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Absiract. - Alkenoyl and functionalized alkanoyl dodecanoyl peroxides
are prepared in 70 to 97 % yield and photolyzed at -78° C. Thereby

4- to l0-alkenoyl and 4-alkynoyl peroxides afford good yields

(56 - 68 %) of unsymmetrical coupling products. Similarly o« to é-
haloalkanoyl, cholanoyl or 3- and 4-carboxyalkanoyl peroxides can

be coupled (40 - 70 %). The «-chiral diacyl peroxide ls undergoes

the photochemical coupling reaction with 80 % retenti:; of its con-
figuration. The photolysis of diacyl peroxides at -78° C proves to

be a 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

unsymmetrical diacyl peroxides in the solid statel). This C~C bond-forming

reac

gene

tion supplements the mixed Kolbe—electrolysisz), which, although being

ral an efficient synthetic method, fails in some cases. For instance,
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halocarboxylic acids afford poor dimer yieldsg), with 4-alkenoic acids double

bond isomerization4) and with 6-alkenoic acids intramolecular double bond-

addi
tive

tots

tion%: %)

6)

occurs, with 3-alkenoic acids the coupling is not regioselec-

1ly lost7).We wanted to check wether in these cases the photolysis of

$3.00+ .00

and in carboxylic acids with a chiral o—-carbon the optical activity is

diacyl peroxides offered advantages in comparison with the mixed Kolbe-electro-

lysis.

functional groups at different distances from the carboxyl group and further-

more

a diacyl peroxide with a chiral o-carbon.
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For that purpose we photolysed alkanoyl peroxides with double bonds and
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RESULTS

Preparation of alkenoyl and functionalized alkanoyl dodecanoyl peroxides 1. The

peroxides 1 were prepared either from the acyl chlorides and peroxydodecanoic
acid (2)1), or by condensation of 2 and the appropriate carboxylic acid with

dicyclohexylcarbodiimideg).

Table 1: Preparation of Alkenoyl and functionalised alkanoyl(R-C=0) dodecanoyl

peroxides 1

R-C=0 in 1 Method of Yield (%) Mp. (°C)

preparationa> or n%o

Alkenoyl groups

10-Undecenoyl

a: A 89 29-30
g: 6-Heptenoyl A 92 1.4515
c: Z-4-HeptenoylP B 82 1.4525
;: E—B—Hexenoylc’d) A 93 -

;: 4-Pentenoyl A 94 1.4490
;: 4-Pentynoyl A 93 42-43
;: E-2-Butenoyl A 94 39-40
h: Propynoy1®’ B 80 27-28
g: Benzoyl B 84 24-25
Functionalised Alkanoyl groups

Jj: 5-Bromopentanoyl B 89 34-35
;: 2-Bromohexanoyl A 96 1.4629
1: 2-Chlorpropionylf) A 97 1.4487
;: 4-0Oxopentanoyl B 92 37~38
;: 4-0Oxopentanoyl g) 70 22-23
: ethylene acetal

o: 30,Ta,12a-Tri- B 82

N acetoxy-58~cholanoyl

p: 3-Carboxypropionyl A 92

;: 4-Carboxybutyryl A 92

;: 2-Ethoxycarbonyl- B 84

N 2—ethy1butyrylh)

s: 2-Ethoxycarbonyl- B 86

) 2-methylbutyryl

a) A: Acid chloride - method, B: DCC-method. -~ b) Contains 9 %¥ E-isomer. - c)
Contains 6 ¥ Z-isomer.—- d) Cannot be isolated at room temperature. -

e) Decomposes at the melting point. - f) Partial decomposition, when purified

on silica gel. - g) From lm with ethylene glycol - h) At rt. thermally labile.-



Selective mixed coupling of carboxylic acids—11 4215
Photolyses. The neat peroxides 1 were photolysed with a low pressure mercury

arc at -78% ¢ 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° ¢

Per- Coupling product Yield(%) Yield(%)a)of Ratio 3:coup-
oxide Undecane (2) ling pr;duct
la 1-Heneicosene (4) 64(68)0) 3 0.04

1b 1-Heptadecene (5)C) 48(61) 5 0.08

1cd)  z-3-Heptadecene (6)) 45(55) 15 0.3

f;f,g) E-3-Hexadecene (7;h’i) 42(45) 14 0.3

I; 1-Pentadecene (8; 56(61) 0.1

T; 1-Pentadecine (;) 51(56) 0.1

lg E-2-Tetradecene(10)9:%)  101)(25) 12 0.5

Ig Tridecine (11) = g (0) 5 -

zz Phenylundecane (Ei)m) 15(16) 5 6.3

a) Yield determined by GLC. - b) Numbers in parenthesis, yield by GLC. - ¢)
Additionally 1 % (GLC) cyclopentyldodecane (13). - d) Contains 9 % E-isomer. -
e) Contains 13 % E-isomer Ga. - f) Unpurifie3=crude product, -~ g) Contains 6 %
Z-isomer. - h) Contains 7 X Z isomer 7a - i) Additionally 4 % (GLC) 3-ethyl-1-
tetradecene (14). - j) Contains 30 % Z isomer (10a). - k) Additionally 1 %
(GLC) 1-tetra§§cene (li). - 1) Stopped after IOEB;rs. photolysis. -

m) Additionally 11 % undecyl benzoate (16).

Good yields were obtained with la, b, e, f, which afford 4, 5, 8, 9 as products

(Scheme 1). The yields are reasonable with lc, d, which lead to 6, 7, however

they were poor with lg and 1, lh produced p:;ymerlc material. liﬂfo:ms, besides 16
% phenylundecane (12), 14 % undecyl benzoate (16), which probably arises by
coupling of the undecyl radical with the slowe;gdecarboxylatlng benzoyloxy

radical?) .

Less than 1 % of symmetrical dimers from la-i demonstrate the preferential

intramolecular coupling of the intermediate radicals. In the photolysis of la-g
the portion of undecane (3) increases with decreasing distance of the double
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 functionalised alkanoyl dodecanoyl peroxides 1

lp

lq

Ir

1s

1-Bromopentadecane (17)
5-Bromohexadecane (1§;C)
2-Chlorotridecane (;5)
2-Pentadecanone (20;2)
2-Pentadecanone =
ethylene acetal(21)
24-Decyl-3a,Ta, 120
triacetoxy-58B—-cholane (22)
Tetradecanoic acid (23)'“
Pentadecanoic acid (;Z)
Ethyl 2,2-diethyl- =T
tridecanoate (25)

(+)-Ethyl 2—et;;1—2"methyl—

tridecanoate (26)

a) Yield determined by GLC.

- b) Nu

Yield(%) Yield(%)®) of Ratio 3:
Undecane (3) Coupling product
67(76)P) 2 0.03
40(55)%) 5€) 0.2f)
52(61) 18 0.3
(50 1) 5 0.07
571) (g7) 1) 5 0.07
74 - -
56(68)J) 1 0.01
59(69)J) 1 0.01
30(36) 31 1
18(21) 54 2
mbers in parenthesis: GLC-yields. - c¢)

Undergoes photochemical follow-up reaction to isomeric hexadecenes 27 and

hexadecane (28). - d) After 12 hrs. 55 % 18, 6 % 27 and 1 % 28. - e) Addi-
tionally 5 % l-bromundecane (29). - f) (3 + 29)/(18 + 27 + 28). - g) Cleaves
photochemically to l-dodecene (30). - h) After 12 hrs. 50 % 20 and 21 % 30. -

i) After deprotection.

Il
CH2=CH (CH2)p, COOC (CHy)19CH3

(1)

0O
|

0

la (n=8)
1b (n=4)
le (n=2)
00
HC'= C(CH,),CO0C(CH,
1f

Vv
—_——
hv
)10CH3 —
_______ glo) cyclization

11)

- J) After methylation with diazomethane.

CH2=CH(CH32)p 4 10CH3
4 (68%)
(61%)
(61%)

lleo flon

HC =C(CH3)19CH3

9 (56%)

The photolysis
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of lb generates a 5-hexenyl radical, which couples to 61 % l-heptadecene (5)

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

0
1
CH,=CH (CHz)ACOOC(CHz)mCH:;
1b lhv
(2)
CH,=CH(CHp)s* + *(CH2)19CH3 — CHp=CH(CH2)14CH:

l 5 (61%)
E>~CH2' + +(CH2)1CH3  — Q(CH2)”CH3
13 (1 %)

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 5-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 occurslz)

The photolysis of ld leads to 45 % E—~3-hexadecene (7) and 4 % 3-ethyl-1-

tetradecene (14) (Scheme 3).

