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Abstract: Oxidation of <, [ -unsaturated aldehydes with hydrogen
peroxide catalysed by benzeneseleninic acids and their precursors
has been investigzated. Biszs 2-nitrophenyl diselenide has proved
to be the most effective catslyst. The major products resulting
from the oxidation are vinyl formates (a) which on hydrolysis
Zive saturated sldehydes or ketones (g) having the cerbon chain
shortened by one carbon atom, compared with the starting alde-
hydes. The minor products are formyloxyoxiranes (b), o-hydroxy-
carbonyl (e) snd &« -formyloxycerbonyl (f) compounds with the car-
bon chain shortened by one carbon atom. Carbonyl compounds 4 ,
formally derived from an oxidative fission of the carbon-carbon
double bond, have been also isolsted. Diformyloxy (4c) end formy-
loxyacetoxy phenylmethsne (5¢) have been isolated when cinnam-
aldehyde (4) or l-phenyl-2-formyloxypropane (5a) were oxidized,
respectively. Possible mechsnisms of formstion of these products
are discussed. Similer products resulted when «,p -unseturated
aldehydes were oxidized with orgsnic peroxy secids.

The usefulness of orgsnoselenium compounds as resgents and cstalysts for
organiec synthesis is a current interest of many laboratories' ~4,
Among dozens reports concerned in this problem, seversl unuaﬁ'1a pointed out
that hydrogen peroxide in the presence of orgsesnoseleninic acids or their pre=-
cursors reacts similarly to organic peroxy acids. It led us to synthetieslly
valuable oxidative trasnsformation of arometic aldehydes 1 into phenols 3 vias

formates g"*'z, as schown in Scheme 1.
0 Q-, catalyst O hydrolysis
Ar=C% A ~ aroc? ~ ArOH + HCO,H
H CH,Cl, H
LS 2 2
Scheme 1

The similar reaction of several o&,/3 -unssturated ketones with organic peroxy
acids, resulting in esters of corresponding enols, was also rnpurtuﬂlj. Only
two cases of the Bseyer-Villiger oxidation of &, -unsstursted aldéhydes were
mentioned in the literature1¢‘15. Gitrall4 and E-Ethwl-E-hﬂIEﬂﬂliﬁ, when trea-
ted with carbonylperoxy acids, underwent transformation to corresponding vinyl
formates which were then epoxidized.
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The behaviour of «,p -unsaturated aldehydes towards orgenic peroxy acids
and catalytically activated hydrogen peroxide remains generally unknown.
ofyf~Unsaturated aldehydes are an important class of organic compounds and they
are availsble by a variety of methods. That is why we considered that their
behaviour under conditions of the Baeyer-Villiger reaction deserves more deta-
iled investigation. The results would be valuable for organic synthesis and
might offer a better understanding of the oxidastive properties of hydrogen per-

oxide activated by organoseleniniec acids.

Our initial experiments involved oxidation of nine selected o ,pg-unsatura-

ted aldehydes, 4-12, with various oxidants

(A=L) shown in Scheme 2.

.3
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Scheme 2
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NGE HGE
Oxidant: A =30% HE{]Q/['@EE)E i B = 90% HEGE/(G-EEJE b

NO NO
2 2
¢ = 30% Hzﬂz/fﬂzﬂ—g-ﬂeje ; D=90% K0, fDEH-GS& ), 5 E=30% Hy0,/(PrSe), ;

c1
F = 30% H,0,/PhSe0,H ; G = PhSeOOH ; H = 30% Hy0,/MeSeO,H ; I = E:E*CDﬁH ;
NO,,

J = 30% Hy0,/(n-BuSe), ; K = 30% HQEJE_{'(DEH-@-SEJE i L= g\?em}}l
0

The reaction was carried out in GHEClE at room temperature and controlled by
TLC. Depending on the substrate, reaction time, concentration of H,0, and the
method of working up the reaction mixture, various products were isclated.

In most caeses products were separated by column chromatography on silica gel.
The results are given in Table 1.

Table 1. Results of the oxidation of o¢,f~unsaturated aldehydes with
various oxidants

1lde- Oxi- igat- Products, Yield |, i4._ oxi- iiacu Pruduct:, Yield
hyde dant 1on & hyde dant Lo
time time
™ a b 4 e other ™ a b 4 e other
I\ 3z a - - - 4g,63 A 190 52 - - - I, M
A 165 22 =~ 26 =- 4¢, 7 | 7 B 17 23 23 - - -
B 24 28 = 19 = 4¢,12 L 33 3 - - - 1,1
C 25 a = - = iEpEj'
4 D 18 32 - 23 - - 8 A 33 64 17 - - -
E 54 680 - - - - - I1® 39 29 - - 31 8,7
F 8 63° - - - -
G 53 68° - - - - & 15 73 - L1129, 7
H  173%42d - - - - 9 4 20 69 - 10 - -
C 20 67 - 8 17 9, 5
4 128 &85 - - - -
c 9% T8 - - = - 10 & 14 & - 21 - 10, 7
2 D 18 79 - = = - - C 9 26 - 50 16 -
I 125 25 = 21 - 5,45
* 125 41 - 24 - 5,21 (1 A 25 72 - - - 11,8
I 31 54 - - - 11,33
A 63 66 - 16 13 -
D 15 67 - 14 18 - 12 A 19 39 25 -~ = -
1 - -
D 50 57 = 17 25 - c 16 < 2 19
E 123 42 - 29 25 - 8
[ o] 48 26 - - - 6,68 Egagtinn mixture was hydrolysed
—
I 80 29 - - 5 6,62 P product was isolated by distilla-
J 144 73 - 15 10 - tion,
K 250 17 = = - 5,81 ¢ reaction d4id not proceede to com-
L 13 92 - - 5 - 3 pletion,
product was isclated by distilla-

tion and purified by column chro-
matography,

two=fold excess of the oxidant was
used.
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Vinyl formates g were formed as the major products in fairly good yields. The
deta obteined shown that oxidation of &, p-unsaturated aldehydes with hydrogen
peroxide actiwated with bis(2-nitrophenyl) diselenide (oxidant A and B) affor-
ded vinyl formsates a in the best yields. Orgenic peroxy acids and hydrogen per-
oxide activated by other diselenides and orgsnoseleninic acids were less effec-
tive xidants. When oxidants other than A and B were used, the reaction stopped
frequently, the unreacted aldehydes were isclated and the yields of the main
products were lowar,

