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ABSTRACT

AMINIUM AND AMIDU RADICAL REACLLUNS

The formatlon 6f azablcycilc coupowias by tne internai
addition of an aminium or amido radical to a cyclonexene cr
cyclopentene moiety was examined. <[he raaicals were gen-
erated in solutlion by the photochemical cleavage of the
N-N bond of N-nitrosamihes  or N-nitrosamides, pnotccnei-
Lcal cleavage of the N-Cl bond of N-cnloramides, or tne
reaction of iron salts wlth an N-chloramine. 'tne position
of the olefin relative to the radical afrected une yleids
of the bicyclic products. N-nitroso compounds in wethanci
or benzene under nlcrogen gas gaVe a range of 50-90p
ylelds of 5-member azacyclic compounds when reacted witn

ap 5»6-olef1n (relative to the radical), ana a 25-30x yielid

o’7—oler1n. N-

of cyclic prcducts when reacted witn a A
chloro-N-methyl-3-cyclohexene-l-carboxamide pncrochnemlcally
gives a 72% yield of y-lactams. N-nitrcso-N-metnyl-2-
cyclohexenefl-oarboxémlde gave a L4% yleld o1 B-lactanm,

but the reactions of other N-nicvroso and N-cnloro compounas
contalnlng‘a,A4’5 Qlefln gave predominantiy B -scission ana
hydrogen-abstraction prodﬁcts without a cycliic coapound
being isolated. The carbon radical intermediates resulting

from the cyoclization of aminium or amido radicals witn a

A 5,6 olefin can be trapped under oxygen to 1ora nlitrates
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and nitrate decomposition products in a 50-50% yleid, or
reacted witn bromotrichnloromethane sclvent to lorm a
55-85% yleld of the bfomo-substibuced coapoundas .

The aromgtic substitution reaction of tne aminlium
radical derived;from_photochemicaily'excitea N-nitroso-n-
methylphenethylamine or the reaction ot ih-cnioro-N-metnyl-
phenechylamine gave preferentially B-sclission aand nydrogen
abstraction prcducts.

An electronegatively substituted olelin was 1ounda
to pe required for the initlatcr cataiysea sn-cliloraaine
1ntérmolecular radical addition to predominaie over cne
electrophilic chlorinaticn reaction. lunteruclecular raa-
ical sddition of N-nitrosopiperidine in acid could not pe
initiated with other radicals or iron salts.

The exclusive preference i1or tne penzylic nydrozen
to photoeliminate in N-nitrcsotetranydrcisoguinciine was
demonstrated and the etfect of oxygen on N~-nitroscopiperiulne
photoelimination reactlons was examiried. t‘ne guantuam yleiq
of the photochemical disappearance of N-nitrosodimethylamine
was determined to be less than 0.4 in aqueous acid.
Investigétion_of‘the &as cnromatography‘or low wolecusiar
welght amines and the sprectra of amiaoxime-metal ccaplexes
proved these methods were inadequate tor small-scale

quantum yield product analysis.
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CHAPTER 1
INTRODUCTION

The ohemistry pertinent to this thesis can be
discussed under the general classlfications of aminium,
amino and amido radicals; and intramolecular addition to
olefins, particularly with regard to the formation of
heterocyclic compounds. |
1l- Nitrogen dicals

Aminium radicals (cation amine radicals) are usually
generated by the photolysis of a N-nitrosamine-acld complex
(1-3) or by the homolytic cleavage of N~ hglamines in the
presence of a strong acid (4-9). The reaction of N-halamines
with metal ions, .8, Fe2" or T3, in a neutral medium
(10,11)prowmbly imvolyes an aminium radisalemetal ion
ooordinatioh species and shows aminium radical charaoter-
1stiocs (1,4,5), Other methods of generating aminium
radicals involve the reaction of metal ions with hydroxy-
lamine (12,13), hydrogylamine-O-gulfonic acids (l&4) or
tertiary amine oxides (15), or the Y«irradiation of
protonated amines (16). The preparation (17-21),
properties and non-radical reactions of N-nitrosamines
(19-31), a.s well as the preparation (&,7,32) and non-
ridicﬁl reactions of N- halamines (7,33-35; see nowever
36-38) are well documented.

The reaction of aminium radicals follow the lowest



activation energy path,wnich is determined oy the aminium
radlcal structure, the experimental condicicns and the
avallability of the other reactant molecules., The
electrophilic nature of the amlnium radical has been demoans
strated by a decrease in the amount of intermolecular
addition when either the aminium radical (39) or the olefin
is substituted with electron-witndrawing groups (1,39).
Examples of the aminium radical reactions are given below
(Eq 1.1-1.12) in an approximate order of increasing pre-.
ference for the illustrated pathwﬁy. For example, inter-
molecular addition to an olefin (Eq 1.9) will usually

occur faster than hydrogen abstraction (Eq 1.0).

/o
1.1  CH 3
™ 3>u-c1 + (5)
Hzmu

2+
Fe CH,Cl1
Eq 1.2 (1-GyHg)-N-cL (M N 7 (o)
| + 75% HpSOy,-HOAo
61%

- | Cl |
| o8y 21% H2304-HOA° /\/\/NC4H9
o 80% loa

——C“H9




\ 4

Bq 1.4 Fe2* (5)

CfN\ - ag |
1. . o
Eq 1.5 [;:i) 0.3 u HCl AJ:;;:] [:ji:I/hJ (&#1)
i Hp0
NO OH 31% 39%
1.6 '
. , Q &
0.3 n HCl
| ~ H,0 HHey
NoO
574 3.5%
CH,Cl

gql,?} ’ F62 |
g © + Q\? !
N _
c Lok 275

Ea 1.8 + )k ;W‘J O}w

CH3 Cx H5 0.2M HCl > , (42

l CH CeHe -
NO ~ MeOH 3 6%5

91%

C—
Q_u CH3
N

“OH



L

. 1.
= g:i? (42)
0314 HCT, Q\Q
‘ MeOH

1,10 h
5 O G, 3'n'rﬂ' Y \M

85%

. C
C=Nyg,, 2
©¢H2NC"§© 0. W HCJ. HeOH NH H
2

~ ]

HO,

Eq 1.12 “0/> L | N l\,l (43)
i)“ 0.08M HC1i, HMeOH )\K)

82%

Many of the above aminium radical reactions using
N-ochloramines require high acid concentrations. For

example, the amination of benzene (Eq 1.1) or the intra-
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moleoular hydrogen abstraction reaotion (Eq 1.3) does not
ocour when N-dibutylnitrosamine l1ls photolyzed in a 0.05
Molar trifluoracetic acid-benzene solution; lnstead thne
amidoxime product is‘formed (Eq 1.5) (44), Simllarly,
this work also shows that other pathways of aminium radicais
prevall over intramolecular amination in the photolysis of
N-n;troso-N-methylphenethylamlne at lower acid concent-
ratlons,

| That the conditlons in which the aminiua radical

is generated can play an important role is‘illuscrated'
by the work of Neale (4) with N-chloramines. At high
acid concentrations a competitive electrophilic addlition
of CIt to simple olefins occurs. When a fast ionic
addition removes the oleflinic centre, the aminium radical
has avalilable only the less favored abstraction patnways,
e.g., Hofmann-Loffler reaction, Eq 1l.3. Electronegative
gubstituents on the olefin effectively retard the lonic
mechanism and allow radical addition products to be obtalned.
In this work we shall show that ionlc addition products
predominate with alkyl olefins when the generation of an
aminium radical, by AIBN*initiation, is ineffloilent.

In the phbbochenioal reactibns of N-chloramines
the N,N-diohloramine, and possibly some lmpurities such
as Cl,, have been postulated as the initiators (45).
Initiation by acetylhypgohlorite 1s shown to be absent
in this work.

*a ,a -azo-big-isobuyronitrile
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‘The electron spin regonance (esr) spectra of
aminium and amino radlcals have been recently reported
(16, 46-50) and the spectra of both agree with a planar
ooﬁflguration, i.8., T-radiocal (46,48). In contrast to
the faclle addition reactions of aminium radicals, there
are only a few suspected cases of amino radical additions
to olefins (51-55). At least in one case (52) an allylic
abstraction would account for the products (50). SCF and
CI caloculations have ghown that an amino radical additicn
to an olefin requlires an activation energy as nign as 35-
LO koal.,/mole (57). The success of amino radical intra-
molecular additlons of N-chloramines (38,53,54) may be
due to a favorable geometry for the transition state of
an intermolecular reaction, as will pe discussed later.
Alternately, an incldental generation of HGl by slde
reactions may supply the nsecessary acld to create aminium
radioals,

The amino radical does not form Hofmann-uoffler
reactlon products, even when.such a reaoction is possible
(58), but undergoes intermolecular hydrogen abstraction
(59-61), coupling, or combination and disproportionatiocn
reactions (62-65). An example of the last reaction is
the photolysis of N-nitrosamines in the gas phase (Eq 1,13)
(66). | NO

_ , NO ' i
Eq 1.13 ; he e CHNCH
| H=N-CH v . CH,-R-CH Z H |
CH3 TR 3 3 — CH3WCH,+ CH7=N~CH;
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The esr spectra initially reported to be of amido
radicals (67-69) were later suggested to be of nitroxides
(70,71), but the postulated nm-radical structure was |
oconfirmed (70). Amldo radicals, generated from either
N-nitrosamides (72-75) or N- halagmides (4,76-78) undergo
inter- and intramolecular hydrogen abstraction and elimin-

ation (Eq 1,14). The preference
0

| I
Eq 1.1b R-CH=N-C-R +H*

g,

'R-CHp-N-C-R :

P I )
~ R-CH=N~C-R +Rcazuu—.va-a’ +N=0
0

]
ch',m!'-n’

NO

for S§-hydrogen abstraction of the N-alkyl side-chain
Eq 1.15a) over the & -hydrogen of the acyl side-cnain
Eq 1.15b) and the lack of O-radical reactivity in hydrogen
abstraction has been demonstrated for amido radicals (79).
Eq 1.15 0 0
‘ I s > V\/\ I
: ,C\
. /C\/\/ Br N G, B
N Y J
- | b
¢ Hll-——NH-c’/\\/’\y(’
2 Br
Howovef, thé presence of < 1% O-radical reactivity 1is

indicated by the amido radical ocoupling reaction in the

photolysis of N,0-diacylhydroxylamines (80).



In the presence of olefins, a secondary (N-alkyl)
amido radical preferentislly abstracts ailylic nydrogené
(4, 74) but, where there are no abstractable hydrogens
avallable, the addition may be possible (81,82). The
addition of N-bromoaoetamide to cyclohexene has been
shown to involve the ionic addition of N,N-dibromoacetamide
(83). On the other hand, the additlon of primary acetamido
radicals has been reported and the yleids lncreased wnen
electron-withdrawing acyl groups were used (81).

1-2 Intramolecular Addition

The intramolecular addition of a reactive centre to
an olefin hay ocour by either an ionic or a radical mecih-
anism, The synchronous cyclization of a nucleopnile and
addition of an electron - deficient group to an olefin
has a negative activation entropy. With a choice of five-
or six-membered cyclic rings possible, usualiy the five-
membered ring is formed, although steric effects can modify
the prodmst ratios (84). An excellent example of tnis
preference may be found in the cyclic aminomercuration
reactions ( 85,86).

The corresponding electrophilic 6yolizabion involving
nitrenium centres leads to the formgtion of five - and six-
membered rings (33,87), although the intervention of amine
radicals (or possibly an Ag+ co-ordinated amine radical) in
the sllver ion cetalyzed N-chloramine reactions nas been

dooumented (36-38). The mechanism of Lewis acld-catalyzed

oyolizations of N-chloramines is still undetermined (35).



Nitrene or nitrencid mediated intramolecular
addition reactions léad to unstable aziridine compounds
(88,89), Upon solvolysis or aydride treatment, the ring
opens to give usuall& the more stable slx-membered rings
as the major products., ‘

Radical intramolecular addition reactions have
become an 1mportaht synthetic route to cyolic compounds.
Most of the work is concerned with the addition of carbon
radlcals to either olefins (90-92) or acetylenes (93,94);
the radical species include carbonyl(95), and ketyl radicals
(96), among others. The cyclization of oxygen radicals,
generated from hypochlorites (97) and nitrites (97-100) by
photolysis,usually produces' five-membered rings. The pre-
dominance of aix-membered rings in tne cyclization of
oxy-radlcals,generated by the oxldation of alconols with
lead tetraacetate,indicates possible ionic intermediates
in the reaotion sequence, The formation of nitrogen
heterocyclic compounds by the cyclization of amino radicals
(38,53,54), aminium radicals [from either N-nitrosamines
(43) or N-chloramines (11,38, 54,102)}. and amido radicals
(103,10h)vall hgve been reported. Otner neteroradical
oyolizatlons‘ﬁhioh occur incliude thiyl radical additions
- to alkenes (105) and alkynes (106), and phospnorus radical
ocyclizations (107). Representative resulcé ot radical

oyolizations are listed in Tables l.1-1.3.
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The majority of radical oyclizations give che
kinetically - controiled flve-membered ring product wnen
there 1s a oholce between a five- or a six-membered ring;
and six-membered rings are preferred over seven-membered
ones., The ylelds of the six-membered ring products, the
products which have the lower AH valuesg,lnoreasges at nigher.
reaction temperatures or by substitution of a carbon radicai
oentre with stabillzing groups (See Tables 1.2 and 1.3) (90).

The preference for a flve-membered ring in carbon
radlcal cyolizations has been attributed to a favorable
entropy factor caused by more conformatlions . available for
a flexible cyclopentans transition state than are possible
| for a cyclohexane transition state (108)., Alternately, the
predominance of five-membebed rings 1is suggested to be
due to the stersochemical control caugsed by more non-bonded
interactions in the cyclohexane chair transition state than
the cyclopentane transition state (90). The hydrogen
van der Waals interactions have been estimated at 12,7
koal./mole for the oyolohexane form (109). The tnird
exp&anatloh is given by Beckwith et.al. (110). They
postulate that the most favorable oyclization intermediate
is one in which the three electrons being redistributed
are in the same plane or as close to this requirement as
possible. In other words, there should be initially maxlaum
overlap between the half-fllled p-orbital and the vacant

T ®-orbital and the emerging o *- and p-oroitals should

be parallel,
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Iable l.lL

Cyclization of A*’S Radicals

% Cyclized* C;-Radical Céngre Reference

Dis

N
-N’x X=1Ti, 13
+ N\ ’

! 5

1.54

1.43

l.%0

1.81

e (A

109

ill

90

97

112(k172)

112(r¥150)

113

* Where cyolizatioh occurred only the S5-membered ring

prodmet was found.
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Table 1.2

Cyclization of p°°’® Radicals

Ring Size Conrormatlonal(lo )* ZCyclized Reference
Energy Kcal/mole

o 90 92

'CH2 6 12.4 tr.
(80°) (=709 -
5 - 9 (808 © 50
.C-C%Ft 6 | kg (20%
‘CN |
0 68 (50 99
W:;] % 15.4 ) 2 o‘ (98)
n’j 5 0 56 53
[/N:L 5 45 104
NO 6 - °
.
82 pot"
2 - 0 (6 of 43(11)
nﬁ\\
“’t] 5 o o 16 113
| 6 1 42
'S

* See Footnote in Table 1.3, o
#% When Ti3* asino coamplex was cyolized 66% of
5-membered ring was found (112,pl46).
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le 1

Cyclization of A®’7 Radicals

_Ring Size Conformational* % Cyolization Refer-
Energy( keal) (109) | ence

6 3 0 ill
7 4,5

6 - 34 90

7 0

Jo 5 u P
2

6 4 31 54 1l4

#%* When 3 amino complex was cyolized 72% of
é6-membered ring was found (112,P152).

*  INDO calculations of the energy required to reach a chair
conformation with olefin and radical overlap.
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The intentions of this researcn can be outlined
as follows: |

1, To éyntheslze substituted azabicyclic compounds
using aminium and amido radical intramolecular cyclization.

2. To determine the effioiendy of cyclization wicth
respect to the relative position of the nitrogen radical
and the olefin,

3. 7To divert the normal products using radical:
trapping agénts (115).

4, To investigate the intramolecular amination
‘reaction of the N-methylphgnetnylaminium radical,

5. To examine the radidal initiation of aminium
radlical intermolecular additions to olefins and the com-
petitive electrophilic addition of N-chloraamlnes.,

6. To outline the mechanism and quantum yleld of
a-hydrogeh eliminatlion in severai nitrosamines and evaluate

methods of péoduot anglySLS.



15

e TE
RESULTS

2~1 QGenersl

g—l-l Synthegls of Amides and Amines

The required nitrogen compounds were geuaeralliy

synthesized from the sultable olefianic carboxylic acid,

which were prepared in tne following manner. <he reaction

of malonloc ester wlth 3-chlorocyclopentene, tcliowed by

decarboxylation, (Eq 2.1) (11l0) gave 3-cyclopentenyiacetic

acid (1) in ca. 15% yleld. Pfeparation ot 4-cyclonexenyiacetic

acid (2) was accomplisned in 30% total yield by aydroboration

of 4-vinylocyolohexane (117,118) and oxiaation (Eq 2.2a), or

in 15% yield using an Arndt-Eistert reaction sequeance (119,120),

shown in Eq 2.2b. Elther by reacting 002 with 2-cyclohexeny i-
magnesium bromide (Eq 2.3a) or with the sodium salt ot the

Aiiyl cyclohexenyl anion (Eq 2.3b) (121) gave 2-cyclohnexenyl-

carboxylic acid (1), in 4% and 18% yiélds respectively,

Acid (4), 3-cyclohexenylcarboxylic acid, was avaliable

commerclally whlle cyclohexanecarboxylic acid (3) was

prepared by oxidation of cyclonexane carboxaldeayde,

 (COL,Et) CH2C0H
Eq 2.1 c1 R H2C02

. Hei, CH,(COzEL ), Lyl
@@ N‘>©‘°"”'
a




Lo

Eq 2.2
1. BF(CSHlO)z CHpOH lcogﬂ
a
. —_——3
2.  Ho0p GHp
ESe
ra
COC1 COCH,N , /t bos
b.
CH N Agt, HoCONHp
z ey —_—>
_ NH

By
‘ : \7555\3 Cu H

-

J Ok

b

The genéral sequences for the synthesis ol awides and
amines are 1llustrated using carboxylic acid &4 in Eq 2.4.
The presense of pyridine is recommended in the preparation
of acyl ohlorides from aclds containing‘reactive olefins,
such as 2, Both the acetylation of primary amings (122) and
tie LAH reduction of amides (123) generally gave good ylelds;
after reduotion,vthe loss of volatile amine was minimized by
evaporation of ether through a Vigreaux;column. lnstead of

isolating the isocyanate after rearrangement of tue acyl
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azlde, the benzene solution was treated directiy with “"Red-Al"®
to give the best yleld of the corresponding methyl amine,
analogous to the LAH reduction of isocyanates (125). Re-
arrangément of the oyoloneienylaoyl azlide required higner

temperatures than that of a

CH
Eq 2‘4 3
CNH, CHoNH
CH2
_LAH, Acgu @
(c) .
NHy
' - 0 ' ‘
COOH & o1 i NHCH3
| CNHCH CH
S0,C1, HeNH, LAH '
(a) (bi
NaNj l(d)
CON3
CH
i [
¢l c—-o
N

2

a5 S el

*Sodium bis-(2-methoxyetinoxyl) aluminium hydride (124)
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cyclopentenylacyl azide (126), and an efficlent cocndenser
system must be used, The use of benzene as a solvent, ratuer
than acetone (126), for‘tne preparatlon of tne acyl azide
from the correspondlng:acyl cnlorlde,'had thne advantage
of suppressing side reactions such as the formation of
urethane or urea, since water could pe uore ef'ticlently
removed, Further, there 1s no need to cnange solveats i1or
the thermal rearrangémenb reaction. Dlamide ll-l1 was
prepared by the phnotochemical dimerization of 2-pyridinone
(&) (127).

The structufes'of various auldes ana amines, and the
method of preparatioh, are lligted in Table 2.1 and Figure

2.1,



19

- Table 2,1 vPrepafation of Amides and Amines

Compound Starting Hgtérlgl Reaccion in BEq 2.4 Yiela(ws)

7-1 5 a 60
8-1 L a 81
9-1 4 c 34
10-1 3 a i2
11-1 4 d,r 42
12-1 2 a 47
13-1 6 * 31
14-1 1 a 54
' a 1o%*
15-1 141 ‘ o} nov
' ‘ isolated
16-1 12-1 o) 83
17-1 4 d,e 55
18-1 1 d,e 05
19-1 | 8-1 b 50
* - dimerization of §

" overall yleld, inoluding Eq 2.1 steps.
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2-1-2 N-Nitrogo and N-Chloro Comgoundg

The N-nitrosoc compounds were prepared eiiner by a

godium nitrite (Experimental 5-5-1) (128,129) or a modified

dinitrogen tetroxide (Experimental 5-5-2) (129) nitrosation
procedure., The nitrosamides were not purified, since they were
thermally unstable (130), wnile all tne nitrosamlnes wepre

purified, except 16-2 and 17-2 wnicn were used in an unpur-
ified form. The ylelds of the crude nitrosawmides in several
cases were greater tnan theoretical: this was caused by the

addition of nltrosating agent to the double bond, e g..Nzou(l3l)

shown in Eq 2.5.

: NOg NO
NO
: ONO
Eq 2.9

The ylelds of the crude nitroso compounds and taneir
spectral characteristics, including the bercentage ol olerin
rémain;ng intact, are listed in Tables 2.2 to 2.5. The yielda
of nitrosamide 9-2 was 1mproved'uslng N2Oy natrousation in wae
presence of an excess ol pyridline, simllar to the increased
yields of nitrosamines obtained when nitrosyl tetrafl&orooorate

and amines were reacted in the pregence of pyridine (18).



22

Utllizing socdium hypochlorite, the N-chloro cowmpounas
were prepared using well-establisned procedures (bxperimental
5-5-3)(32,36) and were used without furtner puriiication; tne
nar spectra or lodometric titration indicated an N-cnlorine
content > 90%. In the case of N-chlorodimethylamine, tue
sulfuric acld salt was lisolated using the metnod or Spanswicx
and Ingold (132), The ylelds and spectrai dat@a oi tne

N-chloro compounds are summarized in Table 2.6.
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Table 2.2 Prepargtion of Nitrogamides

Compound Nltrogating Yleld Ule
Agent Unpubgtituted
7-2 NaNO, 87 -
8-2 NaNO2 100 95
9-2 N0y lob 85
10-2 N0y 100 95
11-2 N0y 75 | 05
12-2 NZ0y | 100 90
13-2 NaNO, TR 100

-2 N,0y, 53 100
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Table 2.3

Spectral Data of N-Nitrosamides

Nor (7 -value)

ir A max nm
, Olefinic -1
Compound Protons CH - CO-NN()-(_'J_I'!_3 (cm =) (€ )
7-2 - 6.30 0492 1725, 429(115),
: 1500 410(110)
8-2- 4.30 6.20 6.90 1725, 428(90),
. 1500 408(85)
9=2 4,43 7.21 6.28 > 1725, - 426(90),
_ ‘ 1500  407(8y)
10-2 4.18(m) 5.60 6.90 1725, 422(50),
. ) _ 1500  403(55)
11-2  4.48(%) 7.34 5.70 1730,  423(00),
| . 1515  &405(55)
. 5 , ‘ ‘ .
12-2 4.33 6.85 6.88 1720, 421(80),
- 1500 402(80)
13-2 3.5(m)L 6.5 549 ° 1720,2  442,4203
L,0(m) 1510 400
14-2 4,25t 6.775 6.92 1725, 4&3(95)3,

1500  405(90)

Nmr spectra taken in CDCl3 except for 13-2 (GF3COUH)
and 14-2 (CCL,). | '

Ir spectra run as neat film except tor l}-g'(hBr disc).

. Uv spectra taken in benzene except tor 1l3-2 (CH3COOH)

and 14-2 (CCly)
CH3 group 5. CHp group 6., CH group



25

Table 2.4 Preparatiocn of Nitrosgawineg

Compound Nitrosating Yield # Olefin
: Agent Ungupgtituted
15-2' Nandz 38 100
16-2 NaNO, 43 75
17-2 NaNO2 43 75
18-2 Nzog‘ 28 100
19-2 NaNO, - 88 - 100
20-2 | NaNO, 3 -

21-2 NaNO, 72 -
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Table 2.6

Physical Properties of N-Chloro Compounds

(2.) )
Compound Yield(%) Olefinic CH - CONCl- CH3 Ir ,om
Protons
8-3 85 4.23 6.9 ’ .60 1660
11-3° 100 4.39 7.70 7 5.45(CH) 1070
B, N-Chloramineg 1
- Nap T -value
' S (24} -1
Compound Yield(#) Olefin -CH2-NC1l-CHj Ir , cm
Protons —_—
' L . ,
17-3 67 4,34 7.1 7.07 1440,1365
20-~3 b - 7.1 7.24 1450,1435

1, Nar spectra taken in CDClB.
2. Ir spectra run as a neat film,

3. CH3 group 4, CH group
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2-1-3 Decomposition Conditicug

Unless otherwise speclitled, all the decomyosicion
reactions were ccnduc;ed under a nitrogen ataosyphiere.
Generally, the photolysls oi' the N-nitroso cowmpound in ca.
225 ml of solvent was done witn a 200 watt wmedium-pressure
lamp in a pyrex 1mmefslon-well using the approprlate fiiter
(see Figure 5.4) chosen to irradiate only thne T #
transition band. Tﬁe N-nitrcsamines were photolyzed in tne
presence of at least one equivalent of acld. The N-cnloro
compounds were phobélyzed in a quarctz apparatus uslng a
Vycor fillter. For ;he photolyses cof N-nitroso compounds, a
control reaction in the darxk usually showed no slgnlilcant

thermal reaction (< 5% by uv analysis).

2-2__Photolysis of Alxenyl N-Nitrosamideg

2-2-1 N—Nitroso-N-metnyl-j-cyclonexene—l—carboxamlde (8=-2)

Photolysis of nitrosamide 8-2 zave a Ho# yleid o1
antli-* and gig;[j,Z,I]azabloyolic oximes 22-1 and 22-2 in a
2:1 ratio and an 18% yleld or azablcyclic ketone 22-4. ‘i'ne

remaining‘materlal was tentatively assigned as & C-nitroso
diger, gj—l or 24-1 (6%), nitrate lactam 23-2 (&%), and un-
saturated oxime 25-1 (6%) obtained by latramolecuiar

hydrogen abstraction.

* For the geometric lsomers, the anti-oxlme i1s the one
in whieh the oxime hydroxyl is on tne side opposite
to the a -nitrogen substitution and tne gyn-isoamer nas
the hydroxyl on the same side. When referring to
groups, clg~- denotes a group or atom on the same side
as the hydroxyl and trang- means on tne opposite side.
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Hs _~-LH
-1 —N
Ha 1 &azd <
2- — N
O%/ 2£-24 & l\OH
Z
//N 3
6
’ 22- YA =0

Oxime 22-1 could be crystalllzed frcu the cruae
photolysate, giving the correct elemental analysis and exact
mass of the M 4ion peék tor Cengﬁzog. Tfne ir peak for tne
lactam absorption was at 1670 cm'l,'nigner vhan usually founa
1nl?,2,2]bicyclic lactaus (133-136); The nar specirus saoowed
a double doublet (J= 5.5 and 1 Hz) for the oridgenead proton

(E-5) at 75.92 in pyridine —dg and at 7 6.10 in CLCly,

Inspection of a Dreiding model showed that tne 5.5Hz coupliing
a;isés from the interaction of H-5 with Hgpngy at C-8, out
Hgyn at C-8 has a smaller coupling witn H-5 since the
dihedral angie approaches 90°, These coupling ccnstants
are typical of [ 3,2, llbicyolic systems (137)., ‘Lhe N-meonyl
singlet of 22_1 was focund at'r7 26 and 77.18 in pyridlne-d5
and GD013 respectively.

The best sample of gxg,-'oxime 22-2 contained ca.20%
of ggg;foxime 22-1, -The CDC13 nmr spectrum of 22-2 snowed
the H-5 proton as a double doublet (J ™ 6 and 1 Hz) at

T 5.35 and the N-methyl singlet at T7.11, in agreement wictn
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the general pattern of clg-protons rescnatlng at lower
field than trang-protons (2, 128). Wnen a sample containing
a major proportlon'of syn-oxlime was stoped for a tiuwe,
lsomerlzation to g2.:1 was lndicated by tne lncreased
T 7.18 signal (for the trang-N-CHj3 group) at tue ocst or tne
T 7;il,signal (g;arN-CHB group). |

Keto-lactam 22-3 could be obtained in 56% overall
yleld from amide 7-1 by a bisulfite hydrolysis (138) ot tae
cfudelbhotolysate residue. An exact mass determinatlion of
the M* ion peak agreed with CgH) NO,., The nar spectrum
showed the doublé doubles pattern (J = 6 and 2Hz) for H-5
proton at T 6.30 and the N-methyl singlet at 77.l4. Tne ir
spectrum contained a 6ypioal six-membered ring caxbonyl

absorption at 171% ca~t

, but the lLactam carbonyl absorption
was found at 1645 Omfl, lower than expected for a [3,2,1]
bicyclic systea (133, 135). The[3,2,1] bicyclic structure

was confirmed by hydride reduction of the carbonyl grouys
followed by a Joned oxidation of the volatile eplmeric alconois
26-1 and 27-1 to ketone 28-3 (Eq 2.6). <The volatility ot

the alcohdls'was'ob96ried wnen the etner solvent was removed
on a rotary evaporator,. Azabloyclic ketone 28-3 nad
identlcal spectra as that of a sample syntnesized by B;
Waegell et.al.(139)*.

* The author wishes to thank Dr. B, Waegell for x«indly
providing the spectra of their product g28-3.
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’ Cru.
SN[ coadf
y 0 N H AN 0
22=3 26-1, 272-1 a8-3
. ,,

The [3,2,1]azabicyclic structure of botn oximes, 22-1

and 22-2, was further confirmed by a olsuliice nydrolysis ofv

a mixture of gntli- and syn-oxime (3:2 ratio) to give oaly tne
keto-lactam 22-3 in 76% yleld. Attempts to prepare aminc keuv-
oneé from the oximes using other methods wére less successtul
(See Experimental 5-9-1), Farticularly tne wmetal salt-
catalyzed reactions gave low product recovery, This was sus-
pected to be caused by the ideal arrangement of tne
heteroatoms for complexation with the metal. Such a complex
is known to occur with other o -amino oximes (140), All
the efforts to selectively reduce the lactam carbonyl
group of oximes 22-1 and 22-2 or ketolactam 22-3 proved
unsuccessful,

The minor products could not be obtained in a pure
state. An equal mixture of keto-lactam 22-3 ana anotner

compound were found in the first few caromatographlc tactions.



This compound was assigned as endo*-nitrato lactam gj-g,

based on the 1ir absorptions at 1630, 1280 and 860 ca~t and
the 1 7.05 singlet of the N-methyl gZroup; all ol wanicnh are
found in the spectra of 23-2, a @major product wiien 9-2 was

photolyzed under oxygen (See 2-4-1),

v <
i Zé '\ P\wN_N\ R )
py ONO 0 R | //JV

23-2 2

=1

That a C-nitroso dlamer, eg., 23-1, was forma2d, was
indicated by the ui absorption at 295 nam of the pnotolysate
dﬁring photolysis. The orude residue showed a uajor singlet
at 1t7.09, ascribable to a dimer N-methyl group, and hnad a
strong ir absorption at 1220 cm~! (141) wnen the spectra &ere
obtalned immediately. However, the 1 7.1l and T 7.18 N-metnyl
singlets of the oxlmes 22-1 and 22-2 became aowminaant when tne
nar spectrum was checked a day later. One fraction showing
the T 7.09 singlet was obtained from chromatograpny; che
N-methyi signal dlsappeared in a similar tasnlon, lnaicating

that tautomerization to oxlmes Z2g-1 and Z24-2 ooccurs rapidly.

H
% /CONHCH,  H.CHNOC
HO‘VN -1 : HONN 2 “'i

®* The endeo- structure 1in this work is deflned reiative to
the carbon bridge not containing tne nictrogen atoam,
l,e. endo~ is on the side nearest the nltrogen bridge.
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The third minor product Qas tentatively ldentifled as
unsaturated amlde-oxime 25-1 because tne ir spectrua contained
an amide 1I peak at 1550 cm‘l; in addition to the 1070 cam~+
peak, and the charactefiscic_oxime peaks at 3400, 1070 and
1050 cu~l, The nmr spectrum showed typicali a,B-unsaturated
enone oxime olefinic pbocons (2) at 7 3.7 ana T 4,25, ana
the N-methyl signal at nigher tleld ( T 7.21) tnan tne
bicyclic products, The mass spectrum pattiern was difterent
from that of oxime 22-1, although 25-1 Zave tne sawme st peai
at ©/e = 168, The alternate structure 25-2 1s considered less
likely since the nmr spectrum also contained twc protoas in
the 7 6.2 to 6.7 region, which could be assigned to the

;ECHCO proton and thé Q-oximiﬁo equétorlal proton of gg=1lizoj,
.ﬁhlle only the methine_(;>bH-CO) would be expeocéd to resonate
at lower-field in 25-2. An attempt to confirm tne structure
by hydrolysis to the corresponding keto-dmide failed, giving

no isolatable product.

The photolysis of nitrosamide y-2 gLave gagi-and gyn-
azabicyclic lactem oximes 29-1 and 29-2 in 35% aud 94 ylelids
réspeotively, in addition to «eto-lactam 29-3 (l4%), starcing

anide 9-1 (8%) and a product tentatively assigned as C-nltroso

dimer 29-4 (5%).
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OH .
29-1 2Z: =N R: r
r 22-2 4: =N‘OH -N Ac 29-4
//N Z 0 R
Ac 29-3 Z: =0

RecryECallizéd antl-oxime 29-1 gave correct elewental
analysis and exact mass determination ot the M ion for
CoH1yN202 , Oxime 29-1 showed ir absorptions at 3300, 955
and 940 cm~l ag well és the amide peak at 1615 cm‘l, Pre
(3,2,1 azabicyclic structure was'aSSIgned from the double
doublet (J = 5.5 and l?Hz) at 1 5.61, as bpposed to tne proad-
er peak éxpected for the amcre symmecrlcal[z,z,2]azabic}clic
compound*, Samples of gngoxide 29-2 were contaalnated witn
the anti-isomer, but showed a broad doublet (J= 5.5 Hz) for
H-5 at T 4,60, lower than H-5 of 29-1.

Keto-amide 29-3 showed two carbonyli ir absorptions
at 1725 and 1630 om~! and its nar gpectrum contained a broad
"doublet (J = 6 Hz) for H-5 at T 5.86., Tne mass spectrum had

the MY ion peak at m/e = 167 required for CgH33NOz. Tnat

‘the amide gfoup was less susceptible to dilute acld nydrolysis
than the oxime group of 29=1 or 29-2, was snown.by Obtalining
only ketone 29-3 and starting oximes after a five hour

hydrolysis at 100°,

*Haffman et,al.(135) find a diffuse peak for the bridgeneéd
proton in af{2,2,2) azabloyclic compound.
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Parent amlde 9-g was ldentified vy laentical tlc reten-
tion and the olefinlc proton sixnal at 1t .34 in tne nar
spectra of several chromatography fractions. <The coampouna
agssigned as C-nitroso dimer 29-4 was found in tne initial
fractions from chromatograpny. The assignment was oased
on the uv absorption at_300 nm, the ir absorjption at 1220

cm‘l

, and a broad multiplet (w* = 12Hz) at T 4.93 in the
nar spectrum (141,142); tne width of tne H-4 protoa indicated
the equatorial orientation of the nitroso group (s8). lin a
CHCl, golution, the dimer tautomerized to glve crystals of
oxime 29-1 (vide supra) after a period of time.

In order to prove that the cyclic products obtainea
in the photolysis were not the result ol lntramolecular
radical displacement reactions, such as outlineda in Schewe
2.1, a mixture of nitrosamide - Nzcu addition products
(postuiébed as compounds such as 30-1 and 30-2) were

photolyzed under the same condltions as 9-2.

Soheme g;l

The products recovered after chromatography were uanstable

and could not be purified. Although several fractioas showed
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simllar spectral characteristlics as keto-amide g9-3, the

tlec retentlion tilmes of the compounds dld not correspond.

The low recovery from dhromaCOgrapny (< 30%) and tne exteasive
decomposition of the products, which 1s typlocal o1 anlirate
esters (143), indlcated that the cyclizavion producis are

not formed in a secondary photoreaction as snown in 5Scneae

2.1.

N-Nitrogo=-N-methyl-2-cyclchexenerl

Photolysis of nitrosamide 10-2 gave 44E yield of a
single B-~lactam oxime, elther 31-1 or 31=-2, 15% ol parent

amide 10-1 and 7% of a compound suggested to pe xeto-lactaam

31-3.

OH OH
: -/ N
V4 1-1 Z: =N \
N 31-2 Z: ==N_
't | R OH
P o ' 31-3 Z: —0 N
/
pY4

The oxime, suggested to be 31-2, nad approximaceliy
equal M+ 1 (m/e = 169) and M* (m/e = 1lo8) ion peaks in tne
mass spectrum. The éxapt mass determination oi the a/e = loB
‘ peak gave. expeqted vglue for 08312N202. Tne ir spectrum
.contalned a lactam.absorptlon at 1725 cm~l and oxime absorp-

tions at 3200 and 935 oﬁ'l. The nmr'spectruﬁ showed a sharp
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doublet at T 5.95 (H-6, J = 5Hz) and a triplet at 106,45
(H-1,J = 5Hz), plus the N-methyl singlet at 1 7.18, Irrad-
lation of any region above T7.1 (all the protoans exceyt
H-5 and H-6) did not affect the doublet pbut irradiation in
the 7 7.5 region caused the triplet to collapse Lo a doublet
with 5 Hz coupling. These results are explained by a gig-
configuration of the B -lactam, in analogy to the J= 5Hz
couplings found by others (lu44,145), and rule out the 5-
membgred ring cyclizatlion product 32 since bovn H-1 and H-5
of oxime 32 must bs coupled with protons at higher tield.
The syn-configuration of the oxlme was tentatively assigned
based on the relatively low-field posicion ot H-6, and the
high-field chemlical shift for equatorial H-4 (ca.rt 7.4) as
coﬁpared to the expected value of T16.7 (2,42) o1 a gig-
equatorlal H-4 in 3;;;. Upon atteuwpted sublimation, the
B -lactam decomposed and, due to the snortage ol product,
further reactlons could not be carried out.

Keto-lactam'j;:3 could not be isolated by preparative
tlec techniques and the structure is inferred froa tae broad
1745 qm’l ir absorption and thé complex péctern at To.4 and

N-methyl singlet at T 7.10 in the nmr spectruam. -

2-2-4 N-Nitroso-N-(3-cyoclohexen - 1 - yl)acetamide (11-2)

-During the phoﬁolysis of the sample of nitrosamide
11-2, conteining ca. 25% parent amide 1l-1, the uv spectrum

of the photolysate showed no C-nitroso dimer peax aprearing
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at 295 nm and the control feaction showed ca. 254 decrease
1h the nitrosamide absorption. <The products obtained were
starting amide ll-1 (37%), 3-cycloheienyl acetate 33 (9#)
and wnat appeared to be 34-1, 34-2 and 34-3, the adducts of
HC1 and C1, (8% and 1% respectively) to il-1l.

0Ac NHAC
34-1 X = H, Y =Cl
Y 34-2 X =Cl, Y =H
| 1 | X #4-3 X =¢Cl, ¥ =Cl

The thermal decomposition producﬁ, ester 33, nad ir
absorptions at 1730 (G =0 ), 3030 and 655.(Hc-CH). ‘ine nar
spectrum contained the expected peaxs at T 4.37 ror tne oletfinic
protons, T 5.8 for tne metnine proton, and the metnyl singlet
at 77.97. There was likely some loss of thnls volatlie ester
when the photolysate solvent was rewmoved.

The ohrométographio fractions containing parent
acetamide ll-1 were ocontaminated witn two ailnor products
with longer go retention times. Go-mass spectral analysls
of these compounds indicated the 1lrst peax corbesponded to
either, or both, the acetamides 34-1 and 34-2, snowing an
M" ion ﬁeak of 175 contaihing one cnlorine. Tne second go
peak showed an M* lbn peak witn a two canlorine pattern at
m/e = 211 and 209; the tirst fragmentaticn was loss of cnlorine
tc give m/e = I74 contéining one chlorine, as expected froa

34-3, The rragmentatlon patterns of all the acevaamlaes,
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11-1, 34~1 cr 34-2, 34-3, were similar below & /e = 80 wnen

only the ocyclohexyl ring structure remained ( See Scneme 2.2).