CH3CH H
ree=c]

H™ ™ CH,CO0C (CH3)19CH3
1l

1 0 O CH3CHp~ . _ . ~H
= /C-*C\
H (CH2)11CH3
() H lh” 7 145%)

|
CH3CH C
FNCTIINCH ¢ -(CHphgCH;

iy }‘4 \ CH;CHg(lZHCH:CHg
((|3H2)10

CHy 14 (4o

The intermediate allyl radical, that is formed by decarboxylation of 1d, cen
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couple in the 1- and 3-position. The low portion of 14 indicates that C-3 of
the allyl radical is much less reactive than C-1, whlch again indicates the
restricted mobility of the radical in the solid state. Allyl radicals, that are
generated by Kolbe-electrolysis from g,y-unsaturated carboxylic acids, lead to
a three to five times higher portion of C-3 coupling productsa).

The photolysis of lg produces 17 % E-2-tetradecene (10), 8 % of the Z-isomer
10a and 1 % 1- tetradecene (15) (Scheme 4). The high amount of Z-isomer could be
;:; to the low activation energy for the configurational isomerization of the
vinyl radical (8 kJ/mole)lB), but also an E/Z-isomerization before the
decomposition of the peroxide is conceivable. Such an isomerization has been
discussed for the photolysis of «,B-unsaturated esters and carboxylic acids,
where it subsequently leads to a double bond shift into the B,y~position14).
Such a double bond transposition is indicated by the formation of l-tetradecene

(15) as side product.

CH3~ . _~H
H (CH)1gCH3
10 (17%)
CHi~ ~H hy CH H
c= 3N
H \ﬁOOﬁ(CH2)10CH3 H/C—C' +  +(CHp)ypCH;
]
(@) lhv
CH (ISIOO(l,‘l(CH) h
I~ - 210CH3 v CH .
Sc= 3N~ .
G -e=c{ Jy — H/C—C\H +  *(CH2)1CH,
hy CHT\C:C//(CHﬁmCH3
H” S H
lgg (8%)
H
|
_ ol hy C
CHp=CHCHZCOOC(CHligCH3|  ——=  HCZ-INCH  + +(CHy)1gCHy
I |
H H

15 (1%)

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

those of 6 7, 10 They were characterized by configurational isomerization of

6, 7 and 10 w1th sodlum nitrite in dilute HC115) and their comparison by

=

cap1llary GLC The position of the double bonds in 6, 7, 10 and 14 was deter-
mined by ozonolysis, conversion of the acids into the methyl esters and their

mass spectral identification.

A bromo substituent in the é-position of the peroxide does not influence the
coupling yield as can be seen from lj. Even «o-chloro and o-bromo substituents
are tolerated, as lk and 1 indicate. 5-~Bromohexadecane (18), the product of lk
however, undergoes a slow decomp051t10n to hexadecenes 27 and hexadecane (28),
when longer irradiated. As secondary bromoalkanes absorb at A = 254 nm, 18=:an
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 undezZne (37=5 % l-bromoundecane (29) possibly by bromo~tra:;fer from
the l-bromopentyl :adical to the undecyl r;;ical. 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 li. However, here the

higher portion of undecane indicates here, that the intermediate l-chloroethyl

radical is a good hydrogen donor.

T
CH3(CH2)3CHCOOC(CH3)49CH3
1k lhv CH3(CH;)gCH;
Br +H-
| 3 {5%)
CH3(CH)3CH: + (CHp)1CH3 — =
\ I‘(CHZ)]oCHg

(5) l +Bro
Br g_g (5%)

|
CH3(CH2)3CH(CH2)1pCH3

18 (62%) - CH3(CH2),CH=CH(CH3),gCH3
l CH3(CH2)3CH=CH(CH5)gCH3

2_;7 (6%)
}' CH3(CH3)1.CH3

28 (1%)

CH3(CH3)2CH, CHCH2(CH2)gCH3

In the photolysis of ketoalkanoyl peroxides the photoactive keto group leads to
a competing side reaction. The irradiation of 1lm affords after 12 hrs. 50 % 2-
pentadecanone (20) together with 21 % 1-dodecene (30). 30 is most probably

== e ==17y
20 .

formed in a Norrish-type-II reaction from photoexcited Ketalization of

the keto group in ln excludes the formation of the cleavage products.
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The conversion of lo to 74 % 22 (Scheme 6) demonstrates that the radical C-C

bond-formation can also be app11ed to the modification of natural products.

I 0
CH3CO CH3CO
‘ COOC(CH2)10CH3 : (CHp)gCH3
6) T
0 O hy
CH3CO ‘bﬁcm CH3(|:'6' "OCCH;,

I

0 0 0 0

lg £££(7496)

The 3- and 4-carboxyalkanoyl peroxides lp and 1lq afford tetradecanoic (23)and
pentadecanoic acid (24). Starting from ;odecanoyl chloride (33) and monoper—
succinic (31) or mon;;erglutaric acid (32) overall yields of 63 % are obtained
(Scheme 7)?=which makes this sequence a::ractive for the two- or three-carbon

chain elongation of carboxylic acids.

i I
HOC(CH;,),COOH +  CH3(CHp)ygCCH

( ﬂ (n:2) §_-3-
7) 32 (n=3) Pyridine
0 0 O 0

I i hy I
HOC(CH2)n COOC (CH)19CH3  —=  HOC(CHa)n 4 10CH3

P (92%) 23 (68%)

1q (92%) _2__é (69%)

!

The peroxides 1lr and ls have a quarternary «-carbon, bearing two alkyl and one

ethoxycarbonyl substituent. Steric crowding in the intermediate tertiary radi-
cal and an increased number of 8-hydrogens lead to low yields of coupling pro-
ducts 25 and 26 and favour the disproportionation to undecane. Products origi-

nating from an ionic pathway were not isolated.
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n-Chiral peroxide 1s The relatively stable ls is a suitable o-chiral diacyl

peroxide, that allows to check, how much the-:adical retainsg its configuration
in the C-C bond-forming reaction. ls was prepared in 90 % yield by the DCC-

method from optically pure (+)—ethyl ethylmethylmalonatelg). Photolysis of ls
yielded 17 % (+)- 26 with 80 % retention of configuration {(Scheme 8). The o

enantiomeric purlty of (+)- 26 was determined by 1H NMR with Eu(hfc) 19)

(8) O

CH3CH,0 0% — tl:' i hy Ll
3
2 l O0C(CHa)1oCH; ™. (4 CH3CH20C—*$(CH2)10CH3
CHyCH; CHyCH,
Is (+)-26

(17%, 60% ee)

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 1800, which appa-

20)

rently is strongly hindered in the solid state Thus the configuration of the

chiral carbon is largely retained. The thermal decomposition of an optically

active diacyl peroxide with a chiral «—carbon leads to a nearly racemic coup-

21). In the Kolbe-electrolysis of carboxylic acids with a chiral o-

7).

ling product
carbon no optical activity is found in the products

Side products: All diacyl peroxides 1 have the dodecanoyl group in common,

which leads to characteristic side products that are found in each photolysis

(Table 4).

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

Product Yield (%)a) Product Yield (%)

n-Undecane (3) b) Cyclopropyl- 1 - 4
octane (36)

n-Docosane (34) <1 1-Undecanol (37) 3 - 8

1-Undecene (35) 1 -9 Dodecanoic 1 -6

acid (38)¢)

a) Yield determined by GILC., — b) See tables 2, 3. - ¢) As methyl ester.
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Undecane (3) is formed by hydrogen abstraction of an undecyl radical (39),
docosane (54) by dimerization of 39. l-Undecene (35) and cyclopropyloc;;ne (36)
could aris;-by disproportionation=:f 39. Hydrogen=;bstraction in the B'posit;;n
39 leads to 35; abstraction in the st::ically better accessible o-position of
§§ to a carb:;e, which could undergo a CH-insertion to 36 (Scheme 9).

