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Abstract: Oxidation of &,I,-unsaturated aldehydea with bdrogen 

peroxide catalyeed by benseneaeleninic acids and ttmir precuraora 

has been investigated. Bis 2-nitropbenyl diselenide ha8 proved 

to be the moat effective catalyst. The major producta resulting 

from thh oxidation are vinyl formatea (2) which on 4ydrolyaia 

give saturated sldehydes or ketones (g) having the csrbon chain 

shortened by one carbon atom, compared with ths starting alde- 

hydes. TIE minor products are formyloxyoxiranea (b), oc-hydroxy- 

csrbonvl (s) and u-forqyloxycarbonyl (f, compounds with the car- 

bon chsin shortened by one carbon stom. Cerbonyl compounds fi , 
formally derived from an oxidative fission of the carbon-carbon 

double bond, have been also isolated. Diformyloxy (&) and formy- 

loxyscetoxy phenylmethane (2) have been isolated when cinnem- 

aldehyde (4) or I-phenyl-2-formyloxypropane (2) were oxidized, 

respectively. Possible mechanisms of formation of thase products 
are discussed. Similar products resulted when ti,p-unsatursted 

aldemdes were oxidized with orgenic peroxy acids. 

Ths usefulness of organoselenium compounds as reagent8 end catalyst8 for 

organic synthesis is s current interest of many laboratories l-4 

Among dozens reports concerned in this problem, several onea 5-G pointed out 

that hydrogen peroxide in the presence of organoeeleninic acid8 or their pre- 

curaore react8 similerly to orgsnic peroxy ecids. It led ua to eynthatically 

veluable oxidative trensformation of aromatic aldehydee 1 into phenol8 2 via 

formstee z""2, as schown in Scheme 1. 

%02, CStaly8t 0 
- ArOC" 

hydrolyeis 

II CH2C12 'A 
w AI-OH+ HC02B 

L 2 2 

Scheme 1 

The eimilar reaction of several x,6-uneaturated ketones with orgsnf; perory 

acide, resulting in esters of corresponding eno18, was also reported . only 

two caee8 of the Beeyer-Villiger oxidatiy; of d,p-unsaturated eldebdee were 

mentioned in the literature 14,15 . Citral and 2-ethyl-2-hexensl'5, when trea- 

ted with carbonylperoxy acide, underwent treneformation to correeponding vinyl 

forret which were then epoxidized. 

2853 
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The behaviour of ac,p-unsaturated aldehydes towards organic peroxy acids 

and catalytically activated hydrogen peroxide remains generally unknown. 

M,I)-Unsaturated aldehydes are an important class of organic compounds and they 

are available by a variety of methods. That is why we considered that their 

behaviour under conditions of the Baeyer-Villiger reaction deserves more deta- 

iled inveatigation. The results would be valuable for organic synthesis and 

might offer a better understanding of the oxidative properties of hydrogen per- 

oxide activated by organoseleninic acids. 

Our initial experiments involved oxidation of nine selected 

ted aldehydes, 4_-x, with various oxidants (A-L) shown in Scheme 
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Oxidant: A=30% %O&:,, ; B = 90% H202/(&)2 ; 

C=30% H202/(02N&)2 
NO2 

; D= 90;6 %02 (02N 
-6( Se 12 i E= 30% H202/fPhSe)2 

Cl 
F = 30% l$02/P%e02H ; G = P 

T 

eOOH ; H = 3C!% R202/MeSe02H ; I = 
0-C 03H i 

J = 30% l$02/(r1-BuSe)~ ; K = 30% H202/(02N+ej2 j L = &::OH 
0 

The reaction was carried out in CH2C12 at room temperature and controlled by 

TLC. Depending on the substrate, reaction time, concentration of H202 and the 

method of working up the reaction mixture, various products were isolated. 

In most cases products were separated by column chromatography on silica gel. 

The results are given in Table 1. 
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Table 1. Results of the oxidation of a,punsaturated aldehydes with 

various oxidants 

Alde- Oxi- Reac- ?roducts, Yield 

hyde dent :iz: % 

h iL b d s other 

A 32 a - - - &,63 

A 165 22 - 26 - 4c,7 

B 24 28 - 19 - 4c,l2 

C 28 a - - - a,53 

' D 18 32 -23 - - 

E 54 6Bb - - - - 

F 48 63b - - - - 

G 53 68b - - - - 

H 173' 42d - - - - 

A 128 85 - - - - 

C 96 78 - - - - 
2 D 1879 - - - - 

I 125 25 - 21 - 2945 

Ie 125 41 - 24 - 2921 

A 63 66 - 16 13 - 

D 15 67 - 14 18 - 

D 50 57 -1725 - 

E 123 42 - 29 25 - 

a G 48 26 - - - 6968 

I 80 29 - - 5 6,62 
J 144c 73 -1510 - 

K 250 17 - - - 6,8' 
L 1392 - - 5 - 

.J 

lde- Oxi- if::- Products, Yield 

vde dent time 5 

h 8 b I! e other 

A 190 52 - - - 1, 11 
1 B 172323 - - - 

L 33 34 - - - I,11 

8 A 336417- - - 

1e 39 29 - - 31 s,7 

A 15 73 - <l 12 4, 7 

2 A 20 69 -10 - - 

C 20 67 - 8 17 2,s 

22 A 14 60 21 - - 0,7 

c 9 26 -5016 - 

fi A 25 72 - - - ll,8 

Ie 31 54 - - - !_l,33 

12 A 193925 - - - 
- 

C 16 (1 219 - - 

reaction mixture was hydrolysed 
to d, 
product was isolated by distilla- 
tion, 

reaction did not proceede to com- 
pletion, 

product was isolated by distilla- 
tion and purified by column chro- 
matograpb, 
two-fold excess of tha oxidant was 
used. 
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Vinyl formetes a were formed as the major products in fairly good yields. The 

data obtained shown that oxidation of 4, p-unsaturated aldehydes with hydrogen 

peroxide ectiwated with bis12-nitrophSny1) diselenide (oxidant A and B) affor- 

ded vinyl formates a in the best yields. Organic peroxy acids and hydrogen per- 

oxide activated by other diselenides and organoseleninic acids were less effec- 

tive xidants. When oxidants other than A and B were used, the reection stopped 

frequently, the unreacted aldehydes were isolated and the yields of the main 

products were lower. 

