A STUDY OF N-NITROSAMINE PHOTOADDITION
T

by

DAVID WEN-LUNG CHANG

B.Sc., National Taiwan University, 1965

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE
in the Department
of

Chemistry

© DAVID WEN-LUNG CHANG, 1970

SIMON FRASER UNIVERSITY
June, 1970



ii

APPROVAL

Name: David Wen-lung CHANG
Degree: Master of Scilence

Title of Thesis: A Study of N-Nitrosamine Photoaddition.

Examining Committee:

Y. L. Chow
Senior Supervisor

A, M, UnTau

Examining Committee

M. L. Benston
Examining Committee

et 23 ”C 197¢

Date Approved




iii

ACKNOWLEDGMENTS

The author wishes to express his gratitude to
Professor Y. L. Chow for his guidance and encouragement
throughout the entire graduate program. He also wishes
to thank Dr. Josiah N, S. Tam, Mr. Richard Perry and

Mr. Alan B. Gilchrist for their kind assistance.



iv

ABSTRACT

The photoaddition of N-nitrosamines to simple olefins

gave normal photolysis products, namely syn- and anti-

oximes of &X-aminoalkanones. The photoaddition of N-nitroso-

piperidine to l-hexene at low temperature with light >290 nm
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piperidino-2-hexanone oximes, the dimer of l-piperidino-2-
nitrosohexane and l-piperidino-2-(N-nitrosohydroxylamino)-
hexane. The photolysis of the dimer in the presence of an
excess of N-nitrosopiperidine also gave an N-nitrosohydroxyl
-amine derivative. In order to study the stereochemistry

of the photoaddition of N-nitrosamines to simple olefins,

trans- and cis-2-butenes were chosen as model compounds.

The photo-addition to these olefins was carried out either
in an excess of N-nitrosopiperidine or in a large excess
of olefin. The products were syn- and anti-2-piperidino-

3-butanone oximes, the dimer derived from erythro- and

threo-2-piperidino-3-nitrosobutanes, and erythro- and threo-
2-piperidino-3-(N-nitrosohydroxylamino )-butanes. The

isomer ratio of erythro to threo of the last mentioned

compound was 4:1 for trans-2-butene and 4:6 for cis-2-
butene. From these ratios, it was concluded that the

photoaddition is non-stereospecific.



The photoaddition of N-nitrosopiperidine to simple
acetylenic compounds, such as phenylacetylene and di-
phenylacetylene, gave mainly «-diketo monoximes, such as
phenylglyoxal ketoxime (65%) and benzil monoxime (61%).
In the photoaddition to phenylacetylene in the presence
of an excess of N-nitrosopiperidine, however, secondary
reaction products such as 2,2-dimethylacetophenone, 2-
methoxy-2-piperidinoacetophenone were also obtained in
addition to the formation of phenylglyoxal ketoxime.

On the other hand, if phenylacetylene was present in

excess, two high melting compounds were isolated.




vi

TABLE OF CONTENTS

Page
ABSTRACT v tveeveeurasocenannsenonssnssansssanssnss iv
INTRODUCTION «evccoeeococncoconsonss i 1
RESULTS
I. Addition of N-Nitrosodimethylamine to
ANEtNOLe v evvireeteneeeeeneneeneeeaneeenna 4
II. Addition of N-Nitrosopiperidine to
1-HeXENE tvr st nenoessonasasneeasnnsns 6
IIT. Addition of N-Nitrosopiperidine to |
2-Butene ....iiiiiiinenn. et 14
IV. Addition of N-Nitrosopiperidine to
Acetylenic COMPOUNGS +vvevrvevsesaosoncecss 29
DISCUSSION
I. Addition of N-Nitrosamines fo Simple
0LefinNS tuiceieereranoonenseonnansnsansacass 41
IT. Addition of N-Nitrosopiperidine to
Simple Acetylenic Compounds .....eoeeeo.s. L7
EXPERIMENTAL
TI. General Conditions ..v.eeeveeeeeveeenscooss 57
IT. The ChemiCalS «evverennneeenneeenneennnes. 58
III. Photolysis Apparatus ....; ............... 59

IV. General Procedure of Photolysis .......... 60




vii

V. Addition of N-Nitrosodimethylamine to
Anethole ....cvviiiinieenn. e 63
VI. Addition of N-Nitrosopiperidine to
1-HeXEBNE vt eeaeeneanoeoosacenssassnsoaasns 65
VII. Addition of N-Nitrosopiperidine to

Trans=2-BUbenNe . ..eeeeteeoeoeescoanonnnes 74

VIII. Addition of N-Nitrosopiperidine to
Cis-2-Butene ........ceiviiicniccnncnnns, 86
IX. Addition of N-Nitrosopiperidine to Phenyl-
LY L= RO =) o = S AR 88
X. Addition of N-Nitrosopiperidine to Di-
Phenylacetylene ... it iivitiirenecinnonsen 97
BIBLIOGRAPHY « v vvvurvnnnnnnnnnnns i, 99




Introduction

Previous work (1,2) from this laboratory has
established that the photoaddition of N-nitrosamine to a
simple olefin in acidic methanol solution yields a p-
aminoxime as the major product (3). The progress of the
photoaddition was conveniently followed by recording the
decrease in the u.v. absdrption of the N-nitrosamine
group at 340-350 nm, which remained unchanged unless the
solution was irradiated. It was also observed that ab
new peak at about 290 nm emerged while the 340-350 nm
peak decreased. On furthur irradiation of the solution,
the new peak at 290 nm gradually disappeared (4).

Based on this information it was concluded that the
primary photoadduct was a p—dialky1aminonitrosoa1kane (1)
which underwent dimerization to a C-nitroso dimer (2)
and tautomerization to a p-dialkylaminoketoxime (3).

The new peak at 290 nm was assigned to the C-nitroso
dimer (2) which was isolated in some cases. The reaction
pattern is summarized in Scheme TI.

In the absence of an olefin, N-nitrosopiperidine in
an acidic methanol solution photolytically decomposed to
formaldehyde, piperidine, N-piperidinoformamide and HNO,
although the last compound was not isolated (Scheme IT)

(6). In both photoadditions, the presence of an acid was




Scheme I

R. |
R'CH=CHR" + N-NO
R
hy
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N-0O , N-OH
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a requirement since no photoreaction occured in neutral

Scheme II

solution.
HCHO + ¢ NH +
h
CN-NO e _
MeOH, H*
‘ N-NH-CHO + HNO

In order to determine the reaction mechanism, the

stereospecificity of this photoaddition was investigated.



Since tautomerization of the C-nitroso compound 1 results
in a loss of its stereochemistry, it was necessary to
find a secondary reaction of 1 in which its configuration
could be preserved. This led us to the discovery of

the formation of an N-nitrosohydroxylamine derivative

& under certain conditions. The photoaddition of N-
nitrosopiperidine to acetylenic compounds was alsofi
studied and the reaction pattern could be interpreted as

shown in Scheme III.

Scheme IIT
R. hy
Ar-C=C-R + ,’N"NO
R MeQH , H*
R
Ar-C=C-NR, | ——= Ar-C-COR + R.NH
! 2 - 2
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0
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RESULTS

I. Addition of N-Nitrosodimethylamine to Anethole

The photoaddition of N-nitrosodimethylamine to
anethole proceeded smoothly in the usual fashion to give
syn-1-(p-methoxyphenyl)-2-(N,N-dimethylamino)-1l-propanone
oxime (8, 68%). anti-1-(p-methoxyphenyl)-?-(N N-dimethyl-
amino)-l-propanone oxime (9, 11%) and a trace of 1-(p-
methoxyphenyl)-1-(N,N-dimethylamino)-2-propanone oxime

(11) as shown in Scheme IV.

Scheme IV

CH,
0 =CH- “N-
CHy -Q-CH CH-CH, + CH3/N NO

CH3

hy .
v [CH3O@QH-CH—N<CH3>2] +
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]
-0 . N(CHg),
8 4 = \

| 4 ‘
crlso@ G-CrCry), %o@gH-cw—OH
LI N(CHy),




The elemental analysis as well as the mass spectrum
of oxime 8 confirmed the molecular formula (C;oH;gN,05).
The i.r. absorptions at 1605, 1512, 926 and 854 cm~!
were in agreement with the assigned structure of 8 (7).
The n.m.r. spectrum exhibited all the features expected
for the structure 8; among them was the doublet (J=THz)
assignable to the methyl group which was coupled to the
quartet of the methine proton ( 7T 6.45). The mass spectrum
of 8 showed major mass peaks that could be rationalized

by the fragmentation pattern as shown in Scheme V.

Scheme V
CF@
|
CH30 @E},CHL[\.KCH?)Q — CH3O@CN
+ \n
OH 8b me 133
8a m/e 222
. * CHyCHNCH,),
\ 3 8c mfe 72
\oH- N(CH3)2

CHSO@C) 6/

-+

ad 1 |
oD
CH30_©C ~CH-ChHy 8e mfe U7

NO




The structure of oximec 9 was confirmed by the spectral
data. The n.m.r. spectrum exhibited g quarfet at 16.63
assignable to the methine proton. Since this methine
proton appeared at a higher field than that of oxime §

(T6.45), oxime 9 should possess the anti-configuration

in agreement with the well known long range anisotropic
effect of the amino group (8). Further support was gained
by comparing the mass spectra of oximes § and 2 which were
very similar except for the relative intensities, e.g.,
mass peaks at m/e 205 (20% for 8 and 100% for 9) and 149
(71% for 8 and 8% for 9). These differences might arise
from an effect of the intramolecular hydrogen bonding in
oxime 8 which is not possible in 9.

Oxime 11 was obtained in only a small amount and
showed mass peaks at m/e 222 (M") and 205 (M'-OH). The
nmr spectrum contained a singlet at f8.62 in agreement

with the methyl ketoxime.

ITI. Addition of N-nitrosopiperidine to l-hexene

The photoaddition of N-nitrosopiperidine to l-hexene
was carried but under various conditions in order to
investigate the secondary product derived from the C-nitroso
compound 1. The results are summarized in Table Ia. The
progress of this photoaddition was monitored by u.v,
spectroséopy. The following information can be elicited

from Table Ia.



“TTu 0%
pPesS®BoIOop WU 262 2® ¥eaed JSWTIp ©U3 O3 UOTABIPBIIT SNONUTIUO) ‘N fWNWIXBW O3 pPOSEBSIOUT WU

cbe a1® yeoad aawTp 9yl "I fyaeq Tourvylsw~-9oT Aig b fyaeq 31es-so0I *d fyzsq SOI °O
CUOTANTOS J03TTJ o3BIOTYOIad mcmﬁvnmqﬁumcdpmeOHo%odeﬁvnwqmuﬁmspmﬁﬂmuw«m ‘U
‘UOTANTOS J92T1J 23BITNS TOMOIN ‘W fJa99TTJ Xod&4d 1T fJ93TTJ X8Ja0D °¥
e~ $I91TTI SS®IB 21J08 L fI9qTIF €SBIS wniuvIn] °T ¢fpIow oTuoginssusnior-d -y
fTourylaU SNOJIPAUUR UT SPTJIOTUO USB0IpAY Aag T ¢pPEo®R OTJIOTUDOJIPAY pPoO3BIJUSIUC) *J
f(m 00T) qirq xo3oefoxd gE Jed Lanoasy °° f(wu oTE) dwer 3suchey ‘P
¢(wu 0GE) dwer qouockey o (M oozg) dwey eTaourH -q (M 0Gfy) dwel BTAOUBH °®
*90BIY x
"dftfufa ¢ Ay 2 L % - UMW Ot UE 002 i 0 LE €6 n9
"dfyyce e % eh 4T utw 0f U ¢ 002 €0 AN g e
*dfTfy‘e * ic ¢ gc umm 0f U ¢ 00¢ € 0 et g 177
~defc3ce ¥ 9 LT KT utw 0of U e 0%¢ 120 GET 8 s
‘dfTf3yce L 9¢ H1 QT UTwm 0¢ Y g 0G¢ 0€°0 PrAN e pm
*ofTf1ce 2 % HE 6T g umwm 0T y¢ 0GE 0€°0 gel 18 atl

91 JI oT GI xT ¢t  potaad (Tw) (N)  (seToum)  (soToumr)
S910N PISIX % UOTQRIPBIII SUNTOA A3TPIOY dusxay-T auIrpTJadrtd uny

-0S0JI1TU~N

9USX9H~T 03 duUTPTLI8dTdOSOI1TN-N JO UOTITPPBOIOUd 8yl *BI °TJBL




Scheme VT
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The photoaddition of N-nitrosopiperidine in the
presence of an excess of l-hexene gave an excellent yield
of a mixture of syn- and anti-l-piperidino-2-hexanone
oximes (14 and 15, ratio = 3:7). A similar photoaddition
using a combination of a Uranium glass filter and a

medium pressure Hanovia lamp usually gave, in addition to &




good yield of oximes 14 and 15, less than 10% of the
trans-dimer of l-piperidino-2-nitrosohexane (13). When
the photolysis was terminated at the maximum intensity

of the 292 nm peak, 28% of the dimer could be isolated.
If the irradiation through a Corex filter was contiuned
until the absorption at 292 nm disappeared, l-piperidino-
2-(N-nitrosohydroxylamino)-hexane (17) and oximes 14

and 15 were obtained. The yield, of this N-nitrosohydroxyl
-amine derivative 17 rose to 47% at the expense of oximes
when the photoaddition was run using an excess of N-
nitrosopiperidine in a pyrex apparatus.

The structure of oximes 14 and 15, dimer 13 and N-
nitrosohydroxylamine derivative 17 were assigned based
on spectral and analytical data. The trans-configuration
of dimer 13 was indicated by a strong i.r. absorption
at 1185 cm™! (9). The n.m.r. spectrumﬂof the dimer 13
showed an ABX pattern consisting of a double doublet at
t7.15 (J=10 and 13 Hz), a multiplet at T4.28, and a
broad signal at 77.55 which was obscured by «-methylene
protons of the piperidine ring. The molecular formula
was further confirmed by elemental analysis and by its
mass spectrum which showed the highest mass peak at m/e

198 as the mass corresponding to the C-nitroso monomer.