:asimilar result is reported for the crystal photolysis=;f undecanoyl peroxide
at 77K20), which in addition to eicosane yields 20 % n-heptylcyclopropane. 1-
Undecanol(37) and dodecanoic acid(zg) are possibly formed by an ionic decom-

position of the diacyl peroxide.

0o
R1COOC (CH)1gCH3 CH3(CH3)20CH3

h .
©) " %’ =

CH3(CH2)8CH2CH2’ Emm— CH3(CH2)9CH3

39 -/3*- 3

_(X—H

CHy= CH(CHZ)&CH3

o

CH3(CH7)7CH,CH,CH | =
\
[>—(CHy)7 CH;

ls

e de
Kolbe-electrolyses, The yields of the corresponding mixed Kolbe-electrolyses

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

The mixed Kolbe-electrolyses of unsaturated carboxylates with dodecanoic acid
(40) afford similar yields of coupling product as did the saturated carboxy-
lgzesl), 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 radicalsSb’ 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

% of the anodically formed4). The ratio of C1:C3-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

r! in Yields (%)2)
HICOZH/011H23COZH Mixed coupling Docosane Undecane
and product (34) (3)

#lco,-0,c0, | Hyy K P K P K Tp
CHy=CH(CHy) g~ 4 28 68 16 <1 8 3
CHy=CH(CHy) 4~ b0 25 61 20 <1 10 5
CHJCH2\C-C,(CH2)2__

H oy EC) 19 55 24 <1 7 15
CH3CH2‘C= ~H 74 15 45 22 <1 8 14

H™ “CHp- -
CHy=CH(CHy) 5 8 25 61 12 <1 9 6
HCZC (CHy) o 9 11 56 25 <1 9 6
CH::Czc:H l‘_’,e) 0 25 - a1 - P2
HC=C- 11 0 ) - <1 - 5
Pheny (- 1280 o 16 - <1 -
Br(CHy) - ZZ 15 76 9« 48) 2
CHy(CH,) 5~CHBr- 18 0 55 - <1 - 5
CHLCHC1- 19 0 61 - <1 - i8
CHZCO(CHy) o~ 21 19 e7h) CEERSLY 8 gh)
HO,C(CHy) o 239)  221) g8 241 <1 71) 1
HO,C (CHy) 5 EEJ) 251) 69 2110 gi) 1
CHRCH,0,CC (CHyCHy) o= 25 21 36 20 Q1 16 31
CHCH,0,CCCH4(CHyCHy)~ 26 17 21 27 3! 18 54

a) Yield determined by GLC; K = Kolbe electrolysis, P = photolysis of 1.~ b)
Additionally 7 % (K) or 1 % (P) cyclopentyldodecane (13).— c) Increasezof E-
isomer from 9 % in lc to 18 % (K) or 13 % (P) in 6 - d) Contains 7 % Z-isomer
of 7, additionally 6 % (K) or 4 % (P) 3-ethyl-1- tetradecene (14) - e) Contains
30 ; {(P) Z-isomer of 10 and 1 % (P) l-tetradecene (15) - 1) Addltlonally 14 %
(P) undecyl benzoate (16) - g) Additionally 6 % 1- bromoundecane (29).-

h) Ethylene acetal lg as educt.- i) Methyl dicarboxylate as eductf=—

J) Methylester.
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The mixed Kolbe-electrolysis of 4-pentynoic acid leads to 11% coupling product
g9, this is less satisfactory than the photolysis in the solid state, which
;ffords 56 ¥ 9. Halocarboxylates give poor yields in the Kolbe—electrolysiss),
e.g. 5—bromop;ntanoic acid couples with dodecanocic acid to form 15 % l-bromopen
tadecane (17), with 2-bromohexanoate or 2-chloropropionate no coupling products
can be iso;;ted. However, the photolysis of the halo substituted peroxides 1,j-1

produces good yields of the haloalkanes 17-19.

In the photolysis of ketoacyl peroxides :;ecieto 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;:is th;‘ halfesters
of the diacids have to be prepared, because the electrolysis of dicarboxylic

acids leads to polymeric productszs.

Summarizing one 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.

EXPERIMENTAL

GENERAL.-~ The structures of products already described in the literature were confirmed
by comparing their IR, NMR and mass spectra with the data reported. 1H~NMR

13c_NMR spectra with

a Bruker WH 90 or WM 300 spectrometer. IR-spectra were recorded on the Perkin-

Elmer instruments 177, 257, 421; UV-spectra were taken with the Leitz SP 800a

spectra were obtained with the Bruker WM 300 spectrometer,

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 stage apparatus and are uncorrected; refraction
indices were obtained with a Zeiss refractometer. The purity of starting com-
pounds and products was checked by GLC with the Varian instruments 1400 and
3700 with the glass columns: 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 ¥ SE 30 on chromosorb W AWDMCS
100/120; column 3 (capillary, 25 m x 0.3 mm) 0.3 % SE 30, column 4 (capillary,
25 m x 0.3 mm) 0.25 X Superox 4. For analytical TLC Merck TLC-plates silicagel 60
F254 were used. - Photolyses were carried out with Grantzel low-pressure mercu-
ry arcs 1 and 5a. For the Kolbe-electrolyses an undivided cell of 100 ml
content with two platinum electrodes (1 cmz/sheet) and the HERI instrument TN

250-1250 for constant DC current were used. -

GENERAL PROCEDURES.- Preparation of the acyl dodecanoyl peroxides (1)

Method A: Perdodecanoic acid and alkanoyl chloridel).

Method B: Perdodecanoic acid, alkanoic acid and dicyclohexylcarbodiimide (DCC):
Equimolar 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 0°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° ¢, the residual peroxide purified by chroma-



Selective mixed coupling of carboxylic acids—I1 4225

tography on silica gel at 5° C and directly photolysed. The more stable per-

oxides are purified by chromatography at room temperature. Analytical and

preparative photolyses see lit.l).

2.16 g (10 mmol) 2 and 0.79 g (10 mmol) pyridine afford 3.40 g (8.9 mmol, 89 %)
ia. Mp. 29-30° C.-— IR (film) 1810, 1780 (C=0), 1640, 995, 910 (C=C), 1060
(C-0-0-¢) em™1. 13c-NMR (cDC1g): & 169.2 (s, C-1,1°), 138.9 (d, C-10), 114.1
(t, c-11), 33.7 (t, ¢-9), 31.9 (t, ¢-10’), 29.9 (C-2,2’), 29.5 (C~6,7', 8’),
29.3 (¢c-5,6’, 9’), 29.0 (c-7,8,5°), 28.8 (C-4,4'), 24.8 (t, ¢-3,3%), 22.7 (t,
C-11%), 14.0 (C-12’) ppm. Calcd. active oxygen: 4.18 %; Found: 4.22 %. Anal.
caled. for 023H4204 (382.6): ¢, 72.21; H, 11.06. Found: C, 72.32; H, 11.35.

1b. n30 = 1.4515. IR (film): 1810, 1780 (C=0), 1640, 990, 905 (C=C), 1055
(cooc) cm 1. 13c-NMR (cDClg): 6 = 169.1 (s, C-1°), 169.0 (s, C-1), 137.9 (d, C-
6), 114.9 (t, ¢-7), 33.1 (t, C-5), 31.8 (t, C-10'), 29.9 (C-2’), 29.8 (C-2),
29.5 (c-7', 8), 29.2 (C-6’, 9’), 29.0 (C-5’), 28.8 (C-4'), 27.8 (C-4), 24.7 (C-
3'), 24.2 (€-3), 22.6 (t, Cc~11’), 14.0 (q, C-12’) ppm. Calcd. active oxygen:
4.90 %; Found: 4.80 %. Anal. calcd. for 019H3404 (326.5): ¢, 69.90; H, 10.50.

Found: C, 69.79; H, 10.62.

