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werepejxuedbythereactkmbetweencyclk 
oIefinsandaq~hydrogenpemxidecata@edbytungstka&L 
Glutaraldehyde and adip&ehyde were syntheskd by thk metbad 
wit.hgoodyiekl.sevemidiff~t~~tstad. 

Oxjdationoforganicsu~~witbhydraem~isvaya~and~been 

Lon~stndied.MngdanandY~1~thchydmxylatbgafallylic~witb 

hydrogen peroxide catalyzed by valkusinarganicacicls.payneandsmith2stndiedthe 

reactionbetwancydabGxcneandh~perooddeeatalyaedby~add,inwhich 

cYdohexW+l8-dioIwasobtahud.Inrezentyeals,m?ulyUsefulnactiare~~ 

peroxideasoJddanthaveban~,~asepoddstianof~anddlylic 

alcohols ‘*4*5, ketor&at%m of alcohols and diets 5, oxida+Sve ckavage of l+diob 5*6 

and okf-ms 5*7 to cartxxyIic a&k. However, akmstnoattentionhasbeundevoted 

to the use of hydmgem pemxide for the oxidatke cleavage of cartxx+carhon doubk 

bonds to aJdehydeq which is now performed by ouonktion of defk Ventunllo and 

Ricci 6 surges@ that aklehyde or sem%khyd~ were formed but m-&able i the 

reaction medium while l+diok were oxidat,iveIy cleaved to carbaxylic adds. So these is 

no efficient method availabk, which is s&able for synthetic purpcae, to obtain a&hydes 

orketonesbytbe~ofddinsandhydroeen~,~totbe~ 

W-(l)) 

x +H202= &+ de( +w 
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Recently, Furukawa et al ’ report& that glutaraldehyde was obtained by oxidation of 

cyclopentene with HA catalyzed by hcteropolyaddsinanon-aqueousmedirun.Since 

oxidation with non-aqueo~ solutkmof#knotalwa#sconvenientalldpractical,we 

devtiopinthispapaasyntheticdlyusefnlproasdurefatbe~~e~~afaldins 

to aldebydes. Aqueous solutian of hydrogen pamdde in c~ll#mction with catalytic 

amountaftnngstjcadd,undermild~,gives~selectjvity.Themctbodi 

p&icukulysuita&forthesynthesisofdialdehydesfmmcyclicokfins.SincetungsGc 

acjdisim~catalystamlarlueous~~~i9asafeamiwm- 

pollutingoxidan~alarge+calepreparalknkandklustkimaImfactureofdiddehydes 

cantn?colIsidered. 
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Figure 1 Oxidation of cycLopentene with hydrogen peroxide 

end wo3 l n&O in t-BuOE at 3&. Catalyst lnaol, cyclopentane 
~Caol, hydrogen proxide (3095) 112rol and t-BuOE 5@1._ 
- cyclopentene consumption,---- glutualdehyde foam- 

ation, .***.*. cyclopentene oxide formation. 

Figure 1 &ows atyPicdpicvtofcyckpntene corrsrrmptkp, rtutaraMebyd and 

cycbpentene oxide fcnmatiou vs. lime at *, u&g WQ .7&O as catalyst am3 30% 

aqueoussdutionofhydrogenpermddeas~timt_~A~~of 
cYclo&%nteue % acbkved and tbe Yield of ghrtamkkbydGisgood.~~rby--prodact 
detected in the rwutkx~ iscydopentairt-~+&d,thehYd~&G~aenmmp(Ynrdof 
cyclopenteue~.Noooryeenevldntbowasobecnndduriugthe~.Tb~the 
decompositiw af b~dmgen puuuidek~.Wbena~am0untof 

hydrogen peroxide required by q.(2) k, used, awidance of deampdtb of hydrogrs 
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peroxjdeis~ f~higbyiekiof~u~~e.Thiscaabesknf~TabkL 

The complete cQnsumption of cydapentmecannotbeachieradwhen~* 

cyclopentene ratio is lower than 2. At ratios lower than 2, pncipitatiaa of whjte tnneptic 

acid was obBewedaMll-eac6m~stoppsdthoughthacnar~tene~ 

hydrogen pemxide unreacted. Mag*2&O,Which~~talY!Xdthed!E!C0mpOCli&Iaf 

hydrogenpemxide,~~lowconverskn ZUdIR?kdM&whestberatioWaS~~8, 

furtberoxidationofaldehYdebybydmgenpswddeoccared.Thw,a~ 

amount of hydrogen peroxkk requimd by e+(2) is sitable for the prepanti of 

glutarddebyde. 

