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181.5-182.5
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159.5-161.5
188,5-189.5

C
69.55
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69.55
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68.45
68.2
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68,35
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67.35
67.1
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Cy13feM2

Requiréd (%)

c H
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67.3 6.95

N
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1l.4
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-74.05

70.15
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61.05

66.4
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73.5
58.7
69.75
62.2

(131-140/0.08 mmHg)
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6.25
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7.05
8.0

9.45

11.85
12.¢9
7.5
10.25
10.0

9.5

9.9

13.6 °

9.05

8.9
10.25
10.0
12.9

C12H149,8
C23f36N25

STLPOLPS

C15H19C1NZS
chHZZNZOS
C15H19%3028
SPLPPLIY

Cy3fgN,S,
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CyyHp0N,8

66 .05

" 74.15

70.05

6L.15
66,25
59.05
73.6

58,7
70.05

62.25

6.45
9.75%
8.1

6.5
7.65
6.3
7.15

6.8

8.1

9.5

12,85
7.5
10.2

9.5

9.65
13.8
9305.

10.55
10.2
‘13,2
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I.r. spectra of substituted imidazoles

1

Figure
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"‘Illlll'.l, [ ———

-
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. Figure 2

¥
Imvwla?aﬁ A3 T BaREE 3 TR ARE BT R

BRBEVIRDLE I IV L2202 FRTKEER L
Tw3 2 eaErs4LT v 3. IR AN P LT oK
F.35 415 3200~ 2200 c,,.d pmgu\ B G na,

/
ﬁ N==H==~— N—-H-—* N N——H—-— N -

-12~



T BRI DUV R A 2R LT 203 & 235 man 13X fenzene-
v Wm[ Amax 207 (dog € 4.11) ¢ 26pm (4.00) ) &Y 3§~
R BRE T 122> 246 man R 1= ohowlolor i
PTVI (Toble L) =15 0:88 54 Wil
R G 20 phenglthis- % v fazar g & A T&oEKE
HoRkbRokd 2, Imidegele "3 210 mm 1=
Log € 3.7 DRBRBAREH > T B, 3 1. ac-
W‘Z‘W%@MMM” 3 2omm 1<
Le3 € 35 0 BRERT. Fwbt, 7P
o Ex =L o 7 imid ogele 2419 0 -1 B
W&y 40 MBI NFE L T v 3. L Toase T .
AW TAFEEREA~L T = > 2 RIRBDEEAL T ek
2l UV R A7k Lo E&k rhrd 3., .
¢ LIS TaBle W ITH L < NMR R A 7 R
bV CoWmB YRBT, (40) @ A~ Y kLT o
T TS (Idphel, ZH),  §; 943 (mubliplit, 2HY, o
920 (tuplet, 3H), o; 7.03 (2 e, 1H), e;
776 (clowblel, 6H), 2.7 -3.2 Carmmate, SH) o
STTNEEZI. T 703 12 BT 2 Apinsoe-
coupling. NFER A T TP 06 ) Loy Conpling
LTW3 2 eawhas 1z, 31, AT iAo
WU D20 RERTIHRT 3 NH 70 by B g e,
(4d)T BIRALKK b U < 1T BEEER BT A k%%
VIRT 3 AR 2 o) R LR Y (1) 0% ¥/ 4
T2 IRZRANZ P LIITEY T ~-50-, -50.- - B 4
BARE ZNFIL 1021 cald KL w 182, 130] ep? 12
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CRUTe 4m) & Ramey mickel T HLEE U (4m) 13
a2)

3. o MBURY BXeo $30433 > A1k v

Table II
U.v. spectra of 2,4,5-trisubstituted imidazoles {4)
in ethanol. '

A ' SN A

max, _ max. } max.
nm log ¢ nm ilog € nm log ¢

a) 203 4.40 238 4.16 246 4.13%
b) 203 4,37 238 4.13 249  4.11%
e) 203 4.41 238 4.17 248  4.13%
a) 206  4.30 28 4,15 247  4.13%
e) 206  4.32 233  4.16 249 4,12%
£) 206  4.32 238  4.18 248  4,15%
h) . 206 4.31 238  4.16 247  4.13*
i) 206 4.32 238 4.11 246  4.09%
m) 207  4.32 239 4.12 249  4,08*
o) 205 4,41 241 4.20 251  4.14%*
D) 207 4.48 238 4.15 248  4.11%
q) 209 4.26 ° 254 4.25
x)’ 203 4.36 243 4,21 255  4.03*
s) 218 4.31 330 4.15
t) 221  4.76 237  4.37* 301 3,93
u) 217 4.68 249 4.72 284 4.08
v) 222 4.13 262 3.80
w) 215 4.21 253 3,68

x) 218 4.01 240  3.76*

* Shoulder.
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Table III Chemical shifts {1 values) and coupling constants (Hz)
for the imidazoles (4) in ﬁm&lg

¢ b a
T SWKwX
| e
‘bC Y

¥=pheuyl ring, wﬁﬁ%w in (4w} and (4x)

g GOl Y=gubstituent
e £ .
e ¢

a b o a e £ £ . ¥ NE Jab Yhe Jge Jeg
(4a)  7.45 8.43 9.20 7.03 s8.76 2.8-3.2 =1.11 7.5 6.9 7.1
{4b)  6.83 8.g82 7.40 - 8,37 9,14 2.8-3.1 C =002 7.0 7.4 6.9
(4c) 7.41 8440 9.18 7.40 9.39 9.14 2.8-3.1 ~0.86 7.2 6.8 7.4 6.9
(48) 6.82 8,78 6.97 8,72 T 2.8-3.1 ¢.3%9 7.0 7.0
(4e) 7.44 8.44 9.13 7.41 8.8 2.8-3,1 0.60 7.5 6.9 7.8
(4£) 6,86 g.83 7.39  8.83 2,8-3.2 ~1.12 6.9 7.6
(49) 7.35 8.86 6.98 8.v3 2.8-3.1 8.8 7.5 R
(4i)  6.83 g.84 7.75 2.8-3,1 - 0.3¢ 7.0
(4m)  7.39 s.89 7.71 2.8-3,0 6.98 7.5
(40)  7.42 8.43 9,17 7.01 .73 3.07 7,73 0.74 7.5 6.8 7.0
(4p)  7.46 8.44 9.19 7.03 8.75 2.9-3.5  7.68 1.40 7.3 6.8 7.0
(40 7.43 8.44 5.28 6.95 .74 2.83,3.09 ~0.34 7.5 6.9 7.1
(4x)  7.40 8.44 9.16 7.00 @74 2.87,3.25 6.28  0.51 7.5 7.0 7.2
{4s) *» 1.87,.2.94" 3.9
(4t)  7.47 8.52 9.24 7.06 8.8l 1.6-3,2 “0.12 7.5 7.0 6.9
(4w} .7.38 8.41 9.14 6.96 s.72 T 2.2-3.9 2.0 7.4 6.8 7.0
(4v) 9.3 9.11 7.10 8.74 B,Tw3, 2 0:.63 7.4 7.0 7.1
(4w) 7,62 9.15 7.01 8.75 6.18 7.6 6.9 7.2
(4x) 4 7.41 8.40 9.06 6.99 8.g9 7,35 2.1 7.2 6.8 6.9

* Only slightly soluble in CDCl,. oot In CClye
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i .
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(4) - (9)
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e; R =P, B = Et 1; R =mMe, R =pr’
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1 _ 2 _ i . 1 _ i 2 _
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Scheme 11
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~Table 1V

2,4(5)-Dialkylimidazoles (9)

Found Required

B.p. (mmHg) Yiela(s) ¢ H N Formula C H N
9a) (83.0-84,5)% 81 70.9  10.85 18,35 CgHj N, S 71.6 10.6 18.4
9¢) 148~152(0.03~0.04) 49 54,6  7.35  11.7 CllH18N204}) 54.55 7.5  11.55
9d)  (142-144) * 79 70.95 0.5  18.4  Cou N, 71.0  10.6.  18.4
9e) 152~155(3> 83 52.35 7.3 12.2 CigH1gN50,%) 52,6 7.05  12.25
9g) (66-67) * ‘ 60 53.1 7.0 12.2 ' 3)
9h) (117.5~119.0) * 74 (69.3 10.15 20.2 cgH N, 69.5 - 10.2  20.25
91) (111.5-112.5) * 77 67.85  9.75 22.35  C.H N, N §3,7;, 9.75  22.55
93)  153-160(4) 64 © 50.35 6.45 13.0 ,_C§H14N204u§. 50.45 6.6 13.1
9k) 141145 (4) 66 50.75 6.6 13,0 5) '
91) (124-126) % 75 - 67.65 9.7 223 N, 67.7 9.75  22.55
9m) 128~131(1) - 56 48.0  6.05  13.95 CsﬂlzNzOés) 48.0 6.05  14.0
9n)  150~155(0.03-0.04) 89 1 77.3 12.15 10.35 Cl7H3ZN2 77.2 12.2  10.6

1) Oxalate, m,p. 104-106°. 2) Oxalate, m.p. 110-111°. ) Oxalate, m.p, 122,0-123.5°,
*) Oxalate, m.p. 90-91°. 5) Oxalate, m.p. 158.5-159.0°. &) Oxalate, m.p. 140-141°,

* melting point



(1) ¥ Scheme 11 k& o Table IV 12 FF o |
D R EZ S Y BHIEUAEY X3 oY) REUE R
I Wb B EEEEEA G L RS B RSB 0 18 35
FHR Y HA L. (A  TRR A7 F L (KBr) 1 3200-
2300 eom’ 1T KEEEA M NH 058 v vh i v 3R & 3%
31F 2> 1600 - 590 o) LI WEEA T L 2 PR 0 2 K
AU ( —F 51T 0 sheulden b 3R b &3 )
FRd. UVANIEFERLEBETY ) -ILF 213-216 mm
< fsg € 3.83-3.77 AR ER L. EHE o
T L 3R bS 0 AFREES o H L AL R W,

Table V N.m.r. and u.v. spectral data for (9)
uv NMR [in CCl,; T ( J/Hz )]
Amax. log ¢ =CH 2~-Me 4(5})-Me
nm

9a) 216  3.86 3.52 br(s)

9¢c) 214  3.86 3.51 br(s)

94y 213 3.8 3.50 br(s)

9e) ~ 215  3.86 3.51 br(s)

9g) 214  3.89 3.51 br(s)

9h) 215  3.86 3.50 br(s) .

91) 214  3.83 3.55(d,1.0) * 7.69(s)

94) 215  3.88

9k) 215  3.89 3.52(q,1.2) _ 7.88(a)

91) 214 3.89 3.51 bx(s) 7.89(s)

9m) 213 3.83 3.53(t,1.0)  7.73(s)

Sn) 214  3.87 3.51 br(s)
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4-H 5-H 1—CH3
2-Methyl- 3.04 3.04 e
1,2-Dimethy1- 3.21 3.27 6.48
1, 4-Dimethyl- — 3.47 6.51
1,5-Dimethyl- 3.36 —_ 6.58
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1-Methyl-5-nitro- 1.91 e 5.95
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Table VI

3 e
1l
bas

Compositions of the mixtures resulting from
methylation of compounds (9) w1th ‘methyl
 iodide~potassium carbonate

- {9 R R (20n) (20B)
| - (%) (%)

a) . pe” prt 89 11
c) - Pr® P 94 6
a) prt pri 78 22
e) pr” ' Et 88 12
h - Et prt | 87 13
i) ‘Pxi : Me = ‘ca. 100  Trace
3} Bt Ft - 94 6
1) Me prl 72 28
m) Et Me 85 15

=33=.



