Synthetic studies starting from (3
-cyanopropionaldehyde(9) : Reactions of «
-cyanomethylacrolein

guoooobogn

p-000b0000bbOO0bDbOoODbOoOoO(@

oooon o) o -U000oooobobobobobooOog

ood@o) Sadayoshi Satsumabayashi, Shichiro Ito, Tadao
Sato

journal or Bulletin of Nippon Dental University. General

publication title |education

volume 6

page range 69-77

year 1977-03-25

URL http://doi.org/10.14983/00000147

Creative Commons : 00O - 000 -000O
http://creativecommons.org/licenses/by-nc-nd/3.0/deed. ja




Synthetic Studies Starting from p-Cyanopropionaldehyde. IX.

Reactions of a-Cyanomethylacrolein

Sadayoshi SATSUMABAYASHI and Shichiro ITO

Nippon Dental University, Tokvo 1-chome, Fujimi, Chiyveda-ku, Tokvo

Tadao SATOH

Daito Chemical Industry Tochidaomiva 352, Tsurumi-ku, Osaka

(Received October 15, 1976)

A AW P R2EfC 3 g6 & 1977483 8
BULLETIN OF NIPPON DENTAL UNIVERSITY, GENERAL EDUCATION



BEPREDR « f7E « {E -7 ) AFLT I e v ORE 69

B~ 7 7uexr 7 IFe FLYo
FIRBESE 45 IX 4

a—V T I AFNVT o2vu i VORI

e ¥ W OBEEERR H O OE
o & BB
Rpfer TERER (2 i Bk

1 7

a-T /) AFLT eV A (2) BEEEESO—-ANCE YT TSR BEIR{LED

T, FFRZTATE P, v 7 /7 BB XUCRERERFBEZ I ORIEHICHALKER
LA TH S, Lo T, (LM 38R ARLYmE» 25 &, HERBTH
5 B-v7/TrEFVTATEF (1) XDELIHKRENMEEMTHS LFLLNS,
KPR TH, ZOFHLWARPHIEK 2 T L4 ORISZEML, V< 2roXikknn
mﬁ%z%twf,&V?fvutfvT»%ab@ﬂ%mxvu_xw1oaLf;;
IZHET %,

{b&Mm21%, 7w affr b)Y 20EBELICED, TAF e FEORRE LS, 77
UABERIR B) 25X T, —FH, FLEUVAKRAS KT 4 FREHSEE, TAF
b FEOZGRITEN, ZHfES, = rUaddd o7 a—n @) BESRS, YT
TAFRYTANAFFAL Fbb D E, SHERTSTRERE ST, LW 5 2385
F AT e

TV =FHESv 22 Y 2Y P A LRBERETT AT e FEORBIZE D AES V]
ZETHL WEIOEEHIFR 2P Lz, RHEOLRE 2 135610 ~<7 X 5 fe s RAi
ZHO7ATE P, FRRERGZ SR 2E, S5 RWFIRmA G SR 5o
fGoh2LHxohsd, £IT, AW ERv A=Y RY b~k OMTRIA e
BV, WCOPOHEEEHRTHAERT L2~ (6) 3z, %72, 2LiEkAF



70 HAMBRALEN 65 1977 4 3

vy L obEMEORIGL Iy, Bafe 72 7 r=A27 4 (Ta), Ffafs 7
7 Zh v (Th) w7,

TN AT A E =SSR ST 2R VERARRED 1 2ThD, 7/Rry
{ vRrDfh a B-FRfafan L E = {bEMoB_i{td, 15FRY=vLLT, 14
FRIE) T o ANLELTHIGELTWD EF2NE, Y- AT AL —RED 1fiE 20
Xhd, (bEHM2e Iy, P2/ 7 4 LOWMAIZEbWENE Z izl fho
T AN, PrvEOREEEIE ST, Esnx—FAtoffMEETIEL 2-E
5 vikititk (8a, 8b) B, 72 V=v, (VI v EOMMEETCIREHRY /r~F LY
(10a, 10b) AEUCEC Hohiz, 8a, 8b IIWKAGRFIZ XD /247 A F e Pk
(9) 527, ZOfMEBIZENT, EEFE SRIFTSE, b&EM20Y=vE L
TOFREIR 727 =S VRS S 2 EibiraTs



Satsumabayashi et al, Reactions of e-Cyanomethylacrolein 71

Synthetic Studies Starting from #-Cyanopropionaldehyde. IXP.

