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Abstract - 14 Unsymmetrical diacyl peroxides (R1C02-02CR2 

with RI: undecyl; R2: e.g. methyl, propyl, pentyl, nonyl, 2- 

nethylpropyl, P-propyl, 2-pentyl, cyclopropyl, cyclobutyl, 

cyclohexyl) are prepared in 85 to 92 ‘5 yield. Square pulse 

electrolysis of dodecanoyl octanoyl peroxide (li) affords the 

unsymmetrical coupling product octadecane (4) i:wpoor yield 

and selectivity. Thermolysis or photolysis 1r.1 solution pro- 

duces preferentially 4, but also considerable amounts of dispropor- 

tionation products. A; -78O C the neat peroxides are photo- 

lysed selectively to the mixed dimers. With straight chain 

and B-branched alkyl groups high yields are obtained (63 - 76 %), with 

cycloalkyl groups medium yields (42 - 56 x), and with a-branched 

diacyl peroxides moderate yields (20 - 33 %). A comparison of the 

mixed Kolbe-electrolysis with the low temperature photolysis of the 

neat peroxide demonstrates the superiority of the latter method in 

small scale conversion with regard to yield and selectivity. 

Symmetrical compounds can be prepared simply and in good yield by the versatile 

Kolbe-electrolysis of carboxylic acids 2) . Coelectrolysis of different carboxy- 

lates yields unsymmetrical products, which allows the efficient synthesis of 

e.g. pheromones3) or rare fatty acids4). A disadvantage of the mixed Kolbe- 

electrolysis is the simultaneous formation of symmetrical dirers due to the 

statistical coupling of the intermediate radicals. Here results on the selec- 

tive mixed coupling of carboxylic acids by pulsed current electrolysis, thermo- 

lyain and photolysis of unsymmetrical diacyl peroxides 1 are reported (eq. 1). 

4195 



4196 M. FELDHUES and H. J. SCHAFER 

0 0 

(1) C,,H&-O-O-&R 

1 
tro;: e Cl1 H23-R + 2 CO2 

Prpparation _o_i wryrmst~lce~ dja_cyl p_e_rgAdes: In order to characterize the 

influence of different alkyl group6 R on yield and selectivity of the coupling 

reaction, one alkyl nubetituent was held constant in all peroxides. To avoid 

hazards due to explosion5) the relatively stable undecyl group vae chosen for 

that purpose. The acyl dodscanoyl peroxides la-n were obtained in 85 to 96 f 
II I 

yield (Table 1) by reaction of the acyl chlorides 3 and peroxydodecanoic acid 

(en. 2J6’, 
I 

prepared in 65 t yield from dodecanoic acid and 30 f H202. 

In their IR-spectra the diacyl peroxidea exhibit two strong bands at 1810 and 

1780 cm-l (Cz0)6a.7) and ae a characteristic feature of unsymmetrical diacyl 

peroxides a broad absorption at 1050 cm-l for the O=C-O-O-C=0 group 8) . In the 

13C-NMR the carbonyl carbon atoms appear ae signals around 6 = 170 ppm. 

Q e 3 9 
(2) CllH23C02H + RC-Cl -tnyethe; CllH23C-O-O-CR 

I 

2 3 = = L 

BlsntrnlYlir 9_f uerrrrntrinal discrl n_e_roxideE wifh eul!!nd dimct cu_r_ren$L A 

eelactive mixed coupling ie conceivable, if two different radical6 are gene- 

rated close together, e.g. by electrolysis of unsymmetrical diacyl peroxide* 

with puleed direct current (eq. B).The cathodic pulse cleaves the peroxide 

reductively into two different carboxylates 9) , which, before they can diffuse 

too far, are decarboxylated in the anodic pulse to radicala, that couple prefe- 

rentially to the mixed dimer. 



(3) 

0 0 0 0 

&_0_&2 +%&_(f+e&_R 2 -2e,1R.+.R2-'1R_R2 _2c02 

li ia 
II 

reduced at E1,2: -0.065 V (VII. SCB). Results from other diacyl peroxides 

aemonatrate, that this ia a two-electron reduction, leading to two carboxy- 

latea’). A auccesaful Kolbe-electrolyaia with pulsed direct current haa been 

reportedlO). The choice of the pulse frequency is critical for this electroly- 

sia. It should be high to keep the diffusion of the two carboxylatea low, but 

at the same time moderate to hold down Non-Paradaic capacity currenta . These 

lead with decanoic acid to a continuous drop in dimer yield with increasing 

pulse frequency, e.g. 60 f current yield octadecane at 0.05 cp., 57 at 0.2, 

33/0.4, 27/5, 23/10, 13/20, 4/25, l/50. Furthermore the Kolbe-electrolyaia 

requires distinct reaction conditions 2) : weakly acidic methanol as solvent, 

platinum electrodes, none of the anion6 usually employed in supporting electro- 

lytea, as these can totally suppress the dimerixation 11) . After tbeae conaide- 

rationa li was electrolyzed in methanol and in the presence of sodium octanoate 
II 

Selective mixed coupling of carboxylic acids- I 

Table 1: Alkanoyl dodecanoyl peroxidea (1) 
li 

______________________________-----_---__~~______--_--__--- 

R-C=0 in 1 
I 

a: 
I 

b: 
I 
c: 
I 
d: 
I 
e: 

i: 
. 
g: 

;: 
_ 
1: 
_ 
j: 
I 
k: 

i: m 
I: m 
n: I 

Acetyl 

Butyryl 

Hexanoyl 

3-Methylbutyryl 

3,3-Dimethylbutyryl 

2-Methylpropionyl 

2-Methylbutyryl 

2-Bthylbutyryl 

Octanoyl 

Decanoyl 

Cyclopropanecarbonyl 

Cyclobutanecarbonyl 

Cyclopentanecarbonyl 

Cyclohexanecarbonyl 

Yield (%) of 

R(C=O)-o-o-(O=C)R 

-----____--______-- 

85 

90 

88 

89 

91 

94 

90 

85 

91 

92 

87 

96 

95 

90 

_______________________-_-----_______-------- 

..p. (OC) 

or ni” 

-. 

37-38 

15-16 

24-25 

1.4397 

1.4425 

1.4393 

1.4403 

33-34 

40-41 

28-29 

1.4542 

1.4563 

1.4601 

---~~-------- 
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and octanoic acid with pulsed direct current (Table 2). The octanoate and 

octanoic acid concentrationa were kept low with regard to thia of li, to 
_I 

influence the product distribution aa little aa possible. When the electrolyaia 

is stopped juat after the coreumption of li. the mixed coupling product 4 ie 
II I 

indeed favoured (Table 2, erpta. 4.5; the higher portion of 5 ia caused by the 
I 

supporting electrolyte). Eowever, if the electrolyeia is continued until the 

carboxlate ia totally converted, the product dietribution becomea l tatiatical 

(Table 2, expte. 1, 2, 3). The reason could be, that li is reduced faster than 
I_ 

the carboxylate is oxidized, thie would diffuse into the bulk solution and 
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undergo the mixed Rolbe-elactrolyais in the usual, statistical way (Table 2, 

expt. 6). In principle the non-atatiatical coupling of carboxylates by l guare 

pulse electrolysis of unsymmetrical diacyl peroxides is possible, however, it 

appears difficult, to find suitable reaction conditions for preparative conver- 

sions. We therefore turned our attention towards the thermal and photochemical 

decomposition of the diacyl peroxides. 