Yo F >0 W@Wﬁﬁﬁ# 3 T*bﬁﬁ/ﬁ\bb»\“ﬁ
el b ps W N- ;l-é-n/%m BEER AR F 4y
Az 5 L3,

B 28 2,40)Diathyl-5arphonglthis -

imidogele o N-7 L% L4l b EIRBY &

1,2, 4 Tulabhylimidazole ~ o ik

B1ETH VLRI 55, 2,40 oldathyl - 1- methyl-
54~ phomylihisimidogele (3) 1§ 2,4 5)-olialhnl -5 (4>

,ngmwmmg@@e HEI - R -RBEAY Y
LTE P TR ) —LFERDLIE S NI, (Bd)o
NMRZ A7 FiL(Ca) EN-2 4 LEiz L 3>7TI1LE
T 664 (sl )iz-2 3., L TzsNo TN-7 LT Il4u
WEREITETL TV 2L EFB LI, ERTFT
S TILF LWRGESFE > T ER%@NMRX/\ 7
CRorEAac S W way ®.9 IR CRE S B
3,

L1317, Pgrmam gx; 4<n—mthm'Aa?&2e 14
WAL THF I 14~MW1$&  §-dimelhogl 10y SB 4D
s>t ABLTLS Ops Ma?n&p%%lma F IR
BN 7 L F L AGISRE U T T 2-melhyl-40)-mulrsvmi-
W'& mj%f‘\mmmzﬁ hiitht?&*ﬁ";\b\ t‘?’
B o & {5 Y -
By ) ¥ meuu%taﬂﬁﬁ,ﬂuz 3
SRS nw\%?N A LAR(20) E5 2, % oNMR
o e




AN P CRIIFIRABY B~ 53> £ 5L 1.
R4S hh | () IFAN-R 4L 7T Wik T 6.53¢s)
xa,wWTaF:AiwtaﬁﬂmqﬂwiiLmr&m
CONEE . X 2 1N PAY TR SR TENTTE TV
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Table VII

N.m.r. spectral data for l~methy1-2ﬁ4~dialkylimidazoles
{in CCl,: T values; J/Hz in parentheses)

(208)  ° =CH N-Me 2-Me 4~Me
a) 3.73 (t, 0.9) 6.53 (s)

) 3.70 (t, 0.7) 6.55 (s)

ay 3.74 (4, 1.0)  6.53 (s)

h) 3.73 (t, 1.0) 6.52 (s) |

1) 3.70 (4, 1.0) 6.56 (s) 7.81 (s)

i) 3.71 (&, 1.0} 6.54 (s) ‘

1) - 3.74 (g, 1.0)  6.53 (s) 7.97

m 3.74 (t, 1.0)  6.63 (s)  7.88 (s)  (@r 1.0)
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_95_

a)
c)
d)
h)
i)
3
1)

m}

B.p. (mmHg)

105-115° (9)
95-100 (3)
120-130 (15)
110~115 (19)
115-120
110-114 (10)
(30

(20)

115-123
113~115

(20) "

Yield

(%)
87
93
30
84
87
gl
24
73

l-Methyl-2,4-dialkylimidazoles {204)

c
48.1
48.7
48.65

45.935
46,1
45.7
44.3

‘Table VIIZI

Found

ot
2z

5.25 17.5

5.35 17.5
5.5 17.65
4,95 18.25
4.75 18.8
4.6 18,85
4.7 18.85

4,3 19.65

Ficrate

Formula

CygHa31N50y

C

Cy 4819850, -

o

15

H

H

11955

£¥53

T
k50,

Oq

Reguired
c -H R
. 48.6 5.3 17.7
47.25 5.0 18.35
45.73 4.65 19.05
44,2 4.3 19.85

M.p.

88-89°¢

95-95.5
155-157
130-131
112-114

99~-100
144~145
127-128
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ii) Raney Ni :
i) Me2504
{44d) ; (114) > {204A)
ii) Raney Ni
: i) MeI-K2C03
{114d) = {(20dn) + (2048B)

ii) Raney Ni

Scheme 15
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| | s 1
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+

R -CH=N-R R - CcH=N-R
|
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\ rY-cno /

R= OH, HN-Ph, NH-CONH,, , etc.

Scheme 16
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{23a)
{23b)

(23c)

(234d)
(23e)
(23f£)
(23g)
(23h)
(231)
(254)
(26a)
(26d)
(274d)

pr
Pr
Pr
Pr
Pr
Pr
Et
Et
Pr
Pr
Px
Pr

Pr

Pr
Pr
Pr
Pr
Et
Et
Pr

Pr

Pr
Pr
Pr

Pr

Table

IX

N~(1»Cyanoalky1)~N—(1'—carbonamidoalkyl)hydrbxylamine

e
(¥1)

momomom o omom o omom om

»
2

!

N
p/
2

7 NN

-CHzCl

D.p.‘(oc)

148.5-149.0
145.0-146.5
134.0-135.0
121,5~122.0
151.5-152.0
138.0-139.0
140.0-140.5
154.0~154.5
137.0-137.5
155,5-156.5
150.0-150.5
146.0-148.0
100.0~102.0

Found (%)

C H N
56.29 8.98 19.5%8
56.56 8.83 19,77
56.14 8.91 20.02
56.51 8.91 19.46
54.10 8.53 21.27
54,21 8.52 206.71
54.48 8.59% 21.05
54.21 8.65 21,16
52.16 8.44 22.69
61,91 ‘7.55 19.13
61.81 7.62 18,98
62.24 7.47 18.37
50.68 7.77 16.14

Formula

C10H19%30,

CgHy7N30,

Cglly5N30,

C15H32940;

Required
c - H

56.38 8.99

54.32 8.61

51.87 8.16

62.12 7.65

011H20N302C1 50,47 7.73

(%)

18.73

21.12

22.69

16.05
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Bd 0 1640-4% cm 13 % HLEAL-CEN B & o7 e=0EE A &
BB ERTES, CBRT I P A LI RT3
a/rrudal[ I dond & % iy 11:522 -28 Bd& o 1204 - 16
e VIR TG,

Table X

I.r. spectral data on ﬁu(l—cyanoalkyl)-

N-(1'~carbonami doalkyl) hydroxylamine {vii;’ cm“%)

OH ana N&  C=:N  ce0 Amide II  Amide IiI
(23a) 3360 3200 2230 1652 1522 1216
(23b) 3355 3190 2230 1651 1526 azzé; )
(23¢) 3345 3210 2240 1656 1528 . 1210
(23d) . 3350 3220 2240 1659 1526 1216
{23g) 3350 3200 @ 2240 1647 1522 1204 - ©
(23h) 3355 3190 2230 1668 1523 . 1214 %
(23i) . 3340 3205 2240 1641 1529 1230 -
(25Q) 3350 3190 2230 1645 1528 1303
(26a) 3265 3190 2230 - 1635 1532 1297
(264) 3295 3175 ° 2230 1630 1532 1303
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(23a)
(23Db)

(23c)

(234)
(239)
(23h)
(254d)
(26a)
(26d)
(274d)

Table

XI

Chemical shifts (1) and coupling

constants (Hz) for the hydroxyl-
amines in DMSO

d-6

~1.69
~1.65
~1.65
~1l.61

~1.68

~1.67

~1.13
~1.21
~1,21

~1.52

1.88
1.93
1.95

lt 88'

l.96
1.86

akR

6.8

8.4

8.3

8.5

N-OH

NH-CO=-R

bd
9.5

9.5
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(29)

{30}

(31}

C(32)

(33)

(34)

(35)

(36)

Table XII

Dipolarophile

ethyl crotonate

methyl crotonate

crotonitrile

diéthyl fumalate

diethyl malate

dimethyl malate

methyl methacrylate

methacryronitrile

Isoxazolidines

Yield Reaction 'b.p./mmHg

63

86

62

50

%

75

54

80

time

{m.p.} (°C)

12P78. 135.116/1

40

16

24

54

40

138-143/3
124-128/1
165“175/5"6
(78)
148-152/1

{76~76.5)

157~158/16~17

©113-118/1

Analysis (%)

C
63.38
63.80

62.77

62.66

66.06
66.35

60.71
59.98

59.98
59.98

57.93
57.67

62.92
52.66

66.49

66.35

Found
Calcd.

H
9.31
"9.28

9.03
9.02

8.96

. 8.00

8.36
8.29

8.21
8.29

8.03
7.74

'g.88
9.02

9.22
.00

N
10.11
:9.92

10.16
10.44

17.79
17.86

8.38
8.23

8.41
8.23

9.09
8.97

10.39
10.44

17.79
17.86

Formula

C15%26N2°3
Cy4H2482%3.

Cy3H21N3°

Cy7H2gN205

Cy17828%2%

Cy5H5 4505

C14824M203

Cy3H,3 N30
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{373

(38)

{39)

(40}

{41)

(42)

(43)

(44)
(45)

(46)

styrene

p-chlorostyrene

‘methyl acrylabe

éthyl acrylate
a¢rylcnitrile
acyylamide

allyl chloride
allylbenzene
n-butyl vinylether

n~hexene

80

93
97
91
92

93

97

64

1

200

20 .

20

lg

54

25

65

141~148/1

165-168/1 -

145-148/3

- 162/11

152~158/4
(7o~72)‘

122-128/1
158-164/1
115-121/1

120-124/1

74.71
74.96

66.77
66.54

61.54

61.39

62.79
62.66

64.92

65.12

60.63
60.22

59.06
58.88

75.75
75.48

67.36
67.12

71.53
71.38

8.87
8. 88

. 731

7056

B8.64
8,72

8.90
9.02

8.61

8.65

8. 84
8.85

8.62
8.65

2.08

T 9.15

10.47
10.52

11.28

il.18

10.14
10.29

. 9.13

9.13

10.64
11.02

10.50
10.44

l8.81
18.99

17.59
17.56

11.32
11.45

9.99
8.78

10.30
10.44

il.30
1L.10

CHp4Ng0

€y 4H,4N,0CL
C13H558,05

C14524¥,0;

C12H; 930

Cy2851M30,
CyHy N 0CL
CygHagN,0

Cy5HagN20,

Cy5HagN,0
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8.5 (Found: €, 51.65; H, 735; N, 9.2. CiotzNa0eS
negumings C, 5135 H, 735 N, .25 %)
3~ Bulylthis - 2- Leopropyl - 4(5)- propylimidagele (44).
oxolate , 'm\.p. 178.5-180.07 ( Fewnd : C, 545; H, 7.9
No .45, CiHacNa0+S appuires C, 54555 H, 7.95;
N, 2.5 %). |

2- Yo pispl- 50 phumylthio- 4(5)- WMJW
H%MGMAM (Ta)

(‘*‘K)ET\ #J”)loﬁ HU’. L X o3k, 2 A 1TAE By
PEBEEL 1T o LIRE ¢ Jﬁ@ﬁé@-@ LAY T % ) — -
T-F L FEE L. mop. 130.5-132.0° (80%) ( Found:
C, 60.45; H, 745; N, 9.65. CiHa®N2S W
C, 60.155 H, 745, N, 945 %). @lFkiz L T 4d)
75 CTh) AT4F S AL T, P 152-154° (Fownd: C,
60.65, H, 7455 N, 935. CsHa@MNS ieguiwe ¢,
60.75; H, 745 N 145 %).



2,4(5)-J0U- Loopropyl - 1- W'S@) phenylthio-
Amidagyole (30.)

(4d) Sg. A7 I Tomb. 3 -F RS0 By o
BRI RBET Y Y A 39 Tawd KX THMBE RO
ET 29 -ILEY® A w&ﬁ%l FLT 4@,
IT-FTRLEZZLAEAE m-AFTY Y12 THELE Y W
‘;—"n-,fm?;A?m?'b/u\%&bt&i%ifﬁv, AT ¥
BEBHLINIORBTEOELEI . mp 67-69°
BBI -5 & g BE S, (Found: C, 70.2; H, 7.95;
N, 10.2. CeHnNaS reguines C, 7015 1, 815 N,
0.2 %). IR ViISG. em': 2865 (Naﬁ&gfzwm;)
NMR T ! 6.64 (3H, S, N-Cis). T 92 -k, T~-TFIIL
ALE L BFBRT A B RmI - F L tEE KA

Pt

5 (4)-(p- Qmimophonygllhio)-2,4(5)- WWWAM;;&QQ
Huydnochlsride

(4s) 1g Bxo ) — womliTH@EL., HKZI
29 IR R X 23 B & 3% % HR 20ak ¢ (3 —RAE
’ﬁ‘-, 10% NaOH goml %oz %473 pAREFHN.
FReRE T REBRUA LT - 5 e h, Calz¢ MK
OB HR A E BN, 445 aRE CIEBELN S
N3. x99 - -1 -5ndyditdh. mp.

5
2187, (Found: C, 577; ™, 7.1; N. 13.3 . GsHa@N3 S
_.69..

\'Y

S
Rl



Whu C. 585 M, 71 N, 13.5 %2 ).

2,405)- J0i-Lasprsreyl - 5>~ phonylaukphinglimidagele (104)

(4d) 23 EFEEL 0ml 1IBAFL 304 Ha0y 20md % H
FL—AMEBRTHE. RETHBHUEZ cERTL
97 =L Sl LBRRELUKEDZIEEREMES ¢ 3,
YE My BESR(53%). fm.P.‘\i'Bﬂi?S" (Found : ¢,
65.55; H. T35 N, 9.95. CstuNa0S aegaires C, 6525

H, 735 N, 015 %) . TR DK% omh 1021 ¢s0-)

2, 4(5)- 100~ iaseropul-5(4)- phonulonlphonylimidasale (114)

(44) 5y ¥ BEEFCERR(BrELY 920 BAFARE 2 C)
909 LIBEE L ST 0B RAT 3. TN NaoH 10md
FWWLTeo SME CIRERBVE L. 455 n3dEhE 7 L
Pt EAR L FERE ARk, BRI CEMR RT3
3T KEILIREPT 3 L EESBHM KR (63 %)  m poas2-
153" (Foumd: C, 61.255 H, 6.85; N, 4.5, CsHuN202S
roquines C, 61T H, 695 N, 9.6 %). IRVmax o'
1301, 1142 (-50:-) o

A(5)- Ethyl-2- muthylimidagele (9 m)

 R). 4‘Eﬁqﬂx}w€du}a&*2-w 29 ¥ =5 1 — LW
Ramey mickel T RLBLL € 4--ethylomidagele £F 3 (1.54),

~-70-



b.p 130-140°/3 mamtg (bath ). L E X &KEaE o ¥ 3%
L ‘I:;of?’? ¢ (%»)t:%(m Oxalake: 2 4 ) — L - p3dE
- FIiLy gﬁ\\”a L thg’s% m.p. 139- 1407,

| 48.' (4m) 089 ¥ Soml oL 5 J — WATBAEL Ramy
micked 259 ¢ 9 a5 E R ikl EFHILIRE T T
5 )~ tBE, i&i(+aom)tﬁo& L% bp.123-
134/ 1 s Hg (bath ), Oxalade: 2 %1 —n - pax -
FIEY BIEH. mp 140-141° ( Founrd: C, 43.0;
H, 6.05; N, 13.95. Cale. o CzHizN204: C, 48.0;
H, 6.05; N, 40%);, pinale: K & 9§ BEE S, mp.
43-94° (Found: C, 42.3; H. 3.8, N, 20.7. Calc.fon
CeHaNsOy @ €, 4257 H, 3.85; N, 20.65%).

