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- ABSTRACT

THE SYNTHESIS OF AZAPOLYCYCLIC COMPOUNDS AND THE

PHOTOCHEMISTRY O% N-~NITRAMINES

o
The photolysis of N-nitrosamines in dilute acidic scolution

generates aminium radicals which undergo an intermolecular addition
reaction with suitably loqated internal double bond3 to yield products
poséessjng S-membered aza rings. This reaction was utilized to
synthggizevbridged azatricyclic and azatetracyclic compéunds possessing
the 2—azatricyclo[u,2,W,Ou’B]nonane, 2-azatrjcyclo[u,3,1,0“’9]decage,
and W—azatetracyclo[S,Z,1,07’5,03’8]decane ring ¥ystems. Wnen the
pboéolysis was decne in-the presence of various radical trapping agents
diversely functjonalizediézacyclic compounds were isolated. The
crystal and molecular structures of two of the reaction products,
N—methyl—Z-ézatricyclo[M,3,1,Ou’9]decan—1O-one-izg—oxime

hydrochloride and gzg-?O-methoxy;N-metbyl-2-azatricyclo[U,3,1,0“’913

decane, were unambiguously determined by X-ray diffraction techniques.

) .
)

In certain cases the azatricyclic derivatives formed undeFWeg;/é
facile and stereospecific bond cleavage reaction to form azabicyclic
cdnpounds which retained thne stereochemistry of the reacting ~

interme@iate.

iid



As an-alternéte means of syntpesiziﬁg bridged azacylic compounds
the thermolysis of some N-chloramines was inyestigated. In some cases
.this proved to Be an efficient alternate means of construpting
5-membered azapolycyclics and also resulted in additional variations in
the functionality of the products formed. } <

The solution photochemistry of N-ﬁitropjperidine was investigated
and it was established thét the/piperidine radical and the piperjdiniﬁm
radical are the redetfve intermediates under neutral and acidic

conditions, respectively. A reaction mechanism is postulated.

A
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CHAPTER 1

&g&r

. »_
INTRODUCT;ON

1.1 Synthesis of Azapolycyclic Compounds
_r,Jy
The synfhesis and chemical investigation of bridged polycyclic
compounds are proplems currently attracting the attention of organic
chemists. The synthesis of carbocyclic molzcules possessing thé\
twis{;;e, cubane, and trishomocubane skeletons (1,2,3) are some
prominent examples in which these challenges are being meti Because of
" their structural features compounds of these and other (4,5) bridged

rngrsystems possess some unusual chemical properties (2-5). Intérest
“in Q;idged polycyclic compounds, however, has extended beyond
qifbbcyclic ring systems to those containing various hetercatoms. These
heﬁéréatomic bridged polycyclic compounds are not only of chemical

interg® but also of bioclogical interest since, for example, there are

several classes of alkaloids which possess bridged ring structures (6).

S e 7 —
thistane }

e cubane trishomocubane

T
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The s}nthesis of bridged neterocyclic compounds has been achieved by

»

7

a wide variety of means. Most of these synthetic schemes are
characterized by a key cyclization step leading to the compoﬁnd of
}nterest. This cyclization reaction may be one of a variety of
intramolecular condensation (Scheme 1.1)(7), displacement (Scheme 1.2)

(8,9), or addition reactions (Scheme 1.3)(10).

_NOH : NH
NOH LAtk

v

NH 5

Scheme 1.1

Investigations in this laboratory on the generation of azabicyclic
ring systems by the intramolecular cyclization of N-nitrosamines (11,12)
have inspired us to extend this study towards the synthesis of more

complex azatricyclic and azatetracyclic bridged ring compounds.

N-Nitrosamines exhibit a strong T-»* absorption at 250 nm
(£-.8000) and a weéak n-1* at about 340 nm (£-100). The irradiation of
either the r-m* or n-f* band of N-nitrosamines in dilute acidic solution

- @ -
generates aminium radicals (RZNH) and nitric oxide (NO) which undergo

F1 -

g,
‘7’**
,

S

?



SO,CgtHaCHS

e

CH2
CHoOH HCI/AcOH (8)

CH,OH

|

NCHxCeHs A P4/C (9)
. —_—
" CH3504™ \) CHpCaHg
Sk —

Scheme 1.2

LA
hy -~
N-Cl C F3CO2H { h

Scheme 1.3

various reactions (11). The fate of these intermediates is dependent
N
upon the conditions of the experiments; observed reactions such as

photoelimination (path a), photoreduction (path b) and photoaddition



(path ¢) are summarized in Scheme 1.4 (11) for N-nitrosopiperidine.

-4~

The

addition of.the intermediate Biperidinium radical to an olefinic center

(path ¢) is by far the most efficient of these reaction pathways (11).

As a result the application of intramolecular addition reactions of

N-nitrosamines has been established to be an extraordinarily efficient

medns of synthesizing various azacyclic compounds (12,13).

>

Y
H NHCHO

Q\

NOH

Scheme 1.4



Intramolecular radical additions to olefins h;ve become an
Emportant synthetic rdute to cyclic compounds. While mo;t radical
cyclization studies have centered on reactions of carbon radicals
E1M-18) heteroatoﬁic radical cyclizations have also been examined
(19-25). It is remarkable that both cyclizations occur
reéiospecificélly to form the kinetically favored product; five-membered
rings are formed when there is a choice between the formation of five-
or six-membered rings. Surzur (23) has demonstrated for sulfur radicals
(Scheme 1.5) the reversibility of radical cyclization and the

s .
possibility of thermodynamic control of the reaction. At low
temperature (-65°) cyclization occurs preferentially to the

seven-membered ring while at an elevated temperature (80°) the

six-membered ring product is formed in greatest yield.

e

O i O
CHZ S

Scheme 1.5 iﬁ\
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On the basis of a series of carbon radical cxclizations,ghlfa (14)S
has concluded that’radical stability and steric in£eractions between the
reactigg centers are dominant factors in d;termining the ring size of
the cyclic product. Alterately, Beckwith (18) has emphasized the
importance of the sterecelectronic requirement that maximum overlap of
the radical orbital with thé lowesf4unoccupied orbital of the qr-bond
system is achieved. An alternate model might be the ovérlap of the radical
p-orbital with the bonding 7T orbital. Since both the 4r and ar* molecular
orbitals of an olefinic b%nd lie in the same plane (116) it is difficult

to distinguish between these processes.

—
\\
~.

Representative examples of N-nitrosamine cygiizations are shown in

»

Scheme 1.6 (11).

-

Ry, H
CHLOH HON&

SCHy

82 /.

~NO

AN .

CHSOH
NOH

50/ 111

Scheme 1.6



There are
synthesis of azadyclic compounds. Tnhese include the following:
N-nitrosamines are\stable, radical addition is preferred over the
alternate side reactNons, the final azacyclic product alsc contains a
potentially useful fudctional group and finally, the photolysis
conditions can be maniplated to alter this functional group; Under an
inert nitrogen atmosphere oxuﬁgg’are formed; such products may be
reduced to primary amine; or hydrolysed to ketones. However, in the

presence of radical trappinz agents such &s oxvgen or CBrCl,, the

39

corresponding nitrate egters or bromo compuris are obtained.

/ exclusively (11,26,27). Since the photocaddition

rearranges rapidly to I-5 by a peroxy bond seission. The relative
izportance of these two pathways has not been verified but experiments
in our laboratory (23) suggest oxidation via I-2 to be the more likely

process.,

\\\,
deveral advantages to the use of N-nitrosamines in EEEP«/////



&

-8-

_//’\

[ roo vo] %2 [R' no] %2, [/ Ros]

Scheme 1.7

This oxidative photoreagtion is a simple and clean preparative

method for nitrate esters. Although the nitrates are stable under

ES

acidic conditions (29) they undergo extensive base catalysed

decomposition (30). Reduction of the nitrate product gives the

&
o

corresponding amino alcohol. o~

o

Photolysis of N-nitrosamines in the pres;§S§%of CBrCly results in
the isclation of amino bromides (11,12). The efficient radical
scavenging (31) of CBrCl3 completely traps the cyclized radical

intermediate (Scheme 1.8) (12).



N/
'NO
hy‘ H+ / K
> . ————
cercl -CHBOH H .
3
\ - 7 =3
T ‘ 559/
Scheme 1.8

, 7
ry o
—_— S *
CHSOH

/ N \

cf pr ci-CH, Pr cHy Pr 5
245/, 329
Scheme 1.9

Y

Other synthetidally useful examples of nitrogen radicak\
s )
cyclizations are seen in the reactions of N-chloramines. (32).

Photolysis of N-chloramines (Scheme 1.9) (20) or initiatioq/bi’a redox
. -
system as shown in Scheme 1.10 (22) leads to cyclization of the

S ’ T
intermediate amine radizal. 1In the latter example there is a

possibility however (24) that the reactive intermediate is an amine

v’



radical-meﬁgl complex (Rzﬁ:-§M*). Phoﬁoly;is of N-chior%mines

in acidice solutiéﬁ generates aminium radicals which qyclize to
S-membered aza rings as shown in Scheme 1.11 (25). ”The,majorwproduét in’
%he example shown is derived, however, froi a comﬁetitive reaction |
involving ionic addition of chlorine toifhe doﬁble bénd followeg by‘a
Hofmann-Loffler type cyclization (252% The synthesis of’chloro
azatwistanes by thg phgtolysis 6f the bicyélic chloramine shown in
Scheme 1.3 is the only known example in which aniaminium radical has
cyclized to a H-membered ring rather ‘than a S-membered ring. This is
probably the result of stericﬁrestraints forcing cyclization to occuf to

the 6-membered ring.

/Pr'
e NS . .
13/ 1™ f/
- N
AcOH—H
S . ¢ 20 PF Ct
77 e
/ Scheme 1.10
T,
N/Pr
~Cl
> +
#  Hy504 - AcOH N N
pr C! Fr CH3gO
\
12 % 40

Scheme 1.11
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While amige andégatnium radicals generated from N-chloramines
undergo’intramolecular additioff reactions té form the Linetically more
favored pioduct“(éB,ZU),,thérmolysis of N-chloramines in neutral protic
sol§ent, Wwith or without silver catalysis (Schemes 1.12 and 1.13) (33)

leads to a less specific intramolecular cyclization.reaction. Gassman

" (33) has suggested that these reactions folloff an ionic pathway

involving discrete nitrenium ion intermediates. From simple molecular

orbital theory two electronic configurations of this ion can be

_considered. In its singlet state the nitrenium ion undergoes carbonium

ion type reactions such as rearrangement (34) while in the triplet statée

the nitrenium ion resembles cation radicals and undergoes H-abstraction

or addition regactions (32).

.~

N,
AL, OCH3
: R0
3 of

10 /s , 15 9%/

Scheme 1.12 ' -
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g
| RN : '
N ' ’ NH CHO
cl :
_ast : (j S
THF -H,0 Y '
/ 15 /6 15 °/6 18
/ ‘ / Cl :\ / d
12°/o . 10 °/e ) 15°/o

Scheme 1.13

Singlet - . Triplet K

. ‘ : o . Nitrenium ion

>

The above interpretatibn of these chloramine cyclization reactions
has received .much criticism however (35,36). Edwards and’ coworkers (35)
have examined the reaction described in Scheme 1.12 in detail and found

that it had a 1-3 hour induction period, that benzoyl peroxidé
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eliminated this induction period,\;nd that under an oxfgen atmosphere
the Eeactfon was slower and the main product became the parent amine.
This suggests that a radical intermediate is involved in the reaction.
‘i .While studying a similar reaction Hobson (36) concluded that neutral

amine radicals, resulting from homolytic clegvage, bather than triplet
nitreniun ion species may be the moét probable intermediates in neutral
chloramine cyclization reactigns. Neu&ral.amine radicals have been
oanrved to undergo H-abstréction in preference to addition to olefinic
bonds (3;,38); in cases where the{élefinic bond was suitably

‘1ocated within the ‘chloramine molecule, amine radqul addition has
apparently océurred (20,22).‘ﬁowever, intqugdiatiog 6f an aminium

’ radicafnqan not be completely eliminateaggince an amine radical may be
prgtonatedrby hydrdéhloric acid which is generated during chloramine

thermolysis. 7

)

~ %
'

Altbough_tﬁe direction of cyclization during N-chloramine thermolysis
is not always as specific as thaf involving aminium radical intermediates this
»'aiternate”byélization,route_mighr provide some flexibility in the

ﬂsynthe?ic esign in ‘some particular cases.

f;é;;The Photochemistry of N-Nitramines
: The nitramines (Réﬁ;ﬁoé) are generally low melting solids or
liquids which show‘no basic properties. The primary nitramines are
zaéidic while secondary nitramines are neutral (39). The structure of
several Njnitpamines have been determined crystallographically and the
nitramine portion 5f the molecule is fdqu to be planar with a short

N-N bond length of 1.33 indicating a major contribution from the
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structure {33,. ~?resumably the partial double bond

chzracter of the N-N bon? results in a restricted rotation about this

Tne ulitraviolet spectrz of nitrazmines exhibit a strong (€-5,500
for sezcndary nitrazines;€.750% for primary) 7w-1*% transition in the
240 nm rezion (4G). Thney 4o not exhizit an n-T* transition in the 350

for Y-nitrcsamines, however, a weak band (£.40C)

n-nexane, prcbably due to an n-Tr#
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transition (Y0)., Trne infrares spectra of dialkyl nitranines exhibit
strong asyzmmetlic ant syzmetric stretcening pands of the nitrc group at
s om emes o=t e e aazn - . . e
S40="20% cm and &% ‘'3°5-°247 2z~ ', respectively (42). Otner
. . - . ; . -1 -1
crooinent tands ogcur In tne regions C30-1100 cm and 765-755 cm” *°
Tne ghctochermistry oFf dizluyl nitroszmines has been studied
extensively by trls resezrcrn zroup %), These investigations nave
snown L-nlifrosamires (C Le thnctochenizzally stable under rneutral
corditions, while ir z2idic mediz aminium radiczls are generated.
Tre pnctozorezistey of dizlevi es, although reported
periziizally (L1,42-4%, ig not nezarly 25 well understood.
Lavarish (43) reportsd tnzt the irradiation of dibenzyl nitramine,
Z-%, in pzntane (Scneze ', *L) gave N-nitrosodibenzylamine, I-7,
N-senzylidine senzylazing, I-2, and dibenzylamine nitrate, I-9, as the
¥ ) )
zzin prodizts.
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Irradiation of I-6 in ethanol increased the yield of nitrate I~-9
while irradiation in trifluorcacetic acid gave only a trace of I-§.
Irradiation of didbutyl nitramine, I-10, in trifluorcacetic acid (Scheme

1.15) (43) gave dibutyl nitrosamine, I-11, as the only product detected.

hY, N \
CeHeCHp Jo N-NOp 22 N2 ‘@6H5CH22FLNC

PENTANE
1-6 1-7
+ CgHgCH=NCH,CgHg » ¢6H5CH2)2NH2 NOS
. 1-8 1-9
Scheme 1.1&’
v, N
. CF3COH
R I-10 I-11

|

Scheme 1,15
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Photolysis of dimethyl nitramine in either n-hexane, 95% ethanol,
or acetoni;rilé gave only N-nitrosodimethylamine (41). On irradiation
of an equimolar mixture of dimethyl nitramine doubly labelled with N15
"and unlabelled dimethyl nitramine or dimethyl nitrosamine in the solid
state (U44) no isotope crossover was observed. It w;s concluded

therefore that in the solid state nithosamine was formed by an N-O .bond s

cleavage.

Different results were obtained by Bodnar (45) and Moon (U¥46). They
irradiated nine cyclic nitramines in *,2-propanediol cyclic carbonate
and in the solid state and observed thne formation of n;ﬁroxide,,RZN—d,
by E.S.R. The oiidation of an amine radical by air to the stab}e

nitroxide (47) would account for these results.

a,

In this work we snall demonstrate that the solution photolysis of
N-nitraﬁjnes under neutral conditions generates amine radicals whereas
under acidic conditions the aminium radical is generated. A reaction

mechanism is postulated.
The intentions of this research can be outlined as follows:

1. To synthesizz substituted azatrjcyclig and azatetracyclic

7
compounds using aminium radical intramolecular cyclizations.
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3

Tﬁ}}nvestigate the diversion of these reactions using radical

t?apping agents.

To investigate the utility of N-chloramine thermolysis reactions

as an alternate means of synthesizing azacyclic compounds.

To determine if the addition of N-nitrosamines to unconjugated

dienes would result in radical cyclization.

To investigate the solution photochemistry of N-nitramines.
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CHAPTER 2
RESULTS

Photochemical and synthetic studies were undertaken to increase our
understanding of amine raaical reactions and to further establish the
ultility of some of these reactions to the synthesis of heterocyclic
compounds. The experimental conditions and procedures are presented in
Chapter 4 and the structures of the products resulting from this work
are given in Appendix I. The results of the photolysis of N-nitro-

piperidine under neutral and acidic conditions are presented first.

2.1 The Generation of Amine and Aminium Radicals from N-nitramines

Unless otherwise specified N-nitropiperidine photolyses were
conducted in methancl under a nitrogen atmosphere in an ice bath., A P
medium pressure mercury lamp placed in a Corex filter served as the

light source to irradiate the fr-7* transition band of the nitramine.