Tablel’ 

R&8 cyclopentene 
( l Oi ) 

CycLopentena glntaraldehyde 

consumption MOW formation (mol*> 

0.6 33.4 12.0 
0.9 57.0 27.3 
1.2 , 69.5 34.4 
2.0 100 59.8 
2.0 b 66.3 25.7 

..a Reaction conditiont temp.=35t, m.n&O 1~01, cyclopentene 34 

noL, II& 30% aqueous solution, t-BuOR 25 l t, reaction time = 20 h 

b Moo03 l 2&O (1 mmot ) was used instead of VOS l r&O 
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Figure z Oxidation of cyclopentene at various temperature. 
Reaction condition is as same as that in Figure 1. ----- 
glutaraldehyde, - I, ‘kcyc~opentanedlol, *=*a*.. gletaric 
acid. 

The nature of salvents has great effect on the hdd~~~. T&k iI ~IUSWB the r~4t.s 
obtainedfmmthe~~ofcyclopePtmeby~~~hydrolFm~in 
vti eolvents. High yield of glutalwyde is obta&d in t-BUOH euavent with the 
lowest yield of hydroxylati colnpound of epoxide. When metbuKdisusdas2dven~ 

the majur product k the hydroxylation compound: 2-methoxyl-l-cyclopentanoL The 

amount of the hydroxylation compounds deueass in the order: -CH~~J#Q 

~(~3)2>~(~3)~ in XOXd with the increasingly steric effed of tube R- 

group. The presence of water in the mediumalso haseffectan thereadon. 

Figure 3 shows the results when cydopentene was oxidid in t-BuOH with different 
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8 ’ I , I I , , , I 

0 2 4 6 8 10 12 14 16 

Ini tiat water COnt9ltt [&O] ieitis[(N) 
Figure 3 Water effect on oxidation of cyctopentsne 

with II& catatyzed by m l n&O in t-BaOH. Reaction 

condition: tamp.=35 ‘c, WOe. n&O 8.6 101, cycIopentene 

34 not, lt& 68 not, t-BuOH was added to keep the volume 
of the reaction mixture equal (31 ml), reaction time 35 h. 

Table IIf Oxidation of cyclopentene ’ 

sohen t 
yield ( mot% ) 

glutaraldehyde La- dial 

THF 47.1 19.0 
dioxane 51.4 21.8 
dire thoxye thane 54.1 29.5 
L4-butyrotac tone 31.3 37.5 
acetoni tri Le 44.4 12.6 

a Reaction condition: temp. ~35%) UO3. u&O 0.6ao1, cyctopentene 

34 uol, R&(38%) 68 aol,sotvent 25 mt, reaction time = 20 h 
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TabLe II Oxidation of cyctopentane with I& catalyzed 

by I@ l n&O in various solvents l 

solvent 

me thanoIb 

me thano lC 
8 thanoLb 

ethanol’ 

t-propanolb 

2-propanoF 

tert-butanotb 

tert-butanolc 

yield < l ol% 1 

glataraldehyde 1,2-dial hydroxylation cwpoand 6” aR 

It. 1 22.1 60.0 CR=-I&) 

12.8 13.7 68.9 

30.5 26.4 25.6 CR=-C&i) 

47.4 12.7 34.6 

57.4 19.6 7.4 CR=-CME3~2) 

68.4 16.2 IO. 2 ,, 

64.1 12.4 2.2 <R=-CGE313) 