Reactions of a—Cyanomethylacrolein

As a part of synthetic studies starting from f-cyanopropionaldehyde (1),
one of the authors reported that the reaction of ethyl y-cyvanopropenyl
ether, which was obtained by heating the diethyl acetal of 1 with phthalic
anhvdride, with diethvl formal in the presence of boron trifluoride etherate
as a catalyst led to a-cyanomethylacrolein (2)?. This acrolein derivative
was also obtained by the direct reaction of 1 with formaldehyde as in the
Mannich-type reaction. The compound 2 is expected to be useful for some
synthetic reactions, because it is a new vinyl compound which has an alde-
hyde group, a nitrile group and carbon carbon double bond conjugated with
the aldehyde group. Therefore, as one of this series, studies on some basic
reactions of 2 will be presented in this paper. The reaction products pre-
pared in this investigation are all new compounds, and are hard to derive
from other materials.

NCCHOCHEHD —————— . CH=C—CHO
|
1 CH,CN
2
l OC,Hs T -
NCCH,CH,CH e 5 NOCHCH = CHOGH,
NOC,H;

The compound 2 was readily oxidized by sodium dichromate at -5 to 0°C
to a-cvanomethylacrylic acid (3), the carbon carbon double bond being pre-
served. This oxidation was difficult to control above 30°C, and a large
amount of tarry substance was formed, because both the material and the
product are likely to polymerize by heating. The selective reduction of the
aldehyde group of 2 with sodium borohydride was carried out in water at
room temperature, e-cvanomethyvlallyl alcohol (4) was obtained. The analy-
tical values of the product were in accord with the calculated values of 4,
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and the infrared spectrum showed the characteristic absorptions of hydroxyl
group at 3400 cm™!, of unconjugated nitrile at 2250 cm™!, of the carbon carbon
double bond at 1645 cm™!, and no absorption in the carbonyl region at about
1750-1650 cm™.  When the reduction of 2 was carried out by the use of
lithium alminium hydride in stead of sodium borohydride in dry ether at
about 35°C, both the aldehyde group and the double bond were attacked,
3-cyano-2-methyl-1-propanol (5) was obtained, since the carbon carbon dou-
ble bond conjugated with aldehyde group.

CHg=([3—CHO ———3CH,=C—COQH
|
CH2:CN CH,CN
2 3
| ——
4
CHg=(|3—CI-I20H CIIg--(lll-]—CIbOI-I
CH.CN CH.CN
4 5

In recent years, a characteristic acetal including spirane ring has been
prepared from pentaerythritol and an aldehyde®. This spiro acetal is un-
usually stable compound to alkali and is used for material of a binding agent.
Treatment of 2 with pentaerythritol in the presence of 2% sulfuric acid at
about 70°C gave 3, 9-bis—(1-cyanomethylvinyl)-2, 4, 8, 10-tetraoxaspiro-(5, 51—
undecane (6). Since this spircacetal 6 has a nitrile, a carbon carbon double
bond and a spirane ring, it is regarded as the organic industrial materials
of wide utilities.

2 4 C(CHOH) —sH,C=C—CH¢ Y SN/ AMON e

+ a 3 A — % 4 —C= 2
" ! NG=CH SCHy=07"" |

NC—CH, CH,CN

6

As one of this series, we have reported the reactions of f-cyanopropion-
aldehyde (1) with several compounds having an active methylene group to
prepare the new unsaturated cyanoesters?. This condensation was also ex-
tended to 2 in this investigation. The material 2 was readily converted
into ethyl 2-cyanomethylallylideneacetate (7a) or 2-cyanomethylallylidene-
acetylacetone (7b) in the reaction with ethyl acetoacetate or acetylacetone,
respectively. This reaction was carried out in benzene in the presence of
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piperidine acetate as catalyst, the water formed in the reaction being re-
moved continuously by azeotropic distillation with benzene.

