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Abatrac-A method is described by which alkoxy hydroperoxides, obtained by ozonising cycloalkenes 
in alcohol solution, can be converted into terminally differentiated products by the action of metal salts. 
Cyclohexene and cycloheptene were converted to l,ldimethoxy-5-chloropentane and l,ldi- 
methoxytihlorohexane respectively in 470/, yield, using ferric chloride. With ferrous sulphate as reactant 
salt, cyclooctene was converted into l,ldimethoxy-6-heptene. A synthesis of (Z)-bheptenal from 
(Z,Z)-1,5qclooctadicne is also de-scribed. Fragmentation, causing the loss of one carbon atom, is a 
characteristic of these transformations. Other variations employed the salts as oxidants and reductants 
simultaneously. 

Criegee’ has described the ozonolysis of alkenes in 
alcohol solution whereby alkoxy hydroperoxides are 
formed. When applied to cycloalkenes this reaction 
affords products, the carbon chains of which have an 
aldehyde group and an alkoxy hydroperoxide group 
at the ends (reaction 1 of the scheme). In a recent 
publication on the ozonolytic cleavage of cyclo- 
alkenes to terminally differentiated products. Schrei- 
her et al.’ showed how, by simple modifications of 
the workup, these hydroperoxides could give rise to 
a variety of products with differentiated terminal 
functionalities. For unsubstituted and symmetrically 
substituted cycloalkenes, there is no problem of pos- 
sible isomer formation. In planning the synthesis of 
certain aldehydes, our reasoning was similar to that 
of Schreiber et al., but for the chemical modification 
of the alkoxy hydroperoxide group we chose a 
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different course, based on cleavage of the terminal 
carbon-carbon bond bearing the alkoxy hydroperoxy 
group. 

DLSCIJSSION 

From the literature it is known that the oxidation 
and reduction of free radicals by metal chlorides and 
bromides results in the formation of the correspond- 
ing substituted products. For example, ethyl chloride 
was obtained from ethyl radical and cupric chloride.3 
More interestingly, when cyclohexanone peroxide 
was treated with a mixture of ferrous and cupric 
sulphates, S-hexenoic acid was the principal product 
formed in a ring fragmentation reaction (reaction 2 
of the scheme). 

We considered that the alkoxy hydroperoxides 
described by Criegee could also be used for this 
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carbonxarbon bond fragmentation reaction. We 
confirmed this by ozonizing cyclohexene in methanol 
and treating the reaction product with ferric chloride 
hexahydrate. Chain fragmentation and substitution 
by chloride was accompanied by acetal formation at 
the aldehyde group. The final product was 
I, Idimethoxy-S-chloropentane la, isolated in 47% 
yield (reaction 3 of the scheme). Cycloheptene reac- 
ted in the same way to l,ldimethoxy&chlorohexane 
lb in the same yield. 

The above mechanism is not restricted to simple 
alkoxy hydroperoxides. Cyclododecene, ozonised in 
light petroleum solution, afforded a polymeric ozon- 
ide (see Ref. 4 for a discussion on polymeric ozon- 
ides) which also suffered carbon-carbon bond frag- 
mentation and substitution when treated with ferric 
chloride hexahydrate (reaction 4 of the scheme). The 
isolated amount of 1,lOdichlorodecane 2 was, how- 
ever, low (10%). 

When the methoxy hydroperoxide, obtained by 
ozonolysing cyclooctene in methanol, was treated 
with a mixture of ferrous and cupric salts, the reac- 
tions were analogous to those given under 2 of the 
scheme; I, 1 dimethoxy-Gheptene 3 was formed (reac- 
tion 5 of the scheme) and isolated in yields of 
22-34x. Some free aldehyde was still present, and a 
dimerisation product, 1 ,l, 14,14_tetramethoxytetra- 
decane was formed in significant amounts from the 
intermediate radical. We assume that the one-carbon 
fragment was eliminated as methyl formate. 

Another variant of the radical fragmentation reac- 
tion was used to synthesise (Z)-+heptenal from 
(Z,Z)-l,%yclooctadiene. First a selective bro- 
mination of the latter with a brominedioxane 
complex’ afforded (lE)-5,ddibromo-l-cyclooctene 
4a (yield 63%) as a crystalline compound. (A dibromo 
derivative of 1,5cyclooctadiene was described by 
Willstltter and Veraguth6 in 1905, but no structure 
was given.) Then ozonolysis in methanol and treat- 
ment with ferric nitrate afforded a crude product 
which was immediately debrominated with activated 
zinc in methanol (cf Ref. 7); see reaction 6 of the 
scheme. The dimethyl acetal of (Z)4heptenal4b was 
isolated 96% pure in 11% yield. Although its content 
in the crude final product was about 25%, separation 
proved difficult. 

