t iv i ty  of 
the reac t ion  when it is initiated by e i ther  peroxides  or  the molybdenum and tungsten hexacarbonyls  indicate the 
f r e e - r a d i c a l  m e c h a n i s m  of the t e lomer iza t ion  in the p re sence  of Mo (CO)G and W(CO)e 

I. 

2. 
3. 
4. 
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S O M E  C H E M I C A L  T R A N S F O R M A T I O N S  

O F  5 -  ( P R O P Y N - 2 - Y L )  B I C Y C  L O  [ 2 . 2 . 1 ]  - 2 - H E  P T E N E  

M .  G .  V e l i  e v  , M .  M .  G u s  e i n o v  , UDC 542.91:547.517.547.314 
L .  A. Y a n o v s k a y a  , a n d  R .  F .  G a k h r a m a n o v  

The 5- (propyn-2-y l )b ieyc lo[2 .2 .1 ] -2-hep tene  (D previous ly  obtained by us [1] contains three  r eac t ive  cen-  
t e r s ,  and spec i f ica l ly  an acetylenic  H a tom,  a double bond, and a t r ip le  bond, which makes  it poss ib le  to use it 
for  obtaining var ious  unsaturated de r iva t ives  of the bieycloheptene s e r i e s  [2, 3]. In the p resen t  paper  we studied 
the reac t ions  of (I) at the aeetylenic  group in o r d e r  to synthes ize  some  functionally substi tuted der iva t ives  that 
contain an alcohol ,  earbonyl ,  amino,  o r  a d i -  (or tri)  a lkyls i lyl  group. 

As it p roved ,  ([) fo rms  the cor responding  Grignard aee ty l ide ,  which eas i ly  r e ac t s  with the reac tan t s  indi-  
eated in the scheme  to give the cor responding  der iva t ives  (II)-(V) in 85-90% yie lds :  

4 8 

9 ~  

L (I): (v) 

(ii) (hi) (zv~ 

Compound (I) enters  into the Mannich reac t ion  with HCHO and Et2NH to give the acetylenic  amine  (VI) in 

85% yield : 
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