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Syntheses and Decomposition of meso- and dZ-2,3-Dimethylsuccinyl 
and cis- and trans- 1,Z-Hexahydrophthaloyl PeroxideslJ 

The thermal decomposition of c i s -  and trans- I .2--hexahydrciphthalo?.l peroxide. ( 4  and 5. respectivel) in dichlo- 
ri methane affords cyclohexene in 27 and B yields, respectively. Similarly. the thermal decomposition of 4 and 
5 i n  methanol affords c,yclohexene (:IO%) and trace quantities ol' I-meth(ixycyc~lohexaiie ( 1 5 )  and :~-niethox!-cyclo- 
ht!xeiie ( 1 6 ) .  No evidence f o r  the generation oftrnn.~-cyclohexene was t'ound. Cis and trans peroxides 4 and 5 under- 
gc1 decomposition in the  presence of triphenylphosphine and some aromatic hydrocarhons. l1pon direct irradiation 
peroxides 4 and 5 afford cyclohexene in 40% yield. The  thermal decomposition ot n21~si1- and dl-2,~i-dimethyIsucciii- 
yl peroxides (6  and 7. respectively) al'fords I rnn r -  and (is-2-butenes in similar ratios i 2 .2 ) .  This is different t'rom 
the reported braching ratio of'triplrt 2--hutene ( 7  .!)2)). Meso periJxide (i on thermal decomposition at 92 in dichlo- 
roniethane affords t r a r i s -  a n d  cl's-2-hutenes and thrcv-  and ( ' r )  thr~i-2.:i-dinieth~l~)rc1~~iolactones 130 and 29) in ra-  
ti IS of' 2.2: 1.0:0.:3:0.1. respectively. d /  Peroxide 7 on thermal decomposition at 9'1 " C  i n  dichloromerhane affords 
t rarw-  and c,is-?-hutenes and t l i r c w  and i'r? tiirti-2,:~-diniethglprci~~iolactc1nei (:lo and 29) in ratios o t ' 2 . ~ : 1 , ~ ) : ~ ) . 4 : ~ ~ . 1 ,  
The intermediacy of rapidly equilibrating carlioxy hiradicals 3 2  anti XI o r  t i icarhoxy hiradicals 34 and :I5 that t r a g -  
ment to the same set of c a r h x y  hiradicals 32 and 3 3  is sitt'l'icient t o  explain the data .  The  thermal decomposition 
oi'ineso and di peroxides 6 and 7 i n  methanol affords 2-butenes as the major products and sinal1 amorints ( 2 - 4 ~ )  
oI' methyl ethers. 2-methosyhutane ( 4 9 )  and 2-metho. i-hutene !: is), Irradiation of '  ( i j -  and t ron\-2-hutenes in 
methanol affords trace quantities of'methyl ethers 3s and 39. Mew and di peroxides 6 and 7 undergo decomposition 
ir the presence of triphenylphosphine and aromatic, hydrc~carb[~ns.  The  relative reactivities of induced peroxide 
dixomposition with aromatic hydrocarhons are ruhrenr  > peryletie > diphenylanthracene. d/- 2 . : ~ - I ) i t i ~ ~ ' t h ~ l s ~ i c c i i i -  

ieroxide (71 emitted faintly visihle light i n  the  d a r k  i i i  the  presence of ruhrene. Direct irradiation o i  meso perox- 
6 afl'ords f r o r ~ s -  and cis-2-hutenes and thrc,ri- and ~ ~ r ~ f h r i i - 2 . : i - t l i i i i e t h y l p r ~ i ~ ~ i ~ 1 l a c t o ~ i e ~  130 and 2 1 1  in ratios of 

2.c5:1.0:0, 1:U.W. Direct irradiation of d i  Iieroxide 7 al'f(irds trnrir- and c.i,,-2-liutenes. i h r ~ w ~ l 0 ,  and c r > ,  ~ h r f i - 2 9  in 
ratios oi' 1.9:1 . O : O , : ~ : O , O : ~  

Thermal  routes for the generation of electronically excit- 
ed states of simple alkenes are unknown. Thermochemical 
es t imated suggest that  the thermal fragmentation of succinyl 
peroxides may be an energy sufficient reaction to populate the 
T,T*  triplet of the corresponding alkene product (Scheme 
I ) .  

The  mechanism of the decomposition of succinyl peroxides 
is not known, and only a few examples of any six-membered 
cyclic diacyl peroxides exist."-* T h e  syntheses and decom- 
positions of phthaloyl peroxide ( l)6aJi and phenylmaleoyl 
peroxide (2) were reported in 1955 and 1973, respectively. 
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Succinyl peroxide (3)  was reported in 1951, but neither 
spectral d a t a  nor decomposition chemistry were given." 

Scheme I 6: 
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We describe here our recent efforts with regard to the 
syntheses, characterization, and thermal decomposition of a s -  
and t rans -  l,2-hexahydrophtha!oyl peroxides ( 4  and 5 ,  re- 
spectively) and meso- and d- 2,:i-dimethylsuccinyl peroxides 
( 6  and 7 ,  respectively). Our initial goals were aimed a t  ex- 
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ploring (a) their ease (or difficulty) of synthesis which will hear 
on their suitability as precursors to  alkenes by thermal or 
photochemica! routes, (b) the  stereochemistry of the  decom- 
position products as this relates to  mechanism, and (c) the 
induced decomposition of these six-membered cyclic perox- 
ides by aromatic hydrocarbons. 

Results and Discussion 

Syntheses of cis- and trans-1,2-Hexahydrophthaloyl 
Peroxides (4 and 5) .  cia- and trans-Hexahydrophthaloyl 
peroxides (4  and 5)  were prepared by successive treatment of 
the  corresponding cis and trans dicarboxylic acids, 8 and 9, 
respectively (or the anhydrides), with phosphorus penta- 
chloride and an aqueous buffered solution of sodium peroxide 
(Scheme II).6'7 The  isomeric purities of the cis and trans diacid 
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chlorides 10 and 1 1  were >95°,(l, determined by analytical 
vapor phase chromatography (VPC) of the corresponding cis- 
and trans-dimethyl 1.2-hexahydrophthalates (12  and 13) 
obtained from the reaction of the diacid chlorides with 
methanol. The  white crystalline cis and trans diacyl peroxides. 
4 and 5, were obtained in 28'?$, yield after precipitation from 
t 1  -hexane. Tht>, j~ s o l i d  peroxidc.r decomposed r a p i d / >  unci 
o j t ~ r 7  exp/osi i t i>,  cc,lic.n s u h j c c i c d  t c i  shock  or rnpid hea t ing .  
Safety measures and caution should be taken when working 
with these poientially hazardous materials. They are well- 
hehaved in solution and are found to  be soluble in several or- 
ganic solvents: chloroform, dichloromethane. benzene, te t -  
rahydrofuran, and acetonitrile. The  NMR spectra of these 
peroxides were consistent with their assigned structure. 
Typical dried solid samples contained small amounts of  IZ - 

hexane (-1 2% 1 .  Two strong carbonyl stretches were ohserved 
which are characteristic of these peroxides. 180:1 and 1775 
un-' for the ci:; isomer 1 and 1800 and 1775 cm-' for the trans 
isomer j, and easily distinguishes t.hem from the corre- 
.iponding anhjdr ides  and acid chlorides. Molecular weight 
determination hy the method of' freezing point depression in 
benzene showed the peroxides to  be monomeric.!' 