The subsequent experiments, involving oxidation of twenty different 

OS, p-unseturated aldellydes, Q-21 were performed with hydrogen peroxide in the 

presence of catalytic amount of bis(2-nitrophenyl) diselenide. The results are 

summarized in Table 2. 

Table 2. Results of the oxidation of %,I)-unsaturated aldehydes with 

30% I$02 (A) and 90% R202fB) activated with bisf2-nitrophenyl) diselenide 

Afde- Oxi- ~~~~- Products, Yield 

hyde dent time % 

h a b 2 p other 

g A 22 60 - 7 - Q,5 

A 192 87 - - - 14,9 
14 i3 18 92 - -- - 

a 41 90 - 8- - 

174 45 - - - LX,‘2 
20 20 - - - 

16 A 22 5210 -- - - 

123 71 17 - - - 

Q : 24 7020 -- - 

ts A 27 53’ - - - - 

3 A 24 59 - - - - 

20 A 22 70 - -- - 

21 A 97 40 - - 20 2,5 

a Ieolated by distillation 

b Keto acid d/h 

Alde- Oxi- Heac- Products, Yield 

Hyde dent tion % 

time 8 b $ f other 
h 

22 A 168 17 - -69 - - 

3 9 4 - lob75 - 

5 33 - - 17b7a - 

23 A 170 66 - -25 - 

- B 23 18 - lgb62 - 

24 A 34 <I - -60 - 

8 22 - - 26b 46 - 

22 A 105 67 13 - - - 

26 A 124 63 - - - - 26,12 

- - - zz z 11 74 7 

34 60 a l.2b - 2Je,ll 

28 A 79 34 - - - - 

8 28 83 - - - - 

9 A 33 62 - - - - 

30 A 23 61 6 - - a,8 

31 A 23 38 -13 - - - 

32 A 32 52 11 - - - - 

Again the major products of the oxidetion are vinyl formates &), except alde- 

hydea 2 and 2q which afforded upon oxidetion corresponding a-forrqyloxyketones 

22f snd24f, respectively, in good yield. 

The minor products (see Table 1 end 2) were formyloxyoxiranes IJ, aldehydes 

or ketones d, q-hydroxgeldehydes or a-wdroxyketones s or their formates f. 

When CinnamaldefUIde was oxidized, rather unexpected product was isolated i.e. 

diformyloxyfenylmethane &. The same product W8S iSOl8ted when 2-phenyl-l-for- 

myloxyethylene & was oxidized with oxidant B. Similar product, i.e. formyloxy- 
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acetoxyphenylmethane z was isolated in the case of oxidation of 1-phenyl-Z- 

formyloxypropene 5a with oxidant B (see Table 3). - 
The oxidation did not stop on the step of vinyl formate as a rule, but 

some following steps took place only under more severe conditions [90!% H202, 

prolonged reaction time). To get better insight in the overall process of oxi- 

dation, we treated several vinyl formetes with 90% H202 in the presence of 

bis(2-nitrophenyl) diselenide. The results of these experiments are summarized 

in Table 3. 

Table 3. Results of the oxidation of vinyl formates with 90% ?L202 

activated with bis(2-nitrophenyl) diselenide 

Vinyl Reaz- Products, Yield Vinyl Reac- Products, Yield 
for- tion m for- tion ys 
mate time 

!? c d B f other mate time 
h h &I c !.I s g other 

4a 18 - 18 - - - 4a,5 a m 42 36 - 38 - - j&,23 

2 72 - 8 - - 20 5a,43 a 25e 46 16 _ 34b - _ _ 

6a 2.6 - -7024 - - D 47 66 - 2ob - - - 

L&F! 47 - - 60 g - ya,l2 2 2 16 - - - - 3Oa,14 

a Small amount of benzoic acid was isolated 

b Veto acid d/h 

On the basis of experimental results (Table l-3) we were able to sketch 

an overall scheme of transformations taking place during oxidation of U,f3- 

-unsaturated aldehydes with activated hydrogen peroxide (Scheme13 . 

ocHD H202 OCR0 

Rl catalyst* R1 

R’COOH + 0 H3=H, II202 
* R2COOH 

Scheme 3 
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16 Recently , we have proved that aromatic diselenides are oxidized with hydro- 

gen peroxide to aeleninic acida which are subsequently transformed into per- 

oxyseleninic acids resposible for the observed oxidative transformations. 

The mechanism of formation of vinyl formates from 9, p-unsaturated sldehydes 

under action of peroxcarboxylic acids and peroxyseleninic acids schould be 

similar to the mechanism of the Baeyer-Villiger oxidation of sromatic aldehy- 

des, aromatic ketones and elicyclic ketones 17-20 with peroxycarboxylic acids. 

The final oxidation products depend on the pattern of substitution of the 

parent unsaturated aldehyde. 

rated aldewdes (R’=H, 

Oxidation of the p-disubstituted #,p -unsatu- 

R 2 3 ,R CH) terminates in ketones fi. One cannot exclude 

further oxidation of ketones d but we did not isolate any product of such 

oxidation. Mono- P-substituted aldehydes (R’=R3=H, R26H) are oxidized as far 

as to carboxylic acids i, but formation of these acids is a very slow process. 
1 2 3 The final products of oxidation of trisubstituted aldehvdes (R ,R ,R CH) are 

ketones d and scids 2. This is clearly exemplified by oxidstion of aldehydes 

22, 23, 24, Q and 2J where corresponding keto acids 22d/h, Qd/h, sd/h, - 
2Jd/h and 2Jd/h were isolated. 