N-Propylidene-o- cyamepropylamine (12, R'=R?= Et)

2 Ominobuliponilnile™ 12 Bl o proplmaldeRyole & 12
LERTCIONE. XEBEARLRos. BE L
FOREE T . bp 84-85/ pmm Hy . KEFE B, o YRR
RRELEOERTABERLURE (243
IR VBT et 1628 CesN-) | 2270 (e=N).

B2FoRE

2,4 -MUalbylimidasole (1) o —BAINE

245 Wialkyl- 54)- phomylthioimidasele (4) b &) o
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Rameg mickel (W-2) & T 5 7 ~ ¥ 53§k,
Ramtyf mickel EZFRIL T 5 7 — 8 23R > ) 7
LA T AR ESASNT T ik T HE.
z.4m—-anw,we 1 CHU3-MeOH (533 % )12 T SHRE
It s RELG, mRBAEHoBRAWITI-F
- BEwr - F e s BEEH. 1FS hr:)}:ﬁd@}»@e
W& Talle 1V (ST L T=e -

B3Zoxm®

2,45 MualBylimidassle ()3 — F 3 4 9L - RERA
B a1z d 3 N-A9 i

(1) Tmael. 3= A4l 3mmel, R EBE7 Y H 4 L3
mmsl F 3l 97 — gL 3n 3810 3-58 RIS
I BBEF R, ABcKEWL CHG Tk,
Na2SO4 CEAXEHIBIR 2 43 ¢ £ L.c. TR 1H 0 ¥ L
W= > o N- A4 LAR (204), (208) 03Bt 10 2548 5 1 3.
R0 H R Table VI ISR L 1=,

2.4 G- haspropylomioasele (94) o N- A 5 IL4L

)., I—PFPAFN-A2FkTEFYHD AL IN-XSF L
W—— BT F YD a Bmg EATLT ) — L 2md
13 (qd) Blmg 27EBF LT=o SRESVE L 2K T3 7
P ABEIX S ILALA PN 2L, 3 - XL

~72- "



02l bR 2B T I, RE- 7 SARMELE U

FERE CHalla Sl 133BBF L 10% NooH T ik >, RAE
EFEG 3 2,4 i~ Aasprs pyl - imu‘b;,unuo(@de(zod/&)

AVAR S 3 (30m3). b.p. J20~130° (bm&w/&smmﬁg, '

) P2 LBLET K 3 N-2 3 L4k (Ad) 100 mg
EN R0 mL LIIBAR L 2 4 L BRER 01 k. ¥ ez,
C3WRIER. RARMNE 104 NooH . KOWEIS 7 1 %
W3 @A R > T BRRAEE 2 L (2044) :omzﬁ 3,
b.p. 120~ 130 (bodt&)/xs‘mt‘lg o

2; ‘GMP’W";“@)‘F%PWW (9a.) & N~ 7" 4 11t

(Ua) 190 mg &2 F 7 ~ )L 4ml 123885 - futag -
sediole 079 BB Y 9 4 1y £z ¢ BR300
BIRIT € 3, SBERL @ 2 a4yl ioolide %
RREEE USRS K ¥ ey CHOs T bk L Nayasoq T'8%
R, BHECEILRBIRELY L UHE 0 (21ah)
E4F 3. bp us-ng’ (bath)/3 mmty o -

1~W—z.4w)—ajw@wuwm (20A) o —HeA i
23

———

2,4(5)- ﬂuwW 54)- MMM@@&Z ) 5 ok

¥ lo/mJ?; DXF T SO EIBEREL . 3~ R 3L 15 mumed

Ry v Y A Tomel %102 55 %A. B1EZ3

VALBIT K En 2 T CHAs 1 .o Nazsoq TRIXE%SE
-73-




HEET 3 L GANBEILE, T hRETI —F
BE 2 Ramey micked b E 13 RT3 L (204) 2485
3. Romey micked EFRILT 5 — L% %5 ASRE
Xz, 495 U1 (20A) & Talle VI 1I5R U tco

SR A OLELERIT L 3 (4d)o N R 4L AL

(4d) 200 mg 5 AL 2" Y 200k (T 3BAE L 2 X 4 L ERER
0.2ml 102 (Ad)N-2 3 LAl (B3%) + @ ¥ 3% ¢
RLER. Y 3 (7)E Ramey mickel ERVER L (204 A)
30mg ¥ 453, o

2,4 (5)-1A-hanmrepuyl - 5 (49~ phonyladehoglimidazale

(1Td) o N- X 4~ )AL

0). TR LARERIT & 3 N-R 4 1LAG (1) 200
mug,*if\“‘/é“yéom)i WIEBAEL U X J ILEEBR 0.2 Wl B30
LI AN- 25 AL (4 3B) L B FRO T A CRLIEL 129
5 Ramvg mickel TR U (204 A) 25 mg 5453 . :

B 3 M4SN -RERN Y D AL AN-A 4L
 (11d) $32ma E X % ) — 10 m 13 HEE L3I — M
Frov g RBRu Y 9 o4 054 ka7 3SR
BHREG RIREE B - 5 Ly B3h L 23% 0 % 84
YT ABLEWERRRD MA)ESFR.  SBEWS % LTk
EIN-X 4 L4d GlUmg) EBBT -~ F ng §) Bl
(Fowmd: ¢, 62.7; H, 7.15; N, 9.05. Cale. for
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CsH2Na0:S° . €, 62755 H, m25; N, 945 %), 2o
N-J 3L 4 3&9 m % B0 me,mow Y
/ - )w?:i,m, TR, Mickel &3P B FRE SRE

ARRELZY L 4337 o bt (204A), (204B) o 324 o5
%503,

2- &W 405)- wﬂg 5¢)- phonulthisimidozole (4a.)

O N-"7"5 )45

(40) 1g £ A9 7 =L 20 ml 123885 L - $utih
rodide 390 REXN Y 7 A 13 Kiez T 8 BRpAERAR
BET A )~ ES BRI D m-futyl isdide ¥ &
%, ,é%-;ﬁz;r,a"a: FILLEERLABORELY U
LDESFRe ,Eﬁ‘é’iﬂ' 3ENT7ILFIAEIIE L3
(118 mg)e  bop. 180 - 196 "(bath)/3 mmtg . T LEE
A &Y Romey mickel THBLERL L 1- mfubyl- 2- Sao-
pmepyl-4- pAWmmoto.gale (210A) % I mg %3 .

b.p. 15-ng (bat&)/:')‘/mmtﬁgo NMR T (CWs): 3,70
(IH, 2, 709 Ha , H-5). 6. 27 (2H, &, T= 7.5 Hz,
N- CHa- Py e | |



%45:'@%3&

N-(ru,wu&,z) N-(1- MMMAMM)MODWW&

(3o ~ L )

®). N- (1-WWM)MWW N-oxide (3) 2 ¥
B9 Jeumamide (0wl L~)§~ﬁ§b§/m? 1- 2 #M, 3
BAPTE T I F RT3, EHEIFRBARE
139)L 3mlax - F LT3 @aﬁn o 5 BEBT 4L -
Y (5 ] %) biﬁ‘*’éa"a( mf% ‘S,m?" o e 3%
wET 3) ~ -
£ ) 13, foumamude 223 £ EX T 5/ —iL oad
CERF L. 12mg 08 BT LY T A L ERTIER
RIC3. SRETZ %) ~u,z<~sz LFRAEE 29 2
TN 3 4287 FELATT 5. ALE V-BRELT
AR AN - ) 53&’&392 BEBET » - L 5/
—I (5 LR P sﬁ\‘é-"s’é‘up&'g 100 mg o (23) ¥ 553 .

N-(1- C%MMW)’N (1- mmme)
fdrsmlomine (264)

(3d) 23. mestinenude 1.5¢9 ¥ =5 ) -, T
. BEBRT L, AL T L R oKW BeGL. 28
BIER4% 500 1 B8, SRECHEET SR L. &
Adtwrritzmloaxz- T KU 38§20 ERER

THuwr SRERT I, Pomg BB, KEBeS
-76~ -




S5omg 0 X R AT ¥ F & B,
(25d). (262) ¢ EIPRiz L TA% 5 L3,

N-C1- Cyamoiasutyl)N- (V- chloroncetamioissboctil )
MW&W (27d)

(3d) soomg, chlorsacetomide 350 mg & BX T 57 —
W 30ml LBERL lomg o & T L ) VA E oz EE
TCHMERT T3, KRETHBBESE L. AR
298 FRLTNIA2DIFERHI. AL -
BEERL 4 L (421 %) & "J BETIEESHEACY Y B
M -Foor sEHEL. 6l g i&. "

R o 15T

() 1g . fovmamide 2 ml ¥ 60mlaL Hy J - L1t
BEEL 1205 5580, TRy o BRCART Y
740 NeOH ( toA Y ¥y | BEBRE &5 1X 10 el 0%
Y OBRIWTe ke w2 U v, Rio T
>y AR C (=5 Wi TRARTEHL 12,
BT MY A B IERT ] BERAR 2 5 RE=0.7T
[SAT U2 A (2300 5ARK 2 HL3 AT ITL . NaOH. £y 3
RN s RYR EY SRR, EBRE 0 2 1< iBIR T i

22FFRIR. F 0. MRYEE XA LW o TR S 24
BRI LAR LT AT IR SR R 3 AT

.



H }muflww (23) o BABRN

(23@)2%7&1 7.1 — ¥ 70 |- 20F ok . 2 Y
e LA, T -F TR T B& 3 3 b Rf=017
FX o060 1= 2BAFEE AR b NIRRT 113,
MF @ (2318 3 0 &Y . 4AF W wlme (30 kR
ENAC—HT 3. T aBRE 24 dinitroplenyl-
fiydraolime €172 3 £ B 5 ISIRBAHT K, Tt T
91 =i~ Ko b BEER. mp 92283 . Jesbedy
Mqoﬁe AL 4812 240&/»@7&&%%@%;”& L3k
Bt ol -y L AR, o ’

W (2 (23003330 3 3 - fulyraldehyole 0 2,4 - dld -
MM@M&WE—&LB', T 7 — - K4

“)ﬁﬂuga m.p. 122°
F5HEORR

NMR 5~ 9 @@ sE AL % v IRY s BB L L T
IR L RO MBI EAT U > TS LT,

2-(F yomedesbutyl)- 3- popyl-4-phonyl - 1, 2,4~ oxa-
diazelidene -5y (23)

Nitrens (3d) 23 . pRomylisocyarate 2.5 EEXA VT
voaoml b R EPAERCRECIEVEB 2 H 3 L &EaHT
R YRBoaEWMT - F L TE > 59 1 —n<&
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B AEERL35(17%) 220 B3, mep124-126°
(Found: C, 66.69; H, 7.34; N, 1430 CiHa N3O0z
rrguinee C, 66.87; H, 7.37; N, 4.62%),

Olefin bt o 1, 3- dipslan o«}d&&dal,cuan———— —
raexazadioling mé\ﬁ&ii x: SN

FERKAN Y L~(3¢)to£w2tlbbb?¥:l§2@
PNETie 2 BAT 3 (RABFM I 54-55 B TableXi %85),
RE CRE S L BRI olefin E FE LA ) A
TILT 3 A7 2R EMEATL ). AL T LS TRET
3R EBE CSKEIAGAE B g,

Winiho BB AR U T EHH 013 412 IR AN 7 bW
FhC TBREI NI 204wl b ) LBERHL
1370- 1400 et iz 5 AL 3 CHz), cH- o 3K FV LR 1= 7
rdnera TP & olefin n 4F1EAR 2 5 dupalerophile
TP ESEIZL NMRZA 7 F LIS BT 3 raoxaselidine
mgmi‘/ﬂ*z =2 /mﬁ'b;\ub:b 5 pueatation & SRR L
1=,

@D 286K —— a), (3ot)tawmmwte 29 0 % k&
Y 1o~ 1500 T 0FER B RAE Y 2 L B &4,

£). G ¢ ethyl cstonale 244" & L *J-’e‘%%&f\“ e

lﬁmﬁ( %ﬁﬂ/ 2B M ZERBTCRAN T o s 50 1A T
CAZEYEIREFTR, ACEW 3o~ immHy T T
e EY., o, HEZETAES e maéwm@
IR NAR Ze 7 b b3 — 30, TROBEA S 920 00m)
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NMRZ~N 7 b L & ’FAWJ! 9 (k’lﬁ) ITF L T,

@0) ; IR VEEA ot 1132 (3=0). NMR'T: 6.6
(1H, &, H3). 733 (IH, d-&y Ha). 5.6% (1M, ob-g He)
631 (3H, s, oCM3) TS (30, iy CH3) . Tse = 43, Tars
24, Jyap=6.1, Tz-of =73 Hz .