The subsequent experiments, involving oxidation of twenty different
&¢ , B -unsaturated aldehydes, 13-32 were performed with hydrogen peroxide in the
presence of catalytic amount of bis(Z2-nitrophenyl) diselenide. The results are
summarized in Table Z.

Table 2. Results of the oxidstion of «, B-unsatursted aldehydes with
J0% H,05 (A) and 90% H,0,(B) activated with bis(2-nitrophenyl) diselenide

Alde- Oxi- Goac-  Products, Yield Alde- Oxi- Reac- rroducts, Iield
hyde dant [, o hyde dant tien
h a b 4 f other time 8 b 4 £ other
h
13 4 22 60 - T - 13,5 22 A 168 17 - - 69 -
_ b
& 192 87 - - = 14,9 5 9 4 - 1Gb 75 -
14 B 18 92 - = = - B 33 - = 17° 78 -
S s _ 8 - - 23 L 170 66 - - 25 -
1s A 17445 - - - 45,02 B 23 18 - 15 62 -
2 19 <0 20 - - - 24 A 34 <1 - = 6C -
16 4 22 52 10 - = = = B 22 - - 268°46 -
|7 A 123 T 17T = = - 25 A 105 67 13 - = -
B 24 70 20 - - - 26 & 124 69 - - = 26,12
18 & 27 53% - - - -
sy B 11 T4 T - - -
12 &4 24 5 - - - - = B 34 60 3 12° - 27e,11
?ﬂ 'Av EE TC" - = = = EE‘ A Tg 9‘# - - - -
" B 28 83 - - - -
21 4 97 - 40 - = 20 21,5
_ 29 A 33 62 - = = =
% Isolated by distillation 20 4 23 @i 6 - - 20,8
© Xeto acid d/h 3 A 23 338 - 13 - -
2 A 32 52 11 - - -

Again the msjor products of the oxidation are vinyl formates (&), except alde-
hydes 22 and 24 which afforded upon oxidation corresponding a-formyloxyketones
22f and_Z4f, respectively, in good yield.

The minor products (see Table | and 2) were formyloxyoxirsnes b, aldehydes
or ketones d, «-hydroxyaldehydes or «-hydroxyketones e or their formates f.
When cinnamaldehyde was oxidized, rather unexpected product was isolated i.e.
diformyloxyfenylmethane 4c. The same product was isolated when Z-phenyl-i-for-
myloxyethylene 4a was oxidized with oxidsnt B. Similar produect, i.e. formyloxy-
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acetoxyphenylmethane 5S5c was isclated in the case of oxidation of l-phenyl-2-
formyloxypropene 5a with oxidant B (see Table 3).

The oxidation did not stop on the step of vinyl formaste as a rule, but
some following steps took place only under more severe conditions (90% HEGE,
prolonged reaction time). To get better insight in the overall process of oxi-
dation, we treated several vinyl formates with 90% H,0, in the presence of
bis(2=nitrophenyl) diselenide. The results of these experiments are summarized

in Table 3.

Table 3. Results of the oxidetion of vinyl formates with 90» HEDE
activated with bis(2-nitrophenyl) diselenide

Vinyl Reac- Products, Yield Vinyl Reac- Products, Yield

for- tion % for- tion %

mate tlﬂé b ¢ 4 e f other mate tlfa b ¢ 4 e f other
4a 18 - 18 = = - 48,5 2| 178 42 36 - 38 - - 17a,23
5a 72 - 8 - - 20 58,43 2| 252 46 16 - 34° - - -
6a 26 - - 70 24 - - 27a 47 66 - 20° - - =
9a 47 - = 60 9 = 9g,l2 30sa 2 16 - = = = 30a,l4
a

Small amount of benzoic acid was isolated

b Xeto acid d/h

On the bassis of experimental results (Table 1-3) we were able tc sketch
an overall scheme of trensformations taking place during oxidation of &, 3-
-unsaturated aldehydes with activated hydrogen peroxide (Scheme)3 .

3 ~ 3 : 3

i cHO 2 QCHC R UCHO
? i 05 } . i 05

32 g catalyst HE RI catalyst a !

R” R
Eﬁ; N,
24
o
HED %ﬂpﬁe
e
E-"E'

@3
| R2=H H,0
R CQOCH + (] ¥ 2 . REGDGH
R
4

Scheme 3

=g
I
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RE¢ent1315, we have proved thet sromatic diselenides are oxidized with hydro-
gen peroxide to seleninic acids which are subsequently transformed into per-
oxyseleniniec acids resposible for the observed oxidative transformations.

The mechanism of formation of vinyl formates from o, @ -unsatursted aldehydes
under action of peroxcarboxylic acids and peroxyseleniniec acids schould be
similar to the mechanism of the Baeyer-Villiger oxidation of aromatic aldehy-
17-20 with peroxycarboxylic acids.
The final oxidation products depend on the pattern of substitution of the
parent unsaturated sldehyde. Oxidation of the jy-disubstituted o, -unsatu-
rated aldehydes IH1=H, HE,RE#H} terminates in ketones d. One cannot exclude
further oxidetion of ketones d but we did not isoclete any product of such
oxidation. Mono- f-substituted aldehydes fEt=R3=H, EE#H} are oxidized as far
a5 to cerboxylic acids i, but formetion of these acids is s very slow process.
Tre final products of oxidetion of trisubstituted aldehvdes ER],EE,RE#H} are
ketones 4 and scids h. This is clesrly exemplified by oxidstion of aldehydes
22, 23, 24, 25 and 27 where corresponding keto acids 22d/h, 23d/h, 24d/h,
25d/h and 274/h were isolated.