cx.T 3 

COOH 

d/h 

ph 

/ 
c=o 

Z COOH 

ad/h 

PhCO-COOH 

24d/h - 

phcovOOH PhCoTOOH 

t-Bu 

gd/h 
sd/h 

Ketones fi and acids & (or keto acids d/h) could be formed bv two possible 

routes. First of them involves hydrolysis of 2-formyloxyoxiranes b to 

ti-hvdroxycarbonyl compounds s which would be oxidized to c and 8. a-wdroxy- 

carbonyl compounds c could also result from hydrolysis of 4-formyloxycarboqyl 

compounds 2. Independent experiments showed that &-hydroxyaldehydes = under- 

went oxidation with oxidant A to ketones c. For example 6e and $& were oxidi- - 
zed to benzophenone (6d) and acetphenone (s), respectively, though their - 
reactivities were very different. Thus, 6d was obtained quantitatively after - 
20 h whereas 9d only in moderate yield after 60 h of reaction with oxidant A. - 
Other experiments have shown that oc-formyloxyketones f are resistant towards 

oxidation conditions applied, therefore the possibility of their transforma- 

tion into ketones fi via compounds 2 can be neglected. On the low reactivity of 

cr-formyloxyketones f indicates the fact that ketones 22f and 24f were the 

major products when aldehvdes 22 and 3 were oxidized. The second possible - 
route to ketones c and acids & involves hydrolysis of diacyloxymethanes 2. 

These compounds were isolated in two cases (e and 2) and it was found that 

they undergo hydrolysis very easily. Diacyloxymethanes c were probably formed 

in other cases but due to their hydrolytic instability they could not be iso- 

lated. They could be the major precursors of frequently isolated aldehydes 

and ketones A. oc-Formyloxyketones 2 result from a rearrangement of 2-formyl- 

oxyoxiranes a. Such rearrangement is we1 known in the case of 2-acetoxyoxira- 

nea2”25. It is catalysed by acids or can be rought about by elevated tempe- 

rature only. This rearrangement consists in opening of the oxirane ring and 
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migration of the formyloxy group. There are two possible modes of the oxirane 

ring opening indicated by formula b' and b*' in Scheme 4. When the mode &” 

operates, a positive charge on tk carbon atom 2 is stabilized by the formyloxy 

gfoup, and as a consequence this mode is favoured against the mode b'. In tl-e 

of 2-acetoxyoxiranes having aliphBtie subatituents only 

that the mode &” operates 22 On the other hand, when R 3 
it has been proved 

. either R3 or both are 

the sromatic groups, the mode b' would be favoured. In this case a positive 

charge on the carbon atom 3 is stabilized due to the interaction with the aro- 

matic ring. Now the oxygen stom of the carbonyl group acts as nucleophile to- 

wards the positively charged carbon atom 3. 

having aromatic substituents only (R2=Ar), 

We isolated m-formyloxyketones 2 

sometimes in quite good yields. 

That means that they are formed earlier than d-formyloxyketones having eli- 

phatic substituents (R2,R3= eliphatic or H) only, and this fact implies that 

tte mode b' operates in the cases under discussion. 

R3 

R M R’ 

c 
Scheme 4 

I ArSeOO- 8 

Diacyloxymethenee c are'formed a8 a result of two rearrangementa. One of them 

is migration of the formyloxy group, discussed above, and the second one is 

the rearrangement pertinent to the Baeyer-Villiger oxidation. For the whole 

process we propose the mechanism as shown in Scheme 4. Arylperoxyseleninic 

acid or its anion acts as a nucleophile towards 2-formyloxyoxirane &. Again, 

two modes of the oxirane ring opening sre possible, b’ and h“. The sttach- 

ment of the arylperoxyseleninic anion and detacknnent of arylseleninic anion 
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leaves the positively charged oxygen atom and the negatively charged formerly 

oxirane oxygen atom and that would result in the observed bond reorganization. 

Another route to diacyloxymethanes c consist in the oxidation of u-formyloxy- 

ketones f (H’$H) and a-formyloxyaldehvdes 2 (R’=H). Rowever due to resistance 

of CGforqyloxyketones against oxidation, this route should be ruled out for 

the & formation, but it must not be true for the 4c formation. ‘Ue had no - 
or-formyloxyaldehyde to check its reactivity under applied conditions but 

a-hydroxyaldehydes e are oxidized rather slowly to the carbonyl compounds d. 

There is no reason to suppose that d-formyloxyaldehydes are more reactive 

than oc-hydroxyaldehydes. 

Vinyl formates 2 are reasonably stable compounds, they do not hvdrolyse 

during the reaction and isolstion. Upon acidic or basic hydrolysis under mild 

conditions, they gave corresponding saturated aldehvdes or ketones g (Table 4). 

Table 4. Results of the hydrolysis of vinyl formates g to aldehvdes 

or ketones g 

~ 

Vinyl Reaction Reac- Pro- 
tion duct Vinyl Reaction Pro- 

Formate medium time yield Formate medium ;;z;- duct 

h k 
time yield 

h % 

4a 
58 
!iE 
78 
8a - 

10a - 
lla - 

14a - 

15e 

16a 

Zt20/H20/NaIiC03 

TRF/H20/HCl 

71 37 

7 88 
_ ” _ 15 62 
_ ” _ 23 94 
- ” _ 24 65 
_ ” _ 16 84 

EtOtJ/l$O/RCl 22 go 

TRF/H20/HCl 48 94 
_ ” _ 26 57 
_ ” _ 26 86 

2Ca TRF/H20/HC1 

21a _ ” _ 

z _ ” _ 

26a _ ” _ 

g _ ” _ 

2da 

?oa 

EtOH&U/HCl 

TRF/f120/PC1 

B - ” _ 

& _ ” _ 

7 3a 
30 76 

31 96 

30 58 

49 72 

22 92 

23 61 

26 74 

22 57 

Thus, oxidation of u,)3 -unsaturated aldehy3es with H20 activated bv bis(2-ni- 

trophenyl) diselenide and hydrolysis of resulting vinyl formates can be utili- 

zed for synthesis of some saturate3 aldehvdes or ketones. oc-Formyloxyketones f 

and 2-formyloxyoxiranes b gave upon hydrolysis with HCl in the EtCH-H20 or 

THF-Ii2G mixture a-hydroxycarbonyl compounds e. 2-Formyloxy-2-phenylcvrlopenta- 

none 24f gave upon acidic hydrolysis a mixture of two compounds: o(-hvdroxyke- - 
tone 24e and 2-phenyl-2-cyclopentenon 21. - 

Ph WHO 

HCl, TRF-H20 

24f *, 40% 33, 26% 
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EXPERIMENTAL 

Capillary m.ps and b.ps are uncorrected. 1 H-NW spectra were recorded on a 

Tesla 100 MHz apparatus. IR spectra were obtained on a Perkin-Elmer 621 spectra 

photometer. 

