
6-Tniocyanolhexanoic acid,  NCSCH2(CH2)4CO2H, bp 15Z~ (0.08 ram).  Methyl e s t e r  NCS a CH2~H2"YCH2 - 
6 e 
CH2CH2COGCH 3, bp 180~ (lb ram) [~]. PMR s p e c t r u m  (in CCI 4, 5, ppra): 1.50 m(2H,  ~/-CH2) , 1.68 m (2H, 
5-CH2) , 1.87 m (zH, fi-CH2), 2.36 t (zH, e-CH2, J = 7.5 t tz),  2.98 t (zH, a -CH2,  J = 7 .2a  Hz),  3.68 s (JH, 
CO2CH3). The 13C NMR spec t rum was taken with par t ia t  proton decoupling in CDCI3 (5, ppra) : 23.7 t (CT), 
2 7 . 1 t  (Co), 2 9 . 3 t  (Cfi), 3 3 . 3 t  (Ce), 33 .5~  (Ca) ,  51.2 q (O13CH3), 111.7 s (N~3CS), 173.2 s (13C=0).  IR 
spec t rum (v, cm-1):  1740 ( O - C = O ) ,  2151 (S -C~-N) .  Mass  spec t rum (mtz) :  187M +, 156 (M-OCH3) +, 155 
(M-CH3OH) +, 127 (M-CH3COO) +, 101 C3HTSCN +. 

7-Chloroheptanoic  acia  C1CH2(CH2)sCO2H, bp 171 (12 ram).  PMR spec t rum (in CCI4, 5, ppm): 1.50 b r . s  
(8H, (CH2)4), 2 .27 t (2H, C H2CO2H, J = 6.2 Hz),  3 .38 t (2I-I, CH2C1, J = 6.3 Hz),  10.9a s (IH,  CG2H ). 

7-Thiocyanoheptanoic acid ,  NCSCH-I2(CH2)sCO2H, bp 175~ {0.08 mm) .  IR ~pectrum (v, cm-1): 1740 
( O - C  =O),  2162 ( S - C  ~ N). 

C O N C L U S I O N S  

The act ion of catalyt ic  amounts of copper  ions in the p re sence  of MX ~alts (M = K and Na, X = C1, Br ,  
l, SCN) leads to the aecomposition of the hydroperoxides of C5-C 7 cycloalkanones with the formation of ~- 
chloro-, w-bromo-, w-iodo-, and w-thiocyanoalkanoic acids. 
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ESR DETERMINATION OF THE RATE CONSTANT FOR 

THE ADDITION OF CpW(CG)3 TO SPIN TRAPS 

R. G. Gasanov and R. Kh. Freidlina UDC 543.422. 27"541.127:542. 955:541. a15 

ESR spectroscopy in conjunction with the spin trap ST technique [1-3] is commonly used in the study of 
the mechanisms of radical reactions initiated by Cr, Mn, and Fe carbonyls [4]. The formation of metal- 
centered metal carbonyl radicals in addition to organic radicals has been shown in the case of several reac- 

tions, in particular, in the reaction of metal carbonyls (MC) with halogen-containing compounds [5-8]. Know- 
ledge of the rate constants for the addition of these metal-centered radicals to ST is required in the ESR 
study of homolytic reactions using the spin trap technique. 

In the present work, rate constants were found for the addition of CpW(C 0) 3 radicals (I) to 2,4, 6-tri-tert- 
butylnitrosobenzene (BNB) and a-phenyl-N-tert-butylnitrone (PBN). 

Signals are observed in the ESR spectrum upon irradiation of a benzene solution of [CpW(CG)3]2 at 366 
nm in the presence of BNB with a N = 10.8 and am_ H = I. 6 Oe (g = 2. 0040). Knowledge of these coupling cons- 
tants and the g factor and the use of the data of Terabe and Konaka [9] permit us to assign these signals to spin 
adducts of radicals (1) with BNB, whose formation may be described by Scheme 1 
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Scheme 1 

[CpW(CO)~l~ ~ 2CpW(CO)~ 
(i) 

BNB 
(I) -t- BNB ad , ArNOW(CO)3Cp 

(li) 

Mere and subsequen t ly ,  Ar  = z ,4,6-(Me3C)3C6H 2. 

When us ing  PNB,  the ESR s p e c t r u m  shows a t r ip l e t  of  doublets  (a N = 14 .9 ,  a H = z. 0 0 e )  which c h a r a c -  
t e r i z e s  r ad i ca l  (III) 

PNB 
kad 

(I) ~- PNB , PhCH[CpW(CO)3IN(O)CMe~ 
(III) 

In the pho tochemica l  decompos i t i on  of [CpW(CO)a]2 at 366 nm in PhCH2C1 solu t ion  in the p r e s e n c e  of 
[BNB]0 = 0. 013 M,  the ESt/ ~pec t rum shows l ines  for  the spin  adducts  of  PhCH2 r a d i c a l s  (IV), which a re  o b -  

ta ined  b y  Scheme 2, in addit ion to  s igna l s  fo r  r a d i c a l s  (II). 

Scheme 2 

(I) + PhCH~C1 ~ab CpW(CO)3C1 + PhCH2 
(iv) 

(IV) ~- BNB -+ ArN(0)CH2P h 
(v) 

The c o n c e n t r a t i o n  of  r a d i c a l s  (V) i n c r e a s e s  l i n e a r l y  with d e c r e a s i n g  BNB concen t r a t i on .  In the quas i s t eady  
s ta te  fo r  Schemes  1 and 2, we find 

kBNB [PhCH2C1]0 [(II)] (1) 
ad ~ kab [BNB ]0 [(IV)] 

The s imu l t aneous  de tec t ion  of r a d i c a l s  (II) and (IV) p e r m i t s  d e t e r m i n a t i o n  of  the r a t e  of  addi t ion o f  r a d i -  
k BNB = 6 .7 .105 l i t e r s /  ca l s  (I) to BNB a s s u m i n g  that  kab = 14 l i t e r s / m o l e . s e c  at 20~ [10] a n d u s t n g E q .  (1): ad 

mo le .  s e c .  