Table 2: Dimer distribution in the electrolysis of li’) with 
II 

pulsed direct currant. 

~~~_____~______~~~__~__________~-________-_---______-------___-----____~_____ 

gxpt. Pulse frequency Yield b, (t) of 

(cps) mixed dimer symmetrical dimers 

Octadecane (4) Tetradecane (5) Docoeane (6) 
I I 

~~___~__~______~~~~~~~_______-____________-_--____--------____------_________ 
I 

1 5.0 6 5 4 

2 1.0 12 6 6 

3 0.2 17 10 8 

4 0.5=) 4 2 0.5 

5 0.2=) 4 2 1 

6 0.2d) 20 13 11 

___________________~_~_________~~___________--________-----------------______ 

a) 4 rmol li and 0.2 m~ol sodium octanoate, 0.2 mm01 octanoic acid in 20 ml 

methanol ; i”= 200 n A/cm2 at platinum electrodes. - b) Current yield, determined 

by QLC. - c) Stopped after consumption of li. - d) Coelectrolyais of octanoic 
I. 

and dodecanoic acid (1 : 1, w/w). 

Th!z?WlY!!l!! of djacy! L!eroxid!z: Therrolysis of diacyl peroxides in solution 

has been studied in detail’l’). In some cases diacyl peroxides with primary 

alkyl groups afford good dimer yields12’); with secondary or tertiary alkyl 

group0 besides radical products polar compounda are formed in an ionic path- 

way12b). Little haa been reported concerning thermal decompoaitions13). At 90 - 

110’ C neat li or lj decompose smoothly within one hour; at 110 to 120’ C 
II 

decomposition OCCUR; explosive. Heating li without solvent for 1 h at 90’ C 

produces 29 % unsymmetrical dimer, 1 % ayiietrical dimers, 32 % disproportiona- 

tion products and 12 X eater (Table 3). lj reacts similar (Table 4). but the 

portion of disproportionation products ii-even larger: 50 f at llO” C. The 

dimer ratio R-R : R-CllH23 : C22H46 = 1:30:1 at controlled thermal decomposi- 

tion indicates a marked cage effect, that also has been found in the thermoly- 

#is of other diacyl peroxides 14,15) . Apparently the concentration of alkyl 

radicala ia fairly small below the cxploaion temperature, which favours their 

preferential cage recombination. Bven if li, j are decomposed explosively, the 
II I 

dimer ratio 1:5:1 is still nonstatistical. In the controlled thermal decomposi- 

tion the unsymmetrical dimers are formed selectively, however, their yields do 

not exceed 27 to 29 % due to a competing disproportionation. It wan hoped, to 

reduce this unwanted side reaction by photolytic decomposition at lower tempe- 

ratures. 
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Table 3: thermal decomposition of dodecanoyl octanoyl peroxide (li) 
I_ 

__________________-~~~~--___~~---____-______--___~~~___--~~-____~~-_--___--- 

Decoxpomition Yield (t) at dccompoaition temperature 

productseDb) 900 c 1 loo explosive dec. c) 

____________________--~_____~~_______-~~~~~~_____~~~_____~~____~~~____~~~-__ 

D~6e~oPo~t~ona~i9!! and eola_r Product!! 

1-Septeae (7) and 

n-Aeptene (;)d) 

1-Heptanal i9)e) 

1-Heptanol (ioje) 
I_ 

I-Undecene (11) end 

1-Undecane (ih)d) 

I-Undecenal fi3)e) 

l- Undecenol (ii)e) 
I_ 

Undecyl octaooete 

Heptyl dodecanoste 

counllnr nroduct~ 
Branched Tetradecen e 

n-Tetradecane (5) 

23 23 20 

3 3 

4 4 

12 10 6 

9 

4 

5 

12 I3 

4 

4 

15)‘) end 

iEje) 
II 

* 1 

0.5 1 7 

( 

Branched Cctadecanes e,f) 

n-Octadecane (4) 
I 

Branched Docosanes e,f) 

n-Docosaae (6) 
I 

3 

29 27 34 

1 

0.5 1 7 

_______________________--____________-___~~~_________~~~~~_____--___________ 

a) Yield determined by OLC; b)In sections ordered according to raising OLC- 

retention timea; c) Rxplosion teupereture: 115O C; d) Combined yields due to 

incomplete separation by QLC; e) Yield determined by (ILC without calibration; 

f) Exact structure not determiaed.- 

~tl~~l~ys~g of rtle ciiacyl permid+ In goluhign: Photolysie offers the possibi- 

lity to decompose diacyl peroxides at low teuperatures16). Saturated solutiona 

(0.01 to 0.5 M) of li (A,,, = 210 or, c = 400. A = 254 nu, e = 60) were 

photolysed in diffe:kt solvents at the loweat possible temperature (Table 5). 

The products were the maue am those in the thermolysis: 26-31 X octadecaae17) 

and 34-43 t disproportionetion product0 were formed, the eaters decreased to 1 

f, but the amount of symuetricel dimera increased to 7-11 2, indicating m 

smaller cage effect. It was hoped however, that photolyeis of the solid diecyl 

peroxides at low temperatures would increase the selectivity of the direrize- 

tion due to the restricted n obility of the radicals. 
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Table 4: Thermal decomposition of decsnoyl dodecanoyl peroxide (lj) 
I. 

Decorpoeition 

producteagb) 

Yield (%) at decomposition temperature 

1100 explosive dec. c) 

D1NnEnnnrtiPestinn and eol!K eE?ducta 
1-Nonene (17) and 

n-Nonaae ( is’ld) 
I-Nonanol .iii)e) 

I-Undecene (11) and 

n-Undecane ( i8) d, 

I-Undecanal ii3)o) 

1-Undecanol (il)e) 

Nonyl dodecanI:te (21)e) and 

Undecyl decanoate (g!)e) 
II 

23 

2 

27 

2 

2 

9 5 

EounlFLu n_roduc%s 
Branched Octadecanee e, f) 

o-Octadecane (4) 

Branched Bicoe;nese’f) 

n-Bicosane (20) 

1 

1 8 

4 

27 38 

Branched Doc:;snee’ ‘) 

n-Docosane (6) 1 8 m 
-~~~--~~---~----~~~--~~---~--~~--~----~~----~--~~---~~-~-~---~---~~---~----~~~ 

a) Yield determined by OLC; b) In aactions ordered according to raising QLC- 

retention times; c) Bxplosion temperature: 115’C; d) Combined yield due to 