Anti-oxime 15 showed i.r. absorptions at 935, 1650

and 3220 cm—1 corresponding to N-O, C=N and 0O-H stretching
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absorptions respectively (7, 10). The molecular formula
was confirmed by elemental analysis and the molecular
peak (m/e 198) in the mass spectrum. The parent peak
(m/e 181, MT-0H) and other prominent mass peaks could be

interpreted as shown in Scheme VII.

Scheme VII
04H9 C CHZ > ¢ N CHy
HOﬁ 15b m/e 398
1%a m/e 198
C, Hg C5CHy=N —  GHgmC=CHy
.",\ J +NO
\O__H B
14b m/e 13
14a m/e 198

1 -'NO
Yic m/e 84
Syn-oxime 14 exhibited very similar i.r. and mass

spectral patterns to those of anti-oxime 15. However,

syn-oxime 14 showed very intense mass peaks at m/e 60
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(100%), 73 (50%) and 84 (77%), but their origin is not
clear. The methylene group in each of these two oximes
resonated as a singlet at 76.77 for 14 and 17.03 for 15;
the former was assigned as syn-oxime and the latter as
ggﬁi}oxime (8). The assignment was further substantiated
by t.l.c. mobility in which syn-oxime 14 moved faster
]

v +o0
VLA s aava (VR

«t

than anti-oxim 7ith cupric

U1
~~
'._J
}_J
N
A¥)
{
'3
15y
l*2
d
+
5
bl
p)
b]
-t
b]

T
v

sulfate solution in whigh only anti-oxime 15 gave a green
coloration (12). .

On oxime formation of ketone 16, a mixture of syn-
oXime lﬂ and anti-oxime 15 was obtained, thus proving
the identity of ketone 16. N-piperidinoformamide 18 was
obtained upon prolonged photolysis and was identified by
direct comparison of the i.r. and n.m.r. spectra with
those of an authentic sample¥* (13).

The molecular formula of the N-nitrosohydroxylamine -
derivative 17 (C11H23N30,) was confirmed by elemental
analysis and its mass spectrum (M", 229). The i.r.
absorption at 1045 em™t is characteristric of the N-0
stretch in the N-nitrosohydroxylamino group (7). The n.m.r.
spectrum contained an ABX pattern (similar to dimer 13)
with a double doublet at T6.93 (J=9 and 13 Hz) and a |
multiplet at t5.55. The fragmentation pattern of the mass

spectrum of 17 is shown in Scheme VIIT. ;

*¥ The author thanks Mr. Lau for providing these spectra.
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Scheme VIII

:: .+
N-CHfCN

7b mfe 1%

In the acidic solution (see Table Ib), the trans-
dimer 13 was slowly converted to syn- and anti-oximes l&
and lé. When the dimer 13 was irradiated with a 280-320 nm
light source in an acidic solution, either alone or in
the presence of N-nitrosopiperidine, the absorption at
292 nm due to the dimer disappeared rapidly. In these

reactions, syn- and anti-oximes 14 and 15 (ratio 1:1)

were the only products obtained. The irradiation of an
acidic solution of the dimer 13 and N-nitrosopiperidine
in a pyrex apparatus, gave, in addition to oximes,

N—nitfosohydroxylamine derivative 17 as the major product.
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III. Addition of N-nitrosopiperidine to 2-butene

The photoaddition of N-nitrosopiperidine to 2-butene
followed a pattern similar to that of its addition to
l-hexene and the results are summarized in Tables II and
IITI. The primary photoadduct, which was not isolated, was
agaln the C-nitroso compound lg, but in this case two

stereoisomers, erythro-(19a) and threo-2-nitroso-3-piper-

idinobutane (19b), can be formed. The final products
isolated under various conditions were two of the three

possible trans-dimers of 19 (20a-20b), syn-2-piperidino-

3-butanone oxime (21), anti-2-piperidino-3-butanone oxime
(22), erythro-2-piperidino-3-(N-nitrosohydroxylamino)-
butane (ggg) and EE339—2—piperidino—3—(N—nitrosohydroxyl-
amino)-butane (23b). Oximes 21 and 22 are the regular
photoadducts obtained by tautomerization of 19 in which
the original stereochemistry is destroyed. The stereo-

chemistry of the addition was, however, retained in 20

and 23. All the possible trans-dimers, erythro-erythro

dimer 20a, erythro-threo dimer 20b and threo-threo dimer,

were observed in the n.m.r. spectrum of the mixture.

The reaction is summarized in the Scheme TIX.
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Scheme IX

CHyCH=CHCH;  + (  N-NO

CHy / § \ \ Chy

N-CH- LH O _ CHy C-CH-N
CH3 “N= N CH;

/‘ > “OH
O CH CH-N 2

20a.b,c CH3

" =)
C CH; C-CH-N
i H3
CHy-CH-CH-N ) Ho’

| I\lI-OH 22
o L~ NO  23a,b
o ~ o
CH3'(I:H‘CH‘N CH3‘%:'CH'N -
-0 o *
6
N 2a,b 26

‘Na 0
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The total yield of dimer 20 could be increased to
18% when the photolysis was carried out with a Uranium
glass filter at low temperature in the presence of a

large excess of trans-2-butene. Two isomers with melting

points 156.5-158.5° (20a)'and 104.5-106.5° (20b) were
isolated in small amounts. In some experiments, a mixture
of dimers was obtained. but they could not be geparated

by ordinary methods. The overall yield of the N-nitroso-
hydroxylamine derivativé 23 was increased from 3% (ratio
of 23a:23b = 4:1) to 13% (ratio of 23a:23b = 6:4) when

the filter was changed from Uranium glass to Corex.

Due to the polar nature of the functional group and the
acidic proton of the N-nitrosohydroxylamino group, erythro-
and threo- isomers 23a and 23b were relatively more
soluble in water than in organic so;jents, and they formed
a sodium salt with sodium carbonate.

The trans configuration of dimers 20a and 20b was
indicated by the strong i.r. absorption at 1190 em™ 1,
The highest mass peak observed in these dimers was m/e
198 which is equivalent to the molecular weight of the
monomer. The nmr spectra showed double quartets at
76.95 and 4.35 (J=6.5 and 10 Hz) for dimer 20a and
17.16 and 4.57 (J=6.5 and 10 Hz) for dimer 20b. These
signals were assigned to the two methine protons in the

respective dimer. The 100 Mc n.m.r. spectra of dimers 20a
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and 20b are shown in Figures I and II. In the case

of dimer 20a, irradiation of the methyl doublets at
79.07 and 8.74 collapsed the signals at T6.95 and
4.35 to an AB quartet (J=10Hz). Dimer 20b indicated
four sets of methyl doublets at 79.16, 9.07, 8.76 and
8.56 in its nmr spectrum and was assigned the erythro-

threo combinatidn. Whether dimer 20a has an ervthro-

erythro or threo-threo combination cannot yet be con-

cluded. Many attempts to reduce the dimers to the
corresponding 2,3-diamino derivatives were not successful
and unfortunately prevented further investigation of the
stereochemistry.

The elemental analysis and the molecular ion peak
of oximes 21 and 22 confirmed the molecular formula

o)

Col18Npo0. Both oximes showed the

4

< 5 shamnvyrhtd Aanc
L., &050rpCLOIils

o]
&

xpecte
at 3160, 1649 and 945 cm~l for 22 ar{d 3160, 1650 and 935
cm~l for 21. The nmr, signal of the methine quartet of
21 appeared at a lower field ( T6.67) than that of 22
(77.12). Assignments of the syn-configuration to 21
and the ggii-configuration to 22 were ascertained by
this information (8) and by the color test with cupric
sulfate solﬁtion in which a green color was observed
only with the anti-oxime 22 (12).

The mass spectral patterns of 21 and 22 were very

similar, differing only in intensity. The mass peak

S U ST
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corresponding to M'-OH (m/e 153) was 66% forbgg and
only 13% for 21, thus suggesting departure of the OH
group in the anti-configuration. The major mass peaks
in 21 and 22 could be explained by the fragmentation

pattern depicted in Scheme X.

Scheme X

' +
CH3CCH‘ ) ————  N=CH-CHy + CHyCN

HO)
2a m/e 170 22b m/e M2 2¢ m/e &
(100%) (30%)
CH3 /N
CH N ) CH3~(l3=CH-CH3
NO
o4 ZLD-
2la m/e 170 ~NO
+
CHy-C=CH-CHg
21c m/e 55

The structure of ketone 26 was confirmed by the

1

i.r. absorption at 1700 cm™" and the nmr signal at
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T6.32. The compound was, however, not isolated from
the mixture in a pure state.

The elemental analyses of 23a and 23b gave a
molecular formula C9H19N302. The mass spectra of 23a
and 23b showed the weak molecular ion peak at m/e 201
(see Fig. III). The fragmentation pattern of the com-

pound could be rationalized as shown in Scheme XI.

Scheme XTI

CH
3
l . + +
CH3-(|ZD—CHL['\J ) ———— < N=CH-CH3 + CH3—CH=NvNO
N
N OH 23d mye 139 23¢
2Bc m/e 201 ~HNO
' _ +
CH3-C=N
23f m/e 4

HCHy Oy CH,
O?u 'NCH-CH NCHCHCH,  g3h mye 139
\
oH | ANGE

{  N-CH-CH=CH,
+ .

231 m/e 124
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/ VPV
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—~—~
NS 3
~—

. Sample 90 mg in
8 ml CCly ple 90 mg 1

16 ml CCLy,.

3). Sampl 0 mg i
(2). Sample 90 mg in (3). sample 90 mg in

4 ml CCLy,.

“\\\\\(1).‘Sample 90 mg in

1l ml CClu.

2 ml CCly. u




g Fig. V. The 1.r. Spectra Dilution Studies of Compound 23a

23

N\
| “ |
(6). Sample 50 mg in \ (5). Sample 50 mg in

16 ml CCly. q 8 ml CCly.

o —

(4). sample 50 mg in (3). Sample 50 mg in

>

4 ml ccly. 2 ml CCly.
(2). Sample 50 mg in////// u (1). Sample 50 mg in
1l ml CClu. - 0.5 ml CClu.
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The i.r. spectra of 23a and 23b showed strong
absorptions at 1065 and 1055 cm"l respectively, which
were assigned to the N-nitrosohydroxylamino group.

The study of the i.r. spectra by dilution technique

in the region 2000—&000 cm™ L (Fig. IV and V) demonstrated
that the relative intensity of OH stretéhing absorptions
(3200-2800 cm™!) remained about the same over a 32 fold
dilution of 23a and 23b in CCly. The O-H stretching of
both compounds occured in the>3200-2800 cm'l region and
was superimposed with C-H stretching absorption. The
information indicated that both compounds possessed a-
certain degree of intramolecular hydrogen bonding, but
was insufficient to allow assignment of the structures

of 23a and 23b. The nmr spectra exhibited two double

quartets of methine protons at 7T7.02 and 5.72 (J=10Hz)
for 23a and at T6.92 and 5.62 (J=10Hz) for 23b (Fig.

VI and VII). The coupling constant of 10 Hz for the
methine protons was determined by decoupling experiments
as shown in Fig. VI and VII. This indicated that both
23a and 23b preferentially assumed the configurations in
which two methine protons are in the trans relation as
shown.

That 23a and 23b had the erythro- and threo-
structures and that they had the conformers as indicated
in Scheme XIT was further shown by the following
observations. First, the chemical shift in CDCl3

solution of the hydroxyl group,in'23b appeared at
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lower field ( TO0.40-1.40) than that in 23a ( T 0.20-2.00)
over a comparable concentration range. Secondly, while
23a instantaneously gave a positive color reaction with
2% cupric sulfate solution, 23b did not. Thirdly, 23a
formed a sodium salt\in dilute sodium carbonate solution,
while in contrast, 23b formed the sodium salt to the

extent of about 50% under the same conditions. This

Scheme XTIT

CHy CHy

ST

H l'\l-NO H N-NO
|
CHy OH [Nj HO
23a (erythro) 23b (threo)

information indicated that the hydroxyl proton of 23b
is more tightly bound-(probably by intramolecular
hydrogen bonding to the nitrogen atom of the piperidine
ring) than that of 23a. From a conformational point of

view, the preferred conformations indicated in Scheme XIT
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are the most stable from steric considerations. It
follows that this conformational stability facilitates
the intramolecular hydrogen bonding to a greater extent

in 23b than in 23a. Reduction of 23a and 23Db by LAH was

extensively attempted but without apparent success.
Although reduction to the amine appeared to take place,
attempts to isolate the product by acylation of the
amine gave no identifiable products.

The photoaddition of N-nitrosopiperidine to cis-
2-butene was carried out under conditions similar to
those used in the case of trans-2-butene (Table IV).

In this photoaddition, the products obtained were the
same as in the photoaddition to trans-2-butene. However,
the product ratio.was not the same. From the complex
nmr, spectrum, a mixture of dimer 20 was show
all three possible combinations of 19a and 19b. When

the photbaddition was carried out through a Uranium

glass filter in the presence of an excess of N-nitroso-
piperidine, 23a and 23b were obtained in the ratio of

4:6. This ratio did not change significantly (35:65)

when a Corex filter was used, but the total yield increased

to 18%.

