
C ON.C L U S I  ONS 

1. The reac t ion  of  a dia lkyl(chloromethyl)amine with l i thium o - c a r b o r a n e s  gave the N,N-dialkylamino-  
m e t h y l - o - c a r b o r a n e s  (or the N,N,N-dia lkyl -o-carboranylmethylamines) .  

2. In cont ras t  to LiA1H4, AICltI~ reduces  the N,N-dialkylamides of o -ca rboraneca rboxy l i c  acid to the 
cor responding  amines  without cleaving the C - C  bond between the ca rborane  nucleus and the amide group. 
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The e lec t rophi l ic  1-carboxyalkyl  rad ica ls  RCHCOOH have been studied extensively  in the addition r e a c -  
t ions to 1-a lkeaes  [1]. They also add to 1-alkynes [2]. The nucleophiUc radica ls  R~H(CI-I2)nCOOI-I (a >-- 1) 
eas i ly  add to ac ry l i c  monomers  due to manifestat ion of the po la r  effect  [3]. The i r  reac t ions  with alkenes and 
alkyues a re  unknown. 

The addition of 2 -carboxyethyl  rad ica ls ,  genera ted  f rom peroxydisuccinic  acid (PDSA) using FeSO 4 [4], 
to 1-alkenes and 1-alkynes is d iscussed  in the p resen t  paper .  In the absence of an accep tor  the CH2CH2COOH 
radica ls  obtained in this manner  recombine predominant ly  to adipic acid [4]. Recombination also occurs  in 
the p r e se nc e  of  unsatura ted  hydrocarbons  (Table 1). However ,  at a high concentra t ion of the unsatura ted hydro-  
carbon (6 moles  pe r  mole of peroxide) ,  only 20-30% of the genera ted  2-carboxethyl  radica ls  a re  conver ted  to 
adipic acid, while 35-50% of the rad ica l s  add to the alkene or  alkyne. 

(HOOCCH~CH2CO0)~ + Fe(II) -+ HOOCCH~CH~CO0- + Fe(III) + 
+ COs + CH2CH2C00H 

I~CH2CH==CH2 + CH~CH~COOH -+ RCH~CHCH~CII2CH2COOH 
(I) 

~RCH2CH=CHCH2CHoCOOtt 
(ii) 

(I) -~ Fe(III) - -  ~RCH~CHCH2CH.,CHoCOOH. . + Fc(II) + H + 
(I l l) 

(I) + SH ~ R (CH~)sCOOH + S" 
(:v) 

R ~ C~H7 (a), C~Hll (b) 

The fo rmed  secondary  adduct - radica ls  (1) a re  oxidized predominant ly  by Fe(III) ions and, in addition, 
cleave a hydrogen atom f rom the H donor (SH-succinic acid, hydrocarbon,  methanol-solvent) .  As a resul t ,  
unsa tura ted  (II), (Ill) and sa tura ted  (IV) acids a re  obtained, (II) +(III):(IV) ~ 5 : 3. Acids (11) and (II1) a re  formed 
in a 1:3 rat io .  This ra t io  was es tabl ished by the N1ViR method for the methyl  e s t e r s  of acids (II) and (III) on the 
bas is  of the integral  intensi ty of the signals at 3.55 and 3.50 ppm (CHIC). On the example of the methyl e s t e r  
of c i s - ,  t rans-(II)  (R = C3H7), which was synthesized as descr ibed  in [5], it was shown that the s te r i e  i somers  
have the same chemical  shift for  the protons of the CH30 group. The predominant  format ion of the i somer  with 
the multiple bond fur thes t  away f rom the functional group when carboxyalkyl  radica ls  are  oxidized by Cu(I1) ions 
was mentioned in [6] ; it is assumed,  due to the s te r i c  shielding of the radica l  center .  
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TABLE 1. Main Decomposi t ion Produc t s  of PDSA under  Influence 
of FeSO 4 in P r e s e n c e  of 1-Alkenes  and 1-Alkynes [R = Catty (hexene, 
hexyne), ChH 1 (octene, octyne) l 

Decomposition products, mole/mole of peroxide 

Hydrocarbon 
II0~C (CK~) 2CO~II H02C (fill2) ~CO21I CHaCH~C0~II 

1-Hexene 0,97 0,t4 0,10 
l-Hexene* t,35 0,09 Not de_t._ermined 
1 -Octene 0,98 0,t6 Dit* o 
i -Hexyne 0,96 0,10 D.O9 
1- Oetyne 0,94 0,1 t 0,t0 

R CI~Ct I  = Ct t  (CI~) =CO=~ RfiH~ CH (CI:I2) ~CO21I R (Ctt=) sC02t'l 

l-Hexene 
l-Hexene* 
l-Oetene 
1-Hexyne 
l-Octyne 

0,06 
0,03 
0,05 
0,53 
0,46 

0,t8 
0,08 
0,t5 

0,15 
0,tt 
0,t3 

*In p r e s ence  of NaF. 