%c Ac
NH NH NHo
MOrie
Y T1 YL W
C1
Ac ' T et
NH2 :NH2 NH, NH
— O Q9 Q-
. . \{)
| " 1]
@ /e 97 96 98 -
\ J
———
o+ +
) 0 O
n/e 80 79 81
| . -~ 2
m/e 60 ;<:::3 ’ QEEC-CH3 a/e43
Scheme 2,2

The remaining mixture of pdlar ccapounds cculd not be

ldentified but showed an amide 1I peak in the ir spectrua at

1550 Om'l, similar to acetamide 1ll-1.
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2-2-5 N-Nitroso -N-methyl-3-cyclonexene~l-acetguide (12-2)

Column chromatbgraphy, following the photolysis of nitrc.
~amlde 12-2, gave a bicyclic laobam'oxime, assigned as
compound 35-1, in 25% yield. This product showed ir absorp-
tions at 1605 (lactam) and 3200, 930 cm™d {oxime). Tne
oxime contained the correct M* ion peak at 182 and élemental‘
analysls agreed with CgHjuN02. Structure 3-1, anti-oxime,
was proposed based on the Tt 6,15 triplet (J = 3Hz) for H-1,
and the multiplet at f,6.75 for the equatorial proton at

Cc-7 (2,128); with the N-methyl aignal féund at T{.i2. By
analogy to gyn-oxlme 22-2, syn-oxime 35-2 might be expected
to show & signal for H-l in the region of 7 5.5. Tne aiter-
native structure for tuls compound is the [3,2,2]azabicyclo-
nonane 35-3; the possible oxlimes are snown in Figure 2.2,

together with the speotral data of some model compounds.,
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| “OH
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o
1690, 1650 om™; H; 6.03 (133)

(dd, J = 4,3}(149) Figure 2.2
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An examination of molecular moaels oI the two possible
azabicyclic anti-oximes indlcates that the wore syametricai
oxime 35=1 would be expected to give a triplet structure for
H~1 with small couplings to the protouns on.C-9, sxuligr vo
37-3, wnile the less symmetrical oxime jo-1 wignt oe expected
to show couplings of oca. 7 and 2 dz., ‘YThe latter oxime snoula
then show a broader peak for H-l1, tnough with a lesser hali-
width than 38-1,

The lactam 1r‘absorption appears to pe more ccaslistent
with a less-strained 7-membered ring but waen ctne xeto-lactam
was prepared using bisgulfite nydrolysis of the oxlme, tne ir
absorptions were found at 1720 and 1625 om'l; the latter
carbonyl absorption 1s within the value expected ror 33-3.

The mass spectrum of keto-lactam 35-3 contalned tne
M* ion peak at 167 and 100% intensity peax at m/e = 110,

The same peak (35% intensity), was found in the mass specorum
of lactém-oxime 35-1. Altnough the fragmentation pattern
does not unambiéuously dlstlnguish‘betﬁeen the blcyclo 3,3, 1

or[3,2,2] structures, the m/e » 110 peak is sugyestive or

—_— | |
_ §13H3 m/e 110
g

Sdheme 2:3

a b «lactam (Scheme 2.3).
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From the characteristic N-methyl doublet (J = 4,5 Hz)
around T 7.2, which collapsed to a singlet upon adding D30,
and from the ir absbrptipns at 1640 or 1635 and 1550 cm'l.

the other compounds formed in the photolysis appeared to be a
mixture of secondary amides, NoO olefinlc protons were

noticed in the nmr spectrum, indicating the possible addition
of NoOy to the double bond to ylield products such as 39.
The separation and identification of these compounds was
not further pursued.
N
0,

ONO -
39 - C

Dinitrosamide 13-2 was not photoreactive in benzene,

and photolysis in acetic acld gave only 2-pyr1done (Q, vige
infra). The phétolyéis of a suspénsion of 13-2 in
vtetrahydrofurah gave parent diaer ;};; (vide infra) in 15%
yield. |

Apart from polymeri¢ material, the remaining products
from the tetrahydrofuran photolysis were assigned as the
compoundé resulting from hydrogen abstraction froam THF. The
compound asslgnéd as.z-hydroxjtebfanydrofuran (40-1) had ir

absorptions at 3300, 1065 and 940 ca™! for alcohol and etner
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functionallities. The nmr spectrum ccntained multiplets at
T 4.4, 6.1 and 7.1 in the correct ratio, and the M* ion

peak at 88 was consistent with 4Q-1. Anotuer coampound

obtained showed a 1720 cm~d ip abgsorption and a low-field

broad singlet at T 1.95, suggesting struccure 40-2,
Y -hydroxybutyraldehyde, resulting frow tautomerization of 40-1.

401 :‘o:‘OH | LOH;O w0z

The unusual stability of dinitrosamide l3-2 was also
demonstrated by its resistance to decoumposition wnen neated
to 1500, in contraét to the faclile thermal rearrangeaent or

other nitrosamides (130,150),

2-3 Photolzglé of Alkenyl N-Cnlgramlgegl

2-3-1 N-Chloro<N-methyl-3-cyclonexene-l-carboxamide(&=~4)

| Photolysis of a benzene solution of cnloramide §=-3
using a Vycor filter gave endo-chlorolaciam 23-3 (33»), exe-
chlorolactam 24-3 (39%) and parenc amide &-1 (7%). fTne
peroéntages of the products in the crude residue were 44,

4G, and 7% regpectively, as weasured by &c.

23-3 X=H, ¥ =Cl
243 X=Cl, Y=H
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The nar spectra of 23-3 and 24-3 are saown in Figure
2.3 in which the signals for CHCl, H-5 and N-CH; are readily
asslgnable, The 1r absorptions of exo-chiorolactam 24-3

1

were seen at 1690 and 815 cm™" and exact mass determination

agreed with caulzuoc135.

Both chlorolactams 2k-3 and 23-3 snowed tne saue
mass spectral fragmentation patterns; tane laguer was cbtain-
ed by go-ms since gther methods only partially separated 23-3
from 24-3. A fraction containing 80% endo=-cnlorolactam |
£23-3 showed 1r abéorptlons at 1090, 705 ana 750 cm‘l. it
1s belleved that the lower cheamical snift values ol tne H-5
and N-CHB protons of £3-3, with respect To tnose Ol Z4-3,
are caused by the difierent orieatation of the C-Cl pond in
the two compounds. The coupling patierns oif tne Ch-Cl protoas
(H-4) are in agreement with tnese orientations, and are
predicted from inspection of molecular modeis.

The structures were contlramed by reauction or 1,2y
of a crude mixture.of 24-3 (48%), 23-3 (42%) and amide 8-1
(10%) to give endo-chloramine 26-2 (0.36g), bicyclic amine
41-1 (0.35g) and unsaturated amine‘;2;£ (0.1g). Thne yleid
of endo-chloramine 26-2, accounts.for 51% of egdg-cnloro-
lactam 23=3 in the starting mixture. 1f all che rezainder
of 23-3 (ca,0.26g) had been cleanly converted Lo amine 4i-1,
it would only account for 0.20g of &l-1; the remainder ot
" 41l-1 (0.15g) must result from reduccion of 24-3. The actual
yleld of 4l-1 1s likely larger since somwe of it would nave

been lost during workup due to its volatility.



Lty

/

8 3awv

{T<HZ we30e10Jd0TuUH-0%Xo

S-H #H-H

T={¢ wWEBqOBIOJOTUH-ODUd

The NMR Spectra of Chlorolactams

23-3 and 24-3

RE 2.3

~
I

Pl



L7

- N

H"‘Sv 7

D
) 0
O N ;lr
[¢}]
T
e 3 5 —tO
! =
3 e @
g :
=] @)
(@] ~
£, <
m (&
i ]
: g '
?J 5 __J «
FIGURE 2.4 The NMR Spectra of endo-Chloro

and bromoamines 26-2 and 26-5.



48

| &.2. . .= H, Y= Cl
(/ 27-2 X=Cl, Y =H

1-1 X,X = d

e
]

" The ir absorptions of endo-cnloramine 26-2 were
found at 2840 ocm~l (amine Bonlmann bands)(1l51) and ?80 ca~t
(C=Cl). The nmr signal for CH-Cl>was seén at T 0.20
(J = 9,7, and 1.5H;), simlilar to the axial H-4 of 23=3
(Figure 2.4), deocoupling experimencs showed tnat this
proton coupled with H-5, in the T 7.04 region, by L.5Hz.
The mass spectrum of 26-2 had the parent ion peaxs ab
m/e = 161 and 159 (1:3 intensity ratio) indicating tae
presence of one chlorine. The 1ir an& nmr spectra were
identical to those of 26-2 prepared by other groups (54,
87% \112%).

Further reduction of 26-2 was snown by g¢ to produce
amine 41-1, Bicyclic amine 41-1 readily formed & nydro-
chloride salt 41-2 in CH2@1p Qr CHCl3. <The nar spectrud
of 41-2 in D,0 showed multiplets for uhree protons between

T 6,2 and T 7.0 for the ring a-amine proions and a singlet
at ‘7 7.10 for the N-methjl group. 7The amass spectrum of
41-2 contained aﬁ M* ion peak for émlne,&;;; at @m/e = 125
and peaks at m/e = 36 and 38 for BCl. Une picrate or 4i-1
had the decomposition point at 255° (repobted 2500) (152},
and correct elemental analysis for C14H) ghy09. |

The mass spectral fragmentation pattern ol eado-

* The author wishes to thank both Ur. Gassman and Ur. Stella
for making this date avallable,
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chloramine 26-2 and both the HCL and picrate salts of 4l-1
were similar below m/e = 100 (Scheme 2.4). Salts of amines
have been shown to give simlilar mass spectral patterns as
those of the parent amines (153). The m/e = 62 peax is
usually characteristic of azabicyclic compounds containing
an N-methylpyrollidine ring (38,154), altnougn tne i1rag-
mentatlion pathways may depend upon the substicution on the

rings (155).

/e 82 ' m/ e 68 , m /e 96

LAH reduction of exo-chlorolactam gi-3 tor a short
reaction time gave 25% amine 4l-1 and 75% of an unstable
compound having ir absorpticns at 2790 and 760 ca~l. ‘ne
nar spectrum showed low-field multipleus at To.0 and T 7.2,
integrated for 3 protons, and an N-methyl singlet at T 7.57.

This compound is believed to be g@xg-cnloramine 2Z=2 waich
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may rapldly decompose via an azirldinium ion interamediate

(See Liscussion).

An attempt to remcve chlorine, using sodiuam ana
t-butanol, from lactams 23-3 and 24-3 was unsuccessful,
and caused hydrolysis of the awulde bond. A siamlilar relative
inertness of halogens in {3,2,1] thiabicyclic system nas

been cbserved (156).

2-3-2 N—Chloro-N{é—cyclohexen-l-yj&cecamide (11-3)

Photolysis of cnloramide ll-3 in CCly gave a coaplex
mixture of products, and showed at least fourteen peads oy
gc analyéis; The major products were assigned as chloro-
acetamides 34-1 and 34-2 (30%), dichlcroacetamide 34-3
(12%), and parent amide 1ll-1 (5%).

Acetamide 1ll-1 was ldentifled on the basis oI lident-
ical go retention time and the presence cf a weax oietinic
signal. at T4.37 in the nmr spectrum ci- the crude product.
The monc- and diochloroacetamides, 34-1 or 34-2 and 34-3,
were assigned on the basis of the go-ms analysis (vide
supra, 2-2-4).

Ge~-ms analysis of anotner compound in the crude
mixture indicated the pbesenoe of perchloroethane (CaCly).
The mass spectrum snowed the nighest peaxs at m/e = 199
and above in a five chlorine pattern, sugxesting a
TCClz-CCl3 ion. The perchloro compound could arise from

the combination of two .CClj radicals, as found in otner
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photclyses in CCly (157). All the remaining producis were
less thnan 5% yleld and characterization ol tnese was not

attempted,

2-4 Nitrosamide Photolyses in the Presence ci Trappins
Agentg

2-4-1 Photolysis ot §-2 Under Oxygen

When nitrosamide 8-2 was pnotoliyzed unaer an oxygen
atmosphere, no C-nltroso dimer abscrption was coserved in
the uv spectrum of the photolysate. The proaucts lsolated
were endo-nitratolactam 23-2 (35%), exo-nltratolactam 24-2

(17%), and starting amide 8-1 (8%).

| 23-2 X =4, Y = UNOp

8 24-2 X = ONUp, X = H
23-4 X =H, Y=UH
O=T/ bk K=uH, Y=4

AN L 235 X =H, Y=o
24-5 X = NOp, Y T H

The ir abéorptions of endo-nltrate Z3j-2 were seen
at 1690, 1630, 1280 and 860 cm™!. The nmr spectrum exhib-
ited a dbublet of doublets at T 4,90 (J'= 9 and ¢ Hy) for
CH-ONO», a broad doublet at T 6.15 (J = 6Hz) for H-5, and
the N-methyl singlet at T 7.05 (Figure 2.9). Tne uwass
spectrum at 80 ev snowed the nighest peax atm /e = 154

(M-NO2) but, at 15 ev, the M' lon peak at 200 became vislble
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(2.5%). D;stillation attempts only causedldecomposlpxcn
of nitrate 23-2.

The ir spectrum of exo-nitrate 24-2 nad tne sawe majcr
absorptions as the endo-isomer. <The nmr spectrum showed a
multiplet at 7 4.74 (W% = 9 Hp) for CH-ONG2, anotner multi-
plet at T 6.18 for H-5, and tne N-methyi signal at T 7,08.
The mass spectrum of 24~2 had a similar fragmentation pattern
as 23-2 except for é small peax at m/e = 108, winica may
be due to loss of Op as 18 found in nitro compounds (156j.
The [3,2,1l]bicyclic structure of the nitrates was ccn-
firmed by subjecting the nitrate lactam mixture to a re-
ducticn-oxidation sequence, similar te tnal shcwil in bhg 2.0,
tc give well-establlisned xketcamine 26-73 as tne sule proauct,

Tne identity of remainder ¢f Urie CCOpQUWIUS Cculd nct
be established, Several fracticns apjpearea tc contain
a mixture of endg- and exc-alconols, 23-4 and gh-4, exhib-
iting absorptions at 3400, 1670 and 1070 cm~4 and nar
multiplets at 7 5.7 and T 6.1, in addition to twWc singlets
at T 7.14 (major) and 7 7.17 (minor). Heaction of one of
these fractions with p-nitrobenzojl cnicride gave a mixture
whose 1ir spectnnm showed a carbonyl abscription at 1715 cm"l
and a decreésed 1070 ca-l abgsoriticn, but the derlivative
could not be crystallized.

The material eluted last by ciromacosrapny ala ncc
ceontaln oxime, as deamonstrated by the absence c©1 xetolactas

22-3 in the product atter blsulfite hydrclysis (vide infa).
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The presence of nitrolacctams 23%-5 anu 22 -4 was lauscated o
=t y

o ;) ¢ -l 1
the absorptlions at 1550 cm (73), as well as oy utne aass
spectruam of thnls mixture, wiich suowed & jean ai w/e T 104
HLLIC-Cllipuwlius

correstonding to i¥ ion ot 23=5 cr 25-4.

have peen tfound 1n the uxliaatlive pnocosyses 01 Nilrosalilues

previously investigated in unis group (1&42).

2-&—? N-Nitrosc-i-metnyl-2-cycLoLenlene—.1-aceiau.ue
(14-2) in BrCCl3

thotolysls of nitrcsawide L4-2 il OroliciLliCiiCre=-
glecnane under nitrogen kgave an 89n» yleid ol exg-brouwclac cauw
L2-1, based on l4-2 (475 yleld rrom amiue iLb-=1) une
distilied sclvent was blue-cclorea and tue uv speciruu

showed a weak peax at 580 nm tor uuxjuu (159),

Br

Q.
£
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ine chromatograpnle iraCuicCiis CLnlailiill, uprche-
Jactam 42-1 wepre examined wiiln g variely ol L€ Coluliis
and condliticns Lo show only Cne peax, LLAlCavilf, & Silygs€
lsomer, 'ne 1pr spectrud containeu a ilactad 2080 Uil ad

ol -l X . . ' .

1085 ca , the same pcsivion as laciauw Li {Lou) out nagher
than tn~t expected ror tne gliernawe gycilzation product
Trhe mags spectrum shiowed cie presgence ci Gl orciiiie

J

and ave tne acceptable exact mass lor UB“lZ“UDr -

e

R

‘'he nmr speccrum in (;'L)Cl.j uld nco clarity wvuie siruc-
ture but the additicn of Eu(fodf% made possiole a wire
ueflinite assignment, snown in Figure 2,0. 4ne sailtls
obtained are ccmparable te tncse -l a 3-aza-h-ketc-[ «,2,4i ]
bicyclic lactam (lol), and indieate Lnat the eurc.luw 1s
ccerdinated to the oxygen. DbDecoupling experluernuvs were

carried cut on itne scluticn containirny Lu(IOQ)). lrraaia-

ticn atv d-4 caused thne H-& dcublet tc ccllagrse wid

* Fu(fod)y = tris(2,2-dimethyl-6,6,7,7,8,8,8-heptafluoro~

3,5-octanedionato)europium(1iI)



56

I'TGURE 2.6a

The NMR Spectra of endo-Bromolactam
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H-3n and H-34 to becomé an AB quartet (J= 18.%5 Hz),

as well as changine the H-54 splitting pattern. Irradiatiun
ot H-3, caused the H-3y proton signal to collapse to

what appears to be a doublet (J = 10 Hz) and the H-4

sienal becomes a poorly resolved quartet (J = 8-9 Hz)

with a further doublet splittine (J = 3 Hz) of the

quartet lines, irradiation at H-6, caused the H-7p

sirnal to collapse to a doublet (J 3.5 Hz). The

small coupline of H-7, with H-8 (J 1-2 Hz) is in
reasonable agreement with that found in other [3,3,0]
azabicyclic compounds (162).

Confirmation of structure 42-1 came from LAH
reduction to the cis-fused [3,3,0] bicyclic amine 45,
which showed an M ion peak at m/e = 125, The picrate

of 45 decomposed at 204-207° (literature 207° dec.)

(160).

2-5 Photolysis of Alkenyl Nitrosamines

2=-5=1 N-Nitroso-N-methyl-Z-(2-cyclopentene)ethvlamine

15-2

Photolysis of 15-2 followed bv chromatography of
the crude residue on alumina gave anti-oxime Lo-1 (48%),
syn-oxime 46-2 (34%) and aminoketone 46-3 (9%), The
isolated yields were lower when silicic acid chromatography

was used, giving 46-1 (38%), 46-2 (27%), and 46-3 (3%).
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QOH
L bo-1 2z: =N
Lo-2 1 =N P
OH
/1 Z
? 6 bo-3 Z: =0

=¥

The ir spectrum of gati-oxime 46o-1 contained peaxs
at 3350, 1050 and 950 cut, Tne nur specirum exnibited a
~ doublet at 1 6.9 (J = 8 Hz) for H-8 and an N-uwetnyl sing-
let at 7 7.59. The ¢clg-fusion cof tne rings was assigned
based on the same vicinal coupling constantldy g = 8 Hz)
in 46-1 as that found in 42-1 and 1s also found in otner
cis-fused S5-membered rings (163). The mass spectirum or
4L6-1 contained the M" ion peax at 154,

Complete separation of gyn-oxime 49-2 from tne
grig._-isomer was not achieved, but a 75% pure éample showed
a lower-field doublet at r 6.12 (J = 8 Hy) for H-8 and
the N-methyl singlet at T 7.32. The gyn-isomer was found

to lsomerize to antli-oxime 46-1 after storage in CDClB as

judged from the ratio of the H-8 doublets ana tne N-metnyl

81ngletsu
Aminoketone 46-3 could be obtained in 45% yleld by

bisulfite hydrolysis of the crude oxlme mixture. hetone
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46-3 had an ir absorption at 1745 ca~t witn a shoulder at
1737 ca~l, The absorptions are typical oi cyciopencanone
compounds (1l6&4); the presence of twin carbonyl absorptions
in other amino-ketones has been attributed to Fermi inter-
actions (165). The wass spectrum contained tne i* ion
peak (35%) and an unusually intense M+l lon pea< at 140
(128). The nmr spectrum showed multipléts for two protons
petween T 6.7 and T 7.1, a broad doublev (J = 7 H), ana
the N-methyl singlet at r 7.53.

Deuterium exchange of aminoketone in pyridine-Dy0
at 50° was monitored by nmr spectroscopy. Alter one nour,
the total proton lntegration for 4¢-3 had decreased by 1.7
protons and the DHO signal at 1 5.4 showed a corresponaing
integration increase. Altnough thne amount of deuterium
exchange does not differentiate between structure 4o-3
and 47, the faclile exchange under the mild conditions*
indicate structure 47 is less likely. Bxchange ot the
brldgehead protons of 37-2 occurs (147), but was not oo-
served in 37-3 (149) in sodium petnoxide -Dp0, The M*
ion peaks of the exchanged sample of 46-3 were exauwmined by
gc-mass spectra to give the results sacwn in ‘I'able 2.7.
There 1s a good correlation between the nmr and ®ass spectra
values for the average amount of deuterium incorporated.
The fact that 12+ 3% of the molecules contain three deutcer-

ium atoms confirms the structure 46-3.

* The pyridine-Dz0 excnango procedure has veea used witn
base-sensitive carbohydrates (1600).
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LTable 2.7 Deuterium bhacuauge ol 4u-j

T i [ ‘ l N o i
m/e len FPeaw incensity (o) . Keiative rraciicn o1
Average Corr'd Averape“ rerceuline’  veuwleriuil
vontent
139 6 ) 10 4

140 22 20 32 2
141 38 31 4y ol
142 17 7 iz <30

1) Values have maximuam errcr of & 254.

2) Veax Intensity -% oI corrected .. lon inteasity icr

previcus peax, assuming i+ 1 ioa is lie saue lntensity
for each deuterated species.

3) intensity cf eacn gpeaxk as a percentage Ccl tobar CI' ais
ccrrected MY icn lnteasities.

L) Fraction of the total numoer cf aclecules Liwes tue
number ol deuterlium inccrporaced Ln eacinl specles.

he m/e = 11l pear snowed Ule sauw€ deuiuridin LOCOr -
orstion ratlo as the k* lon peas. 4Line w/e = o4 peax slicweu
an 117 increase. 1¥ tne H—S proton 1s assuuwea Lo be rue
least exchanged, the fragmentatlion pattern oI 4u-3 can be

explained as snown in Scheme 2.5.

o
N T (j\.(oz) .
O B G

m /e 139, 142

o/e 111, .14 w/e 33, ok
Scheme 2.5
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Ketone 46-3 was reduced in acidic condltions over
Ft0, to the amincalochols 48-1 and 48-2 (3300 and 1020 ca™l),
although this same procedure had successfully reduced other
aminoketones to amines (167)., The nmr spectrum of a wixture

of 48-1 and 48-2 showed

48-1 X=H, Y= OH
4g-2 X = OH, X =H

—JEH-—-OH absorptions from 1 5.9 to T 0.2 and two equal
intensity singlets at T 7.63 and T 7.09.

A mixture éf oximes 46-1 and 46-2 could aiso be nydrc-
lyzed to aminoketone 46-3 using dilute HCL, Several otaer
llterature'methods’(See §-12-1) were less efficient for hydro-
lysls of elther this mixture,or 2-piperidinocycionexanone
oxime (49-1),to the ocorresponding xetone. Model coapounds,
oximes 28-1 and 28-2, were used in tne alkallne hyarolysis
—~ NaBH4, reduction method of Bell (168), but gave a pgor

yleld of alcohols 26-1 and 27-1 (See Experimental 5-12-i).

OH
26-1 z: =N
N Z 28«2 4: —N.
7 . VH



The photolysis of 16-2 in an acidic mectnanol solu-

tion gave products tentatively assigned as gnti-oxime 50-1
(16%), sym-oxime 50-2 (9%), and aminoketone 50-=3 (6%); tne
ylelds were calculated on the amount of reacted 16-2 (> 82%).
The [3,3,l]bioyclic skeleton was assigned ln analcgy to tane
fact that other radical cyclizations at ilow teumperatures
give six-membered rings in preference to seven-membered cnes
(See Introduction 1-2, Table 1.3), but the alternate struc-

tures 51-1, 51-2 and 51-3 could not be excluded.

Od
Z: ==N/
Z: =N

“OH

EEEF EE
l

The amino-oxime assigned as 50-1 showed ir absorptions

at 3300, 2800, 1145 and 930 cm-l; the nmr spectrum snowed
one proton multiblebs at 1 6.75, 1 7.2 and 7 7.67, and
the N-methyl singlet at 7 7.75. The mass spectrum gave
aéoeptable exact mass for CgH1gN20 and contained a major
peak at /e = 96, The latter peak would be expected from
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the normal oxime fragumentation of 50-1, wnile an®/e = 1ll

or 110 ilon peak might be expected trom 31-1 (Scneuwe 2.0).

_ N7 - N
No | |

m/e 96 m/e 110,111
Scheme 2.6

The product suggested to be gyn-oxime 30-2 nad
similar ir absdrptlons to 50-1 and an M* ion .eaik of 108,
The nmr spectrum exhiblited a multiplet for H-1 at T 6.4
and the N-methyl sirglet at T 7.40, botn ol which resonated
at lower flelds than those of the ggg;risbmer. When 50-2 was
stored, the N-CH3 signal decreased and the T 7,75 singlet was
seen, The amino-ketone assigned as 50-3 showed a carboiyl
absorption-atl?lOcm'l and the nmr spectrum contained tne
N-methyl singlet at T 7.73. Bisulfite nydrolysis of cthe
crude photolysate residue gave only a iow yleld of 50-3,

which decomposed on distillation.

The phctolysis of nitrosamine l1l7-2 could not bpe

carrled to completion due to an lncreaslng product absorp-
tion band below 300na which talled into the nitrosamine
n- T * gbgorption. Of the materlial recovered from the

photolysis in methanol, the acldic fraction comprised 574

_
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and was largely unreacted nitrosamine 17-2., Lhe mejor com-
ponent of the basic fraction was parent amine 17-1 (60k
yleld based on reacted nitrosamine),

The acid fraction contailned a wlnor product witn an
ir absorption at 1720 co~! and gave a preclgpltate with
dinitrophenylhydrazine (DNrH), The dalstililied solvent from
the acldic acld pnotolysis was treated with DNFH to glve
the 2, 4-dinitrophenylhydrazone of an unsaturated xetone,
The mass spectrum of the derivatlve contalned an h™ lon
peak at 276 and the major mass peaks were LWO mass units
less than the publlshed spectrum of cyclichexanone DNKH
(169)., Because a sharp melting point could not be ootained
and the uv spectrum of the DNPH showed Apax at 372nm, 2
position between the absorption ﬁaxlma of saturated and
a ,8-unsaturated DNPH derivatives (360-365 and 375-385 nm)
(122), 1t 1s believed 52-2 is lnitlally tormed and iso-

merized to 52-4. This 1s supported by
O oo
. Z
. 2 52-2  2: =N-NH-CpHyN04
- 52=4  2Z: =N-NH-CoH3N204

the ir absorptlon at 1720 cm’l, assignable to 5¢4-1, in the

crude aclidic fractlon.
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Chromatography oi the basic fracticn from tne photo-
lysis in methancl gave the hydrochloride sait of 1l7-1, ln.
addition to a minor amount of free amine 17-1 as lndlcated
by the N-methyl singlet at T 7.53. Hydrochloride l7-4 nad
ir absorptions at 2720 and 2450 cm‘l, and nmr signals at

r 4.30 (=CH = CH-), 1 7.0 ( -CH -N) and 1 7.36 ( -N-CHz).
The remainder of the material was a mixture ot compounds

legs polar than amine ;Z;}. The mixture showed ir absorp-
tions at 3300, 3030 and 1660 cm'l, and the continued presence
of the t4,34 signal for the olefinic protons indicated no
cyclization, They appeared tc be products derived froum
O -hydrogen eliminatiocn, since tnere was no N-methyli singlet
observable in the nar spectra; they were not furtner invesp-
igated.

The basic fraction obtained from a separate pnoto-
lysis of 17-2 in acetioc acld contained at least six proaucts,
one of which had identical tlc retention time as nltrosamine
17-2. The major product appeared to pe amine iZ-1 from tne
N-methyl singlet at T 7.55 and olefinic protons at r 4.3k,
The low yield of tnls reaction deterred‘furtner examlngstion

of the products,

2-5-4 N-Nitrogo-N-methyl-2-cyclopentene-l-metiylamine
(18-2)

The uv spectra of the photolysate oi nitrosamine

18-2 showéd no C-nitroso dimer absorption. Normal worxk-up
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gave an acidic iractiocn wnich éppeared to contailn 2-gyclo-
pentencne oxime, 53-1. The baslc traction snowed a aixture
of at leasgt fifteen products when examined by gLas cnromato-
graphy. Of the three major peass, one haa an identical
retention time as that of parent amine 18-1 (l18% oi tne
basic fraction), and the two others nad longer reteation
times at 7.8 minutes (Compound A, L6%) and 10.4 minutes
(Compound B, 18%),

The possiblllity of 53-1 as a pfoducc in tne acldaic
fraction was suggested by the nmr signels at T 3.85 and
T 4,2 (-CH = CH- ), and 7T 7,2 - 8.2, but tne product
could not be crystallized. The two unxnown coapounds,
A and B (1:2 ratioc), were tné ma jor components of a fraction
cbtained by contlnuous extraction ol the aqueous phase.
The ir spectrum of tnls mixture contained absorptions at
3200, 3060, 1690 (m), 1115 and 915 ca~l, “ne nar spectrum
showed only a broad absorption at T 7.37 ( 2H, Wg = 7 H;),
and two éingleta at T 6.75 (2B) and T 7.09 (3H)., ‘[ne
go-mass spectrum of compound A had a low intensiiy peak at
B/e = 102, a 100% intensity peax at ®/e = 59, and other
ma jor peaks at m/e = 89, 58 and 45. The go-mass spectrum
of B showed the highest peak at ®/e = 154, a 100% peak at
m/e = 96, and major peaks at M/e = 97, 80 and 53. Both
the nmr and mass speotra.rule out the products expected
from the usual nitrosamine decomposition pathways,‘e.g.,

53=1 ( M* = 97), §3-2 ( M* = 82), and 54-1 to 54-3
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( M* = 140)., The major portion of the basic iracticn was

volatile, and only polymer remalned after an atteapted

distillation.
7 53-1 2: x;%i::]
{ V §3-2 Z: =0 '
HO~N
S4-1 T S4-2 54-}

2-6 N-Chloro-N-methyl-(3-cyclohexen-l-yl)amine (17-3)

The lron-salt catalyzed decompositlion ot 17-3 in an
acetic acid-water solution gave parent amine 17-1 (304),
and the compounds asslgned as the ClOA¢ adducts, 55-1 (los)
and 55-2 (15%), and thne Clp adduct, 55-3 (20%). The ylelds

were calculated based on the amount of 1l7-1 used.

NHCH;
3= X =Cl, X =0
Y 55-2 X T OAc, X = Ci
X | 55=3 X,¥ = Cl

Chromatography of the mixture did not glve complete
sgparation of the additlion producﬁs and the data for tnese
compounds was obtained from fracbldns contalning priaarily
one component. All the -éH-Cl proton signals showed a
large coupling 1indicatlve of the C-H bond orlentatlion belnyg
trans-dlaxial. Dichlcramine 55-3 showed 1r absorptions at

2800 and 730 om’l, and the nmr spectrum containeda a multi-
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plet at T 5,71 (2 H) and tne N-methyl singlet at  7.57.
The gc-mass spectrum had a two chiorine pattern for M* ion
at 181 and 183.

The ir spectrum of a mixture of chioroacetates 55-1
and $5-2 showed an absorption at L1740 cu-t, Tney boctn
showed the same fragmentation pattern in the gc-ass speci-
run and had M¥ ion peak at 205 and 207 in a one cnlorine
pattern, The nmr spectrum exhibited two sets ot signa.s,
one-tentatively-assighed as 595-1 with mulciplets at 1 5.1
( CH-QAc) and 1 5.9 ( CH-Cl), and the dcetaLe singlet at
T 7.92; the,cofresp0nd1ng signals for 55-2 were found
at 71 4.9, 5.95 and 7.84. The respective assignuments are
based on the assumption that the proton on the substituted;
carbon closest to the amine, i,e,,C - 3, would rescnate
at lower field than the proton of the compound with tue
same substitution on C - 4.

The gc of the crude gixture also sncwed a pesak (5%)
with a mass spectrum containing peaks at @/e = 1lo4 4 1, 125,
83 and 82, but this compound was not identified. <The

minor quantities of the other compounds set tne upper limit

of cyclization as 3%.
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2-7 _Trapping of Nitrosawmine Cyclizatiocn lnterwedistes

2-2-1 N-Nitroso-N-methyl-3-cyciohexene-l-metnylamine

(12-22 Under 03

The oxidative photolysis of nitrcsamine 19-2 1ln a

Amethanol soluiion containing HCl gave endo-nitrate amine
26-3 (15%), aminoketone 28-3 (31%), anu exo-alccnol 27-1
(20%). A similar photolyslis uslng 704 percaloric acid as

a proton source did not give a orystalline rercniorate salitv,
as found in other photo-oxidation reactions (l42). lue
products from cnromatography of this crude reslidue were
endo-nitrate 26-3 (15%), aminoketone 28-3 (1lk), exo-
alcohol 27-1 (29%4) and a 9% yleld or a product assigned as

the HCL salt of endo-alcohol 206=1, 26=4.

20=-1 X =H, Y =od
26- X =H, Y= 0Ny

&6-5 X=H, ¥ =Br

NS Y 27-1 X = OH, Y = H
/ | 27-3 X = ONUp, ¥ = H

The nitrate ir absorptions of 26-3 were seen at 1020,
1275 and 860 cm-1l, The nmr spectrum snowed the pattern of
an axial proton for -éH-ONOZ at r 5.25 ( J = 10, 6, and
2 Hy) and the N-methyl singlet at T 7.53. <The mass speétrum

contained the highest mass peak at m/e = 140 (M - NU2) witn
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the 100% peak at m/e * 82, but no M' lon peax. In oasic
solution, endo-nitrate 26-3 was relativeiy stable, but
nitration of exo-alcohol 27-1 gave an unisolated nitrate
product which decomposed rapldly to ketone 28-3 as was
witnessed by the equally intense peaxs at 1720 aad 1620
ca™t when left at room temperature for 24 nours. Fcrmation
of g;g-nltraté from 27-1 l1s wost probable, slnce the same
nitration procedure involving a nitronium ion was used by
Shriner (170) to prepare nitrates with optical rotation in
the same direction as the starting alcohols,

The [3,2,1]azablcyclic structure of endo-nitrate
26-3 was indicated by tne 100% peak at m/e = 82 in the mass
spectrum, and the doublet for H-5 (J = 7 Hz) at 7 6.80 in
the nar spectrum; Ilmmedlate reduction ot the crude basic
product, followed by oxidation, in a sequence siamilar to
Eq 2.6 (2-2-1), gave ketone 28-3 (vide supra) in 55% overail
yield. In view of the volatility of alconcls 20-1 anma g7-1,
and the fact that the last step, CrO3 oxidation gives no
more than a 60% yleld, it 1s necessary tnat altrate 20-3
was one of the major sources of xetone 28-3.

The 1r spectrum of exo-alcohol 27-1 snowed absorp-
tions at 3350, 2790 ani 1005 cm~l, The mass spectrua had
the M*lion peak at 141 with the 100f peak atm /e = 82,

The nmr spectrum contained a broad triplet at T 6.1 (J =
5 Hy;) and the N-methyl signal at 7 7,50 ( Figure 2.7).
Jones' oxidation to the known ketone 28-3 in $3% yield.
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FIGURE 2.7

-1
Halt
256-3

2

exo-alcohcl
endc-nitrate

—

The NMR Spectra of exo-Alcohol 27-1
and endo-nitrate 26-3,

H-5

H-4

NN\
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confirmed the [3,2,l]lazablcyclic systen,
The endo-alcohol HCl salt 20-4 was obtalned by
continuous extraction of the baslc aquecus solution of the

perchloric acild photolysate residue*, The ir specirum

e

of 26-4 showed absorpticns at 2uuy (hul SaiLt) a.d Liuu Cu
Tné nmr spectrum in DyU ccntalaed a aultipiel al 1 643

(-CH - 0) and tne N-metnyl singiev at T 6.CC. 4ue dass
spectrum exhibited an »* lon tor 2o-L 4t ikl aud Uue

intense m/e = 82 peak. netone 28-3 was volalleu u,cnba
Jcnes' cxldatlion,

A control phctolysls cof Ly—Z under andlrdgen in
neutral mecnahol cormicions caused nc decrease anune
nitrcsamine > m* uvvabsorption. Audliticu ci Quc equiv-
aien:s of RCl, and qontinued lrradiaticn, causea a lup
decrease in the uv abscrption. Nltrcsamlhe iy -2 (cyp)

was reccvered from the pnotolysate.

# The highly water soluble nature of azabicyclic amino
alcohols has been noted by others (38).
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2-7-2 Yhotclysis of Nitrosawine Lly-2 1n DPGULJ

Phe aistililed solvent ircu the pliololysis ol wu-2
in 25w BrCClB— methnanol sciubtlion sucowed blie vide CLilr
indlcative ot the [resence ot CiBG—hu (iiy). Lue ovasic
rraction contained virtually pare (> 500 encc-oresoamine
26-5(55% yleld). |

The ir spectrum of 20-5 showea bcuidann bands at 284U
and 2780 cm'l. The nur speciram corivailieq Lie cuaractér—
1stlc pattern cf an axiar H-4 or a [J,2,L] azaoicycilc
eystem at T 5.93 (J = 9,7.5 and 1.5 nz), anu Lle w-uetnyl
sinclet at T 7.45 (rigure 2.4). Lne exactl wass deleruln=
atlicn gave figures 1n agreement wicn C&nl4n9r77 (nt ion)
and with C5H8h (m/e = 82 ion).

The acid fractiocn ccniained a wWajor product in ohg
yleld by gc analysis. [Lhe gc-mass specirum ¢l Ulib €a.
showed M lon peaxs at 113 and ii5 in a Lwo calcrine atlers,
and snowed the 102% geax at m/e = 78 contalning one cuicrine.

N
The ir spectraa cf the acid fraction sucwea absorptions au
3200 and 985. This compound was tentativeliy assigued as
dicnlcroformyl oxime (5%), which cculu arise ircwm tne

decompecsition cof trichlcronictrosometnane.
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2-7-3 Photolysie cf fitrcsamine ly-2 in itue rreseince

. of 12

Tne lodine concentraticn used 1n Liils experliuciiv
(0.047ih) was simllar to the nliriite puololysis LPag.ing
expertmencs ($9, 171), 4in acidic melis.ci lie louiae
absorpticn in the 350 nm fegLon WES Hp ) l'Chidiutay Luu Llaes
Freater than tnat cf the nltrcsaumdne (> W+ aosciilidl,
Alter twelve ncurs photolysiu and removal Cl Uik loulie Oy
thiosulfate, a strcng nitrogamine uv abscr; LiGu Wus Co-
cserved, indicating a nigh percontage Cl unclladlyed L=
samine, The usual worsuy prccedure guve a b&8slC I1'dCULC.
containing less than a 54 yleld of jarent awirne ty-i (viue
infra), in addition to sulrur Irow tue Tuloobullaié. e
neutral products were nitrosanine 1y=-¢ (<30), a chiorc-

1cdo adduct, wiich was elthner 5/-1 cr 5/-2 (L0p), alu au

unidentified compound C {ca. 12%).
N
N
-ON

Cl

1}
()
[ 03

"

57=% X
¥ Y
57-2 A T CL, X =1
Tne cnlcrolodo nlirosamine 57-1 cr 5/=-2 sacwed irp
abgcrptions at L4550, 1430, L1330 anu Liou cm'l. Lue nur
grectrum exnibited a brosd mulilpler av T 5.4 (2 u),
Aoublets (J = 6.5_Hz) at T 6.05 and Qed/, @did SiallyaBlS

at T 6.38 and 7.07 'for the 2- and £ - N1LroSawane Lsomers
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in a 1:4 ratic. The mass spectruw conitzined ad . ilcn
reak at 316, 818 and the Tirst fragwentaclon was tuae lozs
of CHYN,0 tc m/e = 256,258 in a one cualcrine ratic (y:ly.

Tne later fractlcns frca chorcuwatcgragny ol Lue
lheteolysate resldue contained becin L9-4 ana &0 LLer
preduct.  Compound C.appears.tc de a idlilrcsaaine sncylnb
ir abscrptions at 1450, 1430, 1330, L180 ana Li40 cam™+,
The nar spectrum coniained . multiplels al T 3.4 auc o.30,
a dcublet at T 5.59 (& = 7 HZ), and siiigiecls ab T v.2
and 6.95. The mass spectrum had low-lintensily peans at
m/e = 295 and 252, wnile the cnlorine 1scucpe paller: was
not seen In any ct' the fragments.

In a dark ccntrol reaciicn under coagarabie clna-
iticnes, the nmr spectruam c¢f the crude jproduct, .soclateqa
after three hcurs reacticn tlae, sicwea tae presence ol
207 cof tne addition products, as Judged 0y Tu€ ilulensliy

of the 7 5.4 aulciplet,
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2-8 N-Nitroso-N-methylphenethylauine (20-2)

2- 81 Photolysis of 20-2 in Acidic hetnanol

Photolysis of nitrosamine 20-2 in the usual maanner
gave 20-2 (1%), benzaldehyde (BA, 4%),benzaldehyde oxime
(BAO, 13%), amidoxime 58 (22%), parent awine 20-1 (10p),
and a product tentatlvely assigned as phenetnylawmine (59-1,
3%). |

Nitrosamlne 20-2 and amine 20-1 were proven by id-
entical gc retention tlmeé and spectra as those oi authentic
samples, The product assigned as amine 39-1 was not 1is-
olated but go analysis of the crude residue snowed a peax
with the same retention time as that cf 59-1. 1ne gc re-
tention times and spectral data of both benzalidehyde and
its oxime were identlical to those of the authentic ccapounds.