IV. Addition of N-Nitrosopiperidine to Acetylenic
Compounds

When the photoaddition of N-nitrosopiperidine to
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phenylacetylene was carried out aﬁd worked up in the
usual manner, a complex mixture of products was obtained.
From this mixture, phenylglyoxal ketoxime (32, 27%),
2,2-dimethoxyacetophenone (31, 22%) and 2-methoxy-2-
piperidinoacetophenone oxime (30, 24%) were isolated as
the major components and phenylglyoxal dioxime (33) and
2- (N-nitrosohydroxylamino)-2-phenylacetaldehyde (34) in
small yields (Table IV). These products were obtained
in only minor quantities when an excess of phenylacetylene
was used and the reaction mixture worked up in the usual
way. In this case, the new products turned out to be
high melting solids (g§ and gg) together with small yields
of benzolc acid plus the products observed above. However,
it was found that the ketoxime 32 could be obtained in
good yield even in the presence of excess phenylacetylene
if the photolysate was neutralized immediately after the
irradiation and the reaction mixture worked up under
neutral conditions. Assuming that the photoaddition
takes place in a similar manner to the C-nitroso compound
(27) as the primary adduct, the reaction pattern can be
summarized as in Scheme XIII, and will be discussed later.
The structure of 32 was confirmed by its spectral
data and by the preparation of its bis-phenylhydrozone
derivative. The i.r. spectrum in chloroform solution

exhibited a strong carbonyl absorption at 1700 cm-l.

fvi
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Scheme XIIT

CeHs oM
HN N + 29
0—4
28 C H

1
hy
- C=CH-N
Orcwon + O g | OO |

NO
MeOH 2
HNO
OCHy
c-ci-N_ ) (O)rc-cHo 9=CH-N )
[Hl N\ 32 /N
2,00 | OH == ON OH 2B
MeQOH ‘l l
- NH,OH ~CHEN
¥ [,\91 CH-N-OH O cr-cro
oH B EfH
| 34
@9'(}* (0CH3 ), C-CH-OH
NO 35
3 o =
C=Cri-OH
O’E a <:>%COOH
! 352 38
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The n.m.r. spectrum showed two signals atT2.53 and 0.20
with the ratio of 5:1. The molecular formula (08H7N02)
was confirmed by elemental analysis and by high resolu-
tion mass spectrometry which gave a mass of 149.0520
(caled. 149.0478). The fragmentation pattern* of the
other major mass peaks (m/e 149, 119 and 103) in the

mass spectrum could be rationalized as shown in Scheme

XLV,
Scheme XTIV
-
L8
@C) H — C=CH-OH
"NL0 NO
ot o4
Pa m/e s 32b ~NO
+
©C=CH-OH
32c m/e 119
@c‘,-CHf@ ©0N+ + HC=0'
I
N, 32e m/e 103

3

* The mass spectrum of the alternative oxime (phenyl-
glyoxal aldoxime) showed main mass peaks at m/e 149
(Lh4%), 105 (100%) and 77 (65%).but no peak at m/e
119 was observed.
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A chloroform solution of the ketoxime 32 slowly
gave crystals which were shown to be the dimer of 1~
nitroso-2-hydroxylstyrene (35a). This solid dissolved
in chloroform to give the same i.r. and nmr spectra as
shown by 32. In nujol mull, however, this solid showed
no i.r. band at 1700 cm"l but a strong absorption at
1210 cm_l and a medium one at 1590 cm-l, indicating
the trans-dimer structure as shown in 35a. Sublimation
of the solid gave 32 as a crystalline solid (m.p. 48-
50°) and the mass spectrum showed the same pattern as
that of 32, except.for some variation in intensity
(peak at m/e 119: 98% for 35a and 53% for 32).

Oxime 30 showed a strong mass peak at m/e 231
which was confirmed by high resolution mass spectrometry
to be the M%-OH peak. The signal at T6.17 for methoxy

rotons and the singlet at T2.58 for the methine protor

o

o)

nd broad multiplets at 7T7.43 and 8.56 for the piperidine

o

ring were in agreement with the structure assigned. The
major mass peaks could be rationalized as shown in Scheme
XV.

The spectral data of 2,2-dimethoxyacetophenone 31
agreed well with the reported figures (14,15). The i.r.
absorptions‘at 1695, 1122 and 1070 cm-l and the n.m.r.
singlet at T6.55 eqﬁivalent to six methoxy protons and

a singlet at T4.85 equivalent to one methine proton

were highly indicative of the proposed structure. In
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Scheme XV
OCHg . ,
@-C‘,CH N ) —= @CN + { N=CH-OCH,
L
N~
" “OH
b 0c m/e 128
300 mp2us 30bme103 30c m/
(OC A |
' H3 OCHy ctLc-N
C{CH-N \
I Q/
N.) N+
N I
OH l OH 30
H)0

30d
OO
30f m/e 199

addition, the mass spectrum showed the characteristic
mass peak at m/e 75 (100%) which could arise from the

fragmentation as shown below.

-+ —-e + +
@c-m( OCH4 )y CH(OCHy)y + CO
[

O

Ja m/e WO 31b mfe 75 3lc m/e 105
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Dioxime 33 is a.known compound and gave a melting
point in agreement with the reported value (16). The
mass spectrum showed an M" peak at 164 with 100%
intensity and the other major mass peaks could be

interpreted as 33a, 33b and 33c.

@(‘E—CH=N—OH ~OH-H0 @—(ﬂ)-CeN:

-N +
+SOH
Ba me 164 Bbm/e1R
) - CN
| .
O
33c m/e 103

The N-nitrosohydroxylamine derivative éﬂ gave a
strong mass peak at 121 which was shown by high reolution
mass spectrometry to be m/e 121.0492, equivalent to

CTHTNO and possibly arising from 34b.

. H
cH- ¢ o -
Hy C=0r CH=N-OH
N~
HO " NO
34a 34b m/e 1
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Due to its poor solubility, the high melting

product was difficult to purify and apparently decomposed
on attempted recrystallization from a mixture of AcOH-
Ac20. Based on the elemental analyéis and the intense
mass peak at m/e 149 (100%) the structure 28 was
tentatively proposed. The mass peak of 149 indicated that
the fragment of ketoxime 32 formed the integral part of
§§. On attempted acetylation in a pyridine-acetic anhydride
mixture, §§ gave benzoic acid and benzamide due, apparently,
to.decompositon. This decomposition can be visualized as
shown in the following scheme. The spectral data exhibited

by 29 does not allow definite proposal of its structure.

Scheme XVI
CeH _
GBQH /O\
o Ac 0 = QP
HN N c—C 28b
A\~ .,} / N\

@CONHz‘* @COOH + C-COOH

The photoaddition of N-nitrosopiperidine to
diphenylacetylene gave, in good yleld, benzil monoxime

(37) which could be attributed to the hydrolysis




4o

product of the primary adduct (36). The identity of
this compound was confirmed by a mixed melting point
with an authentic sample (17). The ptrong mass peaks

at 105 and 103 can be assigned to fragments CgHz-CO"

X 5
and CgHsCN .

Scheme XVII

O-c=cO + {_N-NO

hy
Me OH, H*

[(\r@@—@]

T e

@
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DISCUSSION

I. Addition of N-nitrosamines to simple olefins

A discussion on the structures of the oximes, the
trans-dimer of the C-nitroso compounds and the N-nitroso-
hydroxylamines has been presented in the previous
section. The experimental results and structural
elucidations confirm that the primary photoadduct is
a C-nitroso compound, as has been previously proposed
(18). The blue to yellow photolysate obtained, parti-
cularly under low temperature photolysis conditions,}
provide visual confirmation of the presence of a C-
nitroso compound in the solution.

Tautomerization of  C-nitroso compounds (19,20)

N

to the syn- and anti-oximes (such as 8, 9, 14, 15, 21

l

and 22) and dimerization (19,20) to the trans-dimers

(li and.gg) have been amply discussed in the publications
emanating from this laboratory (21,4). The formation of
an N-nitrosohydroxylamine from a C-nitroso compound
requires addition of a molecule of HNO. Since HNO is

the basic member of nitroso compounds, the first step

of the reacfion can be regarded, in a first approximation,
as the formation of an azodioxy linkage (46) similar to
that occuring in dimerization. Migration of the proton

from the nitrogen atom to the oxygen atom and reorganization
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H O O OH
N\ b4 +/ /
R-NO + HNO == N=N = N=N = N-N
I's \ / \ 4 \
O R HO R O R
46 48 47

of the electron distribution can be visualized readily

in various ways to give &§. N-Nitrosopiperidine has

been shown to eliminate HNO when photolyzed in the
presence of an acid which obviously supplies HNO reqﬁired
in the reaction (6). This view is confirmed in that 23
and 17 are formed when an excess of N-nitrosopiperidine
was photolysed in the presence of dimers 20 and 13.

it is not known whether 23

———

From the data available

-3

and 17 have the structure EZ or _l_@.~ It is also possible
to write the N-nitrosohydroxylamino group as a resonance
hybrid of 49 and 50 (22). The similar resonance structures
of anion 51 and 52 allow us to rationalize the acidity

observed in 23a and 23b. The acidity of this proton is

probably nearly the same or higher than carbonic acid
(K1=4.30 x 10—7) since the salt is formed in a sodium
carbonate solution.

The discussion presented above explicitly assumes

that the C-nitroso monomer, and not the dimer, is
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undergoing the secondary reactions. Since formation of
23 and 17 was realized only when the dimer peak at 292
nm was also irradiated in the presence of an excess of
N-nitrosopiperidine, and since photocatalyzed dissociation
of a dimeric C-nitroso compound to monomer is well known
(23), it may reasonably be concluded that the C-nitroso
monomer is the reactive species. The possibility that
the formation of azodioxy compound &Z (or the general
dimerization process) is a photocatalyzed process can

be ruled out nor proved at this point. However it has
been recognized that a C-nitroso compound rapidly and
spontaneously sets up an equilibrium with the
correéponding dimer in which the concentration of the
dimer is more favored. Thus fhe pattern of the photo-

addition of N-nitrosopiperidine to a simple olefin can
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be defined as shown in Schemes VI and IX.
While the photoaddition of N-nitrosopiperidine to
l-hexene gives only one stereoisomer, the photoaddition

to 2-butenes gave erythro (19a) or threo (19b) mixtures

of the two isomers depending on the reaction mechanism.
Since the stereochemical consequence of an addition
often sheds more light on the addition mechanism, a
considerable amount of experimentation has been carried
out to define the stereochemistry of the addition.

It is clear that the photoaddition to either cis- or
Ezgggfz-butene gives a mixture of the two stereoisomers.
This was confirmed by the isolation of N-nitrosohydroxyl-
amine derivatives 23a and 23b, whereas the analyses of
the dimers 20 have not been successful due to the
complexity of the n.m.r. spectra and to instability
during the isolation process. The photoaddition is,
therefore, non-stereospecific.

Although direct proof of the stereochemistry of ggg
and 23b by i.r. dilution technique or by n.m.r. coupling
constant has not been fruitful, the assignment of erythro
to gig and threo to 23b have been confirmed by the
evidence presented. It follows that the photoaddition of
N-nitrosopiperidine to trans-2-butene gives more erythro
23a, while that to cis-2-butene gives only slightly more

threo-23b when a Uranium glass filter is used. A stepwise
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Eﬁggg;addition of nitrosamine to olefin (18) has been
proposed. The results confirm this view and the
mechanism of the addition can be explained by Scheme IX,
assuming a free radical addition mechanism. The collapse
of the radical pair 53 or 54 must be slow so that
rotation around the C-C bond occurs to give 55 as well

as éé. The extent of the rotation of the C-C bond is

H ' :

\ / | A

L=C_ — £9oC — /Ic——c" H 23
) CHy H 2T/

U R R
/ L/ | Ao
ch\ - _a— N
D N0 “CH

Cy g T CHg ) 3 H/ NO

determined by steric factors and by the lifetime of
53 and 2&; obviously cis- methyl groups exert a stronger

interaction to cause more randomization giving a ratio
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of 4:6 for 23a:23b. In comparison, the photoaddition of
N-nitrosopiperidine to trans-2-butene results in a
substantial retention of the configuration giving a
ratio of 4:1 for 23a:23b when the solution was irradiated
through a Uranium glass filter. When irradiated through
a Corex filter, N-nitrosopiperidine possesses more
excitation energy and 53 (as well as 54) has more
vibrational energy to dissipate resulting in more loss
of stereochemical purity. The observed ratio of 23a:
23b = 6:4 in the photoaddition to trans-2-butene under
this condition is 1n good agreement with this argument.
It has been assumed that the photoaddition occurs by
free radical mechanism. This assumption is deduced on
the basis of the observation that neither ionic nor
cyclic addition mechanisms are operative (18). For
free radical addition, examples are known in which the
degree of retention of the stereoisomerism is dependent
on temperature; for example, the addition of DBr to cis-
2-butene 1s stereospecific yilelding pure isomer at -780

(24). In contrast, an erythro-threo ratio of 1:1 has

been reported when the reaction is run at room temperature
(25,26). It is expected that the photoaddition of a N-

nitrosopiperidine to an olefin will be more stereospecific'
if the photolysis is carried out at a lower temperature.

Such reactions should be tested in future.
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IT. Addition of N-Nitrosopiperidine to Simple
Acetylenic Compounds

In contrast to the well investigated addition
reaction to olefins, the addition reaction toracetylenes
has been relatively neglected. Some typical addition

reactions of methanol to acetylenic compounds has been

«+

nhntnavnidi+n~A
I.l VVVVVVVVVVVV A

reported in which methanol was added to
diphenylacetylene to give 1,2-diphenylvinylmethyl ether
(27). 1In the present case, the photoaddition follows

the same pattern as that to a simple olefin giving ;
p-nitrosoenamines 27 and §§ as the primary photoadducts.
This type of nitroso compound has not been reported
previously and its behaviour is, a priori, not known.

It is conceivable, however, that p-nitrosoenamine ﬂg

can undergo hydrolysis followed by tautomerization to |
give an o-diketone monoxime (42 —=L43—44). Alternatively,
proton shift from the ammonium center to the nitroso

group may take place, followed by the hydrolysis of the
iminium linkage to give the oxime (42 —= 45 L4}, Suéh
reaction'sequences are confirmed by the isolation of 32

and §Z as the major products which also proves the
regiospecificity in the photoaddition. In the presence

of an acid, the nitrésamine apparently undergoes a

complex thermal reaction as shown by the isolation of

various products 30-35. All these compounds can be
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C=C ,CH-C, —~ -c—C/
NN o N\‘o o Lo
0 & 43 OH A

\ p
\\\\ “ {;E:>‘/////;§O
L
N
T

rationalized as being formed by an acid catalysed
acetal formation, transoximation and addition reactions
of (-nitrosoenamine 27.