Decomposition of cis- and trans-Hexahydrophthaloyl 
Peroxides (4 and 5 ) .  The thermal decomposition of (,is- and 
irnr:,\- h e x a h y d r o ~ ~ l i t h a l ~ ~ y l  peroxides ( 4  and 5 )  in dichloro- 

U 
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methane a t  100 " C  afforded cyclohexene (14)  as the only 
volatile product in 27 and :12% yields. respectively, as deter- 
mined by analytical YPC. The thermal decomposition of 4 and 
.i in dry methanol at 95 "C afforded cyclohexene ( 1 4 )  as the 
major product (30%) and trace quantities of l-methoxycy- 
clohexane (15) and :i-methoxycyclohexene ( 16) (0.5% yield). 

0 OCH3 OCH3 
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Decomposition i n  methanol-0-d revealed no significant 
deuterium incorporationl" as might be expected i f  the  gen- 
eration and trapping of trans-cyclohexene were occuring." 

I t  is known that irradiation of'cyclohexene in the presence 
ot' methyl acetate affords three dimers, t rans-ant i - t rans- ,  
c,is,tra ns-, and cis-nn t i -  (,is- tricyclo [6.4.0.09,;] dodecanes ( 17, 

I9 

18, and 19, respectively).I2 In a n  effort to t rap  any transient 
trans-cyclohexene that  might be generated in the hexahy- 
drophthaloyl peroxide decompositions, the decomposition of 
t rans  peroxide .5 was carried out in neat cyclohexene. Coin- 
jection techniques with authentic samples of the dimers on 
two analytical VPC columns. as well as a VPC-MS search (for 
m l c  peak 164). showed no detectable trace of dimers (<lo/ , )  
t 'c  )r m ed , 

The reaction of peroxides 4 and 5 with triphenylphosphine 
o r  dimethyl sulfide in dichloroniethane afforded the corre- 
sponding anhydrides. In the presence of some aromatic hy- 
drocarbons':' such as rubrene or perylene in dichloromethane 
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(15 "C),  4 and 5 decomposed to  cyclohexene (20%). Direct ir- 
radiation of cis peroxide 4 in dichloromethane (Hanovia 
150-u' medium-pressure mercury a rcPyrex  1 afforded cy- 
clohexene (40%) as the  only volatile product. 

Syntheses of meso- and dl-2,3-Dimethylsuccinyl Per- 
oxides (6  and 7 ) .  Diacids. .4 mixture of' meso- and di-2.3- 
dimethylsuccinic acids (21 and 22, respectively) was synthe- 
sized from the reaction of diethyl methylmalonate and 
(1  -bromopropionate as reported.IJ Recrystallization from 
concentrated HCl afforded the dimethylsuccinic diacids 2 1 
and 22 enriched in the meso isomer 21 (>99%), m p  210 "C 
( l i t . ] '  209 "C). Conversion of'the water-soluble di diacid en-  
riched fraction to  the anhydride by treatment with acetyl 
chloride and recrystallization from carbon tetrachloride af- 
forded di- "3-dimethylsuccinic anhydride (24 ) .  mp 1128 "C 
(lit.] 120-125 "C).  >97?0 isomerically pure. analyzed by an-  
alytical YPC. 

Peroxides. meso-2,:3-Dimethylsucciiiyl peroxide ( 6 )  was 
prepared by treatment of meso- 2,;i-dimethylsuccinic acid (21 1 
with phosphorus pentachloride. affording the corresponding 
diacid chloride 27. T h e  freshly distilled meso diacid chloride 
27 was dissolved in dichloromethane and added to  an aqueous 
huffered solution of sodium peroxide." Similarly, d i -  2.:1- 
dimethylsuccinyl peroxide ( 7 )  was prepared by successive 
treatment of di-2.3-dimethylsuccirlic anhydride ( 2 4 )  with 
phosphorus pentachloride and an aqueous buffered solutioii 
of sodium peroxide. The  peroxides were obtained in 2-1'k, 
yields as white powders after precipitation from dichloro- 
methane-hexane, Since meso- and di-dimethyl succinates 
could be separated by analytical VPC, the isomeric purity of 
the meso and di diacids, 21 and 22, and the diacid chloride 
precursors. 27 and 28, to  the peroxides could be checked by 
conversion to their respective esters. 25 and 26. Reaction of 
the meso and di peroxides, 6 and 7,  with triphenylphosphine 
afforded the corresponding meso and di anhydrides 23 and 
24, which could be conveniently analyzed by analytical YPC. 
Thus. the isomeric purity of the meso and d l  peroxides, 6 and 
7. could be determined. Both meso and d i  peroxides were 
prepared in >95"/0 isomeric purity (Scheme III) ." 

Both peroxides were soluble in dichloromethane, chloro- 
form, and acetonitrile and slightly soluble in tetrahydrofuran. 
The  di peroxide 7 was soluble in benzene. Both peroxides in 
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Table I. Pyrolysis of meso-6 and dZ-7a 

temp, trans -/cis- 
ueroxide "C 2-butenes 

tncso- 6 92 
mcso- 6 278 
meso-6 357 
d l - 7  92 
di- 7 278 
d l -  7 357 

2.2 
2.1 
1.7 
2.2 
1.6 
1.6 

" Yields and ratios were determined by analytical VPC (13% 
DBT. 25 "C) using Zmethylbutane as an internal standard. 

solid form decompose explosively when heated, and often they 
detonated upon drying. The  peroxides were particularly dif- 
ficult to  get out of solution, especially the dl isomer, and were 
sometimes prepared in situ as stock solutions in dichloro- 
methane. T h e  NMR spectra of the peroxides are  consistent 
with their assigned structures. Two strong carbonyl stretching 
frequencies are characteristic of these peroxides (meso 1810 
and 1778 cm-!, and d l  1811 and 1792 cm-'). Attempts at 
carrying out a molecular weight determination by the method 
of freezing poi-nt depression in benzene were fruitless. T h e  
meso peroxide was not sufficiently soluble in benzene, and 
only milligram quantities of di were available, insufficient to 
determine molecular weight cryoscopically. Their similar 
synthetic origin, similar infrared spectra, and similar de-  
composition behavior to  the monomeric 1,2-hexahydro- 
phthaloyl peroxide suggest that  they may be likewise mono- 
meric. Until improved methods of syntheses of these peroxides 
are developed we will have to  interpret the stereochemical 
data  that  follow under the constraint tha t  molecular weights 
of these very labile species are still unknown. 

Synthesis o f  erythro- and threo-2,3-Dimethylpropio- 
lactones (29 and 30).  A mixture of erythro- and threo-2,3- 
dimethylpropidact ones (29 and 30, respectively) was syn- 
thesized by treatment of 3-hydroxy-2-methylbutanoic acid 
(31) with benzenesulfonyl chloride in ether a t  25 "C for 24 h.',' 

I I I  
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The isomers were separated and isolated by preparative VPC. 
T h e  infrared ( I  820 cm-') and NMR spectra were consistent 
with the  $-lactone structure.I6 T h e  isomeric purity of both 
isomers was >!38% as shown by analytical VPC. $-Lactones 
have been shown to decompose stereospecifically with syn 
elimination to  afford olefin products.'" T h e  isomers were 
collected into ri-octane as they eluted from the gas chroma- 
tograph and then were pyrolyzed in a sealed tube for 3.8 h a t  
171 "C. The  first eluting P-lactone peak afforded 99.7% pure 
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er,ythro - 29 

j - A  - A 'I 
t h r e o - 3 0  

trans- 2-butene after pyrolysis and was assigned the  threo 
configuration. The second eluting peak afforded 98.7% pure 
cis- %butene after pyrolysis and was assigned the  erythro 
configuration. 