The ir gpectrum of amidoxime 58 showed absorptions
at 3400, 3200, 3060, 3025, 1650(b), 1630(b), and 715 cm™t,
The nmr spectrum exhiblted a low-fleld exchangeable proton
at T 0.5, the aromatic protong at v 2.85, the metnylene
singlet at T 6.49, and the N-methyl singlet at .7 7.40, QOnly
one oxime lsomer was fgund, and was assligned the gyn-form
based on the arguments presentéd by Chow (172). Tne mass
spectrum of 60-1 showed the intense M  ion peax witn accept-
able exact mass for CgH)12N20. The peak at m/e = id6 (lus

intensity) gave exact mass determination for CpH8N. Tnis
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peak could arise from a Beckmsnn rearrangement in thne mass
.spectrometer (Scheme 2.7a), althcugh DjJerassi et.al.(173)
have rroven that such a rearrangement does not occur in
benzophenone oxime,

— ey +
~CHp=N==C-NdCH3 —> ¢4&2-ma

NOH | ¢
///)? m/e 106

¢—CH2-‘!-NHCH3

58 gﬁ-caz-i:-mﬂc% -
\ ¢c .

Scheme 2,7 -

Chromatography also gave an unstable compound, de-
signated D, which absorbed at 3350, 3060, 3025, 1120, 1060,
745 and 695 cm~1 in the 1r spectrum, The nor signals con-
sisted of a multiplet at T 2.9 (5 H), a triplet at T 5.40
(1H, J = 5 Hz), a doublet at T 7.08 (28, § = 5 Hz), and a
gsinglet at T 6.70 (ca. 5 H). A posslole structure for D
might be the acetal §0-1 contalning megnetically equivélenb
methyl groups, and could decompose to nemlacetal (0-2

or phenylacetaldehyde (PA).

¢-CH2—‘|3H-0‘053 0=l X = CHj
X X = OH

*4
O
!
[ V)

:
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2-8-2 Photolysis of 20-2 in Acetic Acid

The photodecomposition of 20-2 in 1 molar #2804 in
acetic acld could not be carried to completion because of
an ilntense emerging absorp;ion of a product overlapping
with the nitrosamine n»>m* absorption in the 340 nm region.
The products by gc.analysis were ldentifled as nitrosamine
20-2 (37%), amine 20-1 (2%), BA (18%), BAC (9p), and two
other compounds whoge retention tlmes corresponded Lo awine
59-1 (3%) and phenylacetaldehyde (2%). DA was laeantified
as the 2, b-dinitrbphenylhydrazone (mep. 235-237°).

In the go of the crude mixture, no peak was observeq
for the cyclization product N-methylindoline, gl. Amine pl,
prepared by the metnylatlon of lndollne; snhowed in cne nmr
spectrum a distinct pattern of amulciplets at T 2.8 ana 3.8
for the aromatic protons and between T v.7 and T 7.4 for
the aliphatic protons, and the N-metnyl singletv at T 7.42,

The products obtalned from the pnotolysis in acetic
acld contalning HC1 (0.11M) were nitrosamine 20=2 (op),
parent amine 20-1 (30%), BAO (12%), and N-foramylpnenethyla-
mine (59-2, 19%), Formamide 59-2 was identical to an auti-
entic sample, prepared by reacting formic acld with 99-1
(174 )., The ir absorptions were seen at 3300, 3060, 3030,
1660, 1530 (m), 745 and 700 ca~l, Tne nar spectrum snowed
a doublet at T 2,04 (J =2 H,), a signal at 12.85 tor

the aromatic protons, a triplet at 1 7.25 ( J = 7 Hz), and
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a quintet at 1 6.61 ( J = 7 Hy , -CHp-NH- ) wunicn collapsed
on D0 exchange to a triplet. The expected i ion peax at
149 was seen in the mass spectrum; the 100% peax was at

m/e = 104 for the CgHs- CH - CHp fragment.

The nmr spectra of the other chromatographlc fractlons
of the HCl-amcetlc acld phdtolysls residue showed a broad
singlet for the aromatic protons in the T 2.75 region. None
of the mixtures showed the multiplet pattern at t 2.Y and
3.8 of 61, and were not further investigated. A solution
of benzaldehyde in methanol wnen evaporated uander vacuum
on the rotary evaporator gave less than a 50% reccvery or
benzaldehyde (See 5-18f). It is suspected that evaporation
of acetic acld at a higher temperature caused extensive loss
of BA, The actual ylelds of BA in botn 2-8-1 ana 2-8-2

therefore could be higher tnan reported.

2-9 Interconversion of Benzaldehyde and Benzaidenyde
Oxime ‘

Bengzaldehyde, found as & product in the pnoto-decoam-
position of nitrosamine 20-2, could arlise elther by hydroly-
sis of the dorrespohding oxime or be produced by secondary
photoreactions of 20-2. A photo-Beckmann rearrangement of
BAO to benzamide does not occur when > 300 nm light was
used (175). o

A set of control reactions, uslng gc analysis, showed
that acid hydrolysis of BAO at room temperature, or photo-

lysis of BAO (Rayonetx350 nm lamps), or stirring BAU witn
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N-nitrosodimethylamine (NDM) in the dar« gave 3 + 1 BA and
1% yleld of a product with ldentical retention time as
benzonitrile, BA‘wnen stirred witn NLDM in acid gave op
-BAO, but photolysis (Rayonet) of this solution to 1l0-15%
NDM decmpositlion gave only BA., When an acidlc solutlon

of equal amounts BAO and NDM was photolyzed (Rayonet 350
nm lamps) to 10% NDM decomposition, the yleld of benzalide-
hyde increased to 9%., When an HCl-metnanoi solution of BAO
and NDM (1l:2 gatio) was photolyzed using a Nonex fiiter and
200 Watt lamp until 80% NDM decomposition, approximately
504 of the BAO had disappeared and BA increased to 25%.

The dark ocontrol reaction under simllar~conulﬁlons showed

only a 5% increase in Ba,

2-10 Decompogition of N=Cnloro-N-metnylpnenethylamine
339:15 '

2-10-1 Reaction of Z20-3 witn Ferrous Sulfate

The reaction of chloramine 20-3 wiin ferrous ion in
1 Molar H3S04 - acetic acid gave benzyl cnloride (BC, 40z),
parent amine 20-1 (42%) and a product witn the g¢ reteation
time of 59-1.(2%). There was nc peak in the gas charomato-
gram corresponding to amine 61, BC was ldentified by com-
parison of its 1r and nmr spectra with an autheatic saamjple,
The yleld of BC may be nigner since a part was 10st whnen

the solvent was removed using the rocary evaporator.
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2-10-2 Reaoction of 20-3 witn Silver Nitrate

A nitrenium ion cyclization (33, ©7) was avteapted
by reacting silver hitrate witn chlorauwlne Z9-3 in refluxing
methanocl., The major product was parent amine (32%) 3 no
methyl lindoline gl could be detected by gc analysis.

The gc of the crude‘mixture ccntained a peax corres-
ronding to that of benzylmethylether (BME, 2%) and ncne
for benzaldehyde, However, both BA and BME were obtained
from chromatography of the mixture, lmpure BME had absorp-
tions at T 2.9, 5.5 and 1 6.67 in the nmr spectrum. BA is
belleved to be_a product of secondary reactions on the cuarca-
atography column, possibly by Ag20 oxidation of tne minor
product benzyl alcohol.

Three unidentified compounds were founa in tne cnro-
matographlc fractions. The first two, ccmpounas E ana ¥,
each accounted for less than 3% of starting amine 20-1,
Compound E showed ir absorptions at 3000, 16Y5, 1075, 1600,
1070 and 700 ca~l, There were low;intenslty peaxs in tne
higher mass region at m/e = 160, 151, 121 and 105, and tne
peak at m/e = .75 was the most intense i1a tne mass spectrum,
The nmr spectrum showed multiplets at 7 1.85 (2h), petween
T 2,4 ~ 2,8 (3H), and céntained singlets at T 4.8 (1d)
and T 6.52 (ca. 5H). At room ﬁemperature, compound E de-
composed to benzolc acid as shown by tne carbonyl absorption

at 1700 ca~t and the M* lon peak at 122, with m/e = 105
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as the 100% peak. Ilmpure compound F gave absorptions in
the ir spestrum at 3300, 3060, 3025, Lo70, 1070, 750 and
700 cm‘l. The nmr peaks were at T 2.8 (m, oH)}, T o.0l
(a,1H), 7 6.76 (8, 1H), v 7.2 (m, 4H), and r 7.68 (s, lH).
The mass spectrum of F snowed the I* ion peak at 268, and
the intense peaks at m/e = 104 and 91 expected froam a
phenethyl fragment.,
‘ The third unknown, compound G (ca. 7# yield), absorb-
ed at 3340, 3060, 3025, 2780, 1080, 1055 and 700 ca~t in

the ir speccrum.‘ The nor spectrum of G contained a multip-
let at T 2.8.(5H), ddublets at T 5.74 (ld) and 716.43 (1H)
with couplings of 7 H,, singlets at T o.o4 (3H), T 0.87
(3H).and T 7.80 (3H), and one D0 exchangeable prdcon at

7 8.03. The mass spectrum showed two low-inlLensity peaxs
at m/e = 196 and 195, and the 100% peak at m/e = 120. 4
product such as 62 would ba conéistent with all ef the

avallable data for G, but no plausible wmechanism for thne

formation of this product can be advanced,

¢-ca-ca-uucu3

62




2-11 Alternative Methods of Generat;gg Aminium Radicals

2-11-1 Radical Initiation ot N-Cnloramine Adaition
Reactiong

Initlation with isobutyronitrite radicalis, tnermally

generated from a,a -azo-big-isobutyronitrile (A4IBN), of tre
addition of N-chlorodiethylamine (CDE) to l-butene in & |
Molar HySOy-acetic acld gave tne lonlc additlion product,
l-chloro-2-acetcxybutane (63-1, 24%), dietnylamine (DE, 3p).
The major product from the reaction}was assigned as Z2-ace-
toxybutane, é};z. Chloramine radlical adaitlon products, ir
formed, were less than 0.5% yleld judgiag from tne amount
of basic produét. |

Impure 63-1 was characterized by the nar absorgtions
at T 5.06 (CH-OAe), 7 6.41 (d, J = 5.5 Hz, CL-CHp=), 1 7.97
(-0Ac), T 8.35 (~CHp-), and 7 9,08 (t, J = 7 Hz, -CH3).
The ir absorption of the acetate was at 1740 ca~l, and che
mass spectrum showed no M* ion peak but peaxs at m/e = 121
and 123 (3:1 ratio). The nar spectrum cf §3-2, contaminated
with 63-1, exhibited the acetate singlet at v 8.0 and a
multiplet for CH-OAc at T 5.28. The ir spectrum showed

1735 and 1030 oo™t absorptions.

x-cnz-?n-czn5 63=-1 = c1, = OAc
Y ) X §3_2 x - H, p—yg OAQ



85

Since chnloramlres can decompose Lo N, w-alcilioramines
or Cl,, elther of which could lnitiate chaln reactions (5o,
132), the following reaéclons employed tne more staole
sulfurlic acld salt of N-chlorodimethylamine (dCDm) (152).
The reactions were run in 4 Molar HpS04 in acetic acid.

The percentage yields were caiculated based on tne starting
dimethylamine hydrochloride and the reactlion ifollowed by
Cl' disappearance monitored by thlosulfate titraticn.

The reaction of HCDM with l-hexene gave tne same’
products either from the dark control reacticn in tne
absence of initlator, or from the photolysis (350 nm) o1 a
solution contalning(l,a -azo-big-cyclconexylnicrile (ACHN).
The neutral fraction coantalned products assigned as cnicro-
acetoxyhexane 64-1 (ca. 1l4%) and 2-acectoxyhexane (64-2),
based on the namr singlécs at 1 7.97 and & 8.05, and tne
slightly longer gc retention times as compared to tne
butane analogues, é};;vand 63-2. The paslic iractions rroa
both the control and photolysis reactions were in very
small quantities. The nmr spectra of beth baslc lractions
exhibited multiplets at T 5.9, 6.4 and 7.3 ana singietvs
at T 7.51 and 7.98. The gc-mass spectrum suggesied tnat
one component(hO% and 10% of the control and pnotolysis
basic fraotions’respectlvely) may be l-chloro-2-dimethnyl-
aminohexane, Q&:l, whlch displayed the 100% peax at m/e = 1l
for M - CHpCl but no M 1lon peak. The pnotolysis basic

fraction (90% one component by go),wnen analyzed by direct



86

insertion ms, suggested the presence of & terminal dimetny-
lamino group by the 100% intensity peax at m/eé = 58 tor

+
MepN==CH,. Elther @4-4 or O4-9, or a mixture, could explain

the other peaks at m/e = 163 and 165 (3:1 ratio), and at
m/e = 129 corresponding to M - 58 frowm 64-5, Lif all tne
basic photolysis product was chloramine adduct, tae yield

‘was ca, 2%,

Y

| 6l4-1 X = Cl, Y = OAc
X-CHp-CH-Cy Hg by — X = H, Y = OAc
| =3 X =Cl, Y = n8(CH3),
Sl by X = N(CH3); y = Cl
64=5 X = n(CH3), Y = Cac

In a photochemically-initiated AIBN radicai reaction
of HCDM with diallyietner, tne basic fractlions of botn tne
control and photolysis reactlons contained tne same mixcure
of produots as shown by g¢c. The major portion ol tne basic
material appeared to be amine-acetoxy adducts because of
the nar singlets at T 7.63 (NCH3) and 7 7.91 (OAc) ana cne

ir absorption at 1740 cm'l; these adducts wmay be formed by

J

an S.-2 reaction of amine with 65-1. The low yield ( < 1)
made further investigation of limited vaiue, Tne neutral
fractions contained,}as a major component, a product teat-
atively assigned as l-chloro-2-acetoxy édduct 05=1 (25%
yield). The ir absorptions of §5-1 were at 1740, 1050 and

740 cm~l, In the nar spectrum, multiplets were seen centred
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at 7 4.1 (1H), 4.9 (3H), 5.95 (2H), 6.35 (4H), and tae

acetate singlet seen at T 7.96.

9Ac
€Cl1-CHpy~-CH~CH-0~C3Hg ' o05-1
(CH3)oN~CHp-CC1lp-CHpC1 06=1

The reaction of HCDM witn 2, 3-dichloroprojpene,
initiated by the photolysls of AIBN, gave thne almetanylamlno
chloro adduct 66=1 (33%). Compound ¢0=-1 snowed ir absorp-
tions at 2795 and 700 cn~l, The namr spectrum consisted of
three singlets at 7T 5.89, 6.97 and 7.56. <Tne M~ ion reax
at 189 and 191 showed the expected pactern for taree canlorine
atoms, and the spectrum had the 100% m/e = 58 peak for '

+
MQZN :'=CH20

2-11-2 Attempted Generation ol Aminlum Radicgls irom
Protonated Amineg.

The faclle formation of cnlorc-acetoxy adducts in tne

reaction of chloramines with simple olefins suggested the
possibility of an equilibrium existing, as outliined 1in
Soheme‘2.8..Acetylhypoohlorice mignt alsc be acting as a
photoinitlator (Sohéme 2.9}, Af its uv absorptlions were
simlilar to those of t-butylhypochlorite (305 nm,c = lo)
(176). The acetoxy fadioal,



: +
RzNHCl+ HOAc &=/ Hzl\iriz + Cl-VAc

Scheme 2,8

hv

AcOCl —mm> CH3COO' + CL-
l R2NHC1 d

}
‘ ﬁth -+ Clz
002+h30'

Scheme 2.9

or the methyl radical, from the decomposition of Po (VAc)y,

in benzene preferentlially abstracts an g -hydrogen ratner
‘than the N-H'of an amine (177). A side reaction wich kbk@&c)g

salt is formation of the acetamide derivative (177).
The same a-hydrogen abstractlon reaction is seen wiltn
hydroxy radicals and amines (178).
'In a thermal reaction of ¥b (OAc)y with dipentylaaine

(DP) in acetic soid, the products were DP (24%) and N,
N-dipentylacetamide (67, 13%). Amide 67 snowed an ir absorp-
tion at 1640 cm~l, and nmr signals at T 6.70 (CHp=N) and

T 7,98 (OAc). The M" ion peak was visible at 199. OQaly

parent amine DP was recovered from eitner a theramaiiy or
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a photochemically initlated deccmpcositvion orf ro(UAc)q in
L Molar HpSO04 in acetlc acld in ctne presence of Ur.

When DP and calcium hypocnlorice were stirred for
one week in 4 Molar HpSOy-acetlic acld, only DP was recovered
and there was no indlcation of N-cnlorodipentylawine (CDi)
or N-pentyl-z-metnyipyrollldine, the latter expected to
show the 2-methyl doublet in the region of rt 9.0. When CbLr
was stirred in the same solvent for ten minutes lu thne darx,

only CDP was recove:rsd,

2-12 Attempted Initiation of N-Nitrogopl,eridine Raudlcal

Reactions

Carbon radicals, iron ions, and awmido radicals all
proved to be unable to lnitlate tne decouposition or
N-nltrosbpiperldlhe (NP) to the piperidinium radical in
acidic medla.

In the presence of cyclonexene, WP (O0.lh) sacwed,
by the deorease in the 345 nm peaxvlnbensity, approximacely
15% decomposition after 46 hours refluxing in an HCl-metnanol
solution containing AIBN (0.005M ). From tne awount of
baslc materléi‘recovered, the maxlmum yield of éddlcion
product 49-1 was less than 1%. The nitroso peak latensity
at 345 nm of an HCl-metnanol solution contsining NP (0.170)
| arnd AIBN (0.0ISM) shoWedva 20% decrease alter 41 nours
refluxing. NF (67%) was recovered, and plperidine nydro-
chloride (HP, 8%) was the basic product. These ylelds

"are comparable to the results of acld nydrolysis in tne
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abgence of radical initiator (172).

Initlation attempts with AIBN or benzoyl peroxide
in a refluxing trifluoroacetic acid-benzene scluticn
containing NP and cyclohexene proved unsuccessiul, as snown
by an increase ln the absorption in tne 330-370 nm region
causedvby evaporation of benzene., <The basic iraction froa
the AIBN reaction in benzene appeared tc pbe a decomposition
product of AIBN, since no nmr signals were observed below

T 8.28 except for a D0 excnangeable protoan.

The use of Féz* tons as a redox catalyst, analogous
to chloramine reactions (5), did not produce aminium radicais
from NP, wnlich was recovered from the reaction.

Photolysis of N-nitroso-N-methnylacetamide (NMA) causes
abstraction of allylic hydrogens rather tnan addition to
the double bond (74), and photolysis of aitrcsamides in
acidic media give primarily'tne nydrogen abstraction
product (179). Amido radicals might abstract tne N@ groug
from nltrosamineé, since the N-N bond is of lower energy
(53 keal,/mole) (19) than an allylic C-H bond (77 xcal./mocle)
(180); if such a nitroso group transfer occurs, in the
presence of acld, aminium radicals may be generated. A
trifluoroacetic acid-benzene solution containing NMA (0.13N),
KP (0,04M), and cyclohexene (0.081) was photolyzed witn
the filter solution which cut-off the energy beiow 400 na,
The photolysis was stopped when 38% of tne nitrosamide

absorption had disappeared. The basic 1ractlion contained
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only NMA (vide infra) with no evidence tcr aminium radical

products,

=13  N-Nitrosamine Photo-elimination Reactic

2-13-1 N-Nitrosotetrahydroisoquinoline (2i-2)

Previocusly it nas been shown that nitrosamine 2i-2
does ncot add photochémioally to olefins in acidic uedla
(128). Photodecomposition of 21-2 was carefully re-examined
to determine the reactions of tne aminium radical. 1In HCL
-methanol, 21-2 gave amidoxime (8-1 (8y%) ana amine 21-1
(3%), based on > 98% of 21-2 reacting.

Examination of the ether extract of the pnotolysis
resldue by tlc showed only a spot for amidoxime 68-l. ‘ne
spectral data of 68-1 was ldentical with Ctiose publisned

previously (128),

H

08-1
N~-OH

2-13-2 Photolysis of N=-Nitrosopiperidine under 02

Oxygén has been shown to be 1hcapable of quencning
the photclyses of nitrosamines (18l1) and, in tne pnotoad-
dition of nitrosamlneé, effectively di#ercs tne NO radical
comblnation feactlon to cleanly produce nitrate adducts

(142). Although there are no examples of 1, 2 nydrogen
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migrations in free radical chemistry (182), there exlsted
a remote possibility that a nltrosamine pnoco-ellmingtica
reaction might involve a carbon radlcal, eltner 1 or II
in Scneme 2,10, which could be trapped by an NUj radical
or oxygen to glve products such as 09-1 or vy-2, ho such
products were found in tne photolysls oi nitrosoplperldine

(NP) under oxygen.

N H —
| , +# H —>
NO N=O N N7°
\ / §
} N

N-oH H

Il

ne me

o O b w

The products from the oxidative photolysis of NP in



95

HCl-methanol were dipiperidinomethane ( 70, 21%), liperidine
hydrochloride (HP, 29%); and N-formylplperidine (71, ca. 10k).
Compound 70 was identical with a sample prepared by reactiuag
piperidine with CH2Cl, in the presence of a base (183).
Formamide 7] had identical ir (1670 ca™l) and mass spectruis
as those of an authentic sample (174).

When NP was photolyzed in aqueous HCl unaer oxygen,
the reaction was slower tnan in acldic methanci, and Nr
(2&%) was recovered. Piperldine hydrocnloride (17%) was
formed, but the manr product was asslgned as tne unstable
trimer nitrace 72-1 (43%)., The expected strong ir absor-
ptions for the nitrate were seen at 1030, 1280 and 880 cm~1,
and the nmr spectrum contained a multiplet at T 5.0. Tae
highest peak in the méss spectrum was at m/e = 249, wnich
would correspond to M - HNO3, and the 100% peax was at
m/e = 83 for CsHgN . Attempted sublimation gave a semi-
solid, which appeared to be alcohnol 72-2 snowing ir absorp-
tions at 3300 and 1050 co~l ana only a weax 1630 ca~l ab-
sorption., These products are suggested to form frcm the
same trimer intermedliate as isotriplperidein, 72-3, found

from the photolysis of NP under nitrogen in aqueous HCl (41).

X _ HN '
H - 72-1 X ONC >
‘ : N _-N
e

X

N N 72-2
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2=-14 Quantum Yield of N-Nitrogodimetnylamine
Disappearance

The quantum yileld of disappearance (§ ais) or

nitrosodimethylamine (NDM) in aquecus HCl uander nitrogen
was measured in a merry-go-round apparatus using a terric
oxalate actinometer. (See Experimental 5-21-1), Tne glass
filter, CS 7-60, had maximum transmission atv 350 nm, so
only the n~ ™ nitrosamine absorption was irradlasted, '‘Lhe
values obtained were corrected for tne groportion ot lignt
absorbed by the sample compared to the actinometer, for
example, 30% of the uv light was absorbed by a 0.0l molar
solution‘of NDM (Figure 5.7). The correcved Jdis values
were 0,26 and 0,29 for 0.1 and 0.0l Molar aqueous solutions
respectively,

The quantum yleld of nitroéamine dlisappearance does
not appear to be éignificantly concentration dependenc,
considering that the total errors in § dis 1s + 25%. Tne
D dis values for nitrosamines in methanol anave been found
tc be 2,5 (2) and 2.7 6o 3.8 (2, 184), the latter in tne
preaence of dlefin.' The @1dis values in aqueous HCL are
closer to that of N-nitrosodibenzylamine in tritiuoroacetic

acld-benzene @dis = 0,75 (44), or @dis’ of NMA in benzene

(0.5) (185).



2-15 _ Analysis of Nitrosaiine bnotcdecowposition
Products

It was deslirable to determine tne quantum ylela of

product formation 1in the nltrosamlne‘phocoaecompositlca
reactions, rather tnan the overall quantum yiela ot nitro-
sahine disappearance. In the concentracion range used

( 0.1 to 0,01 M) in the guantum yileld determinatvions, it

was necessary to detect small quantities (ca. 1 woles}

of decomposltion products, l.e. primary and secondary émines,
and amidoximes (1).

Gas chromatographlc analysis cf awine wixtures were
examined, Of the variety ot gc¢ columns tested (See lable
5.2), the best separation of amines occurred on 20% Dowfax
9N9 (186), coated on'a.éolld support containing a 204
loading of KOH, or on a Chromosorb 103'column (187). Tne
Dowfax 9N9 column did not ccmpletely resclve methylamine
(M) and dimethylamine (DM). The Carcmosorb 103 column
displayed 'ghost' peaxs, i.e., when an aqueous basic solu-
tion containing no amine was injected into tne column
directly after an analysis of an amihe solution, iv produced
peaks corresponding to these of the previcusly injected
amines. This phenomena is common with gn of polar amines
(188). Obviously quantitative work would be diiticult
under these conditions.

Attempts tc utilize tne complexation apility or

amidoxime 73 with metal ilons as an analytical mectnod were
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equally unsuccegcfuil (See Yable 5.3). SpeCUlupidvilweirLe
changes cececurred upon tie adaltlion ¢l severad icoiws, wost
notably C 2+ o ‘
notadly Lu , but the spectral suifts were Juuged Lu pe
net disvinet encugh tor analysis 01 swale ualilibits ol

amidoxime prcduct.

N-CH

CH3 C - Iv’:i—CH3

Y5}

2-1n  Sumnary

Pcgether with ccmparable results ci CLuer worners,
tlie results of tne thesls experiumenis are sullidarized 0eLOW

in Tables 2.8 to 2.12.
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Tab] 2.8 Amido Radi L Cyal] , a

Amide OlefinP Isolated Froducts +otad Cyclic fing
Derivative Position rroduct{k)e Size
8-2 5,6 22-1(374),22~4( 195
S w 5
23=2(4A)4, 25-1(6%)4
922 5,6 29-1(35%),29-2(9%)
2;132_(1;?%&, =1( 8%) 58 5
29-4(5%) |

1_0;1 4,5  31-2(44$)9, _3_};;\?76)“ iy 4
=2 N e A4 T UL TEPI i
12-2 6,7 153_1_(25%)d | | 25 o
13-2 4,5 13-2(98%) - 0 -

8(20%)°, 13-1(15#)"

8- 5.6 25-4(33 ), 24=4(39%) 72 5

e~

=1(7%) .
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Table 2,8 Amido Radical Cyclizations {cont'd)

Tcral Cyclic Ring

Amid © Olefin 1
D:rligtixe Pogitiog Igolgted Productg 'rroduct (»)  Size
11-3 L, 11-1(5%), 34=-1,2(20%) 0 -
5 > 34-3(12%)
g , - ; _
8- ,6 §3-2(3 %), 24=2(17%) 52 5
E-2 | 5 ERn
| " 2 Wt g f
14— 5,6 L2-1(47%) 7 5

Photolysis were run in benzene under Nj, and ylelds
based on the amount of starting awmide, except where
noted.

Fosition of the olefinic carbons relative to the awiao
radical.

Includes only those confirmed as cyclic products.
Cémpounds tentatively assigned.

Y;elds based on 13-2, photolyzed in acetic acid.
Yields based on 13-2, photolyzed in tetranydrofuran.
Under oxygen atmosphere.

Bromotrichloromethane aé solvent.

Yield based on l&4-2 was 89%.
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Table 2.9 Cyclization of Aminium Radicals
Amine Olefinb , Tocalc
Derivative Pogitlon Isolated ¥roductg Cyclic

15-2 5,6 46:1§38)), L6-2(34%) 91k

162 6,7  50-1(16%)%, 50-2(98)% 514
20-3(6%)d

17-2 4,5 17-1(60%) o

17-3® 4,5  17-1(30%), 55-1(1ep)d  0-3%
55-2(15%)d 55-3(20%)%

18-2 4,5 18-1(18%) 0-3%

19-2 (189) 5,6 28-1( 37%) 28=2( 123), .ol%
ZE-E(llﬁ

19-2f 5,6 . 26= {; y 22-1(20%), 06%

19-28 5,6  26-5(55%) 55%

19-2B 5,6 13—1(5%&8& -2(23%) o

74-2(190) 5,6 25=1(18%), 75-2(13%) 31

| 26-1(9%), 76=2(4%) ”

Size
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Photolysls were run in HCl-methanoi under “2 ana ylelas
based on the amount of reacted awine derivative
(usually > 85%), except wnere noted.

Position of the olefinlc carbons relavive Lo the auido
radical,

Includes only those oonfirmed'as cycile proaucts.
Compounds tentatively assigned.

N~Chloramine lz:j reaction catalyzed by iron lons,
Under oxygen atmosphere,

25% Bromotrichloromethane-methanol as solvent.

12 premt. .

N
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Table 2.10 Decomposition of

N-Methylphenethylamine Derivatives

Anine

Derivative Conditionsg Products® | B - issio
20-2 hv-, o-%u») 20~ 1(108%),
HC1-MeOH 58 (22%), BAP(4%), 17%
BAO(13%), :2__(3ﬁ)
20-2 hv , -2(37%), 20-1(2%) |
I H,S0y-HOAc 18%), BAC(9%), 274
| 2 -1<3»)°. FA(2%)¢
20-2 hv-, ~2(6%), 20=1(30%), "
_ HCLZHoAo  BAO(12%). 59-2(19%) 12»
20-3 Fe?*/3%  20-1(424),BC(40k), 4O
stou-HOAc 59-1(2%)° ,
03 Ag"%3, 20-1(324), 250

HeQH BME( 25)°

a. Yields based on the amount oif amine derivative, except
for the A8N03 reactlon where they are pnased on amine

go L

b. BA = benzaldehyde ’ BAO = benzaldenyde oxiae,

BC = benzyl chloride , YA = phenylacetaldeihyde,
BME = benzylmethyl ether.

c. Tentative asdignments.,
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Table 2,11 N-Chloramine Iantermolecular Additiong®

Cnloramine
Chloramine initigtor Olefin kroductg Adduct

CDE AIBN, l-butene c3-1(24§),, 0-0.5%
A 63-2,LEP(34)
2+ . . ,
CDE (191) Fe l-butene =3(33%), 334
%3-1(11%)
HCDM  AGHN, l-hexene ob-1(144)%, 0-2»
' ol-g
HCDM AIBN, dlallyl- ©5=L(25%) 0-1p
he ether
CDE (191) v diallyl- 05-2(40%) LO%
ether
HCDN AIBN, dichloro- £6-1(33%) 334
hv propene ‘
cP(192) hw dichloro- v6-2(85%) 85%
propene
a. Solvent is 4MH,S0, in acetic acid.
b. DB = diethyl amine, CDE = chlorodiethylamine, CP =

ohloropiperi&ine. HCDM = H>S04 » shlorodimethylamine

Ce Tentative assignment,
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Table 2.12 Decomposition of Nitrosamine

Nitrosamine

21-2

NP (41)

NP (41)

Conditiong

No,
HCI-MeOH

N2,
HCI-MeOH

0, _
HC1l-MeCH

.
HCElH,0

HCIZH0

ggggggggé | ~El1m;§gclon
25-1(89%), 89%
21-1(3%)

HPR(574), 3%
72-3(3%)

HP(29%), 70(21%) 0
71(10%)

_2_1(3L%) 707
22=3(394)

@(l? ), (ZL+ ),’ 4
(17% % gP % 3»

Photolysis of n-»m™ transition band ylields based on
reacted nltrosamine except where noted,

NP = nltrosoplperldlne ’ HP = HCl"plperldlne

Yield based on NP

Tentative éssignment.
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CHAPTER _ 3
DISCUSSLON

3-1 _General

Throughout tnis work the primary‘émpnasis has been
placed on the synthetic aspects of aminium and amido radical
reactions. Thus, for the cyclizaticn reactions, the major
effort waé directed towards providing an overview of the
conditions conduclive to the 1n£ramolecular addition of a
radlcal, rather than a detalled exsamlnation of tne by-
products to determine the reaction pathways.

The yields obtained in the majority of ctne cyclization
reaot;ons were not_optimlzed and could be improved, part-
icularly in the 1soiations of oxlimes in whion the choioce
of column chromatography conditions was critical. Tnis
claim 1is self-e#ident by an examination of the results of
the most extensively investigated pnotdlyses of nitrosamide
8-2 and nitrosamine 15-2, which show the nighest yieids.
Since in the photolyses of nitrcsamides and cnloramides.
the ylelds reported were calculated on the amount of
starting amide, the cyclizations were uore efficient than
those given in Table 2.8, Nitrosamides are xnown to be
thermally unstable and also decompose in basic solution
(130, 150); therefore, during the isolation of the orude
nitrosamide, some decomposlition was expected even'tnougn

maximum precautions were taken, Also the oletinic bond nay
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react with thé nitrosating or onlorlnaCLng ageat (See Tables
2.2 and 2.4) which reduces the amount of cyclization pro-
duct.

The spectral characteristics of the prepared compoundas
are oomparable to those of other nitrosamiaes (150), chlor-
amides (78) nitrosamines (19, 20), and chloramines (7).

The nearly identical ir and nmr cnaracceristics exnhibited

by saturated nitrosamide 7-2 and unsaturated nitrosamide
8-2 provides no indlcatlion that the nitroso group and the
olefinic bond are intramolecularly interacting, althnough
aromatic molecules form %“collision complexes® with nlitrc-
samines (193). The nmr olefinic protcn signals of nitro-
samines are shifted downfield sligntly (0.l sa 0.2 ppm)
compared to the parent amines, probably caused by a long
range anisotropic effect of the nitroéamino group (194-196),
In contrast to nitrosamines, nitrosamides yenerally
exhibit one set of proton signals in the nar spectrum, and
have been_interpreted as having the gnti-configuration(Figure

3,1)(179)s a freely rotating NO group would be an alternate

explanation,
o=N
i | l
O_C_N cis O—c—n-—cu3 O—N-——ﬁ—-cu3
anti-8-2 sm-8-2 BRLL-LL-2

_Pigure 13-l



The cig-protons of nitrosamines, 1.e., on tne same side

as the nitroso group, have been shown to generally resonate
at higher field than the trans-protons (19?). Ine agsign-
ment of the anti-configuration to the nitrosamldes prepared
in thls work would be consistent with the observatlon tnat
the olefinic protons of nitrosamides 9-2 and 1l-2 (Figure
3-1) are shifted slightly upfleld with respect to tne parent
amides (0,11 and 0.13 ppm respectively), in coatrast to tae
small downfield shitt (0.03 to 0.04 ppm) of tne clefinic

protons of the other nitrosamines, such as 8-2.

3-2 Intramolecular Cyclization
As can be seen by comparing Tables 1.1 to 1.3 wictn

Tables 2.8 and 2.9 (Results, 2-16), the results of the
nitrogen radical oyclizations in thls worx agree witn, and
extend further, the published observatlions on other radicais.
The general rule, that whenever a cholce exists between
cyclization to elther a five- or a six-membered ring tne
five-meabered ring exclusively forms, is also true for botn
aminium and amido radicals. Tne results of nitrosamides

8-2 and 9-2 show that an amido radical will oyclize to eitner
the ﬁcyl or ﬁhe élkyl side chain, The difterences 1in tne
cyclization ylelds are not suffloiently quanticative at this
ﬁlme to make definite comparisons concernlng ease of cyc-

l.ization.
The aminium radical from 16-2 (I11) and the amido
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radical from 12-2 (iV) have a cihoice of torming eltner a

six- or a seven-membered ring (Figure 3.2), and cyclize in
comparable ylelds (31% end 25%). ‘Ine préduccs are belleved

to be six-membered rings, largely based on tne rreference

for this wode of cyclization in other radicals (See Table
1.3). Waegell et. al. (198) have recently sncwa that the
metal-cooidlnated amine radical V cyoclizes to a six-membered
ring, and yields emino-ketone 50-3. 'Ine fact tnat tne
reported 100% intensity peak for 50-3 and a uajor peak cf oxiuwe
assigned as 50-1 1s the same at m/e = 96 (198) support the

assignment of the structure of che latter.
Vel .
' . H Ccr<i:>>\/)
I1I ' v : v

Figure 3.2

The Hofmann - Loffler reaction of N-methylcyclchex-
ylaminium radical, which involves hydrogen transfer in a
boat foram of a six-membered transition state, ccours in
11% yleld (8), but ohly under dréstlc‘condltlons. 1t is
expected that the radicals from nitrosamide 1l-2, nitros-
amine 17-2, and ohlorahlne 17-3 would be difficult to éyo-'
lize through a boat form of a filve-membered tranéision state
and prefer bther'pathways.* Indeed,‘botn tne amido and
* The author has found that cyclohexea-j-ylalitrene, §en-

’

erated by Nagata's metnod from the primary amine (89
also falls to cyclize,
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aninium radicals mentioned above and the radical from 18-2
decompose by a-eliminatlion or B -scission (Scheme 3.l1); the
latter pathway leads to a resonance stabllized allyllc

radical as shown.,

Stella (112) found simlilar decomposition in the
photolysis of the chloramine shown in Scheme 3.2, obtaining
parent amine and polymeric producsts. Only vhe tlitanlua-
initiated reaction of the chloramine gave a 13% yleld orla
pyrrolidone derivative (112)., Since a chnloramine contain-
ing a A 6,7 olefin also did not cyclize waen phocolyzed,
but did in the presence of i3+ ) there are strong indic-
ations that the metal ion complexes with the amine radical
as well as thetT- bond tc bring the reactive centres 1n close
proximity (Scheme 3.2). A similar intermediate was suggested
by Minisoi et. al. (10) to explain the metal lon initiated
intermolecular addition of N-chloropliperidine to cyclonex-

ene in a g¢ig fashlon. ‘ | e

p TiGlg é“\ g _13_:
. N

S C | ‘QC'- /
3 Soheme 13,2
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Examination of a Dreiding model of tnhe amido radicai
from nitrosamide 10-2 reveals that tne fcrmation of a five-
membered ring involves a cransition state of boat conform-.
ation (VIa) which shows severe interactlons between the
amido function and the 'flag-staff’ hydrogen, wnlle tne
f -lactam formation (VIb) involves less non-bonded inter-
actions (Figure 3.3). Also shown 1s tne transition state
for five-membered ring cyclization of the aamldo radical
derived from 8-2 or 8-3 (VII). The formation oi Lne

B ~lactam has no analogy in other radical cyclizations,

Via Vib Vi1
Figure 3.3

Another example of steric restraints forcing a different
cyclization pathway, other tnan a flve-membered ring, can
be found in the azatwlstane synthesis by Heusler (102) in
whioh the slx—meﬁbered‘ring closure 1s favored.

The models of both VI and VII also indlcate that an
sp3 - hybrldized nitrogen of the amido radical can orient
1tself with hhefr-lobe of the double bond in a collnear
arrangement,. In contrast, an spz-hybridlzed nitbogen rad-
ical has an almost orthogoﬁal arrangement ot ctane p-orbltal
of the amido radical and the m-orbital if tue badlcal has

a m-configuration, bBut a good overlap can be achieved if
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the radical has a Z-configuration (70),

-3 P F

3-3~1 C-Nitroge Compoundsg

The intramclecular photo-additlions of i-nitroso

compounds in this work did not glve entirely tne same
products as had been found in the phnotcresctions 01 earlier
workers. When intramolecular addition occurred, tine fora-
ation of a C-nitroso dimer was indicated by the increasing
peak in the 295 nm reglion, gxcepc in the trapping experi-
‘ments. Althéugh thé C-nitrosc dimers nave oeen lsolaced

as produsts from the ;ntermoleoular addition of nitrosamines
or the hydrogen abstraction of nitrosamides (72,'1U2), tnere
were only three cases among the nitrosamilde cycllzations

in which C-nitroso dimers were posslbly lsolated in tnis
work, t.e., 23-1, 24-1, and 29-4. 1In the case of nitrosa-
mine cyclizations, the faclle tautomerization to the oxime
would be expected undef the acldlc methanol and baslic ex-
traction oonditions (199, 200). Tne faclle tautomerization
of nltrosadlde cyclization products is certainly not caused
by light (142), since the filter solution absorved a.i the
light below 400 nm. ‘A reasonable explanation is tnat tne

l, 3 -dilaxial intersoctions found in the azabicyclic amides
are sufflcléntly'large to promote the formation of<oxlmes
(Soheme 3.4). The exo-nitroso adduct would result from

trans addition to the olefin, a process which predominates
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in the intermolecular photoadditions of nitrosaalnes (201),.
H
H
0 —> O
N H NN
/ | -/ OH

Scheme 3.4

3-3-2 N-N1tro§p—N—HyQ£g§yiamines
Water-soluble.N-nitroso-N—nydroxylamlno compounas
(201), such as 75-2, may be formed but ccntinuous extraction
of the aqueous phase of a number of nitrosamine pnotclysates
revealed no evidence for the formation of sucn products
(ir absorption around 2500 cm'l) (41)., Nitrosohydroxylamines
are formed by the addition 6f HNO to a C-nitroso compound;

HNO being formed in situ by the pnctoellmlnation reaction

of a nitrosamine, The absence of the ellmination reacticn
in the 1ntramolecular photoaddition proves that tne awinium
radical usually cyclizes very efficiently, as snown by tne
lack of amlidoxime products, except in tne photolysis of

nitrosamine 24-2 (43).
. - JOH

H,C—N
2 NO
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The mechanism requiring tnat HMCU, racher tnan NO °
itself, is essentlal for the formation +f nicrosonydroxy-
lamines would explain the absence of these proaucts in
nitrosamide photolyses (72, 73), in wnicn HNO elimination
is less lmportant. 4n alternate mechanisum, simllar to cne
proposed by 6wenlook et, 21, (202), requires thne inter~ -
vention of hyarogen donating solvents as snown in Scheame
3.5. This mechanism is not conslstent wlth the regult tnat
no nitrosohydroxylamines have been isolated wnen C-nitroso

dimers were irradiateéd in methanol (199).