2.%.1 The Photodecomposition of N—Nitropiperidiné in Methanol

The photolysis of a methanol solution of N-nitropiperidine, II-1,
under a nitrogen atxzosphere was monitored by the disappearance of the
Tr-1* absorption at 249 nm. The peak intensity decreased rapidly on

photolysis while it showed no change in the dark. Inspection of the
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undilutéd u.v., spectrum of the photolysate showed no new absorb%ion
maxima at 350 nm, as expected if N-Aitrosopiperidine were formed?as
reported previously (43). Analysis of the crude photolysate by gas
dhromatography (g.c.) and by gas chromatography-mass spectrometry
(g.c.-m.s.) showed the pressnce of piperidine, II1-2, and N-formyl-
piperidine, II-3, (48) in a ratio of 1.2:1, rgspectively, as the

major photodecomposition products, Examination of the crude photolysate

by the diphenylamine test (49) gave a distinct positive response

indicating the presence of nitrate ion.
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A éimilar photolysis of II-1 in the presence of dilute hydrobhloric
acid proceeded slightly faster than under neutralvconditions: Form-
aldehyde was isolated as its 2,4-dinitrophenyl hydrazone (2,4-DNPH)
derivative from tﬁe trapped distillate whereas this compound Qas not
isoléted from the corresponding distillate of the previous neutral
photolysis. The-residuzl material déposited piperidine hydrochloride
(16%) on treatment with 2-propanol (Y48). Basification and extraction
with ether gave piperidine (52%) as the only other product. However,

when the basic fraction was extracted with CH2C12, piperidine was
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also isolated, in part, as its dipiperidinomethane derivative, II-4, as

a result of alkylation of piperidine (12).

(e )

 1I-4

2.7.2 The Photolysis of N-Nitropiperidine in the Presence of Cyclohexene

wnen II-1 was photolysed in methanol in the presence of cyclohexene

no products resulting froa addition to cyclohexene could be detected in

the crude residue. Only the previously described photodecomposition
products formed under neutral cqnditions, e.g., piperidine, N-forayl-

piperidine and dipiperidincmethane, could.be detected.

Under acidic conditions, ncwever, the photolysis of II-% in the
presence of cyclohexene proceeded significantly slower than when II-*
was Irradiated under neutral conditions. It was obviocus that a
photolzabile intermedizte was formeﬁ since a u.v. absorption appeared as
a snoulder at about 210 nz and subsequently disappearqg during the .
irradiation., This intermediate was believed to be nitrite II-5 (50)

since it was well known that such nitrites were photolabile (51). Under

these conditions the photolysis afforded a complex mixture of addition
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and decomposition products. The addition products*® were characterized by
g.c.-m.s. analysis as 1-nitro-2-piperidinocyclohexane, II-6 (9%),
2-piperid£nocyclohexanol, 1I-7 (20%), 2-piperidinocyclohexanone oxime,
1I1-8 (22%), 1-methoxy-é-piperidjnocyclohexane, I1-9 (10%), and

a piperidinocyclohexene, (12%). {

ONO : O,N :
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The mass spectruzn of II-5 was idential to z 2:3 mixture of Siff and
trans-1-nitro-2-piperidinocyclonexanes (29). The i.r. spectrum of the crude
mixture also exhibited a distinctive band at 1550 cm‘1 indicating the
presence of a nitro product (42). The mass spectrum of {E:j was ldentical

*

to an authentic sample of the trans-isomer.

¥The present yields were estimated from g.c. peak areas relative
to the total area of the g.c. volatile products.
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1I-9 ) II-10 II-11

The m.s., of II-8 was identical to that of an authentic sample.
Methoxy amine II-9 had a molecular lon peak at m/e 197 and a base peak
at m/e 124 which'was common to all the piperidinocyclohexane derivatives

in addition tora strong m/e 182 peak presumably due to the loss of a

CH3 fragment. KQ

The m.s. of the last addition product exhibited an M* peak at m/e
165 and the fragmentation pattern was similar to that of an authentic
sample of 3-piperidinocyclohexene, EE:lQ' The base peak of this compound
‘appeared at m/e 137 however while that of ;1119 appeared zt m/e 111,
Tnis suggested that this compound is more likely to be II-11 than its

isomer, 3-piperidinocyclohexene, II-10.

2.1.3 The Photolysis of N-Nitropiperidine in the Presence of

Cyclohexene Under Oxygen .

The disappearance of nitropiperidine when irradiated under an

oxygen atmosphere in acidic methanol containing cyclohexene proceeded at

'
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approximately twice the rate of thergo%responding reaction under a

N
nitrogen atmosphere. The major prodixts of this oxidative photolysis

were 1—nitrato-2-piperidinocyclohexanégﬁ”zl:lg, as indicated by typical
i.;. absorptions at 1625, 1275 and %65 em™ ! (42, p,30%). In view of
the instability of these nitrétes (29) the crude product was reduced
with lithium aluminum hydride (LAH) to give EEE-Z—biperidinocyclohexanol
and the corresponding Eségi-isomer«in a 1:2 ratio, respectively (29).

This ratio was taken to represent the steroisomeric ratio of the amino

nitrates II-12.

t::7

O4NO

B

II-12

2.2 Synthesis of fnines:

e
A 7:3 mixture of 2-endo-bromomethylbicyclo[2,2,1]lhept-5-ene, II-13,
and the corresponding gig—isomeﬁ was prepared by the Diels-Alder
reaction (52) of cyclopentadiene with allyl bromide. This mixture was
treated with methylamine to give the same isomeric mixture of
Z-EEgg—methyl-aminomethylbicyclo[z,2,1]hept-5-ene, EE:lE’ and the
corresponding gig-isomer. Amine EE:lE was utilized without further

purification.
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CH2NHCH3

II-13 ' II-14

The n.m.r. spectrum of II-13 showed a doublet of double doublet pattern
at T9.41 (J=11.5, U4, and 2.5 Hz) which was assigned to the C3-qgg9-proton.
The corresponding proton in I;;lﬁ appeared as a broadened doublet at 79.50
(J=10Hz) . The shift to a high field has been attributed (53,54) to the

anisotropic effect of the C2-endo-methylene substituent.

The reaction of 1,3-cyclohexadiene with acrylic acid (55) gave,
after djstillatﬁon, endo-2-carpbomethoxylbicyclo[2,2,2]oct-5-ene,
II-15, in 46% yield. The carboxylic acid was modified by the sequence
shown in Scheme 2.1 to give the desired amine II-17 in an overall yield

of 59%.
-~ e
While in the literature éarboxamide Iz:lﬁ was reported to have,a.p.
103-105° (55), our preparation gave a crystalline solid of m.p.
135-136°, Elemental analysis of our sample gave the correct analysis
for C1OH15NO and the i.r. exhibited the appropriate amide bands at

1640 and 1555 cm'1. Our compound was further supported by

conversion of II-16 té amine II-<17 whose n.m.r. spectrum exhibited a

: ] N
one proton multiplet at T9.13 for the C3—endo-proton (53).
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II-15
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/ )
6§:NHC Ho

II-16 II-17

—— . ———

Scheme 2.1

A crude sample of endo-norbornene-cis-5,6-dicarboxylic anhydride,

I1I-18, was recrystalii;ed from water as white needles melting at
\4

164-165° (Lit.165°) (56). The reaction of II-18 with NH),OH (56) as
shown in Scheme 2;2 gave an intermediate salt belleved to be amide-II-19

which exhibited i.r. bands due to the carboxylic acid salt at 1710 and

1 1

1628 cm™' as well as amide bands at 1660 and 1530 cm” Treatment

of II-19 with acetic anhydride gave imide II-20 (56) which exhibited the

appropriate i.r. bands at 1760 and 1700 cm'1. The n.m.r. spectrum

-
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of II-20 exhibited an AB quartet displaying weak secondary coupling for

the C10‘§X§ and -anti protons® at T8.44 (av=15 Hz, J=9 Hz).

-

1 NHaOH  Jf] Acy 0 /

=0 3 -+
_ CONH,

~o CONH, <o

TI-18 I1-19 11-20

Scheme 2.2

HN

® Tnmthe description of n.m.r. spectra the terms syn and anti will
\ngmeg in the following ways. When referring td—Bridge protons of
cyclic olefin, syn is applied to the proton nearest the olefin.
Anti will refer to the proton furthest from the olefin. When
referring to aldoxim®s, syn is in reference to the isomer with the
oxime hydroxy function ¢is to the aldoxime proton. In reference to
neterocyclic oximes,the syn isomer is the one in which the oxime
hydroxy function is on the same side as the ring heteroatom.
Finally, in the description of N-nitrosamine geometrical isomers,
syn will refer to the isomer with the nitroso group cis to the
spaller substituent. Anti will refer to the alternate geometrical isomer.
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Reduction of imide II-20 with LAH by the known procedure (57,58) did

not give directly the amine II-21 but instead what abpeéred to be an

inorganic complex of this amine exhibiting a strong NH2 deformation
band at 1625 cm”™ (42). The m.s. of this volatile amine salt
exhibited a peak at m/e 135 and a base peak at m/e 68 for CMH6N+

as determined by high resolution mass spectroscopy indicating the
presence of a pyrreolidine ring (59). High resolution mass spectroscopy
on the peak at m/e 135 gave the exact mass for C9H13N, the

required molecuiar ion for amine II-2°%. The n.m.r. spectrumibf this
compound exhibited & narrow two proton multiplet for the olefinic
protons at ¥3.78 and the expected AEB quartet at r8.52 (ay=1°.5 Hz, J=8.5
Hz) for the C1O—§zp and anti-protons, Since this complex could be
transformed directly intos tne N-nitroso derivative of %E:Ej’ wnich gave
the correct elemental zanzlysis for CgH12N2O, further

characterization was not pursued. =_

’

2.3 HNitrosation and Chlorlination of Amines

Nitrosation of the 5icyclic and tricyclic amines was achieved using
either sodium nitrite (NaHO2)3 dinitrogen tetroxide <N2ou), or
nitrosotetraflwroborate (HOBFM) as nitrosating agents. Tne

conditions used ;;r the nitrosation with NaNO, (60) proved to be too
vigorous for the nitrosation of an amine carrying'a strained double
bond. Under these coniitions nitrous acid added extensively across the

double bond giving a complex mixture of nitroso, nitrite, and nitro

products (6%,62).
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.

Dinitrogen tetroxide (£3) proved to be a milder nitrosating agent
as did HQBFu (64). The reagent of choice was, however, NOBF, in the
presence of pyridine (£5) which left the olefimic bond almost completely

intact.

Tne N-nitroszzines syntnesized exhibited very complex n.z.r.

spectra as a result o°f the presence of syn- and anti- Isczers
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nitrosamince grcoup. The

yields ¢f tne nitross c¢omoounis and their spectral characteristics are

.
A - z Leal
~isted In Table 2.1,
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Table 2.2

Yield and Spectral Properties of the N~Chloramines

N.M.RT-Values

Crude \max olefinic
Compound Recovery(%) nm(E) protons =CH,-NC1-CHq
I1-25 90 277(315) 3.75 7.03 7.10
I1I-26 68 267(440) 3.80 7.10

1. See footnoteson Table 2.1.
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2.4.1 N-Nitroso-2-endo-methylaminomethylbicyelo[2,2,1]hept-5-ene, II-22

The photolysis of nitrosamine 1I-22, containing about 30% of the
corresponding exo-isomer, 1in methanol under a nitrogen atmosphere
proceeded rapidly as shéwn by the diééppearance of the n-7* transition
band of the nitrosamine in the u.v. spectrum of the photolysate. This
was accompanied by the appearance of a strong band attributed to the
formation of an intermediate C-nitroso dimer (11,12) at 290 nm. No
starting N-nitrosamine was recovered from the photolysate. The major
products isolated were the azabicyclic-syr-aldoxime II-27 (22%) and
hydroxy lactam II-28 (29%). Also isolated was a small amount of
unigentified olefinic material exhibiting a triplet in the n.m.r.
spectrum at.-+3.90 (J=1.5Hz) attributed (67) to products originating from
the approximately 30% of the exo-bicyclo(2,2,1]-isomer which was presenp

in the starting nitrosamine II-22.
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Aldoxime I1I-27 was isolated as an unstable solid. - The i.r.
spectrum confirmed the presence of an oxime function with bands at 3300,
3040, 920, 890 and 860 cm™! and the M*-2 ion at m/e 182 analysed
. correctly for C9H1u02. The n.m.r spectrum. exhibited a doublet at
72.72 (J=7Hz, Hd) indicating II-27 to be the syn-aldoxime (08), a broad
doublet at T5.30 (J=5.5Hz) was assigned to Hec, and a broadened doublet |
at T6.55 (J=8Hz) to Hy which sgould couple geminally to H, and only
weakly to the bridgehead proton at C5 since the dihedral angle with
this proton is approximately. 90° (69). The ease by which II-27 wés
converted to hydroxy lactam ££:g§ by ah intramolecular redox Eeaction

(70) on treatment with sodium bisulphite (71) indicated that the hydroxy

function was exo to the cis fused ring system.

Elemental analysis established the moleculer formula of nydroxy

lactam II-23 as C. H,:N0 The i.r. spectrum of II-23 showed
el 15 ti-ed

9 2°

absorption at 3300 cz” ' for the hydroxyl group and at 1660 en™ for

the ¥-lactam function (12)., The mass spectrum of II-23 save a strong

M" ion at m/e 169 and a prominent peak at m/e 98. the latter peak is
comzon tc the mass spectra of substituted N-methyl ¥-lactams (72) and is
postulated to be generated from §£:§§ as shown in Séheme 2.3. The
n.m.r. spectrum of the lactam exhibited a three proton multiplet at
about T6.U4 assigned to the two protons at C9 and H, at Cy. The

double doublet at v6.92 (J=10 and 1 Hz) was assigned to Hy wnich

should weakly couple to the bridge proton at CS'
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HOCH, H
m e 169 m e 98

Scheme 2.3

e

II-28

Reduction of II-25 with sodium bis-(2-methoxyethoxy)aluminun
hydride’gave the bicyclic amine II-25 which was analysed as’?E§ pierate.
The m.s. of amine II-29 gave the molecular ion at m/e 155 and};he i.r.
spectrun exnibited alcohol absorptions at 3300 and 1020 cm't. Taxing
advantzge of the fact that II-29 possessed a plane of symmetry thne
structure was cfnfirmed by the presence of a sharp doublet at T6.38
(J=5Hz) in the n.m.r. spectrum due to the two magnetically eqdivalent

protons at C9. Tne spectrum also:exhibited a two proton doublet at
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17.39 (J=8.5Hz) assigned to the two Hb protons which would not be

4)
expected to couple to the bridgehead protdgns since their dihedral angles
with these protons approximated 900. The/ two protoné Zeminal to the

Hb protons appear as a two proton multiplet at *7.45.

—
HOCH ;

1I-29

2.4.2 N-Nitroso-2-endo-metnylazinomethylbicyclol2,2,Jloct-S-ene, II1-23

- - ]

Photolysis of nitrosamine II-23 under nitré6gen zave tricyclic
syn-oxime II-30 (53%), in part as its hydrochloride, and thne

corresponding anti-oxime II-3% (13.5%). Oxime 1%-30 exhibited i.r.

bands at 3180, 3040, 940 and 920 cx™' for the oxime function. The
n.,n.r. spectrum showed z doublet at T76.02 (J=4Hz) for Hy, and a
double doublet at 76.98 (J=9.5 and 4Hz) was assigned to H, which was
coupled geminally to Hc and also to Hd since the dihedral -anzle
between Hb and Hqy #was approximately 30° (69). The n.m.r.

spectruan of oxime @E:ip was recorded in the presence of increasing

amounts of tris(dipivalomethanato)europiuwm(III) shift reagent. The
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. ”
presence of a doublet originally at about 77.5 (J=9-10Hz) was revealed
in this manner. This doublet was assigned to Hc which was not
expected to couple to Hd since the HC and Hd dihedral angle was’

" approximately 90° (69).

- II-23 1I1-30

The hydrochloride of II-30 has i.r. bands due to the oxime function

at 3125, 3060, 958, 945 and 905 c:u"l a2s wellgas bands due to the
protonated amine at 2660, 2530 and 2530 c;'i. A crystallographic
analysis of the hydrochnloride (Chanter 5) verified the structure.
Treatment of the hydrochloride with base followed by extraction gave

Ezg-oxime II-3C.

In addition to oxime II-30 a crystalline compound was isolated as a
ninor product which was assigned as anti-oxime II-31 by comparison of

the spectral data of this product to those of oxime II-30. The i.r.
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spectrum of II-31 exhibited the required oxime bands at 3180, 3060, 965
and 920 cm"1 and the mass spectra of II-30 and II-31 were the same
except that II-31 exhibited a more intense molecular ion peak at m/e

180.