% E~isomer), 1.08 g (5.0 mmol) 2 and 1.03 g (5.0 mmol)DCC afford after column
chromatography (silica gel, pet;olether - ether, 10:1) 1.34 g (4.1 mmol, 82 %)
le. n%oz 1.4525. IR (film): 1810, 1780 (C=0), 1650, 720 (C=C), 1070 (COOC)

en1. 13c-NMR (cDClg): & = 169.0 (s, C-1'), 168.5 (s, C-1), 133.9 (d, C-5),
125.5 (4, c-4), 31.8 (t, ¢-10'), 30.1 (c-2), 29.8 (c-2’'), 29.4 (¢c-7’, 8'), 29.2
(C-6’, 9'), 29.0 (¢-5'), 28.8 (C-4’), 24.7 (t, ¢c-3'), 22,5 (Cc-11’), 22.4 (C-3),
20.4 (t, ¢c-6), 14.0 (q, C-7, 12’), ppm. — Calcd. for active oxygen: 4.90 %;
Found: 4.83 %. Anal. caled. for C19H3404 (326.5): ¢, 69.90; H, 10.50. Found: C,
70.06; H, 10.61.

Dodecanoyl Z-4-heptenoyl peroxide (lc): 0.64 g (5.0 mmol) Z-4-Heptenoic acid (9

Dodecanoyl E-3-hexenoyl peroxide (1d): 2.65 g (20 mmol) E-3-Hexenoylchloride (6

% Z-isomer), 4.33 g (20 meol) 2 and 1.58 g (20 mmol) pyridine lead to 5.81 g
(18.6 mmol, 93 %) 1d; unstable at room temperature.

2.16 g (10 mmol) 2 and 0.79 g (10 mmol) pyridine yield 2.80 g (9.4 mmol, 94 %)
le. n2%: 1.4490. IR (film): 1810, 1780 (C=0), 1640, 995, 915 (C=C), 1065 (COOC)
en1. 13c_NMR (cDC14): & = 169.0 (s, C-1'), 168.3 (s, C-1), 135.4 (d, C-4),
116.3 (t, c-5), 31.8 (t, €-10°'), 29.8 (c-2'), 29.4 (C-7°, 8'), 29.2 (C-
2,6°,9'), 28.0 (C-5'), 28.8 (C-4'), 28.5 (C-3), 24.7 (t, C-3), 22.5 (t, C-11'),
13.9 (q, C-14’) ppm. Calcd. for active oxygen: 5.36 %. Found: 5.43 %. Anal.
caled. for CygHgq0, (298.3): C, 68.42; H, 10.13. Found: C, 68.59; H, 10.32.
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Dodecanoyl 4-pentynoyl peroxide (1f): 2.33 g (20 mmol) 4-Pentynoylchloride,
4.33 g (20 mmol) 2 and 1.58 g pyridine lead to 5.47 g (18.5 mmol, 93 %) 1f. Mp.
42 - 43° ¢. IR (film): 2110 (C=C), 1810, 1780 (C=0), 1090 (cooc) em ). 13c-NMR

(epClg): & = 169.0 (s, C-17), 167.4 (s, C-1), 81.0 (s, C-4), 69.9 (4, €-5),
31.8 (t, ¢-10’), 29.8 (c-2’), 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 (gq, Cc-12')
ppm. Calcd. for active oxygen: 5.41 %; Found: 5.44 %. Anal. caled. for C17H2804
(296.4): ¢, 68.89; H, 9.53. Found: C, 68.B0; H, 9.45.

4.33 g (20 mmol) 2 and 1.58 g pyridine yield 5.36 g (18.9 mmol, 94 %) 1g. Mp.
39 - 40° ¢. IR (f;lm): 1800, 1760 (C=0), 1645, 955 (C=C), 1080 (C00C) ;;—l.
1BC—NMR (CDCIS): é = 169.1 (s, C-1’), 162.4 (s, C-1), 148.7 (d, c-2), 116.1 (d,
c-3), 31.8 (t, c-10’), 29.9 (€-2'), 29.4 (¢c-7’, 8’), 29.2 (C-6', 9’y, 29.0 (C-
5*), 28.8 (Cc-4'), 24.7 (t, €-3’), 22.5 (t, ¢-11’), 18.4 (q, C~4), 14.0 (q, C-
12’) ppm. Calcd. for active oxygen: 5.62 %; Found: 5.57 %. Anal. calcd. for
C16H2804 (284.4): ¢, 67.57; H, 9.92. Found: C, 67.29; H, 10.06.

and 2.06 g DCC afford after column chromatography (petrolether : ether, 10 : 1,
5% ¢) 2.14 ¢ (8.0 mmol, 80 %) lh. Mp. 27 — 28° ¢. IR (film): 2120 (c=C), 1805,
1765 (C=0), 1055 (C0O0OC) em™ L. rzC-NMR (CDC1lg): & = 168.4 (s, C-1’), 148.9 (low
intensity, C-1), 81.2 (d, C-3), 69.5 (s, C-2), 31.9 (t, ¢-10’), 29.8 (c-2'),
29.5 (c-7’, 8’), 29.3 (Cc-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’) ppm. Calcd. for active oxygen: 5.96 %, Found:
5.98 %. Anal. calcd. for 015H2404 (268.4): ¢, 67.14; H, 9.01. Found: C, 67.01;
H, 9.29.

mmol) 2 and 2.06 g DCC yield after column chromatography (petrolether : ether,
10 : 1; 2.69 g (8.4 mmol, 84 %) 1li. Mp. 24 - 25° C. IR (film): 1800, 1765
(c=0), 1595 (C=C), 1035 (cooc) cm L. 13c-NMR (cDC1g): s = 169.2 (s, c-1'),
158.2 (low intemnsity, C-1), 134.1 (d, C-5), 129.6 (d, C-3), 128.7 (d, C-4),
125.7 (s, c~2), 31.8 (t, C-10’), 30.0 (C-2'), 29.5 (¢-7’, 8'), 29.3 (Cc-6', 9’),
29.0 (c¢-5'), 28.9 (c-4"), 24.8 (t, €-3%), 22.6 (t, €~11'), 14.0 (q, €-12') ppnm.
Calcd. for active oxygen: 4.99 %; Found: 4.94 %. Anal. calcd. for C19H2804
(320.4): ¢, 71.22; H, B.8l1. Found: C, 71.38; H, 9.04.

acid, 2.16 g (10 mmol) 2 and 2.06 g (10 mmol) DCC afford after column chromato-
graphy (petrolether : e;her, 5 : 1) 3.37 g (8.9 mmol, 89 %) 1j. Mp. 34 - 35° ¢.
IR (film): 1810, 1780 (C=0), 1070 (¢-00-C) em !. 13c-NMR (cDC1g): & = 169.1 (s,
c-1’), 168.6 (s, C-1), 32.4 (C-4), 31.8 (Cc-10'), 31.4 (c-5), 29.9 (C-2'), 29.5
(c-7’, 8°), 23.3 (¢-3), 22.6 (C-~11’'), 14.0 (q, C-12') ppm. Calcd. for active
oxygen: 4.22 %; Found:4.25 %. Anal. calcd. for CI7H313r04 (379.3): €, 53.83; H,
8.24, Found: C, 53.95; H, 8.22.
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2-Bromohexanoyl dodecanoyl peroxide (lk): 2.14 g (10 mmol) 2-Bromohexanoyl

chloride??), 2.16 g (10 mmol) 2 and 0.79 g (10 mmol) pyridine yield 3.79 g (9.6

amol, 96 %) 1k. n20 : 1.4629. IR (film): 1815, 1785 (C=0), 1055 (COOC) cm !,
13c.NMR (CDCIg): & = 168.7 (s, C-1'), 166.0 (s, C-1), 40.2 (d, C-2), 34.8 (¢,
c-3), 31.8 (t, €-10'), 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 %; Found: 4.01 %. Anal.
calcd. for 018H333r04 (393.4): C, 54.96; H, 8.46. Found:C, 55.03; H, 8.70.

propionoyl chloride, 2.16 g (10 mmol) 2 and 0.79 g (10 mmol) pyridine lead to
2.98 g (9.7 mmol, 97 %) 11. ngot 1.448;. IR (film): 1815, 1785 (C=0), 1050
(cooc) cm™L. 13c-NMR (cDCIg): & = 168.7 (s, C-1'), 166.2 (s, C-1), 48.7 (d, C-
2), 31.9 (t, ¢-10’), 29.8 (c-2’'), 29.5 (¢c-7’, 8’), 29.3 (Cc-11’), 21.6 (C-3),
14.0 (q, C-12’) ppm. Calcd. for active oxygen: 5.21 %; Found: 5.11 %. Anal.
caled. for C,gH,,C10, (306.8): C, 58.72; H, 8.87. Found: C, 58.76; H, 9.07.