RNO ._b!L; Re + ¢NO

RNO + 280 —3 R——N—NO
ONO

R—N=—NO 4 CH3OH =) R—N—NO + CH30NO

ONO OH
S me ;

3-3-3 Nitroxides

Using esr spectroscopy, Surzur's group (104) nas
shown the presence of nitroxide g};Q in the phovolysis o1
nitrosamide 8-2. In our reactions, this nitroxiae may be
formed in small amounts but has not been isolated. <Tne
quartz apparatus used in Surzur's work (no filter) could
allow photochemical cleavage of the lnitlaxly iormed C-nitc-

roso compound to produce nitroxides by tne mecnanism snown
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in Scheme 3.6 (203), wnlle our selective irradiation

conditions (> 400 nm) would not cleave C-nitroso compounds

(199). .
0

. RNO g v
R—N0 B, g, ——— R~—N—R k=

Scheme 3.§

3-3-4 Nitrateg and Nitro Compounds

Nitro compounds and nitrates have been found in nit-
rosamide photolyses with >290 nm light eneréy (72, 73), and
their formation 1s attributed to disproporticnaticn of NO in
the presence of a catalytic amount of NOz, wuich could form
with a trace amount of oxygen (Scheme 3.7) (205). In tne
cycllzation reactions, the > 400 nm irradliation and the rapid
combination of NO with a carbon radlcal would explain the
lack of nitro and nitrate products under nitrogen. ‘<Lne
minor amount of nitrate 23-2 from tne photolysis of 8§-2
under nitrogen is suspected to result trom incomplete
purging of oxygen from the apparatus, since nxcratés were
not-obtai@ed in the other nitrate pnotolyses.

20 + 0 — 2NO,
NO +0; —> NO3 MO, a0,
NO + NOz == N203 |
NO2 + NO3 T N30g
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In agreement with oxidative photoaddition (1l42), tae
photolysis of nitrosamide 8-2 under oxygen gave as m@ajor
products nitratolactams 23-2 and 24-2. A minor product,
tentatively assigned as elther nltro-lacﬁam 23=5 or_gh-5,
could result from the trapping of the carbon radical oy tne
NOZ radical, formed as shown in Scheme 3.7. ©Since no oxlmes
are found in the photooxidatlive cyclizations, tne inlitlal
formation of the C-nitroso ccmpound, followed by the steps
of Scheme 3.8 to prcduce nitro compounds (204), 1s a less

probable mechanism for nitro compound formation.

R-NO hv 3 ~ R=N-00- -
02 '

R-N=-00 = RNO S0 0
| —— R-N N—R  —— 200,

0 o No—
Soheme 3,8

3-3-9 Kstones

In the nitrosamine cyclizations under nitrogea, tne
ketone formed may arise from the usual base catalyzed de-
composition of nitrate esters (1l43), tormed by a trace amount
of oxygen present, since in the“oxidative photocyclization
of nitrosamine 19-2 the major product was ketone g8-3. In
the oxidative photocyclization, the indicatlons that exo-

nitrate 27-3 decomposes to ketone 28-3 faster than endo-
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nitrate 26-3 ocan be interpreted as resulting i1rom sveric
accelérat;on due to greater non-bonded interactions of tne
axial orientation in 27-3 (Scheme 3.9). An atteampt to
igolate 27-3, prepared from alconol g27-1, tailed because

of the rapid decomposition to 28-3.

| . N2 g,
q
S A [
N H 0
. N
< 2l=l ( /Bljf’ - 263
| AN 0NO | |
26-3
Scheme 13,9

Slﬁce nitratolactams were the major products whnen
nitrosamide §-2 was photolyzed under oxygen, but no ketone
22=3 was.formed, the nitratolactams do not form Ketones under
the cycllzﬁtion conditions. Thus, the explanation involv-

- ing nitrate decomposition is not applicablé tc the formation
of ketones in the nitrosamlde cyclization reactions under
nitrogen., The mechanism given by Heloklen (205, 206) ror
the reaction of NO with a C;nltroso monomer would explain
alkoxy radicals, as shown in Schcme 3.10, but the decom-
position to ketones by hydrogen elimination is unlikely

(207). Bimilarly, since amino-ketones products are
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absent, or formed in small yield, in tns intermolecular
photoaddition of nitrosamines (1, 42) cthe nitrate decoap-
osition mechanism does not appear to be sufricient explan-
ation for even the nitrosamine cyclizations.

N
§
R-NO+NO —= R-N —3 R-0+ + N30

The formation of carbonyl cdhpounds from oximes using NU
and radical reactions has been recentiy reviewed (208).
Acetaldehyde was formed by radical reactions wnen acetal-
dehyde oxime was pyrolyéed in the presence o1 NO gas (209).
Besides the mechanisms given in tne gbove references, tne
'photooonversion of benzaldehyde oxime to benzaidenyde uay
involve the addition of dimethylnitrosamine to the oxime
double bond, followed by hydrolysis (Scneme 3.11). DBecause
the cyclization of nitrosamine l9-2 has been snown to oe
preferred to intermolecular addition (210) and because
amido radicals do not easily add to olefins, the mechanism
in Scheme 3.1l wculd not account for ketone formation in
the intramolecular cyclizatibn reactions., 3Since amino-
ketones are not important products when the intermoiecular
photoaddition reaction is conducted in a three to four fold
excess of nitrosamine to olefin (201), the photoreaction of

nitrosamines with oximes may be restricted to BAO,
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e g .
Me oNNO — —AlL
F=Ny = +,\fi N\r>| ? H\'C—NMe-?
H v, H
_ é/ \H 473 ,lHZO
2
b
H

Sgheme 1l

Thus, with the evidence avallable, no plausible
mechanlism oan be offered to explaln tne amount of ketone

formed in the cyclization reactions.

-F T Reaction

In the competitive reactlion of nitrosamine 19-2
photolyzed in the presence of styrene (210), no significant
deorease in the amount of styrene was noticed. Obviously,
intramolecular addition of an aminium radical 1s very taciie,
The intermedlate carbon radical (VIII, Scheme 3.12) reacts
selectively wibh NO without causing addltion reactions.
The results of the trapping experiments inaicate tnat the
combination step does not occur within a sclvent cage
because oxlmes are not formed, but possibly involves a
*loose rﬁdlcal pair" since intermolecular addition by the
“carbon redical does not ocour (Scheme 3.12) (142)., Since

no oximes are found in the photooxidative cycllzations,
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the reaction with oxygen must be faster than the combination

with NO,
VIII
,\N_No_ [ No ‘NI 02 \N/
-> | - + . :
h W ——gf9 \ .+ ON02
0, |1 |
-~ e ) NO
A — ! NG

- Sgheme 3,12

The two possible mechanisms by which a nitrate may form
are shown in Scheme 3.,12a and 3.12b, but tne present resulis
do not differentiate between the two possibillities,

The iodlne trapping experiment (2-7-3) was not success-
ful in Hcl-uothanol, since the strong iodine absorption at
360 nm ooipletely magks the nitrosamine m»>T * absorption.
The iodine trappling eiperimencs with nitrites in benzene
have been suscessful (99, 115, 171) because a cunarge-trans-
fer oomp;ox of lodine and benzene shifts the lower absorp-
tion to 500 nm (211). It is worthwhile noting tmat lodine
in benzene has an absorption tail at 360 nam (€ =300) (21i),
while the nitrite extinction coefficlient is ca.l00 at this
wavelength. 8Since the liodine concentracion in the nitrite
trapping experiments varies from one third tc five cihes

the nitrite concentrations, direct excitation of the nitrite
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would be diffiocult., Although the photolysis times are
longer with lodine present, at least ocertaln pnotolyses
(171) do not take as long as would be expected on the basis
of relative extinction coefficients. Fossibly a photo-ex-
cited iodine is particlpating in the reaction, elther by
photosensitization of nitrite decomposition or by an lodine
radical initiating the formation of alxoxy radicais.
Because the absorption of liodine-benzene complex nas € = 50
at 400 nm, the lodir® trapping method mignt be applicabple

in nitrosamide photolyses..

-3=-7_ re emigt

When other than a ketone or oxime azabicycllic product
is formed, the stereochemistry of the cyclization product
is deteramined by the termination step. ‘Thne observatlion tnat
both endo~ and exg-derivatives of nitrate or cnloro lactams
are formed in the photolysis of 8-2 under oxygen or 8=3
alone, shows that thé stereochemical control over tne com-
bination of the lhtermedlate carbon radicai with °NO3 or
Cl- is minimal. The isolation of oanly exo-bromolactam 42-)
in a high yield from nitrosamide l4-2 may be a coasequence
of sterlc control of the bulkier BrCCl3, wnich restriots
the alternatlve.gggg,approaoh.

The formation of only endo-bromoamine 2p-3, aad tne
absoncé of the exo-bromolactam 27-5, would not be predicted

on the basis of steric control of the approachn of BrCCl3
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in the trapping photolysis of 19-2, slnce exo- approach
seems as favored as epdo-approach from examination of the
Dreiding model. The yleld of the egdg-bromocamine 26-5 is
also unusually low (55%) for a trapping reactiun. Since
more exo-chorolactam 24-3 than epdo-chlorolactam 23-3 was
found in the oyclization of chloramide §-3, tnhe formation

of only endo~-chloride 26-2 from the photolysis of chloramine
19-3 in methanol (54) requires an explanation. The abseace
of exo-chloroamine 27-2 in the LAH reduction products ot a
mixture of 23-3 and 24-3, and the apparent instability of
gz;a as shown by a similar reduction of exoc-chlorolactam
24~3, indicate that the exo-chloramine 1s undergoing a
secondary reaction. The absence of exeo-nitrate Z27-3 in

the oxidative photoaddition of 19-2 is believed to be caused
by a sinllaf situation. It is suggested that aziridinium
ions are being formed by the facile intramolecular dis-
lacement of the exo-substituted compounds, as shown in
Scheme 3,13, as a result of the favorable geometry of the
molecule, Numerous examples of the formatiocn of aziridinium

ions in basic solution may be found in the literature (38,

- =

H
&2=

212-214),

ue
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The formatlion of aziridinium ions would account tor
exo-aloohol 27-1 being a major product from the pnotolysis
of nitrosamine 19-2 under oxygen. The hignly-water soluble
nature of aminé alcohols, coupled witn thneir volatility,
could be the reascn for the alconols not belng detected in
the BrCCl3 trepping of 19-2 or chloramine cycilzation re-
actions. A preference for the formation of (3,2,1] azabi~-
cyoclic systém, rather than the [2,2,2 ] bicyclic, has been
found for the nucleophilic substitution of an acylaziridin-
ium ion (135), but the [2,2,2 ] blocyclic system ls itne mejor
product from a simllar substitution of an N-methylaziri-
dinium ion (89) (Soheme 3.l4). As no [2,2,2] azablcyclic
products have beeh isolated in this worx, the lntermediary

of aziridinium ions amust still be regarded as speculative.

Ratio of Bioxcllg Products

3.2.1 YAV
O:r HOAc; 2 1
N% |
¢’CH2 HOAc

Sghems 3,14
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3-4 Aminium Rgdical Reaction Fatnways

Some effects of external variables, such as tue acld

concentration and the rate of lnltiatidn, upon vne fate of
an aminium radical are demonstrated in the iatver part of
the thesis. The unsuccessful N-methylindoline (6l) form-
ation from aminium radicals, generated in a low acidio
condition from elther N-nitrosomethylphenetnylamine (20-2)
or the corresponding N-chloramine 20-3), 15 comparable  to
the T13* initiated reaction of 20-3 in aqueous acetic acid,
in wnich Stella obtained 45% parent awmine 20-1 and 22%
benzyl chloride (112}, Neale and Marcus (192) found tnat
20-3 in 4 molar H2SOy-acetic acid adds to 2-cnloroprogpene
in good yield, rather than undergoing intramolecular arom-
atic substitution, It appears tnat oanly in conceatrated
H,S0y oan 61 be formed in 27% yield. (5).

| Because of the volatility of benzaldehyde and benzyl
chloride, the isolations of the products derived froam

B -scission are not quantitative, and no acourate relation-
ship between'B -scisgsion versus other pathways of the N-
methylphenethylaminium radical has been obtained, It 1s
not certain why only when HCl is used as a proton source
the elimination products 58 and 59-2 are formed, nor way
the direction of hydrogen elimination (metnyl or methylene )
varles With‘the solvent, i.,e., amidoxime 38 is formed in
methanol and formamide 59-2 in acetic acid (Scheme 3.15).
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¢—(.cuz) 2 - NH-CHy
TRH

: H
-{CH -N=CH cl- ¢BCH -CH —ﬁ—CH CL- ~CH,=CH=N=-CH-,
¢ 2)2 2 e o 2 2 s 3 WQS 2 )
~ HOAc
_ " A \
QcHpr  —s (cHpx X = ClyNor
Sgheme 3,15

~ Comparisons with the results of Neale (191, 192)
( Table 2.11) lndicaté that the rate of the carbon radical
initiated addition of N-chloramines to olefins appears to
- be significantly slowertnan those initiated by metal ions
or light. The differences in the results are aot a funotion

of acidity, as all the reactions were run in 4 holar HpSU,
in acetic acid. The yleld of cnloramine 2,3-dicnlorojpropense

adduct, 66-1, from the AlBN-iniﬁiated reaction (33%) is liess
than the yield of thé corresponding compound, b66-2, from a
direct photolysils (85%). The suggestion has been made Cnat
both the chlorine radical and aminium radical chaln reactions
participate during the photolysis of N-chloramines (132),

and ooul& explain the higher ylelds in Neale's work

(Soheme 3.16).
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Initiation
+e /.
RoNCL + R% 5y R2hNH -+ R-Cl
0 N + :
RpNCL Rt  + C1-
+
H +
ReNCL  + Cl*  —5 RNH + Cl,
f
c1, — 2 c1°
Propagation
+
R,oNH

. NFU
o
ta o
+
A

The acetylhypochlorite - cnloramine equllibriua,
suggested in Scheme 2.8, appears to have no justitication.
An N-chloramine does not foram from an ammonium ion and Cl',
nor doés.tne chloramine rapidly equilibrate with the aam-
onium ion.

Th@.préfebenclal elimination of a benzylic nydrogen
of the tetrahydrdlaoquinollne aminium radical, ratner tnan

intermolecoular addition to olefins, nas been attributed to
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steric lnhibition and the fact that the nydrogen oeing
eliminated is benzylic (128). These same reasons couid
cause the low yleld of parent amins 2l-1, tne methanol

photoredustion product,

The photodecomposition of nictrosopiperidine (NP) in
acldic methanol under oxygen follows the same major patnway
as that under nitrogen (Table 2.12), namely ayuarogea abstr-
action from methanol. The product assigned as trimer nit-
rate zg_;_ obbalned from the oxidative pnotodecomposition
in aqueousVHcl, was certalnly formed by G-elimination to
form 1, 2-dehydropiperidine (Scngme 3.17). The absence of
amidoxime §9-3 indicates that there is a rapld trapping of
NO, or posalbiy HNO, by oxygen. Tnere is no evidence for
the carbon radical intermediates on the 2-piperidino pos-
ition, as shown in Scheme 2,10,being formed in tne photo-
decomposition in either methanol or water, nor in the carbon-

radlocal initiated reactions.

O ) FTNO — + HNO.
N + 3
N H |

‘0‘ L /H
(”I e cj@
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The lohger photolysis time required for the decom-
position of NP in water, tnan that required in mecnanol,
1s consistent with the lower quantum yleld ol disappearance
of nitrosodimethylamine in water ( {43, ¥+3), compared to
(@ dls 2¢5) in methanol. Tne facile methanolic pnotore-
duction of aminium radicals suggests the formatvion of ine
*CH,OH ketyl radical, and is supported by tne formation of
formaldehydé in this reaction (41). Tne absence ol carbon
radical initlation, and conslderation of tne Lnermocnealstry
br the abstraction of NO from a nitrosamine (N-NU oona
sbrength = 53 koal./mols) (19) to form a C-nitroso compound
(C-NO bond sﬁrength:¥<40 koal,/mole) (202) as in the sequence
given in Scheme 3.18, would indicate tnat NO abstraction
by a carbon radical is not cne limportant chaln propagation
step. Slnce no quantitative analytlical metnods coula be
developed to measure thé quantum yields of appearance ot
the photodecomposition products (Resulcé 2.15), the chnain
radical ssheme involved in nitrosamine pnotolyses in metnanol
18 not yet precisely inown, altnough a possibie sequence
has been advanced for the photodecomposition reaction (41),

+ ot _A =
RyNH + CH;O0H —>  R,NH, + <CH,uH =0 *

- . |
RpN-NO  + +CHa0H ——pPRpNH + ON-CHpOH  + 13

‘ Sgheme 3,318 :
® Energy given in kcal./mole; positive sign signiiies an
endothermic reaction, The N-H oond energy is 85-40
koal,/mole and methanol H-CHoOH bond energy is Y0 xcal./

mole (215).,
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There are different situations in wnich cne ametnoca

of generating a nitrogen radical will nave particular ad-
vantages over another method. A comparlson ol tue syantnetic
‘usefulness of the procedures used in LhiS WOrK With tne
radical and ionic methods of octhers 1s discussed in tnis
sectlion. |
For both the intermolecular additions of awminium
radlicals and the intramclecular cyclization tc a A 210
olefinic bond, the nitrosamine precursor would‘aypear ;b
be the most sultéble cholice of reactant since no”oompebltive
ionic addition reasction occurs, as witi chloramines (4,11);
and relatively low aoidlc conditions are required. The
rate of generation of aminium radioals can be specifically
controlled with nitrosamines and thne 1lrradition wavelengths
are at longer wavelength than chloramine photolyses (&4, 57).
The oxygen trépping reaction with nitrcsamine adducts 1s mcre
efficient and cleanéritnan the chloramine reactions (;l, 39).
Three exceptions where a ohloramine réactant would
be required are given below. Obvicusly, if a cunlorine
substituent 1é spec1fically requlred, the cnioramine reaction
would be used, although the corresponding bromine derivative
can‘be prepared easil& in a BrOCl3 trapping reaction with
a nitrosamine adduct. If the reactant wolecule 1s sensitive

to aclid, the metal lnitlated reaction of a chioramine
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(10, 11) could be used, but it is worcth noting tnat toe
low range of acidity required to cause nitrosamine photo-
additions 1s not even sufficlent to cataliyze tne polymeriz-
ation of styrenes (41). If an aromatic amination ls desirea,
the use of chloramines is essentlal, but tne conditions of
extreme acidity required for tnese resctions (5, o) restrict
the number of ocases it can be applied without causling de-
composition. |
Thé nitrosamine aminium radical cyclization ylelds

compare favorably with those of chloramine phocrolyses
(11, 112) and metal-coordinated amino radicals (53, 54, 112).
Aminium radical cyclizations to 4519 olefinic bonds to form
five-membered azacyclic compounds usually glve betcter ylelds
than other synthetic methods (139, 216). Tne aminium
radical reaotions are aot prone to glive a mixture cf live-
and six-membered rings as are formed iln the Lewls acla
catalyzed (35) or in silver-catalyzed (33, 38, 87) reactions
of chloramines, or in nitrene intramolecular aaaltions
(88, 89). The intramolecular addition of an aminium radical
to a A%3 olefinic bond nas only been accompiisned using
the titanium initlated chloramine reaction (Scneme 3.2),
and the formation of a 7-azab10yclo [2,2,1] nepcane appears
to be presently best accomplished uslﬁg a Hofﬁanneuofrxer
reaction (8) or an ionio reaction (217).

- Although the formation of pyrollidone compounds can

be accoaplished in one step with the Hofmann-wofiler reaction,
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the ylelds are generally no petter tnan coula pbe obtained

by a sequence involving cyclization of cnloramlaes or
ohloramines to & 5:© olefinic bonds, followed by LaH re-
duction. The Hofmann-Loffler reaction may also produce
‘six-membered rings (6, 8), partioularly‘lr sterically re-
‘stricted (218). A sligntly higher yleld cr pyrollidone
compounds without chlorine substituents is cbtained wnen

the one step ionic amino mercuration cycllization is used

and seems to be a better metnod to obtaln tnese compounds
(85, 86). The nitrosamine- generated awiniuam radicels arenot

6
7 olefinic bond (ca.

highly efficlent at attacking a A
308 yield), and six-membered azablcyclic products can be
formed.inthigher ylelds using metal-coordinated awino
radicals (50-70%) (112, 198), or using ionic oyclization
methods (85, 87, 198, 219, 220),

The phoboohemidally initiated intramolecular cyocliz-
ations of nitrosamides (103, 104) and cnloramide 8-3 (103)
are the only reported cages of amido radlcal formation or y -
laotams by reaction with an olefinic bond. <Lne pnotolyses
of nitrosamides have the additiocnal advantage of relativeliy
long wavelength irradlaticn, which would be ilmportant if
other ohronophores are present in tne molecule. ‘'ne
Y -laccams; suoh as 22-1 or 24-3, may be prepared in
moderately high ylelds. On the other hand, 6 -lactam 35-1
is only found in fair yield, but milder conditions are

required than genefally used in the ionic cyclization re-~
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aotions (135, 136, 160, 221). The yleld of B -lactam 31-1
is somewhat less than other preparations of B8 -lactams
(145, 222)., The nitrosamide photolysis metnod suffers from
the disadvantage of requiring a B,Y-unsaturated amide, sucn
as 10-1, but, since an intramolecular reaotion 1s involved,
it allows more control over the poBLtion of nitrogen ada-
ition. | ; | |
| The important syntnetic advantage of the cyclizations
desoribed in this thesis is the simple maneuverability of
the starting materials to create strained azabicylic systeus
contalning a potentially useful substituent grcup. This
substituent may be an oxime which can be reduced tc a
primary amine or hydrolyzed to a ketone,va aitratve wnich

can be reduced to the alcohcl, or a halogen.
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CHAPTER &

RESEARCH _FRUMUSALS

Although a substantial awmount of work nas been acc-
ompllsned with aminium and amido radicals, tnere are stilil
directions which have yet to be fulliy explored. "Aspects
of the experliments in thls thesls require furctner invest-
igation., Some of the 'clean-up' work that is required in-
cludes the following:
l, Optimization Cf the cyclization yielas.
2, Deflnitlve proof of the azabicyclic products
assigned as six-membered nitrogen rings
(Results 2-2-5, 2-5-2).

3. Experimentation to determine the generalilty ot
formation of B -lactams from B,y —unsaturated
amido radlcals (2-2-3).

4, Photolysis of other N-chloramides to deteramine
‘the ease of cyclization, particularly those
containing a A6’7 olefinic bonu in analogy
to nitrosamide 12-2 (Results 2-2-5).

5, FProof of the existence of aziridinium ican inter-

mediary from the reactions of nhalo and nitrato
azablcydllc amines {(Discussion 3-3-7).
6. Elucldation of the mecnanism oif ketone foraation

in the azablcyclic coampounds (Discussion 3-3-5),
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i,e., any dependency con reaction conuaikcas.

7. Determination of the reaction occurring during
the photolysis of nitrosamines in the pres-
ence of benzaldenhyde oxime (Results 2-9,
Discussion 3-3-5),

The following additional brapping experiments snould
be examined:

1, Vary the concentration of trapping reageant, e.g.,
BrCClB in MeOH, to determine the minimal
amount required for efflclent trapping of
the cyclization intermedliates.

2. In view of tne nitrite trapping experiments in
benzene with i6dine present, tne salie condw
itions for a photolysls of an alxenyl nltro-
samidé could give lodolactams (Discussion
3-3-6) w

3, Use of other halogen donors as trapping reagents,
such as CH3l (223) to prepare icdo compounds.

4, Attempt the trapping of the chloramide cycligation
intermediéte to determine thne relatlve rate
of combination of the ohlorine and carbon
radiqéls versus that of oxygen coambination
or bromine abstractlion.

5. Trapping with hydrogen donating reagents, such
as HSnBl5 (110) can be attempted. <The pur-

pose would be to produce unsubstituted aza-
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bloyclic smines (Scheme 4.1). Hydrogen abst-
raction by the nitrogen radical might oe ex-
pected to be minimal in view of tne apgparent

efficiency of cyclization,

i }
SRR
/( H - o

Sgheme 4,1

A major difflcultj in preparing alkenyl N-nitroso
compounds is the tendency of the nitrcsating agent to react
with the wmw-bond, Preliminary experimencts done in the course
of this work have shown that the lengtn of reaction time
and the amount of nitrosating agent commonly used (17, 129)
are greater than necessary to form the nitroso compound.

The success of the Nzou'nltrosatlon of amide li-l in the
presence of pyridine is similar to tne lmproved yields of
nitrosaminesg obtalned with NOBF4 in tne presence c¢f pyridine
(18). The nitrosating agent in these systews may be tne
N-nitrosopyridinium cation; thls could be tested by react-
iné the nltrosopyrldinluﬁ lon, prepared by the mecnod'of
Olah et, al, (224), with amides or amines (Scheme 4.2),
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Scheme

Alternately, a number of other nitrosating agents could be
utilized, e.g., the exchange reactions of amines witn otaer
nitroso compounds, such as N-nitroso carbamates (225).
Nltrosamlnes have been prepared in a basic medla using
nitroprusside [Fe(CN)5N02—.](226), wnlch may be of advant-
age in preparing nitrosamines conbalnlhg a double bond-
reactive to other nitrosating agents.

A recent reporﬁ (227) outlines the eftect of temper-
ature, pH, and other anions upcn the rate of nitrosation
of morpholine; however the rate of addition of the aitros
sating agent to the double bond is also ennanced by similar
factors (228), Since chloride icn accelerates the rate of
amine nitrosation (227) while having a less dramatic effect
upon the rate of olefin addition (228), the addition of
chloride ion may increase the yleld of N-nitroso product
‘without inoreased addition to the olefin.

The factors controlling intramolecular radical add-

ition reactions and the mechanisms involved could be stud-
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ied in great detall, Determination of tne quantum ylelds
of nitrosamlne, nitrosamide, and cnloramide cyclizations
could declde if a chain radical process 1s involved in

these reactibns. Esr techniques hBave not yet been success-
fully applied to nitrosamine radical reactloons ana, in thne
presence of spin trapring agents such as C-nivroso coampounds
(203% or nitrones (229), stable nitroxides could be obtained.
The use of isotopically labelled alxenyl nltrosamines or
nitrosamides would determine 1f NO is completely scrambled
during intramolecular cyclizations, ln a simlilar tashion
as in the labelled N-nitrosodlibenzylamine pnotodecomposit-
ton (3).

The photodecocmposition products oif niirosadines nave
been shown to be dependent on the wavelength and solvent
(41) and a solvent dependency for chloramine cyclizactions
was seen (53, 5#). The effeat cf changlng tne vemperature,
the irradiation wavelength, and the photolysis solveant upon
the yield and ring slze 1n’the aminiua and amido radical
cyclizations has not been fully determined. For exauple,
at higher temperatures carbon radlcal intramolecular add-
itions to a mT-bond give hlgher ylelds of ine thermodynam-
ically more stable six-membered ring compound (90). Anotner
vaiiable'in the nitrosamine intramolecular additions 1s
the acid concentration, as can be suggescted by the aepend-
ency of chloramine cyclizations upon acld conceatration

(11)., For nitrosamines, the concentration range availaple
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is limited by the decreased intensity ot the nitrosamine
uv absorptions at nigner acid concentrations (230). The
amount of.cyclization may also depend upon tne particuiar
acld used as a proton source, such as trifluorcacetic acid
or sulfuric acid compared to HCl, Because certain metal-
initiated aminium radical cyclizations give a vetter yleid
of azablcyclic compound (Discussion 3-2), une etrect or
metal ions present during tne photolysis ol a nicroso coam-
pound could be investigated.

If quantum yleld studies of cnloramides indicate a
radical chain prodess is occurring in the cyciization re-
action as in chloramide intramolecular abstractions (79),
then éarbon radlical initiated chloramlde cyclizatlion should
be possible, analogous to the radical initlated cnloramine
intermolecular abstraction reactions (132). It is also
probable that metal 1lnitlated halamido radical cyclizations
wculd ocour in a similar nahner as tne copper ion lnitlated
intermoleocular additions of halamides (8l). <{ne use ot
radical initiators in chloramide cycliizations would eli-
miheate the nigh energy irradlation required. PrPrimary
alkenyl halamides,,as snown in Scheme 4.3, and secondary
alkenyl bromamldeé, prepared using t-butylnypobroamice (&),
could also undergo radioal oyclizations to give bromolactaw

products,
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QNHBr
he O Q§
Br

S me 4

Since amido radicals are known to prefentlally ab-
stract a hydrogen from the alkyl, rather tnan tne acyl, side
chain (79), a competitive intramolecular cyclization may

snow similar type of preference for the airecticn of add-

ition (Scheme 4.4).

Scheme 4

In-this work simple cycloalkenyls nave oeen lnvest—
igated but several alternate starting materlals can be proy-
osed, Examples are shown in Scneme 4.5 of cycllzations

involving a nitrogen already in a ring, an extension of tne
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initial work by Chen with 24-2,

NO
v /\‘_\
e () -
‘\‘N'7
5 OH
%& o .
N”OH
b N~OH
N H* N N
NO \ﬁ
§gg.gme ﬂ.i

Substituent effects may be ilmportant in the rorm-
ation of cyclic compounds, and could modlly tue ring size
of the azacyclic compound or the direction of cycllzation.
The first two examples of Scneme 4.0 ilnvoive the possible
intermediary of a more stable benzylic radicali, jprovided
the benzjl nltrosamine does hot undergo facile benzylic
hydrcgen elimination; the compounds couid be prepared trom
‘g;gggrsub551Cuted styrenes (88). ‘Tne last two examples in-
volve nitrosamines 1in which cyciization to either end of
the dcuble bond would form a five-membered ring. The
oyclizations may be controlled by the electron densluy at

the T-orbitals and show substituent inductive etfects,
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) ) . . *
which could be correlated with the Taft g ~eéonstants as

to the direction of cyclization,

The ability to form spiro azacycles using eitner

aminium or amido radical cyclizations (Schneme 4&.7) woula

be worthwhile investigating.

| HO
ON_/
N‘N L N,{,_x)(
Q_)‘X E—
XZ0, H
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Followling the intermolecular additlon ol a nitrosaw
mine to a 1, 1l-dlalkyl olefin, a cleavage reaction usual.y
occurs (Eq 1.8) (1, 42). A similar reaction may also ocour
in the cyclization reacticns (Scheme 4.8)., oSince the clea-
vage involes a cyclic transition state witn tne particip-
aticn of the protonated amine, one isomer ol tne nltroso
compound, i.e,, endo-nitroso auwlne, may oe aecciupcsed
specifically, if both are formed. Alternately, Lhe C-nit-
roso adducts may eliminate HNO, in analogy to the corres-
ponding nitrite cyclization products (57), tc give tue un-
saturated azabicyclic compounds as illustrated witn tne

amido cyclization products in Schewme 4.8,

Sgheme 4.8
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As an extension of the work done in tnis labcrat-
ory (2), the cyclization reactions cculd be attempted witu
conjugated dienes, and a,B -unsaturated «etcnes, as snown
in Scheme 4.9, The last reacticn shown would tcrm a carbon
radical stabilized by both a carbonyl and a suifur groug,
but, since the orbital overlap between Lne auwiao radical

and the T-bond system ls poor, tne cyclization may be

difficult,
OH '
;
; N
O = 00
N N
NO\\ hk‘ X AN
' HO
0 hv O! ] HO-N
—> N | or
, HO
N N N
ON : H I NO |
S ' S
v : AN 0
N“ kr‘; [:;//L~T’
NO LN
: ~
Scheme 4,9

The extenslion of radical additions to double
radical cyclizations was demonstrated by Stella (1.2),
gshown in Scheme 4.10, and may be tried witn the corresipond-
ing nitroso compounds, as well as nitrosamides and chior-

amides,
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Although work in this laboratory (210) nas snowa
that exclusive benzyllic hydrogen ellimlnation occurs in
tne photolysis of N-nitrosobenzylmethylamine rather tnan
addition to styrene, the results of tne pnotolysls ot -
nitroscomethylphenethylamine show that B -sclisslon and pnoto-
elimination reactions are competitive, Since 1t 18 algo
known that photo-addition 1s ca. 10° times traster ctnan
G-elimination (1), the intermolecular addition or an
alkenyl nitrosamine to an olefin, followed by intra-
molecular radical cycilzatlon, could be a reasonablie re-
actlon.sequence, particularly 1f a-eliminacion 1s not
possible as shown in the first example of Scheme 4,11,
Further Jjustification for this proposal is found in ctne
current regearch in this laboratory by K.S. Pillay and
R.W, Lockhart, which demonstrated that intermolecular
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addition of a nitrosamine to one T -bona of a non-con jug-
ated dlolefin was focllowed by a certain amcunt oi latra-

molecular cyclization by the intermediate carbon radlcal.

\ ,NO }\J
\ |
+ Lr ¢ R N
\ R
P ) Hoy TOH
N s
Ar= “/\ — H N
ﬂ/\ NO ! ‘R H* (j )rl
R R
HO-N R
e ) =
+ — v
Ny
- N
&0 \V/”\\R _

Scheme 4,11

The last set of proposals involve mcdificatlion or
the environment of the nitrogen radical, and alternate
methods of generating the radicals. 4Yne nitroso derivatives
of alkenyl cyanamides (231), ureas (23L), lmices, N-t-
butoxyamides (69), urethans, sulfonamides (232), <etimines
(233, 234), hydroxyl anines (235), and thneir corresponding
N-chlorc derivatives (4), as snown in Figure 4.1, all could
be tested for radical cyclizatlions to olefinic bonds, Other
variations possible include the 1ntrdducplon of substlctuents

further way from the nitrogen radlcal to deterumlne tnelr

long range effect.
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In a series of pgra-substituted benzamide derivatives,
shown in Fi&gure 4.2, changlng the Y-group from electron-
donating to electron-withdrawing substituents may affect

the ability of the amido radical to cyclize to an olefin,

Pigure 4,2

Similar to those methods mentioned in the
Introduction, alternate procedures for generatlng nitrogen
radicals are listed below and could be investigated witn

regard tc radical intramolecular addition to olefius:
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Awinium radicals: metal ilon catvalyzed decompositions
of hydroxylamines (13) or hydroxylamine-U-
sulfonic acids (RNHOSO3H) (5,236).

Aminoppadlcals:.tetrazenes (48, 59, 60, o02), direct
'photplysié of amines (63) or:amidas (64), re-
acting amines with peroxides (48), decomposition
of peroxycarbamates (RpN-CO-Q0R ) (237).

Amido radicals: decbmpoéition of N-O-diacylhydroxyl-
amines (RCO-NH-OCOR) (71) or tetrazenes (67).
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CHAXTER §
EXPERIMENTAL

9~1 _GQeneral Technigues

Unless otherwise stated the fcllowing proceaures were
standard:

Infrared (ir) spectra were measured eitner cn a
Perkin-Elmer model 457 or a Unicam SP200 grating spectro-
photometer as a liquid film, Ultraviolet (uv) spectra were
recorded on a\Unlcam SP800 or a Cary li spectropnccometer,
and the absorptions (cm'l) are strong, unless aesignatced
as b (broad), m (medium), w (weak) or sh (snoulder).
Nuclear magnetic resonance (nmr) spectra were ootained on
a Varian A56/60 or a Varian XL-100 spectropnotometer using
deuterochlorcform with TMS as an internal standard. <Lne
decoupling experiments were performed on the XL-100. Chen-
ical shifts are reported in T units, coupling constants
(7) in hertz (Hz); the splitting patterns as s (singlet),

d (doublet), t.(trlpiet), q (quartet), m (multiplet), ana

b (broad); the half-helght width of a resonance signai 1is
given in hertz as Wi, and a D20 exchangeable proton is in-
dicated by D20 exch, Gas chromatograpny (ge) was performed
on a Varlian 1200 flame ionization chromacograpn using a 20%
SE-30 lO'xg stainlesé steel column, and the recorder was
equipped with a Disc Chart Integrator (model 244). Mass

spectra (ms) and high resclution mass spectra (Hrms) were
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taken with a Hitachi-Ferkin-Elmer RMU-GE lnstruwment with
an ion vcltage of 80 ev and the intensity o1 tne peaxs is
given as a percentage of the most intense peak. Lhe xgc-
mess spectra (gc-ms) were pertfcrmed using a Varian 1400
gas chromatograph using a 20% SE-30 coiumn coupled to tne
mass spectra instrument.,

Thin layer chromatography (tlc) was perrormed on
alumina or silica gel plates (0.2 -0.3 mm thnickness) 1l@-
pregnated with uv indlcator, and examlined by uv ilgnt anu
iodine vapor developer. <The 'wet colqmn! tecnnique was
utilized for chromatographic separations witn Brcokmann
alumina (neutral or basic, activity 1, 80 - 200 mesn) or
Mallinckrodt silicic acid (100 mesh). Melting polnts were
determined on a Fisher-Johns not stage or a Galienkaap
heating block épparatus, and the melting or boliliing pcints
were reported uncorrected. Elemental anax&ses were per-
formed on a Perkin-Elmer 240 Micrcanalyzer.

The reported percentmage ylelds ot the productg were
generally estimated from colum chromacography. Where ygc
integration was used, the product ylelds were uncorrected
for individual response factors.

In general, the combined organic extracts were dried
with anhydrous magnesium sulfate and fllctered. Organic
solvents were removed)by evaporation under reduced pressure

using a rotary evaporator.
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5~2 Cnemicglsg

Unless specified otherwise, Lhe annyarous soiveuts

used were reagent grade, distilled anu stored cver sodium
ribbon or molecular sieves (Type 34). KReageant grade
pyridine was stored over potassium hydroxide peliets, Used )
without further purification were 3-cyclopsntenylacetic

acld (Aldrich Cl1, 285-2), 3-cyclohexenylcarboxyilc aclda
(Aldrich C10, 235), n-amyl alconcl (BA 119y), 3 ,4,7,7a-
tetrahydro-4,7 -methanoindene (dicyclopentadiene, #C ana B
TX315), 2-methyl-2-butene (Aldrich m3270-4), bis-(2-methoxy-
ethyl) ether (diglyme, MC and B BX770), ooron tliucrice

ethyl ether (Eastman 4272) 4-vinylcyclohexene {(Alaricn
V220-8), N-methyl-N-nitroso-p-toluenesulionawiae (bilazala,
Aldrich D2800-0), 2-pyridone (Baxer U660), bromotricnlcrc-
methane (Aldrich B8225-1), N-metnylphenetnylamine (Aldrici
M6842), indoline (Aldrich 1560-5), tetranydroisgshlnollne
(Eastman 7065), and cyclohexene (MC and B €X2355). N-
nitrosodimethylamine (Eastman 7370) and li-nivrosoplperi-
dine (Eastman 2277) were distilled before use.

The gases used were obtalned irom Matneson Gas
Company. Metal hydrides used were lithium aluminium
“hydride (LAH,»wilshire Chemical Co., 97#), sodium boronyd-
ride (NaBH,, Pisher S-678, 98%), and sodium big -(2-metn-
oxyethoxy) aluminium hydride (Red-Al, 70% solucion in Cghg,
Aldrich 15,109-2). N-chloramines were prepared witn
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sodium hypochlorite solution (BA 2257, Cl* > 54&) or Perfex
bleach (Bristol-Meyers Cb., Cl*> 6é%). Concentratea hydro-
chleric acid, sulfuric acid, glaclal acetic acia, trirluorc-
acetic acid (Eastman 6287), snd 70% yerchlbrlc acld

(Mallinckrodt 2766) were used as supplled.

5-3 Fkreparation of Alkenyl Carboxylic Acids

5-3-1 3-Cyclopentenylacetic Aclid (1)

The acid was prepared by the wmetnod cor lNoller ana
Adams (116). The intermediate dietnylcyclopenten-3-ylaal-
cnate distilled at 140-~145° / 28 um (keported at 120° / o uw)
(116). N-methylamide lb-1 1s identical with tnat grepared

from the commercial available acid (5-1i-2).