B2); IRVRS om': 1135 G=0) . NMR T : 5.7%,
5B (2HX2, ¢, 0(2Me). T= 7.4 He, |

33); BT - Ty ﬁ-\‘uag NMR ©: 5. 8¢ ;
5.89 (QHix2, § ., ot Me ). = T.iHz o

GV AWz - F Lo BA&H. NMRT: 5320H
o Hs ). Jas=10Hz . 6.28, 6.32(3Hx2,s., 0CH3) .

G IR IR LT 744 (Gcmo) . NMRT: 254 (3H,
S, 5y ). 6.24 (3H, s, 00H: ), |

(36) o & K G 19, me Tuile 0.8 4, EX

SE L 20ml 0 FRE TR DT 7AW Bt 4eF g
,.%Eu &f‘%ﬁ%ﬁ‘%’i Ly @il 347=23h &
LAY A~ & L& %%:m)" 3 EF A & ﬁ?%%’iﬁom%
W.. NNMRT: S“Cﬂs('r?‘so:g‘ﬁ—- 134 ) sanglel o

BN IR VY4 0 gos, 153, 0 (PR). NMR T
2.71 (S8, S, Ph)

Gn o £ B R). GA) Vg, p-chlersalyune 0.93 B
KA L 2L 10 g 3% 7{*& 200 8% M BILAE— Bz L T:
A AMER . TR VMBSO oo 43, 28 (-PRD.
NMRT:  ~CH(WN; 6.36 (A T=72He): 6.45(h T=51 He)=
|98 I

$). G 1y | pcklowddyrone 099 @ B KA LB L 10mL
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»iBRE S BMER TR TRAT TS S0 2 N B
ARKRO2OC)EFM. FBRI 292 45 a0
RPEETEVERRKES phlssstypone Ex > 00 - A F
T W3 %)TBEA LIz AL 2 & Y3588 T3
Aaoxazelidine € SREB LRME BB, T 6363 6.45=133,
P o seoxagelidae 3omg € 2 5 13 p- chisedlywme o5 £ S
RRBRL o5 METAHEBEE L L1547z L
B W peogadiding 2253 Riceloromer o tL 13 15213
B AG o

B, IR Jm“ w:": 1745 (V¢=0) NMR T (CDW®3): 6.24
{3H, s, O0CH3),

@»; IR Jﬁ‘f{‘t w1 1738 (/;c=°). NMR T :" 5.84 (21,4,
oCtaMe, T=6.8He), %76 (3H, A, oca-CH3 ), _ |

@) 9 BF - (3d) 13 . acylomide 0.59 & & K~ v
£, 20mlF T8N FALRE RS 2. sE e
SV T A7 Pzt AR, TEN LB
WME - F (134 %S 9EET IHAERE =T 2k
Lmii;fé'lﬁfffa'&'I*-}w- W - F oL Y BEE
oHe IR-JS;:S: e 3390 . 3350, 3240 . 3150 L1628, (660
CCONH3 .} . NMRT(imcots): ~ 36 (2H, -hoaols.wg,ﬁvt -NH2)
6.34 (IH, &, -citem)N T=7.9 tiz ),

@3,  NMRT: 6.50 (2H, 4, cne ),

@) o B —— a). Ga) 1g. allyllogeme 13 & Bk A L
Vo 20mli= 508 L S4B ERRENET Y 2 LRE X%,
IRVSES ol 1603, 1498, T4, 707 (PR). NMRT: 6.54
(4, CHCCIN, T=64Hg): 6.5 (4, -cH@OH, T= 7.7Hg) = 112

—81-




&), (34) 13. W 1-‘3 ¥ BK ALY 0l
ZBE L E B FBMRAT T IO A F T U tox 47

243 RRAO 00 &R, FREEE 2 ¢ EEBL
SR T TS A7 DT bz ARE, ALE Y - A
Y L R3%) i TR RR O alyllengene & SF L AN
2 & W RETIHAHERBLKREEY . NMR T:
6.54 1 6.59=1:3 o :

@O, NMR T: 6.54 (dy -CHO)N,T= 64 He )2 6.60 (4,
“CHOEN)N, = 78 He) = ., 13 I@ ' |
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’E report preliminary results on the synthesis
: imidazole derivatives by use of N-(1-cyanoalkyl)-
kylideneamine N-oxides' and benzenethiols.

Reaction of N-(1-cyanobutyl)isobutylideneamine
-oxide with excess of benzenethiol at room tem-
crature for 1—2 weeks, or at 40° for 1 week,
forded a crystalline product in good yield. The

\

N .. .. Pri Prt Prn Pra
2 . .. Prl Et Prt Prn
8 .. . Ph Ph Ph Ph

(idition of a small amount of piperidine accelerates
lereaction. After removal of excess benzenethiol,
crystallization from aqueous ethanol gave
ystals, with M+ 260-13, C,;;H,,N,S, and m.p.
E3-5—154°. This compound is stable to acid and
se, and gave a mono-hydrochloride. The i.r.
|»ectruxn shows no absorption band in the > N—-OH
id —-C==N -regions, but a strong NH band near
130 cm.— (in CHCl,) and a strong broad band at
00—3100 cm."? (in KBr).2 The u.v. spectrum
ows Amax (EtQOH) 203 (e 25,000) 210w, sh, 238
4,600), and 246 mp (14,000). The nm.r.
ectrum (ca. 10°%, in CDCl;, with tetramethyl-
ane as internal reference) shows proton signals at
9-20 (3H, 1), 8-43 (2H, m), 7-45 (2H, 1), 7-03 (1H,
ptet), 8-66 (6H, dj. and 6-75—-7-20 (5H, m).
road singlets at = 0-89 and —1-12 {1H, NH)

2 W, Otting, Chem. Ber., 1956, 89, 2887,

* M. Masui and C. Yijima, J. Chem. Soc. (C), 1967, 2022,
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A Novel Synthesis of 2,4-Dialkyl-5-phenylthio-imidazoles

'By MasaicHIRG Masurn* Cuino YiJima, and Kouj1 Stpa
f (Faculty of Pharmaceutical Sciences, Osaka University, Toneyama, Toyonaka, Osaka-fu, Japan)

were observed when the alkyl groups at C-2 and
C-4 were Prl, Et and Et, Pr! respectively,

These results, combined with consideration of the
structure and reactivity of the starting materials,
suggest an imidazole derivative.

The following compounds have been obtained by
similar methods.

Et Me Prt Prt Prn

P Pr! Pro Pra Pra
Ph Ph p-MeCsH, o-MeCH, p-NO,CH,

The reaction route is thought to be as follows, -
but the detailed mechanism is not yet clear.

:NH

+
RICH=N-CH(CN)R?*+HS-R® _,R‘CHQJ\FI,(‘;H-(;“-SRz
1

5 / | if’

H
1
R’-—Tlﬁ—s—R“ _mo RC==C_sR’
CNH —
“O-No. > Nx_-NH
CH
R’ . R!

(Received, July 2nd, 1968; Com. 881.)
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Reaction of N-(I-Cyanoalkyl)alkyli(ieneaﬁliﬁe
N-Oxide with Carboxamides -

It is known that nitrones react as a 1,3-dipole with many unsaturated compounds to
give cycloadducts, and with Grignard reagents and hydrogen cyanide to give hydroxylamines.V)

However, all these reactions, except the cycloadditions of isocyanate, isothiocyanate,?
and N-sulfinylaniline,® involve a carbon nucleophile which attacks on the carbon atom of a
nitrone group. o

In this communication, we wish to report the first example of a non-cyclic 1,3-addition
reaction of a nitrogen nucleophile with a nitrone. _

When N-(1-cyanoalkyl)alkylideneamine N-oxide was dissolved in excess formamide at
room temperature and the mixture was allowed to stand for 3—10 days, a crystalline product,
consistent with the expected 1:1 adduct (I), was separated from the solution.

TasLe I. N-(1-Cyanoalkyl)N-(1’-carbonamidoalkyl) Hydroxylamine

,CN
R-CH
SN-OH I
R?*-CH
© “NHCO-R3
Analysis (%)
N———
(H R R? R3 mp (°C) Formula Calcd. Found
c H N Cc H N
a P P = 148.5—149.0 C,,H,,O,N;  56.38 8.99 19.73 56.29 8.98 19.58
b Pr* Pre H 145.0—146.5 C;H,;,0,N; 56.38 8.99 19.73 56.56 8.83 19.77
c Pt Pro H 134.0—135.0  C,H,;,O,N;  56.38 8.99 19.73 56.14 8.91 20.02
d Pt Pr H 121.5—122.0  C,H,,0,N;  56.38 8.99 19.73 56.51 8.91 19.46
e Pr» Et H 151.5—152.0 C,H,,0,N, 54.32 8.61 21.12 54.10 8.55 21.71
f Prt Et H 138.0—139.0  C,H,;,0,N, 54.32 8.61 21.12 54.21 8.52 20.71
g Et P H 140.0—140.5 C,H,,0,N, 54.32 8.61 21.12 54.48 8.59 21.05
h Et Pr H 154.0—154.5 C,H,,0,N, 54.32 8.61 21.12 54.21 8.65 21.16
i Pt Me H 137.0—137.5 CgH,;O,N, 51.87 8.16 22.69 52.16 8.44 22.69
j Pt Pt < Z\I 155.5—156.0 C;;H,,0O,N, 62.12 7.65 19.32 61.91 7.55 19.13
k Prt Prl < ;\I 146.0—148.0 C,;H,,0,N, 62.12 7.65 19.32 62.24 7.47 19.37
d
1 P P < E\I 150.0—150.5 C,;H,0,N, 62.12 7.65 19.32 61.81 7.62 18.98
7

1) J. Harmer and A. Macaluso, Chem. Rev., 64, 473 (1964).
2) O. Tsuge, M. Tashiro, and S. Mataka, Tefrahedron Letters, 1968, 3877.
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The reaction proceeds also in dry ethanol at room temperature and is catalized by sodium
ethoxide.

Nicotinamide and isonicotinamide also add.to the nitrone in dry ethanol to give the
expected 1:1 adduct. The structure of the adduct was confirmed by elemental analysis
(shown in the Table) and the following spectral evidences. The infrared (IR) spectrum of
(I-d) (KBr disk) exhibits strong absorptions at 3350 and 3210 cm~! (NH and OH), and two
characteristic absorptions of secondary amide at 1526 and 1216 cm~. The nuclear magnetic
resonance (NMR) spectrum of (I-d) (in DMSO-dg with tetramethylsilane as an internal re-
ference) shows a broad singlet at 7 1.88 (1H, CHO), a singlet at 1.62 (1H, OH), a broad doublet
at 1.69 (1H, NH), and a triplet at 5.76 (1H, Pri-CH-NHCO).

Many runs carried out on both aromatic and cyclic nitrones, which have no a-cyano
group, failed to give the similar adduct.

The studies on the additional chemical and physical properties of the adduct, and the
reaction of other amides with nitrones are now being in progress.

Faculty of Pharmaceutical Sciences Masaicairo Masut

Osaka University Cuino Y1ijima
Toyonaka, Osaka
v Koun Supa

. Received January 6, 1971
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Preparation of N-Phenyl-N-(a-cyanobenzyl)hydroxylamines

By MasaicHIrRO MasuL* MasasHiGE YamavucHt, CHINo Yr1yimMa, Konjt Suba, and Koj1 YosHIDA
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Summary The first preparation of N-phenyl-N-(a-cyano-
benzyl)hydroxylamines is described.

a-CYANOHYDROXYLAMINE (I), a 1,3-adduct of hydrogen
cyanide with cyclict and aliphatic? nitrones, is thought to be
an intermediate in the reaction of hydrogen cyanide with
aromatic nitrones® and in other reactions,® although no
evidence for its existence has been reported. The only
product actually obtained in these reactions was a cyano-
imine (II). We report here the first isolation of an N-
phenyl-N-(x-cyanobenzyl)hydroxylamine.

RICH=NR? 4 MCN —-> R!ICH-NR? —-> RIC=NR?

|

O CN OM CN

I (11
M=H, Na, or K

The studies on the reactivities of various nitrones with
hydrogen cyanide were performed with dry alcohol as
solvent, in an ice box.
formed after one week, on treating «,N-diphenyl nitrone
with liquid hydrogen cyanide. The solid was chromato-
graphed on a silica gel column with benzene as eluant and
the second eluate fraction gave a white crystalline solid.
Recrystallisation of the solid from n-hexane gave white
needles, the m.p. of which could not be determined since
they were converted into cyanoimine (II) on heating.