2 + CHZ\Y—r CI-12=C—C1-1=C\Y 7a: X=COCHj, Y=CO0C,H;

One of the most useful reactions in synthetic organic chemistry is the
1,4-addition of a ethylenic compound to a conjugated diene, discovered by
Diels and Alder®, to vield a six-membered ring. The thermal dimerization
of acrolein or of other conjugated carbonylic compound involve the addition
of one molecule activated at the 1, 4-positions of the conjugated system to
another molecule activated at the carbon carbon double bond. The addition
has a formal similarity to the Diels-Alder reaction in that the conjugated
carbonylic compound behave both as a diene, 1, 4-addition, and as a dieno-
phile, 1, 2-addition. As might be expected, the compound 2 can serve as a
dienophile or diene analog. Therefore we examined the reactions of 2 with
dienophiles, and with conjugated dienes.

The addition of 2 to ethyl vinyl ether at 190°C for 3 hr in the presence of
a small amount of hvdroquinone gave 2-ethoxy-5-cvanomethyl-3, 4-dihvdro-
1, 2-pyran (8a) in a 75% vield. Similarly, n-butvl vinyvl ether added to 2 to
give 2-n-butoxy-5-cyanomethyl-3, 4-dihydro-1, 2-pyran (8b). These pyran
derivatives were hyvdrolyzed with dilute hydrochloric acid to substituted
glutaraldehvde (9). On the other hand, the reaction of 2 with butadiene was
carried out at about 100°C for 3 hr and l-cyvanomethyl-1-formyl-3-cvclohexene
(10a) was obtained in a 76% vield. When isoprene was used as a diene
component, 1-cyanomethyl-1-formyl-4-methyl-3-cyclohexene (10b) was obta-
ined. On the basis of above results, it has been concluded that C=C—C=0
compound is appreciably less reactive than C=C—C=C compound since the
former require a 90°C higher temperature for comparable yield. The reac-
tion of 2 with stylene, cyclopentadiene or furane gave no product and the
starting materials were recovered. Methacrylonitrile and acrylonitrile gave
resins in the reaction of 2, since they polymerized far more readily.

CH,
=GP NCCH
S T il —> OHCCHCH,CH,CHO
HCy CH 0 s i
CHACN
X \OR OR 2l
2 8a: R:C2H5 9

8b: R=n—Cylg
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CH
R—C7 = CH,
| + |l R

HC\ CH—CHO —> /CIIO

Cl,
¥ (EH;CN N\CH,CN
9 10a: R=H
10b: R=CHj;
Experimental

The NMR spectra were recorded with a JNM-PMX 60 NMR spectrometer
at room temperature. Carbon tetrachloride and chloroform-d were used as
solvents, and tetramethylsilane was used as an internal reference. The che-
mical shifts were recorded in é values, and were followed by the splitting
patern: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet.

The Mass spectra were obtained on a Hitachi RMU-TM spectrometer (ioniz-
ing potential: 70 eV; chamber temperature: 150°C). The IR spectra were
measured in potassium bromide discs or liquid films using a Hitachi 285
Grating Infrared spectrometer.

The structural assignments of the reaction products were done by means
of their NMR, IR and Mass spectra, and by elemental analyses.

a Cyanomethylacrolein (2). This aldehyde was prepared as reported in
the previous paper?.

a-Cyanomethylacrylic Acid (3). A solution of 15g of sodium dichromate,
20 g of concentrated sulfuric acid and 100 ml of water was added to a solu-
tion of 9.5g (0.1mol) of 2 and 50 ml of water, with the temperature kept
between 0° and —5°C. After the solution had been stirred for 2 hr at room
temperature, the reaction mixture was extracted with ether and dried over
anhydrous sodium sulfate. Ether was then removed, and the crude product
was recrystallized from benzene to give 5g of pure 3, vield 45%. Neutrali-
zation equivalent. Found: 110. Caled: 111.

a-Cyanomethylallyl Alcohol (4). To a solution of 1.9g (0.05mol) of sodi-
um borohydride and 24 ml of water containing one drop of 10% sodium
hyvdroxide, 9.5g¢ (0.1mol) of 2 were added at room temperature. After 3
hours’ stirring, the solution was acidified with 20% sulfuric acid, extracted
with ether, and dried with anhydrous sodium sulfate. Distillation of the
ether solution gave 6.0 g of 4, yvield 64%.