The doublet for 29 wnich resonated at v6.02 in the Syn-oxime was
shifted upfield to T6.86 (J=4.5Hz) in the n.m.r. spéctrum of anti-oxime
II-31. 1In addition, the n.m.r. spectrum of';g:gj exhibited a triplet
at 16.25 (J=6.5Hz) and was assigned to He'which was obviously
shifted downfield due to the anisotropic effect of theiégzi-oxime
group (73). The double doublet at T6.72 (J=11 and 4.,5Hz) was
attributed to Hb. Irradiation of Hd at 7.7 decoupled the double
doublet of Hb into a doublet with J=1%-12Hz. Similarly, irradiztion
at the v8.3 rezion caused the He triplet atv6.25 to collapse to a

singlet,

anti-oxime II-31
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TPeatment of syn-oxime II-30 or a mixture of §Xg-oxjme II-30 and/
aﬁti—oxime II-31 with sodium bisulfite (71) gave tricyclic ketone II-32.
The i.r. spectrum of II-32 exhibited a strong carbonyl band at 1720

1

em™' and the n.m.r. spectrum again displayed the double doublet for
< :

Hy at 76.78 (J=9 and UHz) and the doublet for H, at 76.98 (J=5Hz).

(o]
Ha
N Lt H e
- He
11-32
2.5 Pﬁotolysis of N—Nitrosamines in the FPresence of Radical

Trapping Agents

2.5.1 Photolysis of litrosamine II-22 Undsr Oxyzen

When nitrosamine II-22, containing about 30% of tne corresponding
__g-isomer,‘was photolyéed under oxygen, the reaction was clearly
redirected. The absorption band at 290 nm associated with the fgnmation
of an intermediate C-nitroso dimer (11) was absent from the u.v.
spectrum of the photolysate. After the usual work-up, the crude basic
residue of the photolysate exhibited strong i.r. bands at 1620 and 1275

1

¢z” ' which were consistent with the formation of alkyl nitrates during

the oxidative photc-addition of nitrosamines to olefins (28). A strong
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carbonyl Sand at 1720 em™’ in the i.r. spectrum and a weak signal in
the n.m.r. spectrum at T0.25 were attributed to the formation.of
aldehydes (28). To prevent extensive decomposition of the primary
photoproducts the crude residue was immediafely reduced with LAH. Tne
mothé} liquor of the crude residue was continuously extracted ta yield

lactam II-28 (vide supra).

The LAH reduction of the crude residue gave tricyclic amino‘
alcohol II-33 (12%), bicyclic amino alcohol II-29 (40%), and a small
amount of olefinic material (10%). Amino alcohol II-33 was purified

as its picrate which gave the correct elemental analysis for

CqyoH4gly0g. The mass spectrum of II-33 had M* ion peak at m/e ‘

153 and the i.r. spectruz exhibited strong alcohol bands at 3350 and

1015 cm'T. The n.n.r. spectruz of the nydrochloride of II-33 was

consistent with the proposed structure (Figure 2.1). The proton ai
C9(Hd) appeared as a multiplet at 75.30 (N%;3Hz). This proton must
therefore be endo since in this orientation the dihedral angle to
adjacent protons approximated 90° leading_to wéak couplings. For the
same reason Ha appeared as a doublet at 16.69 (J=5Hz) coupled only to
the C8 proton (74,75). The protons at C3 were again coupled
geminally to one another with H, as a doublet at T6.72 (J=10.5Hz) and
Hb’having a dihedral angle of approximately 30° with the proton at
Cy,appeared as a double doublet at T7.09 (J=10.5 and 5Hz), a part

of which was overlapped with the N-CH3 signal ..
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1I-33

S

The major product isclated from the reduced fraction was a bicyclic
amino alcohel which by spectral comparison and mixed melting point
determination of picrate derivatives was identical to amino alcohol
I1-29. The olefinié material isolated from the reduced fraction was
predominantly alcohol ;g:;ﬂ as determined by comparison of the n.m.r.
spectrum of this sample with that of authentic II-34 (53). Tgis
compound was assumed to be derived from the appréximately 30% of the
exo-bicyeclo[2,2,1] isomer which was present in the starting nitrosamine

11-22. - | - y

L

C H,OH

II-34
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2.5.2 Photolysis of Nitrosamine II-22 in CBr‘Cl3

Photblysis of II-22 in.a heterogeneous mixture of CBrCl3 and
hydrochloric acid under nitrogen gave a mixtufé exhibiting blue
fluorescence, The source‘of this coloration has been previously
identified as CCl4k0 (12,76). Two products with very similar spectral
data were isolated. Mass spectral analysis of the major product-
demonstrated it to be a mono-bromo compound with the molscular formula
C9H1uNBP as deterzined by high resolution mass spectrometry on the
MY ion at m/e 215. The m.s. of the minor product exhibited most of
the corresponding peaks to those of the major product with the exception
that the M* ions were recorded at m/e 171 a;d 173 indicating that it
Wwas a mono-cnloro compound. High resolution mass spéctroscopy on thz

m/e 171 peak gave the molecular formula as C9H1MNC1.

II-35 ' II-36
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Comparison of the n.a.r. spectra of the bromo and chloro compounds
. . . . : /
indicated tmat the ring structures and stereochemistry of the two
compounds were ldentical. The structures were shown t2 be II-35 and

II-36, respectively, by direct comparison of the spectral data of the

o

chloro derivative with those of tne chloramine synthesized by B.

tre method shown in Scheze 2.4, The n.m.r.
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Tne halogen

substituent was exs %2 tne A%ﬁﬁ‘since Hd exhiblited only wezk coupling

-

withn the adjacent oroisns a:gJEp;eared 2s a broadened singlet at 7€.15
in the spectrur ¢f II-35 znd 2t 7T6.25 in the corresponding speztrum of

s aprearec acg double doublet sigrzls at

T7.'% (J=9.5 and Xz, in zstn sgectra. Doublets centersd zt w7.50

(J=z%.842) and encompassing the N-CTH, signals of botn II-33 and II-35

Were attrioguted tz tne X orotons.
Ci
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Figure 2.2: The N.M.R. Spectra of II-35 and II-36 in CDCl,.
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2.5.3 Photolysis of Nitrosamine II-22 in CClu

Photolysis of a heterbgeneous mixture of nitrosamine II-22,
hydrochloric acid and CClu gave a basic fraction composed of ££:§§ and
starting amine II-14 in a rafio of 6:1, respectively, as determined by.
g.c. Identifications of II-36 and II-14 were based on their
qharacterjstic n.m.r. ~signals and comparison by g.c. with'authentic

samples.

2.5.4 Photolysis of Nitrosamine II-23 Under Oxygen

Photolysis of II-23 under an oxygen atmosphere was immediately
followed by LAH reduction of the basic ether extract. Chromatographic
separationAbf the reduced material gave tricyclic amino a;cohol II-37
(13%), bicyclic amino alcohol II-38 (13%) and an olefinic fraction
(~17%). Further extracztion of the photolysate mother liquor with
CH2C12 gave additional basic material composed mainly of a nitrate
(i.r. 1625 and 1270 cz~') and a ketome (i.r. 1710 cm") in an

aproximately 1:1 ratio.

Amino alcohol II-37 had an M* ion peak at m/e 167 for
C1OH17NO as determined by high resolution mass spectroscopy and a
pair of base peaks at m/e 94 and 82. The i.r. spectrum exhibited ’ﬂ\}
strong bands characteristic of an alcohol at 3350; 1052 and 1025 pm”.‘

The molecular structure of this amino alcohol was firmly established

by oxidation (79) to ketone II-32 obtained previously by the
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hydrolysis of oximes II-30 and II-31. The structure of II-30 was
unequivocally proven by X-ray diffraction studies. The n.m.r. spectrum
of amino alcohol II-37 (Figure 2.3) was interpreted as follows: H, was
assigned to tﬁe doublet ;t'T7.19 ¢J=4.5Hz) resulting from coupling to the
C9 proton since molecular models revealed a dihedral angle of
approximately530O between this proton and Ha. Coupling between

Ha and Hd was.not expected since the dihedral angle between these
protons was approximately 90°. The doublet aty7.26 (J=10Hz) was
attributed to Hc’ resulting from coupling to Hb, and the doublet of

H, was further split into a double doublet ate7.47 (J=10 and 4.5Hz,
partly pverlapped with the N-CH3 signal) by coupling to the Cy exo
proton 639). The doublet at T6.20 (J=4Hz) was attributed to Hy resulting
from coupling to the C6 proton since the‘angle between these protons

\ , ~

was approximately 30°. ) T

II-37

The second compound isolated exhibited strong alcohol absorptions
in the i.r. at 3350 and 1050 cn~! and the mass spectrum gave a

molecular ion peak at t/e 169 for C1OH19ﬁO as determined by high
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resolution mass spectroscopy. These data required that the compound was
/

a bicyeclic amino alcohol.

£

In analogy to the formation of aldoxime II-27 and amino alcohol
;E:gg this product was probably formed by the cleavage of a
carbon-carbon bond (29,30) 5f a pfimary cyclization product. Since the
photolysis of nitrosamine II-23 under both nitrogen and oxygen gave
tricyclic products possessing 5-membered aza.rjngs the cleavage pathway

would lead to the formation of II-38. Thé N-methyl signal in the n.m.r.

spectrum of EE_;? (Figure 2.4) appeared at t7.62. Around tnis N-methyl
singlet four protons believed to be Ha-Hd appeared at17.0-7.75.
The presence of the N-methyl signal hampered attempts to interpret these
complex patterns. The multiplet at T6.50 was attributed to -CH20H

and was collapsed to two unresolved singlets on irradiation atT8.4.
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Thé_chromatographic fraction containing olefins showed four peaks
when examined by g.c.-m.s. The first peak eluted had a molecular ion
peak at m/e‘149 and a base peak at m/e 70 and was assigned the structure
II-39. The m/e 70 fragment probably resulted from the retro Diels-Alder
fragmentation of the bicyclo[2,2,2]hexene ring system as depicted in
Scheme 2.5. The last three peaks, in order of elution, were
characterized as amine II-17, amide II-16, and tricyeclic amino alcohol
;}:}j by compariéon of their fraghentation paﬁterns with those of

authentic samples.

AN

H abs’:.rac‘.ion S f/ i X ©
~ e \I:IHCH3

m/e 70

Schemé 2.5

2.5.5 Photolysis fo Hitrosamine II-23 in CBrCl3

Photolysis of II-23 in a heterogenous mixture of hydrochloﬁic acid

and CBrCl3 gave a blue solution which yielded a mixture of amine

II-17, II-39, and a tricyclic bromo amine in the ratioc of 4.1:1.2:1.0,

—

~

respectively, as determined by g.c. The product mixture was examined’ﬁy
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g.c.-m.s8. analysis. The identification of amine II-17 as the major
product was based on its m.s. pattern and its g.c. retention time in
comparison with an authentic sample. The structure of II-39 was also
based on its m.s. fragmentation pattern. The formation of these
products was rationalized as in Scheme 2.6. It is expected that the
‘hydrolysis of I1I-39 should be a facile reaction resulting in the
formation of aldehyde II-40. The crude acidic extragt did in fact
exhibit a weak multiplet in the n.m.r. spectrum at 10.6 as well as a

medium intensity i.r. band at 1720 em~! attributed to an aldehyde.

; — |l :E ; . Z/&

CH2NCH3 CH2NH2CH3 CH:NCH3
neutralization | [::[?%::%7 [::j;§::%7

o CH=NCH3 CHZNHCH3

l H>0

|

HO

[1-40
Scheme 2.6
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The third product was a bromo amine having molecular ions at m/e
231 and 229 indicating that it was a tricyclic compound.
Chromatographic isolation of this minorkproduct was unsuccessful.

\‘)/

2.5.6 Photolysis of N-Nitrosamine II-24 Under Oxygen

Photolysis of nitrosamine II-24 under oxygen was-immediately

followed by LAH reduction of the basic ether extract. Thin layer

chromatography of the reduced material indicated the presence of only

one major compound which was isolated by preparative scale t.l.c. and
characterized as tetracyclic amino alcohol ;};ﬂl.' Elemental analysis
of the’picrate of Ig:ﬂj established the molecular formula as
C15H16Nuo8' The i.r. specgrum of II-41 exhibited stréng

alcohol absorptions at 3200, 1040, and 1005 cm‘1_and the mass spectrum
gave the correct molecular ion at m/e 151. The n.m.r. specirum of a

slightly impure sample of II-U1 féétured proton coupling patterns

similar to those exhibited by the tetracyclic halides I1I1-43 and II-U7

®
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(vide infﬁg). The narrow multiplet apj%5.70 (W%:S Hz) was attributed po
He' The absence of any substantial coupling between He and the

adjacent protons indicated that it was endo since in this orientation
'the dihedral angles with adjacent protons were about 90°. The

multiplet at T6.471 was attributed to Ha while Hb and Hc appeared

as a slightly broadened AB quartet at T8.35 (av=38, J=10.5Hz). The
double doublet at T6.75 (J=12 and 2Hz) was attributed to either Hy or

Hd' since both protons possess the correct geometry to couple weakly

to the adjacent bridgehead proton (vide infra).

II-41

Oxidation of II-41 with chromium trioxide (79) gave a ketone which

! and a

exhibited a stréng carbonyl band in the i.r. at 1750 cm™
sharp AB quartet attributed to Hy and H, at T8.45 (av=24,
J=11.5Hz) in the n.m.r. spectrum. The mass spectrum of this compound

exhibited the correct molecular ion at m/e 149 for the tetracyclic

ketone II-42.
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II-42

2.5.7 Photolysis of Nitrosamine II:2M in CBrCl3

Photolysis of an acidic solution of II-24 in a solution of methanol

and CBrCl3 (1:4) gave a cloudy blue solution which on work-~up gave a

tetraqyclic amino otromide in 46% yield‘as the only isolatable product.
This compound was purified as its picrate which gave the correct
analysis for C15H15N407Br. The m.s. of this amino broéide had
molecular ion peaks at m/e 213 and 213 ;;d a base peak resulting ffom
loss of the bromine atom at m/e 134, This compound was assigned the
structure of tetracyclic amino bromide {E:Ej. 'The n.m.r. spectrum of

II-43 (Figure 2.5) was similar to that of the corresponding sulfonium

salt II-44 (80). The unresolved signal atT6.60 (W%fg Hz) was assigned to

Ha;

the corresponding proton in II-44 appeared as a doublet with J=5Hz (80). ;
The narrow multiplet at75.30 was attributed to H, which,in the endo
orientation, did not couple to the adjacent prdtons but did couple, as

shown by decoupling studies, -to Hc which appeared as a broad doublet
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at 78.41 (J=10.5Hz). Recording the n.m.r. spectrum of {E:ﬂ§‘in the
presence of Eu(DPM)3 revealed that the doublet of H, was part of a
slightly broadened AB quartet centeped at v8.13 (av=35, J=10.5Hz)
attributed to Hy and H, (80). Irradiation in the T4.6 region (H,)

of this europium treated sample sharpened the higher field pair of the
AB quartet indicating that this signal must be due to H, which should
couple by long range interaction with H, (82). The double doublet at

T6.79 (J=12.5 and 2.5Hz) was attributed to either Hy or Hy’.

2.6 Cyclization of N-Chloramines

While the photolytic intramolecular cyclization of N-nitros-
amines specifically forms 5 membered aza rings, the thermolysis of
N-cnloramines forms a mixture of products possessing either 5- or

6-zembered aza rings (33,35,36). It was considered that the flexibility
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of the synthetic sequence mignt be enhanced by an investigation of some

analogous chioraanine zyclizations.

"2.6.1 Thermolysi=z 5f 1I-25 in Water

An agueous Zdisxane solution of N-chloramine II-25 was refluxed for
j.25lhours at whicn tize lodomzetric titration indicated that less than
53 of thne starting cnlzrazine reiaiﬁed. Work-up and chromatography of

zohol II-37 (127 Ll v (9%) and

[~RANDE ]

- 4 rLF
an amlno chloride 2%,
i
-4 .
. e
IZ-25
ol R R S P S, £ e s P bl -~ - - ]
Tne lderntilficztilomeal zazing zlcoonol 1I1-27 and zzmine 1I-717 were
- ~A - - -~ T - —_~ S —-
Based on tne cozpariscon of g.c. retention times, infrz red, and n.m.r
.
- - < = =~ - - °o he
3pecira wiwn grevicusly lzilzved szmples The structure of II-27 was
L2y -~ - —-et - T
confirzed Ly e S, w0 4etorne 1I-32,
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Analysis éf an impure sample of the amino chloride by g.c.-m.s.
showed that it contained about 5% of amine II-17. The chloride exhibited
meolecular jon peaks at m/e 187 and 185 and a prominent peak due to the loss
of chlorine at m/e 150. Attempts to purify this compound as its picrate
were unsuccessful, Although the n.m.r. spectrum bf the mixture was difficult
to interpret, the tricyclic structure II-U5 was tentatively assigned
to the amino chloride. (Cn this basis a doublet at T7.22 (J=8H;, Hc) and
a double doublet atT7.60 (J=8 and 4Hz, Hb) were attributed to the C3
protons in analogy to the C3 protéﬁs of II-37 in which H, appeared as a
doublet at v7.26 (J=10Hz) and Hy appeared as a double doublet atT7.47
(J=10 and 4.5Hz). A doublet in the n.m.r. spectrum of the mixture atr5.97
(J=6.5Hz) was tentatively assizned to the Cyq endo-proton (Hd) of II-45
which was expected to couple only with the adjacent bridgeﬁead proton at C6
by ca. bHz (69). Tne diredral angle between Hy and Hy in a model of II-45
was approximately 900, as a result‘the coupling between these protons shozld
be very small. rb"clear signal attributed to Ha could be located in the

spectrum of the crude sazple, 2 broad multiplet at T6.25 was at too low a field

for Ha and is probably due to impurities in the sample.
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2.6.2 Solvolysis of Chloramine II-25 in Methanol

Splvblysis of chloramine II-25 in refluxing methanol gave:a mixture
of basic material containing a tricyclic methoxy amine (59%), imine
I1-39 (6.5%), amine II-17 (2.5%) and an unidentified compound (5.5%) as
determined by g.c.-m.s. analysis. The methoxy compound was isolated by
preparative gas chromatography and was purified as a picrate which gavg
the correct elemental analysis for C17H22N408. The mass
spectrum of this methoxy amine exhibited a molecular ion peak at m/e 181
and a base peak attriguted to the loss of a methyl fragment at m/e 166%
The i.r. spectrum showed a strong etner absorption at 1095 cm'1.