2.16 g 2 and 2.06 g DCC afford after column chromatography (petrolether

ether, T : 1) 2.88 g (9.22 mmol, 92 %) lm. Mp. 37 - 38° ¢. IR (film): 1790,
1715 (c=0), 1055 (cooc) cm™l. 13c-NMR (CDCl4): & = 205.0 (s, C-4), 169.0 (s, C-
1’), 168.6 (s, Cc-1), 37.6 (t, ¢-3), 31.8 (t, c-10'), 29.8 (Cc-2’), 29.5 (¢c-7’,
8'), 29.2 (¢-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 %; Found:
5,10 %. Anal. calcd. for C17H3005 (314.4): ¢, 64.94; H, 9.62. Found: C, 64,98;
H, 9.90.

Dodecanoyl 4-oxopentanoyl ethylene acetal peroxide (ln): From a solution of
1.57 g (5 mmol) 1m, 0.47 g (7.5 mmol) ethyleneglycol-;nd 0.1 g p-toluene-
sulfonic acid in-go ml dry CHZCIZ the water is removed by azeotropic distilla-
tion and distilled off CHZCI2 is continously replaced by dry CHZCIZ. After 4
hrs. the chilled solution is washed with a KHCO3—solution and water, dried and
the CHZClZ evaporated. After column chromatography (petrolether : ether, 2 : 1)
1.25 g (3.5 mmol, 70 %) ln are obtained. Mp. 22 - 23°C. n23 : 1.4528. IR
(film): 1810, 1780 (C=0), 1055 (cooc) em~!. 13c-NMR (cDC1,): & = 169.2 (s, -1,
1’), 108.6 (s, C-5), 64.8 (t, ¢c-6, 7), 33.7 (t, ¢-3), 31.8 (t, Cc-10'), 29.9 (C-
2y, 29.5 (¢-7', 8'), 29.2 (¢c-6’, 9’), 29.0 (c-5’), 28.8 (Cc-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 X. Anal. calcd. for 019H34°6 (358.5): cC,
63.66; H, 9.56. Found: C, 63.66; H, 9.71.

3a,7«,12a-Triacetoxy-58-cholanoic acid (Mp. 95-97° C), 0.43 g 2 and 0.41 ¢

DCC afford after column chromatography (ether : petrolether, 1-: 1) 1.2 g (1.64
nmol, 82 %) lo. n%o = 1.4845. - IR (film): 1810, 1780, 1735 (C=0), 1060 (COOC)
em™!. - 13c_NMR (CDClz) 6 = 170.3 (C = O in acetate), 169.4 (C-1), 169.2 (s, C-
1*), 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-8',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 ppm. - Calcd. for active oxygen:
2.18 %; Found: 2.17 %. - Anal. calcd. for C42H68°10 (733.0): ¢, 68.82; H, 9.35.
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Found: C, 68.52; H, 9.64,

3-Carbonyloxypropionyl dodecanoyl peroxide (lp): 2.19 ¢ (10 mmol) dodecanoyl
chloride, 1.76 g (10 mmol) monopersuccinic a;;d (76 %) and 0.79 g (10 mmol)
pyridine afford 2.10 g (9.2 mmol, 92 %) lp (method A). - Mp. 90 - 91° ¢, from
ligroin, (lit. 25) 94° ¢). - IR (KBr): 1805, 1775, 1705 (C=0), 1065 (COOC) cm”
- 13¢-wMr (cDCly): 6 = 177.2 (s, C-4), 169.1 (s, C-1"), 168.0 (s, C-1), 31.8
(t, ¢-10’), 29.8 (c-2'), 29.4 (¢c-7’,8'), 29.2 (Cc-6’,9’), 29.0 (C-5’), 8.8 (C~
4*'), 28.5 (¢c-2), 24.9 (¢c-3), 24.7 (¢c-3'), 22.6 (t, C-11"), 14.0 (q, C-12’)ppm.-
Calcd.for active oxygen: 5.06 %; Found: 5.02 %.

1 .

chloride, 2.31 g (10 mmol) monoperglutaric acid and 0.79 g (10 mmol) pyridine
afford 3.05 g (9.2 mmol, 92 %) 1 q. Mp. 72 - 73° ¢ (from ligroin). - IR (KBr):
1805, 1775, 1705 (C=0), 1065 (C00C) em L. - 13c-NMR (CDClg): & = 178.8 (s, C-
5), 169.1 (s, C-1'), 168.4 (s, Cc-1), 32.4 (C-4), 31.8 (c-10’), 29.8 (c-2’),
29.5 (¢-7’,8%), 29.2 (Cc-6',9’), 28.9 (C-2,4',5"), 24.7 (t, C-3'), 22.6 (t, C-
11’), 19.6 (t, ¢-3), 14.0 (q, C-12’) ppm. Calcd. for active oxygen: 4.84 %;
Found: 4.90 %. — Anal. calecd. for C17H3008 (330.4): ¢, 61.79; H, 9.15. Found:
c, 61.53; H, 9.07. -

malonate, n%0= 1.4357, Mp. 16 - 17° C), 2.16 g 2 and 2.06 g DCC yield

after column chromatography (petrolether : ethe;, 8 : 1 at 5° c) 3.23 g (8.4
mnmol, 84 %) 1lr. - n%o : 1.4478. - IR (film): 1810, 1780, 1735 (C=0), 1060
(c00c) em™1. 7T 13c-NMR (CDC1g): & = 169.8 (s, CO,C,Hz), 168.6 (s, C-1'), 167.5
(s, C-1), B61.5 (t, OCH,CH4), 57.5 (s, C-2), 31.8 (t, €-10’), 29.7 (C-2’), 29.4
(¢,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, ¢-11’), 13.9 (q, OCHyCHg and C-12’), 8.0 (q, C-4) ppm. - Calecd. for
active oxygen: 4.14 %. Found:4.08 %. - Anal. calcd. for C21H3806 (386.5): C,
65.25; H, 9.91. Found: C, 67.44; H, 10.72. ~ The peroxide decomposes quickly at

r.t., which leads t¢ the incorrect analysis.

tion with ethyliodidels), n%? 1.4188, 82 % yield, and subsequent partial hydro-
lysis, ngg 1.4306, 74 %), 2.16 g E and 2.06 g DCC afford after column chroma-
tography (petrolether : ether, 8 : 1 at 50 C) 3.20 ¢ (8.6 mmol, 86 %) ls. -
n2% 1.4457. - IR (film): 1810, 1780, 1735 (C=0), 1065 (cooc) cm . - L3c-NMr
(CDC1g): 8 = 170.6 (s, CO,C,Hg), 168.7 (s, C-1’), 168.1 (s, C-1), 61.7 (t,
OCH,CHg), 53.2 (s, C-2), 31.8 (t, c-10’), 29.8 (¢-2*), 29.5 (¢-7’,8%), 29.3 (C-
6’,9'), 29.0 (c-4°,5'), 24.7 (t, C-3’), 22.6 (t, C-11’), 19.4 (t, C-3), 14.0
(OCHZCHs and €-12'), 13.8 (Cc-5), 8.4 (q, C-4) ppm. ~ Calcd. for active oxygen:
4.30 %; Found: 4.29 %. - Anal. calcd. for CZOHSBOG (372.5): C, 64.49; H, 9.74.
Found: C, 66.29; H, 10.46. Deviations due to decomposition at r.t.

Dodecanoyl 2-ethoxycarbonyl-2-methylbutyryl peroxide (1s): 1.05 g (6

mmol) (+)-Ethyl ethylmethylmalonate (obtained from (t)—ethyl ethylmethylmalo-
nate by resolution with gquinine in 34 X yield as pure enantiomerla), [a]%z =
+3.51°, ¢ = 15 in CHCly, 1it.'®) [«138= +3.38°, ¢ = 15 in CHC1), 1.30 g 2 and

1.24 g DCC afford after column chromatography 2.02 g (5.4 mmol, 90 %) ls.
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The optical rotation of 1s could not be determined due to its instability.