EXPERIMENTAL. 

Starting materials. Cyclohexene (ex BASF) purity 99%; 
cycloheptene, cyclooctene and cyclododecene (ex Aldrich) 
82-85x by GLC (rest unidentified); cyclooctene (ex Fluka) 
95%; (Z,Z)- I ,Scyclooctadiene (ex Aldrich), ng 1.4934, 95% 
by GLC; FeS0,.7H,O, FeC1,.6H,O, Fe(NO ),.9H 0 and 
Cu(OAc),.H,O were analytical grade (ex doury-Baker); 
methanol was analytical grade (ex Merck); Br,&oxane 
complex was prepared according to Ref. 5 and activated Zn 
according to Ref. 7, using HCI and CuSO,. 

Combustion analyses. These were carried out by Mr. A. 
Bernhart, Microanalytical Laboratory, Max Planck Insti- 
tute for Coal Research, Miilheim, Germany. 

GLC analysis. The GLC analyses were carried out on a 
silicone elastomer SE 30 or on PEGA 5% (support Di- 
atoport S 8CrlOO) at suitable temperatures. 

NMR, IR and mass spectroscopy. The proton magnetic- 
resonance spectra were run in Ccl, solutions at 30” on a 
Varian HA-100 spectrometer; &values are quoted in ppm 
downfield from internal TMS and are accurate to within 
+ 0.0 I ppm. The coupling constants are accurate to within 
kO.2 Hz. IR spectra were recorded with an Infrascan and 

an Infracord spectrophotometer as films. The mass spectra 
were recorded with an A.E.I. MS I2 spectrometer. 

I, I-Dimethoxy-S-chloropentane (la) and I, I-dimethoxy- 
bchlorohexane (lb). To cyclohexene (a) (56.7 g, 0.69 mol) or 
cycloheptene (b) (47 g, 0.49 mol) in methanol (1 I) at - 30”, 
an 0,-O, mixture was passed from a Stage K.G. ozonizer. 
About 0. I mol 0,/h was passed through till a 20% excess of 
0, had been reached. The mixture was heated at 40” for 
15min and cooled. The solvent was evaporated at 
20”/2.0 kPa; residue 133 g (a); 104, 4 g (b). The residue was 
added gradually in I6 min to a boiling solution of 326 g 
(I .2 mole) FeCl,.6H,O in I .2 I methanol (a) or in 7 min to 270 
g (1.0 mole) FeCl,.6H,O in 1.0 I methanol (b). The rate of 
addition was such that the solution remained at the boil 
without additional heating. When all had been added and 
spontaneous boiling stopped, the reaction mixture again 
was heated and boiled for 15 min. Immediately after cooling 
to room temp, the reaction mixture was extracted with light 
petroleum (b.p. 4(Mo”) and (for a only) after dilution with 
water extracted with 8OOml CH,Cl,. The total extract was 
dried with sodium sulphate: After distilling off the solvents, 
we obtained 54 g Is (46.6% yield), b.p. 8<88”/1.6 kPa. IR: 
1008. 1068. II32 and I l6Ocn-’ (acetalk 1735cm-’ (slinht 
carbonyl ‘impurity). NMR: 6‘4.38 ‘itr, J = 5.0,‘ [H, 
-CH(O-)d, 3.4 (complex, 2H, -CH,CI), about I .5 [complex, 
6H. -(CH&-1, 3.19 [s, 6H, (-OCH,)J. Compound la was 
further character&d by conversion to the 2.4-DNP of 
5-chloropentanal. m.p. lO&lO8” (lit* m.p. lO6-IOS”), which 
was also obtained from authentic 
l,l-diethoxy-5chloropentane.9 The yield of lb was 40 g 
(47% yield); b.p. 96305’/2.4 kPa. Miid acid hydrolysis with 
formic acid afforded 6-chlorohexanal. b.n. 70-73”/47 Pa 
(litlo b.p. 35”/1.3 Pa). 

. 