The structure of the methoxy amine was firmly established as {E:iﬁ
(Figure 2.6) by X-ray diffraction gechniques (Chap.5). The double doublet
in the num.r. spectrum of II-4% (Fggure 2.7, Table 2.3) at17.32
(J=9 and 4.5Hz) was attributed to Hy, which had a dihedral angle
of about.BOo with the adjacent CM proton. The doublet attv7.58
(J=9HEz) was attributed to H, which was coupled geminally to H, but
did not couple with the Cu proton since the dihedral angle.befween
these protons was approximately 90° (69). The doublet appearing at
T6H.71 (J:U.SH;Z was assigned to Hy {vide supra) implying that the
methoxy gggzghwas €X0 to the ring system. A signal at approximately T7.50
attributed to Hé was revealed at75.38 when the n.m.r. spectrum was

recorded in the presence of europium shift reagent.

2.6.3 Cyclization of Cnloramine II-26 in’Methanol

A methanol solutiocn of chloramine II-26 was refluxed for 65 hours

at which time jodometric titration indicated 13% positive chlorine

3



Figure 2.6:
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The Molecular Structure of Methoxy Amine II-46.
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remained. Work-up gave the tetracyclic amino chloride II-47 (32%) amine

I821 (27%), and an unidentified olefinic compound (23%).
4

Cli

I1I-26 II-U47

Amino chloride II-L47 was isolated by preparative scale t.l.c. and
was purified as a picrate which gave the correct elepental.composition
for C15H15NHO7C1. The m.s.of II-U7 Qad molecularfion peaks at
m/e 171 and 169 and a base peak due to the loss of chlorine at m/e 134,
A strong chlorine-carbon stretching band was ex&ibited in the i.r. at

785 cn~!. The n.m.r. spectrum of II-47 was anaizéous to that of

tetracyclic amino bromide II-43 (Table 2.6).

The unidentified olefin was isolated by preparative t.l.c. as a
wh{3§_§olid. The mass spectrum of this compound exhibited no obvious
molecular ion peak nowever the base peak was at m/e 66, a fragment which

is characteristic of the cyclopentadienyl cation observed in the mass
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specg;a of bie§§:;[2,é,1]heptene systems (84). The n.m.r. exhibited a
two proton multiplet at 73.98 (w%;M.SHz) attributed to the olefinic
protons and an AB quartet at T8.55 (av=13, J=8Hz; 2H) which, taken

together, suggest the presence of a bicyclo[2,2,1]olefin skeleton (69).

2

2.7 The N.M.R. Spectra of the Polycyclic Amines

The characteristic resonances in the n.m.r. spectra of the bridged
polyecyclic amines are tabulated irr Taplés 2.3-2.6. The observed
differences in the chemical shifts of the C? protons of the tricyclic
amines (Table 2.3 and 2.4) were initially attributed to be the result of
structural differences as observed for the ethers listed in Table 2.7.
The distinctjye difference is'the coupling observed, which is dependent
upon the size of the heterocyclic ring, between the Hg and HC protons
with the adjacent bridgehead protons. In the two examples possessing
S5~membered heterocyclié rings the double doublet patterns appearing at
76.25 and 76.19 are attributed to the H, protons which have dihedral
angles of approximately 30° with the ad jacent bridgehead protons. The
Hc protons appear at 76.35 and¥6.34 as doublets reéulting from geminal
coupling between the Hb and HC protons. Théy do not couple to the
adjacent bridgéhead protons since the dihedral gngle with the bridgehead
protons is approximately 90°. In the unsubstgkuted ether possessing a

f-membered heterocyclic ring (Table 2.7) the twisting of the molecular

structure changes the dinedral angles of the Hy, and HC protons with the

7
-~
p

ad jacent bridgehead protons. The angle between the Hb proton and the

bridgehead proton approaches 90° and the Hy proton appears as a doublet

o~
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Table 2.7

The N.M.R. Data of Some Tricyelic Ethers

Compound Hy Hy
T M J T M J Reference
) ©
6.25 dd 8,u 6.35 d 8 (74)
A
AcQO

6.19 dd 8,3.6 6.34 d 8 (81)

“‘\HC

b

\ 6.12 d 9 6.47 dd 9,3 (82)
"y HC

1. T, Chemical Shift; M, Multiplicity; J, Coupling Constants (Hz)
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at T6.12. Coupling between the Hc proton and the bridgehead proton is
observed, however, and the H, proton appears as a double doublet at T6.47.

Examination of the n.m.r. signals of the H_ and Hc protons of

b
the tricyclic amines synthesized was not reliable for determining the
chemical structures. Differences, similar to those observed (Table 2.7) for
structuraldty different tricyclic ethers, were observed in the relative
chemical shifts of the Hb\and H, protons for several of the tricyclic
amines possessing 5-membered aza rings. Assuming that all Hb signals

should be split as double dogblets and all Hc signals as doublets, all of
tgé tricyclic coumpounds except amino aicohols EE:éé and EE:;] exhibited

Hb at a lower field than H,. Tne hydroxyl groups of II-33 and II-37

appear to effect a reversal in the relative chemical shifts of Hb and

Hc' However, we have found no precedence for these observations and an

explanation for them must entail further research.

2.8 The Mass Spectra of the Tricyclic Amines

A major fragment at m/e 82, attributed to the cation II-48, is

generally found in the mass spectra of azabicyclic compounds containing
A .
,an N-methylpyrrolidine ring (85,86). The presence or absence of this

T
'
.

‘fragment has frequently been used as the basis of structural assignments
(36,59,87). Recently Edwards (35) has demonstrated, however, that the

isomeric amines II-49 and II-50 exhibited a common base peak at m/e 82.

The presencq'of a peak at m/e 82 did not appear therefore to be of

-

diagnostic value in distinguj€hing between trieyclic'éompounds

possessing either 5- or 6-membered aza rings.
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RN

!
\\\ . CH3O
N CH3O N LN
[ N
myse 82

II-48 II-49 IT-50

The peak at m/e 82 has also appeared in all of the tricyclic amines
isolated, accompanied by another common fragment at m/e 94 (Table 2.8),
the latter generally being the more intense peak. Many azabicyclic
compounds containing a pyrrolidine ring undergo a ring expansion in the
mass spectrometer to form a fragment at m/e 96 (85). It was believed
that the peak observed at m/e g4, attributed to the cations II-51, was

formed by a similar ring expansion reaction of the tricyclic amines.

N . / )
N -« ]
T 2

>

I Z

2.9 The Photolysis of N-Nitrosamines in the Presence of

Unconjugated Dienes.

—_

A prelimin%fy study of the addition of N-nitrosamines to

unconjugated dienes was carried out to determine if radical cyclization
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-
T

s '. = , .
- would oceyr (14,83,89). The addition of H-nitrosodimethylamine to
LY

1,5-heptadiene gave a complex mixture of 1:1 addition products which was

not tnoroughly investigated. The addition of N—nitﬁosopiperidine to

“1,6-neptadiene gave the uncyclized amine II-52 (20%) and a cyclized

amino aldoxime IZ-5

(W8]

(24%). Tne corresponding dimethylnitrosamine

a<4ition products, II-S4 and II-55, wWere obtained by similar
—— y

(8]
)
Q
or
(o]
-
<
(0]
H
4}
H
jo
or
oy
4]
1
3
D
[G)
3]
o
(9]
[
Q
Y
—_
b

f-heptadiene. The above products were

o—

RR™ =--(CH

)
=
[
1
()]
(WS}

2)5 =

(AN

w

1133 2 RT = THy, CHg I11-55 RR’ = CHj, CHy
Tre 1,2-zi7u27 I12-22 szt zass spectral peaks at n/e 210 (H*),
%%, and oz oase pe2ak 2t m/2 33, tyrisal of the piperidino gzroup (930).

n& f.r. scEstrun oexnizisss oxize sands at 3200, 2028, 937, 310 and 860

et zrd sne nLT.r. sczosrun nzi tne multiplet pattern of 2 mono
suonztnituned siafin 2% T3,5-5,2. The SWwo singlets 2t ¥6.75 and 7.02 fop

3
sre ==snylanz grouzz zitzened o wne piperidine nitrogen indicated that
“n2 syrn %o antiorztic wz3 14 (73,
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~ Aldoxime II-53 was-isolated as a mixture of isomers due to the
9£§—£rans isomerization of the substituent groups around the ring and

the syn-anti isomerism of the oximino group. While the two compounds

isolated were shown to be a syn- and an anti—oximé,~§heir cis~trans

isomerism was not determined. The m.s. had peaks at m/e 210 (M*) and

193 and a base peak at m/e 98 (390). The i.r. spectrum exhibited ban&s at
3200, 3080, 1115, 9§5 and ?@f}cm'1 attrib;ted to the oxime function.  The
presence of two doublets O;T;qual inténsity in thg n.m.r. spectrum at
T2.58 (J=7.5Hz) and 73.22 (J:?.Sﬁé) Endicated a §z§- to anti-aldoxime ratio

of 1:1. Aldoxime II-53 also exhibiteduweak multiplets at 76.60 (Hb,

anti) and T7.20 (Hb, syn). The former was éoupled to the aldoxime ‘proton
2t 73.22 and the lattsr to the corresponding proton at 72.58 as shown by
dec:upliné experiments. Deﬁximatioﬁ—(71)lof a mixture of syn- and

anti-aldoximes II-332 gave,after distillation, aldehyde TI-56 containing

~race of nitrile. Tne i.r. spectrhm exhibited a strbng carbonyl! band at

1

~172% en” ' ‘and the n.o.r. spectrhm exnibited one low field doublet 5

2t T5.33 (J=2Hz) snoWing that.o6nly one aldehyde isomer was present. -
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Aldoxime II-55 was a mixture of all.four possible isomers. The
two major isomers showed the aldoxime proton at 72.65 (d, J=6.5; Hy»
" syn) and 73.25 (d, J=6.5Hz, H,, anti) similar to those observed N
the n.m.r. specfrqm of {E:E;. The minor compounds, which could not be
removed by recrystallization, showed the aldoxime proton at v3.04 and

3.86, A one proton multiplet appearing at T6.65 was attributed to the

Hy proton of an gﬁﬁ}—isoﬁer and a triplet at v7.05 (J=THz) was
assigned the Hy proton of a}gzg-isomer.

Dehya}ation of an isoxeric migture of éldoximes II-55 gave a mixture
of nitriles which could notAbe pgrified. A broad absorption at about

1

1710 em™' in the i.r. was attributed to a carbonyl impurity. The presence

of multiplets in_the n.z.r. spectrum atT7.19 and 7,55 attributed to the

Hb proions and two singlets at v7.70 and 7.72.attributed to N-methyl

orotons suggested that II-57 was a 1:1 mixture of cis- and trans-isomers.

¢ &
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CHAPTER 3

/

DISCUSSION

3.1 The Sclution Photochemistry of N-Nitramines

In continuation with our interest in amine radical chemistry we
became interested in the photochemistry of N-nitramines. The observed
photochemical reactions described in Chapter 1 are decidedly different
from those of N-nitrosamines (11). 7To obtain a better understanding of
the solution photocnemistry of nitramines, N-nitropiperidine was used as
a model compoung& and its photoreactions were studied.

The formation of zddition products, as observed when an acidic
2

solution (0.Q4N HCl) of nitropiperidine is photolysed in the presence of
cyclohexene, is typizal of zminium radicals (11). This is in contrast

to the coaplete zbsence of cyclohexene addition products when the

notolysis is carried out in the absence of acid. In the latter case

hs)

(6]

nly ;he photoreduction product, piperidine, and asscciated oxidation
procducts are formed. Thesé products undoubtedly arise from a nydrogen
abstraction, a reaction associated with neutrél amine radicals (37,323).
It is concluded therefore that the pnotolysis of nitramines gives amine
radicals under neutral 2onfitions znd aminium radicals under acidic

conditions.
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Under a nitrogen atmosphere in an acidic solution the photoaddition
of nitropiperidine to cyclohexene gives a complex mixture due to two
major factors. —First, nitrogen dioxide, one of the primary
photoproducts, is an amphoteric species (92) which can add to the
C-radical intermediate either as a nitrogen centered radical to give

—
nitro compounds or as an oxygen centered radical to give a nitrite
(Scheme 3.1). Secondly, nitrites are photolabile (51) under the
irradiation conditions. The product distribution of thi; photoaddjtjqp
reaction was greatly simplified when run under an oxygen atmosphere. .}t
is significant tha oxygen does not quench tre excited st%tes of the
nitramine but instead oxidizes the radical intermediztes to yield
T-nitrato-Z-piperinocyclobexahes, II-12. Two possible mechanisms by

e
whizh oxidation can occur are shown %n Scheme 3.2 but the present
results do not differentiate between these two possibilities. The

internmediate peroxy nitrate formed in patn b has been shown (25) to give

the corresponding nitrate as a major decomposition préduct.

In the absence <f an olefin one can not readily distinguish between
the reactions of amine 2nd zzinium radicels since both intermediates can
abstrzct nydrogen frcm a suitable donor. Certain dissimilarities were
observed nowever in the photcdecomposition of nitropiperidine under
neutral and acjdiC'ccndjti:ngji Although piperidine, resulting from -

hydrogen abstraction, was observed in both cases N-formyl piperidine

wnich was found under netztrzl conditions was not detected in the acidic
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photolysis. 1In the latter case formaldehyde was isolated instead. The
first step in the photoreaction under both conditions is believed to be
the abstraction of hydrogenkfrom methanol (11) to generate piperidine
(or the piperidinium cation under acidic conditions) and the
hydroxymethyl radical. This radical then reacts with nitropiperidine in
some as yet undetermined way to give an intermediate «-amino alcohol,

I7I-1. Under neutral conditions III-1 is readily oxidized by ﬁ03,

formed by the disproportionation of NO2 (91), to yield N-formyl

piperidine, II-3, and nitrate icn (Scheme 3.3).