5-3-2 4-Cyclohexeriylacetic Acid (2)

(a) In the hydroboration procedure (117, 118),
fregh boron trifluoride etherate (32 ml, 35g, 0.25 moles)
was added to a mixture of NaBHy (7.5, 0.195 moles) ana
2-methyl-2-butene (30g, 0.43 moles) in diglyme (80 aml)
kept at Oo, and thé mixture wa.s stlrred uﬁaer nicrogen fcr
1 hour. The suspensicn was fcrced under nilirogen pressure
into another flask contalning 4-vinylcyclonexene (35g, 0.325
moles) dissolvéd in diglyme (30 ml), An aaaitional 20 ol
of diglyme was uéed to transter the remalnling boron com-
pounds, The reaction mixture was stirred tor 2 ncurs at

00, The exoess hydride was deccmposed by water (10 wl and
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the product oxidized by the addition of aqueous NaOH (3N,
50 ml), followed by a 30% hydrogen peroxide solution

50 ml), with the reaction temperature always kept below
50°, The mixture was extracted witn etner twice and tne
ether dried and evaporated. The diglyme and unreacted
L-vinylcyclohexene were removed on a spinning band dis-
tillation apparatus (?0-800/25 am) to leave, as the
resldue, orude 2-(4-cyoclohexenyl)etnanol (19.7g, 0.150
moles, 63%).

The crude alcohol (5g, 0.04 moles) in acetone (LU0 @mli)
at 0° was oxidized with Jones' reagent (15 ul, CrO3 = 2,05M,
0,04 moles) (238) by stirring for 0.5 nours. ‘“he reaction
was flltered, and the acetone dried and evaporated. ‘ine
crude residue was made basic witn NaOH solutlion anda stirred
for 1 nour,lthen extracted with CHCla. The aqueous layer
was made acldic with dilute HCl and extracted witn CHéClz.
The CH2Clj acid extracts were dried and evajorated e glve
2 (2.82g, 0.2 moles, 51%). The overall yleld ot 2 was
ca. 30%.

IOxidatlons of the alcohol attempted with chromium
trioxide in acetic acid (239) or silver oxide in dilute
NgOH (240) gave low ylelds of acid 2.

(b) An Arndt-Eistert type synﬁnesis (120) was carried
out by adding the acyl ochloride prepared trom acia &
(20g, 0.16 moles) (5-4=-1) to a distilled etnereal diazo-

methane solution, previously prepared by the deccaposition
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of Dimzald (100g, 0.47 moles) (24l1). Atter reacting tor
2 nours at 0°, the ether was removed under reduced pressure
to gilve the diazo compound (ir 2100), This was taxen up

in a mixture cf dioxane (150 ml) and concentrated NH@OH

(60 ml) snd the solution heated vo 60°, Silver oxliae

(1g) and a 10% methanolic solution of silver nitrate (10 ul)
were added. The mixture was heated for 3 nours at 60°,

then filtered, The solvent was evaporated and ine crude
product dissolved ln.CHZClz. Af ter an aqueous NaUH wasn,
the CHZClé was drlied and evaporated. Lhne amide proauct was
refluxed for 8 hours in an aqueoﬁs solution (300 ml) oif «»OH
(25g, O.45 moles), tnen wasned witn CHpCly. Tne pasic
solutlon was acidified with dilute HCl, 1ollowed oy CHzClp
extraction. The acidic CHgClz extracts were dried and ev-

‘aporated to give acid 2 (3.2g, 0.023 moles, l&4.5k).

The spectra of g2 obtalned from eltner mectnca were
identical: ir 3200(b, m), 3025(m), 2920, 2860(sn), 2200(v,a),
1705,.1650(sh), 655(m); nmr v 0.28, (1Hd, s, DU excn),

4,82 (2H, s, W& = 4.5), 7.5 - 8.8 (9H, m); ms (50°) am/e Lko
(n*, 9), 122 (13), 80 (100), 41 (25), 39 (33).
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5-3-3 2-Cyclohexenylcarboxylic Acid (3]

(a) Modified Orignard metnod: Uistllied 3-browc-
cyclchexene (28-30°/5 mm, lé6g, 0.99 moles) disscived in
anhydrcus ether (100 ml) was added to wagnesium Lurnings
(2.4g, 0.99 moles) in anhydrous ether (250 ml). ‘ne
mixture was refluxed for 3 hours whille a siow stream of
carbon dloxide gas was bubbled thrcugn the sclution. bllute
Na2003 was added to the solutlon, stirred, and the organlc
layer separated. The basic aqueous phase was aclaltfied wictn
dilute HCl, extracted with ether, 'lhe ether extracts were
dried and evaporated to give acid 3 : 0.53g, 0.042 mcles,
4.2%; ir 3100 (b,m), 3040 (am), 2940, 2840, 2150 (b,a),

1705, 1650 (sh), 1230, 675 (m) nmr T 1.5 (1H, s, DU excnj,
4,15 (2H, s, W& = 4), 6,87 (1H, m), 7.8 - 816 (oH, m),

A similar procedure using litnium metal instead ot mag-
nesium, or following a normal Grignard proceaure, lnvolving
addition of carbon dicxide after the alkyl magnesium was
prepared, produced oniy the coupling‘producc, 2={2-cycicnex-
en-l-yl) cyclohexene.

(b) 2 - Cyclohexenyl anion (L21): Socalum sand
was prépared by heating sodium metal (llg, 0.48 mcles) in
refluxing xylene (100 ml), tnen vigorocusly snaxking as the
suspension codled. The xylene was decanted ana Low bolling
petroleum ether (800 ml) added. To tnls mixture was added

2-propanol(2 ml, 2.2g, 0.037 moles), cyclonexene (20g, 0.24
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moles), and l-amyl chloride (17.8g, 0.17 moles), previcusly
prepared from the reacticn ot thionyl cnloride witn De-amyl
alcohol, The reaction mixture was ilusned witn nitrogea,
and left in a closgd bottle tor 48 days witnh occasicnal
shaking., At the end of thlg time, carbon dloxide gas was
bubbled bhrough the solution for 3 hours, the sclution was
filtéred and poured over solid COp. At'ter 12 nours, lne
solution was made slightly acildic. 1he solvent was separ-
ated, dried, and evaporaned.bo‘yield crude acid 3 (3.29y,
ca, 0,026 moles, ca. 18%), contaminated with & saagii awount

of amyl chloride.

5-3-4 Cyclohexanecarboxylic Acid (5)

Acld 5 was prepared in 37% yleld by tne nhnuy oxid-
ation of oyclohexanecarboxaldehyde in HpSQy (242), and
converted directly into amide 7-1 (5-6-1).

c-4 Preparation of Alkenyl Amides gnd Aumines

General procedures for the preparation of the reqguired
unsaturated nitrogen starting materials are given below. 1Ine
data on specific compounds is found immediately preceediny
the desorippion of the decomposition reaction of tneir N-

nitroso or N-chloro derivative.
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5=4-1 Carboxamide Prepgragtion

Through a benzene solution of the acyl chloride,

obtalned by elther method a or b below, was buboled metnyl-
amine gas (ammonia gas for a primary amide) uantil cne
solution was basic (ca. 2-3 nours), <The soilds were riltered
off and washed with benzene. The combined benzene solutions
were washed with water, dried, and evaporated to give tne
crude amide which was purified by crystallization or carcm-
atography.

(a) To a stirred benzene soluticn (400 ml) at 0°
containing the carboxyl;c acid (ca. 0.2 moiles) anu pyriaine
(20g, 0.25 moles), thionyl chloride (25g, 0.22 woies) was
added dropwise. The éolutlon was stirred tor 1 nour, thnen
the amine gas bubbled through as abcve,

(b) To the carboxylic acid (ca. 0.2 moles) and
pyridine (1-20 ml) at Oo, tnionyl chnloride (25g) was slowly
added, and the amixture left overnight at room teamperature
in a flask fitted with a drying tube, The excess tarcayl
chloride was removed by vacuum distillation. Benzene
(150 ml) added to the residue, and elther the awmine was
bubbled thpough as above, or the benzene'solution used tor

the Curtius rearrangemépt (5-4-=3).
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5-4-2 Hydride Reduction of Amide (123)

An anhydrous etner solution cf the amide (ca. V.00
moles) was added to a suspension of LAH (5g, 0.13 woles)
in ether (150 ml). The mixture was refluxed for 24 nours
with an efficient condenser or stirred at room teaperature
for 48 hours. A 3N sodium hydroxide solution was slowly
added to decompose the wixture, the ether was decantea, anu
the solids washed several tiues with etner. Ilne combined
ether solutlons were dried, and the ether rewucved turougn a
Vigréaux colum to give the amine. An alternate procedure
to obtain an HClL solution of the amine airectly 1or furtaer
reactions, involved éxtractlion ci the etner solucion witn

several wasnes of dilute HC1,

5=4-3 Curtiug Rearrangement

A similar procedure (126) used acetone as bthne solveat

but was found to be less satisfactory due to ctne tormation

of urea and primary aalde products. Tne acyl cnloride
(5-4-1b) in a benzene solution was slowly added to a stirred
aqueoué solution (40 ml) of sodium azide (log, 0.25 moles)
while the temperature was kept below 5°, Atfter 2-4 nours
reaction at O°, the layers were separated and the agueous
phase washed with benzene, The comblned benzene solutions
were dried (Oo), and refluxed for 3 nbubs using ctwo condensers

in serlies. Decompositicn of 3-cyclconexenylacyl azide requirea
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40 hours reflux to complete the rearrangement.

5-4-L Reduction of tne Isocyanate

The benzene solvent could be evaporated tc give tue
isocyanate, and an LAH reduction procedure (125) similar
to 5-4-2 used to prepare the methylamine, put bettier yieius
were obtained in the procedure outlined below. 4 70
solution of Red-Al (15 ml, 15g, 0.052 woles Ior tneoretical
0.036 moles of 1socyanate) (124), dissolved in openzene (1)
ml), was added to tne isocyanate benzene solution. Aitver
refluxing for 12 hours, the mixture was decomposea with
water. The benzene solution was washed witn ailuve dCl
gseveral times, and the aqueous acid solution extracted witin
ether. The ether extracts were dried and evaporated using

a Vigreaux column to give the methylaminé.

5=k-9 Hydrolysis of the Igocyanate

The primary amine was prepared by stirring tne

isocyanate (ca., 0.12 moles) in benzene witn concentrated
HC1 (30 ml) for 2 hours at room temperature, followed by
20 minutes refluxing. The benzene layer was separated ana
washed with dilute HCl. The combined acid solutions were

basified with NaC03 and extracted witn CHpClp. ‘the CHyClj

axtracts were dried and evaporated to give tne auine,



57

5-4-6 Acetylation of che Primary Awine

The acetamide was prepared in trne norsal ganner
(122) using tne following procedure. <Lhe amlne (ca. 0,0l
mole) in dilute HCL (?jrml, pH = 6) at 0° was stirrea witn
acetic¢c anhydride (10 ml). Tnen an aqueous soluvion (50 ml)
of sodium acetate trihydrate (l0g) was added, anda the
gsolution left overnight in the refrigerator. <Yne golutiocon
was extracted with CHpClp,, and the CHpClp extracts aried
and evaporated to yleld the acetamlde, Lne acetamiue was
purified by c¢rystallization or chromatography,

5-5 Preparaticn of N-Nitroso and N-Chloro Compounds

The prepared N-nitrosamines were purified by chrcm-
atography through neutral alumina (ca. 20g, benzene cr
CH,Cl, as elutants) or by distlllilation. Lue to tneir tneraal
and phbtbchemical instability, N-chloramlneé, N-chloraumides
(4), and N-nitrosamides (130) were used without Iurtner pur-
ification. The data for the radical precursors 1s summar-

ized in Tables 2.2 to 2.6.

9=9=1 Sodium N;trlgé Nitrogation

(a) Nitrosamines: The compounds were prepared oy
the standard method (128), The procedure tor awmines with
reacﬁivé doubie bonds involved dissolving tne amine (0.02
moles) in water (100 ml) containing concentraved HCL ( 2 ami,

0.06 moles) and etner (100 ml) was added. NaNOp (l.5g, 0.022
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moles) was added in poprtions to the stirred solution at 0°
and the mlxture was allowed to react for © nours. wine
etner layer was separated and the agueous layer wasned wictn
ether. After drylng, the etner extracts were evaporated

to give the nitrosamine,

(b) Nltrosamides: The procedure of wnite (129),
using acetic acld and acetic anhydride as soivent, was
followed in the majority of the preparations but a awocdifled
procedure, involving less NaNO,, 1s outlined below. To an
acetlo Acld (10 ml) and acetic anhydride (50 ml) sclution
at 0° containing the amide (0.007 moles) was added sclid
NaNO, (3,0g, 0.04 moles) over a period cf 1 nour. The
mixture was stirred for an additional 2.5 hours. Water
(150 ml) was added and the solution was extracted witn
ether, Thg ether extracts were wasned with water, tnen
dilute N32603 soluticn until basic, followed by anctner

water wash., After drying, the ether was evaporated tc give

the nitrosamide,

5-6=2 Dinltrogen Tetrgxide Nitrogation

(a) Nitrosamines: The metnou of Wanice (129) was
modified as shown. The amine (0.03 moles) was dissolved in
CH,C1, (70 ml), anhydrous sodlum acetate (9g, l.l moies)
wés added and the mixture cooled to -10° (acetcne-ice patn).
To the stirred mixture was added dropwise over a 2 ncur period

a fold éolutlon (-10 to 0°) of N204 (3g, 0.032 woles) in
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CH,C1, (3¢ ml). Tne mixture was stirred at -10° i1or 0.5
hours further. Water (50 ml) was added, ana the CH,CL,.
layer separated., The solvent was washed wiin waier, ailute

HCl solution, dilute Naco3 golutlion until basic, tuen wacer
again. The CH3Clz 1gyer was dried and evaporated to give
the nitrosamine,

(b) Nitrosamides: A similar proceaure as above
was used without tne dilute HCL wasn atter nitrcosatvion. 1n an-
other preparation CCl, was used as the solvent and tne Npuy
gas was condensed in a separate uweasurling cylinder, tuen
allowed to evaporate intc the stirred mixture cof auwide and

sodium acetate in 0014 at -10°,
In the N204 nitrosation of 3-cyclohexen-l-ylacetamide,

a fifty fold excess of pyridine,compared tc acetamlue l-d |

present 1ln the 0014 gsolution during nitrosatlon increasea

the yleld of nitrosamide from 60% to 75k.

£-5-3 Prgpgfatlon of N-Chloro Compounds

A standard procedure (32, 78) was usea to prepare
both chloramines and cnloramides as outlilned in tuls example.

The gecondary nitrogen compound (0.09 moles), dissolved in

CH,Cl, or ether (50 ml), was stirred at 0° and sodium nypo-
chlorite solution (or Ferfex bleach) (50 ml) was aaaed.
After 1 hour, the layers were separated and tne aquecus
portibn extracted several times. The sclvent was dried ana

evaporated to yleld the crude N-chloro compound winlcn was

reacked immedlately.
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5=6 rreparation or Ccmparison Compounds

5-6-1 N-Nitrogo-N-Methylcyclohexanecarooxamide (7-2)

Carboxyllic acid 5 (1.27g) was converted in o0% yield
using method S5-4-l1lb to N-methylcarboxamide = = a.p. '
107-109° (€gHg - CgH12); ir 3300(b), 2940, 2860, <800,
1640, 1550; nar T 2.1 (1H, b, Dy0 excn), 7.22 (34, d,

J = 4.5, collapses to singlet on DpU excnange), 7.5 - 9.0
(11H, m); ams (100°) 142 (M+ 1, 15), 14l (M* , 25), ll2 (1),
100 (10), 86 (100), 83 (50), 73 (65), 58 (651, 55 (100).

NaNO, nitrosation (5-5-1b) gave an 87» yleia of nitro-
samide 7-3 : ir 2940, 2860, 1725, 1500, 1205, Yo5:
nor T 6.3 (1H, b), 6.92 (3H, s), 7.8 - 8.9 (10H, m);
uv- (€ in CgHg) %29 (115), 410 (110), 393 (e5), 375 (4u).

5-6-2 N-Methylindoline (41)

Following a standard procedure (243), inuoiine
(1.10g, 0,01 moles), methyl iodide (0.7 ml, 0.0l moles) anu
annhydrous NapC03 (2g) were stirred for 15 nours at 25° in
anhydrous MeOH (50 ml), The solution was fllitered, evaporated,
and the residue taken up in ether. kvaporation oI tae etaer
gave an oil (0.85g) which was chromatographed con silicic
acid (15g). Eluted with CH,Cl, , before the unreacteda in-
doline, was N-methylindoline : 0.42g, gc (140°) 4.8 ain;
ir 3040 (m), 3020 (m), 2940, 2915, 2845, 2800, 1605, 1480,
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1460, 1270, 1110, 740, 710; nmr 7 2.9 - 3.8 (4d, m),
6.7 - 7.4 (4H, m), ?7.42 (34, s).

5=7 Fhotolysls Apparatus and Fllters

If not expressed in the text, tne Apparatus ls pyrex
and the descrlption of the conditions of tne +NOCOLYSig wisd
be arranged as follows:

Apparatus (I; lI or 11l), atwmcspnere (N, or 02),

lamp (Watts abbreviated as W) , filter .

5-7-1 Apparatusg
For preparative scale phctolyses, tnree types of
apparatus were.uSed.

(a) Apparatus I : Apparatus 1 (figure 5.1) nas peen
described previously (185, 190). Thne medium pressure lauag
(200 W, Hanovia 654A36 ; 450W, Hanovia 079A30 ; i0UW, hanovia

8A36) was placed in the lamp well, wicthin a cyiluaurical
glass filter it required. Elther tap cooling watler or an
externally cooled filter solutlion (circulated witin a peris-
taltic pump) was passed tﬁrougn the cooling Jacxket. Nictrcgen
(scrubbed with Flesér's solution, tnen leaa acetate solution,
followed by.concentrated HpS04 ) or oxygen trom a cyliuder
was bubbled through the gas inlet, The condenser was ficted
with elther a gas trap or a drylng tube. A magnetic bar
stirred the photolysate (ca, 225 ml). Lne apparalus was

further coocled by immersion in a container oi ice or cold

water,
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Apparatus 11 : Apparatus 11 (Figure 5.2) was

used for a smaller volume oif photolysate (ca. 130 awi).

The procedure was the same as ror Apparatus 1l except tnatc

a stream of nltrogen served to agitate tne sclutlion.

(c)

Apparatus III : Apparatus 111 (Figure 5.3) was

photolyzed in a Rayonét photochemical reactor (Soutnern

New England Ultraviolet Co.) with fifteen low pressure

o ,
lamps (RPR 3500 A”), Nitrogen, passed througn ihe gas

inlet tube, provided aglitatlion oif tne solution. Iin add-

ition to the cooling fan, an externally cooled solution was

circulated through the cooling shileld.

5-7-2 Filters

The transmittance curvesg of tne glass filcers and

the filter solution used in the phnotclyses are sncwn in

Figure 5.4, and described below,

(a)

(b)

(c)
(a)
(e)
(1)
(g)
(h)
(1)

Vycor
Corex

Pyrex

‘New Nonex® (2u4)

014 . Nonex %%
Nonex and Pyrex (2 layers)
QWY **

Sodium nitrite sodium pnthalate tilter solution (<451

Corning CS 7-60

* Courtesy of Corning Glass
*## Courtesy of N.J. Turro
### Ccurtesy ©of Janeger Glass



lu)

CONDENSER

PHOTOLYSIS
SOLUTION

LAMP WELL

Apparalidy &

rlrure 9.l

WATER OUTLET\

GLASS FILTER

.4_

///////,V/ /,//////,,/ ////////éy////,

T )

//””/flr AARRARAS LR BRRARAR AR AN BRI RWEAV LRACRLS LR AN ./f%

e - o i > ot s —————

A R N NS, .?f/f///f’f//f//////l/// R RN f////..’

e MAGNET BAR

5"1

OR :
FILTER SOLUTION

COLD WATER

GAS INLET —LC ‘



Lok

COOLING INLET

COOLING OUTLET
e

\
Qf mil GLASS FILTER
CONDENSER LAMP WELL
, SAMPLING PORT
-’n. 'l. . - ¥
OIS
NITROGEN GAS
(D
PHOTOLYSIS » S
SOLUTION
CORK
SUPPORT

Figure §.2 Augaratus Ll



165

NITROGEN
GAS 1

CONDENSER

WATER INLET WATER OUTLET
> ‘ = ——

ie

s/

11/

11/

N4 -

"Mt/

"

1t/ PHOTOLYSIS
7/ :

/ ‘ J—77 soLomion

Y |

"1/

0
’

N

Filgure 5.3  Apparatus i1l




ost

oot

(WN) HLIONII3AYM

ose 00¢

002

ivo

r

SI29T1T4 JO SoAIN] UOTSSTWSUBRI]

NOISSINSNVYL %



107

9-8 Radical Ueneration Yrocedures

5-8-1 N-Nitrosamine Photolysis (42)

A methancl solution of the nitrosamine (ca. 0,03 ii)
containing concentrated HCl (ca. L @ml, 0.012 moles) was
placed in the apparatus, usually witn a Nonex i{liiter, and
gas bubbled through for 15 - 20 wminutes. Thne mixture was
photolyzed until the n~ T * absorption (ca. 350 na) had
disappeared, normally within 4 nours. <The reaction was
monitored by uv, with aliquots of the photolysate reuwcved
at intervals and dlluted to the desired volume, A zero
hour sample was retained in the dark and the uv spectrum
examined at the completion of the pnotolysis. <Luere was
no noticable decrease in the uv absorption, lnalcatlng tne
absence of thermal reactlions.

.The photolysate was evaporated about room teaperature
and the residue diluted with water (ca. 50 wl)., Aiter ex-
traction of the neutral/acidic material witn ecuer or a

chlorinated solvent, the soluticn was basitied to the pH y-1il

region with Naz°°3° The basic fraction was extracted. 4in
some cases, contlinuous neavier-than-water ililguld-iiquid ex-
traction was employed to recover additlonal material, ‘ine
solvent extracts were.dried and evaporated to yleld the re-
spective mixtures which were separated into componeanvs by

colum chromatography.
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5-8-2 N-Nitrosamlide Photclysis (73)

A procedure similar to the nicrosaminé photolysis
was followed, using benzene solution without acld. wne
sodium nitrite sodium phtnalate filter solution (figure 5.4)
was used to cut off the light below 400 nm, Tune uisapyear¥
ance of the nitrosawmide peaks about 405 nm were usconitored
to follow the reaction. After removal 01 the pnotolysace

solvent, the mixture was chromatograpned alrectliy.

5-8-3 Fhotolysis of N-Cnloro Compounds

The same procedufes as above were used, 5-8-1 for
chloramines and 5-8-2 fbr chloramides. The N-cnloro
compounds were dissolved 1n benzene, acetic aclia or UClu'
and photolyzed in a quartz apparatus uslng a Vycor tilcer,
The dinuppeérénce of the N-chloro compound was wonlicred
by lodometric titration of cthe positive cuicrine (3o) using
a modified procedure, The photclysate (2 wl) was added tc
a solutlion of acetone (10 ml) contailning ca. 1 wl of a 10z
acetic acld solution saturated with KI. <The ilperated ilodine

was titrated with a 0.1 N sodium thiosultate solutliun,

5-8-4 N-Chloramine Reactions with lMetal Saits

(a) Iron Salts Catalyzed Reaction (10, 1l) : Tne
chloramine (ca. & mmoles) was stirred at 0° in an acetic

acid solution (50 ml, glacial or 50% water) witu varying
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concentrations of HpSOy cr HCL. Yo ctnis wixture was adaed
from 0.3 to 1 equivalents of hydrated trerrous sulfa;e
(ca. 1.5 g), and in one case a ferric cnioride solution
(ca. 0.5 equivalents of the chlorawine). Alter mcre tuan
1 hour stirring, tne mixture was extracted witn an organic
solvent and washed with dilute NapCO3. Al'ter arylng, tne
solvent was evaporated to glve the cruue residue. Lhe res-
idue was elther separated intc acldic ana basic Ilractions
as in 5-8-1, or chromatographed directliy.

(b) Silver Nitrate Catalyzed Reaction (j3, Ik,
36) : To the chloramine (ca. 0.035 moles) in wetnancl (35v
ml) was added silver nitrate (ca. 8g, 0.0k5 woles), anu tne
mixture was refluxed for 2.5 hcurs ln che daark. sSatwated
NaCl sclution was added untlil no uwore preclpicate tcrmed
and the solution was filtered. <IThe solvent was evaporaled
and the products separated lntc acidalc and basic tracticns

as in 5-83-1. The components were lsolated by caromatography.

5-9 Photolysls of Alkenyl Nitrosauwldes under Np

§-9-1 N-Nitroso-N-methyl-3-cyclonexene-l-carboxamiue

(gié) '

Reaction of acid 4 using mécnbd 5-4-1lo, tollowed oy
recrystallization from ktOH -hexane gave an 8ld yleld or
carboxamide 8-1 : h.p. 87-89° (literature 88-90°) (2u4o);
ir 3300(b), 3100(m), 3030(m), 2930, 2900, 2840, lo35, 1500,
640(m); hmr T 4.0 (1 H, b, D0 excn), 4.33 (2 H, s, W = 4),

7.19 (3 H, 4, J = 4.5, osollapses to 5 on D@“ excnange),
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7.5-8,3 (7 H, m); as (850) 139 (k%Y , 100), l2& (13), 110
(40), 82 (73), 81 (83), 79 (49), 73 (32), 07 (0d), 58 (79).
Nitrosamide 8-2 was prepared by eltner wethcd 5-5-10
or 5-5-2b to gilve nearly quantitative ylelds. Wweaxk peaxs
at 1645 and 1550 cm™t were observéd in che ir spectrum,
caused by nitrate and nitrc additicn proaucts. <Lne nar
spectrum snowed no aaide resonance peaxs at T 7.1y and tnat
> 90% olefinlc bond remained. A saumple coataining > yse
§:& had tnebfollowlng characteristics . ir 5050 (w), 29«0,
2840, 1725, 1500, 1210, 650 (m); nar 1 &4.30 (2 H, 8, Wg = 5),
6.2 (1 H, m), 6.9 (3 H, 8), 7.5-8,2 (0 H, m); uv ( ein Cpdg),
428 (50), 408 (85), 392 (60), 375 (50).

(a) A benzene soluticn (250 ml) or 8=2, prepared
from 8-1 (2.2g, 0.0158 moles) was pnotolyzed tor 2.5 aours
(Apparatus 1, Ny, 200 W, > 400 nm filter sclution). Ine
formation of C-nitrosoc diser was lndicated by an increasiiy
peak at ca. 295 nm. Evaporaticn of the solvent gave a re-

sidue which showed dimer peaxs at 1220 cm ™+

and a singleu

at T 7.09. The dlmerrpeaxs disappeared when tne sample ne,t
or chromatographea, A solid (0.llg) precipitated from tne
photolysate and an édditional 0.62g were cobtained oy crys-
tallization of the residue ( EtOH - HpU), <Lhe comolned
solids were recrystallized from nexane - EgOH, tnen bLtud,
to yleld anti-cximinolactan 22=-1 ¢ @m.p. 203-2050, ir {(nor)
3300 (b), 3100 (m), 2980, 2800, 1670, igjb, 950, 920; nur
(100 me, pyridine - d5) T 5.92 ( 1 R, dd, J T 5.5 aand 1),
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6.4-6,7 (L H, m), 7.20 (3 H, s), 7.48 (1L H, m), 7.7-0.4
(5 H, m); ms (130°) 168 (M* , 1&), 152 (1&4), lsi (1lU0),
123 (1l4), 110 (37), yo (26), 94 (i&4), 42 (L4O).

Hrms at M* : Calca, lo8.08y8 ; rcund, loB.lstz.

Anal, Calcd for CgHipNo,0p ¢ C, 57.145 d, 7.1k, o, lueu/e
Found : C, 57.27 ; H, 7.47; 4, lo.oC,.

Decoupling experiuments showed the T 5,52 anu T 7,48
slgnals were not coupled to the T 6,5 signal ¢t the equat-
orial C - 3 proton (2), Selective reducticn oI the lactai
carbonyl with trimethoxyllithium aluminium nydride (247) or
diborane (248) falled, since tne recovered residue showed
a strong lactam peak at 1670 cm L,

(b) Nitrosamide 8-2, prepared trom g-1 (2g, 0.0l4
moles), in benzene (230 ml) was photolyzed Icr o Auurs witn
the above conditions. After evaporation of the solivent, tne
residue was dissolved in a 50% EtOH soiution (o0 wml) con-
taining scdium bisulfite (35¢) (138), and was heaceq tor o

hours on a steam bath,. Tne etnanol was distilled oi1 and
the solution baéifiedvto vl 9. CH2012 extraction and ev-
aporation of the extracts gave aminoxetone 22-5 (|,23g

8 mmoles, 56%). A similar bisulfite nyarclysis ci a mixture
of anti- and gynp- cximes 22-1 and 22-2 (2:3 ratic), isola-
ted by chromatography as described in 5-8-1 c, gave a Jop
yleld of ketone 22-3 : Distilled at 84-88°/ 5 mm;

ir (cCly) 2950, 2870 (sn), 1735 (sn), 1715, loks, 1400;
nmr 7 6.3 (L H, dd, J = § and 2), 7.14 (3 H, s), 7.2-8.15
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(7 H, m); ms (30°) 1sb4 (M +1, 11), 153 (M* , ol), 137 (il),
125 (u4), 110 (22), 109 (17), 97 (100), Yo (&4}, 80 (Z2o),
79 (22), 69 (67), 68 (42), 42 (y2).

Hrms at M " : Calcd for 08511““2 , 153.078Y.
Found, 153.0744.

Other metths were attewpted CO prepare tue setcne
from the oximé mixture. Stirring tne mlxture witn elthner
cerium (249), or titanium (250) salts gave less than a L5
recovery of a mixture of compounds, as Judgea by tic,
Stirring the mixture 1n'CH2012 (15 wl) with 2 & HCL (i2 ml)
gave ca, 60% recovery of a mixture ot oximes and xetone,
as judged by the N - CH3 singlets.

The attempted selectlve reduction of the amide car-
bonyl of 22-3 with LiAl(O0CH3)5 (247) was unsuccesstul since
the product stilll showed the 1690 cu~t peak. Heating Hevone
22-3 with ethylene glycol in the presence o1 p-tcluene sul-
fonic acid (251) gave a 38% ylela of lactam xketal 22-k :
ir 2950, 2880 (m), 1690, 1450, 1390, 11l5; nmr To.4
(4 H, m), 6.7 (1 H, dd, J = 5 and 1), 7.15 (3 H, 8). Treat-
ment of the ketal 22-4 with diborane (248) gave a resldue

1 absorption,

sti1ll showing the. 1690 qm'
Ketolactam 22-3 (1.07g, 7 mmoles) was relluxea witn
LAH (2g, 0.05 moleé) for 48 hours in ether (150 ml). ‘“ne
reaction mixture was treated witn 3N Nalad gciution anc
worked up in the usual fashion (5-4-2). ‘W'ne etner was
removed through a Vigreaux columm to give a amixture ol enco-

and exo- aleohols 26-1 and 27-1 (ca. 3:1 racio) : 1.0g,
0.0065 moles, 92%; 1ir 3400(b), 2940, 2860, 2790(m), 1455,
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1080, 1010; ir (nexane) 3534, 3622 (w) (literature 353Y,
3628) (87); nar 7 6.1 (0.25 H, b, Wg = 8), 6.55 (0.75 H,
b, W& = 11), 7.0 (1 H, s, D,0 excn), 7.52 (3 H, s).

The mixture o: alcohols (0.15¢, 0.001 moles) in
acetone (1 ml) were shaken at 0° with Jones' reagent ( 1L al,
2,65 M) for 20 minutes. ster (4 ml) was adaed ana the
acetone evaporated. Aqueous\ KOH was added untlil cthe solu-
tion was baslc QpH 9), and the solution was extracted witn
CHZCIZ."After drylng, the CHpClp was evaporated to give
aminoketone 28-3 : 0.09 g,0.7 mmole, 60%; ir 2940, 2870,
2780 (m), 1710, 1450, 1200; nmr T 6.6y (1 H, dd, J = 9.5
and 6), 6,76 (L H, bd, J = 5.5 and 1), 7.4 (1 H, a),

7.55 (3 H, 8), 7.6-8.6 (7 H, m); ms (150°) 13y (K" , 23),
111 (23), 83 (23), 82 (L00), 67 (7), 55 (7}, 42 (39). Lne
spectra were identical vo 26-3 preparéd Lsposite et., al,
(139).

Attempted oxidation of tne alconol mixture (0.1l g)
with Cr03 in acetlic Acid (252) for 5.5 hours ga?e a resldue
(0,07 g) which exhibited no N-CHy singlet in nar spectrua,

A mixturé of tﬁe alcohol iscmer cf 2-plperidinocyclonexancl®
were treated with AgC0O3 on celite 1n a oenzene solution (253},
or with DMSO in acetic anhydride (254), but tne products frow
| either bééction showed a strong 3300 ca~l ir absorption

for the alcohols and only a weak 1715 cm~t peaxk for tne
ketone,

*  Courtesy h.5, Pilllay, this labcrauwory.
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(¢c) Fnotolysis or 8-2, prepared trom 3-1 (2.5 g,
0.018 moles), in benzene (350 ml) ror ©.75 hcurs as aoove,
followed by evaporation of the solveni, gave a resldue (; g
whlch showed four N - CH3 singlets in tne nar spectrum
(7t 7.09 major). A pdrtlon of tne residue (2.4 gJ) was chrom-
atographed on basic alumina (120 g). The tirst tracticn

(0.26 g) eluted with CH;Cl, contained é 1:1 ratio ot keto-

lactam 22-3 and nitrate lactamw 23-2 : ir 1630, 1280, bouo;
nar T 7.07 (8) (See 5-10-1). Ketolactam 22-3 (0.25 g) was
eluted next with 1% MeOH - CHpClp. The third fraction gave
a crude compound tentatively asgsizned as awmlde 25-1i : 0,00 g;
ir 3400 (b), 2900 (b), 1670, 1550 (m), 1400, 1070 (a),
1050 (m); nmr 3.7 (1 H, m), 4.25 (1 H, @), 0.2-6.7
(2 K, m), 7.21 (3 H, s); ms (30°) 168 (k* , 67), 137 (90),
109 (27), 96 (67), 80 (87).'79 (L00), 55(53), 42 (47).
The next fraction (0.43 g) eluted witn 2% NeUH - ChHzClp
was estimated as a 4 :.2 : 3 : 2 mixture oI tne teuntatively
assigned C-nitrogo dimer 23-1 or 24-1, awmlae Z25-1, gyn-oxlae
22=2., and antl-oxime 22=1, based on the ratios or ctne =Gty
singlets in the nmr spectrum. 2-3% MeOH - CH2Clp as tne
elutant gave anti-oxime g2-1 : 0.3l g; nmr 7 6.1 (1 H, od,
J=5), 7.18 (3 H, 8). Later fracticns (0.8l g), eluted
with 4 - 100f MeOH, were shown to contain, in addition tc
anti-oxime 22-1, various percentages of gyn-oxime 2Z2-2 :
nor T 5.35 (bd, J = 6 and 1), 7.11 (8).

The approximate ylelds based on starting awide g-1
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were 4% nitratolactam 23-2, 18% ketone 22-3, Op awide 25-1,
6% C-nitroso dimer 23-1 or 24-1, 37% anci-oxiwe gg-1, and
19% syn-oxime 22-2.

5-9-2 N-Nitrogo-N-(3-cyclohexen-l-ylmetnylj acetamide

———

From carboxylic acid & (20 g), uvne acyl cnloriae was
prepared and reacted in benzene witn amwonia (5-4-ib). Une
primary carboxamide was reduced witin LAH (5-4-2) to primary
amine 19-4 : 1ir 3300 (b), 3030 (m), 2980, 2920, 2800, 1440,
650 (m); nmr T 4,33 (2 H, s, W& = 4}, 7.38 (2 H, d, J  5.5),
7.6 (2 H, 8, D0 excn), 7The amine was abetylaced (5-l-5)
to give a 34% overall yleld of acetamlde‘zzi : 8.1y g;
ir 3300 (b), 3080 (b), 3020 (m), 29i5, 2840, loks, L5ks,
1435, 1370, 1295, 655.(m); nmr. T 3,0 (1 H,.b, U,0 excn}),
4,34 (2 H, s, W& = 4,5), 6.8 (2 H, bt, J = 6, coliapses
to 4 on D,0 exchange), 7.7-8.9 (10 H, m; s at 8.03); ms (509)
154 (M+ 1, 22), 153 (M7, 28), 94 (ol), 79 (100), 74 (50),

73 (83), 60 (33), 43 (61); ms (30°) 154 (12), 153 (70),
125 (20). ‘

Hrms at M* : Calcd for CgHygNO , L53.1li54,
Found , 153.1124.

" (a) Acetamide 9-1 (1 g, 6.5 mmcles) in CHyCl, witn
N0y (1.5 g, 0.016 moles) as described in methoa 5-5-2b to
give nitrosamide 9-2 : 1.26 g; ir 3020 (m), 2920, 2849,
1725, 1640 (m), 1550 (m), 1500, 1380, 1120, ol5 (m);
nar T 4.43 (1.75 H, s, W& = 45), 5.77 (0.2 &, 4, J = 6),
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6.28 (1.8 H, bd, J = 6), 7.21 (3 H, s), 7.65-9.1 (8 d, m);
uv ( € in CgHEI426 (90), 407 (85), 391 (50}, 370 (30).
Nitrosamide 9-2 was photolyzed in benzene trcr L.75
‘hours (Apparatus I, N3 200 W, GWV filter). Thne crude re-
sidue, after evaporation df the solvent, was carcaatcgrapned
on basic alumina (70 g). The first fraction (0.07 x) eluted
with CH2C12 was a phthalic ester, the plasticizer troam tne
Tygon tubing used to transfer N,Oy,. The next four fracticus
(0.3% g), eluted with 0.5-1% MeOH - CHyCl, , were a @ixCure
of the parent amide 9-1 8%; nmr « 4,34 (s, W& = 4.5),
6.85 (bt) and twc other compounds which snowed acetate sing-
lets at 78,0 and whose data was obtained trom tne fraction
rich 1n the respective compound. Tne rirst ccouwpcund tormea

anti-oxime 29-1, m.p. 180-185° (dec,), when allowed to

stand in CHpCl; and was assigned as C-nitroso almer g9-k :
5%; ir 1220; nor T 4.93 (m, W = 13), 6.38 (¢, J = 3.5);
////;; (70°) 182 (21), 167 (32), 139 (26), 123 (53), Li0 (47),
29 (37), 68 (100), 43 (53); uv (CHuCl,) ca. 300 nm. Une
second compound. was Ketoamlde 29-3 : 4%, suolimed 1200/
1 mm; 1ir 2940, 2880, 172§, 1630; nmr T15.86 (o0d, J = §),
\ 6.35 (4, J = 3), 657 (s, W& = 5); ms (100°) 167 (u+, 28),
139 (25), 126 (50),110 (50),68 (100), 43 (56). |
The remélﬁlng fractions (0.51 g) were a mixture of
ant¢l and gxn}oxigeé 29-1 and 29-2 (44%, ca. 4:1 ratio),
The fractiops containing largely syn-oxime 29-2 showed
a broad doublet at T 4.60 (J = 5.5). Anti-oxime was crystal-
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lized from acetone : m.p., 160-163° (dec.); ir (KBr) »300(bnJ,

2940, 2880, 1615, 1460, 1420, 955, 940; nar r Gu5 (1 &, o,

D,0 exch), 5,61 (L H, bd, J = 5.5), 6.49 (2 4, m), 7.45

(1L H, bm), 7.93 (3 H, s), 7.6-8.6 (6 H, m); as (Y0°)

182 (M* , 25), 165 (8), 123 (100), 85 (40), 83 (52), 80 (1i7),
68 (17), 59 (33), 43 (54).

Hrms at M* : Caled for CgyHjyN>0,, 182.1055.,
Found, 182,.,1009,

Anal, Calcd for cgnlumzoz G, 59.32t B, 7.74;
N, 15.37.
Found: C, 59.18; H, 7.80;, N, 15,40,
Treatment of a mixture of the oximes (0.1l g) in
6N HCL (20 ml) for 5 hours on a steam bath gave a mixture
(0.08 g) of ketone and starting oximes, identiried by tlc
and the 1r'absorpt16ns at 1725 and 950 cm’l.
(b) Nitrosation of 9-1 (2 g, 0.013 moles) witn
NaNO, (30 g, 0.029 moles) by method 5-5-~lb gave a mixture or
compounds showing no oleflinic protons in the nmr speciruia.
These compounds were éuggested to be NpOy-adaucis 01 nicro-
samides 30-1 and 19;3 : Ar 1725, 1640, 1545, 1500; nmr T
4,1 (m), 4.28 (m), 7.25 (8)s fnotolysis of tnis mixture
in benzene (225 ml) for 6 hours (Apparatus I, Np , 200w,
>400 nm filter solution) showed no C-nitroso dimer peak
appearing ih the uv spectra. Evaporation oi the solvent
and chromatography of the residue on neutral alumina (70 &)

gave only 0.47 g of recovered material, none ci whlch was
4

an oxime product (vide infra). Each fraction decomposed
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rapldly; those fracticns eluted witn 0.5-3% lieOH - CHoCl,
showed ir and nmr épectra slmilar to xetone 29Y-3 but con-

tained two spots on tlc witn larger Re values tnan 22:1.