The r a t e  cons tan t  k BNB ad was  a l so  d e t e r m i n e d  in a s tudy of  the decompos i t i on  of  CpW(CO)3Me. 

Upon the i r r a d i a t i o n  of  a benzene  solut ion of  CpW(CO)~Me in the p r e s e n c e  of BNB,  ESR s ignals  a r e  o b -  
s e r v e d  fo r  r a d i c a l s  (I) and CH3 with a N = 13.11,  am_  H = u .8 ,  and a~ H = 1 2 . 4 0 e ,  which a r e  in a c c o r d  with 
the p a r a m e t e r s  of  the spin adducts  of  me thy l  r a d i c a l s  with BNB [9]. -Assuming  that  the r a t e  cons tant  fo r  the 
addi t ion of  me thy l  r a d i c a l s  to BNB at 20~ is 5 .4 .  105 l i t e r s / m o l e . s e c , *  we m a y  u se  the  ESR s p e c t r u m  o b -  
ta ined  upon the decompos i t i on  of CpW(CO~)Me in the p r e s e n c e  of  BNB: k BNB = 7 0.105 l i t e r s / m o l e . s e c .  

ad 
Thus ,  the k BNB values  for  r a d i c a l s  (I) obta ined  by d i f fe ren t  p r o c e d u r e s  a r e  iden tmal .  

ad 
In the pho tochemica l  decompos i t i on  of  a benzene  solut ion of  [CpW(CO)3]2 with the p r e s e n c e  of  both [BNBJ0= 

1 . 3 8 . 1 0  -2 and [PNB]0 = 7 . 7 4 . 1 0  -2 M,  ESR s igna ls  a r e  found fo r  r a d i c a l s  (II) and (III). UMng the r a t io  o f  the  
e x p e r i m e n t a l l y  d e t e r m i n e d  ra t io  of the c onc e n t r a t i ons  of r a d i c a l s  (II) and (III) and taking kBa~B = 6 .7 .  105-7.0" 
105 l i t e r s / m o l e ,  s e c ,  we obta in  kaPdNB = 5 .8-  104-6.1-  104 l i t e r s / m o l e -  s e c .  

C o m p a r i s o n  of  the va lues  for  kB~ NB and k.P~ NB with the c o r r e s p o n d i n g  va lues  fo r  the individual  r a d i c a l s  
~tu 

shows tha t  r a d i c a l s  (I) a r e  s i m i l a r  in t~e i r  r e a c t i v i t y  to alkyl r a d i c a l s  [14] in the r e a c t i o n  with the spin t r a p s  
s tudied .  

These  r e s u l t s  indica te  a new a p p r o a c h  for  the de t e rmina t i on  of  the c o r r e s p o n d i n g  r a t e  cons tan t s  fo r  m a n y  
me ta l  c a r b o n y l  m e t a l - c e n t e r e d  r a d i c a l s  in the i r  addi t ion to a l a rge  n u m b e r  of sPin t r a p s .  

* The r a t e  cons tan t  fo r  the addi t ion of CH 3 r a d i c a l s  gene ra t ed  by the c a e m m a t  decompos i t i on  of  MeI in the p r e -  
s ence  of  Hg(m-C2H2BlcI-Ig-9)2 [11, 12] was  d e t e r m i n e d  in the  compe t i t i ve  r e a c t i o n  of  CH 3 with BNB and PhCH2Me. 
In th is  r e a c t i o n ,  sp in  adducts  fo r  CH3 and PhCHCH 3 w e r e  de tec ted .  Tae  f o r m a t i o n  of  PI1CHCH 3 was  a t t r ibu ted  
to a b s t r a c t i o n  o f  hyd rogen  a toms  by CH 3 f r o m  PnCH2CH3; the r a t e  cons tan t  fo r  this  p r o c e s s  was  taken  as 1 .1 .  
1u 3 l i t e r s / m o l e . s e c  at 20~ [13]. 
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E X P E R i M E N T A L  

The ESR spectra were taken on a RE-1306 spectrometer at about z0~ Degassed soluhons were irra- 

diated in cylindrical glass ampules in the spectrometer probe using a DRSh-500 lamp. 

Samples of [CpW(CO)3]2 and CpW(CO)3Me sublimated prior to use were obtained according to the pro- 

cedures given by Nesmeyanov et al. [15]. 

CONC LUSIONS 

The reaction of [CpW(CO)3]2 with PhCH2CI and the decomposition of CpW(CO)3Me were studied by ESR 
spectroscopy using 2,4,6-tri-tert-butylnitrobenzene (BNB} and ~-phenyl-N-tert-butylnitrone (PNB) as spin 

traps. The rate constants for the addition of CpW(CO) 3 radicals to the spin traps at ~ z0~ were determined 
by identification of the intermediate radicals in these reactions: k BNB = 5 7. 105-7.0-105 and k PNB = 5. S. 104- 

ad " ad 
6.1.104 l i t e r s / m o l e ,  s ec .  

io l~. 

2o V. 
3o M. 
4. E~ Ts 

im.  D 
5. R . G .  
6. R . G ~  
7. R o G .  
8. R . G .  
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