“
) (\ . CH3OH .
—_— + —— - i

2 NCsy —> N2O4 > NO3 + NO

@J-CP—QOH + NOg — N—(EHOH * HNC 3 —2 N-CHO + H
A 11-3

Scheme 3.3



=TT~

Under acidic conditions the reaction obviously follows some
alternate pathway, possibly as/suggestéd fn Scheme 3.4, since N-formyl
piperidine was not detected. Oxidation of the intermediate «-amino
alcohol under acidic conditions by ﬁo3 may not be as favorable since
it would necessitate H-abstraction from a carbon adjacent to a

protonated amine function,

Scheme 3.4

<

We have established tnat under neutral conditions the primary

photoprocess in the photochemical reéc ions of ﬁitramines is the

cleavage of the N-Y bond to give an amine radical and ﬁOz. . o >
Surjanaryanan (41) nas suggested that two processes may be invoTved in

the photoreaction of dimesthyinitraaine; one inVoiving cieagage ofkthe

N-N bond and the othner without such a step, The evidence presented by

these workers strongly surpp

O

rts a mecnanism invq}ving cleavage of the

trazi

$ie

N~N bond of the n

19

g

n
1

s the pri:ary.photore§ction. These results
are in contrast o the study Dy the same wWorkers on the photolysis of
dimetnylnitranmine in the szlid state {(44) in’which the evidence from

labelling experimnents demonstirated that under these conditions nitramine

pnotolysis involved X-J bond cleavage.
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VUnder adidie conditions the rolg/of acid in the photoreaction of
nitramines has noﬁ been firmly esggéaished. Protonation of the nitramine
is nOtEexpected in dilute acid (5.1-2N) since secohdgry nitramines are
reported to be neutral species (3§Q; Kinetic studies have shown (93) that
the quantum yield and rate of nitrobiperidine photolysis are unchanged in
dilute acid but decrease in 5N HZSOM or above. It is believed that at
this acidity and above nitropiperidine is converted té a photostable
protonated nitropi peridine the structure of-which is however unknown. It
i; believed that under these highly acidic conditions nitropiperidine is
protonated giving an ‘as yet undefined photochemically stable speéies. It
is concluded therefore that photochemical deéomposition of nitropiperidine
occurs from the unprotonated species under both neutral and acidic
conditions‘(Scheme 3.5). fFfrom the above informatioﬁ protonation may occur
on thé photoexcited nitrazine (path z, Scheme 3.5) or onatﬁe anine radical
(path b). thjﬁgate; acids of dialkyl amine radicals héve a pKa in the
range 5.5-7.5 (Q4) hence protonation of an amine radical would be extensive
in a 0.1-2N HZSOM solution. Wwnile protonation of ;he zmine radiczl
would be anrefficient reactiocn, protonation of the excited nitramine (path
a} appesars unlikely since kinetic studies (93) have also shown that the
quaﬁtum yield (7.2+0.2) for tne disappearaﬁce of nitramiﬁe is independent
of acid concentration in the range OlT-E.ON. Assuming that the rates éf
deéay of the postglated protongted and non-protonated excited nitramine
species are not the sace,tnis izmplies that the acid does not ?ake an‘active
roire during the dezzy of tre excited nitramiﬁe. The results can howe?er>be
interpreted-as the generation of ah’aminé»radical followed by protonation

of this radical (path o) to form an aminium radical.
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The quantum yield (4,3, for the photolysis of nitropiperidine in
/

{
neutral methanol is signifigantly lower than the values obtained in

dilute acid, In n

{D

utral solution it Is suggested that the amine

.
-

radicals may recombine witn NO, to generate the starting nitraazine and
2

ct

subsequently lower the guantum yield.
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At no time during our photochemj%al studies of nitropiperidine in
neutral méthanol solutions did we detect the formation of the
‘corresponding N-nitrosamine as observed by others (43-46). These
" workers photolysed tne nitramines in neutral solvents with no readily
abstractable hydrogen, except for one expériment when ethanol was used
(43), to give the corresponding nitrosamine. The absence of a readily
abstractable hydrogen may result in the accumulation of N-nitroso-
dialkylamines formed by the combination of amine radicals with
ﬁO, gene;gted by tne disproportionation of &02 (91). Since
nitrosamines are stable under neutral conditions (11) they would not
undergo photochemical decomposition. In a hydrogen donating solvent
such as methanol H-zbstraction is possible and photoreduction products

are jsolated.

3.2 Aminium Radical Cyclizations

The study of cyclization reazctions of aminium racdicals gzenerated by
the photolysis of nitroszzines zcarrying a suitably located double bond
has lead to the syntnesis of several new azatricyclic and azatetracyclic
campounds. Tne study undertaken was directed towards defining thne
utility of certzin nitrosamine cyclizations as key steps in syntnetic
designs of zzapolyeyzlic co:poqids: Tne yields in the majority of the
cyclization reactions carn e improved particularly in the oxidative

pnotolysis of nitrosazines where rzpid isolation and reduction of the

by

nitrates produced is of utmost izportance.
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The aminium radicals undergo a stereospecific cyclization to form
5-membered aza rings. The specific formation of S-membered aza rings in
the competing cyclization to elther 5- or 6-membered rings agrees with
the previous work (12) on azabicyclic syntheses and with the published

observations on other radical cyclizations.

An examination of tne aminium radical cyclization of II-23

indicates that the reaction is under kinetic rather than thermodynamic

control (95). The S-membered ring products formed (II-30, II-33, and

II-37) exhibit at least three hydrogen-hydrogen and one carbon-hydrogen

eclipsing interactions with a total energy value of about 5 kcal/mole
(95). Amino alcohol II-37 also exhibits eclipsing interactions between
the hydroxy group and the adjacent gzg-hydroéen and bepween thenring
nitrogen and the sndo-hydrogen at C?O' These sighﬁficant steric

interactions would have been removed had twisting occurred, during

product formation, to give the correspocnding thermodynamiczlly more

o

favorable azatwistane skeleton (Scheme 3.6). The formation
of S-membered aza rings is undoubtedly a result of irreversible
cyclization involving a2 minimun amount of molecular motion to the most

accessible terminus of tne double bond; since the aminium radical is

muwch nearer to the C6-end ¢f the double bond orbital overlap between

Q.

n
i

the aminiur radic and thne double bond is much more extensive at the

C6*position than at the Cs-position.
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I

11-37

“jeusler's (10) aminium radical cyclization 6fIII-2 to the

chloroazatwistaneslII-3 is controlled by steric Interactions.

In this

case the ring system of III-2 is much more flexible than that of II-23

&

NS
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and Ehe intermediate aminium radical can approach either terminus of the

I

double boﬁd (Scheme 3.7). The eclipsing and bowsprit-flagpole interactions
\ v

encountered as the aminium radical approaches the C8-position are substan-

. tially greater than those encountered as the radical approaches the

o’
C7—position foreing cyclization to form a 6-membered aza ring.

6 4
—_——
N.
8 - ! CF3COH
1

Scheme 3.7

3.2.1 Radical £yclizaticn Under Nitrogen

Intramolecular 2yclization of aminium radicals derived from II-22

and II-23 gives products ossessing S5-zembered aza rings. These

-

cyclizations proceed via tne C-nitroso intermediates III-4 and III-5S,
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respectively.

r

IntermediatehIII-5 tautomerizeq readily to give the

-
A

_corregponding amino oximes II-30 and II-31, however, III-U apparently
underwent a rapid cleavage reaction to give II-27.

This difference can
only be attributed to significantly greater ring strain in ITI-4

)

NO

0

The cleavage reaction observed has beenfproven (36) toﬁrequire a

¢is-coplanar orientation of the functional groups and a cyclic

double bond to give III-4.

transftion state as shown in Scheme 3.8"has been implied. This
. . . e . .
mechanism also requires that the nitrosamine group adds cis across the

Davies (97) has shqwn that_reagents like
thiols and nitrosyl chloride add to norbornene to give)exclusively
exo-cis-adducts hence entirely cis addition to the olefinic bond is not

¢
unreascnzble. It should be noted however that only exo hydroxyl, bromo

*

and chloro tricyclic products,II-éé, II§35 and II-36, resulting from
trans addition (vide infra), are isélated from radical trapping
experiments with II-22.

(é
Although II-22 was irradiated several times in

an effort to isolate tricyclic products, possibly resulting from_trans
addition, only decomposition prgducts could be isolated.
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neutr.

Treatment of aldoximé EE:E] with bisulfite gives antaldehyde, III-7,
which undergoes a facile int;;molecular hydride transfer as shown in
Schéme 3.9 to give hydroxy lactam ££:g§. The latter process is similar
to that observed by Edwards (70) in ajaconine derivatives (Scheme -3.10).
The formatjgn of II-28 can 5ocur by this mechanism only:if the hydroxy

function of III-7 and subsequently II-27 is ex0o so that the

intramolecular hydride transfer is possible. The all cis stereocchemistry

of the bicyclic immonium ion III-6 no doubt forces nydration to occur
e
from the sterically least nindered exo side of the molecule to give II-27

with the hydroxy function exo to the ring system.‘

_—
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Schene 3.9

base

Scheme 3.10

L
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3.2.2 Radical Trapping Reactions

Intramolecular addition of alkenyl nitrosamines appears to proceed
via a stepwise radical mechanism since in the presence of radical

trapping agents, or radical scavengers, products other than those

~derived from C-nitroso adducts are obtained. In the presence of oxygen

the intermediate radicals are oxidized to yield ﬁﬁtrates while in the
presence of CBrCl3 or CClu amino halides are'isolated. Since no

oxime products are obtained in the trapping reactions the reaction of
the intermediate radicals with the radical scavengers must be faster
than theirlrecombinatjon. It is apparent, therefore, that aminium
radicals intramolecular addition reactions do not ocur within a solvent

cage.

- Stereochemically, radical cyclization can occur with either cis or

tranéﬁaddjtion across the double bond. This is readily demonstrated in

the c}clization of III-2 (19) in which a 4:3 ratio of cis-and trans-

chloroazatwistanes are obtained. In contrast to these resutts the

tricycliec (II-33, II-35, II-36 and II-37) and tetracyclic (II-41 and

TII-43) products resulting from radical trapping experiments all have

exo ring substituents indicating that addition has occurred trans écross
the double bond. It is believed that this_speéificity is the ;géult of ‘/
sub%tantial steric interaction from the endo s{de of the.ring systemn,
in the radical transfer, preventing attack fro; this side.
{,J EREE
Many of the amino nitrates formed whén alkenyl N—nitrosamineéd?re

photolysed under an oxygen atmosphere undergo an ijicient intra-
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molecular base catalysed decomposition which grobably requires a

trans diaxjal orjentation of the amino and nitrato functions (29). For
- this reéson no attempt was made to isolate the amino nitrates formed
during the oxidative photeclysis. Tricyclic amino nitrates III-8 and

III-9 were readily decomposed by this route as shown in Scheme 3.11 for

~ ) )
amino nitrate~III-8. The inté?ﬁediate immonium ion III-10 (98) is

expected to react in a manner similar to that observed for III-6 (Scheme

Y
3.8 and 3.9). |
. P
OzN'\'O OHC
L
’ —_—
C,N N'
/ -
111-8 - -10
HOCH 7 HOCHZ
o
Q\ LAH . \
N N
/ /
1-28 1-29

Scheme 3.11

»
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S 4

wWnile-the described decomposition reaction is prominent for amino

nitrates ;Ei:§ and III-9 no decomposition products are isolated
following the oxidative photolysis of nitrosamine II-24. This is
undoubgedly due Qp the inability of the'amine niSrogen electrons of amino
nitfate III-11 to participate in the elimination of nitrite ion since the
decomposition w?uld place a carbon-nitrogen double bond at a strained

bridgehead position.

’OZNO

_— |

N {

III-11

The photolysis of nitrosamine 25:22 in the presence of CBr‘Cl3 or
CCl14 gives good yields of the tricyclic "amino halides %E:;? and {E:éé.
These’ compounds were quite unstgble and underwent complex decomposition
reactions believed to result from intramolecular displacement of the
halogen to form an aziridinium intermediate as shown in Scﬁek%’;.12.
The rapid decomposition of C-nitroso intermediate EEE:B and amino

nitrate III-8 indicate that the ring structures of II-35 and 11:36 are
Y

strained and susceptible to molecular rearrangement. IntraMoleculgn‘

N,

nucleophylic displacements of halogens by nitrogen are n%twuncommon \
. \ -

(29,77) and Ha@i@r (100) has obtained strong evidence.from synthetic,
kinetic and optical activity studies for the existence of an aziridinium %ﬁ'
intermediate in the spontaneous rearzsngement of III-12 to III-13 at room

temperature (Scheme 3.13).
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Scheme 3.13

Cyclizatiqn praducts were not isolated follpwiné the photolysis of

T —— “©

II-23 in CBQQ{;i The formation of a sméll quantity of an unidentified .
bromoamine was indicated, however, by g.c.-m.3. analysis of the reaction /
mixture., The inability to isolate any cyeclic bromoamine might be due to the
ease of hearréﬁgement to a mixture of products possessing an azatwistane
skeleton. This reaction may provide an efficient synthesis of
azatwlstane derivatives; fo%Lexample, compouﬁds possessing an

isotwlstane structure such as II-45 under the appropriate conditions

(100) may give azatwistane products (Scheme 3.14).
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)
af&

-92-

3.3 Thermolysis of N-Chloramines

The thermolysis of chloramines carrying suitably located olefinic
*bonds gives cyclization products possessing botﬁ S- and 6-membered aza
rings (33,34,35,36). The mechanisms of these reactions have been
interpreted to involve either nitrenium ions (33,87) or amine radicals
(35,36). Since there are arguments in favour of both mechanisms and our
studies made no atteﬁpt to distinguish between these mechanisms the
nitrenium ion intermediate will be used to interpret our results.

v

The thermolysis of II-25 in methanol gives the solvolysis product

A —

II-46. The formation of such,awproduct possessing a S-membered ring is

best explained by the formation of an ionic intermediate, possibly
involving anchimeric assistance by the olefinic bond or solvent

participation as shown in Scheme 3.15.

- A
CH30,
[
- - + HCI
Ch~ N
/ /7
=23 ! ] 1-46
Scheme 3.15
b
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Radical cyclization, on the other hand, might result in the
solvolysis of an initally formedf%;chloro compound in which an
aziridinium ion intermediate (35,100) might be involved as shown in

Scheme 3.16i From thermodynamic considerations discussed previously an

intermediate of this type would collapse preferentially to the twisted

compound III-14.

r —
of! Ci
/i A
_— —_—>
' CH3OH \ .,
Cio N - N
N ___J
Y, ) . / L / ]
11-25
CH-O
— \
N
/ ) <
11-14 :
Scheme 3.16 ) M

The thermolysis of II-25 in agqueous dioxane fis approximately five
times faster than the corresponding reaction in methanol. An incr?ase
in reaction rate of this degree with increasing solvent polarity is also

indicative of a heterolytic reaction (101).
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The formation of a significant amount of amine II-21 and the

extended reaction period required for the thermolysis of trieyelic
chloramine II-26 leads us to believe that the cyclization of II-26 is
more difficult than for II-25. Molecular models reveal that ring

closure in II-26 involves considerable strain. The ease of cyclization

of the intermediate nitrenium ion is therefore'decreased and it must
react by some alternate pathway such as hydrogen abstraction (33). If
one assumes that anchimeric assistance by the double bond plays an
important role in the heterolytic cleavage of the N~Cl bond then the

extended reaction time required becomes understandable.

3.4 . The Qddition of N-Hitrousamines to 1,6-~Heptadiene

Intramolecular cyclization of carbon radicals has been thoroughly
investigated (14,15,16,18). The direction of these cyclizations appear
to be controlled by both steric (14) and electronic (18) factors and the
Kinetically more favored cyclization product is preferentially formed
a2l though eéuilibrization to the thermodfnamjcally.more stable product ~
hasﬂbeen demonstrated in some cases (14). The photochemical addition of

nitrosamines to unconjugated dienes was investigated to determine the

extent of intramolecular carbon radical cyclization (Table 3.1).

Aminium radicals generated by the photolysis of nitrosamines in
L .
dilute acidic media add preferentially to the unsubstituted terminus of
a mono-substituted olefin to give the more stable secondary carbon

radical intermediate (III-15, Scheme 3.17) (11).
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Table 3.1

Radical Addition to Unconjugated Dienes

Diene

e

iR

3 Ring
Cyclization Size : Reference
0 88
23.5 5 88
]
97 5 103
0 - 88
S
100 3 88
50 3 29
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The cyclization of the intermediate carbon radical (III-i5, Scheme
3.17) generated by the addition of either nitrosopiperidine or
nitrosodimethylamine to'1,6-heptadiene is not extensive since the

cyclization products II-53 aéd II-55 are formed in only 25% and 5%

yields, respectively. Tne main reaction products are derived from

III-16 formed by 17:2 addition of the nitrosamine to a double bond. The

reason for inefficient radical cyclizafion is undogbtedly the rapid
combination of the C-radical intermediate, III-15, with NO (11). PBrace
(88) has demonstrated in a similar system that tﬁe ratio of linear to
cyclic adducts was dependent upon the availability of the radical donor
in the propagation step (Scheme 3.18). A high concentration of
perfluoroalkyl iodides (RFI) led to 1:2 addition products while a lower

-

concentration of perfluorcalkyl iodides gave an increased yield of
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cyclization produtts. The photoaddiftpn of nitrosamines to unconjdgated
- l\_,‘/ ) ‘
dienes in the presence of oxygen might be worthy of investigation. 1

Interception of 50 oy oxygen to generate NO, (29) might sufficiently
3 g

.delay product forzaticn~«to allow for a substantial increase in the yield of
L

cyclization products, : .

V4

I+

el

-5
-

ne cis-trans sterecchezistry of the cyclization products, II-53 g

and I2-2¢, forzel <Zuring trn2 photcaddition of nitrecsacmines to

fE-regtzdiene nzs nct Teen establisned. Wnile the piperidine intermediate
a -

- “‘

I32-7% TR, = —(C*Z):—) cyclizes to the syn- and anti-zidoxirzes
z 577 Al
zcesessing a unigue stereschnenistry on the ring, the dimethyl intermediate
,{/ » ’
III-12 {P=CH,) gves =211 zossible cis-and trans-aldoxime isomers.
Studies Sy EBrace 122,133 nave snown that III-i7a cyclizes
ErETE“ertially t5 trans-cyclopentane derivatives; the ekact cis/trans
ratic oeing depenient Upon the reacticn conditions. On simple thermo-
dymeaziz grounds trans cyslization would be expected to be more favorable
J - —— = .
than ginze %the transition state, III-18, for trars cyclization is

'

st ie t2 fewsr nin-tconied interacticons than is that for cis eyelization,

5 (322,. Cn tre szze grounds, aldoximes II-53 are assuzed to have
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‘trans-configuration: the driving force for the stereochemical integrity is

\ .

presumed to be due to the bulky piperidino group causing more steric
crowding in the cis-orientation. Recently, Beckwith has reported (102) the
preferential ~cyclization of the intermediate carbon radical III-17b to cis
substituted cyclopentane derivatives (cis/trans, 2.3). Beckwith (102) has

Vs ! A
attributed the predominant formation of cis-isomers to secondary attractive
interaction between the alkyl substituent of_III—17b and the olefinic bond
as depicteq in ITI-19. Sécondary attractive interactions between alkyl sub-

stituents carrying either piperidino orvégmethylamino groups and the

" olefinic bond of III-15 are expected to be equivalent and would probably

not account for differences in the direction of radical cycliZation.