Bis (2-nitrophenyl ), bis (4-ni trophenyl) and bis (2,4-d ini trophenyl) d iselenides 

were obtained by reacting lithium diselenide in THF with 2-nitrochlorobenzene, 

4-nitrochlorobenzene and 2,4-dinitrochlorobenzene, respectively. The prepara- 

tion of phenylperoxyseleninic and 2-nitroperoxybenzeneseleninic acids and other 

organoselenium compounds was described previously 16,26,27 . or,p-Unseturated 

aldebdes not commercially avsiable *Nere prepared sccording to established 

synthetic procedures. The formulas , phvsicochemical and spectrsl data of all 

compounds obtained are listed in Table 5. 

Cxidation of cinnamsldehyde 4 with H202 in the presence of various acti- 

vators. To a vigorously stirred solution of 3 (13.2 g, 0.1 mol) in dichloro- 

methane (100 ml), bis(2-nitrophenyl) diselenide (1.5 g, 3.7 rnmol) end 30% H202 

(25 ml, 0.22 mol) dere edded. The mixture was stirred at room temperature un- 

till all aldehyde was consumed (TLC). The solid was filtered off, wsshed with 

dichlorometGne and water. The filtrate wss transferred to a separatory funel 

and the layers separated. The orgsni: layer was wsshed with water, 51 aq. 

NaHC03, 1Gb sq. NeHS03, sgain with water and dried over Na2S04. The solvent 

was evaporated in vacua, the residue was dissolved in ethyl ether (100 ml), wa- 

ter (1OC ml) and NaHC03 (10 g, 0.12 mol) were added and the mixture was vigo- 

rously stirred et room temperature for 31 h. The organic layer was separated, 

washed with wster and dried over Ns2S04. Ether was evoporeted and phenylacetic 

aldehyde rip was distilled at. reduced pressure, b.p. 92’C/20 mm, yield 7.5 g 

(63h). 

In another experiment, a solution of 3 (4.0 g, 33 mmol) in dichloromethane 

(30 ml), bis(2-nitrophenyl) diselenide (0.45 g, 1.1 uknol) and 90% H202 (2.7 ml, 

90 mmol) were vigorously stirred at room tempersture. When cinnamaldehyde 

disappeared (TLC), the mixture was filtered off, the solid was washed with we- 

ter and dichloromethane and the layers were separated. 

The orgsnic layer was wsohed thxee times with water and dried over Na2S04. The 

solvent ‘#as evaporated in vacua and the residue wes chromatographed on silice 

gel using light petroleum f40-6O’C) - dichloromethane mixture f7:3 v/v) as an 

eluent. 2-3henylvinyl formate 4a (1.22 g, 28%), - diformvloxyphenylmet hane C 

(0.60 g, 19%) were obtained. 

Cxidetion of 4 (13.2 g, 0.1 mol) in dichloromethane (100 ml) with 30% H202 

(25 ml, 0.22 mol) in the presence of other diselenides (3.5 mmol) or seloninic 

acids (7.0 mmol) was carried out in similar manner. The crude product was pu- 

rified by distillation (106’C/15 mm) giving pure 48 in yields indicated in 

Table 1. The pure 2-phenylvinyl formate solidified in the refrigerator and re- 

mained solid at about 5’C. 

Oxidation of Oc, p -unsaturated aldehydes. General procedure. The mixture 

of aldehyde (15 mn;ol), die!-loromethane (20 ml), bis (2-nitrophenyl) diselenide 

(0.2 g, 0.5 mmol) and 30% R202 (5 ml, 43 mmol) or 90% H202 (1.5 ml, 50 mmol) 

wss vigorously stirred et room temperature for appropriate time (Table 1 and 2). 

The reaction mixture was filtered off, the solid waa washed with water and di- 

chloromethane and the layers were separated. The organic layer was washed 

three times with water and dried over Na2304. The solvent was evaporated in 

vacua and the residue was chromatographed on silica gel using a mixture of 
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light petroleum (40-60°C) with ethyl ether as an eluent. The same procedure 

was applied when peroxy acids (18 mmol) were used as oxidants, in this case 

the reaction was carried out in dry dichloromethane (3C ml). The above proce- 

dure was applied for oxidation of vinyl formates (Table 41 and other substra- 

tes with H202 in the presence of bis(2-nitrophenyl) diselenide. 

Hydrolysis of vinyl formates b. To the solution of vinyl formate b 

(10 mmol) in THF (30 ml) or ethanol (25 ml), water (5 ml) and concentrated 

HCl (0.5 ml) were added. When the mixture was not homogenous, an additional 

amount of organic solvent was added and the homogenous solution was allowed 

to stand at room tempersture till all vinyl formste disappeared (TLC). Water 

was added and product was extracted with ethyl ether. The extract wss wsshed 

with 5% aq. NaHC03, then with saturated aq. NsCl, and dried over Na2S04. The 

solvent was evaporated end crystalline products were purified by recrystalli- 

zation, and liquid ones by column chromatography on silina gel using light 

petroleum (40-60°C) - ethyl ether as an eluent. Other hydrolysable compounds 

were hydrolysed in the similar manner. 