Decomposii ion of meso- and dZ-2,3-Dimethylsuccinyl 

Table 11. Ratios of cis- and trans-2-Butenes and erythro- 
and threo-2,3-Dimethylpropiolactones 29 and 30 from the 

Thermal Decomposition of Peroxides 6 and 7 at 92 "C" 

meso- 6 61 28 8 3 
d l -  7 60 28 10 2 

Overall yields were 50-70%. Yields were determined by ana- 
lytical VPC (2-butenes, 13% DBT, 25 "C; 8-lactones, 10% PMPE, 
90 "C) with 2-methylbutane and dodecane as internal stan- 
dards. 

Peroxides (6  and 7) .  In Dichloromethane and Tetrahy- 
drofuran. Solutions of 6 and 7 in dichloromethane or THF 
(lo-,'< M) were heated a t  92 "C for 4 min. T h e  reaction was 
complete as determined by examination of the  peroxide car- 
bonyl region (1800-1775 cm-') in the infrared. T h e  ratios of 
trans-/cis-2-butenes are given in Table 1. Yields of %butenes 
were typically between 40-60?6, as determined by analytical 
VPC. These peroxides were also subjected to  gas phase py- 
rolyses a t  278 and 357 "C in a vacuum flow oven. 

The  similarity in the stereochemistry of the  cis- and 
trans- 2-butene products suggests a common intermediate or 
set of intermediates. Thermochemical estimates-' suggest that 
there is sufficient energy released in  these fragmentations to  
populate the triplet s ta te  of 2-butene (Err  = 78 kcal mol-'). 
The  kinetics of the cis-/trans-photosensitized isomerization 
of 2-butene in the gas phase reveal a branching rat io oftriplet 
%butene of 1.02.'; The lack of correspondence for the trans/cis 
ratios between the benzene-sensitized triplet '-butene (1.02) 
and the peroxide decomposition data  presented here (2.2) 
demands that  the triplet, if formed a t  all. cannot be the only 
intermediate in this reaction. The yields and stereochemistry 
of the c is -  and trans-2-butenes and erythro- and threo- 
@-lactone products from the thermal decomposition of meso 
and dl peroxides 6 and 7 in solution at  92 "C are given in Table 
11. The  erj'thro- and threo-$-lactones 29 and 30 were difficult 
t o  analyze accurately by analytical VPC due to  tailing of the  
sensitive p-lactones on the analytical column. However, the 
loss of stereochemical integrity in the $-lactone products from 
the thermal decomposition of the peroxides 6 and 7 is high, 
and within experimental error we find that  the erythro/threo 
ratios from the meso and d l  peroxide 6 and 7 decompositions 
are the  same. The  cis- and trans-2-butenes and the erythro- 
and threo-p-lactones 29 and 30 were shown not to  isomerize 
under the  reaction conditions. 

One explanation of the data  suggests the intermediacy of 
carboxy biradicals 32 and 33 which decompose to  2-butenes 
and b-lactones in a ratio of about 8:l. One might imagine 
different possible electronic states of the carboxy biradicals 
32 and 33, for example, 37r and 47r, having different behavior.18 

0 0 

37r 47r 

For the 47r state, the cleavage and closure pathways might be 
more competitive with rotation than the 37r state. The relative 
energies of the 3x and 47r states are unknown. 

T h e  intermediacy of rapidly equilibrating carboxy biradi- 
cals 32 and 33, with the properties h (rotation) >> k (cleavage) 
> h(closure), is sufficient to explain the similar product ratios 
from both meso and dl peroxides, 6 and 7 (Scheme IV). 
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Scheme IV 
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However, reasonable precursors to the carboxy biradicals 32 
and 33 are the meso and di dicarboxy hiradicals 34 and 3.5. If 
hoth the meso and di dicarboxy biradicals 34 and 35 fragment 
t o  t h e  same set ofcarboxy biradicals 32 and 33, then the car- 
h x y  biradicals 32 and 33 could also have the properties 
/?(rotation) 5 k(cleavage1 > /<(closure). The data do not allow 
this distinction. 

In Methanol. The thermal decomposition of meso and di 
peroxides, 6 and 7 ,  in methanol a t  60 "C afforded 2-butenes 
as the major products i t r a d c i s  ratio -2.3) and small amounts 
i2-4%) of methyl ethers 38 and 39. Coinjection with authentic 
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samples and VPC--MS analysis identified these compounds 
as  "methoxyhutane (39)  and 2-methoxy-3-butene (38). ( E ) -  
and (2)-2-methoxy-2-butenes (40 and 41)  and 2-methoxy- 

AoMe dMe 
41 4 2  

A O M e  

40 
1 -butene (42)  were independently synthesized.l!' However, 
they were not separable from the methanol solvent under our 
analytical L'PC conditions, and their presence or absence in 
the reaction mixture is unknown. The  reason for the appear- 
ance of the 2-methoxybutane (39)  and 2-methoxy-3-butene 
( 3 8  J products is unclear. One possibility is radical-cation 
chemistry. Kropp and co-workers"' have shown that the direct 
irradiation of 2.3-dimethylbutene in methanol affords high 
yields of methyl ethers. Similarly. he has shown that  direct 
irradiation of 2-methyl-2-hutene in methanol affords the 
corresponding methyl ethers. hut in lower yields. Kropp has 
found that the efficiency of methyl ether formation decreases 
ivith decreasing substitution on the  olefin. In agreement with 
this. we find that  irradiation of cis- and trans-2-butenes in 
methanol affords trace quantities of 2-methoxybutane (39)  
and 2-methox!;-:i-butene (38) .  

38 39 

In order to  test whether the ?-butene products were being 
converted to methyl ethers under the reaction conditions, cis- 
and t rans-  1,2-hexahydrophthaloyl peroxides ( 4  and 5 )  were 
allowed to  decompose in the  presence o f a  large excess of cis- 
?-butene in methanol. No methyl ethers, 38 and 39, corre- 

sponding to the reaction of 2-butene were observed. Similarly, 
the thermal decomposition of meso peroxide 6 in the presence 
o f  a large excess of cyclohexene in methanol produced methyl 
ethers 38 and 39, but did not yield any cyclohexyl methyl 
ethers. 15 and 16. In addition, decomposition of the 1,2-hex- 
ahydrophthaloyl peroxides 4 and 5 in the presence of freshly 
prepared samples of er3,thi-o- and threo- 2,3-dimethylpro- 
piolactones (29 and 30) in methanol afforded no 2-methoxy- 
butane (39)  or '-methoxy-:i-butene (88). IVe conclude that  
the  methyl ethers are not being formed from subsequent 
transformations of '-butene or $-lactone but apparently result 
f'rom some intermediates, perhaps radical cations, generated 
in the cyclic peroxide fragmentation reactions. 

Triphenylphosphine and Dimethyl Sulfide. Addition 
of excess triphenylphosphine (or dimethyl sulfide) to  meso- 
and d/-2,8-dimethylsuccinyl peroxides 16 and 7 ) .  0.02 M in 
dichloromethane, showed by infrared an 
complete disappearance of the peroxide 
pearance of' carbonyl absorptions characteristic of the corre- 
sponding anhydride (1865 and 1790 cm-I 1. Meso peroxide 6 
(>99% isomerically pure)  in the presence of triphenylphos- 
phine afforded an -65% yield of 99% isomerical 
m c s o -  2,:i-dimethylsuccinic anhydride (231 and -46 

23 6 23 

tenes (trans/& ratio 2.1).  In the reaction of meso peroxide 6 
with dimethyl sulfide, formation of anhydride was the major 
pathway. 