The p-nitrosoenamine 27 apparently reacts extensively
with phenylacetylene in the presence of an acid to give
high melting products 28 and 29; the acid catalysis
appears -to be a necessary requirement for the formation
since these compounds are not formedwhen the photolysate
containing phenylacetylene is worked up in a neutral
solution. Due to their limited solubility, purification
of these products has not been successful, thus preventing
structural elucidation. We have also shown that ketoxime

32 reacts with phenylacetylene in the presence of an acid
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to give a high melting product. This reaction is
being further studied.

The tautomeric structures can be written for the
ketoxime, namely, the ketoxime-aldehyde structure 32
and the nitroso-enol structure 35. Since the transform-
ation between these two compounds requires very little
reorientation of atomic positions, it may be suggested
that the ketoxime exists as a reasonable hybrid between
32 and 35. This resonance concept is supported by the
observation of an i.r. absorption in solution at 1700

cm‘l

which is a significantly lower frequency than the
aldehyde absorption of phenylglyoxal (1730 cm‘l) (7,28).
From a solution of 32 however, only dimer 35a crystallized
indicating that this form is favored in the solid state.
In solution, the dimer 35a apparently rapidly reverts to
monomer 32 as can be seen from both the n.m.r. and the
solution i.r. spectra. Also, on heéﬁing to 1OO-12OO,

dimer 35a gave an oily monomer which crystallized on

cooling (Qg). This type of isomerism apparently has

+C /C=C\
N// (o == N 0O —= DIMER 35a
N 3\ /

OXH 0--H
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been observed in p-dimethylaminophenylglyoxal aldoxime
(29,30) in which the keto absorption is missing and in
which the absorption at 1610 em™ ' shows with medium
intensity in the solid state*. We also have observed

that phenylglyoxal aldoxime exhibits 1655 (s) and 1675 cm™1
(sh) absorptions in CHCly and 1235 (s) and 1675 cm-l(s)

in nujol; these data do not unambigiously show the

presence of the reversible tautomerization-dimerization
sequence as proposed above.

Phenylglyoxal derivatives‘ig, 31 and 33 are
apparently derived from hydrolysis of the primary
photoadduct 27. It is noteworthy that compound 30
contains the oximino group as well as the piperidine
ring, while compound 31 contains the keto group and two
methoxy groups. This suggests that the formation of these
compounds is stepwise, and not random. Since the oximino
group 1s generally not readily hydrolysed under the
isolation conditions used, it is suspected that deoxima-
tion of 30 is assisted by participation of the
neighboring piperidine ring which is then displaced by
a methoxy group on addition of methanol followed by

hydrolysis.. A palusible mechanism is suggested below.

Norman and his coworkers assigned this peak to the carbonyl
stretching absorption. Because of the medium intensity,

it is more reasonable to assign this band to the:
conjugated olefinic band.
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Dioxime 3; is probably formed from 32 by trans-
oximation in which phenylglyoxal should also be fromed
but was not isolated.

The formation of the N-nitrosohydroxylamine deri-
vative 34 is analogous to that of 17 and 23 obtained in
the previous photoaddition. The sequence of these
reactions has been summarized previously. The formation
of benzoic acid in one experiment requires cleavage and
oxidation steps during the secondary reaction. At

present, there is no ready explanation for this formation.
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It is interesting to note that benzil monoxime 37
is the sole product obtained in good yield in spite of
the fact that the photolysate had been isolated from an
acidic medium. It is probable that the hydrolysis and
tautomerization of the primary photoadduct §§ is very
rapid and therefore the lifetime of §§ is not 1ong
enough to undergo side reactions. In conclusion, a
preparation of ol-diketo monoxime can be realized by the

photoaddition of a nitrosamine to an acetylenic compound.
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Experimental

I. General Conditions

Unless specified otherwise, the following experimental
conditions prevailed.

(1) 1Infrared (i.r.) spectra were measured on a Unicam
SP-200 or a Perkin Elmer 457 spectrophotometer in
a liquid film or a nujol mull using NaCl windows.

Only significant peaks are quoted from these spectra.

(2) Ultraviolet (u.v.) spectra were measured on a Unicam
SP-800 instrument using a 10 mm cell and methanol as
solvent.

(3) Nuclear magnetic resonance (n.m.r.) spectra were
measured with a Varian A56/60 spectrometer in
deuterochloroform. The chemical shifts are reported
in fTvalues, the splitting patterns as s (singlet),

b (broad), bs (broad singlet), d (doublet), t (triplet),
q (quartet), m (multiplet), dd (double doublet) and

dq (double quartet) and the number of protons in the
corresponding signals by H.

(4) Mass spectra were taken at 80 eV with a heated inlet
using a Hitachi-Perkin-Elmer RMU-0D mass spectro-
meter. The significant peaks are reported and_expressed

ad m/e (relative intensity).




IT.

58

Melting points were determined on a Gallenkamp
heating block.

Anglytical thin-layer chromatography was performed
on glass plates coated with silica gel using various
solvent mixtures and developed by iodine vapor.
Column chromatography using the conventional "wet
column" technique was carried out on Mallinckrodt
silicic acid (100 mesh) or Brockmann neutral alumina,
activity 1 (80-200 mesh).

The microanalyses were done by Dr. A. Bernhardt,

Mikroanalytisches Laboratorium, West Germany.

The Chemicals

The following materials were used in the photolyses:

Anethole from Eastman Organic Chemical was distilled

at 128-1290/15 mm; l-Hexene was obtained from Aldrich

Chemical (H1260-9); trans- and cis-2-butenes from

Matheson of Canada Ltd (Lecture Bottle); Phenylacetylene

was distilled at 141.8-142.5°/750 mm; Diphenylacetylene

was obtained from Aldrich Chemical (D20,480); N-nitroso-

dimethylamine and N-nitrosopiperidine from Eastman

Organic Chemical; Petroleum ether (30-600) used in

recrystallization was obtained from Allied Chemical.
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I1I. Photolysis Apparatus

(1) Apparatus Type I:

The photolysis apparatus type I consists of a
large cylindrical vessel fitted with a side arm in whecih
a condenser is placed. A cold finger is inserted into
the photolyzate (figure as shown in our previous
publication)*. Nitrogen gas may be bubbled into the
photolyzate through the gas inlet tube. A magnetic
bar is used to stir the solution while the photolysis
1s proceeding. The lamp is inserted into the central
sleeve of the cold finger. A filter solution, if
required, is circulated through the cold finger. A
glass filter can be inserted into the sleeve between the
cold finger and the lamp.

(2) Apparatus Type II:

The apparatus type II consists of a flat, hamburger-
shaped vessel fitted with a condenser and a gas inlet
tube as shown in our earlier publication*. The whole
vessel is immersed in running tap water for cooling
purposes. The set-up is used only in conjunction with

a Par 38 (100-W) spot lamp.

* J,N,S. Tam's Ph.D. dissertation.
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(3) rLamps used in the photolyses:
(i) Rayonet photochemical reactor lamp (cat. No.
R.P.R.-3500A or 3100A).
(ii) Hanovia mercury lamp (200-W, cat. No. 654A-36
or 450-W, cat. No. 678A-36).

(iii) Mercury Par 38 projector bulb (100-W, HAU-LGS).

(4) Fliters used in the photolyses:
(1) Nickel sulfate folution (276 g/1, as shown in
figure VIII).
v (ii) Uranium glass filter (the energy cut-off at
ca-320 nm).
(1ii) Corex glass filter (the energy cut-off at ca.
250 nm).
(iv) Soft glass filter (the energy cut-off at ca.
300 nm).
(v) Filter solution of 2,7-dimethyl-3,6-diaza-
cycloheptan~1,6-diene perchlorate in water

(1 mg/10 ml, figure VIII).

IV. General Procedure of Photolysis

A solution of nitrosamine (1 mole equiv.), olefin
(0.4-1.2 mole equiv.) and acid (1 mole equiv.) in

methanol (ca. 200 ml) was placed in a pyrex photolysis




61

!

“(1/3 170) ( ) UOTINTOS 193114
118s o3BIO0TYoaed ousp-g‘T-83dOYOTOL00ZRTP -t ‘2-TAUIdWTId~. 2

pue (1/3 9le) (—---

) UOTINTOS I93TT4 998ITNS TOYOTN

"IIIA Sau3Td
SUOIDTWTITTITIW UT YrJUsTo®AM
oSt o0ty 05¢€ TAS 00€ Gle 0se Ggee
0°0
4 ¥ L ¥ T T T
/ \\\t'.,’l/[l\\\llnllll\.lllll ——
Ve
/ N
/ /
/ \
\\ / l @.O
/
/

|

(e8]

o
£3Tsusg 1®0T3d0

4 91




62

apparatus. The apparatus was externally cooled by
placing it in an ice bath, an ice-salt bath or dry ice-
methanol bath. The solution was agitated with a magnetic
stirrer, and nitrogen, purified by paséage through
Fieser solution, was slowly bubbled through. Each
photolysis solution showed a single u.v. absorption

at 340-350 nm. Upon irradiation, the absorption
decrcascd regularly Lo ca. 50—85% completion and was
followed by periodically withdrawing an aliguot of the
photolysate. The withdrawn sample was suiltably diluted
for the u.v. measurement in the region of 200-450 nm.
Unless otherwise stated, the photolysis was continued
until the characteristic N-nitrosamine absorption
showed no further change.

To isolate the product from the photolysate, the
solvent was removed under vacuum in a rotary evaporator
at a bath temperature lower than 40°. In some cases,
the protonated photoadducts crystallized immediately
and were purified by recrystallization. In other cases,
the residue was treated with water and.the excess N-
nitrosamines or olefins, if any, were removed by ether
extraction. After rendering the aqgueous phase basic
with a saturated solution of sodium carbonate, the free
base was extracted with methylene chloride. The aqueoos
solution was evaporated to dryhess. The products were
obtained by extraction of this residue with_methylené

chloride or 2-propanol. The crude photoadducts were
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purified by chromatography or recrystallization.
Generally, a small sample was further recrystallized
from a suitable solvent followed by sublimation to

afford a pure sample for analysis.

V. Addition of N-Nitrosodimethylamine to Anethole

A maTaad S o A
N o ovidudulll v

mmoles ), anethole (3.05‘g, 21 mmoles) and concentrated
hydrochloric acid (1.5 ml, 18 mmoles) in methanol (350
ml) was irradiated in an ice bath with a Rayonet lamp
(350 nm) for 5 hours and 40 minutes. The photolysate
was evaporated to dryness. Water (50 ml) was added
and the aqueous solution was extracted with ether
(3 x 25 ml). The combined ethereal solution was dried
(MgS0y) and evaporated to give the recovered anethole
(0.63 g). The aqueous solution was adjusted with a
saturated solution of sodium carbonate to pH 10, and
extracted with methylene chloride (3 x 25 ml). The
combined methylene chloride solution was evaporated to
give a solid (2.97 g) which was taken up in benzene and
chromatographed on a neutral alumina to give the follow-
ing compounds in the order in which they were eluted:
(1) A solid (2.55 g, 68%) which was recrystallized

from a benzene-cyclohexane mixture and was sublimed at

85°/0.1 mm to give syn-1-(p-methoxyphenyl)-2-N,N-dimethyl-

aminopropan-l-one oxime (8): m.p. 93-94.5°%; 1.r. 1605,




64

1520, 1030, 954, 926 and 855 cm *; n.m.r. T8.58

(d, J=THz, 3H), 7.63 (s, 6H), 6.45 (q, J=THz, 1H),
6.22 (s, 3H) and 2.83 (ABq, J=L4L and OHz,4H); m/e (%)
222 (M", 25), 205 (20), 189 (9), 176 (6), 163 (6),

147 (71), 133 (71), 115 (16), 103 (40), 90 (36), 78
(27) and 72 (100);

Anal. Calcd. for CypoHgNpoOn: C 64.845 H 8.16; N 12.60;

5w sme

Found: C 65.06; H 8.27; N 12.46.
(ii) A solid (0.42 g, 11%) which was recrystallized
from a benzene-cyclohexane mixture gnd sublimed at 900/
0.1 mm to give anti-1-(p-methoxyphenyl)-2-N,N-dimethyl-
aminopropan-l-one oxime (9): m.p. 112.5-114°; i.r. '
3300, 1620, 1525, 1260, 1182, 1038, 942 and 830 cm™l; |
n.m.r. T8.82 (d, J=THz, 3H), 7.76 (s, 6H), 6.63 (q,

J=THz, 1H), 6.23 (s, 3H) and 2.85 (A

] LA

\1x 2
2

2 q

LH); m/e( %) 222(M",4), 205(100), 189(14)

(24), 163(11), 147(8), 133(72), 118(10), 103(2
78(14) and 72(50).

The ratio of syn-oxime § and anti-oxime 9

was estimated from n.m.r. spectrum of the crude product

to be 13:2.

(1i1) an oil (trace) which was distilled at 85°/
O.1l mm to give a colorless oil which was tentatively
assigned as 1-(p-methoxyphenyl)-1-N,N-dimethylamino-
propan-2-one oxime (11): i.r. 2940, 2870, 2830, 2780,
1675, 1600, 1510, 1455, 1260, 1235, 1170, 1100, 1030,
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930 and 845 cm ' n.m.r. T8.62(s), 7.72(s), 6.30(s)
and 2.85(AB q); m/e(%) 222(MF, <1), 205(3), 176(2),
151(60), 148(100), 121(5), 107(5), 92(8), 77(15) ana
72(10).