Table 5. Pkrfsicochemical and spectroscopic data of the oxidation 

product of a,p-unsaturated aldehydes 

Com- m.p.'C(solvent) IR (film) 'H-NMR tCDC13) Molecular for- 
pound or b.p./Torr ?C=O' cm 

-1 
dcppm) TMS mule' or other 

dsts 

b.p.101/13 1752 2.02 Is, 3H, CH3); 6.20 (s, ClOH1002 
1730 1H, ArCH=); 7.20 fm, 5H, ArH); (162.2) 

8.02 (s, lH, OCHO); 

2 oilc*e 1753 2.00 (9, 3H, CH3); 7.35 (m, 1734 
5H, ArH); 7.73 (9, 

lH,-a<"); ClOH1004 
(1g4.2) 

8.00 (s, lH, OCHO) 0- 

zf oil 1737 2.05 Is, 3H, CH3); 6.10 (s, 1719 C9hlOO3 
lH, ArCH/,); 7.33 (m, 5H, (166.2) 
ArH); 8.11 (s, lH, OCkBD) 

b.p. 106/15 1723 6.55 Id, lH, J=12Hz, ArCH=); C9H802 
7.38 (s, 5H, ArP); 8.01 (d, 

lH, J=l2Hz); 8.11 (s, lH, 
(148.2) 

oCPo)b 

b.p.139/20c 1740 7.32-7.58 (m, 5H, ArH); 

7.82 (a, lH, -CH"- 
CgHaO4 

_,_I; 8.02 (180.2) 
(9, 2P, CEO) 

b.p.179-180 lit.28 b.p. 

178-185'C 

b.p. 92/20 DNPHd m.p. 

121Oc 

lit.2g m.p. 

121Oc 
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Com- m.p.OC (solvent’ IR(film) 
pound or b.p./Torr ? 

-1 
‘H-NM (CDCl3’ 

Molecular for- 

mule’ or other 
CZO’ cm b(ppm TbG) data 

zg b.p. ‘Cl/l5 Lit.30 b.p. 

98’C/l3 

DNPH m.p.156’C 

Lit.3’ m.p. 

154-l 55Oc 

6a - ‘728 6.70-6.75 (m, lOH, ArHl; b.p.l20/0.3 Cl 5Hl2O2 

7.94 Is, lH, =GOCHo); 8.06 (224.3) 

(s, ‘H, CHOCHO’ - 

6drl4d m.p. 50 -- 
(hexsne) 

!is m.p. 56 

(hexane) 

55 oil 

Lit.28 m.p. 

49-51 Oc 

Lit.32 m.p. 

52-53’C 

SCtm.p.242’C 

Lit. 33 m.p.24PC 

DNPH m. p. 148’C 

Lit.34 m.p. 

147OC 

z!? b.p. lo’/‘3 1728 0.85 (t, 3H, J=6Rz, CH3); 
1 .28 (broad s, ‘OH,-Cl+‘; C10H1802 

1 .90-2.10 (m, 2H,-CY-CH=); (170.3) 

5.36-5.64 (m, ‘H, -CH=); 

7.13 (d, ‘H, J=l2Hz, ~OCHO); 

7.98 fs, ‘H, OCHO) 

E m.p. 47 1730g C.86 (t, 3H, J=6Pz, CH3); 

(hexnne) 1708 1 .20-l .60 (m, 12H, -CH2-); 

3.04-3.14 (m, lH, -CH2z< ); 

5.40 (s, ‘H, WCHO) 

Ip; b.p. 8W20 - 

C10H1803 

(‘86.3) 

Lit.2a b.p. 

93Oc/23 

DNPH m. p. 106’C 

Lit. 35 m.p. 

lC6.5’C 

8a - b.p. 8’/‘4 1728 0.89 (t, 6H, J=6Hz, 

1 .25-l .62 fm, 4H, 
(&CH3j; CH3). ‘gHl 6’2 

(‘56.2) 
1.85-2.20 (m, 4H, s-y=); 

7.00 (9, lH, cHocwj; - 
8z‘O4 (9, ‘H, OCHO) 

8b - oil ‘742 0.82-l .02 (m, 6H, CH3 ); 1.26- CgH1603 

1.70 (m, 8H,-CH2-); 5.42 (a, (‘72.2) 
‘H, C&MD); 8.12 (a, ‘H, 

OCHO) 



2864 L. SYPER 

Com- m.p.(solvent) IR ffilm) 
pound or b.p./Torr &0,cm 

-1 ’ H-NMR tCDCl+ 

6 (ppm) TMS 

Molecular for- 

mula' or other 
data 

8e oil 1725 - G.80-1.00 fm, 6H, CF3I; l.O6- CSH1602 

3470($,,) 1.74 Im, SE, -CH2-I; 4.37 (144.2) 
(broad s, lK, CR); 9.50 (s, 

lH, CHO) 

!2& oil 1720 0.83 ft, 6fJ, J=7Ez, CH3)j CdH16' 
l,lO-1.70 (m, BH, -(X2-1; (128.2) 
2.38 (t, lk', J=6Hz,:Ck!-_); 

9.82 (s, II?, CHO) 

98 b.p. 110/14 1723 1.21 cd, 3H, J=lHz, CH3I; 7.30- C,0H,002 

7.50 Im, 5E, ArH); 7.70 fd, 

IF!!, J=lBz, @OCHOl; 8.18 fs, 

IH, OCHO) 

(162.2) 

2d+-lld b.p. 200 - 

22 oil 1725 1.70 (s, 3H, CH3); 4.C6 

3456($oKi) (broad s, 1H, OH); 7.36-7.68 

SC m.p.184'C 

Lit.36 m.p. 

(m, 5F, ArH); 9.64 fs, lH,CflO) 182-lS3*C 

Lit.2a b.p. 

202Oc 

DFJPH n,p,249'C 

Lit.3' m.p. 

274-248'C 

10El m.p. 117 
1735g 

7.12-7.34 
- 

(m, 4H, ArH)i 7.44- 

(i-Pr20/AcOEt) 7.68 (m, 3F,ArH); 7.30-8.00 
Cl 5?0 

(m, lH, ArR); S.O6 (s, lH, (222.2) 

lOdzl7d 

l0e - 

Ic_g 

aOCHO)i 5.24 (s, 'H, GCHO) 

m.p. 83 Lit.28 m.p. 