»

CF3(CF2)3

o
=}
1]

CH3

ITII-17
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HH
R— CH H
-secondary

III-18 III-19

3.5 Conclusions

The photolysis of suitable olefinic nitrosamines has been
established as a;valuable method of synthesizing bridged polycyclic
compounds possessing S--membered aza rings. The miid cond;tions
necessary for reaction further increase the/yalue of this pathx%?. The
synthetic flexibility was increased by.the thérmolysis of some
corresponding chloramiries. Tne products synthesized also possesSéd a

second potentially useful functional group which could be altered.

Although most ¢f the nitrosamine cyclization reactions were almost
quantitative, severzl of the tricyclic compounds synthesized were
unstable. The fate of these compounds was to undergo efficient ring

cleavage reactions inveolving the amine group to give azabicyelic

campounds. The amino nitrates III-§ ahd III-9, for example, readily
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underwent nitrogen assisted elimination of N02 to give, after
reduction, the bicyclic amino alcohols II-29 and II-38, respectively.
The stereochemital purity of the bicyeclic products isolated indicate.

"that the nitrogen assisted cleavage remsctions encountered are efficient

ways of syn&hesizing certain azabicyclic compounds.

Studies of the solution photochemistry of N-nitropiperidine have
clarjfied some of the photoreactions involved. We have confirm@d that
the primary photoprocess is tbe cleavaze of the N-N bond of the
nitramines. This is in contrast to the solid state photochemistry of
nitramines where N-0 bﬁnd cleavage appears to be the primary reaction.

The acid catalysed oxidative photoadj:;%gn’of nitramines to olefins may

rove to be an efficient means of synthesizing amino nitrates.
g
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CHAPTER 4

EXPERIMENTAL Ed

4.11 General Techniques

Unless otherwise indicated the following general conditions
prevail. Infrared (i.bk.) spectra were measured on a Perkin-Elmer model
457 Spectrometer as liquid films or a2s nujol mulls for solid samples.
Ultraviolet (u.v.) spectra were recorded on é Unicam 3P 800
Spectrometer; spectral bands are reported as xmax nm (E). Nuclear,,,r,
Magnetic Resonance (n.m.r.) spect;a were recorded on g Varian A56/60 or
a Varian XL100 Spectrometer using deuterochloroform as solvent and TMS
as internal standard. The decoupling experiments were performed on the
latter instrument. Chemical shifts are reported in Tunits, coupling
constants (J) in Hertz (Hz), the coupling patterns as s (singlet), d
(doublet), dd (double doublet), t (triplet), g (quartet}j m-(multiplet),
and br (broad), the width at the half heignt of a signal is given as W%.
Gas chromatography (g.c.) was performed on a Varian 1200 flame
ionization chromatograrph using a 20% SE-30, 10 ft by 1/8 inches
stainless steel column., Preparative g.c. runs were done on the Varian
172G-10 using a2 20% 3E-2390, 20 ft x 3/8 in, aluminum ceclumn., Mass

spectrza (m.s.) and high ressclution mass spééfra (H.r.m.s.) were recorded

witn a Hitachi-Perxin-glzmer RMU-6E spectromgter with an ionizing voltage

of 80 Ev. and were reported as m/e (appfoximate relative abundance).
\,
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The gas chromatographnic-mass spectral (g.c.-m.s.) analyses were done
using a Varian 1400 gas chromatograph coupled to the mass spectrometer.
~

>
e —— ;..,._ﬂ

Melting poin;;ﬁyere determined on a Fisher Johns hot stage
apparatus and were not corrected. Elemental analysis were performed by
Mr. M.K. Yang, Department of Biological Sciences.

Separations by co%Pmn chromatography were performed using Brockman
alumina (neutral or basic, activity I, 80-200 mesh), Baker silica gel
(60-200 mesh), or Mallinckroft silicic acid (100 mesh). Thin layer
chromatogrphy (t.l.c.) was performed on silica gel plates (0.25-0.30 nn
thickness) impregnated with.u.v. indicator,frfﬁé“?qported yields were

estimated from column chrozatography or by area determination of g.c. peaks.

4.2 Chenmicals

Reagent grade solvents—were distilled before use and benzene and
methanol were storea over sodium ribbon and molecular sieve (Type 34),
respectively. Eeagent grade pyridine was stored over potassium
bhydroxide pellets. )

: .

3 .

Cyclohexene (MC and B), 1,3-cyclohéxadiene {(Aldrieh), allyl bromide
(Fisher), N-nitroscpiperidine (E;stman), and N-nitroscdimethylamine  __ -~
(Eastman) were distilled before use. Cyclopentadiene was prepared by

-

the destructive distillation\(104) of 3a,4,7,7a-tetrahydro-~

L
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4,7-methanoindene (MCvand B), 1,5-heptadiene (Aldrich), 1,6~heptadiene

(K and K); acrylic acid (Mc and B), hydrogen peroxide (Fisher),

bromotrichloromethane (Aldrich), methylamine, and nitrogen Qioxide

* (Matheson Gas Company), lithium aluminum hydride (LAH, Wilshire, 97%),

sodium bis-(2—methoxyethoxy)aluminum hydride ("Red\Al", 70% solution in

benzene, Aldrich), and nitrosofluoroborate (D.F. é;lgsmith) were used
k)

as supplied. : §

~,

Endo-norbornene—qég-Sx6-dicarboxylic anhydride was obtained from
the undergraduate organic laboratory ang was recrystallized before use
/
(m.p. 164°, Lit. 165°) (405). Perfex Bleach (Bristol Meyers Co.,

NaQCl>6%) was used in the preparation of N-chloramines.

4,3 General Photolysis and Thermolysis Conditions

4.3.1 Light Sources and Pnotolysis Apparatus ,;

-

The solutions were irradiated wijxré/;edium pressure lamp (200
Watt, Hanovia 654A36; 100 Watt, Hanoyia 8A36) placed within the lamp
well of Apparatus I (Figure 4.1) -or Apparatu$ II (Figure 4.2), both of
which could be fitted with a cylindrical glass filter if required. Tap
water passed through the cooling jacket and an external ice bath were
used for cooling the photolysis solution. ” Nitrogen (scrubbed with

Fiesers” solution, then lead acetate solution, followed by concentrated

H550,) or oxygen was bubbled tRrough the gas inlet. A magnetic bar

stirred the photolysate (ca. 200 ml)y’in Apparatus I while a stream of

"(.v.
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Figure 4.1: Photolysis Apparatus I
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nitrogen or oxygen served to agitate the solution in Apparatus II (ca.

130 ml).

"4.3.2 Photolysis of N-Nitropiperidine

The reaction ;onditions for photolysis of N-nitropiperidine were
variable. Generally, a methanol solution of N-nitropiperidine (ca.
0.04M) was placed in a quartz apﬁg}atus fitted with a Corex glass filter
(50% transmissio??at 275 mm). To this was added the required quantity
of conéentrated'hydrochloric acid and cyclohexene. The solution was
flushed with N2 or 02 gas for 10-15 minutes before and also
throughout the irradiation., The mixture was photolysed until the Tr-4r#
absorption (249 nm) of N-nitropiperidine had disappeared as determined
by u.v. monitoring of alequots taken from the photolysate. A zero hour
sample was retained in the dark and the u.v. spectrum examined at the
completion of the photolysis. No noticeable decrease in the u.v.

absorption of this sample was observed.

The methanol sclvent was removed under vacuum at 10-20°. 1In some
cases, the solvent was removed by distillation through a Vigreaux column
and trapped in a receiver cooled by a dry ice-acetone bath. The
collected solvent was treated with a 2,U4-dinitrophenylhydrazine
(2,4-DNPH) solution to detect any volatile carbonyl compound that might®

be present.
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If the reaction had been done under neutral conditions the

photolysate residue was directly analysed by g.c.-m.s. A tern%tely, the
residue was diluted with an HCl solution (1.0N, 50 ml) and extracted
with ether to remove the neutfal (non-basic fraction) material. The
solution was basified to pH-§ with a saturated Na2C03 solution and

the basic fraction was extracted. The solvent extracts were dried over

anhydrous MgSOu, filtered, and evaporated.

4.3.3 Photolysis of N=-Nitrosamines

A methanol solutioh of the nitrosamine (ca. 0.04M) and
concentrated hydrochloric acid (ca. 0.04M) was placed in the apparatus
equipped with a Nonex filter (50% transmission at 320 nm). Gas was
bubbled through this solution for 10-15 minutes prioryto and also
throughout the photolysis. The mixture was irradiated until the n-7r¥
absorption (ca. 350 rm) of the nitrosamine had disappeared as
determined by u.v. monitoring of aliguots taken from the photolysate.
A zero hour sample maintained in the dark indicated that no thermal

reaction was occurring over the photolysis period.

After the photolysis the methanol was removed under vacuum at
10-20° and the residue was diluted with water (50 ml). After
extraction of the neutral fraction with ether, the solution was basified
to pE 9-11 with a Na2C03 or NaOH solution. The basic fraction was
extracted with ether or methylene chloride. In some cases, cﬁntinuous

liquid-liquid extraction with CH2C12 was employed to recover

Y
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"additional material. The extracts were dried over MgSO,, filtered,
and evaborated. The residues were éxamined by various spectral
techmiques and separated by chromaﬁQgraphy.

If the photolysis had been performed under an oxygen atmosphere the
ether extract of the basic fraction was immediately dried over MgSO,
and the solution was treated with LAH. After stirring overnight with?®
LAH this solution was worked-up by treatment with a 10% aqheous NaOH

solution, filtered, dried over MgSOy, filtered again and evaporated.
{
yThe reduced product was then analysed.

§.3.4 Thermolysis of N-Chloramines

A solution of N-chloramine (ca. 0.01 mole) in an appropriate
solvent (150 ml) was refluxed in the dark. Thermolysis was continued
until icdometric titration of aliquots of the sdlution with sodium
thiosulfaté indicated virtual absence of positive chlorine (0-5%). The
solvent was removed under vacuum at room temperature and-tfe residue was
diluted with 1.0N aqueous HCl (50 ml). After extnactionbof the neutral
zmaterial with ether, the solution was basified to pH 11-12 with an NaOH
solution., Extraction with CH2C12 which was dried over’MgSOM,
filtered, and evapqrated gave the basic fraction. The basic residue was

analysed by various spectroscopic and chromatographic fechniques.
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4.4 Preparation of N-Nitropiperidine

/
The procedure of Emmons (106) was used to oxidize

'N—nitrosopiperidine to N-nitropiperidine except that 50% H202 wégcf

used in place of 90% HZOZ' This necessitate; that the oxidation be
repeated once to ensure a more coﬁplete oxidatidp to the ni*éamine. The
remaining traces of nitroso compound (i.r.i 1180 and 1090’0@’1) were ?é

precipitated as the hydrochloride when dry HCl was bubbled through an

anhydrous ether solution of the crude product for 2 hours. The ether

~

solution was filtered,'w;shed with water, dried over MgS0y, and
evaporated. Distillation at 100-105°/23 wm gave N—nitropiperiqine
(107) as a clear oil (48%): 3i.r. 1530(m), 1330(m), 1280 and %241
cm'1; n.m.r. 1'6:20 (m,4H) and 8.33 (m,6H); u.v. (MeOH) 249 nm

(€,5,500).
4.5 Synthesis of Alkenyl Amines
L

4.5.1 Diels Alder Reaction of Cyclopentadiene with Allyl Bromide

Mlyl bromide (56g) was treated with cyclopentadiene (25g) by the
described method (52). Distillation of the crude product gave a clear
0il (50g, 70.5%) consisting principally of 2-endo-bromomethylbicycloZ
[2,2,1]hept-5—ené, II-13, containing about 30% of the corresponding-:
exo-isomer: i.r. 3060(m), 720(s) and 630(s) cm'1; n.m.r.. T3.77 (dd,
J=6 and 3Hz, 1H), 4.00 (dd, J=6 and 3Hz, 1H), 6.57 (d, J=8Hz, H8'§£97

0.3H), 6.88 (dd, J=8 and 4Hz, HB—QEQP, 0.7H), 7.05(m}, 7.45 (m,1H)},

By

R
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8.05 (ddd, J=11.5, 8.5 and 3.5Hz, H3—exo), 8.55(m) and 9.41 (ddd,
J=11.%, 4, and’Z.SHz, HB—QQQQ, O.7H), This sample was utilized without
furth purificézion.

H.E.é Preparation of 2-endo-Methylaminomethylbicyeclo[2,2,1]2

hept-5-ene, II-14

A solution of methylamine (27g) and II-13 (25g) in ether (125 ml)
was placed in an autoclave which was heated in an o0il bath at 100° for
67 hours. The product was extracted with 1.0N HCl'(3x50ml) which was
washed with ether. The acidic aqueous phase was basified to pH 10-11
with aqueous NaOH and extracted with CH2Cl2 which was dried over
MgSO,, filtered, -and evaporated to a light yellow oil, II-14 (12.8g):
i.r. 3300(w), 3060(m), 1250 and 720(s) an’1; n.m.r. 1’3.90 (dd, J=6 ard
3Hz, 1H), 4.12 (dd, J=6 and 3Hz, 1H), 7.20 (m,2H), T7.40 (d, J=7, O0.TH),
7.55 (s, N-CH3, 0.9H), 7.61 (s, N—CH3, 2.14), 7.80 (M,2H), B8.68 (M,2H),
9.04 (s,D,0 exch.,1H) aﬁd 9.50 (br.d, J=10Hz, HB—EQQQ, 0.7H); m.s. m/e
137(¥%,10), 71(66), 70(61) and 44(100). This oil contains 30% of

exo-isomer as shown by the ratio of the N-CH; signals.

4.5.3 Diels Alder Reaction of Cyclohexadiene with Acrylic Acid

Acrylic acid (30g) Wﬁg reacted with cyclohexadiene (25g) as described
by Boehme (55). Distillation at 148-150°/13mm gave an oily solid which
was recrystallized from pentane several times to give II-15 (24.3g,

. =70 .

46%): m.p. 56-57 (Lit.56-57%) (55), i.r. (nujol) 3200-2500 (s,br),

1700(s), 1240(s), 940 and 0 (s) @' nm.r. T-2.02 (s,D,0 exch.),
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2.80 (z,24), 7.05 (M,1%), 7.40 (m,2H) and 8.1~9.0 (unresolved, 6H); m:s.

z/e 152 (%, 11), 80 (130) and 79(83).

L.5.4 Preparation of N-Methyl-2-endc-carboxamide-bicyclo[2,2,2]z
oct-5-ene, II-17%

L0EEM) was mixed with pyridine (6.0z) and thionyl
cnloride [3.45g) ir dry tenzene (200 =l) at 0° for 20 minutes,
Methylazine was bubtled in%s tnis solution until it was basic to moist

¥ paper. The benzerne soluticn was washed with 104 ;queous Na2C03+

sclution, and water, Z2ris< ovyer HgSOu, filtered, and evaporated to give a

solid. Pecrystallizaticn from hexane zave white needles of

P o] . - . -z o N ~e e
=.p. 1325-1387; i.r. F2E3{=), 2W4CILw), 1540(s), 1555(s) and 630(m)
-‘( -~ - ~ i - - “ N 4 - o
="'y noz.r. T 3.7 (zmyeh,, .2 lorao J23 sxen.y, 7.25 (4, J=sb.5Hz,
- -~ 7 A S e e~ - . z
@E,, 7,47 (m,2H) ani Z.3-3.2 ‘unresclved, AH).
tnzl. Caled for Z..H,:NO:o T, 72,69 H, 9.15; H, 2.43. Found:
[ - -
~ -~ oz 4 5 =3 e
T, Tz.Zt, By F00h 0N, Zo4at.
.
4.E.% Fregazraticn of z-endz-Metnylazminozetnylbicyelel2,2,212
.
. = T _ e~ ]
ozt-5-egne, _-""
Amide II-17 f{Z.%g, L.05% =ole; was added slowly in portions to a

stirring susgension 2f LAY ‘4,03z, 0.1 zole) in ether. This mixture wes
-

_re for 20 nours. After the usual work-up the

gtrer zoluticn was “istilled “hrough a Vigreaux column lezving amine
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I1-16 which was a light yellow oil (5.8g, 73%); i.r. 3280(w), 3040(m),
1610(w), 1150, 1130 and 700 ca™'; n.a.r. T 3.80 (m,2H), 7.4=7.8
(unresolved, 3H), 7.6%1 (s, N—CHB), 8.0-9.0 (unresolved, 6H) and 9.10

 (m,1H); m.s. m/e (15 Ev) 151 (M*,16), 85(75), 83(100) and 4u4(66).