VI. Addition of N-Nitrosopiperidine to l-Hexene

(1) A solution of N-nitrosopiperidine (9.45 g, 84 mmoles),
l-hexene (10.69 g, 128 mmoles) and concentrated hydro-
chloric acid (9 ml, 108 mmoles) in methanol (350 ml)

was irradiated in an ice bath with a Hanovia lamp

(450-W) through a Uranium flass filter for 190 minutes.
The u.v. absorption at 348 nm decreased while a new
absorption at 292 nm increased to a maximum after 3
hours of continuous irradiation. The solution was
adjusted with a saturated solution of sodium carbonate
to pH 7. The neutral solution was evaporated (ca. 20°)
to ca. 30 ml. On standing, a solid (4.19 g) separated.
The solid was filtered and was extracted with ether

(3 x 25 ml). The combined ethereal solution was
evaporated to give crystals (1.08 g, 8%) which was
recrystallized from petroleum ether to give the dimer

of l-piperidino-2-nitrosohexane (13): m.p. 90-91°;
i.r. 2810, 2770, 1380, 1240, 1185,1060 and 996 cm™ 1;
n.m.r. T9.04(t, J=5Hz, 3H), 8.55(broad, 12H), 7.55
(broad, S5H), 7.15(dd, J=10 and 13Hz, 1H) and 4.28(m, 1H);
m/e(%) MT was absent, 198(iM",2), 181(31), 164(5), 124
(5), 98(100) and 84(28);
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Anal. Calcd. for CooHy)N)0,: C 66.62; H 11.18; N 14.13;
Found: C 66.61; H 11.28; N 13.96.
The filtrate was evaporated to dryness and was
taken up in water (100 ml). The aqueous solution was
adjusted with saturated sodium carbonate solution to
pH 10 and was extracted with methylene chloride (3 x 25

ml). The combined methylene chloride solution was dried

-~ Y

22 8,

l,_.l

porated to give an oil (1
a part of which (2.60 g) was chromatographed on a
silicic acid column. With pure chloroform, three compounds
were eluted in the following orders:

(a) N-nitrosopiperidine (0.35 g).

(b) An oil (0.49 g, 15%) which was distilled at
850/0.1 mm to give a colorless oil, syn-1l-piperidino-
2-hexanone oxime (14): i.r. 3240, 2930, 2870, 1645, 1120,
985 and 950 cmqlg n.m.r. T9.10(t, J=5Hz, 3H), 8.50(broad,
12H), 7.60(broad, 4H), 6.77(s, 2H) and 2.15(bs, 1H, Dy0
exchangeable); m/e(%) 198(Mt,6), 181(41), 127(12), 113
(14), 98(49), 84(7T7), 73(50) and 60(100).

This compound did not give a color reaction
with a 2% solution of cupric sulfate.

(c) 1l-piperidino-2-hexanone (16, trace): This
compound was converted to a mixture of syn- and anti-
oximes estimated from the n.m.r. spectrum to be in a
ratio of 1:1 (53).

With 5% ethanol in chloroform, anti-l-piperidino-

2-hexanone oxime (15, 1.10 g, 34%) was eluted and was
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distilled at 85° 0.1 mm to give a colorless oil: i.r.
3220, 2930, 2860, 1650, 1455, 1010, 990 and 935 cm'l;
n.m.r. 79.08(t, J=5Hz, 3H), 8.51(b, 12H), 7.60 (b,LH)
7.03(s,2H) and 2.25(bs,1H, D50 ekchangaable); m/e (%)

(15 eV) 198(M+,59), 181(100), 164(44), 156(21), 136(22),
124(18), 113(48), 98(79), 84(48), 73(18) and 60(35);
Anal. Calcd. for Cq1HopoNo0: C 66.62; H 11.18; N 14.13;

43 H 11.173; N L4.11.

Tma s an . rr
Fuu.ud; C VL.

O

This compound gave a green color on dissolving in
a 2% solution of cupric sulfate.

With 10% ethanol in chloroform, a crude l-piperi-
dino-2-(N-nitrosohydroxylamino)-hexane (17, 0.39 g)
was eluted: n.m.r. T9.13(t, J=5Hz), 8.54(b), 7.55(b),
7.06(dd, J=8 and 10Hz), 5.67(m) and 2.01(s, DoO exchange-
able)(cf. below).

(ii) A solution of N-nitrosopiperidine (9.54 g, 84
mmoles ), l-hexene (10.67 g, 127 mmoles) and concentrated
hydrochloric acid (9 ml, 108 mmoles) in methanol (350 ml)
was irradiated in an ice-salt bath with a Hanovia lamp
(450-W) through a Uranium glass filter for 2 hours and

30 minutes.‘ During the photolysis, the u.v. absorption

at 292 nm increased by ca. 2.5 times in intensity. On
working up in the usual manner, the dimer 13 k2.61 g,

18%) was isolated. The basic fraction was chromatographed
on a silicic acid column to give N-nitrosopiperidiné

(1.43 g), oxime 14 (2.00 g, 14%), ketone 16 (1.0l g, 7%)
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and oxime 15 (4.99 g, 36%).

(iii) A solution of N-nitrosopiperidine (9.57 g, 8.4
mmoles), l-hexene (11.31 g, 135 mmoles) and concentrated
hydrochloric acid (7 ml, 84 mmoles) in methanol (350 ml)
was irradiated in an ice-salt bath with a Hanovia lamp
(450-W) through a soft glass filter for 2 hours and 30

miniteg., On working un in

+he 11c11a1 m
- - e - A By N ~ AP a4

13 (2.35 g, 14%) was isolated. The residue was evaporated
and the aqueous solutidn was extracted to give an acidic
and a basic fraction. The acidic fraction gave N-nitroso-
piperidine (0.13 g) and the basic fraction was
chromatographed on a silicic acid column to give oxime

14 (2.37 &, 17%), ketone (16, trace) and oxime 15 (6 g,
36%) .

(iv) A solution of N-nitrosopiperidine (9.57 g, 8.4
mmoles ), l-hexene (11.10 g, 132 mmoles) and p-toluene-
sulfonic acid (16.14 g, 85 mmoles) in methanol (200 ml)
was irradiated in an ice-salt bath with a Hanovia lamp
(450—W)}through a Uranium glass filter for 2 hours and

30 minutes. The photolysate was evaporated to dryness

and 2-propanol (30 ml) was added to give a solid (12.55 g).
This solid was purified by recrystallization from ethanol
to give a p-toluenesulfonate of the dimer 13: m.p. 105.5-
lO?o; i.r. 2720, 1228, 1190, 1125, 1035, 1010, 820 and
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685 cm™'; n.m.r. (D,0) T9.14(t, J=SHz, 3H), 8.35(b, 12H),
7.67 (b, 3H), 6.92(b,5H), 6.12(dd, J=10 and 14 Hz, 1H),
3.42(d, J=8Hz, 1H) and 2.52(AB q, J=26 and 8Hz, 4H).
This solid was made basic to give dimer 13 (3.40 g,
28%) .

The filtrate was worked up in the usual manner to
give N-nitrosopiperidine (2.40 g), oxime 14 (0.61 g, 5%)
and oxime 15 (2.44 g, 21%).

(v) A.solution of N-nitrosopiperidine (9.61 g, 84 mmoles),

l-hexene (11.10 g, 132 mmoles) and p-toluenesulfonic acid

(16.14 g, 85 mmoles) in methanol (200 ml) was irradiated

in an ice-salt bath with a Hanovia lamp (450-W) through

a Corex glass filter for 2 hours and 30 minutes. The

photolysate was evaporated to dryness, and acetone (30

ml) was added. The precipitated solid (4.98 g) was

filtered. The solid was adjusted to pH 10 and was

extracted with methylene chloride (3 x 25 ml). The

solid (2.48 g, 24%) obtained from the combined methylene

chloride layer was recrystallized from ethanol to give

the sodium salt of 1—piperidino-2—(N—nitrosohydroxylamin09—

hexane 17: m.p. 249-250.5°%; i.r. 3400, 1650, 1242, 1180,

978 and 943 em™Y; n.m.r. T9.15 (t, J=5Hz, 3H), 8.55 (b,

12H), 7.56(b, 5H), 7.06(m, 1H) and 5.76(b, 1H, D20

exchangeable;

Anal. Calcd. for CyiHpoN3OpNa: € 52.525 H 8.75; N 16.71;
Na 9.15; Found: C 52.52; H 8.74; N 16.65;
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Na, 9.01.

An aqueous solution of this sodium salt was neutral-
ized with dilute hydrochloric acid to pH 7.and was
evaporated to dryness. The residue was extracted with
methylene chloride (3 x 25 ml). The oil obtained from
the combined methylene chloride solution was chromato-
graphed on a silicic acid column and was sublimed at
85°/0.1 mm to give a solid 1-

hydroxyl)-hexane (17): m.p. 64.5-65.5"; i.r. (CHCl3)
2950, 2870, 2810, 1450, 1065, 1045 and 655 cm™ L3 n.m.r.
T 9.13(t, J=5Hz, 3H), 8.62(b, 12H), 7.54(b,5H), 6.93
(dd, J=9 and 13Hz), 5.55 (m, 1H) and -0.60 (s,1H,D,0
exchangeable); m/e(%) 229(MY, 0.5), 212(0.5), 181(1),
168(5), 155(6), 138(8), 124(29), 105(6), 98(100) and
84(9);

Anal. Calcd. for C ¢ 57.61; H 10.11; N 18.32;

11H23N302:
Found: C 57.53; H 9.95; N 18.21.
The acetone filtrate was evaporated to dryness and
was worked up in the usual manner to give oxime 14 (2.36
g, 15%), ketone 16 (trace), oxime 15 (6.70 g, 42%),
unknown (é, 0.12 g) and unknown (B, trace). Unknown A
was re-chromatographed on g silicic acid column, followed
by preparative t.l.c. and was distilled at 75°/0.1 mm
to give a colorless bil: i.r. 1660, 1540, 1450, 1360,
1260, 1140, 1085, 980 and 860 ecm™t; n.m.r. 79.12 (t,

J=5Hz, 3H), 8.45 (b, 1OH), 7.80 (b, 3H), 7.12 (b, 3H),
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6.74 (b, 1H) and 3.14 (t, J=5.5Hz, 1H); m/e(%) 168 (4),
153 (4), 151 (4), 139 (11), 126 (34), 111(11), 99(11)

and 84 (100). The unknown B was distilled at 80°/0.1

17
fiie

mm to give an oil: i.r. 3400, 2900, 2840, 2750, 1660,
1300, 1150, 1040, 1000, 860 and 780 cm™1; n.m.r. 79.12
(t, J=bk.5Hz), 8.60 (b), 7.65 (b), 7.20 (m), 6.42 (b)
and 2.20 (b, D,0 exchangeable).

(vi) Photolysis of dimer 13:

(a) A solution of the p-toluenesulfonate of the
dimer 13 (0.74 g, 0.95 mmole), N-nitrosopiperidine
(0.12 g, 1 mmole) and concentrated hydrochloric acid
(0.1 ml, 1.2 mmoles) in methanol (100 ml) was irradiated
in an ice bath with a Rayonet lamp (310 nm) through a
nickel sulfate filter solution for 2? hours. The
unreacted dimer 13 salt (0.12 g) was filtered. The
filtrate was worked up in the usual manner to give
the acidic and the basic fractions. The acidic fraction
gave N-nitrosopiperidine (0.10 g, 87% recovered). The
basic fraction gave a mixture of oximes‘lﬂ and 15
(0.24 g, 71%) in a ratio of 1l:1 as shown by the n.m.r.
spectrum of‘the crude product.

(p) A solution»of the p-toluenesulfonate of the
dimer 13 (0.35 g, 0.45 mmole) in methanol (43 ml) was

irradiated with a Hanovia lamp (100-W) for 1 hour and
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20 minutes. The solution was worked up in the usual
manner to give a mixture of oxime lﬂ and oxime 15
(0.12 g, 64%) in the ratio of 1:1 (estimated from the

n.m.r. spectrum of the crude product).

(c) A solution of the p—toluenesuifonate of dimer
13 (0.96 g, 1.3 mmoles), N-nitrosopiperidine (0.47 g,
4.1 mmoles) and concentrated hydrochloric acid (0.45 g,
5.2 mmoles) in methanol (100 ml) was irradiated in an
ice bath with a Hanovia lamp (200-W) through a nickel
sulfate filter solution for 1 hour and 10 minutes. On
working up in the usual manner, it gave N-nitrosopiperi-
dine (0.19 g) and a basic fraction (0.38 g) which gave
oximes lﬁ and 15. The aqueous solution was neutralized
to pH 7 with dilute hydrochloric acid and was evaporated
to dryness. The residue was extracted with methylene
chloride (3 x 25 ml) and the combined methylene chloride
fractions were evaporated to give a solid (40 mg) which
was recrystallized from petroleum ether to give N-nitroso-
hydroxylamine derivative 17. This was confirmed by

n.m.r. spectroscopy.

(d) A solution of dimer 13 (1.95 g, 2.9 mmoles),
N-nitrosopiperidine (2.00g, 17.5 mmoles) and concentrated
hydrochlroic acid (2.4 ml, 28.8 mmoles) in methanol (120
ml) was irradiated in an ice-salt bath with a Rayonet

lamp (350 nm) for 10 hours. The photolysate was
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evaporated to dryness and acetone (30 ml) was added.
The precipitated piperidine hydrochloride (0.58 g)

was filtered. The filtrate was evaporated to dryness.

On working up in the usual manner, it gave an acidic

§ fraction which gave N-nitrosopiperidine (30 mg). The

‘ basic fraction was chromatographed on a silicic acid
column to give unknown (X), N-formamido-piperidine (18,
0.15 g), oxime 14 (50 mg, 5%), ketone 16 (20 mg, 2%),
oxime 15 (190 mg, 20%) and N-nitrosohydroxylamine deri-
vative 17 (0.28 g). The unknown X showed i.r. absorptions
at 2930, 2850, 2810, 1650, 1575, 1440, 1355, 1110, 1070,
- 1

965 and 900 cm™~; n.m.r. signals at T 8.44 (b, 10H), 7.00

(b, 5H) and 3.69 (AB g, J=11.5 and 15.5 Hz, 2H) and
decomposed on attempted distillation at 90°/0.1 mm.