A pale yellow crystalline solid

Evidence that the material has structure (Ia) was
obtained from: (i) elemental analysis, (ii) ir. (KBr) vmax
3270 (OH), 2245 cm~! (CN), (iii) n.m.r. [{CD,),SO} 7 377
(s, 1H, CHCN), 2-3—3-0 (m, 10H, ArH), 0-77 (s, 1H, OH),
and (iv) on dehydration, the material gave a-cyanobenzyli-
deneaniline (II). When aqueous alcohol was used as the
reaction medium, more (II) than (I) was produced.

Compounds (Ta—i) were obtained by this procedure.

-X-CeH,-CH(CN)-N(OH)-C;H, Y-p
@O

X Y X Y
(a) H - H (f) CN H
(b) Cl H (g) H Cl
(c) OMe H (b) H Me
(d) Me H (i) H OMe
(e) NMe, H

Even in alcoholic solution the hydroxylamine is gradually
converted into the corresponding cyanoimine (IT) at room
temperature; the conversion is accelerated by the addition
of bases and by raising the temperature. In dilute aqueous
caustic alkali solution the dehydration occurs instantane-
ously even at 0°.

Preliminary studies suggested that an electron-donating
substituent on the «-phenyl ring reduces the rate of de-
hydration, while an electron-withdrawing substituent aids
the reaction. In the reaction of a-p-nitrophenyl-N-phenyl
nitrone with liquid hydrogen cyanide, no hydroxylamine
was obtained. . .

(Received, December 15th, 1970; Com. 2164.)

1 R. Bonnett, R. F, C. Brown, V. M. Clark, I. O. Sutherland, and A. Todd, J. Chem. Soc., 1959, 2094,

*M. Masui and C. Yijima, J. Chem. Soc. (C), 1967, 2022.

*F. Krohnke, Annalen, 1957, 604, 203; V. Bellavita, Gazzetia, 1935, 65, 755, 889; 1940, 70, 584; Chem. Abs., 1941, 35, 2127.
¢F. Kréhnke and G. Krohnke, Chem. Ber., 1958, 91, 1474; F. Krohnke and H. H. Steuernagel, ibid., 1963, 96, 494,



Reactions of N-(1-Cyanoalkyl)alkylideneamine N-Oxides with Dipolaro-
philes and Nucleophiles. Part I. A Novel Synthesis of 2,4(5)-Dialkyl-
5(4)-phenyithioimidazoles *

By Masaichiro Masui,” Kohji Suda, Masashige Yamauchi, and Chino Yijima, Faculty of Pharmaceutical
Sciences, Osaka University, Toneyama, Toyonaka, Osaka-fu, Japan

Reprinted from

JOURNAL
OF

THE CHEMICAL SOCIETY

PERKIN TRANSACTIONS I

1972



1972

1955

Reactions of N-(1-Cyanoalkyl)alkylideneamine N-Oxides with Dipolaro-

philes and Nucleophiles.
5(4)-phenylthioimidazoles *

Part .

A Novel Synthesis of 2,4(5)-Dialkyl-

By Masaichiro Masui,” Kohji Suda, Masashige Yamauchi, and Chino Yijima, Faculty of Pharmaceutical
Sciences, Osaka University, Toneyama, Toyonaka, Osaka-fu, Japan

Reactions of N-(1-cyanoalkyl)alkylideneamine N-oxides with thiols at room temperature yielded 2,4,5-trisub-

stituted imidazoles (I).

Acycric aliphatic nitrones are, in general, much less
stable than aromatic nitrones; few have been isolated
in a pure state and there has been little work on their
reactivities. Nitrones are known to react as 1,3-dipolar
compounds with various dipolarophiles to give cyclo-
addition compounds,? and with nucleophilic reagents,
such as Grignard reagents® and hydrogen cyanide,? to
give hydroxylamine derivatives as noncyclic addition
products. These reactions are all with carbon nucleo-
philes; no reactions with other nucleophiles have been
reported.

The reaction was accelerated by addition of a small amount of piperidine, and inhibited
when carried out above the melting temperature of the nitrone in a solvent.

The mechanism is discussed.

reports that the reactions of By-unsaturated nitriles
with the nucleophiles hydrazine and hydroxylamine
yield pyrazoles? and isoxazoles,® respectively. In fact
the reactions of the title nitrones with thiols gave a
series of new imidazole derivatives, 2,4(5)-dialkyl-5(4)-
phenylthicimidazoles, in high yield.
N-(1-Cyanobutyl)isobutylideneamine
R =P, R?2="Pr)% was mixed with excess of
benzenethiol. After 1—2 weeks at room temperature a
crystalline product had formed. When the reaction
was carried out at a higher temperature, not exceeding

N-oxide (A;

TaBLE 1
2,4,5-Trisubstituted imidazoles (I)

Found (%)

Required (%)
A

Yield — A - —_— - Uwv.*
(%) M.p. (°C) C H N Formula C H N Amax./nm (log &)
(Ta) 91 155-0—155-5 6955 77 1095 C;H,N,S 69-3 775 10-8 203 (4-40), 238 (4-16)
(1b) 156-56—1575 692 7-65 10-75 203 (4-37), 238 (4:13)
(Ic) 126-0—126-5 69556 7-7 107 203 (4 41), 238 (4-17)
(1d) 160-0—160-5 691  7-65 10-8 206 (4- 30 238 (4-15)
(Ie) 119-0—120-0 6845 7-3 1155 C,H,N,S 6835 74 . 114 206 (4 32) 238 (4-16)
(If) 125-0—127-0  68-2 7-15 11-15 206 (4-32), 238 (4-18)
(1g) 181-5—182-5 6835 7-35 116 206 (4-31), 238 (4-16)
(Ih) 1645 6725 695 122  C,H,N,S 67-3 695 12-05 206 (4-32), 238 (4-11)
(Ii) 81 165:0—166-0 70-15 80 1025  C,H,,N,S 7005 81 102 207 (4-41), 238 (4-20)
(1) 75 148-0—148-5 707 7-95 10-0 207 (4-48), 238 (4-15)
(1k) 86 178-5—180-0 6105 655 95  C,H,CIN,S 6115 65 95 209 (4-26), 254 (4-25)
{1 81 167-0—167-5 664 78 99  C,H,N,0S 6625 765 965 203 (4-36), 243 (4-21), 255 (4-08) t
(Im) 95 193-5—194.0 5895 625 136 sHN;0,S 5906 63 13-8 218 (4-31), 330 (4-15)
(In) 88 184:5—185-0 1735 7-05 905 22N S 736  7-15 905 221 (476), 237 (4-37),1 301 (3-93)
(1o) 28 182-0—183-5 735 7-2 8-9 217 (4-68), 249 (4-72), 284 (4-08)
(Ip) 133-0 587 7-05 1025 C,H,N,S, 587 68 1055 222 (4 13) 262 (3-80) t
1q) 18 88:0—89-0 6976 80 100  C;H;N,S 70-06 81 102 215 (4-12), 253 (3-68)
{Ir) 9 121-0—121-5 622 945 129  C,,H,N,S 62:25 95 132 218 (4-01), 240 (3-76) 1
I 166-5—167-0 66:2 65 129  C,H,N,S 66:05 6-45 1285 207 (4-32), 239 (412)

* (Ia—j) and (It) have a shoulder at 246—251 nm (log e 4-10—4-15).

Thiols are reactive nucleophiles, which give sulphides
with acrylonitriles.> Sulphur 8 and sulphur compounds
such as sulphur dioxide % deoxygenate nitrones, yielding
the corresponding azomethines.

We have studied the reactions of thiols with the
title nitrones to see whether the nitrones are deoxygen-
ated or whether addition compounds are formed.
We were also interested in the behaviour of the nitrile
group towards thiols in the reaction, because there are

1 Preliminary report, M. Masui, C. Yijima and K. Suda,
Chem. Comm., 1968, 1400.

2 (a) J. Hamer and Macaluso, Chem. Rev., 1964, 64, 473;
() G. R. Delpierre and M. Lamchen, Quart. Rev., 1965, 19,
329.

3 (a) A. Dornov, H. Gehrt, and F. Ische, Annalen, 1954, 585,
220; (b) G. E. Utzinger and F. A. Regenass, Helv. Chim. Acta,
1954, 37, 1892.

4 (a) M. Masui and C. Yijima, J. Chem. Soc. (C), 1967, 2022;

() R. Bonnett, R. F. C. Brown, V. M. Clark, I. O. Sutherland,
and A. Todd, J. Chem. Soc., 1959, 2094,

1 Shoulder.

the m.p. (62—65°) of the nitrone, or when a little piper-
idine was added, it was complete within 2—4 days.
The products were the imidazoles (Ia—p) (Table 1).
Incubation above the m.p. of the nitrone, addition of
acids, or use of solvents inhibited the reaction, which
was not affected by u.v. or visible light.

The product (Ia) (M* 260-13 by mass spectrometry;
C;sHyoN,S by elemental analysis) was apparently
formed by addition of benzenethiol to the nitrone with

5 R. M. Ross, H. L. Bushey, and R. J. Rolih, J. Amer. Chem.
Soc., 1951, 78, 540.

¢ (a) V. Bellavita and N. Cagnoli, Gazzetta, 1939, 69, 602
(Chem. Abs., 1940, 84, 1978); (b) M. N. Shchukina and G. S.
Predvoditeleva, Doklady Akad. Nauk S.S.S.R., 1956, 110, 230
(Chem. Abs., 1957, 51, 4996).

? (a) P. Schmidt and J. Pruey, Helv. Chim. Acta, 1968, 41,
306; (b) I. Iwai and N. Nakamura, Chem. and Pharm. Bull.
(]apan) 1966, 14, 1277.

8 B, Haruki, Y. Hirai, and E. Imoto, Bull. Chem. Soc. Japan,
1968, 41, 267.
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loss of one water molecule, 7.e. it could have been a
cyanoimine (C), produced via a hydroxylamine (B)
{(a simple 1,3-dipolar addition product of the nitrone
with the thiol) (Scheme 1). Similar reactions of
hydroxylamines with loss of water (Scheme 2) have

J.C.S. Perkin I

for imidazoles. Apparently the nitrile group on the
a-carbon atom has taken part in the reaction.

The products (I) have stronger u.v. absorption bands
(see Table 1) than benzenethiol 12 [, 207 (log ¢ 4-11)
and 236 nm (4:00)], implying that they contain an

-H,0
R'CH(CN)—N(0)=CHR? + HSPh == R'CH(CN)—N(OH}~CH(SPhIR? —2u R'C(CN)=N-CH{SPhIR®
(A) (8} (c)
SCHEME 1
-HZO
RCH=N(O)R + HCN == [RCH(CN)—N(OH)R] —== RC(CN)=NR
SCHEME 2
TABLE 2

Chemical shifts (v values) and coupling constants (Hz) for the imidazoles (I) 2in CDCl,

cba
C—C-(I:—]=]—-s—x—y

be N YNH
dc-C—-C
lLef
eC :
a b C d e { X Y NH ]gb ]bc Jde Jef
(Ia) 7-45 8-43 9-20 7-03 8:76 2-8—3-2 —1-11 7-5 6-9 71
(Ib) 6-83 8-82 7-40 8-37 9-14 2-8—3-1 —0-27 7-0 7-4 6-9
(Ic) 7-41 8:40 9-18 7-49 8-39 9-14 2-8—3-1 —0-86 7-2 6-8 7-4 6-9
(Id) 6-82 8-78 6-97 8-72 2-8—3-1 0-39 7-0 7-0
(Le) 7-44 8-44 9-19 7-41 8-82 2-8—3-1 0-60 7-5 6-9 7-6
(If) 6-83 8-83 7-39 8-83 2-8—3-2 —1-12 6-9 7-6
(Ig) 7-35 8-86 6-98 8-73 2-8—3-1 0-89 7-5 72
(Ih) 6-83 8-84 7-75 2-8—3-1 0-30 70
(Ii) 7-42 8-43 9-17 7-01 8-73 3-07 7-73 0-74 75 6-8 7-0
(I3 7-46 8-44 9-19 7-03 875 2-9—3-5 7-68 1-40 7-3 6-8 70
(Ik) 7-43 8-44 9-18 6-99 8-74 -2-83, 3-09 —0-34 7-5 69 7-1
(xy 7-40 8-44 9-16 7-00 8-74 2-97, 3-26 6-28 0-51 75 7-0 7-2
(Im) * 1-97, 2-94 3-9
(In) 7-47 8-52 9-24 7-06 8-81 1-6—3-2 —0-12 7-5 7-0 6-9
(Io) 7-38 8-41 9-14 6-96 8-72 2-2—3-0 2-0 7-4 6-8 7-0
(Ip) 7-30 9-11 7-10 8-74 2-7—3-2 0-63 7-4 7-0 7-1
(Iq) 7-62 9-15 7-01 8:756 6-18 7-6 6-9 7-2
(Ir) 1 7-41 8-40 9-06 6-99 8-69 7-35 -21 . 72 6-8 6-9
(It) 7-39 8-89 7-71 2-8—3-0 0-98 7-5
* Only slightly soluble in CDCl;. + In CCl,.