/

-

L.5.6 Preparation of endo-Norbornene-cis-5,6-dicarboximide, II-20

Endo-norbornene-cis-5,6-dicarboxylic anhydride, II-18, (50g) and
concentrated NH,OH (150 ml) were stirred at room temperature (56) for
20 hours. A white precipitate was recovered by filtration\and was
dessicated ugdér vacuun in the prgsencq\gf cgncentrated HZSOM to

4 AN
yield II-19 (23.3g): m.p.»250°; i.r. 346D(s), 3200(s), 1710(m),

1660(s), 1628(s), 1530, 1412(s), 1290, 1270, 1232(s) and 730(s) cn™'.
This solid was heated in acetic anhydride (12 ml) to give a homogeneous
solution which was reflu%ed for 2 ﬁours. After cooling the nixture was
basified with aqueous HaCH (15%) %o yield a precipitate which was
recrystallized froz water to give ;;:ég (19.752) ¢ m.p. 186=-1877(Lit.
185-186.5°) (56)2 i.r. 3155, 3060(s), 1750, 1700(s), 1295(s), |
1230(m), 1190, 1120, 992(s), 840, 736 and 640(s) em™'; n.a.r. T 1.50
(z,D,0 exen.), 3.80 (m,?H), £.67 (m,d4H), 8.22 (A portion of AB

pattern, J=G%Hz, 515'H1O) and £.48 QB portion Qf AB pa“ttern, J:9§<1

anti-Hg O) .

r

2

b.5.7 Reduction of endo-YNorbornene-cis-5,6-dicarboximide, II-20

Imide II-20 (16g, 0.1 mole) in dry THF (200 ml) was added slowly %o

-t

a suspension of LAE (16g, 0.L41 mole) in THF (550 ml) and the mixture was
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refluxed for 42 hours (57,58).{ The condenser outlet was protected with .

a CaCl, drying tube. ﬁ;;::Exture was treated with aqueous NaOH (10%) .

and the rgsulting white suspension was filtered. The re;idual Sblid was
thoroughly washed with THF and the combined filtrate_was‘dried over
HgSOu, filtered, and evaporatedt!to yield a semisolid (15.5g).
Recrystallization from ethyl acetate-petroleum ethery(30-6oo) or

vacuum sublimation (250/0.05 mm) gave a-derivative of
M-azatricyclo[S,Z,1,02’6]dec—8—ene; I1I-21: m.p. 59-60°; i.r.
3350(s,br), 3050(w), 2720(w), 2460(w), 1625(m), 1512(s), 1255, 1230(m),
820, 752 and 720(m) <™ '; n.z.r. T 3.78 (m,W1=hHz, 2H), 5.00‘(5,1320
exch., 2H), 7.11 (m,gH), 8.45 (4 portion of AB pattern, J:8.5H2;
syn-H,,) and 8.60 (3 portion of AB pattern, J=8.5Hz, 3§£§—H1O); m.S.
n/e 135(41), 134(10), gu4(52), 65(41) and 68(100).

-

#nal. Found: C, 45.3; H, 6.39; 4, 6.02. H.g.m.s. on m/e

"

135:

Caled for C9H13N, 135.1048., Found: 135.1038. H.r.m.s. on m/e.

68: Caled for CuHéﬁ, £2.050C. Found: 68.0507.

-

§,6. Preparation of l-Nitroso Compounds

!

,

Purification of the N-nitrosamines was done by chromatography
through neutral alumina or silicic acid (benzene or CH.Zl. as
- ) 272

elutants).
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(a) Sodiumvnitrite (NaNO,) nitrosation: The compounds were
prepared by the known me;hod (108). An amine (0.02 mole) was dissolved
in water (100 ml) containing concentrated HCl (2 ml, 0.06 mole) to which
ether (100 ml) was added. To the stirred mixture at 0° was added
NaNO, (1.5g, 0.022 mole) in portions and the mixture was stirred for 6
hours. Thé ether layer was sepérated and the aqueous phase was washed
with additional ether. After drying the combined ether extracts were

evaporated to give the nitrosamine.

(b) Dinitrogen tetroxide (N,0,) nitrosation: The method of
white (60) was.modified as below. £&n amine (0.015 mole) and anﬁydrou§
sodium acetate (Lz, 0.5 mole) in Ci,Cl, (125 ml) were stirred and
cooled in an écetone-ice batn., To this mixture was added dropwise over
a 1 hour period a ccld solution (ca. 0°) of NZOM (1.5z, 0.016
mole) in CH,Cl, (50 ml). The mixture was stirred at -10° for
another 10 minuées. Tne solvent was filtered and washed with dilute

Na2C03 (10%) and was dried and evaporated to give the corresponding

LT

nitrosaoine.

(e¢) Nitrosotetrafluoroborate (HOBFM) nitrosation: The method of

Nagasawa (65) was used except “hat CHZCl2 was used as solvent. To a
suspension of HOBF, Fé.ug, 0.055 mole) in CH2C12 (100 ml) at 0°
was added an azine (0.C36 mole). To this stirred mixture was added

dropwise over 15 minutes a solution of pyridine (4.32g, 0.055 mole) in

CH2C12 (50 m1). The ccnditions were maintained for another 1 nour



~-115-

at which time the solvent was filtered, washed with aqueous Na2CO3
(10%), dilute HCI (O0.1N), then water., The CH2C123was dried and

evaporated to give the nitrosamine,

4.6.1 N-Nitroso-2-endo-methylaminomethylbicyelo(2,2,1]2

hept-5-ene, II-22

Amine II-14 was nitrosated with NaNO2 using method 4.6a or with
Nzou using method 4.6b to give, after chnromatography, an oil
characterized as N-nitrosamine II-22 in 31% and 70% yields,
respectively: i.r., 3060(m), 1430(s), 1270, 1155, 1035(s) and 720(s)
!y mes. m/e 167(1), 16501, 1), 165(1),‘\1149(22), 136(24),
103(35), 91(40), 82(R8) and 66(1005; u.v. /(methanol) 344 nm (£, 97):
Trnie olefinic protons appezared in the n.m.r spectrum as a pair of
double doublets atT 2.75 (J=6 and 3Hz) and 3.98 (J=6 and\3Hz). The
N-methyl protons attiributed to Lthe syn-isomer resonaled at’T6.92(s) and
the C8 protons of this isomer appeared as a complex pattern centered
atT6.0. The N-methyl signal of the corresponding anti-isomer appeared at
T6.20(s). The ratio of the N-methyl signals for the syn- and anti-isomers
was 81:19 (109). Cther resonances appeared at77.20 (m,3H), 8.10

(m:H3'5£9)7 8.65 (m,2d) and 9.30 (ddd, J=11.5, U4 and 2.5Hz, H3-endo).

4.6.2 N-Nitroso-2-endo-zmetnylazminomethylbicyelol(2,2,2]oct-5-ene, I1I-23

Anine II-17 (52, 0.033 zole) was nitrosated with HCBF) (method

4.6c) to give N-nitrosamine II-23 (3.6tg, 61%): i.r. 3040(w), 1U430(s),

o

a



-116-

=T

1330, 1310, 1268, 1155(m), 1030(s) and 700(s) cm'1; n.s. m/e 180

(M*, 32), 163(18), 150(35) and 79(100); u.v. (methanol) 345 nm

(E, 100). The olefinic protons appeared as a two proton multiplet‘a{
T3.70. The N-methyl protons attributed to the syn-isomer appeared at
T6.97(s) and the C9 protons of this isomer appeared as a complex

pattern at T6.1., The N-methyl signal of the corresponding anti-isomer
resonated at T¥6.25(s) while the C9 protons appeared as a complex

pattern centered at ¥6.7. The ratio of the N-methyl signals for the syn-
and anti-isomers was 32:18. The remaining protons appeared in unresolved

patterns atT7.3-9.2 (9H). &n analytical sample of 1I-23 was prepareg.

by repeated distillation at 25°/0.05 mm.

Anal., Caled for CigHqglis0 C, 66.64; H, 8.95; N, 15.54.

Found: C, 66.90; H, 9.12; N, 15.71.

\

P

4.6.3 N-Nitroso-ﬂ-azatricyclo[5,2,1,02’6]dec-8—ene, I7-24

The LAH reduc;ion product of imide II-20 was treated with NOBF,
(method 4.6c) %o yield N-nitrosarine II-24 (3.45%)// An analytical
"sample was prepared by repeated sublimation (25°/0.5 mm): m.p.
73-73.5%; i.r. 3060(w), 1452(s), f4i2(s), 1312(s), 1220, 842, 802,
770, 742(m) and 720(=m) cm"; n.m.r. T2.8 (m,2d4), 5.90 (m, Hg, 2H),
6.6C (m, Hs, 2H),76.97 (m, 5H){'8.35 (4 portion of AB paFtern, J=9Hz,
§ZB'HTO) and 8.53 (B portion of AB pattern, J=9Hz, %932'H1O); m.3.

m/e 164 (M*) 62), 13u4(25), 105(54), 79(71), 68(91), 67(54) and
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66(100); u.v. (methanol) 348 nm (€, 87).

v

Anal. Caled for C9H12N20: C, 65.83; H, 7.37; N, 17.06.

2

4.7 Preparation of N-Chloro Compounds

Found: C, 65.80; H, 7.22; N, 17.11.

-

A standard procedure was used to prepare the N-chloramines (66,
110). A secondary amine (0.01 moles) dissolved in C82Cl2 (50 ml)
was stirred at 0° wnile a sodium nypochlori’e solution (50 ml, Perfex
bleach) was added. After 1 hour the layers were separated and the
aqueous phase extracted withn CHZCIZ. The combined 082C12 was
dried and evaporated to yield the N-chloramine. Due to their
instability (39) the N-cnlorazines were'utilized, without purification,

-immediately after preparation. -

[

L.7.1 N-Chloro-2-endo--methylaminonetnylbicyelo(2,2,2]oc%-5-ene, I1I-25

Chlorazine II-25 (1.67g) was prepared from amine II-17 (1.5g) by

the zmethod outlined: i.r. 3C&C(m), 1815(w), 1180, 1170(m), 1045(m) and

710(s) @™y n.a@.r. T3.75 (z,2H), 7.05 (=, 2H), 7.10 (s,3H), 7.45

(z,3H) and 8.0-9.2 {unresolved, 7H); u.v. (methanol) 277 nm (&, 315).
,02:6]

4,7.2 N-Chloro-b-zzztricyzlo[5,2,1 dec-8-ene, II-26

Chloramine II-zZ£ (1.1g) was prepared from II-21 (1.3g, as salt) as
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above: igr. 3050(m), 1700(vw), 1650(vw), {250, 1235(m), 890, 880, 805,
780(s), 735(5) and 682 (m) cn'1; n.m.r. T 3.80 (m, W%=UHZ, 2H),~6.55

(m,2H), 7.10 (m,&4H), 7.56 (m,2H), 8.23 (A portion of AB pattern, J=8Hz,
‘EZE'H10) and 8.46 (B portion of AB pattern, J=8Hz, EEEE'H1O); u.v.
(methanol) 267 mm (£, 440). The n.m.r., spectrum of II-26 exhibited a weak

signal due to an impurity atT5.46(m).

4,8 Photolysis of N-Nitropiperidine

4,.8.1 N-Hitropiperidine In Neutral HMethanol

Nitropiperidine (1g, 0.008 mole) in methanol (200 il)_was
photolysed in Apparatus I under N2 for 2.15 hours. The solven! was
distilled through’a Vigreau column and the distillate was trapped (170
ml) in a vessel cooled in dry ice. Treatment of 50 ml of this with a
2,u-dinifrophenylhydrazine reagent solution (20 ql).gave no hydrazone,
The residue from the photolysate (1.03g) which exhibited a strong i.r.
band at 1655 <:m"1 and n.n.r signals at 7T2.00(s) and 2.90Q (m,DZO
exch.) was examined by g.c. _(20% SE30, 130f3 and found to contain two
components. Peak matching g.c. and g.é.—m.g. characterized the first
component, which exhibited peaks at m/e 85 (M*, 61), 84(100), 57(50)
and 56(54), as piperidine (54%; g.c. retention time, 1.2 min.) and the
second componeng.(usi; g.c. retention time, 5 min.,), which exhibited
peaks al m/e 114(10), 113(M*, 100), 84(45) and 56(61), as N-formyl

piperidine (48).

e
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The residue from the photolysate exhibited a blue color in the

diphenylamine test (49) indicating the presence of nitrate ion. N

4.8.2 N-Nitropiperidine In Acidic Methanol

Nitropipc ifdine (1g, 0.008 mole) and concentrated HC1 (1 ml, 0.06N)
in methanol {iml) were photolysed in Apparatus I under N2 for 2
;Burs at which time the reaction mixture was worked-up as above., A
mixture of the distillate (50 ml) and 2,4-dinitrophenylhydrazine reagent
solution (20 ml) was evaporated to approximately 20 ml and was cooled.
A yellow precipitate formed and was recryst=llized from methanol (m.p.
159-162°); a mixed melting point with an authentic sample of
formaldehyde 2,4-dinitrophenylhydrazone (m.p. 166°) was 161-163°.

’

The residue from the photolysate (ig) was dissolved in hot
2-propanol (48) which on cooling gave white crystals (150 mg, @.D.>
200°) which exhibited identical i.r. and m.s. spectra to those of
an authentic sample of piperidine hydrochloride: i.r. 2520(m),
2420(m), 1590(m), 1160, 1028, 940 and 860(m) cm™'. The mother liguor
was evaporated and the residue was diluted witan water (50 ml) and
worked-up in the usual manner. Extraction of the basic fraction with
ether gave crude piperidine (250 mg): i.r. 3300(w), ;650(w), 1100(m) ,

860 and 795 em™ 1, tnalysis by g.c. (20% SE30, 130°) gave a single

peak superimposable with that of piperidine. .
—~ 3

«

,In a separate experizent the crude photolysate was worked-up

directly using CH,Cl, to extract the basic components (530 mg):
2772
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1.r. 3350(w,br), 2665(w), 2520(w), 2420(w), 1590(w), 1295, 1265,
1160(s), 1130(s), 1035, 862 and 780(m) en™'; n.m.r. T6.55(m),

7.15(s), 7.57(m) and 8.50(m). Three peaks with retention times of 1.2,

. 2.4 and 12.7 min. were observed\\hen this mixture was examined by g.c.

(20% SE30, 130°). By peak matching g.c. and g.c.-m.s. the first and
th;rd peaks were determined to be piperidine (37%) and piperidine
hydrochloride (21%). Tne second peak exhibited m.s. fragments at

m/e 96(19), 95(100), 94(78) and 67(72) and was characterized as
dipiperidinomethane, II-i, (41%) by comparison "ith the mass spectrum

of an authentic sample (12). The percentages gquoted are based on the

* “pelative area of each peak eluted on g.c.

1

4,8,3 Photolysis of N-Nitropiperidine in the Presence of CycI®hexene

(a) Neutral conditions: A solutici of N-nitropiperidine (1g, 0.008
mole) and cyclohexene (0.65, 0.008 mole) in metganol (200 ml) was
photolysed in Apparatus I under N2 for 2.15 hours. The work;up gave a
neutfal fraction (150 mg) and a basic fraction (280 mg). Continuous
liquid-liquid ex*raction of the basic mother liguor with CH2C12 gave
a semisolid'(ZSO zg). The neutral/extract exhibited an‘i.r. absorption

1

at 1650 ca”™' and n.z.r. signal at T2.0(s) and was shown by g.C.-m.S.

(20% SE30, 130°) to contain predominantly N-formylpiperidine (g.c.

retention time 7.8 min.).

The basic extract exhibited i.r.‘ bands at 3400(m,br), 1660(s),

1 and n.m.r. signals at

1260, 1130, 1040, 1000, £%5 and 785 cm”™
72.00(s), 6.55(z), 7.0(z), 7.15(s), 7.25(m), 7.60(m) and 8.50(m). By

g.c.-m.s. this fraction was found to contain piperidine and N-formyl

piperidine (1:1) and a trace of dipiperidinomethane. The semisolid
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obtained from the basic mother liquor was shown by i.r: and n.m.r. to
contain piperidine hydrochloride and N-formylpiperidine: i.r.
3400(m,br), 2630(m), 2530(m), 2430(m), 1660(s), 1590, 1030, 1000, 945(m)
and 860 cm'1; nam.r. T2.00(s), 2.35(m, D50 exch.), 6.60(m), 7.00(m)

and 8.30(m). The ratio of the hydrochloride signal at 72.35 to the signal

at T2.00, due to the N-formyl proton, was approximately 4:1.