I, l@Dichlorodecane (2). CyclododeceneW(24.9 g, 0. I5 mol) 
in light petroleum (I I, 1 b.p. 40-60”) was quantitatively 
converted into 22 g polyozonide at room temp by the action 
of O,-containing 0,. The polyozonide (a solid insoluble in 
solvents such as methanol, ethanol, butanol, acetone, ethyl 
acetate and chlorinated hydrocarbons) was added in 5 min 
lo a boiling solution of FeCl,.6H,O (131 g, 0.485 mol) in 
ethanol (485 ml), whereby a suspension was formed. After 
ca 30 min, the mixture had become homogeneous and after 
another I5 min peroxide could not be detected any more. 
After cooling, the reaction mixture was extracted with light 
petroleum (3 x 250 ml). Drying and evaporation of the 
extract gave 28 g residue. Gaschromatographically, 17% 2 
was detected, using authentic I,lOdichlorodecane as model 
substance. Distillation of the residue and purification by 
column chromatography gave 3. I g, b.p. 148-l 50”/1.3 kPa 
(lit” b.p. 151”/2.1 kPa), gaschromatographic purity 95x, 
yield Calc on polyozonide 9.5%. IR: XH,-CH,Cl, 650(S) 
and 750(m) cn-‘; -CH,Cl, 128O(m-S) and 13lO(m-S) 
cn-‘. 

I,l-Dimethoxy44eptene (3). Through a solution of cy- 
clooctene (50 g, 0.45 mol) in methanol (500 ml) at - 30”, an 
0,-O, stream was led (0.1 mol 0,/h). After 4 h, the ozono- 
lysis was completed (no starting material was detected by 
TLC). The solution was wanned to and kept at ca 20” for 
48 h (this operation is necessary for the methanolysis of the 
polycondensate peroxide-formed during the ozonolysis at 
low tempt0 a monomeric peroxide which gives better 
yields of the desired title compound in the radical reaction 
which followed). The solution of the monomeric peroxide 
was then quickly added with stirring to a fresh, cooled (ca 
IO”) solution of CU(OCOCH,)~.H,O (IO0 g. 0.510 mol) and 
FeS0,.7H,O (140 g, 0.504 mol) in methanol (800 ml). The 
reaction was instantaneous and exothennic (the temp rose 
to ca 35’). After 30min. the solvent was evaporated (35”, 
2.1 kPa) to about l/IO of its original volume. The residue, 
a suspension of inorganic material in a viscous dark-red oil, 
was extracted with ether (3 x 3OOml). evaporated off and 
extracted again with light petroleum (6 x 300 ml); evapo- 
ration of the solvent gave 88.0 g light green oil (this double- 
extraction method is necessary for the isolation, without the 
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use of water, of the reaction products as acetals). Dis- 
tillation gave 3 (23.2 g, 34% yield), b.p. 50”/0.7 kPa, n$’ 
1.4238 (Found: Cl 68.4 H, li.4; 0, 20.2: G,H,,O, req~k& 

C. 68.35: H. 11.41: 0. 20.23). MS: M + 158. IR (film): 2830. 
I 130, 1081,’ 1057 and 957 cm - I (acetal); 3075, ‘1644, 1420, 
996 and 912 (vinyl group). NMR: 65.74 (tr of d, J = 10.3, 
J = 17.1, J = 6.6, IH, -C==CH-), 4.795.07 (complex, 2H, 
=CHr), 4.24 [tr, IH, CH(G)d, 3.19 [s, 6H, (-GCH,M, 
1.882.21 (complex, 2H, C=C-CH,C-), 1.16-1.69 [com- 
plex, 6H. -U-M,-1. 

In another experiment starting from cyclooctene (I50 g) 
3 (41.9 g) was isolated and the residue (147 g) fractionally 
distilled to give methyl 8,8-dimethoxyoctanoate 34 (39.8 g), 
b.p. Il5”/53 Pa, ng 1.4300 [IR: 2840, 1190, 1125, 1070 and 
106Octn’ (acetal); 174Ocrn’ (ester CO)] (lit’* b.p. 
80”/7 Pa) and I, I, 14.14tetramethoxytetradecane 3h 39.8 g). 
b.p. 155”/7Pa, ng 1.4395 [IR: 2840, 1196, 1132, 1081, 1060 
and 966 cn- ’ (acetal)]. These compounds were further 
characterized by the formation of crystalline 2.4DNPs: 
from 3, m.p. 91-92” (lit” m.p. 9>96”), from 3a, m.p. 7678 
(liti m.p. 7678”) and from 3b, m.p. 105109” (Ns-DNP). 

