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Abstrect. - Alkenoyl and functionalised alkanoyl dodecanoyl peroxides 
are prepared in 70 to 97 X yield and photolyzed at -?a0 C. Thereby 
4- to lo-alkenoyl and 4-alkynoyl peroxides afford good yields 
(56 - 68 X) of unsymmetrical coupling products. Similarly a- to 6- 
haloalkenoyl, cholanoyl or 3- and I-carboxyalkanoyl peroxides can 
be coupled (40 - 70 %). The a-chiral diacyl peroxide la undergoes 
the photochemical coupling reaction with 80 X retentigl of its con- 
figuration. The photolysis of diacyl peroxides at -78O C proves to 
be s favorable supplement of the Kolbe-electrolysis in cases, where 
the electrolysis fails or produces low yields. 

Acyclic alkanes can be easily constructed by photochemical decarboxylation of 
1) unsymmetrical diacyl peroxides in the solid state . This C-C bond-forming 

reaction supplements the mixed Kolbe-electrolysis 3) , which, although being in 
general en efficient synthetic method, fails in some cases. For instance, a- 
halocarboxylic acids afford poor direr yielda3). with 4-alkenoic acids double 
bond isomerisation4) and with 6-alkenoic acids intramolecular double bond- 
addition4s5) occurs, with 3-alkenoic acids the coupling is not regioselec- 
tive'), and in carboxylic acids with a chiral o-carbon the optical activity is 
totally 1ostT) .We wanted to check wether in these cases the photolysis of 
diacyl peroxides offered advantages in comparison with the mixed Kolbe-electro- 
lysis. For that purpose we photolysed alkanoyl peroxides with double bonds and 
functional groups at different distances from the carboxyl group and further- 
more a diacyl peroxide with a chiral a-carbon. 
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Prn~sr&ia~ _of _al?se~~l mr! isaetisnalized _alk_a~_o~L drrdecano~l ~eroxishs !. The 
peroxides 1 were prepared either from the acyl chlorides and peroxydodecanoic 
acid (2)'): or by condensation of 2 and the appropriate carboxylic acid with 
dicycl~hexylcarbodiiaide*). 

I 

Table 1: Preparation of Alkenoyl and functionalised alkanoyl(R-C=O) dodecanoyl 
peroxides 1 * 

R-C=0 in 1 Method of Yield (X) MP. (OC) P 
preparationa) or n;D 

Alkenoyl gE_oups ------ 
a: lo-Undeeenoyl 
E: 6-Heptenoyl I 
c: Z-4-Reptenoyl b) 

z: B-3-HexenoylC*d) I 
e: 4-Pentenoyl 
;: 4-Pentynoyl - 
g: E-2-Butenoyl 
;: Propynoyle) I 
i: Bensoyl I 

Functionalised Alkanoyl gx_opps __---_--__---- -_-_-_ 
j: 
N 

k: 
i: I 
ID: I 
n: 
f 

0: 
m 

P: 
P 

q: 
. 
r: = 

s: I; 

1 

If) 

5-Bromopentanoy 
2-Bromohexanoyl 
2-Chlorpropiony 
4-Oxopentanoyl 
4-Oxopentanoyl 
ethylene acetal 
3a,7a,12a-Tri- 
acetoxy-58-cholanoyl 
3-Carboxypropionyf 
4-Carboxybutyryl 
2-Bthoxycarbonyl- 
2-ethylbutyrylh) 
2-Bthoxycarbonyl- 
2-methylbutyryl 

B 89 34-35 
A 96 1.4629 
A 97 1.4487 
B 92 37-38 

8) 70 22-23 

B 

A 92 

A 92 
B 84 

B 

89 

92 
82 
93 
94 
93 
94 
80 
84 

29-30 
1.4515 
1.4525 

1.4490 
42-43 
39-40 
27-28 
24-25 

a) A: Acid chloride - method, 8: DCC-method. - b 
Contains 6 f Z-isomer.- d) Cannot be isolated at 
e) Decomposes at the melting point. - f) Partial 
on silica gel. - g) From Ir with ethylene glycol II 

) Contains 9 Y B-isomer. - c) 
room temperature. - 
decomposition, when purified 
- h) At rt. thermally labile.- 
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Photolyggg. ------ The neat peroxides 1 were photolysed with a low pressure mercury I 
arc at -78O C and the products were isolated either by filtration over silica 
gel or by bulb-to-bulb distillation (Tables 2, 3). 

Table 2: Photolysis of neat alkenoyl dodecanoyl peroxides 1 at -78' C _ 

-----__---___-__________--------------_______-_--_-___-_----_-__-____________- 

Per- Coupling product Yield(%) Yield(%)a)of Ratio 3:coup- B 
oxide Undecane (3) ling product I 
__---_------________-----------------__-------------------------______________ 

la 1-Heneicosene (4) 64(68jb) 3 0.04 

;b' 1-Heptadecene (:)c) 48(61) 5 0.08 
izd) Z-3-Heptadecene-(6)e) 45(55) 15 0.3 
iifDg) B-3-Hexadecene (ijhWi) 42(45) II I 14 0.3 
le 1-Pentadecene (8) __ * 
If 1-Pentadecine (9) 
i; E-2-TetradeceneTlOjj 
iii Tridecine (11) == 
iI Phenylundec::e (12)m 11. II 
-~-----------------__-_____ 

56(61) 6 0.1 

51(56) 6 0.1 

k) 101)(25) 12 0.5 

0 (0) 5 

15(16) 5 0.3 
~~~_~~__________-_-___------------------------_--- 

a) Yield determined by CLC. - b) Numbers in parenthesis, yield by GLC. - c) 
Additionally 1 % (GLC) cyclopentyldodecane (13). - d) Contains 9 % B-isomer. 
e) Contains 13 % E-isomer 6a. - f) Unpurifieilcrude product. - g) Contains 6 II x 
Z-isomer. - h) Contains 7 f Z-isomer 7a. - i) Additionally 4 f (GLC) 3-ethyl-l- I_ 
tetradecene (14). - j) Contains 30 % Z-isomer (lOa). - k) Additionally 1 5 
(GLC) I-tetraiicene (15). 

._I 
- 1) Stopped after 100 hrs. photolysis. - II 

m) Additionally 11 t undecyl benzoate (16). I. 

Good yields were obtained with la, b, e, f, which afford 4, 5, 8, 9 as products 
(Scheme 1). The yields are reasg:abie ;iti lc, 

I I _ I 
d, which lead to 6, 7, however _ 

they were poor with lg and i; lh produced p:iymeric material. li=foFms, besides 16 
% phenylundecane (127: 14 t-uni:cyl benzoate (16), 

II 
which probably arises by I_ 

coupling of the undecyl radical with the slowe;-decarboxylating benzoyloxy 
radical'). 

Less than 1 X of symmetrical dimers from la-i demonstrate the preferential I_ I 
intramolecular coupling of the intermediate radicals. In the photolysis of la-g 
the portion of undecane (3) increases with decreasing distance of the doublz- 

I 
I 

bond from the carbonyl groups. This could be due to a increasingly favoured 
allylic hydrogen abstraction by the undecyl radical. 
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Table 3: Photolysis of functionelised elkanoyl dodecanoyl peroxides 1 = 

Per- Coupling product Yield(%) Yield(%)a)of Ratio 3: 
oxide Undecane (3) Coupling Eroduct I 
_____-_---_----_---------___~~~~~~~~~~~----------___--_--_--_----_------_-__~~ 

1.i 
iii 
ii 
ii II 
In 
IS 

lo _I 

LP 
i,’ 
i; II 

1s II 

1-Broaopentadecane (17) 
5-Bronohexadecane (!iic) 
2-Chlorotridecane (1_9) 
2-Pentadecanone (i!)l) 
2-Pentadecenone 
ethylene acetal(21) II 
24-Decyl-3a,7a,12a- 
triacetoxy-56-cholane (2,2,) 
Tetradecanoic acid (2,:) 
Pentadecanoic acid (24) 
Ethyl 2.2-diethyl- =I 
tridecenoete (25) 
(+)-Ethyl 2-eti;l-2-methyl- 
tridecanoate (26) II 

67(76)b) 2 
40(55)d) 5a) 
52(61) 18 
- (50)h) 5 
57i)(67)i) 5 

74 

56(68)j) 1 
59(69)j) 1 
30(36) 31 

18(21) 54 

0.03 
0.2f) 
0.3 
0.07 
0.07 

0.01 
0.01 
1 

2 

a) Yield determined by GLC. - b) Numbers in parenthesis: GLC-yields. - c) 
Undergoes photochemical follow-up reaction to isoneric hexadecenes 27 and II 
hexadecane (28). - d) After 12 hrs. 55 X 18, 6 f 27 and 1 % 28. - e) Addi- II == _I I_ 
tionally 5 % 1-bromundecane (29). - f) (3 + 29)/(18 + 27 + 28). - g) Cleaves 
photochemically to 1-dodecene=?30). - - h) Aft;; 12-irs. -lO %'a0 and 21 Y 30. - =I I_ I. 
i) After deprotection. - j) After methylation with diazomethane. 

i fl 
CHz=CH KH$n COOC (CH211&H3 

(1) 

& (n=8) 

g (n=&) 

& (n=2) 

fi’ 1 
HC- C(CH2)2COOCKH&$H3 

If = 

hv 
CHz=CH (CH2)n 

& (68%) 

2 (61%) 

g (61%) 

+ 10CH3 

hv 
HC E C(CH2),oCH3 

2 (56%) 

5-Alkenyl radicals can undergo a 5-exo-trig 10) cyclisation"). The photolysis 
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of lb generates a 5-hexenyl radical, which couples to 61 % 1-heptadecene (5) 
_I _ 

and only 1 % cyclopentyldodecane (13) (Scheme 2). 
-II 

(2) 

8 R 
CH2=CH(CH2)&OOC(CH2)10CH3 

Ib 
I 

hv 

CH2 =CH (CH& l + l KH2)1&H3 - CH2=CH (CH2)l&H: 

I 
2 (61 %I 

+ 

o- CH2* + l (CH&CH3 - o- 
(CH2)11CHj 

In the solid state the cyclization is nearly totally suppressed, which indi- 

cates the very restricted mobility of the 5-hexenyl radical. This is in accord 

with the cyclization of the B-hexenyl radical in solution, where in solvents of 

low viscosity more than 50% of the radicals cyclize before their combination, 

whilst in solvents of high viscosity no cyclization occurs 12) . 
The photolysis of Id leads to 45 % B-3-hexadecene (7) and 4 X 3-ethyl-l- 

tetradecene (14) (z:heme 3). 
_ 

_B 

CH3CH2+C/ H 

H’ ’ KH2)11Ct 

2 (45%) 

+ 4CH&&H3 
CH3CH2CHCH =CH2 

+2ho 

CH3 2 (4%) 

The intermediate ally1 radical, that is formed by decarboxylation of Id. can 
-- 
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couple in the l- and 3-position. The low portion of 14 indicates that C-3 of 

the ally1 radical is much less reactive than C-l, whiaz again indicates the 

restricted mobility of the radical in the solid state. Ally1 radicals, that are 

generated by Kolbe-electrolysis from B,y-unsaturated carboxylic acids, leed to 

a three to five times higher portion of C-3 coupling products 6) . 

The photolysis of lg produces 17 X B-2-tetradecene (lo), 8 k of the Z-isomer 

10a and 1 f 1-tetrizecene (15) (Scheme 4). The high i;ount of K-isomer could be 
-11 
due to the low activation e::rgy for the configurational isomerization of the 

vinyl radical (8 kJ/mole)13), but also an B/Z-isorerixation before the 

decomposition of the peroxide is conceivable. Such an isorerization has been 

discussed for the photolysis of e,g-unsaturated esters and carboxylic acids, 

where it subsequently leads to a double bond shift into the 6,y-position 14). 

Such a double bond transposition is indicated by the formation of I-tetradecene 

(15) as side product. 
*e 

/H 
‘(CHZ),IJCH~ 

2 (17%) 

T 
CH3\ /t-i 

,,,c=C\ 
hu NH 