incomplete oeparation in QLC; Q) Yield determined by QLC without calibration: 

f) Bxact structure not determined. 
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Table 5. Photolyaia of dodecanoyl octanoyl peroxide (li) in different aolventa 
I_ 

______________________--__---____~____~___-_____~___~~___~___~____-~_~_-~__~ 

Productsa’ b, Yield (2) for different aolventa and temperatures 

Methanol Benzene Pentane 

2ooc b°C - 10% 

____________________--__-----~~--~~~---~---~---~~~--~----~---~~~--~~~----~~~ 

Qi~nrc?Enrt!n!!stLnn and eolar nrod!!cf!! 

I-Heptene (7) and 

n-Heptane (BI)c) 19 

I-Heptanal T9)d) 2 

1-Heptanol ( iojd) 3 

1-Undecene (ii) and 

n-Undecane ( i2’)c) 24 

1-Undecanal ii3):: 3 

I-Undecanol (14) 3 
I_ 

Heptyl dodecanoate (16) and 

18 

6 

2 

20 

3 

3 

Undecyl octanoate (lanced) 1 2 
_I 

16 

7 

2 

18 

6 

3 

1 

c!?un!i!!r Products 
n-Tetradecane (5) 4 6 7 

n-Octadecane (4; 31 26 30 
I 

n-Docoaane (6) 3 4 4 
_ 

______-____--___--__---_~----~~-__----------------------~----~----~----~---~ 

a) Yield determined by QLC; b) Ordered in l ectiona according to increasing 6LC- 

retention times; c) Combined yields due to incomplete separation; d) Yield 

determined by QLC but without calibration. 

Pho_to~Yci!! of Eelid diacyl P!?roxide!!: Until now only few photolyaea of neat 

diacyl peroxides have been reported. The photolyaia of diacetyl peroxide or 

dibenzoyl peroxide forma ethane or biphenyl in good yieldal*). Furthermore free 

radicals have been generated and observed by photolysia of acetyl benzoyl 

peroxide and symmetrical aliphatic diacyl peroxides in an argon matrix at 

4 kl6.19). 

Neat li has been photolyzad at different temperatures (Table 6). At -78O C 

octadl:ane is obtained in 75 X yield. Relatively small amounts of diapropor- 

tionation products are formed and the formation of symmetrical dimars is almoat 

completely suppressed. The dimer ratios of 1:20:1 at 25’ C and 1:lOO:l at -78O 

C clearly indicate the expected strong increase of the cage effect at lower 

temperatures. A similar pronounced cage effect has been detected in the photo- 

lysis of acetyl benzoyl peroxide at -78’ C2’). The photolyaea of the solid 

diacyl peroxidea with unbranched aliphatic alkyl chains la, lb, lc, li, lj at 
II II _v 

78O C are summarized in Table 7. The selectivity for the-yormation oa-the 

unsymmetrical dimer is in all casea high: the dimer ratio is in general 

l:lOO:l, in accord with a general strong cage effect. Competing reactions which 

give rise to disproportionation producta, eeters and alcohola are satiafactori- 

ly auppreased. In la the more reactive methyl radical leada to a higher portion 

of hydrogen abatrac;ion producta. The reaulta demonstrate that by photolyaia of 

neat unsymmetrical diacyl peroxidea at -78O C different alkyl radicala can be 

selectively coupled on a preparative scale. 
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Table 6: Photolymfs of rolid dodecanoyl octanoyl peroxide (li) 
mm 

-------------------------~~~~-------~~~-~-~~~~~~~-~~~~-~~~~-~---~~~~~~~~---- 

Productsavb) Yields at different temperatures 

25’ C -zoo c -780 c 

_______________________________-----~~~~~~~~~~~~~~~~_~_________ ----------_ 

1-Heptene (7) and 

n-Hcptane (!)‘) 16 9 

1-Heptanol i9)d) 6 6 
I 

I-Undecene (11) and 

n-Undecane (i;)c) 18 12 

I-Undecanol ii4)d) 6 6 

Undecyl octaniite (25)C’d) and 

Heptyl dodecanoate ii6)c’d) 1 1 I 
.I 

counling PToductE 

n-Tetradecane (5) 
I 

2 1 0.5 

n-Octadecane (4) 
I 

n.-Docosane (6) 
B 

40 53 75 

2 1 0.5 

_____.______________------_----------------------------~~-~~~~---~~-~~~----_- 

a) Yield determined by BLC; b) In sections ordered according to increasing 

QLC-retention times; c) Combined yields due to incomplete separation: d) Yield 

determined by QLC but without calibration. 

Table 7: Photolysim of solid diacyl peroxidea la-c, li,j at -78’ C. 
I. I I_ _ 

Products’) Yields (Z) from 

la lb lc li lj II _I ma II II 
-----------_-~----_-__-~-------~--~~-~-~~~-~~~~~~-~--~--____-___-__--- 

Unsymmetrical direr 50 65 72 75 76 

Symmetrical diaers b) 0.5 0.5 1 1 1 

Disproportionation 

products’) 14 5 2 6 8 

Bsterd) 6 1 1 1 1 

Alcoholsd’ e, 7 3 6 6 6 

a) Yield determined by OLC; b) For la. lb only 6; C) For la-c only 11, 12; d) 
II I_ I I. I II II 

Yield by QLC but without calibration; a) For la,b only 14. 
II I I_ 
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After these encouraging findings the photolyeis of diacyl peroxidea with cyc- 

lic, O- and B-branched alkyl group0 was studied (Table 8). 

Table 8: _Pho&oiytjs of’ nse~t diacyi peroxide! Id-h and lk-n at -78O C 
II - II I 

_______________________________----~____________~_______--__--_________-__-___ 

Peroxide Coupling product Yield (%)a) Undecane Ratio: lP/Coup- 

(!Z’b’ ling prZuct 

______________________-_-__-_--~~~~~~_~_______-_~__--_---------___------------ 

Id P-Hetbyltetradecane (17) 72 (76) 3 0.04 

i,’ 2,2-Dimethyltetradeca:: (18) 60 (63) 2 0.03 

i7 2-Hethyltridecane (19) mm 22 (27) 25 1 

i,’ 3-MethyltetradecanewT20) 31 (33) 37 1 

i;C ) 3-Bthyltetradecane (2;; 14 (20) 22 1 

ik’ Cyclopropylundecane Tz’2)d) 37 (42) 5 0.1 

ii Cyclobutylundecaoe (2:; 41 (50) 15 0.3 

ii Cyclopentylundecane Tz’4) 38 (48) 17 0.3 
II 
In Cyclohexylundecane (2s’; 47 (56) 12 0.2 