?h
COCH -
COCH COOH

des, aromatic ketones and alicyeclic ketones

244/h
224/h 234/h
PhCO PhCO
NN NcooH m:ﬂaﬂ
t=Bu
25d/h 278/h

Ketones d and acids h (or keto acids 4/h) could be formed by two possible
routes. First of them inveolves hydrolysis of Z-formyloxyoxirasnes b to

ol =hydroxycaerbonyl compounds & which would be oxidized to d and h. o-Hydroxy-
carbonyl rompounds d could also result from hydrolysis of o« =formyloxycarbonyl
compounds f£. Independent experiments showed that ol -hydroxyasldehydes e under-
went oxidation with oxidant A to ketones d. For exsmple 6e and 9e were oxidi-
zed to benzophencne (6d) and acetphenone (34), respectively, though their
reactivities were very different. Thus, 64 was obtained guantitatively after
20 h whereas 94 only in moderate yield after 6C h of resction with oxidant 4.
Cther experiments hsve shown thet «-formyloxyketones f are resistant towards
oxidation conditions applied, therefore the possibility of their transforma-
tion into ketones d via compounds g can be neglected. On the low reactivity of
o =-formyloxyketones £ indicates the fact that Kketones 22f and 24f were the

ma jor products when aldehvdes 22 and 24 were oxidized. The second possible
route to ketones d and acids h involves hvdrolysis of diacyloxymethsnes c.
These compounds were isolated in two cases (4¢c snd 5¢) and it was found that
they undergo hydrolysis very easily. Diacyloxymethanes ¢ were probably formed
in other cases but due to their hydrolytic instability they could not be isco-
lated. They could be the major precursors of frequently isclated aldehydes

and ketones d. «-Formyloxyketones f result from s rearrangement of 2-formyl-
oxyoxiranes b. Such rearrangement is wel known in the case of Z2-acetoxyoxire-
neaE1"25. It is catelysed by acids or cen be rought about by elevated tempe-
rature only. This rearrangement consists in opening of the oxirsne ring and
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migration of the formyloxy group. There are two possible modes of the oxirane
ring opening indicated by formulas b” and b"° in Scheme 4. When the mode b"’
operates, a positive charge on the carbon atom 2 is stabilized by the formyloxy
group, and as a consequence this mode is favoured against the mode b". In the
of 2-acetoxyoxiranes having sliphetic substituents ﬂnl;fé it has been proved
that the mode b”~ nperatEEEE. On the other hand, when R either R3 or both are
the eromatic groups, the mode b’ would be favoured. In this case a positive
~harge on the carton atom 3 is stabilized due to the interaction with the aroc-
matic ring. Now the oxygen atom of the carbonyl group acts as nuclecphile to-
wards the positively charged carbon atom 3. We isclated *-formyloxyketones d
having aromatic substituents only [HE=&PJ, sometimes in quite good yields.
Thet means that they are formed esrlier then ¢ -formyloxyketones having ali-
phetic substituents (R°,R°= sliphatic or H) only, end this fact implies that
the mode b’ operates in the cases under discussion.

3

: ﬂ#m‘i 22 R
R\ 0 YA
+ /S 2
5 rd R R o
R7 4 - I
, =0
b H
EJ#
Ar3eQQ” _
ATSe00
0
B
g3 (ﬂﬁ \ﬂ 0
2} Z 3! R’ (“‘ofb-sﬁ-a:-
AT 7
o °- R/,
G e

4]
]
o \hh_;rEfﬂ

Haﬁr

~ArSe” _
=ATSeld
4] ‘5 L
R° ocR!
RE><D§H
[
Scheme 4

Diacyloxymethanes ¢ are formed as a result of two rearrangements. One of them
iz migrstion of the formyloxy group, discussed above, and the second ons is
the rearrsngement pertinent to the Baeyer-Villiger oxidation. For the whole
process we propose the mechanism as shown in Scheme 4. Arylperoxyseleninic
acid or its enion acts as & nucleophile towards 2-formyloxyoxirsesne b. Again,
two modes of the oxirane ring opening are possible, b” and b’’, The attach-
ment of the esrylperoxyseleninic anion and detachment of arylseleninic anion
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leaves the positively charged oxygen atom and the negetively charged formerly
oxirane oxygen atom and that would result in the observed bond reorgenization.
Another route to diacyloxymethanes ¢ consist in the oxidation of «-formyloxy-
ketones f {RI*HJ and e-formyloxyaldehydes f (R'=H). However due to resistance
of o-formyloxyketones against oxidation, this route should be ruled out for
the S¢ formation, but it must not be true for the 4c Tormation. We had no
x-formyloxyaldehyde to check its reactivity under spplied conditions but
e=hydroxyaldehydes e are oxidized rather slowly to the carbonyl compounds 4.
There iz no resson to suppose that «-formyloxyaldehydes sre more reactive
than o-hydroxyaldehydes.

Vinyl formetes a are reasonably stable compounds, they do not hvdrolyse
dJuring the reaction and isclation. Upon acidic or basic hydrolysis under mild
conditions, they gave corresponding saturated asldehydes or ketones g (Table 4).