PHOTOLYSES

mmol) la afford after 50 hrs. photolysis 0.94 g (32 mmol, 64 %) 4. l-Henei-
cosene (4): Mp. 32 - 33° ¢ (1it.26) 33° ¢). IR (film): 3070, 1640, 990, 910

en ! (c=C). - lu-wnMm (CDClg): 6 = 5.81 (m, 1H), 4.96 (m, 2H), 2.04 (m, 2H),

1.36 (m, 2H), 1.216 (m, 32H), 0.88 (t, 3H) ppm. - MS:m/e = 294 (2%, M), 266

(1%, M* - c,H,), 182 (2%), 181 (2%), 167 (3%), 154 (3%), 153 (4%), 140 (5%),
139 (10%), 125 (17%), 111 (35%), 97 (62%).

10° ¢/min): 61 % 5, 1 % 13, 5 % n-undecane. Preparative: 3.27 g (10 mmol) 1b
yield after 70 hr:. irra;;ation 1.14 g (4.8 mmol, 48 %) 5. l1-Heptadecene (g;:
n30 . 1.4434 (11t.27) 1.4436). - IR (film): 3070, 1640, 990, 910 cm ! (c=c). -
Yy-NMR (CDClg): & = 5.81 (m, 1H), 4.96 (m,2H), 2.04 (m, 2H), 1.36 (m, 2H), 1.26
(m, 24H), 0.88 (t, 3H) ppm. - MS: m/e = 238 (4%, M'), 210 (2%, M' - C,H,), 154
(4%), 153 (3%), 140 (5%), 139 (7%), 125 (18%), 111 (41%), 57 (100%). Cyclopen-
tyldodecane (13): MS: m/e = 238 (8%, M*), 210 (3%, M" - CyHy), 195 (1%), 181
(2%), 167 (3%), 154 (3%), 153 (4%), 139 (9%), 125 (19%), 111 (38%). 69 (100%,
CsHg™).

column 4, 130 - 230° C, 3° c/min: 48 %¥ 6, 9 % E-6, 15 % n—undecane.
Preparative: 0.82 g (2.5 mmol) lc afford after 30 hrs. irradiatiom 0.27 g (1.13

Dodecanoyl Z-4-heptenoyl peroxide (lc): Analytical (GLC, column 1, 50 - 280° c;

mmol, 45 %) 6 and E-isomer. Z-3-Heptadecene (6, mixture of 86 %¥ Z and 12 % E),
n20: 1.4447.7- IR (film): 3010, 1655, 720 ca™ ! (c=c). - lH-NMR (cDClg): ¢ -
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: m/e = 238 (22%, M'), 210 (3%, mt - CoHg), 196 (1%), 172 (2%), 168
(3%), 154 (5%), 153 (4%), 140 (7%), 139 (7%), 125 (20%), 111 (41%), 97 (70%),
55 (100%). — 6 and its E-isomer have identical MS-spectra. - Anal. calcd. for
Cypligy (326.5;: C, 85.63; H, 14.37. Found: C, 85.45; H, 14.65. - The strucure
of the E-isomer of 6 was confirmed by double bond isomerization: 50 mg 6, 2 ml
2n HCl and 100 mg s:dium nitrite lead to 18 ¥ 6 and 82 % E-isomer of 6.=~
Ozonolysis of 6 (50 mg 6 ozonized in ether/met;anol, oxidative workup? 2n
H2804, chromicztrioxidej methylation with diazomethane) yields methyl tetra-
decanoate: MsZ8): m/e = 242 (ax, M), 213 (4%, M* - CyHg), 211 (4%, M" - OCHg),
199 (7%), 185 (3%), 171 (1%), 157 (4%x), 143 (1l1%), 129 (5%), 115 (2%), 111
(3%), 101 (B%), 74 (100%, C3Hg0,", McLafferty).

column 4, 120 - 230° c, 3% (min): 42 % 7, 3 % Z-isomer of 7, 4 % 14, 14 % n-
undecane. Preparative: 3.12 g (10 mmol) ld produce after 100 hrs. irradiation

0.94 g (42 %) 7, Z-7, 14. E-3-Hexadecene (7, mixture of 84 % 7, 6 ¥ 7a, B %

Dodecanoyl E-3-hexenoyl peroxide (1ld): Analytical (GLC, column 1, 50 - 280° ¢;

14): n2%: 1.4227 (11t.29); 1.4220). - IR (film): 3020, 965 cm ! (Cc=C). - LH-NMR
(CDC1g): 6 = 5.40 (m, 2H, J = 16 Hz), 1.98 (m, 4H), 1.26 (m, 20H), 0.94 (t,
3H), 0.88 (t, 3H) ppm. - MS: m/e = 224 (30%, M¥), 196 (4%, M* - C,H,), 182

(2%), 169 (2%), 168 (2%), 168 (3%), 154 (6%), 140 (8%), 139 (7%), 126 (11x%),
125 (17%), 112 (18%), 111 (37%), 69 (100%). 7 and Z-7 exhibit the same MS-
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spectra. - Anal. calcd. for CIGHBZ (224.4): ¢, 85.63; H, 14.37. Found: C,
85.85; H, 14.66. - Isomerization of the double bond in 7 (as in 6) affords 85 %
7 and 15 % Z- 7 - Ozonolysis of 7 (as in 6) yields methyl trldecanoate 828)
m[e = 228 (15% M*), 199 (4%, M - CoHg), 197 (9%, M* - OCHg), 185 (10%), 143
(12x%), 129 (8%), 115 (2%), 10l (7%), 74 (100%, C3H602 , McLafferty). 3-Ethyl-1-
tetradecene (14): MS : m/e = 224 (5%, M%), 197 (4%), 196 (5%, M" - CyH,), 154
(5%), 139 (5%;: 125 (9%), 111 (14%), 84 (100x%, CGHIZ Yy Ozonoly51s of 14 (as in
6) leads to methyl 2-ethyltridecanocate: MS: m/e = 256 (10%, Mt ), 228 (7X Mt -
C oHy), 227 (4%, Mt - ¢ 2Hg), 225 (3%, Mt - OCHgz), 189 (6%), 185 (5%), 171 (4%),
157 (8%), 143 (3%), 129 (3%), 115 (32%, 6“11°2+' McLafferty + 13), 102 (100%,
CgH 05", McLafferty).

Dodecanoyl 4-pentenoyl peroxide (le): Analytical (GLC, column 1, 50 - 280° c,
10° ¢ (min): 61 % 8, 6 % undecane. - Preparative: 1.49 g (5 mmol) le yields
after 50 hrs. irra;iation 0.59 g (2.8 mmol, 56 %) 8. 1~ ~Pentadecene (8) n20:
1.438839) . - IR (film): 3070, 1640, 990, 910 cm ! (c=c). - lH-NMR (CDCl )i 8
=5,81 (m, 1H), 4.96 (m, 2H), 2.04 (m, 2H), 1.36 (m, 2H), 1.26 (m, 20H), 0.88
(t, 3H) ppm. - MS: m/e = 210 (2%, M"), 182 (1%, M' - C,Hy), 154 (2%), 140 (3%),
139 (3%), 126 (6%), 125 (10%), 111 (22%), 43 (100%).

tynoyl peroxide (1f): Analytical GLC, column 1, 50 - 280° c,
min): 56 % 9, 6 % undecaneT-Preparative: 2.96 g (10 mmol) 1f are irra-
diated for 70 hrs.-to afford 1.07 g (5.1 mmol, 51 %) 9. l—pentade;;ne (9): n%o
1.4423 (1it.3D) n20 - 1.4422). - IR (film): 3310, 2120 (c=¢) em !. lH-NMR
(CDClg): & = 2.18 (dt, 2H), 1.94 (t, 1H), 1.53 (m, 2H), 1.39 (m, 2H), 1.26 (m,
18H), 0.88 (t, 3H) ppm. - MS: m/e = 208 (0.1%, MY), 123 (3%), 109 (13%), 81l
(100%, CgHg").