¢ X = CgH, for (Ta—p) and (It), X

been reported,®® supporting this conclusion. However
compound (Ia) was not hydrolysed by refluxing with
sodium hydroxide or aqueous hydrogen chloride.

The ir. spectra of compounds (Ia—p) showed no
C=N absorption but a strong broad band at 3200—
2300 cm™ (in KBr) and a single strong band near 3400
cm™ (2% in CHCl). The hydrochlorides (Ila and d)
show a stronger ammonium band at 2850—2550 cmt
than the corresponding free amines (Ia and d) and two
absorptions at 1730 and 1615 cm™ which may be as-

signed to the ~C=NH- group. Methylation of compound
(Id) with methyl iodide introduced one methyl group
to give compound (I11d), with loss of the i.r. absorption
at 3200—2300 (in KBr) or 3430 cm™ (29, in CHCL,).
Thus the original product was not (C), but a stable
compound containing an N-H and/or an =N- system.
The ir. data correspond well with those reported 1011

® V. Bellavita, Gazzetta, 1940, 70, 584 (Chem. Abs., 1941, 85,
2127).
10 W. Otting, Chem. Ber., 1956, 89, 2887.

= CH, for (Iq and 1); Y = substituent.

auxochromic group interacting with the phenylthio-
system. The imidazole ring shows two absorption

R SR®
Ny NH (1) ‘
RZ
R! R? R3 R' R? R2

a; P Pri Ph k; Prm Prt p-CICH,
b; Pt Pr» Ph I, Pr» Pr p-MeO-C/H,
c; P P Ph m; Pre Pr» $-O,N-C,H,
d; Pt Prt Ph n; P Pd 1-C,H,
e; Prr Et Ph o; Pr= P 2-C,H,
f;, Pt Et Ph p; P Pr!  2-Thienyl
g, Et Pr' Ph q; Pr= Pr! CH,Ph
h; Pri Me Ph r; Pre Pri Et
i; Pro Pri p-MeC,H, s; Pro Pr! Bu
j; Pra Prl o-MeC,H, t; Et Me Ph

bands,’® at 210 (log « 37) and 250 nm (1-8); thus a
structure in which a sulphur atom interacts with both

1 H. Zimmermann, Z. Electrochem., 1961, 85, 821.
12 H. P. Kock, J. Chem. Soc., 1949, 387.
13 E. A. Braude, Ann. Reports., 1945, 42, 105.
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chromophores is not in conflict with the u.v. spectrum. From the foregoing results three reaction routes
The n.m.r. data (Table 2) * also support structure (I). seem possible.

The signals for (Ia) at + 7-45 (t, 2H) and 7-03 (septet, Route 1: the nitrone is deoxygenated by the thiol
1H) are as expected for CH-C=systems; spin decoupling to form an azomethine intermediate (Scheme 4).

showed that the latter signal was only coupled to that at

8:76. All th ds showed ignal due t
. e compounds showed a signal due to CN 3., RHC—C-SR}?

exchangeable N-H. (A) 2w R’CH/ RSH [0 —{(1)
Oxidation of compound (Id) with hydrogen peroxide N 2 HN~ _N

or peracetic acid gave the corresponding sulphoxide N=CHR ?H

(IVd) and sulphone (Vd). Treatment of (Id) with r?

Raney nickel gave 2,4(5)-di-isopropylimidazole (VId), (D) (E)

identified: by analysis and spectra. Compound (VIt), SCHEME 4

obtained similarly, was converted into its oxalate,
which was identical (mixed m.p. and ir. spectra)
with an authentic sample.1

Route 2: the nitrone rearranges to give the
corresponding amide intermediate (Scheme 5).
Route 3: the nitrone undergoes a specific reaction

R'———sPh Rp—=SPh (Scheme 6).
A mechanism similar to route 1 has been pro osed
N NH N NMe prop
HCL \Fﬁ )2 for the formation of the imidazolidinethione (H)
(I)asR'=Pr,R?= pri (Im) ;R R2 pri N, RHc—csR?
d; R'=R%= Pri (A)———R’cu\ = )'q' —(1)
7y NHCOR? >
Hoo “R?
/CN ScHEME §
PhSH R SPh  Raney Ni
\N— =CHR? N NH NS \/NH from aminoacetonitrile, hydr_ogen. sulphide;, and acetone
I R I R? (Scheme 7); the azomethine intermediate (G) was
-0 d; R'= R2: Pyl isolated.® It is unlikely, however, that structure (E)
l'
t;R'=Et,R*:Me e cpd
H2°2 or ACOzH T /CN‘ Ras- R H? ﬁl SR
R'CH N N-
+ / \* ’
til=CHR2 o
R S0Ph ==150Fh -0 R2
N\ NH (A) " {3
R2 R
(TV) dsR'=R%Prf (V) d3R' = R% Pr!
SCHEME 3 RIHC— C-SR? RHC—C=8R3
. . ] i - ] ] - lL.
Thus all the products appear to be 2,4,5-trisubstituted N N NG N
imidazoles, and the reactions described are summarized HO CIH HO (I:H :
in Scheme 3. R2 (K) R2:
When the reaction was carried out in a solvent, such as
ethanol, dioxan, or benzene, the yield of imidazole was ‘4
very low. The yield decreased with decrease in the ] o (n
dielectric constant of the solvent, suggesting that the - - ScHEME 6
reaction 1s 1onic. . undergoes dehydrogenation under the reaction con-
In general, alkanethiols have larger pK, Yalues 18 ditions and N-propylidene-a-cyanopropylamine (D;
and should be more nucleophilic than aromatic ones. — R® — Et), synthesized independently, did not

However, in the case of ethane-, butane-, .and toluene- g1ve compound (I) with benzenethiol under the con-
«-thiol the imidazole was only obtained, in low yield, Qditions used. 2-Acetamidobutyronitrile?” (F; R'=
when piperidine was used as a catalyst (Ig—s). Et, R? = Me), synthesized independently also did not
_ * Some of the n.m.r. data for (Ia) reported previously * were give compound (I) on treatment with benzenethiol
incorrect; = 8-66 and 6-756—7:20 should be 876 and 2:-8—3:2, ypder similar conditions. Hence, routes 1 and 2 are
respectively. excluded

u A, Windaus and W. Langenbeck, Ber., 1922, 55, 3706. ’

15 (g) M. M. Kreevoy, E. T. Harper, R. E. Duvall, H. S. 16 A, H. Cook, I. Heilbron, and A. P. Mahadevan, J. Chem.
Wilgus, and L. T. Ditsch, J. Amer. Chem. Soc 1960, 82, 4899; Soc., 1949, 1061.

(8) B. Dmuchovsky, F. B. Zienty, and W. A. Verdenburgh, 17 W. L. Hawkins and B. S. Biggs, J. Amer. Chem. Sec., 1949,
J. Org. Chem., 1966, 81, 865. 71, 253.
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" When the nitrone {(A) was mixed with a slight excess
of benzenethiol the ir. spectrum (liquid film) im-
mediately developed a strong, broad band at about

N owego N s RHC—C=s
RCH —=-= RCH —- J
. HN . NH
NH, N=CMe, /c\
Me¢' Me
(G} (H)
SCHEME 7

3400 cm™. The nitrile band of the mixture, like that of
the nitrone (A) is weak,% and the water formed in the
reaction gradually obscured the ir. spectrum as the
reaction proceeded, so that it was impossible to follow
the change in strength of the nitrile band with time.
However, after about 6 days, double-bond absorption
was noticed at about 1670 cm™; this gradually dis-
appeared as the imidazole was produced.

In reactions with alkanethiols, the i.r. spectrum of
the mixtures slowly developed the same strong, broad
-band.  This band appeared immediately in the presence
of a small amount of piperidine. The absorptions at
3060 and 1590 cm™ due to the CH=N of the nitrone
disappeared when this strong band appeared. On
removal of the thiol from the reaction mixture at an
early stage under reduced pressure, the original nitrone
was recovered almost quantitatively.

In the light of these observations, the absorption at
3400 cm™ seems to be due to a hydroxy-group, which
results from either protonation of the nitrone by the
thiol or the rapid formation of structure (B). However,
the pK, values for nitrones are in the range 2—4 in
ethanol-water (1:9) 18 and under these conditions the
~ PK, of benzenethiol is much higher (ca. 7). An acid so
weak is unlikely to protonate significantly a base as
weak as a nitrone.

If the i.r. absorption at about 3400 cm™ is considered
to be due to a hydroxy-group, the foregoing results
could be explained in terms of the reversible system
shown in Scheme 8, in which the conversion is easy

1/CN +R3SH /CN
R'CH . R'CH
\.rl4=CHR’ ~R°SH N N—CHR?
"0 HO SR3
(A) (8)
SCHEME 8

and rapid.* As the ultimate reaction product is (I),
the hydroxylamine (B) is probably not an intermediate
on the main reaction path. On evaporation of thiol from
the reaction mixture, or on formation of the imidazole
derivatives, (B) should easily convert into (A).

* We thank the referees
interpretation.

16 M. Masui and C. Yijima, J. Chem. Soc. (B), 1966, 56.

1* A.'W. Baker and G. H. Harris, J. Amer. Chem. Soc., 1960,
82, 1923.

2 M. Masui, M. Yamauchi, C. Yijima, K. Suda, and K.
Yoshida, Chem. Comm., 1971, 312.

for suggestions concerning the

J.C.S. Perkin I

Thus, if the reaction takes place with the nitrone (A),
route 3 is thought to be possible (Scheme 6).

In route 3, the nitrile group is strongly polarized by
nucleophilic attack of the thiolate anion, resulting in
enhancement of its nucleophilic reactivity, and sub-
sequently the intermediate (K) must be produced by an
intramolecular Ritter-type reaction. This intermediate
(K) would be stabilized by the 34 orbital contribution
of the sulphur atom. A similar contribution has
been reported in the case of thiolesters.® Further-
more, such a contribution by the sulphur atom would
make the subsequent dehydration .easy, since the
C-H system between the two nitrogen atoms should
be much more acidic. The formation of intermediate
(K) would be expected to proceed more readily with
aromatic thiols for these can contribute resonance
stabilization.

The catalytic action of piperidine may be due to its
ability to promote the formation of thiolate anion,
and to accelerate the dissociation of the removal of the
N-CH-N proton in (K). In the dehydration of N-aryl-
N-(a-cyanobenzyl)hydroxylamines, a similar marked
basic catalysis is observed.?®

Consequently, it seems likely that imidazole deriv-
atives are produced through route 3. 7

Under the conditions used, the thiolate ion attacking
the nitrile would presumably be very nucleophilic,
since it cannot be solvated. Use of solvents would
also reduce the concentration of reactants, and hence
result in decrease in the reaction rate. Furthermore,
aprotic nonpolar solvents suppress the dissociation of
thiol to thiolate ion %! and protic solvents would solvate
both carbonium ion and thiolate ion. These effects
would explain the reaction inhibition observed.

In dimethyl sulphoxide the thiol was oxidised very
rapidly.

EXPERIMENTAL

U.v. spectra were recorded for solutions in ethanol with
a Shimazu QV-50 instrument. ILr. spectra were recorded
with 2 JASCO BG-402G instrument and n.m.r. spectra
with a Hitachi H-60 instrument for solutions in deuterio-
chloroform with tetramethylsilane as internal reference.

p-Methoxybenzenethiol, p-chlorobenzenethiol,??* naphth-
alene-a-thiol,? and thiophen-2-thiol 2 were prepared and
purified as described in the literature; other thiols were
commercial products.

2,4(5)-Dialkyl-5(4)-phenyithioimidazoles (Ia—p).—The
N-(1-cyanoalkyl)alkylideneamine N-oxide (10 mmol), the
thiol (11 mmol), and piperidine (0-2 mmol) in a stoppered
vessel were warmed to a temperature below the m.p. of the
nitrone. The product crystallized within 2—4 days.
Disulphide and excess of thiol were separated by refluxing
with n-hexane. The product (I) was recrystallized from
ethyl acetate or aqueous ethanol. Usually the yield

2! (a) G. Schwarzenbach, Hely. Chim. Acta, 1932, 15, 1468;
(6) J. Burkus, J. Org. Chem., 1961, 27, 474.

# C. M. Suter and H. L. Hansen, J. Amer. Chem. Soc., 1932,
54, 4100.

2 E. Knisli, Gazzetta, 1949, 79, 621 (Chem. Abs., 1950, 44,
4438).

2 )VV H. Houff and R. D. Schuetz, J. Amer. Chem. Soc., 1953,
75, 6316.
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was 80—90%. With crystalline thiol derivatives, excess
of nitrone was used to melt the mixture below the m.p.
of the nitrone. Compounds (I) are soluble in ethanol,
ethyl acetate, acetone, diethyl ether, chloroform, and
acetic acid, but scarcely soluble in cold benzene and in-
soluble in n-hexane, light petroleum, and water.