I_ II 
_______________________________~~~~~________---_____________--____--__-------- 

a) Yields in parenthesis determined by QLC; b) 9LC-yield; c) Unpurified, crude 

product; d) Additionally 5 t (11 Z by QLC) undecyl cyclopropanecarboxylate 

(26). 
_I 

Good yields of coupling products are obtained with the peroxides Id and le 
II II 

which contain K-branched alkyl substituents, those with alicyclic groups lk-n 
II _ 

are medium and those with a-branched alkyl chaina If-h low. Whilst the portion 
II I 

of ester as side product is with moat of the examined peroxides around 1 f, lk 
II 

produces 11 3 ester 26, which reflects the slower decarboxylation rate of the 
I_ 

intermediate cyclopropanecarboxyl radical 21). The dimer ratio 1:lOO:l correa- 

ponds in all casea to thin of the unbranched diacyl peroxides. 

The decrease in coupling product in If-h, compared to ld,e. is accompanied by a 
_I I I 

IO-fold increase of the aide product undecane 12, whicE=appear‘ to be formed by 
II 

disproportionation. The ratio of the disproportionation to combination rate 

constant (kdis/kcom ) for the solution and gas phase is reported to be 0.15 for 

primary radicals and 1.0 for secondary once 17) . The statistically corrected 

ratio of kdis/kcom for ld/lg should then be 1x0.15/5x1 = 0.03, which fits well 
. . II 

to the experimental value 0.04 (Table 8). 

C99p9riK9n Wifh tl19 KiKed Ko!b9:9lcctKolyKaKr Following the achievement of 

selective coupling of different alkyl radicals by photolysis. it appeared 

necessary, to compare these results with those of the corresponding mixed 

Kolbe-electrolytes (Table 9). 

The primary aliphatic and alicyclic radicals, generated by electrolysis. 

afford only 14 to 31 f of mixed coupling product; this in a two to three times 

lower yield than thin obtained by photolymis. The n aJor loam in the mixed 

Kolbe-electrolyaia im due to the statistical coupling of the radicala, which im 

reflected by the high portion of docosane in electrolysis contrary to photoly- 

sin. 

Although in both methods the products are formed from similar radical pairs, 

the relative extent of disproportionation is different. In the electrolyaim the 

portion of undecane produced from secondary radicala is only 1.6 to 2 timea 
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greater than with primary radicals, uhilet in the photolyeis a 10 to 16-fold 

increame ie observed. Apparently the l ingly generated Kolbe-radicale tend to 

dieproportionate lams than those formed in paira. Despite the greeter amount of 

dieproportionation the photochemical yield6 of coupling product distinctly 

exceed the electrochemical onee. 

Table 9: Comparison of the product distribution in the mixed Rolbe- 

electrolyeie (R) and the diacyl peroxide photolysis (P) 

____________________-_--__~~~~~~~~_~_______________~~~___~___________--___-__ 

R1 in electrolysis’): Coupling Yield (X)b) Docosane (6) Undecane (12) 

product yield (%,bT yield (%jbT’ 
-__--_____________-__--___~~~~~~~_______________-_-__________----__-__-----_- 

R1C02- + CllH23C02- 

photolysis: 

Rlco2-02c-cl lH23 

-~~~~--------------_-_--____--_-_ 

2+ethylpropyl- 17 

Z,Z-Dimethylpropyl- is’ 
Inopropyl- i9’ 
sec. Rutyl- z’o’ 

eec. Amy 1 z’i 
Cyclopropyl- 2’; 

Cyclobutyl- 2’; 

Cyclopentyl- 2’; 

Cyclohexyl- ;5’ 
II 

K P K P K P 

__~~_~__________-_______-__-------------_- 

31 76 19 <l 8 3 

25 63 19 <l 7 2 

16 27 21 <l 11 25 

14 33 20 <I 11 37 

14 20 20 <1 12 22 

14 42’) 17 <l 9 5 

21 60 21 <l 13 15 

16 46 26 <l 13 17 

16 56 20 <l 12 12 

a) 1 eq. R1C02- and 1 eg. C11R23C02- at 150 to 200 rA/cm 2 . In methanol between 

platinum electrodes; further details, eee experimental; b) Yield determined by 

CILC; Additionally 11 X undecyl cyclopropylcarboxylate (26). 
II 

c_o!Bea!IiKo!! of the F?hotolYEie wit?! the !k?lbs:elentrnlY~i!! and othe!: wethod!? of 
c:c: bong fpl-lfltflpp~ The advantage of the Kolbe-electrolysis is the easy 

availability of carboxylic acids and their high conversion in short reaction 

times. The work up of the electrolyeie product, however, is more difficult than 

that of the photolysis product because of the need to separate the symmetrical 

side products of electrolysis. Moreover Table 9 demonstrates, that the yield of 

unsymmetrical dimer in the photolysim is distinctly higher than that from the 

mixed Kolbe-electrolysis. Thin is #till valid, if one coneiders the additional 

steps for the preparation of the diacyl peroxides in 70 to 90% overall yield 

from the carboxylic acids. The mame products can alao be prepared by the 

reaction of lithium dialkyl cuprates with alkyl halide.22). With primary 

halides 75 to 80 f of coupling-product are yielded, similar reaulta are ob- 

tained in the photolyeis of the corresponding diacyl peroxides. Cycloalkyl 

halides. however, react often poorly, whereas by photolyaie of the appropriate 

diacyl peroxides the cycloalkylalkanes can be synthesized in 42 to 56 3 yield. 
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EXPERIMENTAL 

The structure8 of products already demcribed in the literature were confirmed 

by comparing their IR, NMR and n amm spectra with the data reported. ‘Ii-NMR 

spectra were obtained with the Rruker WM 300 spectrometer, 13C-NMR apectra with 