32-33'C 

m.p. 104 

(i-W201 

1697g 4.54 fS, lH, OH); 7.18-7.48 

3482(qoH) lm, 
C14E10C2 

6H, ArH); 7.60-7.66 fm, (21G.2) 
2H, ArEI; 8.70 (m, 1H, CHO) 

oil PHh m.p.125'C 

Lit.37 m.p. 

126'C 

DNPF m.p. 

236'C 

> m-p. 50 1725g 
7.02-7.84 (m, 9H, ArH, ArCE=, C13Hto02 

(hexanef 1730 ~OCF'O); 7.99(s, Ii!!, OCHO) (198.2) 

U oil 1725 3.95 (d, 2H, J=2Hz, -CR,-); DNPH m.p. 

7.24-7.52 cm, 4H, ArE!)i 7.75~ 182OC 

7.36 cm, 3H, ArH); 9.66 (t, Lit.3* n.p. 

IF!, J=2Kz, CHO) 184oC 



Reaction of z&unsaturated aldehydes 2865 

Com- m.p.OC (solvent' IR (film) 
pound or b.p./Torr J"=G,qm-' 

’ F!-Nh!R (CDC13) ?Iolecular for- 

d fppm) TMS mule 
a 
or other 

data 

12a oil '728 - 0.82 (s, 9H, CF3); 0.84-1.40 C12H2002 

(m, 4H, -CI!2- 1; 1.60-2.38 (m, ('96.3, 
8H, -CH2-); 2.70-3.00 (m, ‘I!, 

:CH-); 6.93 (s, 'H, =C&EHG); 

3.03 (s, 'H, GCHO) 

‘2b oil '736 0.83 (s, 3E, CH31; '.08-1.95 ‘1 2H20G3 
(m, 9ti, -CH2- ( p!-1; 5.40 (2'2.3' 
and 5.44 (ds,lH, GOCHOI; 

8.11 and 8.13 (ds, ‘P, GCKG) 

26 m.p. 49 Lit.23 m.p. 
(hexaneJ -5cOc 

’ 38 - b.p. 1’2/‘4 ‘723 2.07 (s, 3’-!, CH3); 7.34-7.62 c1 GHlOG2 
ID, 6E, ArE, =CHGCHO); 8.05 ('62.2) 
(9, 'E, GCHO) 

14a b.p.‘24/0.3 ‘729 0.99 - (s, 3H, CH3); 7.16 (s, ‘1 6Hl 4’2 

‘755 5H, ArH); 7.21 (s, 5H, ArH); (2'4.31 
7.75 (s, 'H, GCHO) 

x!z m.p. 63 Lit.33 m.p. 

62-63'C 

DNPH n.p. 

'45OC 

Lit.4G m.p. 

'43-'44O:: 

15e b.p. 63/‘3 1728 0.72-1.02 (m, 6H, CH3); 
1 .43-1.37 (m, 4H, -CH2-); ‘aH1 4’2 

1.96-2.3’ (m, ‘H, :Ck!-); 1’42.2) 

5.38 (dd, ‘f!, J=l4Uz and 8H2, 

-CH=); 7.22 (d, lH,J='4Hz, 

=CHCCHO); 7.95 (9, IF!!, OCk!o!o) - 

oil '728 0.88-1.00 tm, 6F, CH31; '.20- C3H14G3 
1.54 fm, 5H, -CH2-, ;:H-); ('54.2) 
2.94 (dd, ll!, J=6Hz and 3Hz, 

)CHG); 5.42 ((1, lk?, J=lF:z, 

BCCHG); 8.08 (s, ‘H, GCHO’) 

oil 17'S G.73-G.93 (m, 6k!, CH3); 1.18- SC m.p. 

1.40 (m, 4H, -CH2-); 1.92-2.44 1 G8OC 

(m, 3H, -CH2-CHG, ;CH-); 3.71 Lit.41 m.p. 

It, lH, J=2Hz, CHO) 1Ga-109°c 

168 b.p. ‘02/l 4 ‘723 0.86 
- (t, 3H, J=6Hz, CH2m3); ‘10H18’2 

1.27 fm, 8H, -CH2-); 1.65 (s, 
('70.3) 

3H, =F-CH3); 1.96, (t, 2H, 

J='TEz, -CH2-C=); 6.96 (s, 'H, 

=aOCHO); 8.05(s, 'H, OCHG) 



2866 L. SYPen 

Com- m.p.°Cfsolventi IR(filmt 
pound -1 'H-NblR (CDC13) Molecular for- 

or b.p./Torr 
\E: =O#cm d(ppm) TMS mulaa or other 

16b oil 1709 0.83 It, 3H, J=6Hz, CH2CH31; C10H1803 
1.24 fm, 9H, -CH2-, ;CH-); 1.44 

(s, 3H, CH3-;- ); 1.68 It, ZH, 
1186.3) 

J=7.5 Hz, -cH2+; 5.40 (9, 

lH, CIJOCHO); 8.06fa, lH, OCHO) 

!.5E b.p. 9515 1702 0.86 It, 3H, J=6Hz, CH2-CH$; Lit.42 b.p. 