The mass spectrum of unknown X showed intense mass peaks
m/e(%), 268 (2), 211 (6), 196 (9), 154 (13), 141 (10),
139 (9), 126 (11), 112 (14), 99 (42) and 83 (100). From
the residue fraction, compound 18 (0.13 g) and N-nitroso-
hydroxylamine derivative 17 (0.63 g) were obtained. The
overall yield of compound 18 was 0.28 g (8%) and that

of the nitrosohydroxylamine derivative 17 was 0.91 g (69%).

(vii) A solution of N-nitrosopiperidine (10.57 g, 93
mmoles ), l-hexene (3.09 g, 37 mmoles) and p-toluenesulfonic
acid (17.67 g, 93 mmoles) in methanol (210 ml) was
irradiated in an ice-salt bath with a Hanovia lamp>(200-w)

through a pyrex filter for 3 hours and 30 minutes. On
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working up in the the usual manner, N-nitrosopiperidine
(1.38 g) was obtained from the acidic fraction. The
basic fraction was chromatographed on a silicic acid
column to give N-nitrosopiperidine (0.94 g), unknown X
(0.90 g), compound 18 (0.49 g), ketone 16 (0.12 g, 2%),

a mixture of oximes 14 and 15 (0.49 g, 7%) and the N-
nitrosohydroxylamine derivative 17 (1.38 g). The residue
fraction was worked un in the usual manner t¢
piperidine p-toluenesulfonate (4.37 g), compound 18
(trace) and the N-nitrbsohydroxylamine derivative 17

(2.21 g), The overall yield of the N-nitrosohydroxylamine

derivative 17 was 3.59 g (47%); compound 18, 0.50 g (5%).

VII. Addition of N-Nitrosopiperidine to Trans-2-butene

4

(1) A solution of N-nitrosopiperidine (9.67 g, 85 mmoles),
a large excess of trans-2-butene (15 g, 268 mmoles) and
p-toluenesulfonic acid (16.15 g, 85 mmoles) in methanol
(200 ml) was irradiated in an ice bath with a Hanovia
lamp (450-W) through a Unranium filter for 2 hours and

50 minutes. The N-nitroso peak at 348 nm in the u.v.
spectrum decreased steadily while the new absorption at
292 nm incfeased to a maximum after 2 hours and 30 min.
irradiation. The photolysate was evaporated to dryness
and acetone (30 ml) was added to the residue. The preci-
pitated solid (14.38 g) was filtered, then adjusted in

aqueous solution to pH 10. The basic sélution was
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extracted with methylene chloride to give crystals
(6.30 g) which were recrystallized twice from petroleum
ether to give anti-2-piperidinobutan-3-one oxime (21):
m.p. 87-88%; i.r. 3160, 1649, 1128, 1108, 1092, 1074,
980, 945, 922, 910 and 780 cm™T; n.m.r. T8.95 (d, J=
6.5Hz, 3H), 8.66 (b, 6H), 8.27 (s, 3H), 7.73 (b, 4H),
7.12 (q, J=6.5Hz, 1H) and 0.45 (bs, 1H, DpO exchangeable):
n/e(%) 170 (MF, 6), 153 (66), 137 (16), 112 (100), 96
(10), 84 (59), 69 (9), 55 (18) and 41 (30);
Anal. Calcd. for 09H18N2O: C 63.49; H 10.66; N 16.45;
Found:C 63.42; H 10.71; N 16.40.
This compound gave a green color on dissolution in 2%
cupric sulfate solution. The aqueous solution was
evaporated to dryness and was extracted with 2-propanol
(3 x 25 ml). The combined 2-propanol solution was
evaporated to give sodium p-toluenesulfonate (2.16 g).
The acetone filtrate was reduced to ca. 10 ml.
The second precipitate (2.38 g) was filtered and was
adjusted in aqueous solution to pH 10 to give a solid
(0.40 g) which was recrystallized from petroleum ether
to give the nitroso dimer of 2-nitroso-3-piperidino-
butane (20a): m.p. 156.5-158.5°; i.r. 1380, 1220, 1190,
1170, 1110 and 1060 em™'; n.m.r. 79.07 (d, J=7Hz, 3H),
8.74 (d, J=7Hz, 3H), 8.63 (b, 6H), 7.56 (b, 4H), 6.95
(dq, J=7 and 10Hz, 1H) and 4.35 (dq, J=6.6 and 1OHz,
1H); m/e(%) MV was absent, 137 (7), 122 (18), 112 (43),
96 (100), 84 (44) and 82 (57);
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Anal. Calcd. for 018H36N402: C 63.49; H 10.66; N 16.45;

Found: C 63.71; H 10.56; N 16.28.
The aqueous solution was extracted with methylene
chloride and the combined methylene chloride extracts
were evaporated to give oxime 21 (0.83 g).

The acetone filtrate was then evaporated to dryness
and the residue was worked up in the usual manner to
give an acidic and a basic fraction by extraction. The
acidic fraction gave N-nitrosopiperidine (0.49 g). The
basic fraction (2.30 g) was treated with ether to give
a solid (0.12 g) which was recrystallized from petroleum
ether twice to give the dimer of 2-nitroso-3-piperidino-
butane (20b): m.p. 104.5-106.5%; i.r. 2790, 2760, 1370,
1223, 1190, 1108, 1060, 1032, 855 and 760 cm™1; n.m.r.
T79.12 and 9.07 (d, J=6.5Hz, combined intensity 3H), 8.76
and 8.56 (d, J=6.5Hz, combined intensity 3H), 8.60 (b,
6H), 7.57 (b) and 7.16 (dq, J=6.5 ahd 10Hz, combined
intensity 5H) and 4.57 (dq, J=6.5 and 10Hz, 1H); m/e (%)
170 (0.5), 153 (1), 140 (&), 124 (2), 112 (100), 96 (26),
84 (5) and 82 (12). Silica gel t.l.c. of this compound
using 5% ethanol in chloroform as eluent showed one
spot. Two dimensional t.l.c. showed four spots. The
ether filtrate was evaporated to give a solid (1.98g)
which was chromatogfaphed on a silicic acid column.

With pure chloroform, N-nitrosopiperidine (40 mg) was

eluted first, followed by the dimer 20b (40 mg). With
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5% ethanol in chloroform, a solid (0.22 g, 2%) was obtained
and was recrystallized from petroleum ether and sublimed
at 75°/0.1mm to give syn-2-piperidino-3-butanone oxime
(22): m.p. 68.5-69.5°; i.r. 3160, 3050, 1650, 1332, 1217,
1125, 1110, 1070, 992, 935 and 788 cm '; n.m.r. T 8.80
(d, J=6.5Hz, 3H), 8.53 (broad, 6H), 8.20 (s, 3H), 7.57
(broad, 4H) and 6.67 (q, J=6,5Hz, 1H); m/e (%) 170 (M,
4y, 153 (13), 112 (100), 96 (49), 84 (26), 69 (18), 55
(24) and 41 (70). With 10% ethanol in chloroform, oxime
21 (0.52 g) was eluted. The first fraction of oxime 21
contained what appeared to be 2-piperidino-3-butanone
(26, trace) as indicated by the n.m.r. signal at T6.32
and i.r. absorption at 1700 em™ L,

The aqueous solution was evaporated to dryness, and
the residue was extracted with 2-propanol. The 2-propanol
solution was evaporated to give sodium p-toluenesulfonate.

The overall yield of dimer 20a was O0.44 g (3%),
dimer 20b 0.19 g (1%), oxime 21 7.65 g (56%) and oxime
22 0.22 g (2%).

(ii) A solution of N-nitrosopiperidine (19.13 g, 168
mmoles), trans-2-butene (3.5 g, 60 mmoles) and anhydrous
hydrogen chloride (200 mmoles) in methanol (220 ml) was
irradiated in a dry ice-methanol bath with a Rayonet lamp
(350 nm) for 23 hours and 15 minutes. The dimer peak at

292 nm increased to a maximum after 9 hours irradiation
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and then decreased slowly to nil. The photolysate was
evaporated and worked up in the usual manner to give an
acidic, a basic and a residue fraction. The acidic
fraction gave N-nitrosopiperidine (5.40 g). The basic
fraction was chromatographed on a silicic acid column
to give N-nitrosopiperidine (0.87 g), syn-oxime 22
(2.32 g, 22%) and anti-oxime 21 (5.27 g, 50%). The
first fraction of pxime 21 contained a trace of ketone
26 as indicated by the n.m.r. signal at T6.32 and the
i.r. absorption at 1700 cm L.

The residue fraction was chromatographed on a silicic
acid column. With 1% ethanol in chloroform, compound l§
(trace) was eluted. With 2% ethanol in chloroform, two
compounds were eluted in the following order:

(a) An oil which was sublimed at 110°/0.1 mm to
give crystalline E§£§9f2—piperidino—3—(N—nitrosohydroxyl-
amino)-butane (23b): m.p. 54.5-55.5°; i.r. 1310, 1180,
1090, 1065, 1040, 940 and 700 cm™'; n.m.r. T9.17 (d,
J=6.5Hz, 3H), 8.52 (b, 6H), 8.47 (4, J=‘6.5Hz, 3H), 7.54
(b, 4H), 7.02 (dq, J=6.5 and 1OHz, 1H), 5.72 (dq, J=
6.5 and 10 Hz, 1H) and -0.15 (s, 1H, Do0 exchangeable);
m/e(%) 201 (MY, 0.4), 172 (0.6), 140 (2), 124 (4), 112
(100), 96 (4) and 84 (5). The decoupling experiments at
100 Mc are shown in Figure VII.

Anal. Calcd. for Cglly g0t C 53.71; H 9.52; N 20.88;
Found: C 53.91% H 9.30; N 21.02.
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The threo-isomer 23b did not give a color reaction with
2% cupric sulfate solution. A dilution study of the i.r.
spectrum of 23b is shown in Figure IV. The chemical
shift of the hydroxyl group varied from TO0.40 to -1.40
with a ten fold concentration change of 23b in CDCl3.
An aqueous solution of the threo-isomer 23b (0.1 g) was
adjusted with a saturated solution of sodium carbonate to
pH 10. The solution was evanorated fto dryness and the
residue was extracted with methylene chloride. The
combined methylene chloride extracts were evaporated to
give recovered threo-isomer 23b (41 mg). The residue
was extracted again with hot 2-propanol to give a solid
(51 mg) which was recrystallized from ethanol to give the
sodium salt of threo-2-piperidino-3-(n-nitrosohydroxyl-
amino)-butane (24b): m.p. 287-291°; i.r. 2820, 1430, 1260,
1200, 1110, 1045, 965 and 730 cm 3 n.m.r. (D0) T9.07
(d, J=6.5Hz, 3H), 8.60 (4, J=6.5Hz) and 8.54 (b, combined
intensity 9H), 7.47 (b, 4H), 7.07 (m, 1H) and 5.58 (m, 1H).
(b) An oil which was sublimed at 95°/0.1 mm to give
crystalline erythro-2-piperidino-3-(N-riitrosohydroxyl-
amino)-bﬁtane (23a): m.p. 34-35.5°; i.r. 3450, 1650, 1390,
1270, 1175, 1105, 1055, 1040, 955 and 710 cm'l; n.m.r.
(see Figure VI): 19.02 (4, J=6.5Hz, 3H), 8.62 (d, J=
6.5Hz, 3H), 8.59 (b, 6H), 7.58 (b, 4H), 6.92 (dg, J=6.5
and 10Hz, 1H), 5.62 (dq, J=6.5 and 10Hz, 1H) and 0.20
(bs, 1H, D,0 exchangeable); m/e(%) 201 (M", 2), 169 (3),
153 (5), 149 (6), 139 (14), 124 (48), 112 (100), 96 (20)
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and 84 (34);
Anal. Calcd. for CgHjgN30p: C 53.71; H 9.52; N 20.88;
Found: C 53.58; H 9.64; N 20.7k.

The erythro-isomer 23a gave a green color on dissolving
in 2% cupric sulfate solution. The dilution study of
the i.r. spectrum is shown in Figure V. The chemical
shift of the hydroxyl group protdn varied from T0.20 to
2.00 with a ten fold concentration change. An aqueous
solution of the isomer 23a (63 mg) was adjusted with a
saturated solution of sodium carbonate to pH 10. The
solution was evaporated and the residue was extracted to
give a solid (61 mg) which was recrystallized from
ethanol once to give the sodium salt of erythro-2-
piperidino-3-(N-nitrosohydroxylamino)-butane (24a):
m.p. 243-2460; i.r. 1265, 1190, 965 and 730 cm™*; n.m.r.
(D,0) T8.91 (d, J=6.5Hz, 3H), 8.70 (4, J=6.5Hz, 3H),
8.56 (b, 6H), 7.41 (b, LH), 6.88 (m, 1H) and 5.5 (m, 1H).
The crude solid was essentially the pure sodium salt |
2la.

The overall yield of these two isomers was 0.36 g
(3%) and the ratio of threo-isomer to erythro-isomer

was 23:77.