a Bruker WH 90 or WI4 300 spectrometer. IR-spectra were recorded on the Perkia- 

Elmer instrumenta 177, 257, 421; UV-•pcctra were taken with the Leitz SP 8000 

spectrometer; maam l pectra were obtained with the GC-MS corbioationm Varian 

MAT 111 (packed columns) and Vat-ion CR 7A (capillary columna). Melting pointa 

were determined with a Kofler hot stage apparatus and are uncorrected: refrac- 

tion indices were obtained with a Zeiss refractometer. The purity of starting 

compounds and products was checked by GLC with the Varian inmtruaents 1400 and 

3700 with the glass coluana: coluan 1 (4.3 a x 2 ~a) 4 % SE 30 on chromosorb W 

AWDWCS 100/120. column 2 (1.4 m x 2 ~1) 4 t SE 30 on chroaosorb W AWDl4CS 

100/120, column 3 (capillary, 26 a x 0.3 ma) 0.3 li SK 30, colurn 4 (capillary, 

25 I x 0.3 II) 0.25 % Superox 4. For analytical TLC Merck TLC-platem silicagel 

60 F254 were used. Photolymes werc carried out with GrCntzel low-presmure 

mercury arcs 1 and 5a. - Reduction potentials were obtained with the Bruker 

polarograph Type B. Blectrolyaem were carried out in an undivided cell (50 or 

100 ml) at platinum electrodes: pulsed current was obtained from a PAR galvano- 

stat 173 and a Wavetek function generator 133; constant DC warn *upplied from 

the Heri instrument TN 250 - 1260. - Organic extracts were dried over MgS04 and 

the solvent evaporated at reduced prenaure. 

l+-‘pay_aajog of $h_e acyl &~de_caRRyi Re_rwjdgR 1: Bquimolar amounts of peracid 

and dry pyridine were dissolved in 100 ml dry-ether and cooled to -20° C. 

Bquirolar aaounta of the acyl chloride in 100 ml dry ether are added under 

l tirring and the reaction temperature aaintained at -loo C to -20° C. After 

additional stirring for 30 ain at 10’ C precipitated pyridiniua chloride im 

removed by filtration. Peroxides not stable at rooa temperatures are obtained 

by evaporation of the ether at O” C and the remaining peroxide used directly 

for photolymis. In case of the more stable peroxide6 the etheral rolution ia 

washed with a KHC03-solution, dried and the ether evaporated. The peroxide im 

purified by either filtration over silicagel (petrolether : ether, 1O:l) or 

recrystallieatioo. Active oxygen in the peroxide is deteraioed by titration 

with aodiua iodide in acetic acid-CHC13 in the presence of a catalytic amount 

of PeC13. 

Photolysig 2s &II~ Rcyl d9decRnoyl Reroxideg ------ 

hDRly&itaJ qcalpLCompounds 1 (30 to SO*rg) are deposited from an etheral 

solution as a film at the i:ner wall of a dry quartz ampoule (NS 14.6, diameter 

15 mm). ‘The ampoule is iareraed in a methanol-dry ice bath in oblique position 

and irradiated whilst under rotation. After 12 h the product ia dimsolved in 2 

al ether, a weighed amount of n-dodecane is added and the yields determined by 

GLC wing detector response factora obtained from the ioolated product. 

Prneeratl!!s RcaleL Compounda 1 (1 to 3 g) are precipitated am a layer at the 

bottom of a quartz ampoule (Ns’ 29, diameter 40 u). The ampoule im irmeraed in 

a horizontal position in a methanol-dry ica bath and irradiated. Photolymim im 

continued until the III abmorption for the diacyl peroxide ham dinappeared (30 - 

100 h). The photolyaim time can be mhortened by thaw-freezing the l arple #eve- 
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ral time8 during the photolyeie. The crude product is purified by column fil- 

tration on silica gel with petroleum ether or bulb-to-bulb distillation. 

ersnsrahias oi the _acrL !hde_ca!loYL I!e_roxide!l 

Pgrdqdqgggpip acid: To 20 g (0.1 mol) dodecanoic acid dimsolved in 50 ml 

conc.Ii2804 p.a. are added under stirring at 10 to 20° C 22.6 g (0.2 l ol) 30 f 

aqueous hydrogen peroxide. When the mixture solidifies additional 30 ml lIZSO 

ara added. After 1 h stirring at 10’ C the mixture im poured on 500 11 ice 

water, the product filtered, then dissolved in 300 ml ether, wamhed, dried and 

the ether evaporated. The crude product (16.6 g) im recrystallized fror petrol- 

ether (36 - 40° C) to give 14.0 g (66 rmol. 66 %) perdodecanoic acid. Momt of 

the uareacted dodecanoic acid can be recovered from the mother liquors. - Mp:. 

51 - 52O C. - IR (KBr, dimk) 1745, 1100 cm-l. - 13C-NMR (COC13): 6 = 174.5 (I, 

C-l), 31.6 (t, C-lo), 30.3 (C-2). 29.5 (C-7, 6), 29.2 (C-6, 9), 29.0 (C-S), 

26.8 (C-4), 24.6 (t, C-3), 22.6 (t, C-11). 13.9 (q, C-12) pp~. Active oxygen: 

Calcd.7.4; Found: 7.41. 

ecetyl d@ecagoyl peroxide (la): 4.54 g (21 n mol) 2, 1.57 g (20 ==ol) acetyl 
_I 

chloride, 1.66 g (21 ==ol) pyridine afford 4.4 g (i7 n =ol, 85 2) la. Mp. 

(pentane) 37 - 38O C.- IR (CC14): 1812. 1785 (C=O). 1045 (C-0-0-Cj-cm-‘. 13C- 

NMR (CDC13): 6 = 169.1 (s. C-l’), 166.0 (m. C-l), 31.8 (t, C-10’). 29.9 (C-2’). 

29.5 (C-7’,8’),29.3 (C-6’. 9’). 28.8 (C-4’). 24.7 (t, C-3’). 22.6 (t, C-11’). 

16.4 (9, C-2), 14.0 (9, C-12’) ppm. Active oxygen: Calcd. 6.19; Found: 6.21. 

B!!&YEY~ d_odec_anoy_l p_e_roxbde (ib,): 4.54 g (21 arol) 2,. 2.13 g (20 r~ol) butyryl- 

chloride, 1.66 g (21 r~ol) pyridine yield 5.2 g (18.0 rrol. 90 t) lb. Mp. 16 - 

16O C; ni” 1.4413.- IR (CC14): 1806, 1778 (C=O), 1048 cm-1 (C-0-0-:j.- 13C-NHR 

(CDC13) : 6 = 169.1 (m, C-l’), 168.9 (a. C-l), 31.8. 29.9, 29.5, 29.2, 29.0, 

28.8, 24.7, 22.6, 18.4, 14.0 (q. C-12), 13.3 (q, C-4) pp.. - Anal. calcd. for 