~~~(CH~)~OCH~ - 
CH3LC=C . 

H’ + l fCH2)&H3 

9 
00. 

(4) 
I 
hu 

it 

R F1 
/ COOC(~H~)~O~H~ k 

‘H 1 ‘;>c=c ‘ + l 6ZH2f,&H3 
‘H 

hv CH,\ 

H’ 
C=C A (CHZ)IOCH~ 

‘H 

s 18%) 

C 

fil Ii r 
CH~=CHCH~COOC(CH~)IOCH~ - 1 hv HC(.c-> . -,yH + 

;II’ H 

l (CH2)lo CH3 

CH2=CH(CH2)11CH3 

g (IO/o) 

The products 3-16 are identified by their JR-, NMR-, MS-spectra and elemental 
I I- 
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analyses. The isomers 6a, 7a, 10a show mass spectra, that are identical to 

those of 6, 7, 10. TheG-we;: c:l;acterized by configurational isomerization of 
I I W_ 

6, 7 and 10 with sodium nitrite in dilute HC115) and their comparison by 
I - 
capillary?LC. The position of the double bonds in 6, 7, 10 and 14 was deter- 

W - I. I_ 
mined by ozonolysis, conversion of the acids into the methyl eaters and their 

mass spectral identification. 

A bromo substituent in the d-position of the peroxide does not influence the 

coupling yield as can be seen from lj. Even a-chloro and a-bromo substituents 

are tolerated, as lk and 1 indicate:=5-Bromohexadecane (18). the product of lk, 

however, undergoes-1 slow-decomposition to hexadecenes 2;-and hexadecane (287: 
II 

when longer irradiated. As secondary bromoalkanes absorb at A = 254 nm, 18=zan 
I_ 

be cleaved to the 5-hexadecyl radical, which stabilizes itself by hydrogen 

transfer to 27 and 28 (Scheme 5)16). Furthermore the photolysis of lk produces 

besides unde:Ine (37-5 % 1-bromoundecane (29) possibly by bromo-traiifer from 
3 a_ 

the 1-bromopentyl radical to the undecyl radical. As the homolytic cleavage of 

the C-Cl bond is more difficult than this of the C-Br bond, the corresponding 

chloro-transfer is not observed in the photolysis of 11. However, here the 

higher portion of undecane indicates here, that the ilyermediate 1-chloroethyl 

radical is a good hydrogen donor. 

TR x 
CH3(CH2)3CH COOC(CH2)10CH3 

(5) 

$ I hu 

7’ 
CH3(CH2)3CH- + 41H2)10CH3 

_z+ 

1 
IiT- 

7’ 
CHdCH2)3 CH(CH&CHj 

12 (62%) 

I 
hu 

9 
CH3(CH2)2CH2$HCH2(CH2)9CH3 

CH3KH2)gCH3 

2 (5%) 

Bt-(CH2)10CH3 

29 (5%) 

CH3(CH2)2CH=CH(CH2)10CI 
CH3(CH2)3CH=CH(CH2)gCH 

g (6%) 

CH3W2 1 lrCH3 

g (1%) 

In the photolysis of ketoalkanoyl peroxides the photoactive keto group leads to 

a competing side reaction. The irradiation of lr affords after 12 hrs. 50 f 2- 

pentadecanone (20) together with 21 t 1-dodece:: (30). 30 is most probably 

formed in a Norgfsh-type-II reaction from photoexclred 20 “17) . Retalization of 
II 

the keto group in In excludes the formation of the cleavage products. 
II 
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The conversion of lo to 74 % 22 (Scheme 6) demonstrates that the radical C-C _I 
bond-formation can also be ap;iied to the modification of natural products. 

0 0 hv 

The 3- and 4-carboxyalkanoyl peroxides lp and lq afford tetradecanoic (23)and E= 
pentadecanoic acid (24). Starting from ~~decan~;l chloride (33) and monoper- 
succinic (31) or monz;erglutaric acid (32) overall yields of-E3 % are obtained 

(Scheme 7):= which makes this sequence a;;ractive for the two- or three-carbon 
chain elongation of carboxylic acids. 

f-l 1 R 
HOC(CH2)nCOOH + CH~(CH~)JO C Cl 

(7) 
2 fn=2) 

g In=31 
I 

Pyridine 

17 D s 
HOC (CH2)n COOC (CH2)10 CH3 

I& (92%) 

‘da 192%) 

The peroxides lr end 1s have a quarternary a-carbon, bearing two alkyl and one 

ethoxycarbonyl=iubsti;;ent. Steric crowding in the intermediate tertiary radi- 
cal and an increased number of 6-hydrogens lead to low yields of coupling pro- 
ducts 25 and 26 and favour the disproportionation to undecane. Products origi- 
nating=&om ailionic pathway were not isolated. 
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~5!hir_al lExs?xk&! &I The relatively stable 1s is a suitable a-chiral diacyl 

peroxide, that allows to check, how much theg;adical retains its configuration 
in the C-C bond-forming reaction. 1s was prepared in 90 X yield by the DCC- 
method from optically pure (+)-ethqi ethylmethylmalonate 18). Photolysis of 1s PI 
yielded 17 X (+I-26 with 80 % retention of configuration (Scheme 8). The 
enantiomeric puri;; of {+)-26 was determined by 'Ii-NMR with Bu(hfcf3 19). mil 

(8) ! FH3f iI 
CH3CHzOC 2y - COOC(CH2),&H3 @-a 

I: FH3 
(+ 1 CH3CHflC-t (CH&+ZH3 

CH2CH3 

Is 

&i&X-!3 

(+I-2 

(17%, 60% eef 

The high retention found in this photolysis is surprising, as a bond to the 
chiral carbon is broken, which should lead to its racemization. However, for 
the racemization the radical additionally has to rotate by 180°, which appa- 
rently is strongly hindered in the solid state 20). Thus the configuration of 
chit-al carbon is largely retained. The thermal decomposition of an optically 

the 

active diacyl peroxide with a chiral a-carbon leads to a nearly racemic coup- 
ling product21). In the Kolbe-electrolysis of carboxylic acids with a chiral O- 
carbon no optical activity is found in the products 7) . 

Side heroductsr 
which leads to 

(Table 4). 