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

Vinyl Reaction gigﬁ_ gﬂg; Vinyl Reaction Reac- gii;
Formete medium time yielad Formate medium E}un yield
h ® me Ty
h
iz EtEGKEEDfﬂEHDﬂj 31 37 2Ca TPFfHéDfHCl T 93
52 THF/E,0/ECl 7 28 2ls - - 30 76
te - 15 62 258 - - 31 96
T8 - " - 23 94 26a - " - 30 58
8s - 24 65 27a - 49 72
10a S 1c 84 288 EtOE/H,0/HC1 22 92
ila EtﬂHfHéﬂfECl ce 90 20a THFfHéGfHCI 23 &1
l4s  TEF/E,0/HC1 48 94 3la - - 26 74
15a - " - 26 5 358 - " - 22 57
16a - 26 - 86

Thus, oxidation of o, b —unsatursted aldehydes with H;0 ectivated bv bis(2-ni-
trophenyl) diselenide and hydrolysis of resulting vinyl formates can be utili-
zed for synthesis of some satursted aldehyvdes or ketones. &-Formyloxyketcnes f
end 2-formyloxyoxiranes b gave upon hydrolysis with HC1 in the Et0H-H.C or
THF-H,0 mixture &-hydroxyecarbonyl compounds e. Z2-Formyloxy-Z2-phenylcvrlcpenta-
none 24f gave upon acidic hydrolysis a mixture of two compounds: &K-hydroxyke-
tone 24e and 2-phenyl-Z-cyclopentenon 33.

Ph  OCHO Ph _OH Ph

HCl, TEF-K,0
s . +

241 24e, 40% 33, 26%
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EXPERIMENTAL

Capillary m.ps and b.ps are uncorrected. IH-NMH spectra were recorded on a
Tesla 100 MHz apparatus. IR spectra were obtained on a Perkin-Elmer 621 spectro-
photometer.

Bis(2-nitrophenyl), bis(4-nitrophenyl) and bis(2,4-dinitrophenyl) diselenides
were obtained by reacting lithium diselenide in THF with 2-nitrochlorobenzene,
4-nitrochlorobenzene and 2,4-dinitrochlorobenzene, respectively. The prepsra-
tion of phenylperoxyseleninic and 2-nitroperoxybenzeneseleninic acids and other
organoselenium compounds was_deseribed-previguslylﬁ‘zﬁ’ET. o, s -Unsaturated
aldehydes not commercially avaiable were prepared according to established
synthetic procedures, The formulas, plysicochemical and spectral data of all
compounds obtained are listed in Table 5.

Uxidation of cinnamsldehyde 4 with H.O, in the presence of various seti-
vators. To a vigorously stirred solution of 4 (13,2 g, 0.1 mol) in dichloro-
methene (100 ml), bis(2-nitrophenyl) diselenide (1.5 g, 3.7 mmol) and 30% H,0,
(25 ml, O0.22 mol) were added. The mixture was stirred at room temperature un-
till s8ll sldehyde was consumed (TLC). The solid was filtered off, washed with
dichloromethane and water, The filtrate wes transferred to s sepsratory funel
and the layers separastad. The orgenic layer was washed with water, 5% ag.
HEHDGE, 10% aq. HEHSGB, again with water and dried over Hazﬂﬂq. The solvent
was evaporated in vacuo, the residue was dissolved in ethyl ether (100 ml), wa-
ter (100 ml) and HaI—Ir:G3 (10 g, 0.12 mol) were added and the mixture was vigo-
rously stirred at room temperature for 31 h., The organic layer was sepsarated,
washed with water and dried over N525G4. Etker was evsporeted and phenvlacetic
aldehyde 4g was distilled st reduced pressure, b.p. 92°C/20 mm, yield 7.5 g
(63%) .

In another experiment, & solution of 4 (4.0 g, 30 mmol) in dichloromethane

(30 ml), bis(2-nitrophenyl) diselenide (0.45 g, 1.1 mmol) and 90% H,0, (2.7 ml,
90 mmol) were vigorously stirred at room temperature. When cinnamaldehyde
disappearaed (TLC), the mixture was filtered off, the solid was washed with we-
ter and dichloromethane and the layers were separated.

The organic layer was washed three times with weter end dried over H325G4. The
solvent was evaporated in vacuo and the residue was chromatographed on silics
gel using light petroleum (4C-60°C) - dichloromethene mixture (7:73 v/v) as an
eluent. 2-Phenylvinyl formate 48 (1,22 g, 28%), diformvloxyphenylmethane dc
(0.60 g, 19%) were obtained.

Oxidation of 4 (13.2 g, 0.1 mol) in dichloromethene (100 ml) with 30% H,0,

(25 ml, 0.22 mol) in the presence of other diselenides (3.5 mmol) or selaninic
gcids (7.0 mmol) was carried out in similar manner. The erude product was pu-
rified by distillation (1058°C/15 mm) giving pure 42 in yields indicated in
Table 1. The pure 2-phenylvinyl formate solidified in the refrigerstor and re-
mained solid at about EDC. .

Oxidation of of, b -unsaturated aldehydes. General procedure. The mixture
of aldehyde (15 mmol), dickloromethsne (20 ml), bis(2-nitrophenyl) diselenide
(C.2 g, 0.5 mmol) and 30% H,0, (5 ml, 43 mmol) or 90% H,C, (1.5 ml, 50 mmol)
was vigorously stirred st room temperature for appropriaste time (Table 1 and 2).
The reaction mixture wes filtered off, the solid was washed with water and di-
chloromethsne and the layers were separated. The organic layer was washed
three times with water and dried over Ha23ﬂ4. The solvent was evaporated in
vacuo and the residue was chromatographed on silieca 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 reasction was carried out in dry dichloromethene (30 ml). The above proce-
dure was applied for oxidation of vinyl formates (Table 4) sand other substra-
tes with H,0, in the presence of bis(2-nitrophenyl) diselenide.