Preparation of the Imidazole (1a); Solution Reactions.—
Dried solvent (20 ml) (ethanol or dioxan), N-(l-cyano-
butyl)isobutylideneamine N-oxide (850 mg), benzenethiol
(640 mg), and piperidine (15 mg) were mixed in a stoppered
vessel. The solvent was evaporated off under reduced
pressure, and the residue was dissolved in ether and
extracted with 3n-hydrochloric acid. The aqueous layer
was neutralized with 8N-sodium hydroxide and extracted
with ether. The ether was evaporated off to leave crude
imidazole (Ia), which was recrystallized from ethanol-
water. The yield of (Ia) from ethanol solution was 26%
after 50 days and from dioxan solution was only 12:5%
after 80 days.

Various amounts of dry benzene, the nitrone (250 mg),
and benzenethiol (260 mg) were mixed in a stoppered
vessel. After 2 months benzene and unchanged thiol
were removed under reduced pressure, leaving an oil
This treatment gave the following yields of imidazole:

Benzene (mg) 21 53 212 424
Yield of imidazole (%) 50 44 28 23

5(4)-Alkylthio-2-isopropyl-4(8)-propylimidazoles (1g—s).—
N-(1-Cyanobutyl)isobutylideneamine N-oxide (10 mmol),
alkanethiol (15 mmol) and piperidine (0-3 mmol) were
mixed in a stoppered vessel. After 1—2 weeks, ether was
added and the mixture was extracted with 3n-hydro-
chloric acid. The aqueous solution was neutralized with
38N-sodium hydroxide and extracted with ether. The
extract was dried (CaCly) and evaporated; the residue
gave the imidazole. If the residue was still impure, it was
applied to a neutral alumina column and eluted with
benzene—ethyl acetate (4:1 v/v). The three following
imidazoles were obtained by this procedure, and their
oxalates were recrystallized from acetone-light petroleum:
5(4)-Benzylthio-2-isopropyl-4(5)-propylimidazole (Ia),
needles (from acetone-water); oxalate, m.p. 146—147-5°
(Found: C, 59-35; H, 6-65; N, 7-7. C,;H,,N,0,S requires
C, 589; H, 6:55; N, 7-75%); 5(4)-ethylthio-2-isopropyl-
4(5)-propylimidazole (Ir), needles (from ethanol-water);
oxalate, m.p. 177-5—178-5° (Found: C, 51-65; H, 7-35;
N, 9-2. C,H,,N,O,SrequiresC, 51-8; H, 7-35; N, 9-25%,);
5(4)-butylthio-2-isopropyl-4(5)-propylimidazole (Is),0il (11%),
b.p. 181—140° (bath) at 0-08 mmHg; oxalate, m.p. 178-5—
180-0° (Found: C, 545; H, 7-9; N, 845. C,;;H,N,0,S
requires C, 54-55; H, 7-95; N, 8-5%),).

2-Isopropyl-5(4)-phenylthio-4(5)-propylimidazole  Hydro-
chloride (11a).—The imidazole (Ia) was refluxed with a
large excess of 10% hydrochloric acid; when it had all
dissolved the solution was evaporated to dryness under re-
duced pressure. The residue gave the hydrochloride (ca.
80%), m.p. 130-5—132-0° (from ethanol-ether) (Found:
C, 60-45; H, 7-15; N, 9-65. C,;H,,CIN,S requires C,
60-75; H, 7-15; N, 9-45%,). Similarly the hydrochloride
(IId) was obtained from (Id); m.p. 152—154° (Found:
C, 60-65; H, 7-45; N, 9-35. C;;H,,CIN,S requires C,
60-75; H, 7-15; N, 9-45%).

2,4(5)-Di-isopropyl-1-methyl-5(4)-phenyithioimidazole
(I11d).—The imidazole (Id) (5 g) in methanol (70 ml) was
mixed with methyl iodide (8 g); potassium carbonate
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(3 g) was added and the mixture was refluxed for 7h on a
water-bath. Methanol was removed under reduced pres-
sure and the residue was extracted several times with ether.
Evaporation of the extracts yielded a syrup and the
starting material (1-0 g). The residue was extracted with
n-hexane and applied to a silica gel column. The column
was eluted with n-hexane and the eluate was decolourized
with active charcoal. The hexane was evaporated off
to leave the crystalline product (59%), m.p. 67—69° (from
light petroleum) (Found: C, 70-2; H, 7-95; N, 10-2.
C,H:.NS requires C, 70-15; H, 81; N, 10-2%), v
2865 cm™ (N-alkyl C—H stretch),”® « 6-64 (3H, s), soluble
in ethanol, ether, benzene, and acetic acid, slightly soluble
in light petroleum and insoluble in water.
5(4)-(p-Aminophenylihio)-2,4(5)-dipropylimidazole Hydro-
chloride.—The imidazole (Im) (1 g) was dissolved in ethanol
(100 ml), and stirred with granular metallic tin (2 g),
hydrochloric acid (85%; 20 ml), and tin chloride (2 g)
for 24 h. Then aqueous 109, sodium hydroxide (80 ml)
was added and the precipitate was filtered off. The
filtrate was evaporated to.dryness and the residue was
extracted with ether. The extract was treated with cal-
cium chloride for 1 day and then evaporated to a syrup.
The syrup was dissolved in ether and dry hydrogen chloride
gas was passed through the solution to obtain the crystalline
product (44%), m.p. 216° (from ethanol-ether) (Found:
C, 577; H, 71; N, 13-3. CyH,,CIN,S requires C, 57-8;
H, 7-1; N, 13:5%).
2,4(5)-Di-isopropyl-5(4)-phenylsulphinylimidazole (IVd).—
The imidazole (Id) (2 g) was dissolved in acetic acid (20 ml);

- 30%, hydrogen peroxide (20 ml) was added and the mixture

was left at room temperature for 1 week. It was then
evaporated under reduced pressure and the residue was
dissolved in ethanol (5 ml). Addition of water yielded a

“crystalline solid (53%), m.p. 183—185° (from acetone)

(Found: C, 65:-55; H, 7-3; N, 9-95. C,;H,,N,0S requires
C, 65-25; H, 7-3; N, 10:15%), v, (KBr) 1021 cm™.

2,4(5)-Di-isopropyl-5(4)-phemylsulphonylimidazole (Vd).—
The imidazole (Id) (5 g) was dissolved in acetic acid (90 g)
containing peracetic acid (99%) and left for 10 days at
ca. 5°. Then aqueous sodium hydroxide (N; 10 ml) was
added and the mixture was evaporated under reduced
pressure. The resulting crystalline solid was dissolved
in acetone to separate it from insoluble salt. The solution
was concentrated, and water was added until it became
cloudy. Then the mixture was cooled in ice-water to
give the product (63%), m.p. 152—153° (Found: C, 61-25;
H, 685; N, 95 C,;;H,N,0,S requires C, 61-7; H, 6-9;
N, 9:6%), vy, (KBr) 1301 and 1142 cm™.

2,4(5)-Di-isopropylimidazole (VId).—The imidazole (1d)
(2 g) was dissolved in dry ethanol (150 ml) and mixed with
Raney nickel (5 g). The mixture was refluxed for 6 h.
The nickel was then removed and the ethanol was evapor-
ated off under reduced pressure. The residue was applied
to a silica gel column, which was eluted with chloroform
and then ether, and the crystalline product (68%) was
obtained from the latter eluate m.p. 140—142° (sealed tube)
(from ether-light petroleum) (Found: C, 70-95; H, 10-5;
N, 18:4. C,H,N, requires C, 71-0; H, 10-6; N, 18-4%),
Apax (99% EtOH) 212-5 nm (log ¢ 3-89), 7 6-89 (1H, septet),
8-76 (6H, d), 7-02 (1H, septet), 871 (6H, d), 3-39 (1H, s),
and —0-26 (1H, s).

4(5)-Ethyl-2-methylimidazole (VIt).—(a)4-Ethyl imidazole-
2-thiol (2 g) was desulphurized with Raney nickel in ethanol

25 R. D. Hill and G. D. Meakins, J. Chem. Soc., 1958, 760.
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to give 4-ethylimidazole (1-5 g), b.p. 135—140° (bath) at
3 mmHg, which was converted into compound (VIt) by a
reported method.l¥ The oxalate was obtained from the
ethereal solution and recrystallized from methanol-light
petroleum; yield 8 mg, m.p. 139—140°.

(¢) The imidazole (It) (0-8 g) was dissolved in dry ethanol
(60 ml) and mixed with Raney nickel (2:5 g). The nickel
was then removed and the ethanol was evaporated off under
reduced pressure. The product (VIt) was distilled in
vacuo; yield 430 mg, b.p. 128—134° (bath) at 1 mmHg;
oxalate, m.p. 140—141° (from methanol-tight petroleum)
(Found: C, 48-0; H, 6-05; N, 13-95. Calc. for CgH ;N O, :

*¢ H. T. Clarke and H. J. Bean, Org. Synth., 1943, Coll. Vol.
II, p. 29.

J.CS. Perkin I

C, 48:0; H, 6-05; N, 14-0%); picrate, m.p. 93—94° (from
water) (Found: C, 42:3; H, 3-8; N, 20-7. Calc. for
C1aH ;3N O,: C, 42:5; H, 3-85; N, 20-65%,).
N-Propylidene-a-cyanopropylamine (D; R!'=R? = Et).
—Excess of propionaldehyde was added to 2-aminobutyro-
nitrile * in a stoppered vessel and the mixture was set
aside for a day at room temperature. The organic layer
was separated from the water produced and distilled
in a stream of nitrogen under reduced pressure; b.p.
84—85° at 5 mmHg. A colourless viscous liquid was
obtained which was unstable and gradually decomposed
in air with colouration; Vnax, 1628 (C=N) and 2270 cm™
(C=N).
[1/2441 Received, 20th December, 1971]
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Reaction of N-(1-Cyanoalkyl)alkylideneamine N-Oxide with Dipolarophiles and
Nucleophiles. II.V 1,3-Addition Reaction with Carboxamides

Masaicairo Masui, Kongt Supa, and Cumno Yiima
Faculty of Pharmaceutical Sciences, Osaka University®
(Received March 11, 1972)

N-(1-Cyanoalkyl)alkylideneamine N-oxide reacts with carboxamides to give N-(1-
cyanoalkyl)-N-(1’-carboxamido-alkyl)hydroxylamines. The reaction is catalyzed by
strong bases. On warming in solvents these adducts readily decompose to the starting
nitrones and amides, and the decomposition is accelerated by elevation of temperature.

The cyclo-additions of nitrones to unsaturated compounds have been extensively studied
by many workers® and many of the features of these reactions are now well understood.
The reactions of Grignard’s reagents,® hydrogen cyanide,® or nitromethane® with nitrones,
which do not involve cyclo-addition, have also been studied and these reactions are thought
to be nucleophilic additions of carbon nucleophiles to nitrones. Except for our previous
communication,” there have been no reports on the addition of nucleophlies other than car-
bon nucleophiles to nitrones.

" The present paper describes detailed experiments on the addition of several carboxamides
to nitrones. \
Result and Discussion

As we have already briefly reported, N-(1-cyanoalkyljalkylideneamine N-oxide (I) reacts
with formamide in a 1:1 molar ratio to give an adduct (II). Formamide is known to react
with unsaturated bonds in two different fashions as follows.®® Hence, the adduct seems to
be a hydroxylamine involving either a secondary amide or a primary amide moiety.

RI-CHY
SN-OH A
N 1 R*-CH
C=0 + HCONH: —> -C-NH-C-H e \NH-C-H
7 R_.
OH O "N—O + HCONH; / :
N ’ Lo R:-CH CN
c=¢’+ HCONH: —> =-C-C-C-NHs " RLCH
70 g ' b 'N-OH B
Re-CH]
Chart 1 C-NH,
Chart 2

In the spectra of the adducts (II) two characteristic absorptions are observed at 1522
1528 and 1204—1216 cm~t, which correspond to amide II and amide III bands, respectively,
of secondary amides.

1) Part I: M. Masui, K. Suda, M. Yamauchi, and C. Yijima, J. Chem. Soc. Perkin I, in press.

2) Location: Toneyama, Toyonaka, Osaka.

3) J. Hamer and A. Macaluso, Chem. Rev., 64, 473 (1964).

4) A. Dornov, H. Gehrt, and F. Ische, Ann., 585, 220 (1954); G.E. Utzinger and F.A. Regenass, Helv.
Chim. Acta, 37, 1892 (1954).

5) M. Masui, Y. Tsuda, and C. Yijima, J. Chem. Soc., 1961, 4063.

8) R. Bonnett, R.F.C. Brown, V.M. Clark, 1.0. Sutherland, and A. Todd, J. Chem. Soc., 1959, 2094.

7) M. Masui, C. Yijima, and K. Suda, Chem. Phayrm. Bull. (Tokyo), 19, 865 (1971).