(iii) A solution of N-nitrosopiperidine (15.56 g, 136
mmoles ), trans-2-butene (3 g, 53 mmoles) and dry hydrogen

chloride (53 mmoles) in methanol (210 ml) was irradiated
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in a dry ice-methanol bath with a Hanovia lamp (450-W)
through a soft glass filter for 3 hours and 40 minutes.
The u.v. spectra of the solution during the photolysis
showed patterns similar to those in (ii). The photolysate
was worked up in the usual manner to give an acidic, a
basic and a residue fraction. The acidic fraction gave

N-nitrosopiperidine (1.04 g). The basic fraction was

hed mn a eildrndir arpdid ~nliim
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nitrosopiperidine (0.48 g), unknown X (0.50 g), an oil
(0.68 g) and a mixture of oximes 22 and 21 (3.08 g, 34%).
The presence of ketone gé in a fraction of 21 was
indicated by the n.m.r. ( T 6.32) and i.r. (1700 cm™%)
spectra. The oil was distilled at 90°/0.1 mm to give
2-(N-piperidino-imino)-3-butanone (25): i.r. 2920, 2805,
1680, 1580, 1445, 1355, 1290, 1100, 1075 and 1020 cm ™ ;
n.m.r. T 8.40 (b, 6H), 8.04 (s, 3H), 7.70 (s, 3H) and
6.92 (b, 4H); m/e (%) 168 (MY, 5), 149 (4), 125 (5), 104
(4), 98 (4) and 84 (100).

The residue fraction was chromatographed on a
silicic acid column to give compound 18 (61 mg), threo-
isomer 23b (0.1 g, 1%) and erythro-isomer 23a (0.52 g,
6%). The ratio of threo-isomer to erythro-isomer was

1:6.

(iv) ‘A solution of N-nitrosopiperidine (30.44 g, 260
mmoles), trans-2-butene (6 g, 107 mmoles) and p-toluene-

sulfonic acid (49.77 g, 260 mmoles) in methanol (200 ml)
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was irradiated in a dry ice-methanol bath with a Hanovia
lamp (450-W) through a Corex filter for 2 hours and 20
minutes. The u.v. spectra of the solution during the
photolysis showed a pattern similar to (11). The
photolysate was worked up in the usual manner to give an
acidic, a basic and a residue fraction. The acidic
fraction gave N-nitrosopiperidine (6.65 g). The basic
fraction contained N-nitrosopiperidine (10.75 g) and a
mixture of oximes 22 and 21 (13.25 g, 70%) as estimated
from the n.m.r. spectrum. ‘'The residue fraction was
chromatographed on a silicic acid column to give threo-
isomer 23b (1.20 g, 5%) and erythro- isomer 23a (1.64 g,

8%). The ratio of threo to erythro isomers was 5:8.

(v) A solution of N-nitrosopiperidine (9.71 g, 85 mmoles),
trans-2-butene (15 g, 268 mmoles ) and p-toluenesulfonic
acid (16.17 g, 85 mmoles) in methanol (200 ml) was
irradiated in a dry ice-methanol bath with a Hanovia
lamp (450-W) through a Uranium . glass filter for 2
hours and 35 minutes. The photolysate was evaporated
and acetone (30 ml) was added to the residue to give a
precipitate (6.48 g). On working up in the usual
manner, thevprecipitate gave dimer 20a (1.30 g, 11%),
anti-oxime 21 (1.59‘g) and sodium p-toluenesulfonate.
The acetone filtrate was evaporated to dryness. The

residue in an aqueocis solution was separated into an
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acldic, a basic and a residue fraction. The acidic
fraction gave N-nitrosopiperidine (1.2 g). The basic
fraction was chromatographed on a silicic acid column to
give N-nitrosopiperidine (0.46 g), syn-oxime 22 (0.1l7 g,
1%), anti-oxime 21 (2.28 g) and dimer 21lb (0.59 g, 5%).

The presence of ketone gé in a fraction of 21 was indicated

by the n.m.r. (76.32) and i.r. (1700 cm™1) spectra.

The averall yield of anti-oxime 21

Ta? 2 Q7 rr
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The aqueous solution was evaporated and the residue
was extracted with methylene chloride. The combined
methylene chloride 8olution was evaporated to give a
solid (0.12 g) which was recrystallized from ether to
give the sodium salt 2l4a. The salt contained a trace
of 24b as indicated by the n.m.r. signal at T 9.07 (d,
J=6.5Hz).

(vi) A solution of N-nitrosopiperidine (9.78 g, 86
mmoles), trans-2-butene (15 g, 268 mmoles) and p-
toluenesulfonic acid (16.32 g, 86 mmoles) in methanol
(200 ml) was irradiated in a dry ice-methanol bath with
a Hanovia 1amp‘(450-w) through a Uranium glass filter
for 2 hours and 25 minutes. The dimer peak at 292 nm
reached a maximum after 2 hours and 20 minutes
irradiation. The photolysate was evaporated and the
residue was separated into an acidic, a basic and a

residue fraction. The acidic fraction gave N-nitroso-
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piperidine (2.37 g). The basic fraction was recrystallized
from petroleum ether to give dimer 20a (1.29 g, 14%).

The mother liquor was evaporated and was chromatographed
on a silicic acid column to give N-nitrosopiperidine

(1.19 g), dimer 20b (0.36 g, 4%), syn-oxime 22 (trace)

and anti-oxime 21 (6.08 g, 66%). The presence of ketone

26 was indicated by the n.m.r. ( T6.32) and i.r. (1700 cm™)

The aqueous solution was neutralized to pH 7 with
dilute hydrochloric acid and was evaporated. The residue
was extracted with methylene chloride. The combined
methylene chloride extracts were evaporated to give a
crude mixture of N-nitrosohydroxylamine derivatives 23a

i

and 23b (0.56 g) as shown by the i.r. absorptions at
1055, 1040 and 955 cm™*.

(vii) A solution of N-nitrosopiperidine (20.44 g, 180
mmoles), trans-2-butene (3.5 g, 60 mmoles) and p-toluene-
sulfonic acid (34.45 g, 180 mmoles) in methanol (180 ml)
was irradiated in a dry ice-methanol bath with a Hanovia
lamp (200-W) through a Uranium filter for 6 hours. The
dimer peak at 292 nm reached a maximum after 2 hours and
30 minutes irradiation and the decreased slowly to nil.
The photolysate was evaporated and the residue was
separated to an acidic, a basic and a residue fraction.

The acidic fraction gave N-nitrosopiperidine (5.28 g).
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The basic fraction ¢ontained syn-oxime 22 (trace) and anti-
oxime 21 (7.91 g, 75%).

The aqueous solution was evapdrated and the residue
was extracted with methylene chloride to afford a crude
mixture of N-nitrosohydroxylamine derivatives 23a and
23b (0.49 g, 4%) as shown by comparison of the i.r. and

n.m.r. spectra.

(viii) A solution of N-nitrosopiperidine (19.42 g,
172 mmoles), trans-2-butene (3.5 g, 60 mmoles) and dry
hydrogen chloride (200 mmoles) in methanol (200 ml) was
irradiated in an ice-salt bath with a Hanovia lamp (200-W) .
through a Uranium glass filter for 14 hours and 30 minutes. |
The photolysate was evaporated and an aqueous solution of
the residue was separated into an acidic, a basic and
a residue fraction. The acidic fraction gave N-nitroso-
piperidine (3.72 g). The basic fraction was recrystallized
from 2-propanol to give piperidine hydrochloride (0.54 g).
The mother liquor was evaporated and was chromatographed
on a silicic acid column to give a mixture of oximes 21
and 22 (8.76 g, 75%). The presence of ketone 26 in a
fraction of 21 was indicated by the i.r. (1700 cm'l)
and n.m.r. ( T 6.32) spectra.

The residue fraction gave an oil which was chromato-
graphed on a silicic acid column to give threo-isomer 23b
(0.15 g) and erthyro-isomer 23a (0.52 g). The ratio of

these two isomers 23b and 23a was 1 : 3.5.
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VIII. Addition of N-Nitrosopiperidine to cis-2-Butene

(1) A solution of N-nitrosopiperidine (9.74 g, 86 mmoles),
cis-2-butene (9.0 g, 160 mmoles) and p-toluenesulfonic
acid (16.25 g, 86 mmoles) in methanol (150 ml) was
irradiated in a dry ice-methanol bath with a Hanovia

lamp (450-W) through a Uranium glass filter for 3 hours.

and 45 minutes irradiation. The photolysate was
evaporated and 2-propanol (25 ml) was added to the
residue to give a mixture of dimers 20a and 20 b (1.25 g)
and anti-oxime 21 (1.49 g). The 2-propanol filtrate was
evaporated and the residue was worked up in the usual
manner to give an acidic, a basic and a residue fraction.
The basic fraction contained dimer 20b (20 mg), N-nitroso-
piperidine (2.16 g) and anti-oxime 21 (L4.55 g) which was
contaminated with a trace of Engiséﬁer 22. The
residue fraction contained a mixture of threo- and
erythro-isomers 23b and 23a (0.24 g, 2%).

The overall yield of dimers was 1:.27 g (11%), oximes
5.33 & (47%)-

(ii) A solution of N-nitrosopiperidine (25.44 g, 223
mmoles), cis-2-butene (3.8 g, 68 mmoles) and dry hydrogen
chloride (215 mmoles) in methanol (225 ml) was irradiated

in a dry ice-methanol bath with a Hanovia lamp (450-W)
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through a Uranium glass filter for 19 hours. The dimer
peak at 292 nm reached a maximum after 3 hours and 30
minutes irradiation and then decreased slowly to nil.
The photolysate was evaporated and an aqueous solution
of the residue was extracted in the usual manner to
give an acidic, a basic and a residue fraction. The
acidic fraction gave N-nitrosopiperidine (1.21 g). The
basic fraction was chromatographed on a silicic acid
column to give N-nitrosopiperidine (1 g), compound l§
(1.47 g), syn-oxime 22 (0.56 g, 5%) and anti-oxime 21
(7.52 g, 65%). The presence of ketone 26 in the first
fraction of 21 was indicated by the n.m.r. ( T6.32)

and i.r. (1700 cm'l) spectra. The residue fraction was

chromatographed on a silicic acid column to give compound

1

o

(2.21 g), threc-isomer 23b (0.52 g) and erythro-

isomer 23a.

The combined yield of N-nitrosohydroxylamine
derivatives 23a and 23b was 0.97 g (8%). The ratio of
these isomers 23b and 23a was 54:46.

(iii) A solution of N-nitrosopiperidine (30.61 g, 269
mmoles), cis-2-butene (5.6 g, 100 mmoles) and p-toluene-
sulfonic acid (53.27 g, 280 mmoles) in methanol (180 ml)
was irradiated in a dry ice-methanol bath with a Hanovia
lamp through a Corex filter for 2 hours and 30 minutes.

The photolysate was evaporated, and an aqueous solution
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of the residue was worked up in the usual manner to

give an acidic, a basic and a residue fraction. The

acidic fraction gave N-nitrosopiperidine (3.50 g).

The basic fraction was chromatographed on a silicic

acid column to give N—nitfosopiperidine (4.2 g), unknown

X (1 g), syn-oxime 22 (trace) and ggzi—oxime 21 (11.10 g,

65%). The presence of ketone 26 in the first fraction of

21 was indicated by the n.m.r. (T76.32) and i.r. (1700

cm‘l) spectra. The residue fraction was chromatographed

on a silicic acid column to give compound 18 (0.27 g),

threo-isomer 23b (2.41 g) and erythro-isomer 23a (1.26 g).
The combined yield of N-nitrosohydroxylamine

Com

derivatives 23b and 23a was 3.67 g (18%). The ratio of o

threo to erythro was 65:35.

IX. Addition of N-nitrosopiperidine to Phenylacetylene

(1) A solution of N-nitrosopiperidine (5.91 g, 52 mmoles),
phenylacetylene (7.55 g, 74 mmoles) and concentrated
hydrochloric acid (5.2 ml, 62 mmoles) in methanol (200 ml)
was irradiated in a dry ice-methanol bath with a Hanovia
(450-W) lamp through a Uranium glass filter for 5 hours
and 30 minutes. While the N-nitroso peak at 348 nm
decreésed, a new peak at 275 nm gradually appeared‘and

strongly tailed to overlap with the N-nitroso peak. The



89

photolysate was evaporated and the residue was taken up
in 2-propanol (25 ml) from which, on standing, a solid
(3.69 g) was obtained. The solid was recrystallized
from 2-propanol to give piperidine hydrochloride as the
first crop. The filtrate was evaporated to dryness and
was diluted with water (50 ml) to give.a solid (Y, 4.64 g):
m.p. 213-217°; i.r. 1290, 1265, 1190, 1090, 1075, 760
and 700 cm™1; n.m.r. (CF3CO0H) T 2.50 (b), Solid Y
was insoluble in most organic solvents but dissolved
in acetic anhydride and acetic acid with décomposition.
Sblid Y was washed with 2-propanol to give a residue
(3.74 g) which was recrystallized three times from a
mixture of benzene and trifluorocacetic acid to give
crystals of gﬁ: m.p. 233.5—234.503 i.r. 3150, 1180, 1090,
1075, 760 and 700 cm 3 n.m.r. (CF3CO0H) T 2.39 (m, 1OH)
and 2.07 (m, 2H); m/e (%) 359 (0.5), 330 (1), 278 (31),
261 (2), 207 (1), 205 (1), 187 (2), 167 (45), 149 (100),
132 (3), 121 (4), 113 (9), 104 (8), 95 (5), 83 (11) and
76 (15);
anal. Calcd. for 015H12N202: C 71.42; H 4.97; N 11.10;
Found: C 70.92; H 5.033 N 10.92,
The 2-propanol wash solution was evaporated to give
a solid (0.90 g) which was recrystallized three times
from a mixture of benzene and trifluoroacetic acid to
give cfystals (29): m.p. 226-228°; i.r. 3260, 3150, 3070,
1260, 1240, 1162, 1100, 1048, 1025, 1002, 970, 845, 765
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and 700 cm T3 n.m.r. (CF3COOH). T 2.45 (b); m/e(%) 348
(4), 339 (3), 322 (2), 279 (22), 268 (30), 248 (14),
233 (10), 220 (10), 164 (7), 160 (8), 147 (6), 14k (9),
131 (8), 122 (46), 119 (15), 116 (17), 103 (73), 89 (23)
and 77 (100);
Anal. Calcd. for CpoHpoNyOg: C 62.85; H 4.79; N 13.33;
Found: C 62.90; H 4.67; N 13.03.
The aqueous filtrate was worked up in the usual
manner to give an acidic, a basic and a residue fraction.
The acidic fraction was chromatographed on a silicic acid
column to give N-nitrosopiperidine (0.60 g), an oil (0.63
g, 8%), benzoic acid (0.14 g, 3%) and a solid (72 mg,
1%). The oil was purified by preparative t.l.c. and was
distilled at 90°9/0.1 mm to give 2,2-dimethyoxyaceto-
phenone (31)*%;i.r. 2940, 2840, 1695, 1600, 1285, 1194,
1122, 1070, 978, 865, 760 and 700 cm‘l; n.m.r. T 6.55
(s, 6H), 4.85 (s, 1H), 2.58 (m, 3H) and 1.93 (m, 2H);
m/e(%) 180 (M*t, 0.5), 149 (2), 121 (6), 105 (14), 91
(3), 77 (20) and 75 (100). The solid was recrystallizes
from ether to give phenylglyoxal dioxime (33): m.p.
162.5-165° (1it. 168°, 16); i.r. 3260, 3030, 1600, 1295,
1110, 1000, 960, 935, 765 and 700 cm~1; n.m.r. (DMS0-dg )