E-2-Butenoyl dodecanoyl peroxide (lg): Analytical (GLC, column 1, 50 - 280°c,
10°C (min): 17 % 10, 8 % Z-10, 1 % 15 12 % n-undecane. Preparative: The photo-
lysis of 2.84 g (55 nmol ) 1;-(inter;;pted after 100 hrs. though conversion of
lg was incomplete) affordeE-O 2 g (1.0 mmol, 10 %) 10, Z-10 and 15 E-2-
Tetradecene (10) and Z-2-Tetradecene (Z- 10) (GLC, ;;lumn-§: 63 % 1 29 %
z-10a, 4 % 15) ~ IR (film): 3020, 1655, 965, 720 cm ! (c=C). - LH-NMR (CDC1y) :
& = 5 40 (m, 2H), 2.04 (m, 0.65H, cis—CHZCH=CH), 1.98 (m 1.35 H, trans-—
CoCH=CH), 1.64 (m, 2H, trans-CH=CHCHg), 1.60 (m, lH, cis-CH=CHCHg), 1.26 (m,
18H), 0.88 (t, 3H) ppm. - MS: m/e = 196 (41%, M), 168 (6%, M" - CyH,), 154
(3%), 153 (3%), 140 (5%), 139 (5%), 126 (9%), 125 (10%), 112 (15%), 111 (29%),

55 (100X, C4H;"). Identical MS for 10 and Z-10. - Anal. caled. for C,H,g
(196.4): C, 85.63; H, 14.37. Found: C, 85.44; H, 14.42. - Isomerization (as in
6) changed the 10 r Z- 10 ratio to 78 : 22. - Ozonolysis of 10 Z- 10 (as in 6)

afforded methyl dodecanoate: Ms28) : mse = 214 (8%, M*), 185 (6%), 183 (8%,
M* - OCHg), 171 (13%), 157 (5%), 143 (16%), 129 (8%), 115 (7%), 101 (9%), 74
(100%, 03H502+, Mclafferty). 1-Tetradecene (12): MS: m/e = 196 (5%, M+),168
(2%, M' - C,H,), 140 (2%), 139 (3%), 126 (5%), 125 (7%), 111 (10%), 55 (100%,

+

CaHp ).

Dodecanoyl propynoyl peroxide (lh): Analytical (GLC, column 1, 50 - 280° ¢,
10°¢c (min): 0 % 11, 5 ¥ n-undecane and polymer of unknown structure (IR: 2120
(c=C), 1715 (€=0) cm 1).
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Benzoyl dodecanoyl peroxide (li): Analytical (GLC, column 1, 50 - 280° ¢, 10°
C/min): 16 % 12, 14 % undecyl-;enzoate (16), 5 % n—undecane. Preparative: 1.60 g
(5 mmol) 1i w;;e irradiated for 100 hrs.-;nd the photolysis then interrupted,
though th;,conversion was not complete. Column chromatography (petrolether
ether, 20 : 1) afforded 0.17 g (0.73 mmol, 15 %) 12 and 0.15 g (0.54 mmol,
11 %) 16. Phenyl undecane (12): n20 = 1.4800 (1it.52) n20 - 1.4783). - IR
(film): 3055, 3020, 1600, 1495, 740, 695 (Phenyl) cm }. - MH-NMR (CDClg): & =
7.26 (m, 2H), 7.16 (m, 3H), 2.60 (t, 2H), 1.61 (m, 2H), 1.26 (m, 16H), 0.88 (t,
3H) ppm. - MS: m/e = 232 (25%, MV), 147 (2x), 133 (7%), 119 (3%), 105 (11%),
104 (7%), 92 (100%, C;Hg"). Undecyl benzoate (16): nZ® = 1.4841. - IR (film):
3050, 3010, 1600, 710 (phenyl), 1715 (C=0) cm_rr - 1H—NMR (CDCls): é = 8.05 (m,
2H), 7.55 (m, 1H), 7.44 (m, 2H), 4.32 (t, 2H), 1.77 (tt, 2H), 1.44 (m, 2H),
1.26 (m, 14H), 0.88 (t, 3H) ppm. - MS: m/e = 276 (2%, M'), 154 (16%, M' -
C7H602), 123 (100%, C7H702+), 105 (63%, CGH5CO+). - Anal. calcd. for CIBHZBOZ
(276.4): Cc, 78.21; H, 10.21. Found: C, 78.25; H, 10.50.

C, 10° C¢/min): 76 % 1-Bromopentadecane (17), 2 % n-undecane. Preparative: 1.90
g (5 mmol) 1j afford after 50 hrs. irrad;;tion 0.98 g (3.4 mmol, 67 %) 17.
1-Bromopentadecane (17): 20 = 1.4611 (1it.33) 1.4612). - lu-wmr (cDClg): 8
3.40 (t, 2H), 1.85 (tt, 2H), 1.42 (m, 2H), 1.26 (m, 22H), 0.88 (t, 3H) ppm. -
MS: m/e =292 (0.2%, M"Y, 290 (0.2%, M%), 179 (1%), 177 (1%), 165 (3%), 163
(3%), 151 (15%), 149 (16%), 137 (75%), 135 (78%), 113 (6%), 111 (8%), 57
(100%) .

C; column 3, 50 - 250° ¢, 5° C/min): 55 % 18, 6 % 27, 1 % 28, 5 X n-undecane, 5
% 29. Preparative: 1.97 g (5 mmol) 1k lead-;fter 56=hrs. p;;tolysis to 0.61 g
(2-;mol, 40 %) 18 and 0.05 g (0.2 m;gl, 4 %) 29. - 5-Bromohexadecane (18): n%o
= 1.4620 (1it.3%7 1.4614). - lH-NMR (CDC1,): 3= 4.03 (tt, 1H), 1.80 (m, 4H),
1.60-1.36 (2m, 4H), 1.26 (m, 18H), 0.92 (t, 3H), 0.88 (t, 3H) ppm. - MS: m/e =
225 (10%, MY - Br), 169 (3%), 155 (4%), 141 (6%), 127 (7%), 113 (11%), 111
(8%), 57 (i00%). - 1-Bromoundecane (29): nZ® = 1.4575 (1it.3%) 1.4571). - lu-wmr
(CDClg): & = 3.40 (t, 2H), 1.85 (tt, 2H), 1.42 (m, 2H), 1.26 (m, 14H), 0.88 (t,
3H) ppm. - MS: m/e = 236 (0.1%, M'), 234 (0.1x, M,), 151 (12%), 149 (12%), 137
(85%), 135 (93%), 57 (100%). - Isomeric Hexadecenes (27): MS: m/e = 224 (10%,
M*), 196 (2%), 153 (2%), 140 (3%), 139 (3%), 125 (10%), 111 (22%), 55 (100%). -
n-Hexadecane (28): MS: m/e = 226 (2%, MT), 183 (1%), 169 (2%), 155 (1%), 141
(3%), 140 (2%), 127 (2%), 126 (3%), 113 (5%), 57 (100%).

2-Bromohexanoyl dodecanoyl peroxide (1lk): Analytical (GLC, column 1, 50 - 280 @

2-Chloropropionyl dodecanoyl peroxide (11): Analytical (GLC, column 1, 50 -
280° ¢, 10° ¢ (min): 61 % 19, 18 % n-un;;cane. Preparative: 1.53 g (5 mmol) 11
afford after 50 hrs. 0.57 E-(2.6 mmol, 52 %) 19. - 2-Chlorotridecane (19): =
n29- 1.4429 (1it.36) 1.4430). - LH-NMR (CDCl,): & = 4.03 (tq, 1H), 1.70 (m, 2H),
1.50 (d, 3H), 1.47 (m, 2H), 1.26 (m, 16H), 0.88 (t, 3H) ppm. - MS: m/e = 183
(2%, M* - c1), 182 (14%, MY - Hci), 154 (7x), 140 (5%), 139 (5%), 126 (7%), 125
(12%), 112 (13%), 111 (22%), 107 (3%), 105 (10%), 43 (100%).
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C; column 3, 50 - 250° C¢) 50 % 20, 21 % 30, 5 % n-undecane. l1-Dodecene (30):
MS: m/e = 168 (8%, MYy, 140 (3x), 125 (5%), 111 (12%), 43 (100%).