8) G.A. Crowe and C.C. Lynch, J. Am. Chkem. Soc., 72, 3622 (1950).
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CN
R-CH{
Tasre I. IR Spectral Data on IT e _N-OH
-CH
\NH—[c[—Rs
0]
IR (cm™%, KBr)
II R* R? Rs3
OH and NH C=N C=0 Amide II Amide III
a Prr Prt H 3360 3200 2230 1652 1522 1216
b Pr7 P H 3355 3190 2230 1651 1526 1212
c Pri P H 3345 3210 2240 1656 1528 1210
d Prt Prt H 3350 3220 2240 1659 1526 1216
e Pt Me H 3340 3205 2240 1641 1529 1230
f Et Pr# H 3350 3200 2240 1647 1522 1204
g Et Prt H 3355 3190 2230 1668 1523 1214
h Prt Prt —< ?\I 3350 3190 2230 1645 1528 1303
=
i Prt Prt \T\I 3295 3175 2230 1630 1532 1303
—
/'—\\
j Prn Pr? < N 3265 3190 2230 1635 1532 1297
===
e
The nuclear magnetic resonance .
(NMR) spectrum of (IIg) showed a rather Et—CHSN_OH .
broad doublet due to the proton of a sec- Pri *CHb\NH —C—He
ondary amide at = 1.67. There are two d 6
possible explgnations of this phenomenor}: a 6427
(1) the rotation around the C-N bond is b 571
hindered or (2) the N-H proton exchanges Dy ¢ ~i(§;
slowly so that it is coupled to protons on e 186
adjacent carbons. The results shown in o IV JaEt=7.0Hz
Tig. 1 and Table II support the latter _ J”’Pr‘:g"f
possibility.  The triplet at = 5.71 and ’
doublet at 7 1.86 were assigned to the ! oM D
proton b and the formyl proton e, re- 1 N b a
spectively. Both protons couple with the °bL — rh
proton on the adjacent nitrogen. On
D,0 treatment, the OH proton signal at
7 1.57 immedigtely disappeared, but the A
NH proton signal decreased gradually, , - .
and with concomitant gradual replacement T1 2 T T 7
of the signals b and e by a new doublet Fig. 1. NMR Spectrum of IIg (DMSO4-s)

and a singlet, respectively.
Thus, the adduct is not B but A.

D, : ten minutes after D,0 treatment
D,: five hours after D,O treatment

When R? was a normal alkyl chain, proton b on theasymmetrical centre gave rise to a
complicated multiplet which could not be assigned definitely.
All the primary amides investigated other than formamide are crystalline solids at room.

temperature, so their reactions with I were studied in various solvents.

Among the many

amides tested, nicotinamide and isonicotinamide also gave 1:1 adducts which were confirmed

9) E. Eland and J. Rokach, J. Org. Ckem., 30, 3361 (1965).
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to be (ITh—j) from their infrared (IR) spectra.

could be isolated. -

On reaction of I with other amides no adducts

* CN
Rl_ H e
TapLk II. Chemical Shift (z) and Coupling Constant (J, Hz) of II :N—OH
R:-CH”
» NH-C-R®
d (”) e
I1®) a b [ d e JarRY  JurR2 JarR? Jva
a 6.33 5.70 158  ~1.69 1.88 6.5 9.5 1.7 9.5
b 6.28 ~5.25 1.56 ~1.65 1.93 6.8 1.7
c 6.61 ~5.30 1.58  ~1.65 1.95 8.4 1.7
d 6.66 5.74 1.61 ~1.68 1.88 8.3 9.5 1.8 9.5
f 6.35 ~5.28 1.57 ~1.68 1.96 6.9 1.4
g 6.42 5.71 1.57 ~1.67 1.86 7.0 9.4 1.6 9.4
h 6.55 5.50 1.56 ~1.13 8.7 9.4 9.4
i 6.54 5.49 1.58  ~1.21 8.7 9.6 9.6
i 6.23 5.49 158  ~1.91 7.2 9.8 9.8
k» 6.61 5.73 149 ~1.52 5.85 8.2 9.3 1.8 9.3
a) measured in DMSOg4_¢ b) Rt=R?=Prf, R8=-CH,(Cl
R3-CONH_ — > RS-CONH-
ye C K
R-CH/ RS-CONH- R1-CH/ Ht R'-CH/
/N-—)O e —— /N—O‘ P — /N—OH
R:-CH” R*-CH/ R2-CH{
I NH-C-R® NH-C-R?
r O
Chart 3
CN +
[RI—CH< ;s | ) +
- N—OH R2-0H=NH~CH:—R3 R*—CH=NH,
R>—+-CH
\ =C ¥NH~C—R® a b
I
0
m/e 261 Ilk. mle R* R m/e R*
"913 TMa,b,c,d 148 Pr CH)CI 72 Pr
199 IIf, g 100 Pr H 4 Me
185 Ile 72 Me H
_CN CN
v Fal
RI—CH_+ ri—cne N R —cH{
N—OH S S N—OH
R2—CHZ _—~N-OH ol
SNNH-C—R? ~SNH,
€ + *
m/e R' R ° d
169 Pr P < m/e R
Er Pr m/e R' R® 142 Pr
155 Et Pr 170 Pr H 198 Et
218 Pr CH.CI

Chart 4
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The reaction seemed to involve addition of amide anion (RCONH") to the nitrone, so the
catalytic effect of bases on the reaction was studied in dry ethanol. Sodium ethoxide was
found to be the most effective catalyst, and only when it was used did Id give 11k with chloro-
acetamide. The other bases tested, such as sodium hydroxide and pyperidine, were much
less effective. :

On warming in solvents such as 100%- ) : s
ethanol or benzene, II readily liberated 5 N0 e
the original nitrone and elevation of Ia
temperature accelerated the decompo-
sition.)®  Nitrones are known to be 82 125
transformed readily into the hydra- -5
zones of the corresponding carbonyl 109
compounds on treatment with 2,4 151 16500 )
dinitrophenylhydrazine.'® When the I ], 1680Mm) "
reagent was added to a warm ethanolic 100X2 5
solution of II, the hydrazone of the (@) o 3
parent aldehyde precipitated almost g 40 Pr-CHO o %5
immediately. However, at room tem- E 30 PP uen 3
perature, an ethanolic solution of II c W o m % 4
only gave the hydrazone after shaking 2 M=AS 03 |2
for 10 to 20 minutes. These results = 10 8 109 (1M6I§)%S‘)’ 170 2 ;
suggest that the reaction of 1 with = ) ‘ %ﬁ? N A A
carboxamides involves nucleophilic AL b
attack of the amide anions on I, and 50%F 79%2 148X 2 .
the products readily decompose to the m ssxz | () (2) b O 5%
starting compounds. b ooV OH |

The thermal decomposition of II ‘NHgCHzCI
to I and the amides can also be deduced M+£]z(e1-(o 1|
from the mass spectra of II (Fig. 2). N
Molecular ions of the nitrone (Mn) and 165989 40 |
the amide (Ma) are both seen in the M)y ()

spectra of IId and IIk, and the peaks bl 166 125 755

derived from the individual nitrone and Fig. 2. Mass Spectra of N-(1-Cyanoisobutyliso-

amide are also found in the spectra of butylideneamine N-Oxide (Ia), N-(1-Cyanoiso-
II.12  The molecular ion peak of II is butyl)-N-(1’-formamidoisobutyl)hydroxylamine
itself very weak and its intensity is (11d) and N-(1-Cyanoisobutyl)-N- (1"-chloracet-
generally less than 0.5% of that of the amidoisobutyl)hydroxylamine (I1k)

The measurement were made with an ionization energy of

base Peak' The fOHOWIHg results were 70 €V and the temperature of the ion source was 210°

obtained by comparing the spectra of
II with various R?, R? and RS, and confirming the fragments a, b, ¢, d, and e by high
resolution mass spectrometry. The most characteristic peak of II is usually the base peak.
It is due to fragment a resulting from the cleavage of the C-N bond next to the carbox-
amide moiety. The rearrangement of fragment a to form fragment b probably occurs in
one of two different ways depending on the nature of R® (Chart5). The metastable ion
peaks, m/e 52 and 35, respectively, support the rearrangement. .

Other characteristic peaks are ¢ and e. The fragment c results from C-C cleavage next
to the two nitrogen atoms. The rearrangement of fragment c¢ to form d is the same as that

10) The melting point for II reported previously” should be termed the decomposition point.
11} F. Kroehnke, Angew. Chem., 65, 612 (1958); idem, ibid., 75, 181 (1963).
12) M. Masui and C. Yijima, Chem. Phaym. Bull. (Tokyo), 17, 1517 (1969).
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+ .
: Re—CH=NH~C=
R2—CH=NH . NH<$=0
% m¥ 52 - m* 35 N
‘yc=o—» R*~CH=NH, =——— H--CH—C]
H
mfe 100 mfe T2 mfe 148
R2=Pri ~ R2=Pri
Chart 5
: _CN of fragment a to form b. The
-C—CH formation of the ion e can be

|—” I\JE—OH———RZ—CHzng—OH—» R*—C Ef\LIH understood by supposing that the
re—Cu nitrogen atom of the hydroxyl-
amine moiety has a positive
charge. However, the fate of
mle R mfe R fragment e is uncertain, since if
8 b 0 P dehydration or removal of -H or
60 Me 42 Me
+QOH is possible at any stage
during the fragmentations, the
resulting ions should . be identical
with those of the nitrone. In the mass spectra of IIc and Ile, fragments f and g were
noticed by high resolution measurement, and so fragmentation like that shown in Chart 6,
may occur.

€ f g

Chart 6

Experimental

IR spectra were measured in KBr with a Hitachi ETI-G3 spectrometer, NMR spectra were measured
with a Hitachi Perkin-Elmer R-20A spectrometer, and mass spectra with a Hitachi RMU-6D mass spectro-
meter. High resolution measurements were made with a Hitachi RMU-7L mass spectrometer with an
ijonization energy of 70 €V. The temperature of the ion source was 150°.

N-(1-Cyanoalkyl) -N-(1’-formamidoalkyl)hydroxylamine (Ila—g)——a2) N-(1-Cyanoalkyl)alkylideneamine
N-oxide (I) (2 g) was dissolved in excess formamide (10 ml) and stood at room temperature for ome
to two weeks to allow crystallization of the product. This was separated from the mixture by filtration
(maximum 1.8 g), rinsed with a small portion of ether (3 mlx 3) and then recrystallized from ethylacetate—
ethanol (5:1 v/v). A high temperature must be avoided during recrystallization.

b) I (1g) and formamide (2.2 g) were dissolved in dry ethanol (10 ml) containing Na (12 mg) and
stood for a day at room temperature. The ethanol was removed in vacuo at low temperature and the result-
ing oil was chromatographed on silica gel (Mallincrodt). Elution with benzene—ethylacetate (3:1 v/v) gave
(I1), (100 mg).

N-(1-Cyanoisobutyl) -N- (1’-nicotinamidoisobutyl) hydroxylamine (LX) N-(1-Cyanoisobutyl)isobutyl-
ideneamine N-oxide (2 g) and nicotinamide (1.5 g) were dissolved in solvents, such as ethanol, acetone, ethyl-
acetate or benzene,and refluxed for two days and then warmed at 50° for a day. The solvents were evapo-
rated off in vacwo at low temperature and the resulting paste was rinsed with a small portion of
ether (3 mlx 3) and then water (3 mix3). Unreacted amide was recovered from the latter, (550 mg). The
residue was recrystallized from ethylacetate, (900 mg). IIh and I1j were obtained by the same procedure.

N-(1-Cyanoisobutyl) -N-(1’-chloroacetamidoisobutyl) hydroxylamine (TIk) N-(1-Cyanoisobutyl)isobutyl-
ideneamine N-oxide (500 mg) and chloroacetamide (350 mg) were dissolved in dry ethanol (30 ml)
containing Na (10 mg) and the mixture was stood for 6 days at room temperature. The resulting paste
was applied to a silica gel column. Elution with benzene-ethylacetate (4:1 v/v) gave the adduct which
was recrystallized from benzene-petroleum ether (61 mg), mp 100—102°. Anal. Caled. for C11H O N, ClL:
C, 50.47; H, 7.73; N, 16.05. Tound: C, 50.68; H, 7.77; N, 16.14.

Investigation of the Catalysis of the Reaction N-(1-Cyanoisobutyl)isobutylideneamine N-oxide (1 g)
and formamide (2 ml) were dissolved in ethanol (60 ml) and the mixture was divided into five parts. Four
of these were mixed with Na, NaOH, piperidine and acetic acid (ca. 1X10~* mol), respectively and one re-
ceived no addition. The reaction was followed by thin layer chromatography on silica gel with ether as
solvent. With Na the product (Rf=0.77) was found after one hour, with NaOH or piperidine after 15 hours,
with acetic acid after 22 hours and without catalyst after 24 hours.

Thermal Decomposition of I to the Corresponding Nitrone @ (I1d) was dissolved in dry ethanol
and heat at 70° for 1—2 hours. A thin-layer chromatogram on silica gel with ether as solvent showed two
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main spots due to IId (Rf=0.77) and Id (Rf=0.60). Then, 2,4-dinitrophenylhydrazine was.added to the
solution. The hydrazone separated immediately and was recrystallized from ethanol-water, mp 182—183°.
It was identified as the hydrazone of isobutyraldehyde by determination of the mixed melting point. Ilc
gave the corresponding hydrazone mp 122° (from ‘ethanol-water).
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tion mass spectral measurements for us.