Aromatic Hydrocarbons. Meso and di peroxides (i and 
7 underwent induced decomposition in the presence of aro- 
matic hydrocarbons. The  disappearance of peroxide was fol- 
lowed by infrared analysis. In a typical reaction, 0.1 M per- 
oxide in dichloromethane a t  15 "C was allowed to react with 
-0.04 M rubrene, perylene, or diphenylanthracene (DPA).  
Disappearance of the peroxide was observed with each of these 
aromatic hydrocarbons with apparent relative reactivities of 
rubrene > perylene > DPA. The  d l -  2,:i-dimethylsuccinyl 
peroxide (7)  emitted faintly visible light in a dark room in the 
presence of rubrene (R).  This  is similar to Schuster's':' ob- 
servations of light emission from diphenoyl peroxide and the 
proposed CIEEL mechanism. By analogy t o  Schuster's work,l:' 
a similar mechanism for the d l  peroxide is shourn in Scheme 
V. The relative reactivities ofrubrene. perylene, and DPA with 
the  d l  peroxide are in the same order and direction as found 
by Schuster for the  aromatic hydrocarhon induced decom- 
position of diphenoyl peroxide. Schuster was able to correlate 
the  bimolecular one-electron transfer rate to  diphenoyl per- 
oxide with the one-electron oxidation potential of the corre- 
sponding hydrocarbons. In addition, we find that disappear- 
ance of d l  peroxide 7 in the presence of rubrene is faster than 
the  meso isomer 6. This  suggests that  one may be able to  
correlate differences in reduction potrntials of different 
peroxides with differences in bimolecular rates of reduction 
in the presence of a single aromatic hydrocarhon 

Scheme V 
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Table 111. Direct Irradiation of Meso and dl Peroxides 6 
and 7 

' -4+" w(' 
*I1 C I J  

/== 7 

I 30 I 29 
-__ peroxide 

m p w -  6 69 28 3 03 
di- 7 i l  39 8 08 

" 0 " C ,  In CHj('l2 .kbsolute xields here be tueen  4,3 and 48% 
1 A h w l u t e  yield4 u e r e  b e t u e e n  <30 a n d  40% 

Photochemical. Direc t  i r r a d i a t i o n  of t h e  m e s o  a n d  di 
peroxides  6 and 7 (0.06--0.10 M )  in  d ich loromethane  ( H a n o v i a  
4,5O-W medium-pressure  m e r c u r v  a r c P y r e x )  afforded cis- and 
t rans- ' -bu tenes  as t h e  m a j o r  p r o d u c t s  and small quantities 
of d - l a c t o n e s  29 and 30 ( T a b l e  111). The ra t ios  did not c h a n g e  
in t h e  p r e s e n c e  of added base  (sodium c a r b o n a t e ) .  C o n t r o l s  
s h o w e d  that under t h e  i r r a d i a t i o n  condi t ions  t h e  $lactones 
29 and 30 did not decompose or  isomerize.  

Summary 

LVe have descr ibed here  our initial exploratory efforts a t  t h e  
synthes is  and character izat ion of' the thermal ,  photochemical .  
and i n d u c e d  d e c o m p o s i t i o n s  of s i x - m e m b e r e d  cyclic d iacyl  
peroxides .  In g e n e r a l  we find that  t h e  reac t ion  o f t h e  cor re-  
s p o n d i n g  diacid ch lor ide  w i t h  a n  a q u e o u s  buffered solution 
of' sodium permide affords t h e  succ inyl  peroxides  4-7 in  low 
y ie lds  w h i c h  a r e  diff icul t  t o  get  out of solution. This provides  
sufficient mater ia l  for mechanis t ic  s tudies ,  but not enough for 
p r a c t i c a l  s y n t h e t i c  explo i ta t ion .  Solid peroxide  o b t a i n e d  h y  
p r e c i p i t a t i o n  f r o m  n -hexane d e c o m p o s e s  violent ly  upon 
heating or  shock .  These peroxides  a r e  soluble in  severa l  o r -  
g a n i c  solvents and a r e  wel l -hehaved  in so lu t ion .  Yie lds  of al- 
kenes from t h e  peroxides  by t h e r m a l  a n d  p h o t o c h e m i c a l  
r o u t e s  are m o d e s t  (30-40%). Ident ica l  s te reochemis t ry  in t h e  
?-butene and 2.:3-dimethylpropiolactone p r o d u c t s  f r o m  t h e  
thermal decomposi t ion  of' mcso- a n d  dl-",:~-dimethylsuccinyl 
p e r o x i d e s  ( 6  and 7 )  sugges ts  a stepwisc d e c o m p o s i t i o n  path- 
w a y  involving a c o m m o n  in te rmedia te  o r  set  of intermediates. 
No e v i d e n c e  foi. t h e  t h e r m a l  generation of electronical ly  ex-  
c i ted  states of ai kenes  from t h e  cor responding  cyclic peroxide  
decompositions was found. Reac t ion  of' these  cyclic peroxides  
w i t h  t r i p h e n y l p h o s p h i n e  and d i m e t h y l  sulfide afforded s t e -  
reospecifically t he corresponding anhydrides .  T h e  cyclic diacyl 
p e r o x i d e s  4-7 u n d e r w e n t  i n d u c e d  d e c o m p o s i t i o n  in t h e  
p r e s e n c e  of a r o m a t i c  h v d r o c a r h o n s  with re la t ive  r a t e s  of r u -  
h r e n e  > p e r y l e n e  > d i p h e n y l a n t h r a c e n e .  The  r a t e  of d i s a p -  
p e a r a n c e  of e a c h  p e r o x i d e  in  the p r e s e n c e  o f r u b r e n e  was de- 
pendent on t h e  s t r u c t u r e  o f t h e  peroxide .  

Experimental Section 
.All reactions of ciiach-l peroxides Lvere carried out in glassware that 

had Iieen washec with ~nethanoi-disodium ethylenediaminetetra- 
acetic acid IEDTr\). rinsed with ivater, and dried. Elemental analyses 
were pertormed 1):; the raltech aiial>tical facility. Melting points ivere 
ohtained using a ' I ' h i i n i a  Hoover capillary melting point apparatus 
,and <ire uncorref ted.  1)roton nuclear magnetic resonance ( N M R )  
spectra uere  oI i t ,+ i t ied  on ii Yarian Associates A-611.4. EhI-:39ll. or 
SI,- lo0 spectromc'ter. rarpxin nuclear magnetic resonance i'.'C NMR) 
spectra were ohtained 011 a Varian Associates XI,-100 spectrometer. 
Chemical shifts are given as parts per million ( p p m )  downfield from 

e,Sil in 6 units. and coupling constants are in 
agnetic resonance data  are reported in the  fol-  

lowing order: chemical qhit ' t  [multiplicity !s = singlet. d = doublet. 
t = triplet. q = qiiartet. a n d  m = multiplet). number ol protons. as- 
signrrrent ] .  Infrared spectra IIR) were recorded on a Perkin-Elmer 
257 grating or Hec,kman III 4210 inf'rared spectrometer. Ma 
were recorded on n I)uPont 21 -492H spectrometer. Yapor phase 
chromatography- ipectra I\.PC-hlS) were obtained on  a Finnegan 
:120i) F:I mass .;per1 rornewr interfaced t o  a Finnegan 9500 gas chro- 

Table IV. VPC Columns 

c( 11 u m  n 
designation description 

DH7' 

('arhowax 
20M 

f'MPE 

I'MPE 

SF-9fi 

1'CON 

I'COK 

20  f t  X 0.125 in., 10% dibutyl  te t rachloro-  

10 ft X 0.125 in., 10% Carbowax 20M 

10 f t  X 0.125 in., 10% poly-m-phenyl  e ther  

ph tha la te  o n  100/120 Chromosorb P A/W 

o n  100/120 Chromosorb W 

(6 ring) on  100/120 Chromosorb h' 
A/W DMCS 

10 ft X 0.375 in., glass 10% poly-m-phenyl  
e ther  on  Chromosorb h' A/W DMCS 

10 f t  X 0.125 in., 10% SF-96 on  100/120 
Chromosorb P A / R  

10 ft X 0.125 in., 10% UCON-550X on  
100/120 Chromosorb I$' 

