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D E C O M P O S I T I O N  O F  T R I C Y C L O H E X Y L I D E N E  P E R O X I D E  

E .  K.  S t a r o s t i n ,  A .  V.  A t e k s a n d r o v ,  UDC 541.11: 541.14: 542.r 
A.  V.  I g n a t e n k o ,  a n d  Go I .  N i k i t i n  

Cycloalkanes  and lactones [2, 3] a re  fo rmed  in the t h e r m a l  and photolytie decomposi t ion of cyclic  p e ro x -  
ides which a r e  synthesized f rom cycloalkanones  and H202 [1] Thus,  the t h e r m a l  decomposi t ion  of t r i eyc lo -  
hexylidene peroxide (I) leads to cyclopentadecane (II) and the hexadecanolide (III) in amounts  of  0.15 and 0.25 
mole  per  mole  of (I): 

n L (CH2)ls 
.>  2o) 

( I I )  (IiI) 
in the p re sen t  work  the t h e r m o l y s i s  of (I) has been invest igated with the a im of es tabl i sh ing the s t ruc tu re  

of the "di laetone" postulated in [4] and answer ing  some quest ions re la ted  to the reac t ion  mechan i sm.  The c o m -  
position and yield of the products  obtained in the t h e r m o l y s i s  of (I) in octanoic acid at  lS0~ a re  given in 
Table 1. These data show that  the dilactone (IV) is fo rmed  together  with the macro lac tone  (II[I) [(III): (IV) ~ 4:1] 

(I)-c-~2 

o o 
II H fo-o.  c.o-o h 
',~ 

�9 C - - O ~  " - O - - C  
II II 
o (iv) (v) o 

The s t ruc tu re  of  the p r epa ra t i ve l y  isola ted dilactone (IV) was conf i rmed by 1H and 13C NMR and by IH 
and m a s s  s p e c t r o m e t r y .  1 ,10-Decanedicarboxyl ic  acid is fo rmed  in the hydro lys i s  of  (IV). However ,  the p r e s -  

TABLE 1. P roduc t s  of  the T h e r m a l  Decomposi t ion of T r i eyc lohexy l -  

Products 

idene Peroxide  (I) in Oetanoie Acid* 

Yield, moles/ 1 
mele peroxide 

Cyclopentadecane 
Hexadecanolide 
Dilactones ~IV) and (V) 
Cyelohexanone 

Products 
Yield, 
mole peroxide 

Cyctopentane ' { 0,40 024 
0,12 Hexanoic acid 0,03 
0,03 e- Capmlacto ne 0,08 
0,t9 CO2 L60 

* Oxygen and pentadecene were  identified qual imtively .  
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Fig. 1. EPtl  spec t rum of the r ad i -  
cals  fo rmed  in the UV i r rad ia t ion  
of t r ieyc lohexyl idene  peroxide  a t  
-1~6~ 

ence of two signals in the 13C NMR spec t rum in the region 64.4 and 64.1 ppm,  which co r r e sponds  to the 13CH20 
groups ,  can indicate the p re sence  of the i somer i c  dilactone (V). Based on the in tegra l  in tens i t ies ,  (IV) : (V) 
8 : 1 .  Besides the mac rocyc l i c  compounds (TT)-(V), cyclopentane,  ~ -capro lac tone ,  hexanoic acid,  and cyc lo-  
hexanone were  found in the decomposi t ion  products  (see Table 1), and pentadecene and oxygen were  identified 
quali tat ively.  

In o r d e r  to c la r i fy  the mechan i sm of fo rmat ion  of the reac t ion  products ,  EPR was applied to the photo- 
lytic decomposi t ion of (T). However ,  the r e su l t s  obtained apply to a ce r ta in  degree  also to the t h e r m a l  d e c o m -  
position of this peroxide,  since the identical  products  a r e  obtained in the photolysis  and t h e r m o l y s i s  [~]. In 
the photolysis  of f rozen solutions of (T) in octanoic acid (-1.q6~ rad ica l s  of the type of I=tCH2CH 2 appea r ,  the 
spec t rum of which (see Fig. 1) cons i s t s  of s ix components  with the m e a n  hfs split t ing between them a H ~ 22 Oe and 
a rat io of intensi t ies  1 : 3 : 4 : 4 : 3 : 1. The broadening of the components  is probably  due to the fo rmat ion  o f  
rad ica l s  of the type RCH2CH 2 ... CH2CH2R , located c lose  to e a c h o t h e r  (~ 8-10 A), leading to the appearance  
of s p i n - s p i n  coupling. The broadening of the components  also indicates  the p r e sence  of b i r ad ica l s  
CH2(CH2)n~H 2 (n = 3 o r  13), which a r e  fu r the r  conver ted  to cyclopentane or  cyclopentadecane 