TABLE 2. Decomposi t ion Products  of Peroxydtg lu ta r ic  Acid under  
Influence of FeSO 4 in Aqueous Solutions [peroxide : sa l t  =1:1 (molar)] 

Decomposition products, mole/__mole of peroxide 
l u ~ c  acid suberic acid butyric y-butyro~vinyl- 

Solvent COn total labeled total l!abeled acid lactone |::edic 
I / 

n2o $ 0,98 I 0,98 - 0,17 I 0,33 0,18 [ 0,01 
Pc0 0,99 0,97 0.02 0,18 0,015 0,32 0.t7 0,02 

* H e x a n e - l , 3 , 6 - t r i c a r b o x y l i c  acid was isola ted in an amount of 0.06 
mole /mole  of peroxide .  

The oxidative m e c h a n i s m  for  the fo rmat ion  of unsa tura ted  acids  is conf i rmed  by the fact that the i r  yield 
d e c r e a s e s  when NaF  is added to the reac t ion  sys t em:  P D S A - F e S O 4 - 1 - h e x e n e  (see Table 1). The fluorine ions 
pa r t i a l l y  bind the Fe(III) ions into an insoluble complex  [7], thus lowering the i r  oxidative capac i ty  and i n c r e a s -  
ing the contr ibution made to the overa l l  p r o c e s s  of conver t ing the rad ica l s  by the compet ing reac t ion  of hydro-  
gen t r a n s f e r .  

l -Hexyne  and 1-octyne capture  the 2 -ca rboxye thy l  rad ica l s  more  eff icient ly than do the cor responding  
a lkenes:  

ilCH~C~CH + CH~CH~COOH-+ RCIt2C=CHCH2CH2COOH 
�9 ( V )  

(V) -f- SH -+ (II) 

The in te rmedia te  vinyl adduc t - rad ica l s  (V) a r e  not oxidized by Fe(III) ions. They p redominan t ly  c leave  hydro 7 
gen f rom the H donor and a r e  conver ted  to A4,5-alkenoic acids  (II). The yield of these  acids is ~ 50%. 

According  to [8], the suecinic acid that is fo rmed  during the decomposi t ion of PDSA can function as a hy- 
drogen donor toward f ree  rad ica ls .  We obtained additional data regard ing  reac t ions  of  this type on the example  
of peroxydig lu ta r ie  acid (PDGA), whose main  decomposi t ion products  were  studied in [8l. o~-D-Glutaric and 
a - D - s u b e r i e  acids  a r e  obtained when PDGA is r eac ted  with FeSO 4 in D20 (Table 2). F rom this  it may  be con-  
eluded that the 3 - ca rboxypropy l  r ad ica l s  genera ted  f rom PDGA reac t  with the decomposi t ion  products  of PDGA, 
namely  the g lu tar ic  and suber ic  acids,  while the newly formed (VI) rad ica l s  a r e  pa r t i a l ly  reduced by Fe(I1) ions: 

HOOC(CH~),~COOH "- Ctt~(CH2)2COOH --+ HOOCCH(CH~)~_~COOH+ 
(vi) 

4 CHs(CH2)~COOH 

(VI) -b." Fe(II) D2~~ HOOCCHD(CH2)~_~COOH -k Fe(III) 

n = 3  or 6 

The o ther  t r a n s f o r m a t i o n  products  of PDGA in D20 a re  given in Table 2. 
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E X P E R I M E N T A  L 

The GLC ana lys i s  was run on an LKhM-8M chromatograph  equipped with a f l ame- ion iza t ion  de tec tor  and 
a 4 m • 3 m m  column packed with 15% PEGS deposi ted on Chromoso rb  W, 40-60 mesh .  The NMR spec t r a  were  
obtained on an XL-100 ins t rument  (solvent =CC1 o in ternal  s tandard--HMDS),  while the m a s s  spec t r a  were  taken 
on an MI-1355 ins t rument .  The pe roxy  diacids were  synthes ized  as  desc r ibed  in [9]; CO 2 was de te rmined  
g r a v i m e t r i c a l l y .  