10 ft X 0.375 in., 2090 UCON-SSOX on 
60/80 Chromosorb R' 

matopraph22 o r  011 a Hewlett Packard gas chrc~niatograph interfaced 
to  an EA1 Q1.AD :100 ma 

For analytical vapor phase chromatography ( Y P V ) ,  a Hewlett- 
I'ackard 5,700.4 or  5720 gas chromatograph equipped with a flame 
ionization detector and with nitrogen carrier gas was used. T h e  
(1.1?~5-in packed stainless steel columns u s e d  in this instrument are 
listed i n  Table IY. Quantitative VPC analysis was accomplished using 
a Hmvlett-Packard :i:i7UA electronic digital integrator. For prepara- 
t ive YPC. a \'ariati Aerograph Xlodel 920 pas chromatograph 
equipped Lvith a thermal conductivity detector and wi th  helium car- 
rier gars \vas used. The 0.25- and O,:j7*5-iti. packed aluminum columns 
used in this instrument are listed in Table IY. Peak assignments ivere 
made hy coinjection \vith authentic samples and, or VPC--hlS analysis. 
Detector response for all hydrocarbons and c~lefins I?-britenes) was 
assumed to he linear. Other compounds were analyzed with respect 
to a weighed internal standard. and appropriate, respc~nse corrections 
were made. 

cis- 1,2-Hexahydrophthaloyl Peroxide (1). The freshly prepared 
cis diacid chloride 10 (4.88 g. 0.023 mol) ohtained from the reaction 
ofci,\- 1.2-hexahydrophthalic acid and phosphorus pentachloride was 
dissolved in 75 mI, of dichloromethane and added dropwise at  0 "C 
with stirring to a solution containing 3.0 g 1!).0:38 mol) of sodium 
peroxide. Xi) g of  ?JaZHP04. and 3.0 g of NaHZPO, in 7-5 mI, of water. 
Stirring was continued for 3 h ,  and the solution was allowed to warm 
to room temperature. The dichloromethane layer was separated. dried 
ICaCIj). and concentrated. Addition of'n -hexane yielded 1.1 g (28%)  
ol'a Lvhite precipitate, the cis 1,2-peroxide 1: 11% ICHzCl?) 1805 and 
1780 cm-I iC=O): NSIR (CDCI:]) d 3.10 im. 2.  CHI,  2.50-1.50 ( m ,  8. 
rH2) .  

trans-1,2-Hexahydrophthaloyl Peroxide ( 5 ) .  The freshly pre- 
[lared trans 1.2-diacid chloride 11 (4.12 g. 0.010 moll ohtained from 
the reaction of t rnns -  l ,?-hexahydrophthalic acid and phosphorus 
pentachloride was dissolved in 7 5  mI, of dichloromethane and added 
dropwise at 0 "C with stirring to a solution containing :3.0 g (0.038 mol) 
of sodium peroxide. :1.0 g of' NaZHPOd, and :3.0 g of KaHYPOd in 75 mI, 
of'water. Stirring was continued for 3 h. and the solution was allowed 
to warm tri room temperature. The  dichloromethane layer was sepa- 
rated, dried (CaC12). and concentrated. Addition of n-hexane yielded 
0.9 g (28%l ofa  white precipitate. the trans 1.2-peroxide 5:  1R (CH2C12) 
1800 and 1775 cm-I (C=O): NMR (CDCI:;) 0 2.90 (In. 2 ,  CHI,  2.30- 
1.10 im, 8, CH2) .  

meso-2,R-Dimethylsuccinyl Peroxide (6) .  To 3.0 g of' meso- 
?&dimethylsuccinic acid (21,0.021 mol. 99.5% meso) was added 10.0 
g (0.048 mol) of phosphorus pentachloride. T h e  reaction mixture was 
allowed t o  stir at 80-90 "C f o r  3 h. The phosphorus oxychloride was 
removed at room temperature under reduced pressure. The remaining 
reaction mixture was added to 25 mL of ether. The precipitate was 
removed by filtration. and the filtrate was concentrated. This  was 
distilled under reduced pressure to afford 2.2 g i59.2%) of n i ~ s o -  
2.:i-dimethylsuccinyl chloride (27):  hp 40-50 "C (0.1 mm);  IR 
tCH2CI2) 1790 em-' (C=O): NMR (CDCI:,) d 3.22 (m.  2. CH). 1.46 (d, 
6. CH,!). Several drops of this freshly prepared diacid chloride (27)  
were added to 0.5 mL of methanol. T h e  sample was shown by ana-  
lytical VPC to contain the dimethyl esters, 99')~) mc\o- 26 and l"/~ dl -26 
iUCON. 130 "C, relative retention times 1.00 and 1.12, respec- 
t ively). 

T h e  freshly prepared diacid chloride 27 ( 2 . 2  g, 0.012 mol) was dis- 
solved in 75 mI, of dichloromethane and addeti dropwise at 0 "C to 



Syntheses and Decomposition of Some Peroxides J .  Org. Chem., Vol. 44. No. 13, 1979 2121 

a stirred solution of :{,(I g IO.038 mol) of sodium peroxide, 3.0 g of' 
N a 2 H P 0 4 ,  and :1,0 g of K a H 2 P 0 4  in 7j mI, of' water. Stirring was 
continued for :i h. and the reaction mixture was allowed to  warm to 
room temperature. The  dichloromethane layer was separated, dried 
(CaCln), and concentrated. Addition of n -hexane afforded 65 mg 
t:\,W0i of a white precipitate 6 which was collected hy filtration: IR 
I('H2C12) 1810 and 1778 cm-' lC=O):  NMR (CDCI:,) 13 '2.98 ( m ,  2 ,  

dl-2,3-Dimethylsuccinyl Peroxide ( 7 ) .  di- 2,:l-1)iniethylsuccinic 
anhydride !2 ,7  g, 0.021 miill, recrystallized from car1)on tetrachlo- 
ride Imp 86--88 "( a'/ and i.,j",i nieso by analytical YI'C (PMPE. 
181) " C ,  relative retention times 1.00 and 1.:10. respectively)] was added 
to 10.0 g iO.048 miill of phosphorus pentachloride. The  reaction 
mixtiire was allowed to stir at 80-90 " C  t;ir ;i h. 'l'he phosphorus ox- 
ychloride was removed a t  room temperature under reduced pressure. 
'I'he remaining reaction mix tu re  \vas added to 25 mI. of ether. The 
precipitate wa5 removed hy filtration. and the filtrate was conceii- 
trated. This \vas distilled under reduced pressure to  afford 2.9 g 178°~)) 
of d/- 2,:3-dimethylsu y1 chloride (28): bp 40-50 " C  (0.1 mmi: I R  

I;. ('HI, Several drops of this freshly prepared diacid chloride 28 were 
added to 0.5 ml,  of methanol. The  sample was shown by analytical 
\ ' I T  t u  conlair, the dinirthyl esters. 2..")o nic,ro- 26 and 97.8"~) d i -26  
lL'('Oh.. 131) O C ' I .  