1720 1.49-1.74 fm, 13H, -CH2-, 90°C/4 

:s-CH3); 9.64 ts, lH, OCHO) SC m.p.46'C 

- gg m.p. 64 1720 2.52 (a', 3H, CH3); 7.12-7.34 C16H1202 
(i-Pr20/heksane) (m, 4H, ArHl; 7.26-7.70 (m, 3R, (236.31 

Ax-H); 7.7-f-7.92 (m, lH, ArHl; 

8.21 flH, OCIWb 

Ii!!? oil 1718 1.72 Is, 3H, CH31; 7.16 (m, 8H, C,6H1203 

ArH); 8.08 (s, lH, OCHO) (252.3) 

188 b.p. 73/20 1735 - 6.65-6.99 cm, 3H, ArH, AZ-CR=); C7H603 
7.41 (m, lH, ArH); 7.98 Id, lH, 

J=l3Hz, CROCHO); 8.03 (s, lH, 
(13S.l) 

- OCRO) 

_Qg b.p. 97/0.5 1735 2.70 fs, 2H, -CH2-); 6.27 (s, ll!, '10'8'3 
-CiH=); 6.72-7.20 (ID, 4R, ArHl; (176.2) 
8.01 (s, lk!, OCHO) 

g& mop. 33 1730 3.45 (9, 2H, -CR2-1; 6.53 (s, lH, ClClia02 

(hexane) 1760 -CR=); 7.03-7.30 (m, 4R, ArH); 160.2) 
8.08 (s, lH, O%O) 

z% m.p. 58 Lit.43*.p. 
fhexane) 57-58'C 

DNPH m.p. 

204'C 

Lit.44m.p. 

2c2O3 

218 b.p. 94/0.5 1730 2.45 It, 2H, J='fHz, -CH2-)j 

1755 2.83 (t, 2H, J=7Hz, -CH2-1; 

6.20 (s, lH, -CH=); 6.88-7.20 

(m, 4H, ArE); 8.07 (s, lH, OCHol 

21f oil 1705 2.20-2.70 fin, 2H, -(X2-); 3.00- 

1745 3.20 (in, 2H, -CR2-1; 6.30 (s, 

lH, CJXHO); 7.19-7.33 fm, 4R, 

ArH); 8.31 (s, lH, OCHO) 

aK oil 

CllHt002 

(174.2) 

CltH1003 

(178.2) 

SC m.p. 

196% 

Lit.45m.p. 

194-195Oi' 



Reaction of a$-uosatura~cd akicbydcs 2861 

“om- m.p.'C(solvent) 
pound 

IS(filml_, Molecular for- 

or b.p./Torr SCZO' cm 
'H-NW (CDC13) 

b(ppm) TMS 
mule' or other 

date 

228 

22f - 

22d/t 

m.p. 53 
(hexene) 

'720g 1.87 (s, 3H, CH3); 

2H, J=7Hz, -CH2-); 

2H, J=7Hz, -C?$-1; 

(m, 4H, ArH) ; 8.03 

OCHO) 

2.40 (t, C12H12O2 
2.86 (t, (188.2) 
7.05-7. ‘7 

(s, lH, 

m.p. 82 ’ 705g 1.59 fs, 3H, CH3); 2.74(t, 2H, C’2H’203 

(i-Pr20) '720 J=7Hz, -CH2-); 3.06 (t, 2E, (204.2) 
J='THz, -'X2-); 7.13-7.32 (m, 

4H, ArH); 7.80 (s, lH, OCHO) 

n.p. 70 1680g 2.57 (s, 3H, CH3); 2.70 (t, 2H, cl i H1 2O3 

(hexene) ’ 7GO J=7Hz, -CH2-); 3.07 (t, 2H, (‘32.03) 
2600-3200(~op) J=7Hz, -CH2-); 7.20-7.45 (m, 

3H, ArH); 7.66-7.78 (m lH, ArH); 

11.58 (s. 1 H,COOH) 

23e - m.p. 84 1717g 2.62 (t, 2h, J=8Hz, 3.07 -CH2-); C17H1402 

fhexane) (t, 2H, J=8Hz, -CH2-); 6.67-6.77 (250.3) 
(m, lH, ArH); 6.93-7.44 (m, 8H, 

ArH); 7.d2 (s, 'H, OCHO) 

23f '703" - m.p. '04 2.58-2.81 (m, 2H, -CH2-1; 3.0'- Cl7Hl4O3 
(i-Pr20/hexene) 1728 3.30 (m, 2H, -CH2-); 7.12-7.3' 

(m, 9H, ArH); 7.99 (9, 'H, OCHO) 
(266,3) 

23d/h m.p. 84 '656g 2.66 (dt, 2H, J=7Hz and 2Hz,-CH2J; C16H1403 

1695 3.01 (dt, 2H, J=7Hz and 2Hz,-CH2-); 

(254 . 

2600-3200(~0H) 7.23-7.60 (m, 7H, Ax-H); 7.80 (dd, 3) 

2H, J=8Hz and 2l-!z, Arh); '1.24 

(s, 'H, COOH) 

24f - oil '7'3 

1748 

1.68-2.84 ;m, 6H, -CH2-); 7.25- CllH1203 
7.55 (m, 5H, ArH); 7.99 (9, 'H, ('32.2) 
OCHO) 

24e m.p. 67 1740g 1.60-2.40 - (m, 6H, -CH2-); 3.85 ClOH12O2 
(hexane) 3420ftioHl (broad s, 'H, OH); 6.98-7.42 (164.2) 

(m, 5H, ArH) 

22 oil 1632 2.40-2.62 (m, 4H, -CH2-1; 7.20- ClOHlOO 
7.36 (m, 3H, Ar-C=CH); 7.85-7.22 (146.2) 
fm, 3H, ArH) 

24d/h m.p. 126 - Lit.46m.p. 

(i-Pr20/AcOEt) '27'C 

25e b.p.95/O.25 '717 1.64-1.84 (m, 4H, -CH2-1; 2.17- C13H1402 
2.26 (m, 4H, -CH2-1; 7.21 fm, (202.3) 
5H, ArH); 7.72 Is, lH, OCHO) 



2868 L. SYPER 

Com- ~c.p.~C@olverit) IRWilm) 1 
pound 

&0,cm-' 
F-NiJIH (CD?1 3) Moleculer for- 

or b.p./Torr d (mm) T&S mulag or other 
data 

2Tb b.p.llO/G.25 1728 1.50-1.7G fm, 4E, -7H2-); C13H1403 
2.07-2.42 (m, 4H, -zIi,-1; 1218.31 
7.21-7.43 fm, 5E, ArF!); 

7.5C (s, ll!, OCHO) 

z& m.p. 59 Lit,47 m.p. 

(hexane) 59.5~60°2 

25d/h m.p. 77 Lit.46 m.p. 