All diacyl peroxides I. have the dodecanoyl group in common, 
characteristic side p;oducts that are found in each photolysis 

Table 4: Side products in the photolyses from the dodecanoyl group 

Product Yield (%Ia) Product Yield (%:) 

n-Undecane (3) bf Cyclopropyl- l-4 I 
octane (36) 

n-Docosane (34) <l 1-Undecaizl (37) 3-8 
1-Undecene (i;) 

_I 
l-9 Dodecanoic 1-6 I_ 

acid (38jc) II 
---_----~_-----~~-~-------~~____-~~~~~-----~~-~--_--~~_~____-~_____-__________ 

a) Yield determined by GLC. - b) See tables 2, 3. - c) As methyl aster. 
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Undecane (3) is formed by hydrogen abstraction of an undecyl radical (39), 

docosane (z4) by dimerisation of 39. 1-Undecene (35) and cyclopropyloct&e (36) 
II 

could arisE=by disproportionation of 39. Hydrogengibstraction in the B-positf:n 

39 leads to 35; 

i: to a carbene, 

abstraction in the stz;ically better accessible a-position of 
II 

which could undergo a CH-insertion to 36 (Scheme 9). 
_W 
A similar result is reported for the crystal photolysis-zf undecanoyl peroxide 

at 77K2'), which in addition to eicosane yields 20 4 n-heptylcyclopropane. l- 

Undecanol(37) and dodecanoic acid(38) are possibly formed by an ionic decom- 
31 II 

position of the diacyl peroxide. 

i R 
R’ COO C (CH2),0 CH3 

1 
hu 

(9) 
CH3(CH&CH2CH2 l c 

E_orParisoL! of a!? ddacrl Fsxoxi_d_e dncsmEositions I?it!! the 

!!!2lb~~Sl~!2tLX?lY~!G, The yields of the corresponding mixed 

are compared in Table 5 with those of the photolyses of 1 
I 

CH3KH2)20CH3 

34 

CH3KH21gCH3 

2 

CH2= CH(CH2)&H3 

35 

b(CH&CH3 

gj 

csrresEonding mix_ed 
Kolbe-electrolyses 

The mixed Kolbe-electrolyses of unsaturated carboxylates with dodecanoic acid 

(40) afford similar yields of coupling product as did the saturated carboxy- 

liFeal), however the portion of side products is higher.Furthermore marked 

differences of the product distribution in the Kolbe-electrolysis and in the 

photolysis demonstrate again the restricted mobility of the radicals in the 

solid state as compared to this in solution. From the anodically generated 5- 

hexenyl radicals 22 % cyclize to cyclopentylcarbinyl radicals5b' 22), whilst only 

2% of those generated in the solid state undergo cyclization. Only 4% the Z-3- 

hexenyl radicals formed in the solid state interconvert to the E-isomer, but 9 

X of the anodically formed 4). The ratio of Cl:CS-coupling is 72 : 28 for the 

E-2-pentenyl radical generated by Kolbe-electrolysis, whilst this for the 

photogenerated radical is 92 : 8. 
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Table 5. Yields in the photolysis of 1 and in the corresponding Mixed Kolbe- = 
electrolysis 

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

R1 in Yields (%;)a) 
R1C02H/CllH23C02H Mixed coupling Docosane Undecane 

and product (34) (3) 
R1C02-02CCllH23 

== 
K P K P K =P 

CH2=CH(CH2)8- 
CH2=CH(CH2)4- 

CH3CH2, 
H,C=C;“H2’?- 

H 

CH$H,‘c_ccH 

H’ - ‘CH2- 
CH2=CH(CH2)2- 
HCEC(CH2)2- 

CHs\ 

H’ 
et,/” 

HCX- 
Phenyl- 

Dr(CH2J4- 
CH3(CH2)3-CHBr- 
CH3CHC1- 
CH3CO(CH2)2- 

HG2C(CH2j2- 
HG2C(CH2)3- 
CH3CH202CC(CH2CH3)2- 
CH3CH202CCCH3(CH2CH3)- 

4 
5'b) 
= 

IF) = 

7d) = 

8 
9' = 

10e) == 

28 
25 

19 

15 

25 
11 

0 

0 
0 
15 
0 
0 
19 
22i) 
25i) 
21 
17 

68 16 
61 20 

55 24 

45 22 

61 12 
56 25 

25 

0 
16 
76 9 
55 
61 

<1 

<l 

<l 

<1 

<l 
<l 

<l 

<l 
<l 
<l 
<l 
<l 

67h) <lh) 
68 24'; <l 
69 2li) <l 
36 20 <l 
21 27 <l 

8 3 
10 5 

7 15 

8 14 

9 6 
9 6 

12 

5 
5 

48) 2 
5 
18 

8 5h) 
7i) 1 
8i) 1 
16 31 
18 54 

a) Yield determined by GLC; I( = Kolbe electrolysis, P = photolysis of l.- b) 
= 

Additionally 7 X (K) or 1 % (P) cyclopentyldodecane (13).- c) Increase of B- 
== 

isomer from 9 5: in lc to 18 X (K) or 13 X (P) in 6.- d) Contains 7 f Z-isomer == = 
of 7, additionally 6 f (K) or 4 % (P) 3-ethyl-1-tetradecene (14).- e) Contains = == 
30 % (P) Z-isomer of 10 and 1 f (P) 1-tetradecene (15).- f) Additionally 14 % 
(P) undecyl benzoate 7;6).- g) Additionally 6 % 1-b;:moundecane (29).- 
h) Ethylene acetal In h,' educt 

== 
.- i) Methyl dicarboxylate as educt. - == 

j) Methylester. 
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The mixed Xoibe-electrolysis of 4-pentynoic acid lead8 to 11% coupling product 
9, this is less satisfactory than the photolysis in the solid state, which I 
affords 56 I: 9. Halocarboxylates give poor yields in the Kolbe-electrolysis , 3) 

e.g. 5-bromop&tanoic acid couples with dodecanoic acid to form 15 X 1-bromopen 
tadecane (17), with 2-bromohexanoate or 2-chloropropionate no coupling products 
can be iaoi:ted. However, the photolysis of the halo substituted peroxides lj-1 31 I 
produces good yielda of the haloalkanes 17-19. 
In the photolyeis of ketoacyl peroxides the keto group has to be protected to 
exclude the Norrish-Type-II cleavage, here the electrolysis has the advantage, 
that no protection is necessary. On the other hand carboxy substituted pero- 
xides can be used for the synthesis of the alkanoic acids 23 and 24, whilst for 
the corresponding preparation by way of the Kolbe-electrol;iis thzw halfesters 
of the diacids have to be prepared, because the electrolysis of dicarboxylic 
acids leads to polymeric products 25 . 

Summarizing on8 can say. that the photolysis of substituted diacyl peroxides in 
the solid state is a favorable supplement of the Kolbe-electrolysis, as it 
leads to successful coupling reactions, where the electrolysis fails or pro- 
duces low yields. 

BXPERIMKNTAL 

GENERAL.- The structures of products already described in the literature were confirmed 
by comparing their IR, NMR and mass spectra with the data reported. 'II-NMR 
spectra were obtained with the Bruker WM 300 spectrometer, 13C-NMR spectra with 
a Bruker HH SO or WM 300 spectrometer. IR-spectra were recorded on the Perkin- 
Elmer instrument6 177, 257, 421; UV-spectra were taken with the Leitz SP 800a 
spectrometer; mass spectra were obtained with the GC-MS combinations Varian MAT 
111 (packed columns) and Varian CH 7A (capillary columns). Melting points were 
determined with a Kofler hot atage apparatus and are uncorrected; refraction 
indices were obtained with 8 Zeiss refractometer. The purity of starting eom- 
pounds and products was checked by GLC with the Varian instruments 1400 and 
3700 with the glass coluams: column 1 (4.3 m x 2 mm) 4 % SE 30 on chromosorb W 
AWDMCS 100/120; column 2 (1.4 m x 2 mm) 4 5 SE 30 on chromosorb W AWDMCS 
100/120; column 3 (capillary, 25 m x 0.3 mm) 0.3 X SE 30, column 4 (capillary, 
25 m x 0.3 mm) 0.25 f Superox 4. For analytical TLC Merck TLC-plates silicagel 60 
F264 were used. - Photolyses were carried out with Griintzel low-pressure mercu- 
ry arcs 1 and 5a. For the Kolbe-electrolyses an undivided cell of 100 ml 
content with two platinum electrodes (1 cm2/she8t) and the HKRI instrument TN 

250-1250 for constant DC current were used. - 

GENERA& PRQEBnQ&ESl: ErsEarstion _o_f She _acrl d_od!IGBD_oYl Rir_oN$del? (1): 

Method Ar Perdodecanoic acid and alkanoyl chloride'). 
I 

Method &. Perdodecanoic acid, alkanoic acid and dicyclohexylcarbodiimide (DCC): 
Bquinolar amounts of DCC, peracid and alkanoic acid, each dissolved in 40 ml 
ether and cooled to -20° C, are mixed and held 12 hrs. at -20° C. Precipitated 
dicyclohexyl urea is filtered off, 5 ml of the etheral solution are concen- 
trated at O°C at the rotary evaporator and warmed to room temperature. If the 
corresponding peroxide is unstable at 20° C, from the remaining etheral solu- 
tion the ether is evaporated at 0' C, the residual peroxide purified by chroma- 
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tography on silica gel at 5' C and directly photolyeed. The aore stable per- 
oxides are purified by chromatography at room temperature. Analytical and 
preparative photolyses see lit.'). 

#fagZtbRaglPg OE THB 4&~BNQ~& DOEBC4NOYL EBRO_Xm?S 
n__od_ec.gooyl 1P~seQnnspnyl parox/de ‘!“,I: 2.03 g (10 rmol) lo-Undecenoylchloride, 
2.16 g (10 mrol) 2 end 0.79 g (10 m~ol) pyridine afford 3.46 g (8.9 8101, 89 %I 

la. Mp. 29-30' C.=- IA (film) 1810, 1780 (C=O), 1840, 996, 910 (C=C), 1060 
&-O-C) cm-l. "C-NW (CDC13): d 169.2 (8, C-1,1'), 138.9 (d, C-lo), 114.1 

(t, C-11), 33.7 (t, C-9). 31.9 (t, c-lo'), 29.9 (C-2,2'), 29.5 (C-6,7', 8'). 

29.3 (C-5,6', 9'1, 29.0 (c-7,8,5'), 28.8 (C-4,4'), 24.8 (t, C-3,3'), 22.7 (t, 
C-11'). 14.0 (c-12') ppm. Celcd. active oxygen: 4.18 %; Found: 4.22 %. Anal. 

calcd. for C23B4204 (382.6): C, 72.21; 6, 11.06. Found: C, 72.32: 6, 11.35. 