Cl6R3004: C, 67.10; A, 10.56. Found: C, 67.31; H, 10.88. 

I~od&~canoyl hcKaa_oyl pwoKjd$ (ii): 4.54 g 2, 2.69 g hexanoylchloride, 1.66 g 

pyridine afford 5.6 g (17 ~wol. 88 %) lc. n’p. (methanol : ether, 2 : 1) 24 - 

250 c. - IR (CC14) 1806, 1778, 1050 c:“.- 13C-NMR (CDC13): 6 = 169.1 (a. C- 

l, C-l’); 31.8; 31.0; 29.9: 29.6: 29.2: 29.0; 28.8: 24.7; 24.4; 22.6: 22.1; 

14.0 (q, C-12’); 13.6 (q, C-6). - Anal. calcd. for Cl8R3404: C, 68.75; H, 

10.90. Found: C, 68.72: H,ll.06. 

eodecanoyj 3-methylbutyryl paroxide (id,): 4.33 g 2, 1.58 g pyridine and 2.41 g 

(20 m~ol) 3-methylbutyrylchloride yield 6.36 g (8: %) Id. ni”= 1.4397.- IR 

(film): 1810. 1780, 1056 m-l. 13C-NMR (CDC13): 6 = 16::O (0, C-l’), 168.2 (C- 

l), 38.8 (t, C-21, 31.6 (t, C-lo’), 29.8 (C-2’). 29.4 (C-7’, 6’), 29.2 (C-6’, 

9’). 29.0 (C-5’). 28.8 (C-4’). 25.9 (d, C-3). 24.7 (t, C-3’), 22.5 (t, C-11’). 

22.1 (q, C-4). 14.0 (q, C-12’) ppm. Active oxygen: calcd. 5.33: yound: 6.36. 

Anal. calcd. for C17E3204: C, 67.96; H, 10.74. Found: C, 68.11; 8, 11.02. 

&~rPimh~y~Cl$yry1 flodecaeoyj pproride (la): From 4.33 g 2 1.58 g pyridine and 

2.69 g (20 n =ol) 3,3_di=ethylbutyryl chloride 6.70 g (18.2-¤rol, 91 %) le are 

obtained. ni”= 1.4426.- IR (film) 1810, 1780. 1076 cm-l. - 13C-NMR (CDC;;): 6 = 

169.1 (e. C-l’), 167.4 (m, C-l), 43.7 (t. C-2), 32.8 (t. C-lo’), 31.0 (a. C-3). 

29.9 (C-2’). 29.5 (C-6’. 7’). 29.4 (C-4), 29.3 (C-6’, 9’), 29.0 (C-5’), 
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28.9 (C-4’). 24.7 (t, C-3’), 22.6 (t, C-11’). 14.0 (q, C-12’). Active oxygen: 

Calcd.: 5.08; Found: 6.00. Anal. calcd for C18H3404: C. 88.75; II, 10.90. Found: 

C, 68.87: Ii, 11.18. 

P9clac1p9yl Eg?Lhylp~ppiGgyl per9xl_ds (!I): 4.33 g 2,. 1.58 g pyridine end 

2.13 g 2-methylpropionylchloride afford 5.39 g (18.8 n mol, 94 X) lf. niO: 

1.4393.- IR (film): 1810, 1780, 1050 c.-~.-‘~C-NMR (CDC13): d = lTi.5 (e, C-l) I 
169.2 (s, c-l’), 31.8 (t, C-lo’), 31.0 (d, C-2), 29.9 (C-2’). 29.6 (C-7’, 8’). 

29.3 (C-6’. 9’). 29.0 (C-C’), 28.8 (C-4’). 24.7 (t. C-3’). 22.6 (t, C-11’). 

18.9 (q, C-3), 14.0 (q, C-12’) ppm. Active oxygen: Calcd. 5.59; Found: 5.60.- 

Anal. calcd. for C16E3004: C, 87.10; II, 10.56. Found C, 67.76; 8. 11.32. 

Kttdgcap9yj Es~$~yl~ltyry~ psr9xide (lg): 4.33 g 2, 1.68 g pyridina and 2.41 g 

2-methylbutyrylchloride yield 5.40 g ii8.0 mmol. 9’0 %) lg. n;0: 1.4403.- IR 

(film): 1810, 1780, 1055 c.-~.~~C-NHR (CDC13): 6 = 172.i-(e, C-l), 169.2 (se C- 

l’). 37.9 (d, c-2). 31.8 (t, C-10’). 29.9 (C-2’), 29.6 (C-7’, E’), 29.3 (C-6’, 

S’), 29.0 (C-5’), 28.8 (C-4’). 26.9 (t, C-3). 24.7 (t, C-3’). 22.6 (t, C-11’), 

16.8 (q, C-5). 14.0 (q, C-12’), 11.4 (q, C-4) ppm. - . Active oxygen: Calcd. 

5.33: Found: 5.24. Anal. calcd. for Cl7832Oq: C, 67.96; R. 10.74. Found: C, 

70.23; H, 11.61 (deviation due to decomposition of lg at r.t.). 
II 

Q9dlcs99yi Ee&hylbStyryl per9xidn (lh): 4.33 g 2, 1.68 g pyridine and 2.69 g 
II 

2-ethylbutyrylchloride react to 5.31 g (16.9 mmol, 85 3) lh. Purification of lh 
II II 

was not poeeible due to ite decomposition at r.t. 

Q9decan9yl w&an9yl par9aide (li): From 4.64 g 2, 1.66 g pyridine and 3.25 g 

octanoylchloride 6.2 g (18.1 r;il. 91 X) li werl obtained.- Wp. (from methanol 

: ether, 2 : 1) 33 - 34O C.- IR (CC14):18ti, 1778, 1050 cm-l.- 13C-NMR (CDC13): 

6 = 169.1 (8, C-l, C-l, C=O); 31.8, 31.5, 29.9, 29.6, 29.3, 29.0, 28.8, 28.7, 

24.8, 22.6, 22.5, 14.0 (q, C-12’. C-8) ppm. Anal. calcd.for C2083804: C, 

70.13; H, 11.18. Found: C, 70.03; 8. 11.42. 

pecan9yl d9dacan9yj per9xjdr: (lj): 4.54 g 2, 1.66 g pyridiae and 3.81 g deca- 

noylchloride form 6.8 g (18.4 mmol,. 92 %) lj. Hp. (from methanol : ether, 2 : 
1) 40-41' C. IR (CCl4): 1806, 1778, 1050 cm =r. _ 13C-N14R (CDC13): 6 = 169.1 (a, 

C-l, C-l, E=O), 31.8, 30.0, 29.5, 29.3, 29.0, 28.9, 24.8, 22.6, 14.0 (q, C-12’. 

C-10) ppm. - Anal. calcd. for C22R4204: C, 71.31; A, 11.42. Found: C, 71.27; 8. 

11.46. 

Cyclgp~gppgg~~bq~yl &dnn6epylper9aile (lk): From 4.33 g 2, 1.58 g pyridine 

and 2.09 g cyclopropanecarbonylchloride 4:;6 g (17.3 n rol, 
. 

87 %) lk are ob- 

tained. Up. 28 - 29’ C. IR (film): 1805, 1766, 1080 cm-l.- ‘3C-NM~B(CDC13): 6 = 

170.7 (0, C-l), 169.2 (0. C-l’), 31.8 (t, C-10’). 29.9 (C-2’). 29.5 (C-7’, E’), 

29.3 (C-6’, 9’). 29.0 (c-5’). 28.8 (C-4’), 24.7 (t, C-3’). 22.6 (t. C-11’). 

14.0 (q, C-12’), 9.3 (d, C-2). 9.2 (t. C-3) ppm. - Active oxysea: Calcd. 5.63. 

Found: 5.65. - Anal.calcd. for C18R2804: C. 67.57; 8, 9.92. Found: C, 67.89: 

A, 10.20. 

Cyclpbutaneca&qgrl _dodscsnoyl pS_r9xi_d_e (ii): 4.33 g 2. 1.68 g pyridine and 

2.37 g cyclobutanecarbonylchloride yield 5.73 g (19.2;rol, 96 %) 11. 0:‘: 

1.4542. - IR (film): 1810. 1780, 1080 cm-l.- 13C-NNR (CDC13): 4 =-170.8 
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(a, C-l), 169.2 (a, C-l'), 34.0 (d, C-2), 31.8 (t, C-lo'), 29.9 (C-2'), 29.5 

(C-7'. 8'). 29.2 (C-6', 9'), 29.0 (C-S'), 28.8 (C-4'), 25.3 (t, C-3). 24.7 (t, 

C-3'), 22.6 (t, C-11'), 18.8 (t, C-4). 14.0 (q, C-12') PPB. - Active oxygen: 

calcd. 5.36. Found: 5.33. Anal.calcd. for C17R3004: C, 68.42: II, 10.13. Found: 

C, 68.57; 8, 10.29; C, 68.42; H, 10.13. Found: C, 68.57; H, 10.29. 

Eynlopn@nD~~g&ney1 d9&cag_oyJ perox~dq (!:): 4.33 g 2, 1.58 g pyridine and 

2.65 g cyclopeotanecarbonylchloride ior= 5.91 g (18.9 ;mol, 96 2) 1B. n;o: 