'I'he freshly klrepared diacid chloride 28 (2.9 g, (l.016 moli wai dis- 
.cil\ed in 75 nil. . i t  dichl~irciinethane and added drripuise at il "C t o  
; I  i t irred scilution 01  :{ , ( I  :: iO.iI:{t! intili ot'scidium percixide. XI) g of 
N a ~ H P 0 4 .  and : { , I )  :: ( i t  NaH2I'O., i n  75 mI, of Mater. Stirring was 
c,ontinued l'iir :i 11. and the reaction mixture 
i'cicim temperatiire. The  dichloromethane la 
~ ( ' a C l ? ) .  and cimcentrated. Additions cif t? 
I I .7%i of d u.hiie precipitate 7 which was collected by filtration: I K  

Si cm-' l('=Oi: NXlR (CIX'l,jl Ci 3.05 ( m .  2.  

ular Weight Determination in Benzene.?' 
( a )  (.is- and t r o w -  I .2-Hexahydrophthalo).l peroxides (i and 5 )  were 
taken up in henzene (7.6 mg o f 1  in 0.4483 g 01 henzene and 21.9 m g  
of'.; i n  0.4777 g :if 'henzene~. Tempet.ature was measured by an iron- 
constantan the~mocouple.  Freezing point curves \vere plotted by a 
Hetvlett-Packard recorder interfaced t o  a millivolt meter. Calihratiiin 
was performed on ferrocene. The  nicilecular weights obtained were 
19s f 26 t o r  c i . i -1  and 207 f 19 for t r o t i s -5  lcalcd 17iIl. 

i b )  In a second r u n ,  13.4 mg ( i f  cis and 16.7 mg of trans peroxides 
4 and 5 ,  respectively. were prepared in 0.9371 and 1.0189 g of henzene. 
respectively. Reading,. were taken in millivolts o f t h e  freezing point 
(11' henzene vs. ice' water as determined hy an ircin-constantan ther- 
mocciuple. Data uere obtained from a digital readout millivolt meter. 
and  the freezing point depression curves were plotted hy  hand. Cali- 
Ilration was performed on di-2.:i-diinethylsiicciiiic anhydride ( 2 4 ) .  
T h e  molecular iveiphts determined ivere 2 1 1  f 68 for hoth peroxides 
4 and 5 (calcd 170). 

rrythro- and threo-2,3-Dimethylpropiolactones (29 and 30). 
;i-H!.droxy-"-m;.thylhutanoic acid (1 .O g. 8 nimol), obtained from the 
reaction of lithium diisopropylamide. propionic acid, and acetalde- 
hyde, was taker: i i p  in 80 mL, of 'd ry  ether. This was allowed to react 
with 1 mI, 18.6 mnioli of benzenesulfonyl chloride in the presence of 
excess sodium carhonate at 2 5  "C t o r  '24 h. The  reaction mixture w a h  
f'iltered and conct~ntrated to afford a yellow oil which contained both 
isomeric cr? th1.o- and tiirc~o-2..:I-dimethylpropi11lacti)nes (4%) a i  
shown by analytical \T'C (PMPF,, 80 "C. relative retention times 1.00 
anti 1 ,X), T h e  i'irst eluted isiimer uw isolated hy preparative VPC 
t P h l P E ,  105 "CI. collected in 100 pL of n-octane. sealed in a base- 
washed 6-mm c ~ d .  Pyrex tube. and heated t o  171 "(' for 2'29 min. 
Analysis by analytical 1.H' (IIl3'1'. 25 "C)  showed that  the only vol- 
atile products 'rere 7'10 / r o t x - 2 .  hutene and l i , : 3 %  ( i .~-2-hutene.  
I herefrire. the first eluted d-lactone was assigned as threo-2,:i-di- 

propiola,~tcint. (301: I H  tCDCI:ji 1820 cm-I (C=O);  NMR 
1 Ci 4.75 Im. 1. CHOCOi.  i3.75 (m,  1. CHCO). 1.40 (d ,  3 , J  = 6.0 

Hz. CH:ICHOt. 1.22 Id. ,'I, J = 7.5 Hz. CH,jCHCO); exact mass (15 eV) 
calcd for C>H& m . / ~  lOO.052, ohsd nil(. 100.052. 

The  second e l d e d  isomer was isolated by preparative \-PC (PMPE. 
105 "(1). taken U'I in 100 p I ,  of n-octane, sealed in a hase-washed 6-mm 
c1.d. Pyrex tuhe and heated to 171  " C .  Analysis by analytical VPC 
! DRT. 25 " C i  showed that the only volatile p ~ i d u c t s  u.ere 98.7% CL,\- 

2-biirene and  PO troti,,-2-l,utene. This second eluted 3-lactone was 
assigned as f~r?.lk,.fJ-~,.:~-tiiineth~~propiolactone (29): IR ICDCI,Ii 1820 
c,m-' lC=O): NMIl  rCI)CI,j) d 4.33 Id of q ,  1, J = 7.5 Hz. 
CH (CHCOOI, 1 60 Id. :i. J = 6.0 Hz. CH:jCHO), 1.45 id, 3 ,  J = 7.5 Hz, 
CH,;CHCO): exact mass (15 e\.) calcd for CsH"O2 nile 100.052. obsd 

Thermal Re.actions. Cis and Trans Peroxides 4 and A. Stock 

CHI ,  1.;18 ( d ,  6. CH:3i. 

- 

(CHjC'12I 1790 ~ ~ i i - !  ( Oi: NILlR (('DCI,!) i, :3.:34 !m. 2,  CH),  1.32 (d .  

I >  

t71/C 100.051. 

solutions of' peroxides cis\-4,  0.005 M, and tmris- 6,0.003 M. were each 
prepared in dichloromethane with n -heptane weighed and added as 
an internal standard. Aliquots 1100 pL) were prepared in base- and 
RDTA-rinsed 6-mm a d .  Pyrex tubes, sealed under vacuum, and 
immersed in a silicon oil bath a t  98 f :i "C. Analytical VPC analysis 
(T)BT, 60 "C) of the distilled products showed a '27% yield of cyclo- 
hexene from 4 and a 32% yield from 5 .  Relative retention times of 
t i  -heptane and cyclohexene are  1.00 and 1.22, respectively. Infrared 
spectral analysis of the undistilled samples revealed no sign of starting 
material but  did show considerable absorption hetwern 1800- 1700 
cm-' which was not  present in the starting material. 

Meso and dl Peroxides 6 and 7. Stock solutions of peroxides 
U I R ~ ( J - ~  and di-7 were each prepared in dichloromethane and T H F  
at 0.001-0.006 hl or  0.1-0.2 M concentrations. 2-Methylbutane was 
weighed and added as an internal standard. Dodecane was weighed 
and added as  internal standard to those samples (0.1--0.2 M in di- 
chloromethane) subjected to analyses for d-lactones 29 and 30. All 
pyrolyses were carried out in degassed. sealed. and base- and 
EDTA-washed 6-mm o.d. Pyrex tubes. 

Sample tubes were immersed in a silicon c i i l  bath at  92 f 3 " C  for 
1 min. The contents were frozen (77 K), the  tubes opened, and the 
mixtures distilled at room temperature on a vacuum line. Ratios and 
yields of ?-butenes were determined by analytical I'I'C' (DBT. 25 "C). 
Relative retention times of trans-2-butene. ci,s-2-hutene. and 2-  
inethylhutane are 1.00, 1.10. and 1.:10. reFpectively. Ratios and yields 
of'~-l-lactcines cr,~fAro-29 and thrro- 30 were determined by analytical 
V P C  IPhlPE. 90 "C i .  Relative retention tinies i i l ' (~r j~ fhro-29,  ihrt,o- 
30, and dodecane are 1.00. 1.32. and 1.92. respectively Isee'I'ahle 11). 
The 2-hutenes and $-lactones 29 and 30 were sho\vn t o  he stahle under 
the reaction conditions. 