CH2(CH2)n~H 2 ~ (C~ 
n ~ 3 ,  13 

Besides this ,  the r ad ica l  mechan i sm of the reac t ion  is conf i rmed by data on the proton CIDNP of the c o m -  
pounds fo rmed  in the t h e r m a l  decomposi t ion  of (T) in DMSO. The obse rved  CTDNP effects  a r e  s im i l a r  to the 
CTDNP effec ts  of  the decomposi t ion  products  of dicyclohexylidene peroxide  [6]. The mul t ip le t  polar iza t ion  
E /A in the region 4.8-5.6 ppm co r r e sponds  to the protons  of the C = C end bond and belongs to pentadecene,  
a product  of the d ispropor t ionat ion  of the pentadecane b i rad ica l  

~H2(CH~)I3CH2 --~ CH~ = CH--(CH~)~--CH3 

Cyclopentadecane,  which is a product  of in t r ace l lu la r  cycl izat ion,  is not po la r ized ,  since in the b i rad ica I  Ag 
0, and the mul t ip le t  polar iza t ion  does not appea r  since al l  protons  a r e  equivalent.  CIDNP of the protons  of  the 
CH2OC(O ) group could have been expected in the mono-  and the dilactone; however ,  it was  not observed,  as in 
the case  of the diperoxide [6], apparen t ly  due to the shor t  life of  the cor responding  b i rad ica l s .  

Based on the data obtained,  the m e c h a n i s m  of decomposi t ion of t r icyc lohexyl idene  peroxide (T) can be 
p resen ted  in a gene ra I  form.  Mos t  probably ,  the decomposi t ion  s t a r t s  with the rup ture  of one of the O - O  
bonds and the r e a r r a n g e m e n t  of the alkoxy rad ica l s  into b i rad ica l s  (A); by recombina t ion  these  a r e  then con-  
ver ted  to in te rmedia te  decane- l ,10-d ioy lcyc lohexy l idene  peroxide (VT) 
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The subsequent decomposit ion of the peroxide (VI) leads to the biradicals  (B). By liberating three,  two, o r  
one molecule of CO2, these biradicals  are  then converted to cyclopentadecane,  the monolactone ([II), and the 
diLactone (IV), respect ively .  Fragment  radica ls  whieh have escaped from the "cage ,  are  converted to hex- 
anoie acid, cyelopentane,  cyelohexanone, o r  e -capro  lactone. 

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

The PMR spectra were obtained on a Tesla BS-467 spectrometer; the 13C NMR spectra, on a Bruker 
f 

WP-60 instrument  (with TMS as the internal  standard). The EFR spectra  were obtained on an EPR-2  spec-  
t r o m e t e r  of the Institute of Chemical Phys ics ,  Academy of Sciences of the USSR; the IR spectra ,  on a UR-20 
instrument;  and the mass  spect ra ,  on an MKh-1303 spec t rometer .  GLC analyses were made with an LKhM- 
8MD chromatograph  with a f lame-ionizat ion detector.  The columns used were 1 m • 3 ram, packed with 15~ 
SE-30 and 129 bis(2-cyanoethyl) ether  on Chromosorb  W (60-80 mesh). The substances were identified by 
means of re fe rence  samples;  the yields were determined by the internal standard method. CO 2 was de te r -  
mined gravimet r ica l ly .  

Tricyelohexylidene peroxide (I) was synthesized by the method given in [7], mp 91~ (from CH3OH ). 
PMR spect rum (CC14, 6, ppm): 1.50 m (6H, CH2) , 1.70 m (4H, CH2COO ). 

The thermal  decomposit ion of the peroxide (I) was ca r r i ed  out in octanoic acid (0.25 mole/ l i te r )  in Ar  at 
180 ~ . During the the rmal  decomposit ion the tempera ture  rose  to 200 ~ . When the react ion was finished (after 
3 h), the react ion mixture was cooled and the products were analyzed by GLC. The EPR spectra  were ob-  
tained by i r radiat ion of the frozen solutions of (I) in octanoic acid (-196 ~ with the fi l tered light f rom a DRSh- 
250 lamp (240 nm < X < 400 nm) in the resona to r  of the spec t rometer .  Having switched off the light source ,  
the changes in the EPR spect ra  were recorded  due to the increase  in sample tempera ture .  CIDNP was ob-  
served in the decomposit ion of (D in DMSO direct ly  in the resona tor  of the RS-60 spec t rometer .  The products 
of the thermal  decomposit ion of (I) in octanoie acid were neutral ized with Na2CO3, extracted with ether ,  dried 
with MgSO4, and distilled. Cyclopentadecane,  bp 120-130 ~ (10 ram). FMR spect ra  (CC14, 6, ppm): 126 s (CH2). 
Pentadecene was isolated together  with pentadeoane. FMR spect ra  (CC14, 5, ppm): 126 s (CH2) , 4.9 m (CH 2 = 
CH). Hexadecanolide, bp 81-82 ~ (0.4 mm).  PMR spect rum (CC14, 5, ppm): 1.30 br. s (26H, CH2), 2.25 t (2H, 
CH2COO, J = 6 Hz), 4.07 t (2H, OCH2, J = 5.2 Hz). IR spectrum (v, cm-1): 1740 (C = O ) .  Mass spect rum:  
M + 254. 