79.9 11.6 2.7 

a Reaction conditionI tmp.=3&!, m.n&O 0.6aoL cyclopentane 

34 ~olr &@ 60 n~l,sotvent 25 ml, reaction time = 20 h 

b 3w 49 was ased, BOJ initial = g.gN 
C 5tV E.&z was used, !401 MM = 4.2N 

water cwtent.hTabkIIitalsogivesthereaul~ofwidatiomwitbso%slqueolls 

hycbugenperakdein varioussolveM.s.Thrse~ae!emthatbydmgenpuwfide* 
ca.n not beused at aqy dilutions when highyiddof dachydaisckdred. The 
oxidatic~ is best ca&ed out in t-BuOH solvent. Some other water a&&k aokents, 
which havenotrmd to givehydmxy~aticmcompounds,wae~ ad theresults 

are shown in Table III. The yield of glutarak&yde k not satiafacbory in ti 
solvents. Greater trend of hydroly& of epoxide is observed than that ia dcohd 
solvents. Tbenakure of oxidatjon ill tkX?solYentsarenotckar. 

The~~yofsewaldaferentdefins~hydrogen~urt?rlyasdby 

WQ . r&O is illustrati in Table XV. Terminal olefins have low reactMy than that of 
cyclic alefins. But in au cases the c.arbca+carlxBn double bond is CleaveCl aml the 
aldebydesa,repr&KX?din@lodyiekiarbigbselectivity. 
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Table IV Reactivity of olefins a 

olefin product ( yield s 1 conversion * 

cyc lopentene 

c yc Lohexene 

l-hep tene 

s tyrene 

allylic alcohol 

glutoraldehyde (19.9) 
cyclopentti~1e-1~2-dio1 (11.6) 

adipaldehyde (47.3) 
cyclohexane-lr2-diol (34.9) 
hexanal (29.8) 
I, 2-heptanediol <4. I) 
benzaldehyde (14.8) 

formaldehyde (n. d. 1’ 

glycolaldehyde <II. d. >b 
formaldehyde (34.2) 

100 

90 

39.4 

55.4 

53.3 

a Reaction conditions temp.=35t, !KJ3.x&0 0.6aoL, olerin 

34 ~01, H&C5ok) 68 not, t-BaOH 25 l t, reaction time = 20 h 
b The product was detected without quantitative analysis. 

Oxidatkm of cyclopeutene toglutarakkhydema;ybcocCuralthroughasbrrllu 

intermediate 2 produced by the reacthu betwem cychpeutene ox& and per-tun@c 

acid. A cmtd experiment showed that cyckkpen~ oxide (Or cyclohemne OXh)CUIkl 

conveniently be tJaaUaf& to ghdmkkhyde (or Jx&ddehyde) WKkr the same auditim 

underwhicbcycloddin~cluddkked.Therewltsa~elistedinTableV: 
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Table V Oxidation of epoxides ’ 

epoxide catalyst product <yields> conversion P> 

cyclopentene oxideb W@. r&O g LutaraLdehyde ~4.7) 100 
cyclopentaue-lr2-dioL <ll.O> 

cycLohexene oxide or03 - n&O adipaldehyde (40.4) 100 
cyclohexane-l,2-diol (29. I> 

Ho03 ’ 2R20 adipaldehyde (19.0) 100 
cyclohexaue-1, %-dioL (34.6) 

H2m4 adipaldehyde (12.2) 90 
cycLohexaue-t,24iol (57.9) 

mme adipaLdehyde ~7.7) 77 
cycLohexaue-1,2-dioL (7;9> 

a. Reaction condition: temp. =35 t, epoxide 9.9 noL, II& (50%) 

10.5 101, catalst 0.2 mmol, t-&OH 10 ml, reaction time 35 h. 

b. 30~ aqueous &q was used instead of 505r aqueous H&. 