Dode_e_aporl, GA!eRtewYf F!ers!xid_e Ub,‘: 2.93 g (20 mmol) 6-Heptenoylchloride, 
4.33 g (20 mmol) 2 and 1.58 g (20 mrol) pyridine yield 6.00 B (16.4 -01, 92 f) 
lb. n;' = 1.4515.IIR (film): 1810, 1780 (C=O), 1640, 990, 905 (C=C), 1055 

i&oc) cm-l. 13C-NMR (CDC13): d = 169.1 (6, C-l'), 169.0 fs, C-l>, 137.9 (d, C- 
6), 114.9 (t, c-7), 33.1 (t, C-S), 31.8 (t, C-IO'), 29.9 (C-2'), 29.8 (C-21, 
29.5 (C-7', 8). 29.2 (C-6', 9'). 29.0 (C-5'). 28.8 (C-4'). 27.9 (C-41, 24.7 (C- 

3'), 24.2 (C-3). 22.6 (t, C-11'), 14.0 (q, C-12') ppm. Calcd. active OXYgen: 
4.90 Z; Found: 4.80 %. Anal. calcd. for Cl983404 (326.5): C, 69.90; R, 10.50. 

Found: C, 69.79; H, 10.62. 

noeecanoYl ZzqzhNPt9EGYl l?aroabde ‘1,“_‘: 0.64 g (5.0 mrol) Z-4-Heptenoic acid (9 

k Z-isomer), 1.08 g (5.0 amol) 2 and 1.03 g (5.0 mmol)DCC afford after column 

chromatography (silica gel, pet:olether - ether, 1O:l) 1.34 g (4.1 mrol, 82 f) 
lc. n$': 1.4525. ID (film): 1810, 1780 (C=O), 1650, 720 (C=C), 1070 (WCC) 
:;-l. "C-NMR (CDC13): 6 = 169.0 (6, C-l'), 168.5 (s, C-l). 133.9 (d, C-5), 
125.5 (d, C-4), 31.8 (t, C-lo'), 30.1 (C-2), 29.8 (C-2'), 29.4 (C-7'. 8'), 29.2 

(C-8', S'), 29.0 (C-5'), 28.8 (C-4'), 24.7 ft, C-3'), 22.5 (C-11'), 22.4 CC-3)‘ 
20.4 (t, C-6), 14.0 (q, C-7, 12'). ppm. - Celcd. for active oxygen: 4.90 %; 
Found: 4.83 Z. Anal. calcd. for ClsH3404 (326.6): C, 69.90; II, 10.50. Fouud: C, 
70.06; H, 10.61. 

DodecaDSyl ~~3~~SgQDSy~ QSrQxidS (',$I: 2.65 g (20 rrol) II-3-Hexenoylchloride (6 

X Z-isomer), 4.33 g (20 1~01) 2 and I.58 g (20 mmol) pyridiae lead to 5.81 8 

(18.6 mmol, __, 93 X) Id* unstableoat room temperature. 

no&!%!noYl JzeeeteePY1 R_eEP?m!!E ‘1,“,‘: 1.19 g (10 rrol) 4-Pentenoylchloride, 
2.18 g (10 rmol) 2 and 0.79 g (10 maol) pyridine yield 2.80 g (9.4 ~~01, Q4 %) 

le. XI:': 1.4490. ;R (film): 1810, 1780 (C=O), 1640, 995, 915 (C=C), 1085 (COOC) 
;t-l. 13C-NMR (CDC13): 6 = 169.0 (s, C-l'), 168.3 (6, C-l), 135.4 (d, C-41, 
116.3 (t, c-5), 31.8 (t, C-lo'), 29.8 (C-2'), 29.4 (C-7', 8'1, 29.2 (C- 

2,6',9'), 29.0 (C-5'). 28.8 (C-4'), 28.5 (C-3), 24.7 (t, C-31, 22.5 (t, C-11'). 
13.9 (q, C-14') ppn. Calcd. for active oxygen: 5.36 %. Found: 5.43 %. Anal. 
celcd. for C17H3004 (298.3): C, 88.42; H, 10.13. Found: C, 68.59; B, 10.32. 
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Dodecanoyl 4zpnstyggyl pg_rogj& (If): 2.33 g (20 nmol) 4-Pentynoylchloride, 
4.33 g (20 rmol) 2 and 1.58 g pyrlline lead to 5.47 g (18.5 mmol, 93 %) If. Mp. 
42 - 43O C. IR (fylm,: 2110 (CRC), 1810, 1780 (C=O), 1090 (COOC) cm-l. 13,'-~,, 
(CDC13): 6 = 169.0 ((I, C-l'), 167.4 (s, C-l), 81.0 (s, C-4), 69.9 (d, C-5). 
31.8 (t, C-lo'), 29.8 (C-l'), 29.5 (C-7', 8'), 29.2 (C-2, 6'. 9'), 29.0 (C-5'). 
28.8 (C-4'), 24.7 (t, C-3'), 22.6 (t, C-11'), 14.2 (t, C-3), 14.0 (q, C-12') 

PPm. Calcd. for active oxygen: 5.41 k; Found: 5.44 %. Anal. calcd. for Cl,H2804 
(296.4): C, 68.89; H, 9.53. Found: C, 68.80; H, 9.45. 

B5ikButenoYl s!_o!!e~_anoYl eernxfd_e ‘1,$: 2.09 g (20 mmol) B-2-Butenoylchloride, 
4.33 g (20 ~mol) 2 and 1.58 g pyridine yield 5.36 g (18.9 mmol, 94 %) lg. Mp. 
39 - 40° C. IR (fk): 1800, 1760 (C=O), 1645, 955 (C=C), 1080 (COOC) ,';-l. 
13C-NMR (CDC13): 6 = 169.1 (s, C-l'), 162.4 (6, C-l), 148.7 (d, C-2), 116.1 (d, 

C-3), 31.8 (t, C-lo'), 29.9 (C-2'), 29.4 (C-7'. 8'). 29.2 (C-6', 9'), 29.0 (C- 
5'), 28.8 (C-4'), 24.7 (t, C-3'), 22.5 (t, C-11'), 18.4 (q, C-4), 14.0 (q, C- 
12') ppm. Calcd. for adtive oxygen: 5.62 Y; Found: 5.57 X. Anal. calcd. for 
C16R2*04 (284.4): C, 67.57; II, 9.92. Found: C, 67.29; H, 10.06. 

Iw_d~Zw_aDyo~ RroRyR_oy~ RnroNi& (I;:): 0.70 g (10 mmol) Propynoic acid, 2.16 g 2, 
and 2.06 g DCC afford after column chromatography (petrolether : ether, 10 : 1, 
5' C) 2.14 g (8.0 mmol. 80 %) lh. Mp. 27 - 28' C. IR (film): 2120 (CZC), 1805, 
1765 (C=O), 1055 (COOC) cm-l. r3C-NMR (CDC13): 6 = 168.4 (6. C-l'), 148.9 (low 
intensity, C-l), 81.2 (d, C-3), 69.5 (a, C-2), 31.9 (t, C-lo'), 29.8 (C-2'), 
29.5 (C-7', 8'), 29.3 (C-6', 9'), 29.0 (C-5'), 28.8 (C-4'). 24.7 (t, C-3'), 

22.7 (t, C-11'), 14.1 (q, C-12') ppn. Calcd. for active oxygen: 5.96 X, Found: 

5.98 f. Anal. calcd. for C 15B2404 (268.4): C, 67.14; Ii, 9.01. Found: C. 67.01; 

H, 9.29. 

Benzoyi dg_daINRey& peroxide (li): 1.22 g (10 mmol) benzoic acid, 2.16 g (10 
mmol) 2 and 2.06 g DCC yield :;ter column chromatography (petrolether : ether, 

10 : 17 2.69 g (8.4 mmol, 84 2) li. Mp. 24 - 25' C. IR (film): 1800, 1765 

(C=C), 1595 (C=C), 1035 (COOC) cm "l. "C-NMR (CDC13): 6 = 169.2 (8, C-l'), 
158.2 (low intensity, C-l), 134.1 (d, C-5), 129.6 (d, C-3), 128.7 (d, C-4), 
125.7 (a, C-2). 31.8 (t, C-lo'), 30.0 (C-2'), 29.5 (C-7'. 8'), 29.3 (C-6', 9'), 
29.0 (C-5'), 28.9 (C-4'), 24.8 (t, C-3'), 22.6 (t, C-11'), 14.0 (q, C-12') ppm. 
Calcd. for active oxygen: 4.99 I; Found: 4.94 k. Anal. calcd. for ClgH2*04 
(320.4): C, 71.22; H, 8.81. Found: C, 71.38; H, 9.04. 

EHN9TIo!!44mx! 4LKANOXL !m!ECANOYL E!!moxu!ss 
4~8rngneaetanorl s!ndec_anorl ee~oxids (lj): 1.81 g (10 mmol) 5-Bromopentanoic 

acid, 2.16 g (10 mmol) 2 and 2.06 g (l~Dnnol) DCC afford after column chronato- _ 
graphy (petrolether : ether, 5 : 1) 3.37 g (8.9 mmol, 89 t) lj. Mp. 34 - 35O C. 
IR (film): 1810, 1780 (C=O), 1070 (C-00-C) o-~. 13C-NMR (CD:i3): 6 = 169.1 (s, 
C-l'), 168.6 (s, C-l), 32.4 (C-4), 31.8 (C-lo'), 31.4 (C-5), 29.9 (C-X'), 29.5 
(C-7', 8'), 23.3 (C-3), 22.6 (C-11'), 14.0 (q. C-12') ppn. Calcd. for active 
oxygen: 4.22 X; Found:4.25 k. Anal. calcd. for C17H31Br04 (379.3): C, 53.83: H, 
8.24. Found: C, 53.95; H, 8.22. 



9&ctivemixedcouplingofcarboxylic acids-II 4221 

Z~BrgrghnxssgYl dgdecanoyl Earoxide Ok,‘: 2.14 g (10 ~rol) 2-Bromohexanoyl 

chloride24), 2.16 g (10 mmol) 2 and 0.79 g (10 rmol) pyridine yield 3.79 g (9.6 

mrol, 96 X) lk. n2; : 1.4629. ;A (film): 1815, 1786 (C=O), 1055 (COOC) cm-l. 