-9-3 N-Nitrogo-N-metnyl-2-cyclconexene-l-carboxamide

10-2

Starting acid 3 (3.8 g, 0.03 moles) was ccaverted ©o

amide 10-1 (3.1 g, 80%) by method 5-4-la. An attempt to
purify 10-1 using alumina chromatcgraphy was unsuccessfql.
The crude amide was distilled at 130-1500/ 20 m@m to give
a mixture contalning ca. 20% (.l25 g) ol wnat appears Lo oe
'a derivative of the amyl chloride using in preparation of
acid 3 (nmr snows broéd signals at T 8.9), and lmpure amiae
10-1 : ca. 0.45 g; ir 3300 (b), 3080 (b), 3020 (w), 2930,
2860, 1635, 1530; nmr 7 3.5 (1 H, b, D20 excn), 4.15 (2 H,
m, W§ = 30), 7.0 (1 H, m), 7.16 (3 H, d, J = 6, céllapses
to s on D0 exchange); ms (30°) 139 (M*l, 70), 83 (74),
81 (74), 67 (70), 58 (100). N

The mixture.Wég treated with N,0, (5-5=-2b) to give
crude 10-2 : ir 3030 (m), 2930, 2860, 1725, lo30 (m),
1500; nmr T 4,18 (2 H, m, W& = 30), 5.6 (1L H, @), 6.90
(3 H, s); uv (ca.€ 1in CgHg) 422 (50), 403 (55), 387 (40),
372 (25). Photolysis of 10-2 in benzene (230 mi) tor 2.75
hours (Apparatus I, Np, 200 W,> 400 na filter solution),
_ followed by solvent evaporation, gave a crude residue

(0.45 g). Crystalllzatlon from benzene-petroleum etner and
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benzene gave a total of 0.,15 g of a solld asslgnea as syn-
oxlue 31-2 : m.p, 145-150° (dec.), ir (asr) 3200 (o),
3080 (m), 2920, 2870, 1725, 1650 (b, @), L1440, ¥35; nar
(100 mc) ™ 1.3 (1 H, b, D20 excn), 5.98 (1L d, d, J = 5),
6.45 (L H, t, J = 5), 7.18 (3 H, s), 7.2-8.7 (6 4, m);
ms (110°) 169 (M+1, ?2), 168 (¥, &), 151 (5), 140 (5),
112 (36), 111 (100), 110 (27), 94 (48), 67 (39), 66 (03),
L2 (36); ms (30°) 169 (M+ 1, 2), 168 (h*, 9),
Hrms at N’ (30°) : Caled tor CgH12M202 5 168.08vy.
Found, 168.0856.
Nmr decoupling experiments sncwed Lhe signais at
T 5.98 and ’T6;45 were coupled to each otner (J = 5)
(see Results 2-2-3). |
The combined mother liguors were chromatograpned
on neutral alumina (35 g), and the tirst traction (0,06 g)
eluted with CHyCl, was the suggested awyl derlvative : ms
(90°) 2#6, 176, 105; pattern snowing repetitive loss of
14 mass units. The next two fractions (0.03 &) eluteu witu
0-0.5% MeOH - 052012Qere a complex mixture when examined
by tlc. The following fractions (0.1 g) eluted witn O0.5-lp
MeOH - CH2Cl2 were a 2:1 mixture of starting amide 10-1
[.ca; 15%: ir 1635, 1535; nar 7 4,3 (m) 7.1 (d); tlc iuent-
icall and a compound tentatively assigned as xetolactam
31-3 : ca. 7%; ir 1745 (b); nmr T 6.4 (m), 7.10 (s). Pregp-
arati?e tlec (alumina) was unsuccessful in separation or tnis

mixture. The remsinder of the material (0.09 &) eluted from
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the colum with 0.5-20% MeOH - CH,Cl, was oxlme 3i-l :
ir (CHCl3) 3300 (b), 2940, 2870, 1730, 1lo60 (m), 1430,
935; ms and nmyr vide supra. ‘ine total yleld otf oxime

3l1-1, based on 0.45 g of amide 10-1, was 4kijx.

5-9-4 N-Nitrogso-N-(3-cyclohexen-l-yl) acetamide (1i-2)

Carboxylic acld 4 (12.5 g) was converted tC tne acyl
azide (ir 2140 cm'l) and decomposed Lo isocyanate (ir 2250
cm'l) by method 5-4-3, The benzene solution containing
isocymnate was heated with HCl as in method 5—4-5 to optain
primary aminé 172-5 : 4.8 g, 50%, ir 3350 (b}, 3250 (b)),

3020 (m), 2920, 2820, 1650 (w), 1440, 655 (m); nar T 4.4&

(2 H, s, Wk = 4), 7.1 (L H, m), 7.7-8,9 (8 H, m with bpV
exch singlet at 8.2)., Formed as a by-product was tne sym-
metrical urea 27 = m.p. 185—1870 (CHpCly -etner); ir (Nujol)
3300 (b), 3020 (m), 1625, 1580, 650 (m); ms (150°) 220

(M* , 32), 141 (64), 97 (17), 87 (15), 8L (30), 80 (29),

79 (27), 61 (36), 43 (100).

Amine 17-5 was acetylated (5-4-5) and caromatcgrajhed
on neutral alumina (56 g) to give an 83% yleld of acetamide
11-1 : m.p. 61-62° (Hexane-benzene); ir 3300 (b), 3080 (bJ,
3030 (m), 2910, 2840, 1625, 1560, 650 (m); nmr T 2.0 (1 H,
b, D20 exch), 4.37 (2 H, s, W& = 4), 6,0 (1L H, m, Wg = 20),
7.4-8,8 (9 H, m, s at 8.02); ms (75°) 140 (h+ 1, 3), 139
(M* , 3), 97 (5), 85 (30), 80 (50), 79 (35), 60 (100), &3 (lo0).

Hras at M* : Calcd for CgHi3N O , 139.0997.
' Fou.nd, 139 00993.
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Acetamlde 1l1-1 (1.05 g, 7.0 mmoles) was nltrosated
twice;WICh N,Oy (0.7 ml), the second tiue in tne presence
of pyridihe as described in 5-5-2b, to glve 1lapure nicros-
amide 11-2 : 1,22 g, ir 3300 (b,w), 3030 (m), 2940, 2550
(m), 1730, 1640‘(m),.l5l5, 650 (m); nar T &.29 (C.4 H, s),
448 (L6 H, t, J=2), 5.7 (L H, m), 7.34 (2.4 H, s), 7.0-6.0
(9 H, m, s at 7.98); uv (ca. € 1in CgH} 423 (60), 405 (55),
390 (40), 366 (25). Tne nitrosamide was photolyzed in
benzene (220 ml) for 4.5 hours (Apparatus 1, Nz, 200 W,

> 400 nm filter golution). The photolysate snowed nc in-
créasing peak at ca. 295 nm in the uv.speGCra. Lne
control reacticn showed ca. 25% decrease in the aoscrptions
of the nltrosamide about 400 nm,

The orude photolysis product (l.l4 g) was caromatc-
graphed on neutral alumina (60 g). The rirst rracvicn (G.uy g7
eluted with CH2Clp was the thermal deccmposition prcauct,
ester 33 : ir 3030 (m), 2950, 2870, 1730, L1240, 1035, 055
(m); namr T 4.37 (2 H, 8, W = 4), 5.8 (1L H, bm), 7.5-9.1
(9 H, m with s at 7.97). The material (0.51 g) eiuted with
0-3% MeOH - CH,Cl, was acetamide ll-1 go (170°) 77%, reten-
tion time of 4.2 @in.., contaminated with two minor products
(20%, gc retention time 8.4 win,.; 3%, gc retention tiwe l&
min.). The amounts of the minor producis lncreased wnen
the mixture was Kebt in CH,C1, soluction., Gec-ms sugyested
the first product bo be cnloro acetamide 34-1 or J4=-2:

ms 177 (0137, 14), 175 (EK* with C135, 38), 140 (8L), ¥y
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(92), 81 (51), 80 (57), 79 (27), 60 (100), 5o (100),

43 (85); and the second as dicnloroacetamide 34-3°: wms

211 (c172c1??, 2), 209 (c13%, 3), 176 (19), 174 (52),

134 (23), 132 (65), 96 (k2), 79 (39), 60 (87), 43 (100) .
The remaining material (0.04 gJ) Irom the column nzua smarl
Ry values on tlc and appeared to be NpUy, adducis such as
31-4 : ir 3300 (b), 2940, 1650 (b), 1550; ms (120Y)

185 (5), 95 (65), 59 (85), 45 (53), 4k (83), 43 (1l0V).

5-9~5 N-Nlitroso-N-methyl-j-cyclchexene-l-acetawmiae (.2-2)

Crude amide 12-1 was prepared using metnca 5-4-la 1rca
acid 2 (15.07 g) and chromatographed through neutral alumina
(30 g) to give 12-1 ﬁ 7.75 g, 47%; m.p. 46-50°%, ir 3300 (b),
3080 (b), 3020 (m), 2920, 2850, lok0, 1550, 650 (m); namr 1
2.8 (1 H, b, Dy0 exch), 4.37 (2 H, s, W& = 4.5), 7.25 (3 H,
d, J = 5, collapses to s on D20 exchange), 7.6-9.1 (9 H, m);
ms (75°) 153 (M *, 9), 74 (14), 73 (100), 58 (21), 45 (9).
Amide lg;; (1 g, 6.5 mmoles) was nitrosated by methoa 5-5-20
to give nig;gsamidé 12-2 : 1.39 g; ir 3020 (m), 2920, 2850,
1720, 1640 (m), 1550 (m), 1500, 1205, 655 (m); nor T 4.33
(1.8 H, s, Wt = 5), 6.85 (2 H, d, J = 6), 6.88 (3 d, s),
7.4-9,3 (ca. 7 H, m); uv {ca. ¢ in CgHp) 421 (80), 402 (8J),
386 (60).

The crude nicrosamide was photolyzed in benzene (230 ml)
for 3.5 hours (Apparatus 1, Nj, 200 W,” 400 nm filter solu-

tion), Several attempts to crystallize product Irom the
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resldue using EtOH - Hp0 or acetone falled. Cnromato-
graphy of the residue (0.95 g) on neutral alumina (50 g)
gave first with CH,Cl, the Uygon tubing plasticizer (0.0z g).
The next fraction (0.29 g), eluted with 0.5-1x heur - CHpClp
contained as a major component an unlidentlfied seconaary
amide : ir 3300 (b), 3080 (m), 2920, 2850, Loku, Ly>5U;

nor signal at t 7.2 (d, J = 4.5, collapses to s on L0
exchange); ms (180°) 182 (1), 103 (3), los (3), 153 (o),

150 (6), 123 (9), 110 (11), 73 (100), 58 (49}, 55 \37),

41 (49). Eluted with 1% MeOH - CH,Clp was an oxlme (0.25 &,
25%), which was the only product eluted wuen the crude
photolysate residue was chromatograpned on silicic aclid.

The assigned structure for tnls product was anti-oxime

35-1 : crystallized from acetone, @m.p. 165-107° (dec,);

ir (KBr, CCly) 3200 (b), 3100 (b), 2920, 2860, LloU5, 930;

ir (nujol) 1608; nar 0.0 (1 H, b, D,0 exca), 6.15 (1 H,

t, J =13), 6.75 (1 H, m), 7.12 (3 H, 8), 7.15-8.8 (ca. 9, m);
ms (110°) 182 (M *, 10), 165 (60), 150 (40), 12, (35),

110 (35), 108 (50), 95 (10), 73 (100), 58 (35).

Anal, Calcd for CgH1yNpOp : C, 59.32; H, 2.74; 4, .. .57

Found: C, 59.50; H, 7.80; N, 15.27
The remaining material (0.3 g) eluted witn
3-100% MeOH - CHpClp was largely one component. Ynis com-
pound was not purirled‘but apreared to be a substituted
secondary amide, such as would result from aeccmjposition

of amide 39 : ir 3300 (b), 2920, 2860, 1lo35, 1550; nur T
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3.2 (b, D,0 exch), 4.8 (m), 6.3 (m), 7.20 (d, J = 4.5,
singlet on D20 exchange); ms (180°) 210 (&), 181 (7), lod (32),
151 (21), 136 (21), 124 (32), 106 (100), 91 (36), 79 (s0),
77 (36), 73 (79), 58 (68), 45 (36).

Lactam oxime 35-1 (0..08 g) was treated witn bpisuifite
(138) to give a 25% yleld of a product assignea as «etone
35-3 : ir 2920, 2860, 1720, 1625, 1395; ms (65°) lo7 ( n*,
34), 139 (20), 123 (51), 110 (100), 62 (24), 73 (17), o3 (20},

59 (37), 57 (29), &2 (37).

5-9-6 N, N’ - Dinitroso-antl, Lrang- 3,o0-pyria-2Z2-one

Dimer (13-2)

As in the procedure of Taylor and han (127), 2-pyri-
done (Q; 50 g, 0.53 moles) in MeOH (250 wul) was pnotolyzed
with 450 W lamp in pyrex Apparatus I for 71 nours, wicta
occasional removal of the insoluble material,to glve daluer
13-1 : 15.5 g, 0.082 moles, 31l%; crystallized from acetic
actd, m,p. 220-223° (literature 225-227°) (127); ir (aBr)
3175 (b), 3080 (b), 2980, 2930, 2870, 1655, 1105, 700;
nar (CF3CO0H) v 1.5 (2 H, b), 3.05 (2 H, ¢, J = 7), 3.6
(2B, t, J=7), 5.4 (2 H, bm), 6.0 (2 H, a4, J = 10, 7);
ms (220°) 190 (M *, 0), 95 (110), 67 (92), 39 (9). LaH
reduction of a suspension of the dimer 1ln etner was not
successful,

| NaNOp nitrosation of 13-1 (2.4 g, 0,013 moles) by
method 5-5-1b gave a 4% yleld of nivrosodiwer 13-2 @ 2.94 g,
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0.012 moles; m.p, 208-210° (dec.), ir (aBr) 3065 (w),

3004 (w), 1720, 1510, 1350, 1120, 1020, 070 (m); ms (130°)
polymer peaks, 124 (100), 95 (80), 67 (49); uv (HOAC) 442,
420, 400,

Anal, Calcd for CjHgN,Oy : C, 48.39; H, 3.22;
N, 22.58.

Found: €, 48.74; H, 3.23; N, 22.50,.

(a) Photolysis of a suspension ol 13-g (1l g) in

acetlc acid (250 ml) for 17 nours (Apparatus 1, Np, 200 w,

> 400 nm filter solution) snowed the appearance ol a new
peak at 297 nm, Ethner extractlion of the amixture, 1oliowed

by base wash cf thé extracts, gave Z-pyridone : ca., 204,

ir 3400 (b), 3250 (b), 3100 (b), 3000, 2960, 2880, L0350,

1600; nmr 7 1.0 (1 H, b, D20 excn), 2.6 (2 H, M), 3.6 (2H, w),
A similar photolysis in benzene for 25 hours wicn a 450 w

lamp gave complete recovery of nltrosodimer i13-2.

(b) Nitrosodimer 13-2 (2 g) in reagent graae tetra-
hydrofuran (550 ml) was photolyzed for 25 hours witn a 450 W
lamp as above. The precipitate was flltered ana lueatified
as amide dimer ;1:_ : 0.23 g, 154, vide supra. Lvagoration
of the solvent gave polymeric material (0.05 g) and an
ether soluble mixture (l.5 g) which was chnromatograpned on
silicic acid (50 g). The initlal fractions (0.4 g) eluted
with CHoCl, contained the solvent stabilizer, L-metnyi-2,o-
t-butylﬁhenol. The compound (0.3 g) eluted with 1l heCH -
CH,Cl, was assigned as 2-hydroxytetrahyarofuran (40-1):
ir 3300 (b), 2960, 2885, 1065, 946 {b); nor 7 &.4 (1 H, a),
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6.1 (2 H, m), 7.1 (4 H, m); ms (100°) 88 (m+, il), 8o (20),
75 (74), 57 (53), 56 (42), 4k (100). Eluted witn l-3p

MeOH - CH,Cl, was a compound (0.2 g) wnich was susgested Lo
be Y -hydroxbutyraldenyde (40-2) : ir 1720; nar 7 1.95 (bsi.
The remaining materlal (0.5 g) eluced witn 3-5% heud - Gi,Cl,
was pyridcone 6 (vide supra).

(¢) Nitroscdimer 13-2 was unchanged atter re-
fluxing in benzene for 48 hours or atter neating 1or L nour
at 150°, Wnen heated to ca. 170° witnout solvent or in
diphenyl ether, 13-2 decomposed G0 polymeric material ana

2-pyridons (ca, 20%).

5-10 Photolysig of Alkenyl N-Unlorgmidesg

-l-carbcxauide

-10-1 N-Chloro-N-methyl-3-cyclonexene

8=3

Using method 5-5-3, amide 8-1 (1l.125 g, 8 umoles,
described in 5-9-1) was converted to N-cnloramiae B-j :
ca. 1.2 g, 85%, 6.9 mmoles; ir 3020 (m), 2910, 2840, looC,
1840 (m), 650 (m); nmr T4.23 (2 H, 5, W& = &4.5), o0.00

(3 H, 8), 6.9 (1 H, m), 7.55-8,5 (0 H, m). Lnls groauct
contained 7% of unreacted amlde 8-1 as shown oy tne T 7 ely
doublét. Chlofamide 8-3 was photolyzeda in penzene (250 al)
as described in 5-8-3, using quartz Apparatus l tor 4 nours
(Np, 100W, Vycor filter). After evaporation ol tne solvent,
the crude residue (l.Zg) showed singlets at T 0.95 and 7.12

and the amide doublet at T 7.19 in the ratlo c1r &4l : 53 ¢ 6.
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The go (170°) showed peaxs at 5.7, 5.0 and 3.5 winutes, tne
last corresponding to that of amide §=L, in a ratic ot
LG : 49 : 7, Another photolysis resldue suowed a singlet

ratio of 1 : 1l.15.

The residue (l.4g trom l.4og amiue 8-1) was canrom-
atographed on siliclc acid (50 g). Elutvion wicth O-3% meOH -
CH2012 gave exo-chlorolactam 24=3 t 0.7 g, 394; ir 2500,
2870, 1690, 1450, 815; nmr r 5.08 (L H, dd, J = 0, 3),

6.30 (1 H, bt, J = 4), 7.12 (3 H, 8), 7.5 (1L H, o, W& = 7),

7.55-8.5 (6 H, m); ms 175° (M+ 137, 23), 173 (n+ €122, o7),

138 (68), 110 (100}, 96 (64), 83 (22), o8 (30), 53 (29),

b2 (42).

| Hros at N°C17° :  caloa ror Cghijghocl”? 173. 0607
) .

Found, 173.0602.

Next eluted with 3% MeOH-CH,Cl, was a mixture (0.7 &).

The yields estimated by gc and by nar, irom the T0.y5 sin-
glet and T 7.19 doublet, were 33% endo-cnlorolactad 23-3
(0.6 g) and 7% amide §:L (0.1 g} The fractlicns cohualnlng
23-3 were distilled at 95“970/20 am and were ilurcuer carcu-
atographed on acidic alumina, tollowed by silica ygel prep-
arative tlec to give a sample cocntaining souwe exc-chioro-
lactam 24-3 and amide 8-1 as impuritles, but was > 0o0p
endo-chlorolactam 23-3 : ir 2960, 2870, loy0, 1450, 705,
750; nmr T 5.75 (1L H, add, J =9, 7 and 1}, o.l4 (1 h, dd,
J =5,5and 1), 6.95 (3 H, s), 7.5-8.5 (7 H, m); gec-ms

was the same as 24-3 (vide supra).
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Treatment of a mixture of 23-3 and 2&-3 wiin sodium-
t-butcxide in t-butanol (259) caused hydrolysis ol tue
lactam ring giving a low yleld of products showing no eax
at 1690 cm™t, LAH (0.8 g) reduction of tne crude pnotoly-
sate (0.1 g) in ethner for 120 nours, followed 0y a reacticn
with pieric acid gave plcrate 41-3 : <Crystallizea trcw pUuH,
m.p. 255° (dec.) (Literature 250°) (152); ms (200°) 229y (22),
125 (33), 96 (86), 82 (100), o8 (22), 62 (22), &k (22).

Anal. Calcd for CyuH g0, @ C, 47.ko, H, 5.08
N, 15.82.

Found: C, 47.69, H, 5.12; N, 15.59.

A crude photolysate (1.2 g), consistlng o1 48p 2h-3,
42% 23-3 aad 10% 8-1 by gc analysis, was sitlrred witn LaH
(3 g) for 37 hours gave a mixture (1 g), whicn exniolted
by gc (150°) three peaks with retention times oI 1.7 (4l-1),
1.8 (19-1) and 3.5 (26-2) minutes.

The LAH reduction over a longer pericua (420 ncurs)
increased the peak at 1.7 mlnutes al Lhe expeaseé Ol Liue cne
at 3.5 minutes, The reduction wlxture was cnroosaiograpned
on neutral alumlné, and eluced with 0-lp keUH-CH,CL, was
endo-chloroamine 26-3 : 0.36 g, 1ir 2940, 2000, 28B40, Libu,
780 (m); nmr T 6.8 (1 H, d@dd, J = 9, 7 ana 1.5) 7.04 (2 H,
m), 7.48 (3 H, s), 7.65 (L H, b, W& = 5}, 7.35-8.8 (7 H, a);
ms (100°) 161 (m+c137, 12), 159 (m+*c132, 32), 124 (22),

96 (32), 82 (100), 67 (16), 55 (18), L2 (50). Decoupling

experiments showed that the T .2 slgnal was coupled tc tne
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T 7.0 region with J = 1.5 coupling, ana was alsu coupled
to the protons in the T 7.4-7.7 region., <Tnis coapcunu had
identical ir and nar spectra with 20-2 synthesized by

Gassman (87) and Stella (112).
Further elution with 2-5% MeUH - CHyCl, xave amine
L1-1 : 0.35 g; ir 2930, 2850, 2790 (m}, w50; nmar T /.00 (s/.

This amine readily formed tne hydroscciic nyarochlcriae in
CHpCl, or CHCly to yleld HCL salt Ll-z : nar (D0)
6.2-6.85 (2 H, m), 7.0 (L H, m), 7.10 \3 H, s}, 7.6-8.0 (Y
H, m); ms (150%) 125 (36), 96 (100), 82 (48), 68 (1Y), wi (51),
42 (34), 36 (38)., Tne final compounu (0.l &) eluted irom
the column was amine 19-1 (vide intra).

Wwhen exc-chlorolactam (0.Lb g} was stirred witn wad
(1L g) for $.4 hours, 1t gave 25% 4l-1 ana anciuer compouna
suspected to be exo-chloroamine 27-2 : 754, ir 2930, 2860,
2790 (m), 1450, 760 (m); nmr 1 6.6 (2 H, m, Wk = 7) 7.2
(L H, m), 7.57 (3 H, 8), 7.5-8.9 (8 H, m), Iine iacter
product decomposed on keeplng,or on jreparative gc puriti-

cation.

5-10-1 N-Chloro-N-(3-cyclcnexen-l-yl)acetamide (1l-3)

Using method 5-5-3, from acetamide ll-1 (1l g) was
prepared crude N-chloramide 11-3 : ir 3030 (m), 2940, 2500,
1670, 670 (m); nmr T 4,39 (1.5 H, s, W& = 5), 5.45 (1 b, a),
7.76 (3 H, 8), 7.5-8.8 {9 H, m), This product containeu ca.

208 of olefin HCl adduct, as suaown oy the decreased inteyg-
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retion fcr the olefinic protcens. 'Tne unpuriried cnloramide
was photolyzed for 5.5 nours in CCly (220 al) in gquartz
Apparatus I (Np, 200 W, Corex filter) until > 75 of tne pcs-
itive chlorine had disappeared. 'Tne inscluble material
formed during photolysis was dissclved by the addition of
MeOH and the combined solutlon was evaporated tC glve a crude
rasidue (1,47 g).

Jc analysis (170°) of tne resldue snowed & winimum ci
fourteen peaks, with peaxs corresponding to that of tne pareau
amide 1l1l-1 (ca. 5%), the H - Cl adducts 3J4=1 or 34-2 (30%)
and the dichloro adduct 34-3 (12%). Tne last tws were con-
firmed by gc - ms spectra identical tc tncse obtained in
5-G-4 (vide supra).

The only ctner relaclvely ma jor prcduct ca. 74 was
suspected to be.CZClé based on the gc - wms : 207, 20y, 203,
201, 199 (5 Cl pattern, 020125), 133, 131, 12y (3 Cl pactern),
121, 119, 117 (3 Cl pattern, 100%), 98, 96, y& ( 2 Ll pattern),
84, 83, 82. The remainder cf the proaucts were eacn in

54 yleld and 1isolatlon was not attempted.

5-11 Nitrogamide Fhotolyses in the Presence of Trapping

Agents :

5-11-1 Photolysis of 8-2 Under Cxygen

Crude nltrosamide‘B—z (5-9-1), prepared according co
method 5-5-1b from amide 8-1 (1.2 g) was snown tc contain

> 90% of the olefinic bohd as estimated by nar. Tae penzene
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goluticn (225 ml) of this nitrcsamiue was photolyzed ror
2.75 hours while oxygen gas was bubbled tnrcugh tne solution
(Apparatus I, 200 W,> 400 nm filiter solution). Lne uv
spectra showed a new peak appearing at 340 nm wnich dec-
reased slightly on continued photolysis but no peak apearea
at 295 nm. The crude residue (1,68 ¥) snowed six spcts cn
tlc. A similar photolysls in MeUH of Y0k pure nitrcsamtae
8-2 showed the same spots, in aaditicn to twce otuer raint
oneg, on tlc.

Chromatography of the benzene pnotolysies resiaue on
neutrsl alumina (65_gi'eluted rirst, witn 0-0.5% lieUH - Chpuliy,
a mixture (0.97 g) of endo and exo-nitratolactaw 23-2 ana
24 -2 in the ratio of 2:1., The later fractions were contauw-
inated with amide 8-=1 (ca. 0.l g). The estimates cotained
from the nmr singlets at T 7.05 ana 7.08, ana tne douniet
at T;7.19 gave the ylelds at 35% 23-2, 1l7» 2k-g and 8 3Z-1.
The following fractions (0.2 g) eluted witn O.5-1% heUd - Cnpl.,
were a mixture of two compounds by tlic, possibly tne eudg
and exc-alcohol lactams 23-=4 and 24-4 : ir 3400 (b), 2y2U,
1670, 1070; nmr T 5.7 (m), 6.1 (m), 7.14 (s), weak 7.17 (s),
6.9-8.5 (m), The crude oll was neated witn p-nitrooenzoyi

chlorlde to give a product wnich snowed a peax at 1715 cu~L

and a decreased 1070 cm'l peak. S5So0lid could nct oe cotained

from thls product uponfcrystalllzabion trom LtOH,
The mixture (0,5 g) obtalned in tne tail chromato-

graphic fractions decomposed on actewpred distidliacion, e
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oll did not show the oxime band at ¥50 cw™t and, ugcn

treatment with bisultfite, did nct yleld ketclactam ge->
(vide supra). The presence of nitrolactams, sucn as 23-5
and 24-9, was suggested by the specirai data : ir .obl,
1550; nmr T 5.3 (m), ms 184 (M*, 5m).

The fracticns contalning the nltraces were re-cnrom-
atographed on silicic acid (25 g) to eiute first with
CH,Cl, exo-nitrate 24-2 : ir 2960, 1690, 1lo30, L1280,
860; nmr TL.?4 (1L H, m, Wk = 9), 6,18 (1 L, w), 7.00

Y, U), Lod (&,

(3 H, s), 7.0-8,5 (8 H, m); ms (80°) 200 (i
154 (52), 138 (19), 120 (17), 110 (8y), 98 (ol), 8L (22),
59 (33), 55 (33), 42 (100). Contlnued elutlion gave a fractiun
of endo-nitrate 23-2 ¢ 1ir same as that of 24-4, nar r 4.0
(L H, 44, J =9 and 7), 6.15 (1L H, bd, J = 0), 7.05 (5 H, s),
7.2-8.6 (8 H, m); ms (75°) 154 (58), 138 (17), 120 (17),
110 (100), 98 (89), 83 (17), 81 (17), 69 (L3), 55 (28),
42 (100); ms (70°) 200 (1), 154 (63); ms (70°, i5 ev) 200
(2.5), 1s4 (100). This fractlon was contadlusied Dy a trace
of parent amide §;£, and deccaposed extensiveiy on aictempced
distillacion at 90-95%/ 1 mm.

Reduction df a portion of the crude pnocolysate ( OeH i
in ether (100 ml) with LAH (2 g), rollowed by oxiaation with
Jones' reagent (10 ml) in acetone, gavé aminoketone 2g-3

(0.,15-g) with identical ir and nor spectra as ootalned pr2-

viously (vide supra, 5-9-1).

s



5-11-2 N-Nigrogo-N-mectnyi-2-cycicpentere-L-acelawide
(14-2) in Br¢Cly

Acid 1 (10 g, 0.079 moles) was couvercea oy wetioa
5-4-1b tc crude amide l4-2, which was distillea at i
126° / 0.8 mo to yleld amlde l4-2 : o g, 0.04) wcles, S4n;
ir 3300 (b) 3050 (m), 2940, 2850, L1640, L1555, 720 (am);
nar 7 3.3 (1 H, b, DO exch), 4.3l (2 H, s, Wz = 3),

6,9 (1 H, m), 7.22 (3'H, s, W& = 4, snarpens on U0 excuange),
7.45 - 8.9 (6 H, m); ms (80°) 139 (W ", 24), 138 (ili),

107 (11), 81 (35), 79 (20), 73 (100), 67 (54), 58 (4y),

41 (22). | ,

Nitrosatlcn of 1l&-1 (l g, 7;2 mmoles) uslny weincu
5-5-2b 1n CCl, gave nitrosaumlde 14-2 * 0,04 g, 3.8 mwoles,
53%; ir 3050 (m), 2940, 2860, 1725, lok5 (w), 1500, Li4J0,
1200, 940; nmr (CCl,) r&4.25 (1.8 H, s, W8 = 2.5), 0.77
(2 H, s, W& = 4), 6.92 (3 K, 8), 7.35-9.0 (5 a4, m); us (50°)
168 (M *, 0), 138 (13), 10y (3o), B1 (4u), 7y (&%), o7 (10v),
50 (23), 41 (25); uv (€ in CCl,) &423 (95), ok (90), 589 (53],
374 (40). The nitrosamlde in BrCCli (230 ml) was phovolyzed
for 3 hours (Apparatus 1, Nz, 200 W, = 400 nm 1llcer solutionj.
The distllled sol#enb was collected and sncwed a weax uv
ébsorptlon at 580 nam,

The crude residue (1,7 g) snowed four peaxs by gc

analysis (150°) at 4.6 (28), 5.7 (38%), 11.1 (20%) end

16.6 (40% minutes. Chromatograpny of the residue on neutrai
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alumlria (65 g) gave first tne lygon tuoing plasticizer
{0.2 g), eluted with benzene, and lts retentlon Liwe was
L.6 min, in the ge. CHpCly, eluted an arcmatic cowpouna
H, corresponding to the second gc peak : U.il g, ir 3400 (wi,
3060, 2930, 1600, 1580, 1500, 1240, LlO4U, 75>, 0y0; nar T
z.b-a.z (s H, m), 5.88 (2 H, m), 6.05 (1 l, ), 7.1 (24, a);
gc-ms 150 (58), 110 (16), 10?7 (23), 94 (100), 7/ (ol),
57 (39). With 0-0.5% MeCH - CH,Cl, was eluted lmpure exo-
bromeclactam 42-1 (0,73 g, 89» baséd on l4-2, 47% based n
14-1; gc retention time 16,6 wmin.,), contaminated wilii trace
amount of compound k. Finally eluted with 0.5-5u;» metnanci
was aromatic compound K : 0.05 g, g¢ retention time il,l
min.; ir 3400 (b), 3060 (m), 3040 (uw), 2930, 2880, loGo,
1585, 1495, 1245, 1045, 755, 690; nar (l00me) r 2.72 \2 a, a),
3.05 (3H, m), 5.86 (1L H, m), 5.97 (2 H, 4, J = 5), 6.29
(2 H, 4, J =5), 6.8 (1 H, b, D0 excn); ge-ms 188 (17),
186 (52), b4 (9), 1k2 (26), 107 (k6), 95 (43), vy& (L0UJ,
77 (59), 51 (22). The spectra of Compound H were idenclical
to those of the residue lef't alter a cowmmercial sawple of
Br0013 was evaporated, and compound b appears LO be ine
product resulting trom HCl addivion to compcuna d. Neltner
compound was investigated furtnen

Bromolactam 42-1 was not pure atter ailstillat.cn at
22-76°/ 0.5 am and was rechromatographed on sillcle acia
(30 g). The impurlcy Compound K was eluted 1irsv witn

CH,Cl,, then eluted with 1-5% keUh - UH2012 was L€ exg-
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bromolactam 42-1 : ir 2960, loB5, 1400, 1255, 00U luw);
nor (100 Me)r5.8 (2 H, m), 7.08 (3 H, s}, 6.95-B.2

81{ 37), 247

(6 H, m), 8,5 (1L H, m); ge-ms 219 (I ¥ Br
(M* Br??, 37), 138 (10), 110 (100), 9o (25}, 82 (16),
68 (23), 42 (29),

Hrms for N*Br79 ; Calcd for 08H12N05r79 »
217.0103

Found, 217.0054.
The effect of Eu(fod)3 on the nmr spectrum way be seen in
Figure 2.6b(2-4-2),

Gec analysls of the crude bromolactam tfractions on
four types of columns at different temperatures at varicus
temperature showed only one peak 1or &gﬁ;. LAR reaucticn
of 42-1 gave the cis-amine 45 : ir 2540, 2050, 2770, 1450,
1350; nar T 7.74% (8); ms (259) 125 (N*, 39), L24 (1B)

110 (12), 97 (25), 96 (100), 82 (&&4), 4z (18). «+ne plcrave
of 45 was recpystallized from EtOH @ wm.p. 204-207° (aec.)
(literature 207°) (160). The resiective vaiues tor teaas-

L2-1 and 2 -azablcyclo-[ 3,2,1 loctane are 196-197° (250)

and 273° (257).
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5-12 Photclysls of Alkenyl Nitrosamines Unuer HZ

5-12-1 N-Nitroso-N-metnyl-2-—(2-cyclopentene) eiliyiaiuine

(13-2)

Starting from cyclopentadiene as in kq 2.1, follicwed

by the amide preparation given in method 5-4-la, gave s

10% cverall yleld of amide l4-1 (10.05 g, 0.077 woles, vide
supra 5-11-2). Awmide li4-1 was reduced witn sAn (4.8 g) ior
28 hours as in methcd 5-4-2., \he ether extracis were
stirred with 2N HCL soluticn and nitrosaced witn haNv, (42 &)
as described in 5-5-1 to yleld nicrosaamine iy-2, Mitrc-
samine 15-2 did not distili at 100°/ o mm and was curou-
atographed tnrcugn silicic acid (200 &) witn CHpCl, elutant
to glve 15-2 ¢ 4.52 g, 0.029 moles, 38k; ir 3040 (a),

2920, 2840, 1620 (w), 1430, 1330, 1280, 103U, 72u (wi;

nor T 4,40 (2H, s, Wi = 3.5), 5.90 (l.50 H, ¢, d = 7),

6.34 (0.66 H, 8), 6.45 (0.4l H, t, J = 7), 7.08 (2.4&4 4, s),
?.2-8.8 (7 H, m); uv ( €in HCl - NeGH) 347 (95). <Lue in-
tegration of the N - CH3 singlets indlcated that the
E-isomer was 75%.

Nitrosamine 15-2 (2.31 g, 0.0l5 moles) in MeOH (2uv aml)
containing concentrated HCl (1,5 ml, 0,018 moles) was ir-
radiated for 3.5 hours (Apparatus I, Nz, 200 W, Nonex filter).
As the 347 na pe;k decreased in the uv spectra, anotner peak

at 290 nm appeared and snowed a slignt decrease witn con-
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tinued wvnotolysis. Foliowlng tne lsolailon proceaure given
in 5-8-1, the reaction @mlxture gave ovaslc dateriad (L.v0 &)
énd acidic material; the latter was ldentliieu as anreacteu
15-2 (vide supra).

‘The basic crude (1.9 g) was cnromatugragned ¢ siilcic
acld (60 g) and gave, witn 0-10% ieOH - CH,CL,, a wlxvare
(0.07 g) of tnree spots on tlc; tne wajcr component was
amincketone 46-3 (vide infra). Elutlon with 20 neld - CH,C.,
gave antl-oxime L6~1 : O.b4o g; ir 3350 (b}, 31060 lb,w),

2940, 2870, 2830, 2780, 1lo60 (w), L1450, 1050, y50, o7y;

nar 7T 1.5 (1 H, b, D,0 exch), 0.9 (2 H, pa, d = 8), 7.59

(3 H, 8), 7.2-8.6 (8 H, m); ms (30°) 15k (L*, 7), 137 (1i00),
96 (91), 94 (20), 83 (48), 82 (38), 07 {1i), &2 (k5), &l (22i.
This was followed by fractions ol l:l hixtures (0..12 &) cI
oximes 46-1 and 46-g. 20-50% MeOH - CH,Ll, elutea syn-

oxime 46-2 ¢ 0.26 g, ir 3350 (b), 5100 (b,m), 2ykv, 2070,
2830, 2780, 1050 (w), 1450, 1050, 945, 930; nur T .7

(1 H, b, D0 exch), 6.12 (1L H, bd, J = 8), 7.0 (2 d, a),
7.32 (3 H, s), 7.2-8.7 (7 H, m), Wnen xept at room tewp-
erature or sublimation at 950/ 1 wm, tne T 7.32 singlet

of syn~oxime 46-2 disappeared anu the 7 7.5y slnglet o1

anti-oxime 46-1 was seen. An aaalvicnai 0.2 g of oxime

mixture (ca. 1:1) was eluted trom the column with 100z
MeOH and by continuous extraction ot the pbaslc aqueous
solution wlth'CHCIB. ‘Lne total yleld of cthe oximes was

66%, based on reacted nitrosamine ls-g’ln the gntl : gyn
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ratic of l.4 : 1. A similar chrowalography Cl crude pasic
material (0.28 g) on neutral alumina (o0 g) save setoue
46-3 (0.025 g, 9%) and =« mixture of oxiuwes 4u-l ana 4o=-2
(0.23 g, 82%, 1.4 : 1 racio ).

A mixture ot oximes 46-1 and Qg;& (0.12 gJ) was Lreatea
with bisulfite (139) to glve ketone Lo=3 : 0.05 g, “45m; ir
2930, 28k0, 2780, 1745, 1737 (sn), 1&50; nar 7 0./7-7.1
(2 H, m), 7.45 (1L H, d, J = 7), 7.53 (3 H, 8), 7.5-8.7
(7 H, m); gc- ms (L140°) 140 (M +1, 12), 139 ('t , 35),

111 (35), 83 (100), 82 (75), 42 (45),

Refluxing the crude basic resiaue (0.87 gJ) 1or 2 ncurs
in 1.5N HCl, tollowed by basification ana extractiua, gave
aminoxketone QQ;}»(O.39 g, 504). ‘ne picrate ol 4p-3
(m.p. 132—135°, dec.) was unstable in hot etnanol.

| Tne nmr spectrum of aminketone &9;1 (UeVO g) dis-
solved in 20% D0 in pyridine (ca. 1 al) (loo) was run
immediately, then the sample heaied fcr 1 nour at 50°,
The'decrease in the total integration of tune protons ol 49-3
was equlvalent to 1.7 protons witn a corresponding increase
shown in the 1ntegraticn of the LHU pea«. 'Ynis sample was
examined by gc-ms and the li* peaks compared to tnat of 4o-;
which had not been deuterated. The.reSulCB obtained are
ghown in Table 2,7 (2-5-1).

Other methods of convertlng an oxilane mixture vo tne
corresbondlng ketdhe were gattempted but gave low yleldas or

ketone or a misture of ketone and oxlmes, as Jjudged by ir
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(CO absorption at 1745 for 46-3 or 1715 ca~L ror 49-2 versus
oxime absorptions at 3300 and 950 cm’l).and tlc examination.
The reactions attempted with elther a mixture cif cxluwes
L6-) and 46-2 or tne oxime isomers of 49y—1* are given peiow.
Oximes 46-1,2 (0.17 g), when treatea with ceric amwonium
sulfate (249), gave a mixture (0.55 g, 35%). Oxlmes 46-1,2
(0.15 g), wnen neated with NaNO, in HUAc (258), zave a
mixture (0.5 g, 33%). A portion of the crude baslc extract
(0.9 g) in acetic acid was heated witn zind dust (2 g) (2592
to glve baok oxime (0.9 g) with only a trace cf xetcue.
Oxime 49-1 mixture (0.34 g), wnen stirred witn levulinic
aocild (9 g) in 2N HCl (1 ml) for 3 nours (260), xave a
mixture (0.28 g). Oxime 49-) (0.4 g) in 2 N HC1 (5 ml),
when heated with formaldehyde (15 ml) for 1 nour at 100°
(261), gave a mixture (0.26 g). Oxiue 49-1 (0.49 &) in
glacial acetlic acid, wnen neated with Pb(OAc)u lor 2 nours
(262), gave a produét'(0.26 &) showing no l?ls‘cm'l Qean.