The  \-apor phase pyrolyses were carried out in a 2.8 X :10 mni cy- 
lindrical Pyrex tuhe with a 0.6 X 3 cni injector port with a serum cap 
mounted in a Hoskins type FC 3O:iA tube furnace. T h e  other end of 
the tuhe was connected via a 6-mm tiore stopcock I A )  t o  a high vac- 
uum line equipped with two liquid nitrogen cooled [.-shaped traps 
p l u ~  a small receiving tube. The  temperature was measured by an 
iroii-constantan thermocouple connected to  a piitentiometer. Before 
pyrcilyses the  tuhe \vas evacuated and stopcock .4 was closed. In a 
typical run 10 pL of stock solution (0.001 M peroxide in dichloro- 
methane with ?-methylbutane as an internal s tandard)  was injected 
into the pyrolysis tube through the serum cap via a gas-tight syringe. 
After a pyrolysis time of5  s. stopcock A was opened and the pyrolysate 
was collected in the liquid nitrogen cooled traps. The  hydrocarhon 
contents of the traps were transferred to the receiving tube which was 
sealed with a torch and removed for anal The pyrolysate tube was 
cooled to  77 K and opened. and the contents were immediately ana-  
lyzed hy analytical YPC (DBT, '25 'C) .  

Peroxides 4-7 in Methanol. General. .A 1-lng sample of each of 
the peroxides 1-7 was placed in a 6-mm o.d. base- and EDTA-washed 
Pyrex tuhe,  and 75-100 p L  of methanol ltir methanol -0-dI )  was 
added. The peroxides were not soluble in methanol. The samples were 
degassed. sealed under vacuum. and heated for 3 min at 97 f 3 "C. 
T h e  tubes were frozen and opened, and the contents were analyzed 
hy analytical V P C  IllCON). 

Cis Peroxide 4 in Methanol. Two products eluted after methanol 
[UCON (80 "C) and L-CON VPC-MS (80 0C1].22 They were identified 
as I-methoxycyclohexane 11.5) and t'i-methoxycyclohexene 116). rel- 
ative retention time IRRT)  = 1.0 and 1.3, re5pectively. 

Meso Peroxide 6 in Methanol. Four peaks eluted before methanol 
(L'CON. 80 "C): cis- and tran.5-2-butene tKRT = 1.0). dimethoxy- 
methane ( R R T  = 2.4). '2-methoxy-3-butene t381 I R R T  = 3.0). and 
2-methoxyhutane (39)  IRRT = :3.:3). 

dl Peroxide 7 in Methanol. Five peaks eluted before methanol 
ILCON,  80 "C): cis- and t rans-?-butene IRRT = 1.0). unidentified 
( R R T  = 2.51, 2-methoxy-:?!-butene ( 3 8 )  (RR'I' = :3.Ol. and  '2-methox- 
yhutane (39)  ( R R T  = 3.3). 

Controls. Thermal Decomposition of Meso Peroxide 6 in 
Methanol in the Presence of Cyclohexene. Peroxide 6 (5.0 mg) was 
added to 50 pL of methanol containing :15 mg of cyclohexene in a 
6-mm o.d. pyrolysis tube, and the sample was degassed, sealed in 
vacuo, and heated t o  100 "C: for 3 min. Analytical VPC analysis 
(UCON, 25 "C) showed 2-butenes, dimethoxymethane, 2-methoxy- 
:i-butene, and 2-methoxybutane, However. analytical VPC analysis 
[LIGON (80 "C) and D B T  (SO "C)] showed no peaks corresponding 
to the cyclohexyl methyl ethers 1.5 or 16. 

Thermal Decomposition of Trans Peroxide 5 in Methanol in 
the Presence of 2-Butene. Peroxide 5 ( 4  mg) was placed in a 6-mm 
o.d. pyrolysis tube with 100 pL of methanol saturated with c i s -2-  
butene, and the sample was degassed, sealed in vacuo, and heated to 
100 "C for 3 min. Analytical VPC analysis (ITC'OX, 25 "C) showed no 
peaks corresponding to methyl ethers 38 and 39. 



2122 J .  Org. Phlni,,  Vol. 44 ,  No. 13, 1979 I )ervan and dones 

Thermal Decomposition of Cis Peroxide 4 in the Presence of 
Threo &Lactone :HI in Methanol. A i'reshly collected sample lit '  

isomerica1l)- pure d-lactone 30 in tnethaticil I estiinated cciticentraticin 
of about five times that o f t h e  cihservrtl 3-lactone Iiroducts i n  peroxide 
6 and i deccimpiisititins) was placed in a ( i -mm c 1 . d  I)yrcil>.sis tulle w i t h  
4 tng ot peroxide 4 ,  and t h e  sample was de:ashetl. villed under V R C I I -  

um. and heated to 100 f o r  1 inin. Annlyt ical 1.H' analyiii: t l 'CON.  
25 revealed no peaks corre~p(inding t o  methy l  ethers 38 or 3 
Similarlh-, a freshl,, collected sample of' 80"o i'r) I h r o -  29 a n d  2iO 
tiirtlo- :10 in methancll and nig of' 4 Iva.: prepared and heated as tle- 
bcritied tor i i i roo-  30 ahove .  .Analytic~al Vf)( '  i i na l y i i s  i ll('0S. 25 ' ( ' )  
revealed no  peaks (~orrespondi t iy  to met liyl et her5 38 o r  :$!I. 

Thermal Decomposition of Trans Peroxide .5 in the Presence 
of threo-2,3-Dimethylpropiolactone ( 3 0 )  in Methanol. A freshly 
collected sample  of iwmerically pure .J-lactone 30 i n  niethancil with 

iared a n t i  heated a s  dehc.ritied ahcive. An- 
N. 25 n( ' )  revealed no prak.: c.orrr~l~iinding 

Thermal Decomposition of Trans Peroxide .5 in the Presence 

t i m e 5  ( I !  cyclohexene. the c,yc,lohexenr tlirne~h I r ~ ~ ~ i \ - [ i ~ i ~ / - t ~ o ~ ~ , s - t r i -  
c~!.cI~i[ti.~.(~.i)?.;ldotlec.ane ( 1  i I. c i\.trrtri \ -  t r icyc l~ i [ (~ .1 . [ ) ,0~  ;]dotiecane 
( 1 x 1 .  a n d  c i r -n r i t i - t  i.~-tricyc~lcij~~.~.~~.~~'~'~tlcidecane I I!)). and dodecane 
i20i are  l.i)iI, 6.11. 7.43. ant i  I?.$ i( 'arIio\var.  115 'C) anti I , O ( ) .  
H . : ~ ] .  10.4. 10.8. a n d  1?:1 iSF-96. Lr5[t ' ( ' I ,  reipec,ti\,rly. 

n i x  0.31 n i n i i i l )  i i i  ,io0 P I ,  ol  cyc,lrihexene \vas 
l i l t i ced  i n  a 7-mni  ( i . d .  P y r e x  tube. anti t he  mixture \vas  degassed. 
sealed under vacuum, mid heated t i ,  I O 0  "(' trir 1 niin. Anal\- t ical  YIY' 
antilysis iCart)cia.a\ ? i t  R1. 13 ' ( ' 1  rc>ienlid otic nici , j i ir  peak al'ter c y -  
t l i~hexene IKK'I '  = ] . ( I ) ,  ' l . l i i \  peak.  13Ii'I' = (i.:{, ciiiiijec.ted n i th  the 
t i  ans-,iiiti-tran5 d rner I F .  Hiwcver .  ,iiinlytic.al VI'(' analyiii o n  a 
di i t r rent  stationar\- phiihe (SI.'-96. 130 ' ( ' 1  revealed one major peak 
a f t e r  c,vclohexene IIIK'l' = 1.0). ' l ' h i i  peak.  I i l i ' l '  = li l .6, did not cor -  
recpond t o  trans-a:iti-tranb dimer I7 IRRT = 8.90). 'fo ciini'irm thi i .  
i i  \.}I(' .\IS scan'? i('arlion.ax 211 \ I .  115 "Cion  n / c  164 wa. carried 
r i r i t  anti no peaks \%;ere olisc'rved. 