13C-NMR (CDCi;): d = 168.7 (a, C-l'), 166.0 (s, C-l), 40.2 (d, C-2). 34.8 (t, 
c-3), 31.8 (t, C-lo'), 29.8 (C-2'), 29.5 (C-7', 8'), 29.2 (C-6', 9'), 29.0 (C- 
5'), 28.8 (C-4'), 28.1 (C-4), 24.7 (t, C-3'), 22.6 (C-11'), 21.8 (C-5), 14.0 

(C-12'), 13.6 (C-6) ppm. Calcd. for active oxygen: 4.07 f; Found: 4.01 2. Anal. 
calcd. for C18H33Rr04 (393.4): C, 54.96; R, 8.48. Found:C, 55.03; H, 8.70. 

2-ChlorgRrouioDqyl d9d999DDyl RRK9zid9 (it): 1.27 g (10 mmol) 2-Chloro- 
propionoyl chloride, 2.16 g (10 mnol) 2 and 0.79 g (10 rmol) pyridine lead to 
2.98 g (9.7 mrol, 97 %) 11. nE": 1.448;. IR (film): 1815, 1785 (C=O), 1050 

(COOC) cm -l. 13C-NMR (CD;i3): 6 = 168.7 (a, C-l'), 166.2 (s, C-l), 48.7 (d, C- 
2), 31.9 (t, c-lo'), 29.8 (C-2'), 29.5 (C-7'. 8'). 29.3 (C-11'). 21.6 (C-3), 
14.0 (q, C-12') ppm. Calcd. for active oxygen: 5.21 Y; Found: 5.11 X. Anal. 
calcd. for C15H27C104 (306.8): C, 58.72; H, 8.87. Found: C, 58.76; H. 9.07. 

Qodsc_anr?yl 4:oxopsstaesyI peroxi& (I=): 1.16 g (10 mrol) 4-Oxopentanoic acid, 
2.16 g 2 and 2.06 g DCC afford after=Eolumn chromatography (petrolether : 
ether, i : 1) 2.86 g (9.22 mmol, 92 II) lm. Mp. 37 - 38O C. IR (film): 1790, 
1715 (C=O), 1055 (COOC) cm -l. "C-NMR &l,): d = 205.0 (s, C-4), 169.0 (8, C- 

l'), 168.6 (a, C-l), 37.6 (t, C-3), 31.8 (t, C-lo'), 29.8 (C-2'), 29.5 (C-7'. 
8'), 29.2 (C-6', 9'), 29.0 (C-5'), 28.8 (C-4'), 24.7 (C-3'), 24.0 (C-2, 5), 
22.6 (t, C-11'). 14.0 (q, C-12') ppm. Calcd. for active oxygen: 5.09 2; Found: 
5.10 X. Anal. calcd. for C17H3005 (314.4): C, 64.94: Ii, 9.62. Found: C, 64.98; 
H, 9.90. 

D_od99RD_oyl &qK9Dentanoy& _e&Dyl_eD9 D99t91 D_eKDxjd_e (In): From a solution of 
1.57 g (5 mmol) lr, 0.47 g (7.5 mmol) ethyleneglycol-ind 0.1 g p-toluene- 
sulfonic acid in?0 ml dry CH2C12 the water is removed by aeeotropic distilla- 
tion and distilled off CH2C12 is continously replaced by dry CH2C12. After 4 
hrs. the chilled solution is washed with a KRC03-solution and water, dried and 
the CH2C12 evaporated. After column chromatography (petrolether : ether, 2 : 1) 

1.25 g (3.5 mmol, 70 %) In are obtained. Mp. 22 - 23'C. nE3 : 1.4528. IR 

(film): 1810, 1780 (C=O):-1055 (COOC) cm-l. "C-NMR (CDC13): 6 = 169.2 (s. C-l, 

1'). 108.6 (s, C-5), 64.8 (t, C-6, 7), 33.7 (t, C-3), 31.8 (t, C-10'). 29.9 (C- 

2'), 29.5 (C-7', 8'). 29.2 (C-6', 9'), 29.0 (C-5'), 28.8 (C-4'). 24.7 (C-5, 
3'), 23.8 (C-2), 22.6 (C-2)‘ 22.6 (t, C-11'). 14.0 (q, C-12') ppm. Calcd. for 
active oxygen: 4.46 %. Found: 4.43 2. Anal. calcd. for C1gH3406 (358.5): C, 
63.66; H, 9.56. Found: C, 63.66; H, 9.71. 

D9d99919y& 3a 70! 12a-triacetoxy-5KI9hplgnoyl R9Kox&l_e (lo): 1.07 g (2 mmol) -_I--1-___----__--- -- 
3a,7a,12P-Triacetoxy-56-cholanoic acid (Mp. 95-97' C), ::43 g 2 and 0.41 g 
DCC afford after column chromatography (ether : petrolether, I-: 1) 1.2 g (1.64 
mmol, 82 %) lo. ng" = 1.4845. - IR (film): 1810, 1780, 1735 (C=O), 1060 (COOC) 
cm -1 . - 13C-iiR (CDC13) 6 = 170.3 (C = 0 in acetate), 169.4 (C-l), 169.2 (6, C- 

l'), 75.3, 74.0, 70.6 (C-3.7.12 in steroid), 47.2, 45.0, 43.3, 40.9, 37.7, 
34.6, 34.4, 34.2, 33.8, 31.8 (C-10'). 31.2, 30.7, 29.9 (C-2'), 29.4 (C-7',8'), 
29.2 (C-6',9'), 29.0 (C-5'), 28.8 (C-4'). 27.1, 26.8, 25.5, 24.6 (C-3'), 22.5 
(C-11'), 21.4, 21.3, 17.3, 14.0 (C-12'). 12.1 pp~. - Calcd. for active oxygen: 
2.18 %; Found: 2.17 f. - Anal. calcd. for C42H68010 (733.0): C, 68.82; H, 9.35. 
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Found: C, 66.52; II, 9.64. 

3-Carbonyl9HyRK9RigDyl dq_dR_c_aD_oy!, RRK9Ni_dR (1~): 2.19 g (10 rmol) dodecanoyl 
chloride, 1.76 g (10 mnol) nonopersuccinic a:ld (76 %) and 0.79 g (10 rmol) 
pyridine afford 2.10 g (9.2 mmol, 92 II) lp (method A). - Up. 90 - 91' C, from 
ligroin, (lit. 25) 94O C). - IR (KBr): l&, 1775, 1705 (C=O), 1065 (COOC) cm-l. 
- "C-NMR (CDC13): 6 = 177.3 (s, C-4), 169.1 (a, C-l'), 168.0 (s, C-l), 31.8 
(t, C-lo'), 29.8 (C-2'), 29.4 (C-7',8'), 29.2 (C-6',9'), 29.0 (C-5'). 28.8 (C- 
4'), 28.5 (C-2)‘ 24.9 (C-3), 24.7 (C-3'), 22.6 (t, C-11'), 14.0 (q, C-lZ')ppm.- 
Calcd.for active oxygen: 5.06 1; Found: 5.02 Y. 

448KR9Dyl9HyRD&yKyi d9999889y& R9I2xid9 (lq): 2.19 g (10 mmol) Dodecanoyl 
chloride, 2.31 g (10 rrol) monoperglutaric=icid and 0.79 g (10 mmol) pyridine 
afford 3.05 g (9.2 mmol, 92 2) 1 q. Mp. 72 - 73O C (from ligroin). - IR (KBr): 
1805, 1775, 1705 (C=O), 1065 (COZY') cm-l. - 13C-NMR (CDC13): 6 = 178.8 (a, C- 

5)s 169.1 (s, C-l'), 168.4 (8, C-l), 32.4 (C-4), 31.8 (C-lo'), 29.8 (C-P'), 
29.5 (C-7',8'), 29.2 (C-6.,9'), 28.9 (C-2,4',5'), 24.7 (t, C-3'). 22.6 (t, C- 

ll'), 19.6 (t, C-3), 14.0 (q, C-12') ppm. Calcd. for active oxygen: 4.84 k; 
Found: 4.90 Y. - Anal. calcd. for C17H3006 (330.4): C, 61.79; H, 9.15. Found: 
C, 61.53; Ii, 9.07. - 

Qodecanqyl Zrztho%y~arbsnyl~2~ethylPytyryl Reroxide (lr): 1.88 g Ethyl diethyl- 
malonate, nD 20= 1.4357, up. 16 - 17' C), 2.16 g 2 and H:06 g DCC yield 
after column chromatography (petrolether : ethe;, 8 : 1 at 5' C) 3.23 g (8.4 
mmol, 84 X) lr. - ni" : 1.4478. - IR (film): 1810, 1780, 1735 (C=O), 1060 
(COOC) cm-l.'_' 13C-NMR (CDC13): 6 = 169.8 (a, C02C2H5), 168.6 (s, C-l'), 167.5 

(s, C-l), 61.5 (t, oCH2cH3), 57.5 (s, C-2), 31.8 (t, C-10'). 29.7 (C-2'). 29.4 
(C,7',8'). 29.2 (c-6.,9'), 29.0 (C-5'), 28.8 (C-4'), 25.1 (C-3), 24.7 (C-3'), 
22.5 (t, C-11'), 13.9 (q, 0CH2CH3 and C-12'), 8.0 (q, C-4) ppm. - Calcd. for 
active oxygen: 4.14 Y. Found:4.08 X. - Anal. calcd. for C21H3808 (386.5): C, 
65.25; H, 9.91. Found: C, 67.44; II, 10.72. - The peroxide decomposes quickly at 
r.t., which leads to the incorrect analysis. 