The diLactones (V) and (VI) were isolated from the react ion mixture by chromatography on silica gel 
(Silica gel L-40/100),  eluent CCl4-e the r  (20 : 1). Mass  spectrum: M + 298. PMR spectrum (CC14, 6, ppm): 
1.30 br. s (14H, CH2) , 1.55 br. s (8H, OCI-I2CH2 and OOCCH2C_C_H2) , 2.23 t (4H, CH2C ~ O, J=6Hz) ,  4.05 t (4H, 
OCH2, J = 5.2 Hz). 13C NMR spectrum (CDCI3, 5, ppm): 174.1 (C ~---O), 64.4 (OCH2) , 64.1 (OCH2) , 34.6 (CH2COO), 
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28.7 (CH2CH2CO), 27.9 (CH2). [R spec t rum (v, cm- l ) :  1740 (C - - O ) ,  2940, 2860, 1465 (CH2) , 1175, 1250 (C-O) .  
The rat io  of the in tegra l  intensi t ies  of the IR bands a t  1740 cm -1 was (IV) : ( I I I ) =  2; this indicated the p re sence  
of two e s t e r  groups in the molecule  of (IV). 

C O N C L U S I O N S  

In the t he rmolys i s  of  t r icyc lohexyl idene  peroxide in the liquid phase a "dilactone" is fo rmed,  bes ides  
the e a r l i e r  identified m a c r o c y c l i c  compounds (cyclopentadecane and hexadeeanolide),  which is the cycl ic  e s t e r  
of 1 ,10-decanedicarboxyl ic  acid and 1,5-pentanediol .  
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A S Y M M E T R I C A L  N O N - B R I D G E D  N I T R O G E N  

27.* NEW, OPTICALLY ACTIVE 1-ALKOXY-2,2-BIS(TRIFLUOROMETHYL)AZIRIDINES 

R.  G. K o s t y a n o v s k i i ,  G. K .  K a d o r k i n a ,  
G. V .  S h u s t o v ,  [ .  I .  C h e r v i n ,  
Sh .  S. N a s i b o v ,  a n d  S. V .  V a r l a m o v  

UDC 541.63: 535.56:547.71 '161 

In az i r id ines  of the type (CFB)2CCH2NOR, the ch i ra l  ni t rogen pyramid  has high configurat ional  s tabil i ty 
L t 

[2]. Hence for  R = CMe(CO2Me)2 , there  is a d i f ference  in the r eac t iv i t i e s  of the d ias te reo top ic  e ther  groups  
and, as a r esu l t ,  the monosubst i tut ion products  upon alkal ine hydro lys i s  and ammono lys i s  a r e  obtained in un- 
equal  amounts  [3]. In the case  of R = CMe2CO2Me and CMe2CO2H , the az i r id ines  could be reso lved  into an t i -  
podes accord ing  to a p rev ious ly  desc r ibed  method [1]. A study of the r acemiza t ion  of these compounds and the 
ep imer iza t ion  of analogs with R = CMe(CO2Me)CONH 2 and CMe(CO2Me)CO2Et showed a higher  ni t rogen inve r -  
sion b a r r i e r  [3] than for  de r iva t ives  with less  bulky subst i tuents  R = CHMeCOX, X = MeO and NH 2 [4]. This 
lmexpected finding is not in acco rd  with the concept  of a lowered n i t rogen  invers ion  b a r r i e r  with inc reas ing  
subst i tuent  bulk [5]. In the p re sen t  work ,  this anomaly ,  which was d i scovered  in our  l abora tory ,  was conf i rmed 
for  fu r the r  examples .  

The s ta r t ing  az i r id ine  was synthes ized  by the scheme 

OCH~CO~Me 
CF3 / CF~ 

BrCH~CO~YI~ (CFs)2C=NOCH~CO2Me OH,N: CFaX___N h v  )w._____NOCH2CO2Me 
(CFa)~C=NOH I(,coa, MeCN (I) EtzO ~/ / / \N ~1'~2" CFa 

N (III) 
(II) 

We should note that  prolonged main tenance ,  as indicated in our  previous  work [4], is not requi red  for  the addi-  
tion of CH2N 2 to (I). For  example ,  only t r a c e s  of (I) (as seen using th in - l aye r  chromatography)  r ema in  a f t e r  
t r e a t m e n t  of (I) with a twofold e x c e s s  of CH2N 2 in e the r  a f t e r  only 1 h. 

* For  Communcat ion 26, see [1]. 
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