Hydrolysis of vinyl formestes b. To the solution of vinyl formate b
(10 mmol) in THF (30 ml) or ethanol (25 ml), water (5 ml) and concentrated
HC1 (0.5 ml) were added. When the mixture was not homogenous, an sdditional
amount of organic solvent wes added end the homogenous sclution was allowed
to stand at room tempersture till sll vinyl formete disappeared (TLC). Water
was sadded and product was extracted with ethyl ether. The extract was washed
with 5% aq. NEHCGj, tren with saturated aq. NaCl, and dried over HEESD4. The
solvent was evaporated and crystalline products were purified by recrystalli-
zation, and liguid ones by column chromatography on silizae gel using light
petroleum (40-60°C) - ethyl ether as an eluent. Cther hydrolysable compounds
were hydrolysed in the similar manner.

Table 5. Physiconhemical and spectroscopic data of the oxidation
product of &, [>-unsaturated aldehydes

1

Com- m.p.nc[salventl IR (film) H-NMR IEDE13} Mclegulsr for-
pound or b.p./Torr qg:gr a:*r;l:t"'I S (ppm) TMS mula® or other
data
4a b.p. 106/15 1723 6.55 (d, 1H, J=12Hz, ArCH3); CgHg0,
T7T.38 (s, 5H, ArE); 38.01 (4,
- ) (148,2)
1H, J=12Hz}; 8.11 (s, 1H,
oCH0) P
4 b.p.139/20° 1740 7.32-7.58 (m, EH,GﬁrE]; CgHg0,
T.82 fﬂ-l. 1H, —ﬁ# _:1; 8.02 “E‘DaE}
(s, 2K, CEO)
4d=5d b.p.179-180 - - 11t.2% b.p.
178-185°C
4g b.p. 92/20 - - onpH? m.p.
121°¢
lit.29 MaDs
121°¢
Sa b.p.101/13 1752 2.02 (s, 3H, CHy); 6.20 fs, Cy HCy

1730 1H, &rCE=); 7.20 (m, 5H, &rH; (45 o)
8.02 (s, 1E, OCHO);

PR -
5¢ 0i1% 153 2,00 (s, 3H, CHy); 7.35 (m,  CyoH 0,
1734 5H, arH); 7.73 (s, 1H:-EE:D_35 (194.2)
8.00 (s, 1H, OCHO) 0

55 0il 'T3T 2,05 (s, 3E, CHy); 6.10 (s,  CgH, .0,
179  4g, arcH?); 7.33 (m, 5H, (166.2)
EPE}; 3,11 [E, 1H, G"DH:IJ
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Molecular for-

Q
Com- m.p. Cisolvent) IR(film) 1o
pound . . o mone v om™! H-NMR (CDC15) muls®? or other
*Pe/RC c=0? S (ppm TMS) data
5g b.p. 101/15 - = Lit.”? b.p.
98°c/13
DNPH m.p.156°C
.ll.lj--t---j1 IIh]]-
154=-155°¢C
6a b.p.120/0.3 1728 6.70-6.75 (m, 10H, ArH); Cy5Hy 205

(s, 1H, CHOCHO)

28

6d=14d m.p. 50 - - Lit."™™ m.p.
(hexsne) 49-51°¢
ée MePe 56
(hexane) - - Li't,32 M.p.
52-53°¢C
50 m.p.242°C
Lit.2’m.p.247C
6g 0il - - DNPH m.p.148°C
Lit.j4 m.p.
147°%0
Ta b.p. 101/13 1728 0.85 (t, 3H, J=6Fz, CH,); C10¥1 40

1.28 (broad s, 1QH,—CHQ-!;

1.90-2.10 (m, 2H,-CH,~CH=); (1 70-3)
5.36-5.64 (m, 1H, -CHE=);
7.13 (4, H, J=12Hz, CHOCHO)
7.98 (s, 1H, OCHO)
7b mep. 47 17308 C.36 (t, 3K, J=6Fz, CHy); CyoF1803
( hexane) 1708 1.20-1.60 (m, 12H, =CH,-); (186.3)
3.04-3.14 (m, 1H, -CH,CE< );
5.40 (s, 1H, CHOCHO)
12 b.p. 88/20 - - Lit.%% b.p.
93%2/23

DNPH m.p.1C6°C
Lit!jﬁ m'l-p‘l-

106.5°¢C
S8 b.p. 81/14 1728 .89 (t, 6H, J=6Hz, CH,), CqHy 505
1.25=1.62 (m, 4H, QﬁgﬂHgii (156,2)
1.85-2.20 (m, 4K, CHy-C=);
T7.00 (s, 1E, CHOCHO);
8.04 (s, 1H, OCHO)
.70 (m, 8H,-CHy=); 5.42 (s, (145 3)

1H, CHEOCHO); 8.12 (s, 1H,
OCHO)