!!!X?R99H9YL f~2~ZzetBgeYsaELonKl=~~N~~~Y~~9~Y~Y~ F!nroxdde (1s): 1.74 g 
(10 mmol) (?)-Ethyl ethylmethylmalonate (from diethyl meth;imalonate by alkyla- 
tion with ethyliodide'*), nip 1.4188, 82 % yield, and subsequent partial hydro- 
lysis, ni? 1.4306, 74 W), 2.16 g 2 and 2.06 g DCC afford after column chroma- 
tography (petrolether : ether, 8 :-I at 5' C) 3.20 g (8.6 mmol, 86%)lS. - 
ni? 1.4457. - IR (film): 1810, 1780, 1735 (C=O), 1065 (COOC) cm-l. - 13,'-NMR 

(CDC13): 6 = 170.6 (s, C02C2H5), 168.7 (s, C-l'), 168.1 (s, C-l), 61.7 (t, 
0CH2CH3), 53.2 (s, C-2), 31.8 (t, C-lo'), 29.8 (C-X'), 29.5 (C-7',8'). 29.3 (C- 

6',9'). 29.9 (C-4'.5'). 24.7 (t. C-3'). 22.6 (t, C-11'), 19.4 (t, C-3). 14.0 
(OCH2CH3 and C-12'). 13.8 (C-5), 8.4 (q, C-4) ppm. - Calcd. for active oxygen: 
4.30 t; Found: 4.29 Y. - Anal. calcd. for C20H3606 (372.5): C, 64.49: H, 9.74. 
Found: C, 66.29; H, 10.46. Deviations due to decomposition at r.t. 

mmol) (+)-Ethyl ethylmethylmalonate (obtained from (+-)-ethyl ethylmethylralo- 
nate by resolution with quinine in 34 X yield as pure enantiorer 18) , ra1;2 = 
+3.51o, c = 15 in CHC13, lit.18) Ic~ln'~= +3.38O, c = 15 in CHC13), 1.30 g 2 and I 
1.24 g DCC afford after column chromatography 2.02 g (5.4 rmol, 90 1) 1s. _I 
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The optical rotation of 1s could not be determined due to its instability. II 

P!!m!LYSES 

DodSgRDpyl lQ:DRdsssDny& RRZRNid_e (la): Analytical (GLC, column 1, 50 - 280' C, II 
10' C/min): 68 Y 1-Heneicosene (4). 3 X n-undecane. Preparative: 1.91 g (5.0 
mmol) la afford after 50 hrs. ph:tolysis 0.94 g (32 mmol, 64 %) 4. l-llenei- 
cosene-74): Mp. 32 - 33O C (lit.2") 33O C). IR (film): 3070, 1640: 990, 910 
CIP -l (C=i). - 'H-NMR (CDC13): 6 = 5.81 (m, lH), 4.96 (I, 2H). 2.04 (m, 2H), 
1.36 (P, 2H), 1.216 (n, 32H), 0.88 (t, 3H) ppm. - MS:RLe = 294 (2%. M), 266 
(l%, M+ - C2H4), 182 (2%). 181 (2%), 167 (3%), 154 (3%), 153 (4%), 140 (5%), 
139 (10X), 125 (17%). 111 (35%), 97 (62%). 

tld&zc_aDnyi 6:heptaDoyl ReRoNidR (lb): Analytical: (GLC, column 1, 50 - 280° C, _I 
10' C/min): 61 f 5, 1 f 13, 5 X n-unoecane. Preparative: 3.27 g (10 mmol) lb 
yield after 70 hri. 

I_ 

ni" : 
irradiation 1.14 g (4.8 mmol. 48 %) 5,. 1-Heptadecene (;i: 

1.4434 (lit.27) 1.4436). - IR (film): 3070, 1640, 990, 910 cm-1 (C=Cj. - 
'H-NMR (CDC13): d = 5.81 (m, lH), 4.96 (m,2H), 2.04 (m, 2H), 1.36 (m. 2H), 1.26 
(m, 24H), 0.88 (t, 3H) ppm. - MS: RL_e = 238 (4%, M+), 210 (PY, M+ - C2H4), 154 

(42)s 153 (3%), 140 (5X), 139 (7X), 125 (lB%), 111 (41%), 57 (100%). Cyclopen- 
tyldodecane (13): MS: II/~ = 238 (S%, M+), 210 (3%. M+ - C2H4), 195 (1%). 181 

(2X), 167 (3%:: 154 (3%). 153 (4%), 139 (9X), 125 (19X), 111 (38%). 69 (100%. 

C5H9 +). 

DpdecDDoyl Z+zheR$sDnyi R_eRoNa& (ii): Analytical (GLC, column 1, 50 - 280° C; 
column 4, 130 - 230' C, 3' C/min: 48 f 6, 9 X E-6, 15 % n-undecane. _ 
Preparative: 0.82 g (2.5 mmol) lc afford after 30 hrs. irradiation 0.27 g (1.13 I_ 
mmol, 45 %) 6 and S-isomer. Z-3-HeRtpdqpRRp (6. mixture of 86 1; Z and 12 % B), ------ 
.;0: 1.4447.=- IR (film): 3010, 1655, 720 cm -I (C=C). - 'H-NMR (CDC13): 6 = 
5.34 (m, 2H, J = 10 Hz), 2.04 (m. 4H),1.26 (m, 22H), 0.95 (t, 3H), 0.88 (t, 3H) 

PPm. - MS: HL.D = 238 (22%, M+), 210 (3%, M+ - C21i4), 196 (If), 172 (2%). 168 

(3%), 154 (5%), 153 (4X), 140 (7%), 139 (7X), 125 (20%), 111 (41%), 97 (70%). 

55 (100%). - 6 and its E-isomer have identical MS-spectra. - Anal. calcd. for 
C17H34 (326.57: C, 85.63; H, 14.37. Found: C, 85.45; H, 14.65. - The strucure 
of the R-isomer of 6 was confirmed by double bond isomerization: 50 mg 6, 2 ml _ 
2n AC1 and 100 mg sldium nitrite lead to 18 % 6 and 82 X B-isomer of 6. - _ 
Ozonolysis of 6 (50 mg 6 ozonized in ether/methanol, oxidative workup: 2n W I 
H2SG4' chromic trioxide, methylation with diaeomethane) yields methyl tetra- 
decanoate: MS28): NLR = 242 (4X, M+), 213 (4X, M+ - C2H5), 211 (4%, M+ - 0CH3), 
199 (7X), 185 (3%). 171 (1X), 157 (4%), 143 (11%). 129 (5%), 115 (2%), 111 

(3%), 101 (6X), 74 (100%. C3H602+, McLafferty). 

Dodecanoyl E3?hDNRDoyl pe_roNide (Id): Analytical (GLC, column 1, 50 - 280° C; _I 
column 4, 120 - 230' C, 3OC (min): 42 f 7, 3 % Z-isomer of 7, 4 % 14, 14 % n- 

_ I. 
undecane. Preparative: 3.12 g (10 rmol) Id produce after 100' hrs. irradiation II 
0.94 g (42 W) 7, Z-7, 14. B-3-Hexadecene (7. mixture of 84 % 7, 6 f 7a, 8 % 
14): ni": 1.42;7 (lit. - 29) m 

: 1.4220). - IR (film): 3020, 965 cm (C=Cy: - 'H-NMR '1 

::DC13): 6 = 5.40 (m, 2H, J = 16 Hz), 1.98 (I, 4H), 1.26 (m, 20H), 0.94 (t, 
3H), 0.88 (t, 3H) ppm. - MS: RLR = 224 (30%, M+), 196 (4X, M+ - C2H4), 182 
(2%), 169 (2%), 168 (a%), 168 (3%). 154 (6X), 140 (8X), 139 (7%), 126 (11%). 
125 (17%). 112 (la%), 111 (37%), 69 (100%). 7, and Z-l exhibit the same MS- 
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spectra. - Anal. calcd. for Cl6H32 (224.4): C, 85.63; II; 14.37. Found: C, 
85.85; H, 14.66. - Isorerieation of the double bond in 7 (an in 6) affords 85 % I 
7 and 15 X Z-7. - Ozonolysis of 7 (as in 6) yields methyl tridec:noate: MS28): 
;Le = 228 (15:, M+), 199 (4%. M+-- C2H5),-197 (9X, M+ - OCH3)' 185 (10%). 143 
(12%), 129 (8%), 115 (2%), 101 (7%). 74 (look, C3H602+, McLafferty). S-Ethyl-l- 
tetradecene (14): MS : mLe = 224 (5X, M+), 197 (4%:). 196 (52, M+ - C2H4), 154 -_ 
(5%), 139 (5x7: 125 (9%). 111 (14%). 84 (lOO%, C6H12+ ), Ozonolyais of 14 (as in 
6) leads to methyl 2-ethyltridecanoate: MS: H/9 = 256 (10%. M+), 228 (;;, M+ - 

:2R4)* 227 (4%, M+ - C2H5). 225 (32, M+ - OCH3), 199 (6%). 185 (5%), 171 (4%), 
157 (8%), 143 (3%), 129 (3%), 115 (325, C6Rl102+, McLafferty + 13). 102 (100%. 

C5H1002+' McLafferty). 

Dodecanoyi 4RNRe999y~ peroxide (le): Analytical (GLC, column 1, 50 - 280' C, 
loo C (rin): 

II 
61 X 8, 6 % undecane. - Preparative: 1.49 (5 mmol) g le yields 

after 50 hrs. irradiation 0.59 g (2.8 1~01, 56 f) 8. 1-Pentadecene-78): 1.438830). - IR 

(film): 3070, 1640, 990, 'H-NMR K 
910 cm-l TC=C). - (C;C13): ngO: 

=5.81 (m, la), 4.96 (m, 2H), 2.04 (8, 2H), 1.36 (m, 2H), 1.26 (I, 2OH), 0.88 
(t, 3H) PPB. - MS: H& = 210 (22, M+), 182 (1X, M+ - 154 140 C2A4), (2X), (3%). 
139 (3%), 126 (6%), 125 (lo%), 111 (22%). 43 (100%). 