1.4563.- IR (Film): 1810, 1780, 1065 cl-l. 13C-NHR (CDC13): 6 = 17;:3 (m, C-l), 

169.2 (m, C-l'), 39.6 (d, C-P), 31.8 (t, C-lo'), 30.1 (C-3), 29.9 (C-2'), 29.4 

(C-7'. 8'). 29.2 (C-6'. 9'). 29.0 (C-a'), 28.8 (C-4'), 26.7 (t, C-4). 24.7 (t, 

C-3'). 22.6 (t, C-11'). 14.0 (q, C-12').- Active oxygen: calcd. 5.12. Found: 

5.13. Anal. Calcd. for C18B3204: C, 69.19; H, 10.32. Found: C, 69.42: II, 10.62. 

Cyclg&xspqcp~bo~~yj d_o_dacanoyl pe_rn6&& (!q): 4.33 g 2, 1.58 g pyridine and 
I 

2.93 g cyclohexanecarbonylchloride yield 6.87 g (18.0 x=01, 90 t) in. ni": 

1.4601.- IR (film): 1810. 1780, 1070 cm-l. 13C-NHR (CDC13): 6 = 1;;.4 (0. C- 

l), 169.3 (a, C-l'), 40.0 (d, C-2), 31.9 (t, C-10'). 30.0 (C-2'), 29.6 (C-7', 

8'), 29.3 (C-6'. 9'), 29.0 (C-3,4', 5'). 26.4 (C-5), 26.1 (C-4), 24.8 (C-3'), 

22.7 (t, C-11'). 14.0 (q, C-12'). - Active oxygen: calcd. 4.90. Found: 4.94. 

Anal.calcd. for ClgH3404: C, 69.90; H, 10.60. Found: C, 69.73; H, 10.45. 

iroE!!! BkEETEPLXCrL OF L!iACYL PsaoxID!?E AND C4!wXX4IC ACIDS !!m! P!!lm! DlB!Kx 

cu!!!u!u 

Decaooi_c gczdi 1.72 g (10 ~rol) decanoic acid dimmolved in 50 ~1 methanol, 

neutralixed with 6 ml of 0.1 n #odium hydroxide in methanol are electrolyzed at 

platinum electrodea (1 cm2), 20-30° C, different pulse frequencies, a current 

density of 200 rA/cm2. After the electrolymim 170 rg (1 ~~01) dodecane and 200 

ml water are added, then extracted with 3x50 ml ether, the ether extract io 

washed with aqueous KOH and water and dried (MgS04). The yield of octadecane 

(4) warn determined by OLC (standard: dodecane, column 1). MS as in lit.23), 

p: 204. 

EoslsntEslYrie of oc2_ans?i_c !!fid and _dodec!!nsac !sid; 
0.72 g (6 mmol) octanoic acid and 1.0 g (6 mmol) dodecanoic acid were electro- 

lyaed am above; yields (table 2, Nr.6). MS of tetradecane (5) and docosane (6) 

23). p. 
I I 

as in lit. 162 and p. 231. 

BlnnLrslYgig ol dodecanorl ocfanorl eer%id? (li): 
1.37 g (4 ~01) li, 58 mg (0.4 =x01) octanoic b:id and 2 rl 0.1 n aodium 

hydroxyide are d;;molved in 20 ml methanol and electrolyred a# above: 15-300 c, 

current density: 200 mA/cr2. Untoacted li warn demtroyed by reflux for 0.6 h 

with potasmium hydroxide. Yields were dirermined by 9LC and dodecane am mtan- 

dard am above (table 2). 

gteqdd_rd p_rocedu_r)~ Meamured amounta of 30-50 rg diacyl peroxide are heated 

under nitrogen in a dry temt tube in an oil bath. At temperaturea above 115' C 

the reaction im spontaneous, at lower terperaturem 0.6 - 1 h are needed for the 

complete decompomition. The products are condensed by cooling the test tube to 
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-78O C and determined by QLC (mtandard: dodacmne, colura 1). 
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kdecanoyl 9cha111yl perog&ds ‘1:): Yisldm (table 3); the N8 of the product were 

identical with those in the lit.: I-heptsnm (7) lit.23) p. 33, heptane (8) 

lit.23) p. 36. I-heptanal (9) lit.23), p. 53,11-heptanol (10) lit.23), p: 66, 

1-undecene (11) lit.23), p.-111, 1-undecane (12) lit.23), i: 131, 1-undecaaol 

(14) 1it.23& 131. Undecyl octanoate (15) h:d heptyl dodecanoate (16): NS 

(;o’ elf): &e = 298 (2%). 201 (19%). 200 (&, 191 (2%). 183 (10%). 17i-(3%),, 

167 (4X), 154 (8%), 146 (32%). 127 (13%), 111 (12X), 98 (40%). Eydrolyais of 

(16) and (16) yielda (10) and (14). 
_I I_ I_ II 

@_e_c_an_oyl d9decaD9yl pe_r9aide (lj): Yields (Table 4). the NS of the products 
II 

were identical with thome in the lit.: 1-noeene (17) lit. 23), p. 69, nonane 

(‘9,) lit. 23) I_ p. 96, n-eicosane (20) lit. 23) p. __ 
(18) lit. 23) p. 72, I-nonanol 

2;:. Nonyl dodecanoate (21) and 

(1%). 201 (33%). 200 (8%;: 183 

indecyl decanoate (22): NS (70 eij: =Le = 

(12%) 9 173 (46%), My-(6%), 166 (19%). 164 

(38%). 111 (22%). 98 (37%). Hydrolyaia of 

326 

(20%) * 143 (7%). 129 (17%), 126 

and 22 yields 14 and 19. 
II I_ II 

PHOTOLYSBS ---------- 

21 
II 

D_odpwIa_n~yJ 9_c&wz99yJ p_swxid_e f:El 1~ ~9luti99~ 60 - 100 mg li being accurate- 
II 

ly weighed and diamolved in 5 - 10 rl l olvent (methanol. benzene, pentane) are 

irradiated in a quartz tube with a low pramsure mercury arc. After irradiation 

dodecane is added as standard and the yieldm determined by QLC. 

W9f9iygsg 9_f neat acyl d9dic1D9yl perowid,g a~ -ye0 C_; Yieldm l ee tablem 6, 7, 

6;product data not mentioned here, see: Electrolysis and thermolysis of diacyl 

peroxides. 

k+$yl &1~dw~g9y& pw9xidp (la): Undecyl acetate: NS (70 eV): @Lc = 154 (4 2). 

126 (13), 111 (16). 98 (20),-;3 (100). Nethyl dodecanoate: MS (70 eV): III~ = 

214 (2 %, N+), 185 (2). 183 (4). 171 (6). 143 (ll), 129 (E), 116 (4), 101 (6). 

74 (100). 

e_u&y_ryl d9d_ecap9yl per9xid_e (lb): Propyl dodecanoste and undecyl butyrate: MS 

(70 eV): IJL~ = 242 (2 2, N+),-;Ol (20), 200 (4). 183 (IS), 171 (S), 157 (9). 

164 (ll), 129 (lo), 126 (13). 125 (11). 116 (18), 111 (lS), 102 (20). 

Podecan9yl heSaD9yl per9xlde (!z): 1-Pentanol: NS am 

NS am in lit23) p. 93; n-hexadecane: NS as in lit.23) 

in lit.23 p.24; a-decane: 

p. 186. Pentyl dode- 

canoate and undecyl hexanoate: NS (70 eV):~fe = 270 (2 %, N+). 201 (lS), 200 

(5). 183 (13). 171 (3). 157 (7), 154 (6), 143 (5). 129 (8). 126 (8). 117 (34). 

116 (51, 115 (11). 111 (11). 

&&lecap9yl P:r3thyLl11&yry1 pe_roxide (Id): Analytical: OLC (column 1, 60-280 