3-Cyano-2-methyl-1-propanol (5). A solution of 7.6g of lithium alumi-
nium hydride in 200ml of dry ether was placed in a 500 ml of flask fitted
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Table 1. Bp (°C/mmHg) and IR (cm~') Data

Compd Bp (Mp, °C} e
C=N Cc=0 Cc=C OH or -0-
3 (79-80) 2260 1695 1640 2650
4 110-111/6 2250 - 1645 3400
5 91-94/15 2240 = - 3350
6 (103-104) 2255 - 1645 1205 1120
1090 1030
1695 1645
Ta 141-143/2 2260 1665 1610 -
124-126/3 2260 1665 1640 -
7h 1605
8a 109-110/9 2250 - 1670 1230 1145
1090 1065
8h 131-132/6 2250 - 1670 1230 1120
1065 1030
1735
9 143-145/2 2245 1725 - -
10a 114-116/5 2245 1740 1660 -
10b 120-122/5 2245 1740 1670 -
Table 2. NMR Data
Compd NMR (4, ppm)
3 11.5 (s, 1) 6.7 (d, 1) 6.4 (d, 1) 3.3 (5, 2)
4 6.5 (d; 1) 6.2(d, 1) 4.9 (s, 1) 3.2:(s 2) 3.0 (s, 2)
5 4.6 (s, 1) 2.7(d, 2) 2.5 (d, 2) 1.4 (m,1) 0.8 (d, 3)
6 6.6 (d, 1) 6.3 (d, 1) 4.9 (s, 1) 3.4 (s, 4) 3.1 (s, 2)
Ta 6.9 (s, 1) 6.8 (d, 1) 6.5 (d, 1) 4.3 (q,2)y 3.1 (s; 2) 2.7 (5, 3) 1.3, 3)
Th 6.9 (s, 1) 6.8(d, 1) 6.5 (d, 1) 3.1 (s, 2) 2.9(s, 3) 2.8 (s, 3)
8a 6.3 (s, 1) 4.9(, 1) 3.6 (q, 2) 2.9(s, 2) 1.9 (m,4) 1.2 (t, 3)
8 6.3(s, 1) 49(t 1) 3.5 2) 2.9(s, 2) 1.9 (m,4) 1.5 (m,4) 0.9 (t, 3)
9 9,7 (d, 1) 9.5 (t, 1) 2.9 (m,1) 2.8 (m,2) 2.6 (d, 2) 2.2 (m,2)
10a 9.7 (s, 1) 5.8 (m,1) 55 (m,1) 3.1 (s, 2) 1.8 (m,6)
10b 9.7 (s, 1) 5.4 (t, 1) 3.1 (s, 2) 1.8 (m,6) 1.3 (s, 3)

with a stirrer, reflux condenser, dropping funnel, and calcium chloride tube.
To the solution, 9.5¢ (0.1mol) of 2 was added, with stirring, at such a
rate that the mixture continues to boil. While stirring was continued, water
was dropped in, cautiously and with strong cooling, to decompose the excess
of hydride. Then the mixture was poured into 100 ml of ice-water, treated
with 102 sulfuric acid and extracted with ether. The ethereal extract was
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Table 3. Analytical and Mass Spectral Data