A peak at 1750 cm'l in the 1lr specctrum of tnls product may
be caused by an oxlme-—o-acetéte. Wnen a 0.1 ¥ Cu SO4
solution- (10 mls) was added to a mixture of oxlmes &4b-1,2
(0.12 g) a green color resulted. Atter evaporation ci cne
solvent and addition‘of NH, OH, CHyCl, extraction gave a 05%
récovery of the mixture (0.08 g). A similar green color

‘'was observed wnen lactam oximes 22-1 and 22-2 were w.ixed

with CusQ, solutlon.

* Courtesy K.S. Pillay, this laboratory
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An attempt to nydrogenate ketone 4g-3 (0.21 g) in
SN HCl in the presence ot i t0p (167) gave a miature of
epimeric alcohols 48-1 and 48-2 : 0.13 g; ir 3300 (b},
2945, 2860, 2780, 1450, 1020; nor r 5.9-6.2 (1 &4, @), 0.5-
7.5 (3 H, m), 7.63 and 7.69 (3 H, two s, equali inteisiliy),
7.7-8.7 (7 H, m). Alcohols 48-1 and 48-2 coulu pe uxiuized
with Jones' reagent to xetone_&u-3., The oximes g8-1 and
28-2* (0,14 g) were rerluxed in 2N NaCOH (10 al) wiun NaBh,
(0.4 g) for 3 hours‘(l68) to xive a low yleld ¢l a wixture

of alcohols 26-1 and 26-2 (0.02 g, vide supra, 5-Y-1i).

5-12-2 N-Nitroso-N-metnyl-2-(3-cyclohexene)etnylamine
{16-2)

LAH (4 g, 0.1 mole) reduction cf amiue ig=1 (5., &,

0.022 moles) for 40 hours, as described in metnoua 5-4-2,

gave amine 16-1 : 2.5 g, 0.018 moles, 834%; ir 300 (p), .
3020 (m), 2920, 2850, 2790 (m), 1650 (w), 1450, 655 (@m); ¥
nmr Tt4.,32 (2 H, s, W = 4), 7.4 (2 H, dt, J = 7,2), 7.58

(3 H, 8), 7.94 (1 H, s, D20 exch), 7.7-9.2 (9 &, m), Mit-

rosation according to metnod 5-5-la gave crude nitrcsamine

(2.3 g), wnich was filtered in benzene tnrcougxn neutral

alumina (15 g) ﬁo yield nitrosamine 1lu-2 : l.3 g, 8 wmoles,

434 ir 3025 (m), 2930, 2855, 1430, 1335, LO4O, 055 (m);

nor 7t &4.31 (1.5 H, s, wﬁ = 4), 5.80 (l.54 d, at, J = 7,2),

6.25 (0;65 H, 8), 6.35 (0.46 K, @), 6.95 (2.35 h, s), (.8-9.2

(10, m); ms (30°) 168 (M*, 0), 153 (25), L5L (4l), 157 (44,

®* Courtegy B.C. Menon, this laboravory.
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109 (19), 97 (22), 74 (50), 55 (62), &4 (100); uv

( € in HCl - MeOH) 343 (97). As esuimateu'oy Lie nar
integration, thnere was 78% E-lsomer and ca. 75% 0l the
olefin unreacted,

Nitrosamine 16-2 (0.7 g, & mmocles) was pnotoiyzed
for 2.5 hours in MeOH (220 ml) containing concentratea duvi
(0.6 ml) (Apparatus 1, N,, 200 w, Nonex fiiter). tne usuas
work-up (5-8-1) gave the baslic resildue (0.43 g) ana ine
acidic/neubral material (0,125 &); the latter couposeu oL
unreacted 16-2 and two minor lmpuricles winlcn were preseat
in the starting materlal.

Tne basic compounus were chromatographed cn oasic
alumina (50 g). Thne tirst fractions (0.00 g) exuceu'wxuu
0-0.5% MeOH - CH2Cl, were a mixture (3 spots on tlc) wicn
no N-CH3 or oléfinlc'signals in the nmr spectrum. biuted
witn 1% MeOH - Cﬁzclz.was aminoketone (0.03 x, op, Viae
infra). Elution with 3-5% MeOH - CHpCly gave tne coapouna
assigned as aanti-oxiwme 3Q=1 : 0.09 g, lok, sublimed uj-?oo/
0.5 mm; ir 3300 (b), 2920, 2850, <800, 1650, (o,m), 450,
1270, 1145, 930; nmr r 0.8 (1 H, b, D,0 exen), ©.75 (1 H, m),
7.2 (1 H, m), 7.67 (2 H, m), 7.75 (3 H, s8), 7.5-Y.1 (ca. § d,
m); ms (150°) 168 (N *, 11), 151 (100), 110 (o), vo (50),
82 (11), 70 (39), 60 (22), 59 (25), u5 (<), &2 (31).

Hrms at M* : Calcd for Cghyjgh,0 , 1lo8.1203.
| Found, 168.1325.
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‘'he remaining material (0.05 g), eluted witu u, cc
100% EtOH, was asslgned as gyn-oxime 40-2 : 9%; ir 3300
(b}, 2920, 2850, 2800, 1650 (b), 1450, 1270, 1iu45, Y30;
nmr v 2.2 (1 H, b, D50 excn), 6.4 (L &, m), 0.9-7.3 (2 n,
m 7.40 (3 H, s), 7.4-9.3 (ca. 10,H, @m); as (1o0%) Lot (i ¥,
L), 151 (20), 141 (20), 96 (11), 82 (7}, 57 (20}, L4 (Lo2).
thotelysis of'nitrosamine 16-2 (0.43 ¢) in nelH (125 i)
containing concentrated HCl (0.5 ml} for 2.75 nours (4,.ar-
‘atus I1, N, 200 W, Nonex filter), fcllowed oy usual wora-
up (5-8-1) gave a basic residue (0.27 g£J). <+uls material
was heated in 50% aqueous MeOH (10 ml) tor & ncurs at 1CU°
with sodium bisulfite (1 g). HCL (1 ml} was added, tne heud
evapcrated, and the solution was basiiled. Cnpll, €xtraction
and evaporation gave impure ketone 50-3: 0.006g, uecoupcseu at
70-80°/0,5 mm; ir 2920, 2855, 2790, 1710, l450; nar T 7.0-
7.7 (m), 7.73 (s8), 7.8-9.1 (m). <Tuis product was contamin-
ated by a smsll amount of oxime[ ir 3300 (b,w); n@mr 7.75 (...
CH013 continuous extracticn of the aguecus pinase Irow the

bisulfite reaction gave unreacted oxime (0.09 g),

5-12-3 N-Nitroso-N-methyl-(3-cyclonexen-l-yli)auwine (Ll7-2;

Acld 4 was converted by tne methcas cutilnea in 5-4-)
and 5-4«4 to give metnylamine 17-1 (55% overall; ir 33uulo),
3030 (m), 2920, 2846, 2790, 1650 (w), 1440, 655 \m); nar

T 434 (2 H, s, W§ =5), 7.1-7.4 (1 &, @), 7.3 \1~n, s,
Do0 exch), 7.53 (3 H, 8), 7.55-8.9 (6 H, m); as (130°)
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111 (M *, 23), 85 (25), 83 (35), 70 (20), 57 (10u). Awlue
17-1 (7 g, 0.063 mcles) was treated with KanUp (15 g, v.cZ
mcles) as described in metnoa 5-5-ia in a wixiure ol einer
and dilute ﬁﬂl. Tne evaporated ether extracts gave nitrc-
samine 17-2 : 3.8 g, &43%; ir 3030(m}), 2940, 2850, lo5u (ay,
14L0, 1365, 1330; nmr 1 4.25 (1.5 H, s, W& = 4), 5.5 (1 &,
bm), 6.29 (0.3 H, 8), 6.91 (2.7 H, 8), 7.4=8.5 (ca. 7 u, m);
uv (€ in HC1l - MeUH ) 340 (95). 'f'ne ratic ci tune nar sing-
lets showed 91% E-iscmer and ocleflnic proton sigha. sncwed
75% oclefin.
(a) Unpuriyled nitrosamine 17-2 (1.5 g} in weud

(320 ml) containing concentrated H@L (1.7 wl) was pnctolyzed
for 1.5 hours (Apraratus I, Np, 200 W, Ncaex filter). ine
uv spectra showed a peak appearing below 308 nam walch tallea
into the nltrosamine absorption. The stanuard WCrk-u, (5-8-1;
gave basic material (0.5 g) wnlch was snown to oe largely
parent amine by the nmr spectruam, and acildic/neutrai waverial
(0.65 g) which was largely unreacted 17-2 as snown oy tic
and nmr. The latter fraction showed a wedium peak at 1720 ca~t
in the 1ir spectrum, and gave a preclpltate witn 2, 4-din-
itrophenylhydrazine.,

| The combined basic fractions (0.91 g), ootainea trcwm
several phctolyses, were chromatographed on neutral aiumine
(50 g). The first materlal (0.2 g) elutea witu 1p Meun - Chizll,
was a mixture [nmr 17 4.34 (s, W = 4.5), no N - Ch

singlets] which distilled at 85-95°/ 2 mm : ir 3300 (o),
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3030 (m), 2930, 2860, 1660, 1440, 655 (m); ms (L1u0%)

polymer like pattern, major peaxs at 10y (40),100 (79),

81 (92), 80 (77), 79 (65), 71 (54), 57 (4&), 55 (luv),

L2 (50). The remaining materlial (0.45 g) eluted with 3-50%
MeCH - CHyCl, contalned a small amount cI auwlne LA7=1

( T7.5 singlet) with the major portion being tne nydrcca-
loride salt of amine 17-1 : ir 3350 (bJ, 5030 {wJ), 2y30,

28L0, 2720, 2450 (m), 1440, 660 (m); nar 7T 2.85 (2 a, s,

D,0 exch), 4.30 (2 H, s, W& = 5), 7.0 (1L h, bm), 7.50 (3 u, s},
7.4-8,4 (6 H, m).

(b) Nitrosamine 17-2 (1.1 g) in glacial acetic
acid (600 ml) contalning concentrated HCL (1 awl) was pncio-
lyzed for 5.5 nours (Apparatus 1, N,, 200 W, donex iilcer).
The uv spectra snowed cnly a snoulaer aiv 330 nm icr tne
nitrosamine n-» m * transition, Jbluring the ghctolysis, a
strong absorption appeared whicn ctalled below 300 no. Waler
(500 ml) was added to the phnotolysate, tne acliu was neutrai-
ized with KOH, and the solution extractea with ChyCl;. ine
extracts were washed several tlmes witn dallute aciu, aried,
and evaporated to give a liquid (0.34 g), wnicn contalned
iargely unreacted nitrosamine, [ne distllled solvent was
treated with DNFH and the preclpitate was recrystalilzed
from 95% EtOH to give a sclid, suggested to pe a mixture
of cyclohexene hydrazones 52-2 and 52-4 : 0.02 &, m.}.
128-132°; ms (180°) 276 (M *, 100), 241 (7), i85 (4),

153 (&), 122 (7), 97 (79), 79 (71), 77 (o&), 07 (62}, b1l (&uj;
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uv 372 nm,

The aquecus acld wasnes I'rom abcve were basltied
and =xtracted tc glve mixture (0,2 g),'snowlng 0 5p0C0s Dy
tlec, The nmr spectrum of tnis fraction exnloited sigRals
at T 3.3 (b, D0 excn), 4.35 (s, W& = 5}, 7.55 (8}, 0.7-8.0

(m)., ‘“he mixture was not rurther lnvestigated.

9=12-4 N-Nitrogo-N-metnyl-2-cyclopentene-l-metnysaliie
(18-2)

Acid 1 (5 g, 0.04 moles) was convertea usliy wetnous
5e4-3 and 5-4-4 to methylamine 18-l : 3 &, b65%; ir J3uu \oj,
3050 (m), 2930, 2850, 1640 (w), 720 (m); nmr 7 4.32 (2 a, s,
We = 4), 6.7 (1 H, s, Dg0 exen), 7.77 (3 H, sj, 7.4-8.7 (7 B,
m), Nitrosation by preocedure 5-5-2a, and ilivration vl a
benzene solution through neutral alumina, ylelaed Altrosaiine
18-1 : 1,55 g, 0.0l1 moles, 28% overall from L; ir 3050 (ay,
2930, 2855, 1450, l#BQ,‘lBBO, 680 (m); nar TH4.5 (2 a, u,

W = 18), 5.96 (1.6 H, a, J = 7), 6,25 (0.0 H, s), 0.4C

(04 H, d, J = 7), 6.99 (2.4 H, 8), 7.4=~8.,8 (5 a, w); ws (3u9)
40 (M *, 5), 80 (66), 73 (Li), 67 (100), 44 (y8); uv ( € in
HCL - MeOH) 345 (B89), Tne ratio of tne - CHj singlecs
indioated 80% E-isouer of the nilrosamlne,

'A methanol solution (220 ml) ot nitrosamine L8=-g
(0.74 g , 5 mmoles) and concentrated fAcl (0,0 wl) was pncic-
lyzed for 3.5 hours (Apparatus 1, Np, 200 W, hcnéx Iistel ),

followed by werk-up proocedure H=g-l. MO C=niti'osc ulaecl
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peak was seen in the uv spectra during the pgnotolysis. ine
acldic/neutral extract (0.6 g) was priuwarily tne Llygen
tubing plasticlzer,vwith a minor compconent wnicn ald ncec
crystallize from EtOH, suggested to pe cyclopentenone
oxime 53-1 : ir 3300 (b), 1030, 950; nmr t 3.05 (m}, 4.2 (),
7.2-8.2 (m),

The basic material (0.4 g) contalned approximacely
15 peass in the gas'cnromatogram. Tne amg jor peasxs (800)
were at 2,2 minutes for parent amine 18-l (18k), 7.8 (1l64)
and 10.4 (18w) minuges. Tne me jor portion ot tue pasic
fraction was lost during a distillation attem.t at 30°/20 um,

8) wictu

Continucus extractlcn of the aqueous solutlon (yH
CH2012 gave a mixture : 0,09 g, major gc.yeaas at 7.8
(Compound A) and 10.4 (Compound B) minutes, ca. 1 : 2 ratioc;

ir 3200 (b), 3060 (b), 2940, 2850, 2795, L1720 (wi, Loy0 (@},
1640 (w), 1445, 1260, 1235, 1115, 915; namr (major peaxs)

6,75 (2 H, 8), 7.37 (2 , m, Wb = 7), 7.09 (3 H, 5), 7.4-7.7
(1 H, m), Examination cf the major products by gc-ms gave :
cOmpouﬁd A 102 (2), 89 (45), 87 (9), 50 (100), 58 (72),

45 (59), 43 (28); Compound B 154 (4), 97 (93), 96 (100),
80 (56), 75 (26), 54 (37), 53 (8L), 52 (37), 39 (L1). Due
to the low ylelds and'volaciliby cf tne proaucts, no turcuer

-ddentification was attempted.
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5«13 Metal Catalyzed Decowmposition o1t N=Cnlceramine 17—

Amine 12-1 (1 g, Y mmoles), preparea as aescrived in
5-12-3, was chloringted acccrding to procedure 5-5-3 in
CHCl, to give N-chloro-N-metinyl-(3-cyclcnexen-l-yl) awine
(17-3)} = 0.88 g, 6 mmoles, o7%; ir 3025 (m), «v¥23, 2045,
1640 (w), 1440, 1365, 660 (@); nmr T 4.34°(2 H, s, Wk = 4,5,
7.07 (3 B, s), 6.9-7.3 (1 H, m), 7.5-8.5 (6 H, m). Line un-
purified chloramine and ferric cnloride (0.75 &) were |
stirred under nltrogen in 50% aqueous acetic acid (20 wul),
Hydrated ferrous sulfate (0.5 g), dissolved in tne same
solvent (15 ml), was added at 0°, as described in metnca
5~-8-4a., The mixture was allowed to warm O roc@m tedaperature
over ll hours,then filtered. 'he solutlion was extracted
with CH,Cl, and the extracts washea witn éllute NapCuy.

The sclvent was dried and evaporated o yield & residue

(ca. 1 &),

The major products were exauined oy gC-uws (l;OC) :
2.75 minutes (20%, parent amine 17=l); 4.8 minutes (3.35.)
m/e 164 (6), 125 (11), 83 (100}, b2 (07); 42 (50); 13.3 Linuies
(23%) m/e 183 (6), 181 (M* G132, 11), 148 (37), lko (100),
118 (12), 110 (29), 104 (26), 70 (35), 57 (4i4); 24.2 winutes
(39%2), separated into two peaks (20% and ly») witn ldenticail
ms wheh temperétufe programmed, m/e 207 (2), 205 (0135, 5),
170 (&40), 148 (8), 146 (25), 128 (30}, 110 (50), 8o (ay),
70 (80), 57 (100), 43 (70). The products witn ¥c retenticn
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times 13.3 and 24.2 minutes were agsigned as dicalcrcauwine
£5-3, and cnloroacetoxyauines 535-1 and 55=2, respectively.
Ihe other ten products were less then 3» yleld eacu.
Chromatcgraphy of the resldue (0.5 g) oun oasic aluul:;:
(35 g) gave incomplete separation and oniy 0.22 & totai re-
ccvery., From the tfracticns contalning priwarily one ciupouna
the fcllowing characteristics were obtained: LULiculoroaaductu
55<3 ¢ nmr 175,71 (bm), 7.57 (s). Chlcroacetoxy auuuct
assigned as 559-1 ¢ ir 1740, nor r 4.9 (bm), 5.95 (om), 7.vy2
(a)., Chloroacetoxy adduct assigned as 55=2 : ir L1740;
nar T 5.1 (bm), 5,9 (bm), 7.84 (s). ULhne low fleld multijlets
all h=d large coupling constants (J &= 10 nz) ana pacterns

of trang diaxlial protons.

5-14 Nitrosamine Photolyses in ctne kresence ot drapping
Agents

14-1 N-Nitrogo-N-metnyl-3~cyclonexene-l-mecnhylawuine

5...

Methylamido Z:i_(5-9-l, L.5 ¥, 0.032) was reauced witn
LAK (5 g) for 4O hours, as desoribea in metnoa S5«4=2, TO
&ive amine ;2;; t 2¢g, 0,06 moles, 50p; ir 35v0 (D),
3025 (m), 2920, 2840, 2795, L1650 (w), L1L&4O, 1135, 555 (m);
nar .34 (2 H, s, Wb = 4), 7.5 (2 H, 4, J T 6), 7457
(3 H, 8), 7.6=8.7 (7 H, m), 8.66 (L H, s, DG exon). aiter
LAH reduction of 2=l (5 g, 0.036 moles), the ether extracts

were directly mixed with dilute HCL, and nitrcsatea witn

NaNOp (15 g) as described in method 5-5-la LO yive tne cruue
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nitrcsamine. The prcduct was cnrouwatographned on neuiral
alumina (50 g) to give nitrosamine 19-2 : 4.9 g, 0.032 moies,
88%; ir 3025 (m), 2920, 2840, 1530 (w), L430, L3wd, L3z, .is
1030, 650 (m); nmr T 4,25 (2'H, s, W = &4.5), 5.0y (l.30 d,
d, J 2 8), 6,16 (0.66 H, 8), 6.40 (V. H, a, v = &), 6.94
(2.3 H, 8), 7.7-8.9 (7 H, m); ms 154 (M T, 1), 157 (51),
94 (28), 8L (8L), 79 (72), 74 (64), 53 (34), 44 (100),
L2 (57); uv (€ in HCl - MeOH) 345 (105). Inere was 78%
E-isomer as estimated by nmr,

(a) Nitrcsamine 19-2 (1 g, 6 wmoles} in ieOH
(225 ml) containing concentrated HCl (0.6 ml) was photolyzed
for 3.5 hcurs whlle exygen gas was bubbled tnrou,n tne sol-
ution (Apparatus I, 100 W, Nonex tilter)., ‘ne uv sgectra
showed no C-nitroso peak at ca. 290 nm, “Yhe norogl WCrklng-
up procedure (5-8-1) gave unreacted n1Crosam1he (0.4t &) in
the acldic fraction and the vaslc materiar (U.04 ).

A portion of the basic material (0.42 g} was curou-
atographed on basic alumina (50 g), eluting rirst witn CnyCl,
an impurity (0,03 g) from tne CHC14 used in wasning out nar
samples : ir 2900, 2860, 1740, krluted witn lp meun - Ch,ll,
was ggggrnicfate 20-3 : 0.07 g; ir 2940, 2o00, 2790, Loy,
1450, 1275, B800: nmrl'f 5425 (1 H, ddd, J = 19, b ana 2),
6.80 (1 H, bd, J = 6.5), 7.0-7.6 (2 H, @), 7.53 (3 &, s),
7.6-8.8 (7 H, m); ms (75%) 186 (n* , @), 140 (l&J, 130 (l&/,
124 (7), 96 (21), 82 (100), 58 (43), 55 (29), 42 (57), &1 (5v).
The next three fractions (0.18 g)» eluted with 1-3» rieOH -

CH,Cl, contained aminoketone 28-3 (vide supra, 5-9-1), witn
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a minor amount of nitrate., Eluted with 10-50% heuid - Cd,ll,
was exo-alcohcl 27-1 : @.1 g; ir 3350 (b), 2Y4U, 20800, 2790,
1450, 1005; nmr 6,10 (1 H, bt, J = 5), 6.5 (L i, s, Dy
exch), 6.9-7.4 (3 H, m), 7.50 (3 H, s8), 7.51-8.7 (7 n, uw);
ms 141 (M *, 18), 96 (15), 82 (L00), 42 (15). Jones' cxid-
aticn of exo-alcehol 27-] gave xetone 28-3 (53%), wnicn com-
pared with the previcusly prepared sample (5-9-1). Lne yields
after chrcmatography, based on reacted nitrcsawine (0.82 g),
were 15% endo-nitrate 20-3, 31% xetone 28-3 and 20s exc-
alecohcl 27-1. The ylelds, estimated from tne nmr specirum
of the crude basic fractlon,'were 154, 354 and 45% resgec-
tively.

The ir absorption (1620 cm™}) ct endc-nitrace go-3
wasg not significantly decreased reiatlve LO tnac CI xetone
gg;lbwhén a mixture (1 : 1.6 ratic ) was examinea elcuner
after storage for 2 mcnths (25°), or after being stirred
with 0.,5% HC1l for 21 hcurs at 250. Reactlon wicn 0,7 aun
solutlion for 21 hcurs caused a decrease 1ln nicirave peasx
relative to the ketone peax (ir ratlio 1l:2.2). ktudo-nitratce

26~3 was relatively stable in pyridine, but aecouposed more

when treatéd with SN NaOH for 1.5 hours ©c glve a 1:3 ratlo
of nitrate to ketone 1ir abscrption intensictles. Heactlion
of exo-alcohol 27-1 for 0.75 hcurs witn concentrated HNOB
(0.25 ml) in concentrated HpSQ, (0.6 ml) (170), icliowed

by basification and extraction, gave an lapure nltrace :

ir 1720 (w), 1620, 1275, 860, ‘his product snowed a setone
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tc nitrate ratic of the ir peaxs of 1l:1.2 atver 2y hcurs at
250, and after 2 months the ratloc was 3:l.

LAH (0.8 g) reduction for 28 hours ot tne oasic re-
sidue (0.21 g) in ether at 250, followed by remcval o1 tne
sclvent through a Vigreaux column gave a mixture o1 endo
and exo-alcohols 26-1 and 27-1 (vide supra) in tihe ratic
of 1:1.,25. A Jones' cxidation of this mixture (0.059 &)
produced ketone g§;}’(d&032 &, 55%).

A contrcl photolysis cf nitrosamine 19-2 (0.75 g),
without acid, in MeOH (220 ml) (Apparatus 1, i,, 200 W,

Nonex filter) showed no decrease in the 340 nm aosorption
alter 3.5 hours. The additicn ot 0.2 equlvalents o1 con-
centrated #HCl, and irradiation for 2 hcours uwore, causeu
< 10% decrease in the uv absorption. 89 ol aitrosamine
19-2 (vide supra) was recovered. .

(b) Nitrosamine 19-2 (3 &, 0.019 mcles) in MeOd
(220 ml) containing 70% HClu, (3 ml, 0.02 moles) was pnoto-
lyzed for 4.5 hours (Apparatus 1, O,, 200 W, wonex tilver,
then the solvent was‘evaporaced. All attempts G crystaliize
perchlorate salts from a varlety of gsolvents ftalled,

The photolysate residue was dissolved 1in openzene,
washed several times:with dllute acld, ana the oenzene ev-
aporated. 1he residue obtained was separated lnto acidic/
neutral material (0.18 g) and a basic fraction (0.1Y g). ‘ne
former was largely nitrosamlne 19-2, wicth plasticlzer ana ctwo

minor components also present. Tne basic fraction was com-
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prised of exo-alcchol 27-1 (vide sugra).

The acid wacnes from above were vasilied anu exiractea
with benzene to give a residue (l.53 g). rurtner extracticn
of the aqueous phase witn CH2C12 and evaporaticn gave a
mixture, which was separated lntc ether sclubie ana LdzClp
soluble compounds, The ether soluble material (U.li g) was
found by ge (L25°) to contain 504 endo-alconol 2o=1 (12.4
min.), 40% exo-alcohol 27-1 (13.5 min.) ana 10% ci an uu-
known compound. The cH2012 soluble fracticn was shown to
contain the HCl salt of endo-alccnol 2¢~1 : ir 3500 (b)

3050 (b,m), 2950, 2880, 2005 (w), 1450, 1100 (v); nar (byu)
T 6,3 (L H, m), 6.5-6.8 (2 H, m), 6.88 (3 h, 8), 7.4-7.9

(5 H, m), 8,05-8.6 (3H, w); ms (170°) 14l (M *, 20}, Y7 (207,

96 (37), 82 (100), 55 (11), 42 (206). Jcnes' oxiuativn i

this salt gave ketcne 28-3 (50%, viae supra).

T'he ma Jor baslc fraction, obtalnea aoove, was curci-
atograrhed on neutral alumina (70 g). CH,Cl, elution ,ave
first a mlxture (0,07 &) wnich showea nc niirate (120 cm-l)
or ketone (1720 cm-l) peaxks., Next eluvted witi lp keCUH - CrpClz
wes a fracticn (0.49 g) wlin endo-nitrate 20-3 (vide supra)
as the majcr‘component. Continuing witnh the sawe elutant
gave a mixture (0.3 g) of nitrate 20-3 and «etone 28-3.

Using 2% MeOH - CH,Cl,, & mixture (0.16 g) of nlirate, seione
and alcohol 27-1 were obtained. The remalning fracciouns
(0.5 g), eluted with 5-50% MeOH - CH,Cl,, contalned exo-

alcohcl 27-1 (vide supra). Rechromatography of the fractions
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rich in nitrate (0.79 g) on siliclc acid (20 &) zave &
fraction (0,08 g) of endo-nitrate 20-3, eiulea witn jp
MeOH - CH2012. 'ne fractions betcre and alter I1s proauct
contalned mixtures of nitrate, xetone, alconcl and wnat
arreared to be decompositlion prcducts, as snown by tne
olefinic proton signals in tne nmr spectira.

The total ylelds of cthe varicus products were C.) g
of neutral or decomposltldn}roauccs, endo-nivrate 26~3
(0.55 g, 15%), ketone 28-3 (0.3 g, 11#), exo-alconcl g7-1

(0.8 g, 29%), and the hydrochloriae salt of gadc-alccuoci

26-1 (0.3 g, 9%).

§5-14-2 Thotolysls of 19-2 in cthe lresence ci BrCUl3

Nitrosamine 19-2 (0.95 g, © wwcles } amd coucesirateu
HC1 (1.7 ml) in a wixture of BrCClB (42 wl, 1lUU &) ana
MeOH (170 ml) were photolyzed tor 3 hours (Apparatus i, by,
200 W, Ncnex filter. Alter removal of the sclvent taurcug i
a Vigreaux colum, tne residue was separated incce aciaic/
neutral material (0.12 g) and baslc material (J.oYy g) in
the usual fashion (5-8-1). ‘“The dlgcilled solvent nad a
light blue cclor wnlch dlsappeared atter 2 weexks Cl reirig-
efated scobage.

The basic residue 6onuained one wa jor Culipyouwnu
(> 98%, retenticn time 12.9 min.) dnd a ainor cowgonent
(retention time 8,7 min.) when examined by gc (1350). ‘Tne

ma jor product also sihowed one peax in programmed telperacure
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gc and was ldentltied as endo-bromoamine 20-Y: 55% ylela;
ir 2940, 2860, 2840, 2780, 1450, 705 (w); nar v 5.v¥8
(1 H, ddd, J = 9, 7.5 and 1.5), 6.75-7.2 (2 H, m), 7.47

81

(3 d4, 8), 7.4=8.7 (8 H, m); ms =205 (Br®Y, 22), 203 (n* Br'”,

22), 124 (56), 82 (100), 42 (27).
Hrms at M*Br?? ;  Caled for CgHLuNBr'’ , 20540510,
Found, 203.0304.
Hrms at m/e = 82 : Calcd for Chngh, 82.U057
Found , 82.0048. |
T'he acldic/neutral fraction was composed ol 5 prin-
cipal compounds by gc analysls (1200), wltn one imajor com-
ponent (64%, 2.3 min.). A mlnor peax wltn the sauwe reveaticn
time was seen in the gc ol tne alstilled solvent. Ynis
compound was tentatlvely asslgned as tne tricailcronitrosc-
methyl monomer wnich forms dichiorotoramyl cxime (39) 3
ir 3200 (b), 985; ge-ms 115 (6135’37, 05), 1l3 (uxgb, 87),
98 (11), 95 (15), 80 (46), 79 (35), 78 (L00), 77 (74},
63 (11), 61 (30), 47 (13), 43 (22). 'Yne next iargest peax
(19%) in the gc of the acldlc traction appeared to be o1 a
compound contalning two cnlorines ana a oromine trou tne
gc-ms pattern: 189 (5), 187 (10), 185 (o), 159 (22), 157 (100),
155 (83), 121 (6), 119 (6), 107 (6), 105 (6), 95 (il),

93 (11), 77 (22), 75 (6l1).
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5-14-3 Photolysls of Ll9=2 in the Presence ot I,

Nitrosamine 19-2 (1.6 g, 0.0l moles), coaceatracea
HCl (2.6 ml), and iodine (2.6’g, 0.010 moles) were dlsscived
in MeOH (220 ml) and irradiated for 12 nours (Apparatus 1,
N,, 200 W, Nenex filter). The iodine abscrpticn was ca.
100 time greater than that of the nltrosamine at 345 na,
During the photolysis, aliquots were removed and sodium
thiosulfate added to cancel the iodine., Tne uw spectra
showed no decrease in the nitrosamine peaxk. Atter . notoly-
sls, tne lodine was reacted with sodlum thlosultate auna tne
solvent evaporated. The residue was separated into the
aclidioc/neutral material (1.69 g) and the basic material
(0.096 g).

The basic frac;ion was found to oe primarily suifur
(M* = 256) with a small amount of parent amine i1y-1 (ca. 0.02
g). Tne neutral fractlon was chromatograpned on neutrai
alumina (30 g). The tirst traction (0.73 g) eluted witn
benzene contained sulfur (yellow solid, W* = 250) and =
compound assligned as chnlorolodonitrosamine, eltner 57-1
or 57-2 ¢ ir 2930, 2860 (m), 1450, 1430, 1330, 1160, Ll030,
580; nmr T 5.4 (2 H, o, W& = 12), 6.05 (L.6 H, a, J = 6.5),
6.38 (0.6 H, 8), 6.57 (0.4, b3, J = 6.,5), 7.07 (2.4 K, 8),
7.4-9.0 (ca. 8H, m); ms (100°) 317 (M+1, 2), 3io (B* , 2),
258 (14), 256 (46), 191 (7), 189 (23), 153 (17), 137 (w2),
131 (15), 129 (46), 24 (54), 93 (100), 81 (71), 79 (9h),
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74 (58), 73 (?75), 44 (79), 42 (y2). ©Tnis fraction containea
ca. 20% nictrosamine 19-2, as Judged by the nmr signal at

T 4,25. Tne next fraction (0.l5 g) contained a wixture or
nitrcesamine 19-2 and nitresamines 57-1 or 57-2. Tne fraction
(0.07 g), eluved witn 10% CHpCly - CpHp, contalnea 19-2 (viae
supra). The remailning material (0.52 g), eluted witn 0-5%
MeOH - CHoCl,, consisted ot a mixture (ca. li3 ratlo) i iy-g
and an unidentified Compcund C : ir 3400 (b,w), >U2u (W),
2930, 2830 (sh), 1450, 1430, 1330, 1180, 1140, o020 (wmj;

nor 7 5.4 (m, W = 8), 5.95 (d, J = 7), 6.2 (8), b.30 (@},
6.95 (8), 7.5-8.9 (m); ms (50°%) 295 (3}, 252 (&), 153 (25),
125 (33), 124 (25), 111 (13), 93 (58), 85 (71), 83 (1lu0J,

79 (75), 44 (71).

Nitrcsamine 19-2 was stirred in neuk Ior 3 acurs in
the dark with similar concentraticns ci BCl ana ioulne, and
worked up in the same manner as above, ine nuar CI tne Cruue
residue showed ca. 20% yléld ot the products giving rise

to the T5.4 signal.

5-15 Photolysis or N-Nitroso-N-methnylpnenetnylauine
20-2)

Amine 20-1 (27 g, 0.2 moles) was hlurosaced witn
NaNO, (18 g, 0.26 moles) according to mwetnoa 5-5-la, anu Lae
product distilled at 147—1489/ 12 am to Live nitrosauwiue
20-2 : 11.3 g, 0.07 moles, 34%; ir 3085 (m), 3000, 3025,
2935, 2860, 1605, 1585 (m), 1450, 1430, 1340, L2000, 1l40,
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1040, 750, 700; nar T2.95 (5 H, s, W& = 3), 5.82 (l.66 n,

t, J = 7.5), 6.40 (0,34 H, dt, J = 7.5 ana 2), 6.02 (0.51L H,
g), 7.13 (1.66 H, ¢t, J = 7.5), 7.21 (2.4Y H; 8), 7.35 (0.54 K,
dt, J = 7.5 and 2); uv (€ in HCl - heQH) 45 (1LG). Froa

the ratio of the singlets at T 6,62 and 7.2L, 834 was E-isoumer.

9=19-1 Photolysls ln hethanol

A MeOH solutiocn (250 m) of anitrosamine 20-g (4.1 g,
0.025 moles) and concentrated nCl (4.5 ml, 0.054 woles) was
photolyzed for 5 hours.(Apparatus 1ll, Np, 350 nm lamys,
pyrex). Solid NapCOj (2.7 g, 0.025 mcles) was added anda tne
mixture was stirred. After evapcration ot ine solvent, tne
bulk of the resldue was tagen up in ether.,. hkvaporation ci
the éther gave a mixture (2.75 g); a portlon oI Culs uwixtwe
(0.49 g) was separated into acidlic/neatral compouwius (0.14 ¢)
and basic compounds (0.32 g).

The ether soluble compounds (2 g) were cnromatoxrapned
on silicic acid (40 g). The first rractions (0.07 &), eluted
with CH2Clop, contélned benzaldenyde (BA) : sc (140°) 1,7 win.;
ir 73040, 3020, 2920, 2840, 1695, 1590, 1200, 74U; aar T 0,05
(1 H, 8), 2.1-2.8 (5 H, m). Furtner elution with CH,Cl,
gave a fraction (0.1 g) whicn contained nictrosamine g0-2
(go 13 min., ca. 20%), and an unstable compound D : gc 4.8
min.; ir 3350 (b), 3060, 3025, 2930, 2830, l450, 1120, 1000,
245, 695; nmr T 2.9 (5 H, m), 5.46 (L H, ¢, J = 5), 6.70
(ca. 5 H, 8),.7.08 (2 H, d, J = 5), Attempts to isolate tnis
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ccmpound by preparative tlc or preparscive gc falleu,

An equal mixture (0.l5 g) cf compounu U (ge 4.8 win.)
and benzaldéhyde oxime (BAO, gc 4.2 min,.,) was eluted nexc
with CH,Cl,, followsa by fractions (0.1 g) eluvea witn 0-0.54
BtOH - CH,Cl, contalning BAQ : ir 3300 (bj), >us0, 3050,
2080, 2880, 1670 (b,w)}, 1600, 1450, 1ly0, Y40, 750, 6%0;
nor T -0.98 (1 H, s, D,0 exca), 1.84 (1 H, 8), 2.35-2.9
(5 H, m). The rractions {(0.08 g) eluted witn 2% &tun - Cnpll:
contained a wmixture of BAO (nmr T 1.84) and amiucxiwe 38 nuwr

T 6.5 (8), 7.4 (8) . Elution witn £-10; BUUn - Cl,ll,
save crude 58 (0.62 g), which was purilied by rechircmatograpny
on silicic acld (lolg) and crystallizaticn 1rom etnyl acetate
to glve'amldoxime 58 : m.p. 82—840; ir .3400 (b), 3200 (D),
3060, 3025, 2940, 2850, 1650 (b), 1630, Lod0 {(m), id4y0, 1375,
665, 715; nmr T 0,5 (1 H, b, D20 excn), 2.82 (5 H, s}, 6.49
(2 H, 8), 7.40 (3 H, s); ms (90°) 164 (M* , o), 147 (45),
132 (18), 117 (18), 106 (14), 91 (100), 73 (20}, o5 (235),

56 (41), 39 (14).
Hrms at M*: Calecd for CgdjphpU , lok.0Y50
Found, 164.0952,
Hrsm at m/e = 106 : Cald fcr CyHgv , 100.0050
Found, 106.0648.

Eluted with 20-50% EtOH - CH,Cl, was a mirture (0.26 )
wnich showed gc peaks corresponding cto pnenecnyliewine (5%-1,
3.2 min,, 20%) and parent amine 20-1 (3.9 min., 80»). Next

eluted with 100% EtOH was amine 20-1 : 0.12 g, ir 3300 (b},
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3090 (m), 3065, 3030, 2940, 2840, 2650, 2795, L1005, L5v)
(m), 1495, 1470, lhs55, lizs, 111y, 750, 7C0; nar 71 2.50
(5 H, s, Wk = 2), 7.26 (4 H, s), 7.98 (3 H, s), Y1 (1 &, 8,
D,0 exch).

The ether insoluble portion oi tne phctclysate resldue
was dilssclved in dilute acld (50 ml) ana extractea Lo give
a fraction (0.l g) containing primarily Bau (gc 4.8 ain,),
Baslricaicion and extraction gave a wixuure (0.08 g) ot
pareat amine 20-1 [gc 3.9 min,, 85%; nar 1 /.25 (s), 7.70
(s)] and a compound with a peak correspdnainé tCc amine 5y-i
(gc 3.2 min., 1573).

Tht_total yields of the products, based on tnhe amcunt
of starting nitrcsamine, were nitrosamine 20-2 (i), BA (&),
BAO (13%), amidoxime 58 (22%), parent auine 20-1 (1l0%),

and tentatively assigned amine 59-1 (3%).

5-15-2 Photolysis in Acetic Acid

(a) Nitrosamine 20-2 (4.1 g, 0,025 moies) als-
solved in a 1 M HS804 - HOAc scluticn was photolyzeu for
6 hours (Apparatus III, Ny , 350 nm lamps, pyrex). dLne uv
spectrum showed a‘330 nm peax ( e=o00), wnicn became cbscurrea
by a product absorbing below 300 nm. Water (400 ml) was
added, and the solution brought to pH8 with Nazbl3. wuuner
extraction gave a.mlxtube (2.5 g) which, by cougariscn wiin
standard compounds in the gc (135°), contained Ba (l.?lmln.,

18%), parent amine 20-1 (3.8 min., 1%), BAO (4.2 min., 10p),
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and nitrcsamine 20-2 (13 min., 60%). Extracticn or the
aqueous soluticn at pH 11 gave a umixture (0.l5 g) o1 ami-e
59-1 (66%), amine 20-1 (24%} and nitrosamine 20-1 (6p), as
analyzed by gc.

The aqueous layer was evaporatea ana iue residue
taken ur in CH2012 to glve a fraction [ 0.12 g; ir 3300 (o),
3050 (m), 2920, 2850, 1720, 1680 (b), 1450 (b), 6©Y5] wnich
gc indicated conslsted of BA (20%), BAC (10p), nitrcsamine
2p-2 (15%), and a major product (50%) witn a retention tiue
éorrespondlng to phenylacetaldehyde (P4, 1.8 wmin., )},

Treatment of a portion (0.66 g ) cf thne major basic
extract with 2, 4 - DNPH gave the benzaldenyde 2, &4-dinitro-

phenylhydrazone : 0.21 g; corystallized from 95% LtOd, m..,

235~237° (1iterature 237°) (215).