T2.67 (m, 5H), 2.16, 1.78 and 1.64 (combined intensity

* A ketoacetal is characterized by an i.r. absorption
at 1710 cm~l due to a ketone carbonyl stretch, and a
strong doublet at 1070-1110 cm~1 due to an acetal
ether. The mass spectrum shows a peak at m/e 75 (15).
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1H, not exchanged by D,0 over an extended period) and

-1.67 (s, 1H, D,O exchangeable); m/e (%) 164 (MY, 100),

2
147 (38), 129 (9), 119 (20), 103 (36), 90 (30), 83 (14)
and 77 (65). ‘

The basic fraction was chromatographed on a silicic
acid column to give N-nitrosopiperidine (0.12 g) and an
0il (0.61 g, 5%) which was distilled at 85°/0.1 mm to
give l-methoxy-l-piperidinoacetophenone (39): i.r. 3320,
3070, 3020, 2940, 2860, 1600, 1450, 1225, 1105, 1035,
975, 940, 760 and 710 cm~t; n.m.r. T 8.55 (b, 6H), T7.43

(b, 4H), 6.17 (s, 3H), 4.41 (s, 1H, DO exchangeable)

2
and 2.58 (b, 6H); m/e (%) 248 (M", 3), 231.1457 (Calcd.
for CqpHygNp0: 231.1497, 25), 217 (92), 199 (88), 171 N
(2), 144 (58), 128 (77), 111 (41), 103 (51), 98 (43), :
83 (89) and 77 (86).
The residue (0.39 g) contained at least two very
polar compounds (as shown by t.l.c.) and was not investi-
gated.
The solid Y (1.5 g) was stirred overnight in a
mixture of acetic anhydride (10 ml) and pyridine (10 ml)
in an ice bath. The solution was poured into water (100
ml) and was extracted with ether (3 x 25 ml). The
ethereal solution was washed first with a dilute solution
of sodium bicarbonate, then with water. It was dried
(MgS0)y) and finally evaporated to give an oil. The oil
was chromatographed on a silicic acid column to give

benzoic acid (0.19 g), an unknown Z, an oily mixture
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(0.10 g) and benzamide (0.68 g). The unknown Z was
recrystallized from a mixture of benzene and petroleum
ether to give crystals (20 mg): m.p.>129—131.5o; i.r.
3260, 1710, 1680, 1670, 1590, 1340, 1300, 1240, 1210,
1060, 960, 900 and 710 ecm T3 m/e (%) 253 (5), 225 (21),
210 (32), 148 (32), 105 (100) and 77 (58). The oily

mixture could not be purified by further chromatography. "

(ii1) A solution of N-nitrosopiperidine (8.07 g, 70 |
mmoles ), phenylacetylene (3.50 g, 35 mmoleé) and "
concentrated hydrochloric acid (6 ml, 72 mmoles) in
methanol (200 ml) was irradiated in an ice bath with a i
Hanovia lamp (450-W) through the filter solution (v) ‘ﬂ

for 2 hours. The u.v. absorption at 348 nm decreased

slowly after 1 hour and 30 minutes irradiation. On
continuous irradiation, new absorptions at 350 and 329
nm increased rapidly. The photolysate was worked up in
the usual manner to give a precipitate, an acidic, a
basic and a residue fraction. The precipitate gave
piperidine hydrochloride (2.78 g) on recrystallization
from 2-propanol. The acidic fraction (2.81 g) was
chromatographed on a silicic acid column to give N-
nitrosopiperidine (0.39 g), compound 30 (1.40 g, 22%),
phenylglyoxal ketoxime (33, 0.93 g, 18%) (see below)
and dioxime 31 (0.54 g, 9%). The basic fraction was

chromatographed on a silicic acid column to give N-
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nitrosopiperidine (20 mg), compound 18 (0.69 g), unknown

L (0.12 g, 1%), unknown oil H (0.31 g), a solid (33 mg)

and oxime 32 (2g, 24%). The unknown oil L was
rechromgtrographed om a silicic acid column and was
distilled at 90°/0.1 mm. T.l.c. of this purified L
showed a single spot only. This oil was tentatively
aggigned to 1- ‘
i.r. 3400, 3280, 2950, 2860, 1575, 1380, 1335, 960, 780

and 700 crn"l

; n.m.r. T8.42 (b, 6H), 6.94 (b, LH), 2.61
(bs, 6H) and 1.30 (s, 1H); m/e (%) 246 (M'-1, 1), 230
(43), 226 (7), 215 (10), 188 (8), 146 (24), 130 (8),

127 (4), 118 (6), 112 (8), 110 (9), 105 (20), 90 (7),

W

ik

84 (100) and 77 (20). The n.m.r. signal at T1.30 was "

exchanged by DO slowly (no other signal could be

exchanged on firther treatment with D,0). The unknown
0il H could not be purified by chromatography.and was
distilled at 90°/0.1 mm: i.r. 3320, 1610, 1390, 1365, 1330,
1280, 1210, 1070, 760 and 695 cm-l; n.m.r. T8.74 (s),

8.03 () 7.67 (s), 7.00 (b), 6.18 (b), 2.53 (m) and

1.98 (m); m/e (%) 246 (5), 228 (7), 215 (34), 212 (100),
199 (24), 183 (11), 171 (60), 130 (13), 122 (43), 115 (20),
110 (13), 105 (71), 84 (17) and 77 (82). The solid was
recrystallized from ethanol to give an unknown (t.l.c.,
single spot): m.p. 157-160°; i.r..31L40, 3040, 1600, 1010,

1000, 765 and 700 cm™1; m/e (%) 228 (M', 72), 211 (100),
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128 (40), 103 (65), 98 (4o), 84 (74) and 77 (36).

The residue fraction was chromatographed on a

silicic acid column to give compound 18 (0.2 g) and

a solid (30 mg) which was recrystallized from ethanol
to give crystals: m.p. 126Q128°; i.r. 3305, 1650, 1570,
1335, 1322, 1170, 1030, 902, 800, 710 and 695 cm™ T
m/e (%) 180 (MY, 0.5), 149 (2), 137 (3), 121.0492

(Calcd. for CoH7NO: 121.0527, 42), 119 (6), 105 (83),

103 (100), 91 (5) and 77 (83). This compound was assigned

to 2-(N-nitrosohydroxylamino)-2-phenylacetaldehyde (34).

(iii) A solution of N-nitrosopiperidine (7.87 g, 69
mmoles ), phenylacetylene (8.37 g, 82 mmoles) and con-
centrated hydrochloric acid (6 ml, 72 mmoles) in methanol )
(300 ml) was irradiated in a dry ice-methanol bath with

a Hanovia lamp (450-W) through a Uranium glass filter

for 5 hours. While the absorption at 348 nm decreased
gradually, new peaks at 305, 280 and 276 nm increased.

The photolysate was rendered basic with solid sodium
carbonate (8 g) immediately on termination of the
irradiation. The precipitate was filtered off and the
filtrate was evaporated to dryness. An aqueous solution
of the residue was worked up in the usual manner to give

a basic and a residue fraction. The basic fraction was
chromatographed on a silicic acid column to give N-
nitrosbpiperidine (2.58 g), a yellow liquid (49 mg), an

oily major product (3.93 g) and an unknown solid mixture
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(0.91 g). The yellow liquid (i.r. 2930, 2850, 1650,
1440, 1390, 1250, 1210, 1115, 1020 and 720 cm—l; n.m.r.
T8.38 (b, 6H), 6.6 (b, 4H), 2.54 (b, 5H) and 2.05 (s,
1H) ) was not changed when it was treated with sodium
carbonate solution. The structure was tentatively
assigned to 1—pheny1—l—nitroso-2—pipefidinoethylene
(40). The major oil was distilled at 95°/0.1 mm to
give crystalline phenylglyoxal ketoxime (ég): m.p.
48.5-50°; i.r. (CHCl3)'324O, 3060, 3030, 2840, 1700,
1590, 1440, 1370, 1280, 1050, 990, 960 and 685 cm™!;
n.m.r. T2.53 (s, 5H) and 0.20 (s, 1H); mfe.(%) 149.0520

il

(calcd. for CgH7NpO: 149.0478, 20), 119 (53), 103 (45), ot

it

91 (24) and 77 (100); ﬁ
Anal. Calcd. for CgHyNpO: C 64.42; H 4.73;N 9.39;

Found: C 63.29; H L.773N 9.05.
The .bis-phenylhydrazone (ﬂl) was prepared by refluxing
a mixture of ketoxime 32, phenylhydrazine hydrochloride
and concentrated hydrochloric acid in ethanol solution
and was recrystallized once from dilute ethanol solution,
and twice from a mixture of benzene and petroleum ether
to give a crystalline solid: m.p. 147-149° (1it. 152°,
17); i.r. 3300, 3180, 1590, 1540, 1490, 1370, 1265,
1245, 1160, 1070, 1010, 950, 750 and 685 cm_lg m/e (%)
314 (M, 100), 222 (75), 209 (36), 195 (12), 116 (12),
104 (24), 83 (80) and 77 (50). The ketoxime 32 was

treated with phenylacetylene'in an acidic methanol
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solution to give a high melting product (m.p. 210-220°).
The neat oil resulting from chromatography, gave
a crystalline product on standing o&ernight. The
crystals partially dissolved on heating in chloroform,
leaving a solid nitroso dimer of l-nitroso-2-hydroxy-
styrene (35a) which was filtered off: m.p. 113-115°;
i.r. 3230, 3060, 1590, 1310, 1280, 1210, 1130, 1055, 990, :

960 and 700 cm !

5 n.m.r, (DMSO—d6) T2.53 (s, 5H),and ;
0.20 (s, 1H); m/e (%) 1h9 (iM*, L6), 119 (98), 103 (37), |
91 (15) and 77 (100); |

Anal. Calecd. for Cl6H14N20&: C 64.42; H 4.73; N 9.39;

W

Found: C 64.07; H 4.92; N 9.12.

mmi

The dimer 35a was dissolved in chloroform on heating i
and the chloroform solution was evaporated to give 32
wa shown by the i.r. absorption at 1700 cm_l and the
n.m.r. signal at T0.20. The dimer-ggg was sublimed at
llOo/O.l mm to give an oil ég which was crystallized to
give a solid (m.p. 48-50°) which was characterised by
i.r. and n.m.r. spectra.

The unknown solid mixture was rechromatographed
on a silicic acid column and crysatllized from a mixture
of benzene-petroleum etherto give a solid: m.p. 68-729;
i.r. (CHCl3) 3160, 3060, 2990, 2940, 2860, 1700, 1665,
1445, 1375 and 690 em™t; m/e (%) 198 (95), 122 (10),
105 (34), 98 (18), 91 (16), 84 (10), 78 (100) and 77 (70).

The residue fraction was‘chromatographed on a silicic
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acid column to give 32 (0.60 g), an unknown (N, 95 mg)
and an unknown (M, 80 mg). The unknown N was recrystallized
from ethanol to give a solid: m.p. 200-20405 i.r. 3060,
1560, 1170, 1160, 1030, 970, 800, 760, 705 and 690 cm‘lg
m/e (%) 286 (MY, 2), 246 (5), 228 (6), 215 (26), 211 (8),
198 (9), 194 (22), 149 (7), 126 (6), 119 (25), 110 (15),
103 (100), 84 (28) and 77 (65).

The unknown M was recrystallized from ethanol to
give a solid: m.p. 210-214%; i.r. (CHClz) 3200, 2060, 1660,
1600, 1440, 1355, 1100, 1015, 900 and 685'cm-1; /e (%)
279 (100), 263 (50), 247 (25), 232 (26), 221 (10), 204
(9), 171 (12), 144 (14), 116 (20), 103 (60), 89 (22) and
77 (85).

The ovérall yield of ketoxime 33 was 4.53 g (65%).

X. Addition of N-nitrosopiperidine to Diphenylacetylene.

A solution of N-nitrosopiperidine (7.72 g, 68
mmoles), diphenylacetylene (4.66 g, 26 mmoles) and
concentrated hydrochloric acid (5.8 ml, 69 mmoles) in
methanol (200 ml) was irradiated in an ice bath with a
Hanovia lamp (450-W) through the filter solution (v)
for 2 hours. The photolysate was evaporated to dryness.
Water (50 ml) was added and the aqueous solution was
extraéted with ether (3 x 25 ml). The ethereal solution

was evaporated to give an oil (4.37 g) which contained
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N-nitrosopiperidine (0.22 g) and a solid (4.15 g, 61%).
The solid was recrystallized from benzene to give benzil
monoxime (37): m.p. 136-138%; (1it. 1379, 54); i.r.
3340, 3060, 1640, 1600, 1375, 1310, 1215, 1010, 930,
875 and 695 cm T3 m/e (%) 225 (M*, 7), 122 (18), 105
(100), 103 (56) and 77 (56). |
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