(hexnne) 77-7a03 

260 - b.p. lOWC.4 1725 1.73 (m, 6ti, -CH2-1; 2.35- Cl ilf’1502 
2.52 (m, 4E,-CH2-); ?.GZ- (216.31 
7.32 fm, 5H, ArH); 7.68 Is, 

lF, CCHO) 

oil 1675 1.20-1.58 (m, 2H, -W2-); C13HlG0 
1.72-2.12 {IL, 6~, -cli2-1; (172.31 
2,19-2.30 tm, ZH, -CE2-1; 

3.67 (dd, 1 H, J=lOHz end 5fI2, 

xx-f; 7.22 (3, 511, ArP) 
---- 

278 - 

27e - 

27d/h 

m.p. 44 

(hexene) 
1720g 

m.p, 60 

(hexane) 

17318 

m.p, 174 169T& 

( i-Pr2(1) 33% f b$JH) 

m.p, 95 

fhf?XWlc, J 

1 698g 

m.p. t38 

(hexene) 

16738 0.9C (3, 9H, CIf3); 1.32-2.66 

1695 (m, 5H, -CH2-, :CH-); 3.00 

G.9C fs, 9H, (X3); 2.24-3.54 

(m, ll!, : CH-1; 7.23 Im, 5H, 

ArHt; 7.73 Is, lH, OCHOl 

0.86 fs, 33, CH3 f; 1 .lG-1.65 

(m, 3H, -CH2-, >CFI-); 2.10- 

2.;9 fm, 4li, -CF2-); 7.22- 

7.40 Im, 5H, ArH); 7.50 19, 

It!, CCEOf 

0.88 Is, ‘3H, CH3f; 1.52-l .80 

(m, 3H, -:H..-, Xi-); 2.14- 

2.20 (m, ZE, -CH2+H); 

2.50-2.66 (m, 2H, X-?2CO); 

7.32 Im, 517, ArEI 

t.88 (s, 9E, CH3); 2.43-3.68 

(m, 7H , ;C&But, -CH;I-); 3.48 

(dd, It!, J=lOFz and 6X2, 

;z-lh); 7.1;1-7.30 fm, 5H, 

ArH) 

‘1 7H22C2 

(259.4) 

C17%2o3 

(274.4) 

cl 61J2202 

(246.4) 

C16E220 

(230.4) 

2550-3150dOHf It, 28, J=BEz, -Cl+:O) ; 7.26 

7.60 fm, 3t?!, ASH); 7.93 &!.A, 

2H, J=8k and 2E2, ArEi); 

11.36 fs, lH, COGtl) 

C16H22'3 

(262.4) 



Reaction of z$-unsaturated aldchydcs 2869 

Com- m.p. OC (solvent) IR ff ilm) ’ l-l-Nb!R ICDC13) Molecular for- 

pound or b.p./Torr sc;O, cm-’ d (ppm) TMS mule 
a 

or other 
date 

28a b.p. ‘25/0.5 1732 - 1.89 fs, 3F!, CH3); 6.63 fs, ‘1 qH22’2 
1761 ‘H, -CH=); 7.28-7.84 (m, 4H, (212.3) 

ArH); 7.65-7.39 (m, 3H, ArH); 

8.06 (s, ‘H, OCHO) 

33 oil SC m.p.193’C 

Lit.48 m.p. 

190.5-191.5°c 

DNP m.p.172’C 

Lit.4g m.p. 

174-l 76’C 

jc& b.p. 80/‘3 1725 1.52 (m, 6R, -CH2-); 2.04- 

2.24 (m, 4H, -CH2-); 6.92 

(s, ‘H, =~cRO); 8.02 Is, 

1 H, OCHO) 

3kb - oil ‘730 1.56 fm, 9H, -CP2-); 2.‘4- 

2.40 (m, ‘H, -Cl-!,-); 5.40 

(s, ‘H, OCKXHD); 8.14 (s, - 

1 H, OCEO) 

x6 b.p.l62-164 - 

CQR’ 2c2 

(140.2) 

5jH1 2O3 

(‘56.2) 

Lit.2’ b.p. 

161-163’C 

SC m.p.173’C 

Lit.50 m.p. 

171°C 

DNPH m. p. 172’C 

Lit.50 n.p.172’C 

31a - oil 1728 1.53 fm, 8H, -X2-); 2.‘3- C9E1402 
2.21 (m, 4l?, -CH2-); 6.98 (‘54.2) 
(9, ‘F, =gUCHO); a.04 (s, 

‘H, OCHO) 

31d b.p. ‘79 Lit.2g b.p. 

’ 79Oc 

oil 1726 0.86 (d, 3H, J=2Hz, CH3); 

0.94-2.30 (m, 8H, -CP!-); 

2.64-2.86fm, lH, ;CH-) ; 

6.92 (s, 1 H, =CfiCHO); 

8.0’ (.a, ‘H, OCHO) 

C7HlOO2 

(162.2) 

32bj oil 
’ 735 0.90 end 0.96 (dd, lH, C7Hl o”3 

J=2Hz, CH3); 1.12-1.85 

(m, 9H, -CH2-, kH-); 
(142.2) 

5.40 and 5.43 (ds, lH, 

WCHO) ; a.13 and 8.14 

(ds, ‘H, OCHO) 



2870 L. SYPER 

Com- m.p.'C(solvent) IR(film) 'H-NMR (CDC13) Molecular for- 
pound or b.p./Torr ?C=O,cm 

-1 
S(PP~) TMS mule a or other 

data 

2iii oil DNPH m.p. 

18OOc 

Lit.52 m.p. 

190-182°C 

Satisfsctory microanalyses abtained: Cf0.4%, H20.31 

HMEO was used as an external standardt 

Hydrolgsed to benzaldehyde 

DN?H - 2,4-Dinitrophenylhydrazone 

If b.p. is not given, the compound was purified by column rl-romatography only 

SC - Semicarbazone 

IR spectrum measured in KBr 

PH - Phenylhydrazone 

Mixture of diastereoisomers. 
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