Addition of  2 -Carboxye thy l  Radica ls  to 1-Alkenes  and 1-Alkynes.  To a mix tu re  of 0.02 mole  of PDSA 
and 0.10 mole  of unsa tu ra ted  compound in 15 ml of MeOH was added in 1 h a solution of 0.02 mole  of FeSO a �9 
7I-t20 in 60 ml  of MeOtI at 20*C. The solvent and unreac ted  unsa tura ted  compound were  dis t i l led off and the 
res idue  was e s t e r i f i ed  with methanol  in the p r e s e n c e  of cone. tt2SO 4. The f rac t ion  of the mixed acid e s t e r s  was 
i so la ted  by dist i l lat ion.  The quanti ta t ive yield of the products  was de te rmined  by GLC using internal  s tandards  
(see Table  1). 

A f rac t ion  with bp 90-100 ~ (15 mm) was obtained in the reac t ion  with 1-hexene,  f rom which by p r e p a r a t i v e  
GLC we isola ted  a mix tu re  of the methyl  e s t e r s  of nonen-4-o ic  (IIa) and nonen-5-o ic  (IIIa) acids in a 1:3 ra t io  
(NM_R data). NMR s p e c t r u m  (5 ,  ppm): 5.36-5.16 m (CH--CH); 3.55 s [OCH 3 in (IIa)]; 3.50 s [OGH 3 in (IIIa)]; 
2.19 m (CH2C=O); 2.05-1.76 m (CH2CH=GHCH2); 1.34-1.10 m (CI-I2CH2CH); 0.8 t (GH3). 

The s t r u c t u r e  of the methyl  e s t e r s  of undecenoic ac ids  (IIb) and (IIlb) was conf i rmed  by the i r  convers ion  
to methyl  undecanoate by hydrogenat ion over  Raney Ni. 

Decomposi t ion  of Pe roxyd ig lu ta r i c  Acid in D20. To exchange the c rys t a l l i za t ion  wa te r  for D20 the FeSO 4 
heptahydrate  was heated (110-120 ~ 5 h) in vacuo, a f t e r  which it was t r e a t ed  with D20 and dehydrated again. The 
opera t ion  was r epea ted  four  t imes .  The r eac t ion  and isolat ion of the products  were  run the s ame  as  descr ibed  
in [8]. The amount  of deu te r ium in the acid d i e s t e r s  was de te rmined  by m a s s  s p e c t r o m e t r y  on the bas i s  of the 
in tensi ty  of the peaks  that  a r e  fo rmed  when the OCHa groups a r e  c leaved.  For the isola ted dimethyl  e s t e r s  of 
g lu tar ic  and suber ic  acids the m / e  ( re la t ive  intensity,  %) is ,  respect ive ly :  129 (100), 130 (8.3), 131 (0.5) and 
171 (100), 172 (13.4) 173 (0.93). To calcula te  the amount  of  the natura l  C 13 and D isotopes we took the spec t r a  
of  control  s a m p l e s  of  the d i e s t e r s  of t hese  ac ids ,  m / e  ( re la t ive  intensi ty,  %): 129 (1007, 130 (6.87,131 (0.4) and 
171 (100), 172 (9.4), 173 (0.85). 

1. 
a lkeaes .  
ac ids .  

C O N C L U S I O N S  

2-  Carboxyethyl  r ad ica l s ,  genera ted  in the s y s t e m  peroxydisucc in ic  a c i d -  Fe(III) sulfate,  add to 1- 
The in te rmed ia te ly  fo rmed  adduc t - r ad i ea l s  a r e  oxidized by Fe(III) ions to give 5 4 , 5  and As,6-alkenoic 

2. The vinyl adduc t - r ad ica l s ,  obtained by the addition of 2 -ca rboxye thy l  r ad ica l s  to 1-alkynes ,  p r e d o m i -  
nantly c leave  hydrogen f r o m  the H donor in the p r e s e n c e  of Fe(II1) ions. 

3. ~ - C a r b o x y a l k y l  r ad ica l s  a r e  capable  of being reduced  by Fe(II) ions in wa te r  to the cor responding  
acids .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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