B9999999yl &R9e&yHnyl R_eR9Ni99 (:I): Analytical QLC, column 1, 50 - 280' C, 
10' C (rin): 56 f 9, 8 t undecane. Preparative: 2.96 g (10 mmol) If are irra- - 
diated for 70 hrs. to afford 1.07 g (5.1 mmol, 51 II) 9. 1-pentade&e (9): 20 nD : 

1.4423 (lit.31) nE" = 1.4422). 
I 

- IR (film): 3310, 2120 (CEC) cm-'. 'H-NI;R 

(CDC13): 6 = 2.18 (dt, 2A), 1.94 (t, lH), 1.53 (III, 2H), 1.39 (m, 2H), 1.26 (m, 
18H), 0.88 (t, 3H) ppm. - MS: HL9 = 208 (0.12, M+), 123 (3%). 109 (13%), 81 

(100%. C6Hg+). 

Ez2zBHtND9yl d9d99999yl peroxide (i$): Analytical (QLC, column 1, 50 - 280°C, 
10°C (min): 17 f 10, 8 % Z-10, 1 X 15, 12 k n-undecane. Preparative: The photo- 
lysim of 2.84 g (io' mmol) li-(inter:lpted after 100 hrs. though conversion of 
lg was incomplete) afforded-0.2 g (1.0 mnol, 10 W) 10, Z-10 and 15. E-2- 
JItradecene (10) and Z-2-Tetradecene (z-10): (GLC, a:lumn 3 --: 63 G-1, 29 X 
Z-lOa, 4 II 157: - IR (film): 
6 =-i.40 (my-2H), 

3020, 1655;;65, 720 cm-l (C=C). - 'HrNMR (CDC13): 
2.04 (m, 0.65H, cis-CH2CH=CA), 1.98 (m 1.35 8, trans- 

C2CH=CH), 1.64 (m, 2H, trans-CH=CHCH3), 1.60 (m, lH, cis-CH=CHCH3), 1.26 (m, 

18H), 0.88 (t, 3H) ppm. - MS: HL9 q  196 (41%, M+), 168 (6%, M+ - C2H4), 154 
(3%). 153 (3%), 140 (5%). 139 (5%), 126 (9%), 125 (lo%), 112 (15%), 111 (29%). 
55 (100%. C4H7+). Identical MS for 10 and Z-10. - Anal. calcd. for C14H28 
(196.4): C, 85.63: H, 14.37. Found:-:, 85.441-H, 14.42. - Isomerization (as in 
6) changed the 10 : Z-10 ratio to 78 : 22. - Ozonolysis of 10, Z-10 (as in 6) I 
afforded methylg~odeca~~ate: MS28) : IUL~ = 214 (8X, M+), 18;-(6%):-183 (8%; 
M+ - OCH3). 171 (13%), 157 (51x), 143 (16%), 129 (8%), 115 (7%). 101 (9%), 74 
(100X, C3H602+, Mclafferty). 1-Tetradecene (iz): MS: HL9 = 196 (5X, M+),l68 
(2X, M+ - c2H4), 140 (2X), 139 (3X), 126 (5%), 125 (7%), 111 (lo%), 55 (lOOf, 

C4H7+). 

&dR9SD_oyl R_r9RyR9y& R9~9Ni99 (ik): Analytical (aLC, column 1, 50 - 280' C, 
10°C (Din): 0 1 5 % 11, n-undecane and polymer of unknown structure (IR: 2120 

(CIC), 1715 (C=Oj-cm-l). 
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b6eoyl &fin_c_engyl pgroxjdg (li): Analytical (QLC, column 1, 50 - 260' C, 10' 

C/min): 16 t 12, 14 X undecyl-;enzoate (16), 5 I; n-undecane. Preparative: 1.60 g 

(5 mnol) li w:,'e irradiated for 100 hre. 
I- 
and the photolyais then interrupted, 

though th;-conversion was not complete. Column chromatography (petrolether : 
ether, 20 : 1) afforded 0.17 g (0.73 ~~101, 15 X) 12 and 0.15 g (0.54 mmol, 
11 Z) 16. Phenyl undecane (12): ni" = 1.4600 (lit:32) ni" = 1.4763). - IR 

(film):-3055, 3020, 1600, 1;:5, 740, 695 (Phenyl) cm-l. - 'II-NMR (CDC13): 6= 

7.26 (m, 2H), 7.16 (m, 3H), 2.60 (t, 2H), 1.61 (m, 2H), 1.26 (m, 16H), 0.66 (t, 

3H) ppm. - MS: IJ,& = 232 (25X, M+), 147 (2X), 133 (7%), 119 (3X), 105 (ll%), 

104 (7%), 92 (lOO%, C7AH+). Undecyl benzoate (16): n$' = 1.4641. - IR (film): 

3050, 3010, 1600, 710 (phenyl), 1715 (C=O) cm -ry _ 1 H-NMR (CDC13): 6 = 6.05 (m, 

2H), 7.55 (m, lH), 7.44 (II, 2H), 4.32 (t, 2H), 1.77 (tt, 2H), 1.44 (m, 2H), 
1.26 (m, 14H), 0.66 (t, 3H) ppm. - MS: aL_e = 276 (2%. M+), 154 (16X, M+ - 

c7H602)' 123 (100X, C7H702+), 105 (63X, C6H5CO+). - Anal. calcd. for C18H2902 
(276.4): C, 76.21; H, 10.21. Found: C, 76.25; 11, 10.50. 

g:~s9wpn9&~9oyl dodecanoyl perRxjd_e (lj): Analytical (GLC, column 1, 50 - 2HO" 
C, 10' C/min): 76 Y 1-Bromopentadecane-T17), 2 Y n-undecane. Preparative: 1.90 
g (5 mmol) lj afford after 50 hrs. irrad;ition 0.96 g (3.4 rrol, 67 %) 17. II 
1-Bromopentliecane (17): ni” = 1.4611 (lit.33) 1.4612). - 'H-NMR (CDC13): d = 

3.40 (t, 2H), 1.65 (;;, 2H), 1.42 (m, 2H), 1.26 (m, 22H), 0.66 (t, 3H) PPB. - 

MS: gLg =292 (0.2%. M+), 290 (0.2X, M+), 179 (l%), 177 (1X), 165 (3%), 163 
(3%), 151 (15%), 149 (16%), 137 (75%), 135 (76%), 113 (6%). 111 (6X), 57 
(100%). 

z:LrsNsZnNaD9yl dodecanoyl per_oxj& (ik,): Analytical (GLC, column 1, 50 - 260 ' 
C; column 3, 50 - 250' C, 5' C/rin): 55 t 16, 6 % 27, 1 % 26, 5 X n-undecane, 5 
% 29. Preparative: 1.97 g (5 mmol) lk leadlifter 5;-hrs. pi:tolysis to 0.61 g II 
(2 mmol, 40 II) 16 and 0.05 g (0.2 mL:l, 4 X) 29. - 5-Bromohexadecane (16): nt" 

= 1.4620 (lit. 34f 1.4614). - 'II-NMR (CDC13): :-= 4.03 (tt, lH), 1.60 (;: 4H), 
1.60-1.36 (2m, 4H), 1.26 (m, 16H), 0.92 (t, 3H). 0.66 (t, 3H) PPB. - MS: ~1s = 
225 (10%. M+ - Br), 169 (3%). 155 (421, 141 (6X), 127 (7%), 113 (ll%), 111 
(6%). 57 (100%). - 1-Bromoundecane (29): ni" = 1.4575 (lit.35) 1.4571). - 'H-NMR 

(CDC13): 6 = 3.40 (t, 2H), 1.65 (tt,-;H), 1.42 (I, 2H), 1.26 (1, 14H), 0.66 (t, 

3R) PPm. - MS: NL_e = 236 (0.1%. M+), 234 (O.l%, M,), 151 (12%). 149 (12X), 137 

(65%). 135 (93%), 57 (100%). - Isomeric Hexadecenes (27): MS: ELM = 224 (lo%, 

M+), 196 (2%), 153 (2%). 140 (3%), 139 (3%), 125 (lO%y: 111 (22%). 55 (100%). - 
n-Hexadecane (26): MS: IIIII_~ = 226 (2%. M+), 163 (1%). 169 (2%). 155 (l%), 141 
(3%), 140 (2%):-127 (2%;), 126 (3%), 113 (5%). 57 (100%). 

Z:Ehl9r~rnpisGyi dod~c_a9oyl R_erpxid~ (11): Analytical (GLC, column 1, 50 - II 
260' C, 10' C (min): 61 k 19, 16 X n-undecene. Preparative: 1.53 g (5 mrol) 11 
afford after 50 hrrr. 0.57 i-(2.6 mmol, 52 2) 19. - 2-Chlorotridecane (19): -- II 
n:'= 1.4429 (lit.36) 1.4430). - 'H-NMR (CDC13): 6 = 4.03 (tq, lH), 1.7:-(r, 2R)s 
1.50 (d, 3H), 1.47 (m, 2H), 1.26 (m, 16H). 0.66 (t, 3H) ppm. - MS: ELM = 163 
(2%. M+ - Cl), 162 (14X, M+ - HCl), 154 (7X), 140 (5X1, 139 (5X), 126 (7%), 125 
(12%). 112 (13%), 111 (22%). 107 (3%). 105 (10%). 43 (100%). 
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B_odec_agoy1 4-0xoRentanoyl ReyoKidR (In): Analytical (QLC, colu~a 1, 50 - 260' 
C; column 3, 50 - 250' C) 50 f 20, 2;; 30, 5 % n-undecane. 1-Dodecene (30): 
MS: R/9 = 166 (6%. M+), 140 (3%;: 125 (5;:. 111 (12%), 43 (100%). 

I. 