Calcd (%) Found (24) Mass

Compd Formula MW

& H N C H N M*

3 CsH;0,N 111 54. 05 4,54 12. 61 53.79 4.76 12. 88 111
4 C:H,ON a7 61. 84 7.27 14.42 61.45 7.53 14. 66 97
5 C:H,ON 99 60. 61 9.09 14.14 60. 42 10. 22 14.31 99
6 CisHisO4N, 290 62.07 6.21 9. 66 61.83 6.33 9. 90 290
Ta CyH 305N 207 63.77 6. 28 6. 76 63. 58 6.34 6. 89 207
b CyiHpON 177 67. 80 6. 21 7.91 67. 66 6.38 8.04 177
8a CgHy30:N 167 64. 65 7.84 8.38 64.33 7.86 8.70 167
8h CpHiz0N 195 6G7. 66 8.78 TalT 67.28 8.01 7.45 195
9 C;HsO,N 139 G0, 42 6. 52 10. 07 59,95 6. 54 10. 08 139
10a CgHy1ON 149 72.48 7.38 9.40 72.20 7.50 9. 67 149
10h CioH 50N 163 73.62 7.98 8.59 73. 46 8.11 8.73 163

dried and evaporated, and the compound 5 obtained as residue was distilled
through a column. The yield was 6.9g, 70%.

3, 9-Bis-(1-cyanomethylvinyl)-2, 4, 8 10-tetraoxaspiro-(5, 5)-undecane (6).
A mixture of 13.6g (0.1 mol) of pentaerythrytol and 50ml of water con-
taining 1 g of concentrated sulfuric acid was heated to about 70°C. To the
solution thus obtained, 9.5g of 2 was added over a two hour period at the
same temperature. After another two hours' stirring, the reaction mixture
was cooled with ice. The crude product precipitated was collected and
recrystallized from ethanol to give 12g of 6, vield 82%.

Ethyl 2-Cyanomethylallylideneacetoacetate (7a). A mixture of 0.2 mol of
ethyl acetoacetate, 0.5g of piperidine acetate and 200 ml of benzene was
gently refluxed, and 9.5 g (0.1 mol) of 2 was added slowly, the water formed
in the reaction was continuously removed off by azeotropic distillation with
benzene. The reaction mixture was cooled and washed with water. Distil-
lation of the benzene solution gave 12 g of Ta, yield 58%.

2-Cyanomethylallylideneacetylacetone (7b). Into a solution of 0.2mol of
acetylacetone, 0.5g of piperidine acetate and 200 ml of benzene, 9.5g (0.1
mol) of 2 was added with good agitation at room temperature. The mixture
was then refluxed for two hours, the water formed being removed. Frac-
tional distillation of this benzene solution gave 13 g of 7b, vield 73%.

2-Ethoxy-5-cyanomethyl-3, 4-dihydro-1, 2-pyran (8a). A mixture of 9.5
g of 2,86g (0.12mol) of ethyl vinyl ether, and 0.1 g of hydroquinone was
heated at 190°C for 3hr in an autoclave. The mixture was then cooled and
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distilled to give 12.6 g of 8a, vield 75%.
2-Butoxy-5-cyanomethyl-3, 4-dihydro-1, 2-pyran (8b). This pyran was
prepared in the same manner as 8a. From 9.5g of 2 and 12.0g (0.12 mol)
of butyl vinyl ether, 12.3 g of 8b was obtained, yield 63%.
a—Cyanomethylglutaraldehyde (9). A mixture of 8.4g (0.05mol) of 8a and
20g of 2% hydrochloric acid was stirred for 1hr, during which time the
temperature rose to 40° and the mixture became clear. This clear solution
was then refluxed for 8 hr and cooled. The reaction mixture was neutralized
with sodium bicarbonate, saturated with sodium chloride and extracted with
ether. By distillation of the extract, 4.1 g of 9 was obtained, yield 59%.
Similarly, the dialdehyde 9 was obtained from 8b, yield 48%.
1-Cyanomethyl-1-formyl-3-cyclohexene (10a). A solution of 81g (0.15
mol) of butadiene in 50 ml of benzene was added to 9.5g of 2. The mixture
was then heated in an autoclave at about 100°C for 3 hr and cooled. By
distillation of this contents, 11.3 g of 10a was obtained, vield 76%.
1-Cyanomethyl-1-formyl-4-methyl-3-cyclohexene (10b). As in the prece-
ding experiment, 12.0g of 10b was obtained from 9.5g of 2 and 10.2¢g (0.15
mol) of isoprene, yield 74%.

The authors wish to thank Professor Dr. Shinichi Motoki, Science University of

Tokyo, for his helpful advice and encouragement.
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