Dodecanoyl 4-oxopentanoyl ethylene acetal peroxide (ln): Analytical (GLC, column
1, 50 ~ 280° ¢, 10° C/min); after cleavage of the ac;zal with HC1 (MeOH): 67 %
20, 5 ¥ n-undecane. Preparative: 0.90 ¢ (2.5 mmol) 1ln afford after 30 hrs.
;;radiation, deprotection (MeOH/HCl) and column chr;;atography (petroleumether
ether, 3 : 1) 0.32 g (1.41 mmol, 57 %) 20. ~ 2-Pentadecanone (20): Mp. 38 -
39° ¢ (1it.37) 39 - 39.5° ¢). - IR (film): 1710 cm ! (c=0). - 'RONMR (CDClg):
§ = 2.42 (t, 2H), 2.13 (s 3H), 1.57 (m, 2H), 1.26 (m, 20H), 0.88 (t, 3H) ppm. -
MS: m/e = 226 (5%, M'), 211 (2%, M" - CHg), 197 (1%), 183 (1%), 168 (4%), 166
(3%), 58 (100X, C4Hg0", McLafferty).

rative: 0.73 g (1 mmol) lo leads after 30 hrs. irradiation and column chromato-
graphy to 0.48 g (0.74 m;gl, 74 %) 22. 24-Decyl-3o0,7a,12a-triacetoxy-58-cholane
(22): Mp. 84 - 85° C. - IR (KBr): 1735 cm ! (C=0). - lH-NMR (CDC1g): & = 5.10
(;T 1H, 128-CHO), 4.92 (m, 1H, 78-CHO), 4.58 (m, 1H, 3B-CHO), 2.14 (s, 3H,
CH3002), 2.09 (s, 3H, cnscz), 2.05 (s, 3H, 03002), 1.26 (m, 24H, CH2), 2.06 -
0.95 (several m, 20H), 0.92 (s, 3H, Hac -~ ¢c19), 0.88 (t, 3H, CHcha)’ 0.80 (d,
3H, HgC - c21), 0.74 (s 3H, HyC - C18) ppm. - MS: m/e = 524 (17x, Mt - 2
CH4CO,H), 464 (22%, Mt - 3 CH5COoH), 449 (11%), 410 (7%), 358 (7%), 313 (47%),
253 (100%, MT - 3 CHgCO,H, ~C gHq¢), 226 (22%), 211 (17%). - Anal. caled. for
ChoHgOg (645.0): C, 74.49; H, 10.63. Found: C, 74.47; H, 10.71.

3-Carboxypropionyl dodecanoyl peroxide (lp): Analytical (GLC after esteri-
fication with diazomethane, column 1, 50-: 280° C): 68 % 23, 1 % n-undecane.
Preparative: 1.58 g (5 mmol) 1p yield after 50 hrs. 0.64 ;-(2.8 mmol, 56 %) 23.
Tetradecanoic acid (23): Mp. 52 - 53° ¢ (1it.38) 54° ¢). - IR (film): 1695
(¢=0) cu™l. - lH-NMR (CDCly): & = 2.34 (t, 2H), 1.64 (m, 2H), 1.26 (m, 20H),

0.88 (t, 3H) ppm.

4-Carboxybutyryl dodecanoyl peroxide (1lq): Analytical (GLC after esterification
with diazomethane, column 1, 50 - 2800-6, 10° ¢/min): 69 % 24, 1 % n-undecane.
Preparative: 1.65 g (5 mmol) 1q are converted after 50 hrs.-;hotolysis into

0.72 g (2.97 mmol, 59 %) 24. Pentadecanoic acid (24): Mp. 51 - 52° ¢ (1it.3%) 53
- 549C). - IR (film): 1695 cm™} (c=0). - lH-NMR (55c13): s = 2.34 (t, 2H), 1.64
(m, 2H), 1.26 (m, 22H), 0.88 (t, 3H) ppm. - MS (methylester): m/e = 256 (4%,
M+), 227 (3%), 225 (6%), 213 (11%), 199 (5%), 185 (3%), 171 (4%), 157 (6%), 143
(17%), 129 (8%), 115 (3%), 111 (3%), 101 (8%), 74 (100%, 03H602+, McLafferty);

corresponds to MS in lit‘za).

Analytical (GLC, column 1, 50 - 280° ¢, 10° C (min): 36 % 25 31 % n-undecane.-
Preparative: 1.95 g (5 mmol) 1lr are irradiated for 50 hrs. to afford after
column chromatography (petroleumether: ether, 10 : 1) 0.45 g (1.51 mmol, 30

%) 25.
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Ethyl 2,2-diethyl tridecancate (26): n30 = 1.4432. - IR (film): 1725 cn™ !
(c=0). - lm-NMm (cDC1g): ¢ = 4.14 (a, 2H), 1.58 (q, 4K), 1.54 (t, 2H), 1.26 (m,
18H), 1.25 (t, 3H), 0.88 (t, 3H), 0.77 (t, 6H) ppm. - MS: m/e = 298 (2%, M),
270 (11%), 225 (27%), 144 (100%, CgH,g0,", McLafferty), 128 (14%), 113 (8%).
Anal. caled. for CIQH38°2 (298.5): C, 76.45; H, 12.88. Found: C, 76.64: H
12.97.

>

Analytical (GLC, column 1, 50 - 280° C): 21 % 26, 54 % n-undecane. Preparative:
1.86 g (+)-1s afford after 50 hrs. irradidatio;-and column chromatography
(petroleume:;er: ether, 15 : 1) 0.25 g (0.88 mmol, 1 %) 26.- (rac)-Ethyl 2-
ethyl-2-methyltridecanoate (+)-26).~ n2® 1.4390. - IR (film): 1725 cu™! (c=0).
~ l-NMR (cpCig): ¢ = 4.14 (q, ;ﬁ), 1.64 (m, 2H), 1.44 (m, 2H), 1.26 (m, 18H),
1.256 (t, 3H), 1.11 (s, 3H), 0.88 (t, 3H), 0.82 (t, 3H) ppm. - MS: m/e = 284
(2%, MT), 256 (5%), 211 (20%), 199 (2%), 185 (2%), 143 (5 %), 130 (100 %,
C7Hl402+, McLafferty), 115 (10%). Anal. calecd. for C18H3602 (284.5): C, 76.00;
H, 12.76. Found: C, 75.95; H, 12,63.

Dodecanoyl 2-ethoxycarbonyl-2-methylbutyryl peroxide (ls):

Preparative: 1.49 g (4 mmol) ls afford after 50 hrs. p;:tolysis and column
separation (petroleumether: ezﬁer, 15 : 1) 0.19 g (0.67 mmol, 17 %) (+)-26.-

(+)-Ethyl 2-ethyl-2-methyltridecanoate ((+)-26) n3 = 1.4394. - [a1F? = +2.55°
(¢ = 15 in CHClB). - The optical purity of (+)-26 was determined from the
corresponding alcohol Egg by 1H—NMR with Eu(hfc;;.

0.14 g (+)-26 were reduced with 0.10 g (2.6 mmol) LiAlH4 in 25 ml ether. The
usual work-up yields 0.11 g (0.45 mmol, 90 %) (+)-2-ethyl-2-methyltridecanol
(26a): n20 = 1.4531. - lH-NMR (CDCIg): & = = 3.35 (s, 2H), 1.39 (s, 1H), 1.26
(m, 18H), 1.20 (m, 4H), 0.88 (t, 3H), 0.81 (s, 3H) ppm. - MS:m/e = 211 (8%, M"
- CHZOH), 181 {(2%), 169 (1%), 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. - IH-NMR with 50 % Eu(hfc)s: 80 % (+)—§Eg, 20 ¥ (~)-26a.

SIDE PRODUCTS ORIGINATING FROM THE DODECANOYL GROUP. n-Undecapne (3): MS
(70eV):m/e = 156 (M*, 5%), 127 (3), 113 (3), 99 (10).- n-Docosane (34): MS
(70eV):m/e = 310 (2%, M*), 281 (2), 267 (1), 253 (1), 239 (1), 225 (1), 211
(1), 197 (2), 183 (3), 169 (4), 155 (5), 141 (7), 127 (11), 113 (16), 99 (26).

1-Undecene (35): MS (70eV):m/e = 154 (5%, M+), 126 (2), 1256 (3), 111 (9).-

Cyclopreopyloctane (36) was prepared from l-decene by Simmons-Smith reaction40):

n20 : 1.4204 (11¢.407, n25) : 1.4280). - Ms (70eV):m/e = 154 (M*, 3%), 126 (8),
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