Reaction of Cis and Trans Peroxides 1 and .5 with Triphenyl- 
phosphine and Dimethyl Sulfide. Stcwk s(ilut ii)ns ( I ! '  c , i i  peroxide 
.I and t ran i  peroxide 5 (i).O22 anti 0.19 11. respectively. in dichloro- 
methane)  were prepared  \vi[ ti hexane weighed i n  as an i n t e r n a l  

ck scilution I I ml.1 WP alloa.ed t o  react lor I h n i t h  
ninici!) crf tri~ihenylph~rsj~liiiir o r  :Ui PI, i0.4:i nimcill 

e'. Both reaction mixtures indicated c~inver.;ion t o  
t h e  ccirresponding anhydride produc t :  1 I i  iCH~( ' l2i  1865 and 1790 
( ' in - '  from trori ,s-;  and 1862 and 1790 cm-l from c . i - 4  (anhydride 
( '=O). The volatile, protiuci i ivere distilled. The reaction of peroxides 
4 nntl 5 ivith triphetiylpliosphine showed cycliihexene 14-8"t>I as a 
volatile product. This wai  not the rase  i n  the reaction w i t h  dimethyl 
~ I I  lfide. 

Reaction of LMeso and dl Peroxides f i  and i with Triphenyl- 
phosphine and Dimethyl Sulfide. 'To 1Oi) PI ,  ol' stock solution of 
m1'\0-6 (and d i - i l  (0.01 51 i n  dichltiromethanel tvith pentadecane 
as  an internal sraniiard was added 10 m g  iil.O:%3 mtn(i1) (il'triphenyl- 
phosphine at "5 " C  M e r  1 n at 2,; 'C', analysis 01 t he  reaction mixture 
I)! analytical VPC (PLJf'E. 1:iO " C  I indicated 2,:(-dimethyIsuccinic 
anhydride. 97.2')0 is~iinerically pure meso from 6 (70 .5°~~ yield) and 99"~ 
istinierically pure c'i from 7 (:30.2% yield I. 

Hea i , t i on  ( i f a  s t w k  s~ilutirin ( i f  n i c , , \ r ~ - ( i  ((i,i)28 .\I i n  dichlorrinieth- 
iitiel containing 2-~nethyl t iutane anti r~-pentadecane as internal 
standards with 20 m y  (O.i1',.6 nimcill ot' tril)heiiyIiihoslihinr or 9 PI, 
(i1.12 nimoll of din-rthyl .ulf'ide for 1 and 3 h. respectively. a t  28 " C  
aff'cirded nic,so-2.:i-dimet h~lsuccinic~ anhydride i n  65 and W ' o  yields 
199 and 97"(, isomer cd ly  pure). respectively, 1)ihtillation iifthe vdatile 
p r ( i r i u (  t; i'rom t hc reac,t i o i i  ivith t ripheny1l)Iiiisi)hine aff'cirded 2-  
l i i i tene. i:W1,l. 68:3:! t r a n ~  ratio) 1iy analytical \-Ij(' i1)B'T. 25 O r ) .  
2-Hutenes were no: tound i n  the reaction Lvith dirnethl-I sulfide. 

Reaction of cis- and trans-Hexahydrophthaloyl Peroxides 
(4  and -5) and meso- and dl-2,3-Dimethylsuccinyl Peroxides (6  
and 7) with Aromatic Hydrocarbons. Sttick soluticins i ( i .5 mI,l of' 
pcBroxides 4-7 (il.l-i).l5 M i t i  degassed dichloromethanei were allowed 
111 react with 0.02 nimol each i i f ~  t h e  aromatic hydrcicarhiins ruhrene. 
perylene. and diphenylanthraceiie. These reac t i on  
all(iwed t o  stand i r i  the  d a r k  in sealed vials a t  2 2  "( 
spectra at 1775 c n - '  ivere recorded at intervals of 3i, 1 
til I'iilliiw the disappearanci- iii peroxide. Controls in the absence of 
aromatic hydrocarhon were run in all cases and showed less than t'M"n 
t l e w m p o s i t  ion over 5 h .  'The analyt ical infrared technique was not 
~itti'iciently reliable to olitain quantitative data.  hut qua l i t a t i ve l y  t h e  
r a t e  of decomposition (it '  peroxides 4 - i  increased in the presence of 
aromatic  hydrocarlion; in t h e  o rde r  diphenylanthracene < perylene 

l ' r a i i i  peroxide ;i 

< rutirene, Lliireover. t h e  peri~xides decoinliclirtl < i t  tiilleretit rateh. 
In  t he  presence til'ruhrene the rate i i i ' d e c ~ c i n i ~ ~ i i i i t t r i t i  increased i n  t h e  
Iolliiwing direction: ( i h - 4  < tmn.-.i < nicJsri-(i < cii-i. The di peroxide 
7 decompcisition was sufficiently last in the prewnce ( i t  rulirene that 
visihle light from the reaction c.ould he oliserved in a dark rc ic im.  

Photochemical Decomposition of Peroxides 4-7. Direct Pho- 
tolyses. f'eroxides 4-7 were dissolved i n  r l e y a i w t i .  spec,triil grade 
tlichloromrthane (0.06-0.1ii 31) with a weighed arnount oln-heptane 
!'or c . i . r - 4  and tron\-.i as an  internal standard antl a weighed arnount 
iii 2-methylhutane and diidecane as internal stantiartis Iiir the  nii ' \o- 6 
a n t i  d i - i  series. hleasured aliqii(its of' 1i)O PI, ol ' these stock solutions 
ivere placed in EDTA-washed. 6-mm ii.d. Pyrex tuhes. These samples 
were degassed hy cine freeze-pump- thaw cycle and waled under  
vacuum. Samples were kept at 77 K i n  t h e  t i t i rk  hetiire anti af ter  
photolysis until analysii. All samples were i i  radialed at 0 " C  u s i n g  
a Hanovia 4 X t - \ l '  lamp. The  products were di- t  illed. and yieldi were 
drterinined hy analytical V K "  mal\ 

Registry No.-4, 69780.61-9: 5. 697&-(?,;-0: 6 ,  6472,7-1(?-8: i ,  
~~472 , i -47 -9 :  10, 6i)9i)l-n5-.5: 1 I ,  369O:J-93-2; 14, I ltt-8:3-F: 1.5, 9:31-,56-6: 
I ( ; ,  2i?9$1-1:3-[i: 17, 51:il9-07-4: I X ,  51:\19-08- 
I 1  2-dl)-:i: 21,  608-40-2: 23,  16i341-Ii7-i3: 24, 
2:i8(lO-l2-2: d i -  26, 2991:1-52-8: 2 i ,  
w7Ho.(;6-1: :jo, 69780M7-2: 38, 1 39- (;7%5-$7-.;: :i-hy- 

2-niethylhittanr,ic. acid. 47:b otiic acid. 79-119-4: tic- 
t>raltlehyde. 75-(t7-(): tmr~.~- ' l- l i~itene.  (j2&64-6: I ! \  - 2 - t i ~ t e n e .  590-18-1: 
2-niethylhutane. 78-78-1: d i m e t h r ~ ~ y t n e t h ~ ~ t i ~ ,  lO$i-h7-5: I ! \ - I . ? -  
lir,h~ihydrcilJhthalic acid. 6l(lLI)$l-:~: Irnri,,. I , 2 - ~ i ~ h ~ i ~ i ! . ( i r ( i ~ i t i t ~ i ~ i ~ i ~  :I( id. 
2:  I (  I<-, - :i 2 -(I, 
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