2864 L. Syper
Jom- m.p. {solvent) IR (film) 1H-NMH (cDC1.) HﬂlE:ular for-
pound . /Torr J om™ ! 3 mala™ or other

*P. 0= & (ppm) TMS data
3470 (Vy) 1.74 (m, BH, -CHy-); 4.37 (144.2)
(broad s, 1H, OH); 9.50 (s,
1H, CHO)
8g 0il 1720 0.28 (t, 6F, J=THz, CH,); CzH; 0
2.38 (t, 1H, J=6Hz, C0F-);
9#52 '3, 1H’ I:H':'J
9a bap. 110/14 1723 1.21 (4, 3H, J=1Hz, CHgj 7.30- CyoH o0
7.50 (m, SE, arH); 7.70 (4, (162.2)
1H, J=1Hz, CHOCED); B8.18 (s,
1H, OCHO)
d=133 b.p. 200 - - Lit.% b.p.
202°¢
DNPH =.p.249°C
Lit.31 Me P
274-248°C
%e 0il 1725 1.70 (s, 3H, CHy); 4.06 SC m.p.184°C
3456(V,,;) fbrosd s, 1H, OE); 7.36-7.68  Lit.’° m.p.
(m, 5F, ArH); 9.64 (s, 1E,CHO) 182-183°C
10a m.p. 117 17358 7.12=7.34 (m, 4H, ArH); T.44- . .
(i-Pr,0/AcOEY) 7.68 (m, 3H,arH); 7.90-8.00 15710
(m, 1H, arE); 8.06 (s, 1H, (222.2)
CHEOCHO); 3.24 (s, 1H, GCHO)
10d=174 m.p. 83 - - Lit.EE M e
32-33°C
10e m.p. 104 1697 4.54 (s, 1H, CH); T7.18-7.48 CyaHygCs
(i-Pr,0) 3482(Vyy ) (m, 6H, ArH); 7.60-7.66 (m,  (245.2)
2H, ArE); 3.70 {(m, 1H, CHO)
. N QA
10g 0il - - FH" m.p.1257C
Lit.jT MePe
126°¢C
DNFPE m.p.
236°C
(hexane) 1730 CHOCEO); 7.99(s, 1E, OCEC) (198,2)
g 0il 1725 3.95 (4, 2H, J=2Hz, -CH,-); DNPH m.p.
7.24-7.52 (m, 4H, ArE); 7.75- 182°C

7.36 (m, 3H, 4rH); 9.66 (t,
1H, J=2KEz, CHQ)

Lit.”° m.p.
184°%¢




Reaction of «,f-unsaturated aldehydes 2865

O -
or b.p./Torr ﬂﬂzﬂ’nm d (ppm) TMS mula® or other
' data
122 0il 1728 0.82 (s, 9H, CHy); 0.84-1.40 C,,H,40,
fm, 4H, ""CEE"']-; ‘L'EE"E.:}E !'.EI:I., :'195‘3-!
~CH-}; €.93 (s, 1H, =CHOCHC);
3.03 (s, 'H, OCHO)
12b 0il 1736 0.83 (s, 9K, CEj); 1.08-1.95  Cy,H,04
l_':'t'l,. QH, -EHE- ¥ :':H-l’i, 5-4':] {212‘3]
and 5.44 (ds,1H, CHOCHO);
8.11 and 3.13 (ds, 1H, OCHO)
12g m.p. 49 - - Lit.%% m.p.
(hexanea) -50%
13a b.p. 112/14 1720 2,07 (s, 3H, CHjl; 7.34-7.62  Cy,H{505
fm, EH-. -ﬁth, =:H:5'CH{J}| 8.05% (162.,2)
(s, 1E, OCEO)
1755 5H, arH); 7.21 (s, 5H, ArH); (51, 4,
7.75 (s, 1H, OGCHO)
1 - - -, 39
4z Mep. 03 Lit. M.P.
62-63°C
DNPH m.p.
145%¢
Lit.4ﬂ M. P
143-144°C
158 b.p. 63/13 1728 0.72-1.02 (m, &H, CHj); CgHy 405
1.43=1.37 (m, 4H, -CH,-); 4
1,96-2.31 (m, 1H, S0HE-); (142.2)
5.38 (44, 1E, J=14Hz and 8Hz,
-CH=); 7.22 (4, 1H,J=14Hz,
=CHOCHC); 7.95 (s, 1H, QCHO)
15b 0il 1728 0.88-1.00 (m, 6F, CHy); 1.20- CgH,,0,
2.94 (dd, 1H, J=6Hz and 3Hz,
“CHO); S5.42 (4, 1H, J=3Hz,
CHOCHO); 8.08 (s, 1H, OCHO)
15g oil 1710 0.78-0.98 (m, 6H, CHy); 1.18-  5C m.p.
1.40 (m, 4H, =CHy-); 1.92-2.44 108°C
(m, 3E, -CH,-CHO, 3CH-); 9.71 Lit.*! m.p.
(t, 1H, J=2Hz, CHO) 108-109°¢
16a b.p. 102/14 1723 0.86 (t, 3H, J=6Kz, CHyCH,); C10H1 805

I-E? fmj E'}':l -EHE_]; 11-55 {5’.
3K, =¢-CH;); 1.96, (t, 2H,

J=TEz, -CE,-C=); 6.96 (s, !H,
=CHCCHO); 8.05(s, 1H, OCHO)

(170.3)



2866 L. SYPER

Com-— m.p.°C(solvent) IR(film) 1

pound -1 H-NMR f333131 Molecular for-
or b.p./Torr ‘%=G'¢m S(ppm) TMS mula® or other
- o data
16b 0il 1708 0.83 (t, 3H, J=6Hz, CH,CH,); Cy0H1803

1.24 (m, 9H, -CHy-, ZCH-); 1.44 (15 4y
(s, 3H, CHy=C-); 1.68 (%, 2H,
J=7.5 Hz, -C —é—}; 5.40 (s,

i

1E, CHOCHO); 8.06(s, 1H, OCHO)