The epoxides were cnddizd to the corresponding dialdehydes 

usedascatalyst.SoitS reasonabletodesuibethcfeatureof 

-1 

4 - 3 - C,” - t + I ,_--,- ___-__ ?_-_-- _-_- ___l 
Itghaukl~notedtbatthee~eurndsoreactwithhydrogenpermddetogive 

2-hydroxyl-hydmalkytpemxide, such as & Some workers @ted out 2 that this kind of 
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peroxide could be txansfd to dbldehydes if heat wzs in-. Ad&d&k&e wyl 

detected when the uxespcmding peroxide wan heated at 160-180~ ‘. It was alao 

declared in some patents l3 that gluta&Mwde waspaeparsdbyheattreatmentdf 

at high temperature. But it is doubtful that at the mxtian temperature below SOk, 

in~te~#usfcumedvAltransfertoghltkmldehyde withoutanycatalyst.so 

glntaraldehyde from the intemxdiate 2 seems mom reuce&A~thepiasmt 

. 

The method menlioned above appears to be useful to prepare a&hydesbyoxidative 

cleange of olefii with hydrogen peroxide. it has some advantages compared with the 

ozoniaation method. With high sdectivity of aldehyde at quite complete convex&m of 

olefins, it is very suitable for the preparatiux~ of dialdehydcs from cyclic olefins. 

m* Reagent-e solvents were used without furtha purification. Okfins such as 

cyclopentene (Fluka), 1-heptene (Merck& cyclobexepe Were didkd IXfOre use; ather 

olefinic compounds and m or 50% aqueous s&&n of hydrogen peroxide were used 

without further purification. The following materials were prepared as authentic samples 

according to the methods described in literature: cyclopentene oxide and cyclopentane--l$ 

-djol Iw, cyclohexene oxide 1%) , cyclohenne-1,2-a 15cc) and adi&khyde ltil . 

Other authentic samples of the oxklative pmducts were purchased or pnpared 

according to the authentic methods. 

-or_ W~.nH~(n>3)wasprepamdbyanewmethoddescriMed 

in ref.% N%WOd .2&O was diswhed in water and 30% a~uoous H& was added 

(WzH& = 21 (mol)). The solution was adjusted to pH 0- 1 by ditnte HCI and Sq 

g= was bubbled into the system. Hydrogen pemxide was destmyed and a yellow 

precipitate was obtained. It was easy to wsb the precipitate with dilute HCI, water 

andethanol.Driedintheairatroamtnn~~,a~~powdeswasobtainedas 

WO, . d-&O (n>3), Na content < 50 ppm. other catalysts such as Ma .2H@ and 

Wq . Hz0 were prepared according to the methods outlined in ref. 14. 

~~drtbp. m (choosing oxidation of cyclopentene as ap instaxe) In a 5OO-ml 

glass flask Wq . I&O was clissolved by 80?6 aqueous solution of hydmgen pexwdde at 

room t~~~.Thenthesdventamlc~~~added.Theflaadr~ 

equippedwithaccuuksr andamagnetistirrer.Thexxtionmixtumwasstin&at 

the ~EU~X temperature for 20 h. Then the solvent was diMled under reduced presum 
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and some water was added to the residue to pevent poiymahtion.ThemiduaJ 

peroxide was destroyed by stirring the solutbn at 6OC with Oh% Pd/active c&m. The 

catalyst and Pd-C were filtered out aud the crude pmduct was cow;entradedtoan 

adequate concentratkxi, the yield of gluw wasS5-6O%bytibationauaQsk 

Frational dktillatian of the crude product through a suitable column under reduced 

pressure gave. pure glutaraldebyde, ykld 48Jo%. 

anrlw Tbereactknwasfollowedbygaschmma~y;thepmductswithbigb 

boilingpojntweredetectedona~jonmodelGC~ae~cdnmnafSE80 

lo%+PEG-2oM 7% on white ckmxso& 101andotherpmductsweredekctedona 

thermo-conduct mode3 GC using a 4-m column uf PEG-2OM 10% 011 white 

Chromcsorb 102. Titration l6 was done when pure pmducts were obtained. Identificaijon 

of products was acbkved by GLC-MS coupkg and comparison of the mass spectra 

with those of authentic samples. 
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