Repetitive silicic acld chrcmatcgrapny ci the ma jor
basic fraction, follocwed by preparative tlc faliea to isclate
the minor products (< 2% ylelds), bui there was no gc peax
corresponding to N-methylindoline (61, 4.8 min,) in any oi
the fractions. <The overall proauct ylelids, obtained rrou
the gc of the fractions, were BA (18%), BAU (94%), parent
amine 20-1 (2%), nitrosamine 20-2 (374) and tne products
assigned as amine 52;;:(3%) and pnenylacetaluenyde (2Zp),

(b) Nitrosaﬁine 20-2 (2 g, 0.012 moles) in acetic
acid (230 ml) ccntaining concentratea HCl (2.2 ml, 0.020 wcles)
was photolyzed for 4.5 hours (Apparatus i, “2’ 200 W, pyrex).

The acetic acid was evaporated and diluce acid (50 al) was
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added to the residue. Extraction witn CrpCly; save a aixture
(0.8 g)y NapCO3 was added until tne pH = 9, and CdpCl, ex-
traction gave a residue (1.02 g). ihe tlc, ir ana nmr spectra
of both fractlions were slumllar, except ior nitrosamine

20-2 present in the acldlc extract [ ca. 15 as Juaged Dy

nmr, T 5.82 (t)] .

The basic fraction was chromatcograineud cn neutrai
alumina (65 g). 4Yhe rirst four fractions (0.3 g), elutea
with 0-0,3% MeOH - CHpCl,, were a mlxture ol Icur compounds
by tlec : ir 3060, 3030, 293G, 2860, L1665, 1030 (sn), 1595,
750 (sh), 740, 700; mnmr 2.75 (m, W& = g), 6.1 (@), 6.5 (m),
7.,0-7.15 (m)., The next compound (0,2L &) eluted witn 0.5~
1.5% MeOR -,ChZClz was ldentilied as N-formylphne:etnylamine
(59-2) :+ 3300 (b), 3060, 3030, 2930, 2870, loo0, 1530 (a),
13R85, 745, 700; nmr T 2.04 (1 H, 4, J = 2}, 2.85 (5 h, s,

Ws = 4), 6.61 (2 H, quintet, J =7, collapses cn UpU excharge),
7.25 (2 H, t, J =7); mws (80°) 149 (m* , 21), lecz (6), 105
(36), 104 (100), 91 (46), 77 (27), 72 (17), 58 (LU0), &b (17).
The spectra were ldentical witn tormamide 39-2 (0.8 g) pre-
pgred by refluxing phenethylamine (0.7 5) witn 1ormic acia

(5 ml) for 36 hours (1l74),

Next eluted with 1,5% MeOH - CH,Cl, was a mixture
(0,07 g) of 59-2 and BAO, followed by a 1raction (0.1 g)
containing BAO (vide supra). Witn 3-5% leOh - CHpCl, as
the elutant, another mixture (0.09 g) was ouvtained, ana it

exhiblted a strong singlet at 7 2.75 in the nmr spectruu,



222

Flnallj eluted with 5-100% MeCH was parent auine Zu=-1 (U.) g,
vide supra). DNone of the mlxtures exnhlvlted a ccmplex nar
pattern in the region of 1 2.9-38.

Assuming the aclidic extract only diriered troui tue
baslc extract by containing nltrosawine Z0-2, ihe estimatea
product ylelds were nitrosamine 20-2 (6%), pau (12 a), 1cra-

amide 59-2 (19%) and parent awine (304).

5-16 Interconversion or Benzaldenyde and Bengaidenyae
Oxime

5=-16-1 HpS0, in Acetic Acld

The reactants were dissolved in a soluticn ot 1 i
Hy50, in acetic acid. Followlng the reaction pericd, tne
sclution was treated with 2N NaOH and extracted witii etner.
Analysis by ge (110°%) for BA and B4Q gave the results sncwn.

(a) BAO (1.2 g) was stirred in the acid soluticn
(25 ml) for 12 hours in the dark., After extracticn at ph o,
the gc showed BA (3%), BAQ (96%) and a peas corresponalny
tc the retention time of benzonitrile (lp}. benzonitrile
was shown in a separate experiament to be uncnan,ed under
these canditions, although benzamlde did not give a gC peax
under the analysis condlitlions.

Similar yields (¥ 1%) were obtailned wuen bau was ex-
tracted at pH 11, or photolyzed ftor 2 nours in pyrex Aupar-
aﬁus III (N2 , 350 nm lamps), or stirred in tne darx« witn

0.8 eculvalents of N-nitrosodimetnylamine (ibM),
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(b) BAC (0.6 g) and NUk (0.3 g) in the acic
soluticn (9 ml) were pnotolyzeda tor 2 nours (ca. 107z hii
deccmpositicn) in pyrex Apparatus 111 (Np, 350 nm laaps).
The gc analysls showed BA (9% and BaC (91%).

(c) BA (0.4 g) and sbM (0.28 g) were stirred in
the scluticn (10 ml) for 12 nours in the dard. sxtracticn
at pH 6, and gc analysls showed BA (Y4») ana BaU (op). ba
and NaNO2 under the same conditlons gave oniy BA.

(d) BA (0,38 z) and NDK (0.25 ¢) were stirred tor
12 hcurs 1n the dark, then photolyzed in pyrex Ajaratus 111
for 2.5 hcurs (ca, 10-15% decrease in Dl peak at 33V na,
N2, 350 nm lamps), Extraction at pH6é ana gc analysls sncwed
only BA.

(e) When the solvent of a MeOH soLlution (5C ml)
of BA (0.1 g) was removed on the rotary evapcrator 49 ylelqy
cf BA was obtalned. The yleld ci BA was =&85% wnen etner

was used as a solvent,

5-16-2 Yhotolysgls in Methanol

Crude BAO (1.2 g, 0.0l mole), containing 54 Ba, and
NDM (1.5 g, 0.02 moles) were photolyzed in meOH (220 ml)
containing concentrated B ClL (3 ml, 0,036 woles) icr 7 hours
(Apparatus 1, N,, 200 W, Nonex flilter) unti. tne uv apscrp-
tion at 345 nm had decreased 80%. Evaporation cI the sclveut,
basification and CH,Cl, extractlon, gave a residue (1.8 g)

in wnich gc¢ analysls indlcated that the B8A peax nud lacreased
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25% while the BAO peak had decreased 504%, relative LO an

internal standard.

A control reaction, stirred in the darg ac OO, snowea

a 5% increase in the BA peak after a slullar wer« up.

5-17 Decomposition ot N-Chloro-hN-metinylinenetiylamine
(20-3)

To a mixture of 5#% scalum nypocnlorite sciuticn (&C wl),
water (Sovml)!~and ether (100 ml) at 0° was aaded a solution
of amine gg;; (17 g, 0.125 moles) in diluce HCl (40 ml).

The mixture was stirred for 15 minutes, the etner layer
separated, and the aqueous layer extracted witn etner. ‘“ne
combined extracts were evaporated to give chloramine 20-3 :
3 g, 0.02 moles, 14%; ir 3085 (m), 3060, 3030, 2950, 2800,
1600 (m), 1450, 1435, 745, 695; nmr t 2.95 (5 H, s}, 7.10
(& H, m), 7.24 (3 H, s).

5=-17=1 Reaction with Ferroug Suliate

Cnloramine 20-3 (0.7 g, & mmcles) was stirred in a
solution of 1 M HpoS0Oy in acetic acid (50 ml) ac 259, anu

nydrated ferrous sultate (Fes(,.7 HpU, 1.4 &, 5 mmcles) was

added. After 10 anutes, the solutlcn was extracted witn
petroleum ether (60-1169.. Evaporation gave a itraction (U.26 gl
which contained ca. 20% non-volatile material 1rcuw the
petroleum ether [nmr 7 3.0 (m), 7.75 ‘m), 8.78 (s), Y.iy (w)] ,
identical with the residue obtained from evaporaticn or pev-

roleum ether, The aqueocus solution was basitied tc pH 8,
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and extracted with petroleum ether (o0 give a4 wixture (V.19 g/,
contalning cthe petrolcum ether invcolatiies (ca. 20,0/,

The neutral fraction was chrcmatcgrapned cn silicic
acid (10 g). Frirst eluted with CHpCl, was beuzyl chloride
(BC) : 0.08 g, ge (130°) 2.4 min.; ir 090 (@), 3005, >U4d,
2965, 1600, 1450, 1270, 700, 680; nur T 2,74 (5 0, s}, 4.52
(2 H, s); ldentical with an authentic sam;le. A aixture or
BC and agueous acetic acld when evaporated on the rotary
evaporator gave 10% reccvery of BC. Yiae remalnin, materiali
(0.4 g), eluted from the colum with 0-50% heUh - CHyCl,,
had gc preaxs corresponding to tne petroleul eLher resicue
(1.8 min. @ajor, ir 1740).

Ge analysis of the basic extract sncwed tue major
compenent to be amine 20-1 : 80%, 5 min,; nar t 2.y0 (s},
7.26 (8), 7.78 (8). The aqueous pnase was further extractea
with ether at pH 11 to give a mixture (0.1 gJ, whlcn gc
analysls showed to conteln parent smine gg:£ (Y0p) ana wne
peak corresponding to amine 59=1 (104, 4.2 wmin.). Curomat-
cgraphy of the combined paslc extracts on sillcic aciu (7 g)
gave the petroleum ether residue (0.02 g, gc 1.8 min. amajor)
with O—l%.,EtOH - CHyCls. Tne remaining i1racticus (0.08 gJ,
eluted with 2-100% EtOH contained parent amine
20-1 (vide supra, 5-15-1). Ncne of che fractions shcwed
the ge peak of N-methylindoline (6 min.).

The overall ylelds of the products, calculated from

ge and nmr, were BC (40%), amine 20-1 (42%») anda assiyned
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amine 59-1 (2%),

5-.17-2 Reaction with Silver Nitragte

Amine 20-1 (6.8 g, 0.05 mcles) was ccnverted tc¢ chlcr-
amine 20-3 as described above, using pentane inscead of etner
as a sclvent, The pentane extracts ccntalning go-; were
evaporated until ca. 50 ml remained, then MeUH (200 mi) was
added,.and the solution again concentrated tc a 50 wL volume.
MeOH (éa. 250 ml) andAAgNOB (12,8 g, 0.075 moles) were added
and the mixture refluxed for 2.5 hours in the aark, ‘lhe
precipitate was filtered, and the solutlon concentracea tc
ca. 25 ml, Saturated NaCl solution (50 ml) was adued, ana
the mixcure lefﬁ overnight. 'he precligiitate was flitereq,
and the solutlion extracted with etner. Evapcraticn ot tne
extracts gave a mixture (3.33 g), which showed gC peaxs at
2.3 min. (4%, benzylmethylether), 3.Y win. (47, coapcuny r/,
4.2 min. (2%, 59=1), 4.8 min. (66%, 20-1), ii min. (4,
oompound E), and 11.7 min. (20%, compound G).

The mixture (2.7 g) was cnromatographed cn siilclc
acid (50 g). Eluted with CHyClp, was a mixture (0.42 g),
indicated by gc to be composed of benzaldenyde (2.0 min.;
ir 1695; nmr 7T 0,05 singleC)'and benzylmethyletner (bhk),

(2.3 min,, nor T 2.9 (s8), 5.5 (8) 0.67 (8)] . Bluied witn
1% EOH - CH,Cl, was a fraction (0.16 g) walch distilled
at 65°/1 mm tc give impure compound B : ge 1l win ( > 85m);
ir 3060, 2930, 2830, 1695, 1675, 1600, li450, 1070, 700;
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nmr T 1,85 (2 H, m), 2.4-2.8 (3 H, m), &.8 (1L n, s),

6.52 (ca, 5 H, s); ms (1750) 160 (2), 151 (3), 121 (4),

105 (10), 97 (7), 77 (21), 75 (100), 5L (7), &4/ (14). ‘ais
compound appears to decompose on storage Lo benzolc acia :
ir 1700; ms 122 (80), 105 (100}, 77 (75), ol (60).

The next traction (0.41 g), eluted witn ip

EtOH - CH;Cl,, was rechromatcgraphed on sllicic acla and
one fraction (0.22 g) was dlstilied act 809/ 1 mm tc give
impure compound F : gc 3.9 min. (75%); ir ‘3300 (o,m), 3u03,
3025, 2930, 2850, 2820, 1670, 1600 (m), 1450, 1070, 750,
700; nor T 2.8 (6 H, m), 6.0l (1 H,.8), 6.70 (1 &, s}, 7.2
(4 H, m), 7.68 (1 H, s); ms (175°) 268 (5), 224 (55), loj
(38), 134 (30), 105 (63), 104 (B8), 91 (00), 77 (25), 75 (30},
72 (100), 44 (75).

Eluted with 2-58 BtOH - CH,Cl, was a iraction (0.5 g4
which was distilled at 90°/ 3 um tc give cowpound U : ¢
11.8 min,.; ir 3340 (b), 3060, 3025, 2900, 2830, 2780, iw>5J,
1120, 1080, 10§%5, 755 (m), 700; nar 71 2.5 (5 H, @), 5.74
(LH, d, Jd =7), 6,43 (L H, 4, =7), 6.6 (3 0, 8), 0,87
(3 H, s), 7.80 (3 H, 8), 8.03 (1 H, s, D20 exch); us (175°)
196 (1), 195 (1), 164 (3), 148 (5), 134 (8), 132 (1l0), 120
(100), 91 (15), 77 (10), 75 (20}, 42 (20). <ine remaining
product (0.3 g), eluted with 10-100x ktOH was parent amine
20-1.

Hone cf the fractions contalned a gc peax wnicn cor-

responded to 51 (6 min.,)., The ylelds 01 the wajor products
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of 7¢ analysls were amine 20-1 (32%) and the unidentitied

compound G (ca. 7%).

5-18 Alternaste Methods of Generatinz aminium nadicals

§-18-1 Radical Initiated Chloramine intermolecular
Additions

The reacticns given below were followea oy lcoaoimetric

titration (5-8-3).
(a) The hydrocnloride salt oI diethylauwlne tbn,

11 g, 0.1 moles) was converted by the metncd descrived in
5-5-3 to N-chlorodiethylamine (CLE). <Lne etner extracts
were concentrated by evaporation, acetic acid (10u mi) was
added, and the rehainder of the ether evaporated. Lhe
solution was made up to & M Hpy50, in acetic acla (<ul wl,
and o ,0- azo-blg-isobutyronitrile (AIBW, 0.60 ¢, 0.004 aoles)
was added, The mixture was heated to 33-35C in the darx, and
l-butene gas was passed through the solution ror 4 hcurs.
The sclution was extracted witn ether, the extracts wasnea
with dilute base, and‘evaporated to give a resliaue., lhe
residue was separated into acldic/neutral waterial (9.3. g)
and basic material (0.32 g) by tne usual extract.ion procedure.

The ma jor codponent ¢t the pasgic 1raction was bLb :
gc 80%; ir 3400 (b), 2970, 2930, 2870, 2820 (m), l&4vl;
nar T 5.40 (1 H, s, D0 excn), 7.45 (& k, 4, J = 7), 9.0
(6 H, t, d=17), The‘gc (105°) of the neutral traction

showed peaks at 1.8 min, (52%), 4.0 min. (40%) and 4.3 win
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(8%). Distillaticn of the neutral fracticn at 400/ 3 mm
gave impure chloroacetoxybubtane 63-1 : 1l.33 g; gc'u ain,
(B5%), 4.3 min. (15%); ir 2970, 2940, 28380 (m), 1740, 1235,
1030, 735 (m); nmr v 5.06 (1 H, @), 6.41 (2 4, a, J = 5.5),
7.97 (3 H, s), 8.35 (2 H, m), 9.08 (3 H, t, J =7) ; ms (175°)
150 (M *, @), 123 (2}, 121 (7), 101 (51), 85 (4&4), 83 (07),
73 (11), 72 (9), 61 (18]}, 55 (20), 49 (6}, &7 (17}, &3 (i0v);
as (300, 20 ev) 121 (8), 101 (100). rrom tne liguia niirogen
trap was obtained the wore volatlile macterial (1.8 g). dine
major component was assigned as 2-acetoxybutane (v3=2) : gC
1.8 min. (65%), 4.0 min. (25%); ir 2970, 2920, 2880 (m),
1735, 1245, 1030; nar 7 5.28 (m), 8.10 (s), 8«3-Y.& (m),

(b) Dimethylamine hydrcchleoride (8.1 g, O.l wcles)
was treated with NaOQl solution as described in metnou 5-5-3.
The ether extracts were dried, and concentrated HpsOy, (5 al)
was added at 0° (132). The precipitated suliuric aclic sait
of N-chlorodimethylamine (HCDM) was tiltered, wasned witn
ether, and dried under vacuum in the dark. 4ihe salt was
dissolved in a 4 M HpS0, - HOAc solution (200 al) ccntalning
l-hexene (8.3 g, 0.1 mole)}. Half the sclutlon was kept at
room temperature in tne dark. To the otuner nall was added
G,a - azo-big-cyclohexylnitrile (ACHN, 0.37 g, 1.5 muwocles)
and the mixture was photolyzed for 7.75 nours (apparatus 1li,
No, 350 nm lamps, pyrex). ZThe photolysate was se.aratea intc
neutral (2.67 g) and basic (0.16 ) fractions., 4ne saae

procedure witn the control solutlon gave neutrai (3.27 g)
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and basic (0.18 g) fractions.

Both neutral fractions snhowed ¥c j.eaxs (1300) at
1.8 min, (45%), 4.4 min, (45%), and 4.7 min, (10p), and %
have the same ir absorptions (2960, 29&0; 1740, 1240), rrca
the ccmparable gc retention times ana the slullar nmr signais
as the neutral fraction from 5-18-la above, the major
compounds were tentatively asslgned as Z-acetoxynexane (@4-(j
and l-chloro-2-acetoxynexane (o4=1) @ nmr 7 5.08 (w), o.43

(4, J = 5), 7.97 (s), 8,05 (s), 8+3-9.3 (m). Lne nuwr spectra

of both basic fractions were similar : v 5.9 (m), 6.4 (@),
7.3 (m), 7.51 (s), 7.98 (s). tne ge (115°) snowea peans at
6.3 min, [ 40% of the control and 1l0% of the pnctolysis 1rac-
tion; gec-ms 114 (100), 84 (7), 72 (10), 71 (10), 58 (20),
42 (14) ] and 4.8 min.[ ws (90% pure) loy (2), 163 (5;, L2y
(11), 1a& (10), 87 (8), s5& (14), o9 (10), 58 (100), &3 (71),
b2 (24

(c) HCDM, prepared trom tne nydrocnicrige salt
of DM (8,1 g) as described above, was dissolved 1n a 4 I
‘H,S0, - HOAe solution (200 ml) conteining diallyletner (9.8 j,
0.1 moles), Half the sclution was xept in tne aarx« as a
control., AIBN (0.33 g, 2 mmoles) was added to tne ocner uail
and the mixture irrédlaced for 1,25 hours (Apparatus iil,
N2, 350 nm lamps, pyrex). The usual extractlon proceaure
gave neutral material (3.85 g from both soiutions) ana oasic

fractions (0.15 g from pnotolysis, 0.18 x froa cuontrol

solution),
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Botn neutral fractions nave major peaxks in tue ge
(1500) at 8,7 min, (ca. 65%) and 9.5 min. (ca. 200). Lne
ma jJor product was tentatively assigned as the l-clhlorc-2-
acetoxypropylallylether (065-1) : ir 3000 (&}, 3020 (w),
2950, 2865, 1740, 1235, L1050, 740 (m); nor 7 ;> «~Ell® \i A,
m), 4.65-5.1 (ca. 3H, m), 5.7-6.1 (2 h, @), 0.2-0.5 (4 8, a),
7.55 (3 H, 8). The basic fracticns were not luriner invest-
igated but had a major reak (ca, 00x) in tne gc at 8.7 @min.:
ir 2940, 2860, 2820, 2770, L1740, 1235; nmr T &4.2=5.05 (),
5.7=-6.7 (m), 7.2-7.5 (m), $.63 (8), 7.91 (=4,

(¢) A sxmilér procedure as given in 5-18-lc wiin

HCDM was followed, using as the olefin 2, >-dlcnloroprogpene
(11.1 g, 0.1 moles), and the irradiation perica was 1 nour.
The neutral fracticn (0.32 g) trom the coatrcl contained
greater than 10 peaks in the gc (1059), wnlle tune neutral
fraction (0.3 g) from the pnotolysis showed one peas = 5.5 win;
ir 13350 (b), 2990, 2840, 224C (m), lo60 (b), L4350, 1220,
750; nmr T 8,40 (s), 8.58 (s).

The base-extracted material (0.02 g) tfrow cne ccatrcl
was primarlly.z, 3-dicnloropropene| nar T 4.5 (m), 4,05 (a),
5.9 {8)] . The basic traction (3.5, g) irow thne pnovtclysis
was l-amino-2-chloro adduct 66=1 1 gc 9 min. ; 1 2955,
2830, 2785, iu55, 1280, 1050,1005,950,700;nmr T 5.89 (2 a,s)
6.97 (2 1, s), 7.58 (6 H, s); ms (100°) 1yl (5, Loy (;-T.Clgj,
4), 156 (2), 156 (€13°, 3), 162 (6), 140 (Ci2?, ¥), L20 (4,
118 (€132, 9), 107 (6), 105 (CL32, 19), 85 (ob), ok (i3],
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83 (78), 58 (100), &4 (11), 42 (23).

5-18-2 Attempted Generation of Aminium Kausicai ilrcm
Yrotonated Aamine

(a) Dipentylamine (Db, 1 g, o mmcles) and calciua
hyycenlerite (1 g, 8 mmoles) were dissolved in & i Hpol,, -
HOAc (126 ml) and left in room lignt 1cr 1 weex au 2s°.
Neutralization and extraction gave DF ¢ 0.3l g; ir 2vcu,
2860, 2810 (m), 1470, 1330, 730; nar 7.42 (& i, @), 8.4-y.3
(ca. 19 H, m), |

D} (1 g) was reacted witn NaOCL soclution (10U ml) as
outlined in me thod 5-5-3 tc give N-gnlorodipentylauine (Cue):
0.84 g, 69%; ir 2930, 2860, 14060, 1375, L07u, 720; nmr
7.09 (4 H, m), 8.2-9.3 (18 H, m). CD? was alssolveu 1n & N
H 30y _ HOoAc (60 ml). After 10 minuces in tne dars, ine

solution was neutrallized and extracted tc give Cok (0.35 g,
vide supra).
(b) DF (2.15 g, 0.0l4 mcles) and iead tetra-acetate

(9.2 g, 0,021 moles) were dissolved in 4 M HySy, =- HUAc
(700 ml)., A tnird of the solution was ieit ir cthe dark, a
tnird was heated on tne steam batn 1cr 2.5 ncurs, ana a tuird
was photolyzed for 1.5 hours (Apparatus LlI, &,, 350 na lauws,
ryrex), Neutralization and extraction gave'ur (viua supra)
frcm the control (0.58 g), tne tnermal (0.5%y &) anu thne pncto-
chemical (0.58 g) reactions.

DP (1 g, 6 mmoles) in HOAc (120 wl) was neated on a«

steam bath with Pb (OAc), (4 g) tor 3.5 ncurs. Neutrailzation
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and extraction gave a alxture (ca. 0.4 x) or o (ca. ©0p

from T 7.45 multiplet) and a compounu assigned as N, N-
dipentylacetamide (67): ir 1640; nor 7 0.70 (@), 7.98 (s/,
8.3-9.3 (m); gc-ms 199 (i *, 6), 184 (11), 156 (12), liz (4c),
128 (51), 114 (15), 10Q (76), 87 (22), &6 (20), 7> (130),

Ly (50).

5-19 Atvtempted Iniltlatlon ¢t Nitrosupiperidine gaalcal
Reactions

5=19«1 Carbon Radical lnitliators

(a) N-Nitrosopiperidine (Ni, 2.28 g, 0.02 moies)
and cyclonexene (1.64 g, 0.02 moles) were ireflunea Iur 4o
hours in the dark in a HeOH soluticn (200 al) wnlcn contained
concentrated HCl (2 ml, 0.024 moles) and ALBN (U.lo6 g,
1l mmole), The uv spectrum showew ca. l5% increase in tne
350 nm absorption, MeOH ﬁas evaporaced, and tne resiaue
separated into neutral and baslic fractlons. “ne neurrai
materisl (1.9 g) was NP : ir 2940, 2840, 1h25, 1300, 1285,
1260, 1370, 1090, 980; nmr 5.8l (2 H, w)}), 6.24 (2 r, @),
B.0-9.1 (6 H, m),. The basic fracticn (0.15 &) was largely
NP (similar ir) with possibly scue jplperiaine (¥ ) preseat
[ir 3350 (b,m), 1320 (w)].

(b) NP (3.9 g, 0.034% moles), concencrated hul
(3 ml, 0.036 moles) and AlBN (0.5 g, 3 mmoles) in weuh (200 ul)
were reflured in a covered vessel for 41 nours, cilen leftu

for 4 days at room temperature., <1Thne uv spectrui siowed
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ca. 20¥ decrease in ﬁne 350 nm peax. Evafcrathn and ex-,
traction Zave the neutral NF (2.5l &, vide suira}l. Easif-
iecatlcn snd CH2012 extractlicon ;ave tne nyarccnicrlde sa.t
cf riperidine (HF): 0.34 g; ir (aBr) 2940, 2500, 27«0,
2510, 1450, 560; nar T 0.07 (24, b, bpU excn), 0.83 (4 H, ),
7,8-8,7 (6 H, m),

(e) NP (2 g, 0.018 mcles), cyclonexene (L.ok g,
0.02 moles), trifluorocacetic acid (2.3 g, 0.02 wcles), ana
AIBN (0;16 £, 1 mmole) were refluxed in tne aar< icr <U nours
in benzene (200 ml)., The uv spectrum shcwed ca. iUk 1n-
crease in the broad peax from 330 to 370 nm, bkva,cration
of the sclvent and extracticn mave N¥ (1,75 &, Vviwe su.raj.
The extracted basic material (0.06 g) was nct ldenuilleu:
ir 13300 (b), 2930, 2850, 1670 (b), 1450, 1200, Llyé, 1150;
nmr T 6.85 (b, D30 exch), 8.1 (b, D0 excn), 8.25 (8}, 8.4
(s), 8.5-9,0 (m).

(a) NP (1.2 g, 0.0l moles), cyclonexene (2 g,
0.024 mecles) and triflucroascetic acida (1.5 mi, 0,02 moles)
in benzene (120 ml) were refluxed in tne dar« while penzcyl
peroxide (1 g, 4 mmoles) was added in porticns. 4+ne ecluticu
was refluxed for ah additional 5 nours, tuen leit at 25°
for 15 hcurs. 7The uv spectrum sncwed ca. 30,0 lrncrease in

the 325 to 380 nm regicn and was not furtner examinea,
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5=-19-2 Reaction with Ferrous sSulrgte

NP (1 g, 9 mmoles), concentrated HCL (1 mi, 0,012
mcles) snd cyclohexene (1 g, 0.012 moles) were dissolvea

in eOH (20 ml). Hydrated ferrous sulraite (FeoQy e 7 HpV,

2.5 g, 9 mmcles) was added to the solution at 0° and cne
mixture stirred for 2.25 hcurs in the dar«. Lne sclution
was flltered and evaporated. Aquous NagCO3 was added auc

the sclution extracted to give NI (0.79 g, viue supraj,

5-19-3 Thotoinitiation with N-Nitrcsc-i-metnyiacetauide

NP (1 g, 9 mmoles), tritluoracetic acia (1.5 al,

0.02 moles), cyclohexene (l.5-g, 0.018 moles) anu nN-nitrcso-
N-rethylacetamiae (NMA, 3 g, 0.029 moles) in benzerne (220 ml)
were photolyzed for 5.5 hours (Apparatus 1, Ny, 20U w,

> LOO nm filter solution). The uv spectruw sncwed a )8
decrease in the 420 nm peak of NMA. Yhe sclvent was evaj-
orated and water (100 ml) was added. After extraction cI
the neutral material, the sclutlon was basitied te pl 8,
Ether extractlon of the basic solution aand evagoration gave
N-methylacetamide : 0,12 g, ir 3300 (pJ, 3100 (04, 2930,
1640.(b), 1560, 1410, 1370; nmrT7.22 (3 H, a, J ¥ 5, coilapses
on additicn of D20), 8.03 (3 H, 8).
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-20 Nitrcsawmine rnotoeliminatlion neacb.Olg

5-20-1 N-Nitrcsotetrahydrolsoquinoline (2l=g)

'etranydrcisoquinoline 21-1, 13.3 g, U.lfwole) was
nitrosated witn NaNOp (9 g, 0.1 mcles), accoraing to
method 5-5-1, tc give a neutrali fraction (l5.0 &) wuicn
was crystalllzéd from BtOH -Hyv O give pale yei.ow nit-
rosamine 21-2 : ll.00 g, 0,072 mcles, 72%; @ep. 42-#40; ir
3025 (m), 2985 (m), 2630, 1500 (w), 1425, 1350, L5&u, i>ehH,
1290, 1050; nar (CCly) t 2.90 (4 d, m), 4.00 (093 8, 8),
5,32 (2,07 H, 8), 5.50 (1.38 d, t, § = 6), 0.2L (V.02 1,1,

= 6.5), 7.0 (2 H, m); uv (€ in fACl - mevi) 347 (1l0u). e

nmr spectrum indicated ©9%» E-lsomer (gyn LcC penzyiic ,rciecus).

Mitrosamine 21-2 (8.1 g, 0.05 moles) anu ccncen-
trated HCl (4,2 ml, 0.05 moles) in keUH (4U0 mij were ,nct-
olyzed for 10 hours (Apparatus III, Ny, 350 nu iamps, pyrex).
The MeOH was evaporated and dilute acid (200 ai) adaed.
Etner extracticn gave nltrosamine g;;g kO l5 &, tlic and ir
identical). NayCO; was added until tne soiuticn was 0asic
and ether extraction gave amidoxime g-i (7.00 g, 89, oune
spct tlc) whicn was erystalilzed frcm benzene-hexane tc give
green-yellow 98-1 & am.p. 103-104°: (liceracure le-LOoo)
(128); ir 3200 (b), 3070 (m), 2940, 2800, luyv, +ovu (uw),
1570 (m), 1335, 965, 905, 780, 700; nar v L.08 (i1 n, b, wpu
exch), 2.2 (1 H, m), 2.85 (3 4, m), 6.07 (24, t, J = 0),

018 (2 H tl J - ?}JO
Tne aqueous phase was basilied to pH 12 and extracted
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with CH,Cl, to give a mixture (0.l5 g) ol awmidoxime 68-1

nnd parent amine 21-l1 by tlc and nmr. ‘ine water was evagor-
ated and the residue extracted to give amine 2L-1 : 0.1l5 ¢,
tlc identical ; ir 3366 (pb,.m), 3030 (m), 2930, 2840, 2vly,
2745 (m), 1585 (w), 1500, 1455, 1325, 750; nar T 3495

(b H, s, W& = 4), 6,20 (2 8, 8), 7.05 (2 H, w), /.35 (2 4, ),
8.4 (1 H, s, Dpo exch).‘

9=20-2 N-Nitrogopiperidine under Oxyxen
(a) NP (2.3 g, 0.02 moles) and counceantrated HCl

(2 ml, 0,024 moles) were pnotoiyzed in keOH (230 wl) in an
oxygen aﬁmosphere‘fo} 3'ncurs (Apparabusxl, 200 W, hcnex
filter) until the uv spectrum snowed thne dlisaj.earance ol
the 350 nm peak. The usual worx up (metnoa 5-8-1) gave

the acldic/neutral maéerial [ 0.03¢; ir 3300 (b}, 2930,
2855, 1630 (b), 1525, 1280] and tne basic fract.ons (l.4b )
extracted witnh CH,Cl,.

Chromatcgraphy oi' the basic rraction un neutral
alumina (60 g) eluted first, witn 0-1% MeVH - CH,Cl,,
dipiperidinomethane (20) & 0.38 g, 21p; ir 2935, 2855,

2780, 1440, 1130; nmr T 7.24 (2 H, s), 7.0 (8 #, w), 8.3-8.7
(12 H, m); ms (100°) 182 (u+ 1, 1), 18L (h*, 2), 6 (100),
85 (25), 8« (45), 70 (11), 57 (21), -6 (25). ‘'the 1racvicans
eluted with 1% MeOH - CHxCly [ u.23 &; ir lon0 (0);

nmr T 7.4 (& H, m), 8.4 (0 H, m) ] were puriiiea to give tie

product assigned as N-piperidinoforamamide (Z1): ir 2935,
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2860, 1670, 1440, 1105; ms (100°) 113 (100}, vyo8 (50),

8L (Lb), 73 (Lk), 56 (50). Eluced witn 1-505 heVd - CHyCl,
was piperidine hydrochloride (Hr) : 0.068 g, 29#; ir viae
supra, 5-19-16; nor (Dp0) 1 6.79 (4 H, w), 8.2 (6 =, w).

(b) NI (2.3 g) and concentrated Hdil (2 wl) in
water (230 ml) were photolyzed fcr 1l ncurs unser oxygen
using the same condltions as above. Lhe uv specltruil snowed
ca. 20% of the 340 nm absorytion rema.ned. +ne soiuticn
wAas extracted to glve a neutral tracticn (U.ok &) concaining
NP (vide supra, 15-19-la).

The photolysate was basiflied and‘excracted TC glve
the basic material (2 g) which was cnromatograpned cn neutral
alumina (60 g). Eluted first with CHpCLy was b¥F (C.1l g,
vide suvra). The next CH,OX, elutea fraction (023 &) was
ca. 505 NP, as indicated by nmr. Lkluted witn 1-3» Nelr -
CH?cl2 was an unstable product, sugmested tc be trigijeriu-
inenitrate 72-1: 0,91 g; ir 3350 (w), 2970, 2839, 2ouy,
1630, 1280, 880; nmr 7 5.0 (1 H, m }, 6.2-7.8 (ca. 10U &, a),
7.8-0.0 (ea. 20H, m); ams (75°) 24y (5), L1y2 (27, Lo, (5),
100 (S), 84 (91), 83 (100), 55 (Y5). Arntempted sublimaticn
at 40°/ 1 mm zave a semi-solid, suggested To be lmpure
tripireridincalcohol 722-~2 : ir 3300 (o,m), 2930, 2835, 28u3,
1630 (m), 1445, 1050. |

Anal, Caled for CljﬂbNBO : C, 67.37: #, 10.y3;

N, 15.71

Found : C, 67.82; H, 10.32; i, lé.yo
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'he remgining material eluted wivn 5-50p sevn - Cn,GL,

was HP (0.42 g, vide supra).

5-2) @uartum Yield of M-Nitrcscdlmevnylawmine uvlsaip.eurance

5-21-1 Aunraratus and rrocedure

The auantum yleld measurements were u.ne i a iuerry
mc round apparatus (263). A 450 Watt lamp, insiue a water
cecoled sleeve, was placed in tne centre well o1 thne apgar-
atus and the lignt fiitered turough a Corning Co 7-00 (5 5840
gless filter(See Figure 5.4). ‘Une patu lenytn to the 0,5
by 2 cm photclysis siits was ca. L0 cm, Scrubved nitrcgeun
7as was bubbled tnrough the aqueous sclution (3 wi) coutain-
ins N-nitroscdimetnylamine (NDM) and Hul (sawe molaricy es
that cf NDM), then the pyrex tuoe was stCppereu. Lne sam,les
were irradiated in a constant tempcrature baiu at 25° ana
removed at specltlc time Intervals.

A ferric oxalate actinocmeter (204) was usea ana tne
amount of ferrous icn formed was determined tne aoscrypticn
cf the complex at 510 nm., ‘“he calibraticn plct tcr the
ferrcus complex is given in Flgure 5.5, A quantuw yleld cr
1.21 was assumed in the calculaticns t'cr thne tcrmation ci
ferrous lons,., The lamp intensity, alter a waro up pericu
(ca. lO minutes), was found to be relatively constanc (% 1Jz)
and the average light intenslity entering the sample tuves

l .
was 6 x 1077 quanta/minute,
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In & sejparate experiment the amount cl lioul absorved
related to the molarity ol NDN was deteriaineu in tne a,parsaiuds
shown in Figure 5.6, 'The average values t'cr tne perceat-
age of 1ncldent light abscrbed were plotted agalnse wolerity
of NDM in Figure 5.,7. 1ne actincmeter sclutlcens avscrb

> 98% of the light at tne 0.006 M ccncentraiLicas usea.

5-21-2 Experimertal Data

The prercentage decrease ci the 340 nm Nour abscrpvicn
during the photolyslis was plotted against time. ine poinis
wave linear slopes with deviaticns ¢t * lup. dhne qua.atua
yields cf disappearance ( @ dls) of NUri were caiculated
from the slopes and the vaiue fcr tne average lignt intensity.
These @ qig velues are glven in Table 5.L witn Lhe cOrrec-
tion for the amcunt of lignt apsorbed by tine saugle at

thnt molarity.

5-22 Analysis ot Mitrosainlne Iuoccdeccoinpesibivn £ICLuCLs

5-22=1 Gas Chromatograjpny of Aminesg

A number of gc columns were tested fcr trnelr aoility
tc separate low molecular welight amines. ‘Wne coluans auna
the major difficulties found with an injJection o' an aqueous
hbasic smine mixture were listed in Table 5.2. +Lne awmines
tested were methylamine (M), etnylawine (B) anu dimetnylisaine

(DM), All the gc columns were found to oe unsulitable ror
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Filgure 5,56 Apparatus fcr veterminaticn ol tne £ Absoroeq
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Figure 9,7 ltercentage cf lncldent —lgut Absoroeu as

a Function ol NPM Concentraticn
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one, cr more, of tne followlng reasons:

(a) Incomplete separation of auwines,

(b)) Mo geparation of amines,

(c) Amines did not ccme thrcugh the column,

(¢d) Asymmetric peaxs, which made integraticn
difflcmlt.

(e) 'Ghost' beams (188}, i.e., subsequent in-
jecﬁlpﬁs of only dilute NaOH prcauced peass
correépondlng tc the yrevicusly injected awines,

The phenylthipcyanate derivative of dimetnylawlne was
also tested in ten gc cocluans but gave eltner asymmetric
or broad peaxs. Amidoxime 73 gave slmllar results wnen

tested on Chrcomosorb 103 or Dowtax 9NY (20% nuH).

5-22-2 Amidoxime hetal Complexes

he uv and visible spectra of a dilute aclalc sclu-

tion of N-methylacetamido cxime (Z3)* in tne ;resenbe of a
series of metal icns were examined. The observea peax
shifts of the metal lons were not well separated frcu tne
original absorptions, <The values ilstea in Table 5.5 were
observed when equimolar quantities of thne metail lcn ana 73

were mixed together.

# Obtailned by Dr. N. Chiu in this laboratory rrcm tne pnctc-
decomposition of N-nitrosomethnylethylaaine,.
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Table 5,2 Separation cl Amines by uas CnrcaglLcgraony

Literature

Reference
265
265
186

%

*%
266
267
268

Liquid
Yhage

. 20% Cetyl

Alconol
8% THEED
3% THEED,
5% TEP

2% NaOH

204 Dowfax $N9,

20% KOH

. 20% Dowfax 9N9,

10% TEP

10% Versamid
900

10% Aplezon L
10% TEF

10% Dowfax 9N9

104 Amine 220

20% Hyprose -
St-80

10% Ucon 50
‘5%'Ucon 50

-+ 20% XF-1150
'20% XF-1150,

2% NaOH

10% Versamid
900, 5% KOH

105 FFAP
3% QF-1

20% Dowfax 9N9,

oupport . Unsuitapility*
Reasons
Celite 545 (a), v and L
Chrom W (al), UM ana b
Chrom W : (b}, DM and.tb
Chrom w (al, 18)
Chrom W (a), DM anc &
Chroam W (a), Dii ana N
Lide (40/ . (b); (c)
00 mesh)
Tide (o)
Tide (a), bmn and E
Tide (o)
Chrom W {c)
- Carom P tc)
. Cnrom T (c)
Poropax - (¢)
Charom W (a), M and kb
Chrom W {a), (iv)
Carom W (a), bl ang M
Cnrcm W (D)
Aeropax 30 (o)
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Table 5.2 (cont'd)

kggference Liguld oupport ~ feascn
20% SE-30 Carom W (c)
5% DC 550 Chrom W (a), L ana &
. Chrom T (c)
— rorcpax R ‘ ‘ (c)
187 * - Cnromosorb 103 (e)

* Reascns are explained in text.

#** Best cverall colums for separation and syametrical
}leaKS .
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Table 5.3 Metal Ions Complexed wiin awmidoxime 3

Metal Ion

zn 2+
+
Co 2
Cr 2*

N1 2+

Fe O+

Cu2+

Spectral Chnange upcn aquitlen or 73

Colorless in visible spectruam gto 700nm
Colorless in visiple spectrum

No change in visible specctrun

Green cclor, 410nm peaxk snitfts to

425 na

Green Color; 390 nm yeaﬁ aypears,
shifting from 400 nm |

Gréen color; 440 snoulder a, ears.
Soiuéion slowly decays Uc yeliow color
Dark green preclipitate forams 1n
neutral or acldic conaitvions. 770 nm
peax broadensg to peaxk centered at

700 nm, 410 nm peax sullivs ©o 425 nm,
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