16g bop. 95/5 1702 0.86 (t, 3H, J=6Hz, CHy-CHy;  Lit.*? v.p.
1720 1.49-1.74 (m, 13H, -CH,-, 90°¢c/4
CH-CHy); 9.64 (s, 1H, OCHO) 5C m.p.46°C
(i-Pr,0/heksane) (m, 4H, arH); 7.26-7.70 (m, 3F, (540 4
ArH); 7.77-7.92 (m, 1H, ArH);
8.21 (1H, ccHo)®
17b 0il 1718 1.72 (s, 3H, CHy}; 7.16 (m, 8H, CgH,04
18a b.p. T79/20 1735 6.65-6.39 (m, 3E, ArH, ATCH=);  CqEC,
J=13Hz, CHOCHO); 8.09 (s, 1H,
QCHQ)
19a b.p. 97/0.5 1735 2.70 (s, 2H, -CHy-); 6.27 (s, 1H, CyyH0,
-CH:'-J; E-TE_?.E{: {ﬂlj '4'H’ -q-r'H:'i {-!TE‘E.}
8.01 (=, 1E, OCHO)
2Ca M«Pa 33 1730 3.45 (s, 2H, —EHE—}; £.53 fs, 1H, glEEEGE
(hexane) 1760 -CE=); T7.03-7.30 (m, 4H, ArH); 160.2)
8.08 (s, 1H, CCHO)
208 m.p. 58 - - Lit.4jm.p.
{ hexane) 5?—5E°C
DNPH m.p.
204°C
Lit.4¢m.p.
202%2
21a b.p. 94/0.5 1730 2.45 (t, 2H, J=THz, -CH,-); Cy 100
E-EG {E, 1H, -Cszi 5155'—7-2{:‘
(m, 4H, 4rE); 8.07 (s, 1H, OCHO)
ﬂ__f_: 'D:Ll 1?":'5 E-EG_E-T{:‘ |‘I'|].j EH, _:HE-}i 31-{:“:;"" c11HJ|E|G3
1745 3.20 (m, 2H, -CH,-); 6.30 (s, (178.2)
1H, CHOCHO); 7.19-7.33 (m, 4H,
ArH); 8.31 (s, 1H, QOCHO)
‘2_1_3_ 'I:li]. = - SC mtpi
19672
Lit. *n.p.

194-195°¢




Reaction of a,f-unsaturated aldehydes 2867

Zom-  m.p.°C(solvent) IR (film) _, TH-NMR (CDC1.) Molecular for-
m a
pound .. y o, /Torr Vo=g* © S (opm) THS mula dgiaﬂther
222 @pe 27 17208 1.87 (s, 3H, CHy); 2.40 (t,  CyoH;,0,
(hexane) 2H, J=THz, -EHE-J; 2.36 (t, (188.2)

2H, J=THz, -CH,-); 7.05-7.17
(m, 4H, ArH); 8.03 (s, 1H,

OCHO)
227 m.p. 82 1705% 1.59 (s, 3H, CHy); 2.74(t, 2H, Ci2H120,
fi-PI‘E[}} 1?2":' J:TH'E, —CHE_}E. j-ﬂ'ﬁ ft, EH,. {25:“1-2}
J=THz, -CH,~); 7.13-7.32 (m,
4H, ArH); 7.80 (s, 1H, OCHO)
22d/k  m.p. 70 16808 2.57 (s, 3H, CHg); 2.70 (t, 2H, CyH{,04
(hexane) 17G0 J=THz, =CH,-); 3.07 (t, 2H, (192.0%)
2600-320000y;) J=THz, -CHy-); 7.20-7.45 (m,
3E, ArH); T7.66-7.78 (m 1H, arH);
11,58 (s, 1K, COCH)
23a m.p. 84 17178 2.62 (t, 2k, J=8Hz, -CH,-); 3.07 Cy;H;,0,
fhExHﬂE] rt, EH, JfﬂEz-_. —'T-Hz-}; 5157'5-?? [25{}'3}
(m, 1H, ArH); 6.93-7.44 (m, BH,
ArH); 7.82 (s, 1H, QCHO)
23¢ m.p. 104 17038 2.58-2.81 (m, 2H, -CE,-); 3.01-  C;.H, .04
fi—PrEthexanE} 1728 3.30 (m, 2H, =CHy=) T.12=7.31 (266, 3)
(m, 9H, ATH); T7.99 (s, 1H, OCHOQ)
23d/h  m.p. 84 1656% 2.66 (dt, 2H, J=THz and 2Hz,-CHy9); C;cH; 04
1695 3.01 (at, 2K, J=THz and 2Hz,-CHy) (554, 9)
2600-3200( V) 7.23-7.60 (m, TH, arH); 7.80 (4d,
2H, J=8Bz and 2Hz, arH); 11.24
(s, 1H, COOH)
24°F 0il 1713 1.68-2.84 {m, 6H, -CH,-); 7.26- Cy1Hy 20,
1743 7.55 (m, 5B, &rH); 7.99 (s, 1H, (192 2)
OCHO)
24e m.p. 67 17408 1.60-2.4C (m, 6H, -CHy-); 3.85 Cy oHy 202
(hexsne) 3420(V,,,;)  (brosd s, 1H, OH); 6.98-7.42 (164.2)
(m, 5E, ArH)
7.36 (m, 3H, Ar-C=CH); 7.85-7.22 (4,¢ )
(m, 3H, ArH)
24dfh TIL..FI; 125 - - Lit.qstﬂ.p.
(i-Pr,0/AcOEt) 127%
gﬁ h;p-‘}ﬁfﬁnzﬁ 1‘T1T 1-54-1154 fm, 4H, "EHz"}i 2;1?- Cijﬁlﬂnag
E-EE fm, 4H, -ﬂ[{z"]; TiEI {'m, {EDE 3}

S5H, &rH); 7.72 (s, 1H, OCHO)



L. SYPer

m.p.°Cisalvent}

IR (film)

1

pound - B=NME (CDCL.) Moleculsr for-
or b.p./Torr  Yhog,cm & (ppm) TMS mulz® or other
data

25b b.p.110/6.25 1728 .50-1.7C (m, 4H, -7H,-); Cy 45 405
2.07-2.42 (m, 4H, -3B,-); (218. 3)
7.21=7.43 {m, 5%, ArE);

T7.5C (s, 14, QCHQ)
25g Mi«.P. 59 - - Lit.4? Mm.p.
(hexane) 59,5-60°2
224/ m.p. T7 - - Lit, 46 M. P
(hexane) 77-73°2