DodecanoyJ ~:~N~RRDwIND~Y~ 9tRyl969 999&D& R9K9Nfd9 (In): Analytical (GLC, column 
1, 50 - 260' C, 10' C/Bin); after cleavage of the ac:;al with BCI (MeOH): 67 f 
20, 5 t n-undecane. Preparative: 0.90 g (2.5 rmol) In afford after 30 hrs. II 
irradiation, deprotection (MeOE/HCl) and column chrI;atography (petroleumether 
: ether, 3 : 1) 0.32 g (1.41 mnol, 57 %) 20. - 2-Pentadecanone (20): Up. 36 - 
39' C (lit.37) 39 - 39.5' C). - IR (film):-1710 cm-l (C=O). - lHI;MR (CDC13): 
6 q  2.42 (t, 2H), 2.13 (s 3H), 1.57 (m, 2H), 1.26 (m, 20H), 0.66 (t, 3H) ppm. - 
MS: 6& = 226 (5X, M+), 211 (2X, M+ - CH3), 197 (I%), 163 (If), 166 (4%). 166 
(3%), 56 (100%. C3H60+, Mclafferty). 

Dsd999e9Yl 5~1I8,1Ea=tsisceteNy~~~~~~~~~~9r~ d9decannyl ee_roxide (lo): Prepa- 
rative: 0.73 g (1 nmol) lo leads after 30 hrs. 

.- 
irradiation and column chromato- 

graphy to 0.46 g (0.74 rni:l, 74 %) 22. 24~PssY1=3911~,12~=~~~N~~~~NY~~~~~~~~~D~ 
(22): Mp. 64 - 65O C. - IR (KBr): liz5 cm-' (C=O). - 'H-NMR (CDC13): 6 = 5.10 

(m, -- lH, 126-CHO), 4.92 (m, lH, 7B-CHO), 4.56 (III, lH, 38-CHO), 2.14 (6, 3H, 
CH3CO2). 2.09 (Ss 3H, CH3C2)' 2.05 (s, 3H, C3CO2). 1.26 (m, 24H, CH2), 2.06 - 
0.95 (several m, ZOH), 0.92 (a, 3H, H3C - C19), 0.66 (t, 3H, CH2CH3), 0.60 (d, 
3H, H3C - C21), 0.74 (a 3H, H3C - Cl6) ppm. - MS: Rs9 = 524 (173, M+ - 2 

CH3CC2H), 464 (22X, M+ - 3 CH3C02H), 449 (ll%), 410 (7X), 356 (7X), 313 (47%). 
253 (lOO%, M+ - 3 CH3C02H, -C15H31), 226 (22%). 211 (17%). - Anal. calcd. for 
C40H506 (645.0): C, 74.49: H, 10.63. Found: C, 74.47; H, 10.71. 

SzCe&!xYRr!?I?i9DYl &x!ecDnRY!, P!x!?N~dR Up,): Analytical (GLC after esteri- 
fication with diaeomethane, column 1, 50 - 260° C): 66 t 23, 1 X n-undecane. 
Preparative: 1.56 g (5 mmol) lp yield after 50 hrs. 0.64 i-(2.6 mmol, 56 X) 23. 
Tetradecanoic acid (23): Mp.-t2 - 53' C (lit.38) 54' C). - IR (film): 1695 -- 
(C=O) cm-l. - 'H-NMR :;DCl,): d = 2.34 (t, 2H), 1.64 (m, 2H), 1.26 (m, 20H), 
0.66 (t, 3H) ppm. 

fzEe?zLeaYCutYrY1 _d_od996DRYl R_e_r9X&d_e (1s): Analytical (GLC after esterification 
with diaeorethane, column 1, 50 - 260°WcI, 10' C/min): 69 X 24, 1 f n-undecane. 

Preparative: 
** 

1.65 g (5 mmol) lq are converted after 50 hre. photolysis into 
0.72 g (2.97 mmol, 59 %) 24. iktadecanoic acid (24): Mp. 51 - 52' C (lit.3g) 53 

- 54OC). - IR (film): 169i-cm-1 (C=O). - 'H-NMR (&l,): 6 q  2.34 (t, 2H), 1.64 
(m, 2H), 1.26 (8, 22H), 0.66 (t, 38) ppm. - MS (methylester): R& q  255 (43, 

M+), 227 (3%), 225 (6%), 213 (ll%), 199 (5%). 165 (3%). 171 (4X), 157 (6X), 143 

(17%). 129 (6X), 115 (3%), 111 (3X), 101 (6X), 74 (100X, C3H602+, McLafferty); 
corresponds to MS in lit. 26). 

D9&99Dn9~l Zrs44exrRa~bonrl~2rst4plbutyEyl peroxide (lr): 
Analytical (GLC, column 1. 50 - 260' C, 10' C (min): ii Y 25 31 f n-undecane.- 

Preparative: 
II 

1.95 g (5 mmol) lr are irradiated for 50 hrs. to afford after 
column chromatography (petrol:;mether: ether, 10 : 1) 0.45 g (1.51 mmol, 30 

3) 25. _I 
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Ethyl 2,2-diethyl tridecanoate (25): nf" = 1.4432. - IR (film): 1725 cm-l 
(C=O). - 'El--NMR (CDC13): 6 = 4.1:.(q, 2H), 1.58 (q, 4H), 1.54 (t, 2H), 1.26 (m, 
18H), 1.25 (t, 3H), 0.88 (t, 3H), 0.77 (t, 6H) ppm. - MS: I&& = 298 (2%, M+), 
270 (Ilk), 225 (27%), 144 (100%. C8H1602+, McLafferty), 129 (14%), 113 (8%). 
Anal. calcd. for C19H3802 (298.5): C. 76.45; H, 12.88. Found: C, 76.64: H, 
12.97. 

Q_odg_cgggyJ franl~2-ethoKycN~Lony~=~~~~~~y~~N~y~y~ pe_rox&!e ((?)-1s): I_ 
Analytical (GLC, column 1, 50 - 280' C): 21 X 26, 54 % n-undecane. Preparative: 

1.86 g (_+)-1s afford after 50 hrs. irradidatioc-and column chromatography 

(petroleumel;er: ether, 15 : 1) 0.25 g (0.88 mmol. 1 Z) 26.- (rat)-Ethyl 2- I_ 
ethyl-2-methyltridecanoate (k)-26).- ni" 1.4390. - IR (film): 1725 cm-1 (C=O). 

- 'H-NMR (CDC13): 6 = 4.14 (4, E), 1.64 (m, 2H), 1.44 (II, 2H), 1.26 (m, 18H). 
1.25 (t, 3H), 1.11 (s, 3H), 0.88 (t, 3H). 0.82 (t, 3H) ppm. - MS: IJL~ = 284 
(2f, M+), 256 (5X), 211 (20%), 199 (2%). 185 (2%). 143 (5 W), 130 (100 X, 

C7H1402+' McLafferty), 115 (10%). Anal. calcd. for C18H3602 (284.5): C, 76.00; 
H. 12.76. Found: C, 75.95; H, 12.63. 

Dodecaeorl E~nthoxYEaEboeYl~l~sntLrlbytyEyl E?erox/dn (1s): 
II 

Preparative: 1.49 g (4 rmol) 1s afford after 50 hrs. photolysie and column 
separation (petroleumether: crier, 15 : 1) 0.19 g (0.67 mmol, 17 2) (+)-26.- 
(+)-Ethyl 2-ethyl-2-methyltridecanoate ((+)-26) ni" = 1.4394. - 1~~1;~ =-:2.55' _I 
(c = 15 in CHC13). - The optical purity of (+)-26 was determined from the 

II 
corresponding alcohol 26a by 'H-NMR with Eu(hfc)3. I-I 
0.14 g (+)-26 were reduced with 0.10 g (2.6 mmol) LiA1H4 in 25 ml ether. The II 
usual work-up yields 0.11 g (0.,45 mmol, SO %y) (+)-2-ethyl-2-methyltridecanol 
(26a): -II ng" = 1.4531. - 'H-NMR (CDC13): 6 = = 3.35 (8, 2H), 1.39 (s, 1H). 1.26 

(1, 18H), 1.20 (m, 4H), 0.88 (t; 3H), 0.81 (s, 3H) ppm. - MS:pl~e = 211 (8%, M+ 
- CH20H), 181 (2%). 169 (I%), 155 (4%), 141 (6%), 127 (7%), 113 (10%). 57 
(100%). Anal. calcd. for C16H340 (242.5): C, 79.26; H, 14.14. Found: C, 79.45; 
H, 14.43. - 'H-NMR with 50 % Bu(hfc)3: 80 % (+)-26a, 20 % (-)-26a. 

--- 11. 

SIDE PRODUCTS ORIGINATING FROM THE DODKCANOYL GROUP ---- -__------ ----------- ---- --- ---_------ -----L n-Undecane (3): MS ---------- I 
(7OeV):rLe = 156 (M+, 5%), 127 (3). 113 (3). 99 (lo).- n-Docosane (34): MS 
(70eV):gL_e = 310 (22, M+), 281 (2), 267 (l), 253 (1). 239 (1). 225 ii,, 211 
(1). 197 (2), 183 (3). 169 (4), 155 (5), 141 (7), 127 (ll), 113 (16), 99 (26). 
1zUO_dgc_en_e (35): MS ('lOeV):)L_e = 154 (5X, M+), 126 (2). 125 (3), 111 (S).- 
Eynl9propyiogiann (36) was prepared from 1-decene by Simmons-Smith reaction 40); 

ng" : 1.4294 (lit.4ef: n25D : 1.4280). - MS (7OeV):niLe = 154 (M+, 3%), 126 (8), 
125 (4). 112 (6). 111 (ll).- l-IJndecagol (3,:): MS (7OeV):nLe = 154 
(1X, M+ - H20). 126 (S), 111 (10). 

KOLBB-ELBCTROLYSES as described in the preceding paper'). ---__----_----_--- 
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