lOomin). 
_I 

Preparative: 3 g (10 rmol) Id are irradiated for 70 hrn to yield 1 

g (7.2 rrol) 17. 2-Nethyltetradecane-717): n$‘= 1.4307 (lit.24) ) 1.4306).- 

(CDC13) : 6 = i:63 (1. 1H). 1.26 (I, 20~;;), 1.16 (B, 2H), 0.88 (t, 38) 8 
0.86 (d, 6R).- NS (70eV): HIIS = 212 (N’, 2 X), 197 (a), 169 (12) IIS in 

lit.25)). 

0 
, 

.62 

‘II-NNR 
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s&piyelt!.JyaPutyryl podscgnoyl nsroJJi& (la): Analytical:QLC (coluBll 1, 50-2800 
II 

C, lO'/rin). Preparative: 3.15 g (10 -01) lo are irradiated for 70 hra to 

afford 1.35 (6.0 8~01) g 18. 2,2-Di.ethylte;:adecene (18): I$'= 1.4323.- 'E-NNR 

(CDC13): 6 = 1.26 (B, 20 ii, 0.88 (t, 3E), 0.86 (e, 9Ei:- NS (70 eV): !Le = 226 

(N+, 0.1 %:), 211 (6), 168 (9), 166 (l), 127 (1). 113 (2). Anal. talc. for 

C16U34 (226.5): C, 84.87; 8, 16.13. Found: C, 84.61; 8, 16.40. 

Dodgcg9oyl 2-mathy&~pp&pgyl 9er9rcde (If): Analytical: OLC (column 1, 50-280° 

VC, loo/Bin). Preparative: 2.86 g (10 mi:l) 11 are irradiated for 70 hra to 

0.88 g (4.4 rrol) 19. 1.4278 (lit.24 1.4280). ‘E- 

NNR (CDC13): 6 = 1::3 

2-Nathyltridecane (19)y1ngo: 

(m, lE), 1.26 (B, 1;;). 1.17 (m, 2E), 0.88 (t, 3H), 0.86 

(d, 6ll).- NS (70 eV): a/e: 198 (N+, 1 X1, 183 (4). 155 (11). 164 (7). 141 (2) 

am in lit. 25)) . 

&&canoyi Z:yethylbu&yryi per95jde (lg): Analytical: OLC (column 1, 50-280° C, II 
loo C/mill). Preparative: 3.0 g (10 mmol) lg are irradiated for 70 hra to 0.66 g 

(3.1 uol) 20. 3-Nethyltatradecaoa (20): ii" = 1.4329 (lit.24) 1.4329). 

lIf-NNR (CDCi;): 6 = 1.26 (m, 238). O:s'S (t, 3E). 0.85 (d, 38). 0.83 (t, 3H). NS 

(70 eV):ELe = 212 (0.5 %, N+), 197 (0.5). 183 (10). 182 (6), 169 (0.5). 155 

(21, 154 (2). 

D&caeoyl Z?:g&~ylhlfy~r~ per95ide (lh): Analytical: CLC (column 1, 60-28' C, 

10' C/8in). Preparative: 3.16 g (10 ;iol) lh are irradiated 100 hra to 0.32 g 

(1.4 mmol) 21. 3-Bthyltetradecane (21): 2u'= 1.4366 

'a-NNR (CDCij) 

nD (lit.26), 1.4366. 

: 6 = 1.26 (8. 23lf), i:12 (m, za), 0.88 (t, 38). 0.85 (t. 6a).- 
NS (70 eV):&e = 226 (0.1 t, N+), 197 (15). 196 (IO), 183 (1). 169 (1). 155 

(3). 141 (7). 

Eynl9prrpgaeaarbn~yj dodecgn~yl pe_roxide (lk): Analytical: QLC (column 1. 50- 

280' C, loo C/mio). Preparative: 2.84 g (ligmmol) lk are irradiated for 100 hra 

to afford after chromatography on silica gel (petr:iether: ether, 20:1, v/v) 
20_ 0.72 g (3.7 mmol) 22 and 0.12 g (0.6 n mol) 26. Cyclopropylundecane (22): nD - 

1.4384. IR (film):-i070, 2995 cm-l. ‘E-NNR TEDCl,): d= 1.26 (m, 1811):w1.17 (m, 

2H). 0.88 (t, 3H), 0.64 (B, Ill), 0.38 (B, 26). -0.02 (m, 2H). NS (70 eV): !Le = 

196 (0.5 f, N+). 168 (3). 164 (l), 140 (3). 126 (7), 125 (8). 112 (12). 111 

(19). Anal. talc. for C14E28 (196.4): C, 85.63; 8, 14.37. Found: C, 85.58; H, 

14.56. - Undacyl cyclopropanacarboxylate (26): ni" = 1.4538. IR (file): 3010, 

1725 (C=O) cm -1. ‘II-1318 (CDC13): 6 = 4.06 T;, 211). 1.61 (m, 3E), 1.26 (1. 16H), 

0.97 (m, 2H), 0.88 (t, 3H), 0.85 (8, 2H). NS (70 aV):gLe = 240 (N+, 0.1 X) 154 

(6). 126 (7), 112 (5), 111 (9). Anal. calcd. for C15E1802: C 74.95; H, 11.74. 

Found: c, 75.08; H, 11.79. 

Qyclnbufgegngrb9Dyl dodecanoyl pe_roxi& (ii): Analytical: 6LC (column 1, 50- 

280° C, loo C/min). Praparativa:2.98 g (10 mmol) 11 ware irradiated for 70 hra. 

to yield 0.86 g (4.1 mmol) 23. 

;:02 

Cyclobutylundecana~~23): ni"= 1.4446. hi-NNR 

(CDC13) : 6 = 2.24 (m, la), (B, 2E) I 1.81 (m, 2;:. 1.67 (m, 2H), 1.36 (m, 

2a). 1.26 (m. lea), 0.88 (t, 38). NS (70 eV):gLe = 210 (N+, 0.5 X), 182 (4), 

154 (3). 140 (4). 139 (4). 126 (E), 125 (13). 111 (38). Anal. calcd. for 

Cl593o (210.4): C, 85.63; 6, 14.37. yound: C, 85.90; E 14.67. 
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Eyclnp+~g~eg m_r~~oay_l ~~~~c~~~y~ p33xxifle (lm): Analytical: QLC (column 1, 60- 

2800 c. 10’ C/Bin). Freparmtive: 3.12 g (lo-Lol) lr were photolyred for 70 hrm 

to 0.85 g (3.8 uol) (24). Cyclopentylundecane (247: II;’ = 1.4501 (lit.27)), 

1.4503).- %I-NMR (CDCl;;: 6 = 1.74 (1, 3H), 1.57-i.. 28). 1.49 (B, 28). 1.26 

(m, 2OR). 1.06 (I, 2H), 0.86 (t, 38).- MS (70 eV): RL9 = 224 (M+, 9 X), 196 

(3). 168 (2). 154 (3), 139 (6). 125 (12), 111 (26). 

Qycl9hRx6pD9aTb98y~ d9deiDD9yl RRR9Nidp (In): Analytical: QLC (colu~o 1, 50- 

280’ C. loo C/Bin). Preparative: 3.27 g (To’ mrol) In are irradiated for 70 bra 

to yield 1.12 g (4.7 mmol) 25. Cyclohexylundecane ?;5): I$‘= 1.4548 (lit.27 

1.4547). ‘H-NMR (CDC13): * :- 1.71 (m, 2H), 1.67 (.:-3H), 1.26 (I, 218). 1.18 

(m. 3H), 0.88 (t, 3H), 0.84 (m, 2H).- MS (70 eV): RL9 = 238 (8 f, M+). 164 (5). 

StDDi6rd pr9c99HPq; In II 100 ~1 undivided, double wa 1 led electrolymim cell 5 

mm01 of the corresponding carboxylic acid and 1.00 g (6 mrol) dodecanoic acid 

are dissolved in 50 ml methanol, and mre neutralized to 5 % with medium hydro- 

xide. This solution is electrolized between two plot i num electrodem (1 cm2/ 

sheet) with stirring and cooling C-20’ C in cooling .i acket) at 160-200 ma/cm’ 

current density and 100-200 V cell voltage until the electrolyte reached pH 9, 

139 (1). 126 (4), 111 (8). 

generally after tP/mole. For work up 100 ml water and a weighed amount of 

dodecane warn added, extracted with pentane (2 x 60 rl), the extract dried 

(MgS04) and the yielda determined by QLC. 
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