26a b.p. 108/0.4 1725 1.73 (m, 6K, -CE;-); 2.35- Cy 4F1£02
2.52 (m, 4E,-CH,-); 7.02- (216. 3)
7.32 (m, 5H, APE); 7.68 (s,
1E, GCHO)

262 0il 1675 1.20-1.58 (m, 2K, -CHy-); Gy 5Hy g0
1.72=2. (my, 6, =-CHy=); (172.3)
2.12-2.80 (m, 2H, -CE,-);

3.67 (3d, 1H, J=10Kz and 5Hz,
CH-); T.22 (m, SH, Ar¥F)
278 m.p. 44 17208 0.890 (s, 9H, EHEJ; 2.24=3.54 CITEEEGE
(hexane) (m, VI, _CE=); T7.23 (m, 5E, (5sa 4
4rHY; 7.73 (s, 1H, OCHO)
AL 2.p. 60 17312 0.86 (s, 9H, CHy)j 1.10-1.66 C,,H,,0,
(hexane) (m, 3, -CH,-, ZCE-); 2.10- (274, 4)
2.19 (m, 4K, =CH;=); 7.22-
7.40 (m, 5E, ArE); 7.50 (s,
1H, OCEC)
27e m.p. 174 16959 C.88 (s, 9H, CHy); 1.52-1.80  Cy¢Fp,0,
(i-Pr,0) BBSE[ﬁJH] (m, 3H, -TH,-, ZCHE-); 2.14- (246.4)
2.20 (m, 2B, =CH,~C-UF);
2.50-2.66 (m, 2H, CTH,CO);
7.32 (m, S5E, ArE)
27z m.p. 95 16985 .88 (s, 9K, CHy); 2.43-3.68  C; H,,0
{hexans) (m, TH, 3CH-Bu", -CH,-); 3.48 (230.4)
(dd, 'H, J=iCHz end 6Hz,
“CH-Ph); 7.61-7.3C fm, 5H,
APH)
274/h  m.p. 38 16738 0.9C (s, 9E, CHj;); 1.32-2.66  Cy4H,,04
(hexane) 1695 (m, 5H, -CE;-, ZCE-); 3.00 (262.4)
Eﬁﬁo-slﬁnfﬂjﬂpft, 2H, J=8Kz, -CH,-20); 7.26
7.60(m, 3E, ArE}; T 93(dad,

2H, J=8Ez and 2Hz,
11.36 (s, 1H, COOH)

ark);




Reaction of &, f-unsaturated aldehydes 2869

1

m.p."C (solvent) IR(film) E-NMR (CDC1,) Molecular for-
or b.p./Torr Jc=ﬂ,rﬂn_1 d (ppm) TMS mula® or other
. data
b.p. 125/0.5 1732 1.89 (s, 3K, CHy); 6.63 (s, Cy 4Ho505

1761 1H, -CH=); 7.28-7.84 (m, 4H, (212.3)

ArH); 7.65-7.99 (m, 3H, ArH);
3.06 (s, 1H, OCHO)

28g 0il - - SC m.p.193°C
Lit.*® m.p.
190.5-191,5%
DNP m.p.1T2°E
Lit.*? m.p.
174-176°¢C
3Ca b.p. 80/13 1725 1.52 (m, 6E, -CH,~); 2.04~ DEHIEEE
2.24 (m, 4H, -CHy-); 6.92 (140.2)
(s, 'H, =CHOCHC); 8.02 (s,
1H, QCEQ)
0il 1730 1.56 (m, 9H, -CH,=); 2.14- ZgH 904
2.40 (m, 1H, -CHy-); 5.40 (156.2)
(s, 1H, CCEOCHO); 8.14 (s,
1H, QCHQ)
302 b.p.162-164 - - Lit.?% b.p.
161-163°¢
SC m.p.173°C
Lit.”° m.p.
17192
DNPH m.p.172°C
‘ Lit.ﬁﬂm.p.172ﬂc
3a 0il 1728 1.53 (m, 8H, -CHEy-); 2.13- CoEy 402
2.21 (m, 4H, -CH,-); 6.98 (154.2)
(s, 1H, =CHOCHGC); 8.04 (s,
'E, OCHC)
314 b.p. 179 - - Lit.%S b.p.
179%
32a 0il 1726 0.86 (&, 3H, J=2Hz, CHj); CoHy o0z
0.94-2.30 (m, 8H, -CE,-); (162.2)
2.64-2.86(m, 1H, ZCH-);
6.92 (s, 1H, =CHOCHO);
8.01 (s, 1H, OCHO)
32bY 0il 1735 0.90 end 0.96 (44, 1H, CqHy 04
J=2Hz, Eﬂjl; 1.12-1,85 (142.2)

(m, 9K, =CHy-, ZCH=);
540 and 5.43 (ds, 1H,
CHOCHC); 8.13 and B.14
(ds, 1H, OCHO)



2870 L. SYPER

Com- m.p.%Cisolvent) IR (film) ! H-NuR (CDC1,) Molecular for-
pound . b.p./Torr ﬂbjﬂ,cm'l S (ppm) TMS mula® or other
dats

32z oil - - DNFH m.p.
180°¢
Lit.52 m.D.
180-182°¢

8 Satisfactory microanslyses abtained: C20.4%, H=2O.3%

b FMDS0 was used as an external standardt

¢ Hydrolysed to benzaldehyde

4 DNPH - 2,4-Dinitrophenylhydrezone

® If b.p. ic not given, the compound wag purified by column ~kromaetography only

I s¢ - Semicsrbazone

& 1R spectrum measured in KBr

% PH - Phenylhydrazone

J

Mixture of diastercoisomers.
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