(I E)-5,6,Dibromo-I-cvclooctene (4n). Bromine/dioxane 
c&pkxJ (1% g. 0.965 mol) in absolute ether (1 1, freshly 
prepared) was added in 30 min to I ,5_cyclooctadiene (I 90 g, 
1.76mol) in absolute ether (I I), under nitrogen with 
stirring and external cooling (ice water) to maintain an 
internal temp of about 1520”. The solvent was then evap 
orated at 2.7 kPa/25” and excess cyclooctadiene was distilled 
elf under high vacuum. Fractionation of the residue by 
distillation gave unchanged cyclooctadiene (108 g) and 4a 
(146g). b.p. 80-l02”/7Pa. After 24 h in the refrigerator a 
liquid supematant (14 g) was decanted from the crystallized 
fraction, (132 g, 63% yield), GLC purity 95%. Re- 
crystallization from ethanol gave 4a, m.p. 33-35” (Found: 
C, 36.0; H, 4.6; Br, 59.7. C,H,,Br, requiresC, 35.85; H, 4.51; 
Br, 59.64). MS: M +266 (‘9Br). The compound remained 
stable for several weeks at 0”. After one week at room temp, 
the bromide content had decreased by 1.2%. IR (KBr) 
indicated that the halogen atoms are trans to each other, 
i.e. axial-axial or equatorial-equatorial; 6CH 
1181-978-835 err-’ (eq-eq), Il451008-885cn-’ (ax-ax); 
vC-Br 678cn-’ (eqe.q), 670ctn’ (ax-ax);‘ vC==C 
l658ctn’; Y=CH %5cm-’ (trans). NMR: 65.6 (2H. al- 
kene), 4.6 (2H, CHBr), 2.0-3.0 (8k, complex). 

\---, ~~~ 

(4Z)-l,l-Dimethoxy4hep~ene (4b). 4s (100 g, 0.354 mol) 
in methanol (900ml) was ozonized completely at l&20”, 
concentrated in uucuo (2. I kPa/25”) to co 300 ml and then 
added with stirring to Fe(N0,),.9H,O (450 g) in methanol 
(1.5 I) at 65”. The mixture was refluxed for 15 min. cooled 
and extracted with 1.5 I light petroleum (b.p. 40-60”). After 
drying and distilling off the solvent, 79 g product (portion 
A) remained. The methanolic solution was evaporated and 
the residue shaken with water and ether; the ether extract 
gave 37.9g product (portion B) on evaporation. The por- 
tions A and B were separately debrominated. While stirring, 
portion A (79 g) in methanol (50 ml) was added dropwise in 
40 min to a suspension of activated Zn (I 92 g prepared from 
250 g Zn’) in methanol (I 50 ml) at 65”; stirring and heating 
were continued under reflux for a further 20min; the 
mixture was cooled and extracted with light petroleum (ca 

300 ml) yielding 28.5 g product. After treatment with Zn 
(100 g) and extraction, fraction B (37.9 P) Pave 14.9 nroduct. 
Each-of these products containad. free&rtenal b&ides 4h 
(25% yield, from GLC analyses, based on di- 
bromocyclooctene). Fractional distillation of the combined 
cruder fractions gave 4b (7.Og. 1 I% yield), b.p. 
7682”/3. I kPa; t$ 1.4270 (Found: C, 68.3; H, I I .4; 0, 20.4; 
GCH,, 37.6. C-&O2 requires: C, 68.41; H, 11.48; 0, 20.25; 
OCH,, 39.28). MS: M+ 158. IR: 1065, 1130. 1195. 
2840 cm - ’ (acetal); 70&720, 1660, 3010 cm - ’ (cis. alkene; 
CH-CH-), 797cn-’ ICH,(-CH,)l. NMR: 65.32 (com- 
plex, 2H, .CH=CH-); b.28‘Itr, f= 5.8, IH, CH(G-_),I: 
3.2 I [s, 6H. (-GCH,)J; 2.03 (complex, 4H,-CH&=C-&~)~ 
1.56(complex,2H.-CH,-C~):0.95(tr. J = 7.9.3H.-CH,). 

(Z)4hepfem& (4c). 4h (9@A by ‘GLC; 2 g,’ 12.7 mm& 
in 20 ml acetone/20 ml water/O.4 g oxalic acid was hydro- 
lysed at 45-50” while stirring under argon for 2.5 his. The 
acetone was distilled off and the residue extracted with light 
petroleum. The extract was dried (Na,SO,) and evaporated 
(2.1 kPa/25”). Chromatography of the residue on silica gel 
with light petroleum/ether (9515 v/v) as eluent gave 4e 
(0.95 g,-67x-yield), GLC puriiy iY/ I$ I .4343 (Found: C, 
74.3; H, 10.4; 0. 15.4. C,H,,O requires: C, 75.06; H, 10.80; 
0, 14.3). MS: M+ 112. IR: 700-7lOcn-’ (b -CH=CH-), 
3000 cm _ ’ (cis -CH=CH-), 1655 cm _ ’ (C-c-), I725 cm - ’ 
(aldehyde CO), 27lOctn’ (CHO). NMR: 69.63 (tr, 
J = I .3, IH, CHO); 5.33 (complex, 2H, CH=CH-), 2.37 
and 2.04 (complex, 6H, -CH,-C=CCH,CH,-); 0.94 (tr, 
J = 7.9, 3H, CH,). 
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