(b) Acidic conditions: A solution of N-nitropiperidine (ig,
0.008 mole), cyclohexene (0.65g, 0.008 mole), and concentrated HCl (0.67 ml,
0.04N) in methanol (200 ml) was photolysed in apparatus I under N2 for
4.5 hours. As the 249 nm band of N-nitropiperidine in the u.v. spectra of
the photolysate slowly disappeared it was replaced by a new absorption
at about 210 nm which subsequently disappeared with fﬁrther irradiatinon.,
The work-up gave a neutral fraction (40 mg; i.r. 1620 cm'i) and a
basic fraction (770 mg): i.r. 33006(w), 1550(m), 1155 and 1115(m)
cm'i; n.m.r. T4.30(m), 6.70 (d, J=6Hz), 7.6(m) and 8.5(m). The ..
conplex basic fraction "as analysed by g.c.-m.s. (20% SE30, temperature
programmned éo increase from 110 to 200° at 8%/min) and found to be
a2 mixture of eight compounds with the féllowing retention times: 3.0 min.
(163, piperidine) m.s. m/e 85(M*, 60), 84(100), 57(49) and 56(55);
6.0 min. (5.5%, dipiperidinomethane) m.s. m/e 95(100), 94(80) and 67(63);
14.1 min. (2%, N-formylpiperidine) m.s. m/e 114(10), 113(M", 100),
84(40) and 56(56); 18.3 min. (12%) m.s. m/e 165(M*, 42), 164(18),
150(15), 137(100), 124(64), 122(88), B4(50) and 81(48); 20.7 min. (10%)
z.s. m/e 197(M%, 32), 182(80), 124(100), 98(41), B85(25) and 84(27);
21.2 min. (20%, 2-piperidinocyclohexanol) m.s. m/e 183(M', 4s5), 182(12),

166(7), 124(100), 98(52) and 84(31); 24.6 min., (22%, 2-piperidinocyclohexanone
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oxime) m.s. m/e 196(M*, 2), 179(22), 178(31), 124(100), 110(23), 98(10)
and 84(25); and 26.1 min. (9%, 1-nitro-2-piperidinocyclohexane) m.s. m/e
2}2(M+, 16), 166(23), 124(100), 111(25), 98(14) and 84(37). The above
identifications were made by comparison of mass spectra with those of
authentic samples. The compounds eluting after 18.3 min; and 20.7 min.
were tentatively identified as a piperidinocyclohexene and 1-methoxy-2-
piperidinocyclohexane, respectively, from the mass spectra. The
percentage values quoted are based on the relative area of each peak

as eluted on g.c.

4.8.4 N-Nitropiperidine in the Presence of‘Cyclohexene _ (
: ’ \

>

Under Oxygen

A solution of nitropiperidine (ig, 0.008 mole), cyclohexene (0.65,
0.008 mole), and concentrated HC1 (0.67 ml, 0.04N) inimethanol (200 ml)
was photolysed in Apparatus I under oxygen for 1 hour. The phoﬁolysa;e
was worked up in the described manner to yield the basic extract
(1.48g): iur. 3400(w,pr), 1710(w), 1620(s), 1272(s), 1100 and 865(s)
cmt1. The basic extract was dissolved‘in THF (100 ml) and reduced
with LAH (1.2g, 0.03 mole). The usual work-up gave an oil (1.01g)
wnich slowly solidified: i.r. 3440(m), 1305, 1268, 1155, 1125, 1100,
1075, 1035, 1000(z) and 865 cz™'; n.m.r. ©5.98(m), 6.50(m),
7.1-8.0(unresolved) and 8.48(m).

The reduced basic extract was chromatographed on alumina (40g).
Tne first fraction (300 mg, 25%) eluted with 0.5% ;:;éthanol-CHZCl2 as
a solid which was sﬁbliied'(ZSO/O.Smm) to givé5§£§2§-2-
piperidinocyclohexanol, EE;%’ m.p. 30.5-32° (Lit. 35-36°) .

(103); i.r. (nujol) 3480(s), 1305, 1195, 1560, 1100(s), 1078(s), 1005,

\/}
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940 and 870 cu™'; n.m.r. T6.75(m,1H), 6.75(s, D,0 exch.),
7.80(m,1H{, 7.2-8.2 (unresolved,SH), 8.50(m,10H) and 8.80(m,3H). The
second fraction (150 mg, 12%) was eluted with 1% methanol—CHzcl2 as
‘a crystalline solid which Qas sublimed twice (25°/0.5mm) to give
cis-2-piperidinoeyclohexanol, IE:Z:. m.p. 83-85%; i.r.(nujol)
3170(w), 1190, 1105, 985 and 870 cm™'; n.m.r.(CCl,) T6.10(m,1H),
7.45(m, 6H) ;nd 7.9-9.0 (unresolved, 14H). BResublimation (25°/O.Sﬁm)
gave an analytical sample of the cis-alcohol melting at 87-89° (Lit.

93-94°) (103). : .

Anal. Caled for C, H, NO: C, 72.08; H, 11.55; N, 7.6k4.

Found: C, 71.77, H, 11.43; N, 7.67.

4,9 Photolysis of HN-Nitroso-2-endo-methylaminomethylbicyclo{2,2,1]z2

hept-5-ene, 1I-22

4.,9.1 Under Nitrogen

4 solution of nitrosamine II-22 (1.5g, 0.009 mole) and concentrated
HC1l (0.8 ml, 0.048N) in methanol (200 ml) was photolysed in Apparatus I
under N2 for 1.5 hours. The usual workup gave a neutral
fraction (80 mg) and a basic fraction (4, 850 mg). The mother liguor
was further basified from pH9.to pH-13 with NaOH solution then
continuously extracted for 5 ddys with CH2C12 to yield 200 mg of
additional extract, B.

4

A portion of the basic extract & (750 mg) was chromatographed on

-~

»silica gel (30). Elution with 2% methanol-CH2C12 gave crystals (237
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e

mg, 22%) which were rechromatographed on a preparative scale t.l.c.
plate {silica gel, 103 methanol-CH,Cl,) to give syn-aldoxime II-27:
m.p. 109-112%; 1.r. 3200(w,br), 3040(w,br), 1260, 920(s) and 890(s)
c~'; n.m.r. T2.72(d, J=THz, 1H), 5.30(d, J=5.5Hz, Hy), 6.55(br.d,
J=8Hz, H,), 7.28 (s, N-CH3), 7.5-8.0 (unresolved, 4H) and 8.5(m,3H);
m.s. m/e 184(M*,1), 183(5), 182(11), 168(22), 152(17), 82(78),
57(100) and 49(89). |

Anal. Caled for CgHygN,0,: N, 15.19. Found: N, 15.20
Heram.s. at m/e 182(M"-2): Caled for CoHyyN 05, 182.1055.

Found: 182.1037.

Elution with 5% methanol-CHZClzvgave an in%*ractable mixture of
aldoxime and olefinic material: i.r. 3300(s,br), 3060(w), 920(m) and

870 co™'Pn.m.r. T2.60(m), 3.10(z, D,0 exch.) and 3.90(t, J=1.5Hz).

The material isoleted by continuous extraction (B) was vacuum
distilled (40°/0.025 mm) to give hydroxy lactam II-28 (29%): i.r.
3400(s,br), 1662(s), 1500(m), 1400, 1300, 1270(m), 1115, 1070, 1045 and
1015(m) cm'1; n.a.r. T6.00(m, D50 exch.), S.Mz(m, Hy andVC9
protons, 3H). 6.92 (dd, J=10 and 1Hz, Hy), 7.18(s, N—CH3) and

7.83(m,6H); m.s. m/e 169(M",90), 152(10), 98(100), 86(50) and 8U4(TT).

Anal. Caled for CgH,o0,: C, 63.88; H, 8.93; N, 8.28.

Found: C, 63,2;;_H, 8.83; N, 8.39.



An agueous ethanol (50%)

-125-

/
sclution of crude aldoxime II-27 (6Q0 mg)

was refluxed with NaHSQ3 (1.3g) for 4 nours (71). The solvent was

removed by distillation (78-80°) and the residue was acidified with

HC1 (0. 1N).

-

tdilut

e
extract. The aqueous zother 1

HaOH and continuously extiracte

hydroxy lactam II-22 (403 mg;

im

Extraction with CHC13 (3x20 ml) gave no neutral

iquor was basified (pH~13) with aqgueous
d with C:2C 2 for 5 days to give
1662 cm;T) containing a small

i.r.

1

amount of nitrile impurity: i.r. 2220(Ww) cm™' .
Y - : -——-— o~ - 7
4 mixture of nydroxy laztzm II-22 (100 mg, 0.006 mole) and "Red ALM
(0,432 of 70% benzare sclution, 0.015 mole) in benzene (10 ml) was
)

; . o] e . L

stirredi at 507 for (.35 nours then at room temperature for another 2
. e

ndurs. Tne mixture wef geconposes wWilin water and filtered. The
resi<iuzl g0lid wze wzsned wWiith comoined
merzene filtrate wzs Zrisi and evaporateZd Lo an 0il (1% zg) exnibiting
i.r, tands similzr % 4r2sz of z2ming zlconhol II-22. “thne picrate of
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n.m.r. 1T0.20 (d,J=2.5Hz), 3.90(m). The mother liquor was basified and
extracted with CH2C12 (3x50ml1) which was dried and evaporated to the
crude basic residue (1.8 g): i.r, 3300(w,br), 3060(w), 1720(m),
1670(m), 1620(s), 1275(n) and 865(m) em™}. After 24 hours the i.r.

band at 1720 cm'1 of this fraction became relatively stronger.

In a similar experiment the basified mother liquor was extracted
with ether (4x50ml) which was QPied and treated immediately with LAH
(2g). The work-up of this reduced basic extract gave a yellow oil (C,
1.2g): i.r. 3380(s,or), 1650(w), 1130, 1045(m) 862(w) and 700(w)
em™', After extraction with ether the aqueous mother liguor was
further extracted with CHZCl2 (3x50ml) to give oil D (130 mg).

Finally, the basic mocther liquor was continﬁously extracted with

CH2C12 for 3 days to afford crude hydroxy lactam {E:%@‘(18O mg) :

i.r. 3380(s,br), 1655(s), 1065, 1040 and 1020(m) em™'; n.z.r.
T6.45(m,3H) and 6.92(dd, J=10 and 1Hz, 1H).

—\E%e reduced extrach Q_(1.dg) was chromatographed cn neutral alumina
(50g). Elution with 0.4% methanol-CHZCl2 gave a crhde olefinic

zlcohol (110 mg): i.r. 33280(m), 3035(m), 1660(w), 1030(ml) 778 and
705(s) @™ '; m.s. /e 124(8), 106(?) and 66(100). The n.m.r spectru:
of this oil exhimited ‘he characteristic resonances of authentic alcohol

II-3L 2% T3.92(x,2H), £.40(dd, J=6 and 2Hz, 1H), 7.05(m, DZO exch.),

7.22{(m,3H), 7.75{z,37) andlélzgjm,BH) along with minor impurity peaks at

-
~
-~
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4,00(m) and 9.43(m).

H.r.m.s. on m/e 124 (M*): Caled for CgHqy,0, 124.0888.

Found, 124.0863.

Elution with 1% methanol-CH2C12 gave an unidentified mixture
(200 mg): i.r.\ 3400(s,br), 3055(w),  2690(w), 2550(w), 1650(m), 1135,
1050(m) and 705(m) cm’T; n.an.r. ;T3.U8(m)DZO exch.), 3.90(m),
5:77(d, J=6.5Hz), 7.10(m), 7.38(s8) and 7.6-8.2 (unresolved). Elution
with 2% methanol-CH,Cl, gave an oil (267 mg, 30%) which was
distilled at 25°/0.5 mm to'give bicyelic amino alcohol II-29: i.r.
3300(s,b;), 1150, 1135(w), 1020(m), 985(w) and 865(m) cm"1; n.m.r.
76.38 (d, J=5Hz, CHZOH), £.8uU(s, D;0 exeh.), 7.39(d, J=8.5Hz, H.),
7.45(m,2ﬁ), 7.70(s, N:CH3), 7.90(m,4H) and 8.80(m,2H); m.s. m/e
155(4%,10), 154(17), 124(13) and 57(100). The picrate of 1I-29 was

recrystallized twice from ethanol to give yellow needles: m.p.

138-1399,

fnal. Caled for CTSHZONMOB: C, 46.88; H, 5.52; N, 14.58.

Found: C, 46.64; H, 5.52; N, 14.53.

Continued elution with 3-5% methanol—CHZCl2 gave slightly
impure tricyclic amino alcohol II-33 (216 mg, 12.5%): 1i.r. 3350(s,br),
1650(%), 1130, 1040(m), 1015(s) e~ '; n.m.r. T6.31(m, W1=3.5Hz,

Hy), 7.05(m, D0 exch.), 7.27(m,3H), 7.50(s,N-CH3)~, 7.68(m, 1H),
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7.90(m,3H), 8.2-9.1 (unresolved, 4H); m.s. m/e 154(4), 153(M%,37),
152(7), 136(12), t24(22), 96(91), 95(36), 94(100), 82(62), 57(45);
n.m.r. (HCl salt) v5.28 (m, D,0 exéh.), 5.90 (m, w%;3Hz, Hy) .
6.69(d, J=5Hz,H,), 6.72(d, J=10.5Hz, H,), 7.02(dd, J=10.5 and 5Hz,
Hb), 7.20(s, N-CH3). Amino alchohoi é;:ig was purified as its
picrate which was recr}stallized three times from ethanol: m.p.

185-187°.

fnal. Caled for CygH.gNy0g: C, 47.12; H, 4.76; N, 14.65.

Found: C, L46.84; H, 4.66; N, 14.55.

The basic extract D was reduced with LAH (2g) in THF (200 ml) and
was worked-up and purified in the usual manner to give crude amino

alcohol II-29 (46 mz, 5%): i.r. 3350 (s,br), 1020(m) and 865(m)

e

e~ n.m.r. T6.40(d, J=5Hz), 6.68(s, D,0 exch.), 7.39(d, J=8.5Hz)

Y

and 7.70(s, N-CHj).

4,9.3 In Bromotrichloromethane

A mixture of nitrosamine I1I-22 (1g, 0.006 mole), concentrated HC1
(0.55 ml), and CBr‘Cl3 (100 ml) was photolysed in Apparatus II under ~
N2 for 2 hours. . The fluorescent blue mix‘ture was evaperated under
vacuun and the residue was separated into neutral (350 mg) and basic
(666 mg) fractions. The neutral fraction exhibited no N-methyl signal
in the n.m.r. spectruz. The basic fraction exhibited one major spot at

Rp0.37 and a faint spot at Rp0.19 on a silica gel t.l.c. plate (10%
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methanol-CHZCiZ); the n.m.r. Spectrum was essentially that ;f II-35
(ca. 90%) with weaker signals due to EE:QQ. Silicic acid \
chromatography (1% methanol-CH2C12) of this fraction (500mg) afforded an
oily bromo amine, II-35 (148mg) : i.r. 1185, 1165(s), 935(s) and 6.90(s)
ca™'j n.m.r. T6.15(m, WishHz, Hy), 6.56(d, J=b.SHZ, Hy), 7.10(dd,
J=9.5 and 5 Hz, Hb), 7.50(d, J=9.5Hz, Hc), 7.50(s, superimposed on

doublet, N—CH3), 7.80(m,2H) and 8.4-9.0(m,3H); m.s. m/e 217 (16),

215(M*Br’?, 16), 136(100), 96(38), 95(27), 94(100) and 82(30).

H.r.m.s. on m/e 215 (M*¥ Br/9): caled for CgH1uNBr79,

215.0295; Found: 215.0310.

The bromo amine I1I-35 gave,a dark tar on attempted vacuum
distillation and the picrate derivative (m.p. 180-190°, decomp.)
decomposed on repeated attempis at recrystallization.

/

r
;
’

The minor component of the basic fraction was isolated by
preparative scale g.c. (b6 ftxx/u inch, 20% SE30, 150°, g.c. retention
10.8 min.) as an oily chloro amgae, II-36: i.r. 3300(v.w), 1630(v.w),
940(m) and T40(m) cm'1; n.m.r. T6.25(m, w%=3.5Hz, Hyq) » 6.80(d, J=5Hz,
H,), 7.10(dd, J=3.5 and 5Hz, Hy), 7.50(d, J=9.5Hz, H,), 7.50(s,
superimposed on the doublet, N—CH3), 7.80(m,3H) and 8.0-9.0(m,3H); m.s.
m/e 173(10), 171(¥*c132,30), 136(85), 96(46), 95(29), 94(100) and

82(19).

H.r.p.s. on z/e 171 (M*C13%): Caled for CgHyyNCl,

171.0814, Found, 171.082%.
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4,9.4 In Carbon Tetrachloride

A mixture of nitrosamine II-22 (0.5g, 0.003 mole), concentrated HCl
(0.3 ml) and CCl, (100 mi) was photolysed in Apparatus II under
nitrogen for 3.5 hours to give a fluorescent blue solution. The
fluorescent material was distilled with the CCl, and the acidic
residue was diluted with water (éo ml). The usual work-up gave a
neutral fraction (183 mg) containing some unreacted nitrosamine II-22:
t.r. 1425(s) and 1035(m) cm™'; n.m.r. T3.90(m), 6.20(s) and 6.92(s).
The basic fraction {210 mg) had the following physical constants: i.r.
3300(w,br), 3050(w), 1215, 940, 740 and 720 ca™'; n.m.r. T 3.90(m),
5.38(m), é.30(m, w%;qu), 6.50(m), 6.80(d, J=5Hz), 7.51(S,N-CH3) and
9.47(br.d, J=11Hz). This fraction was analysed by z.c. (20%‘SE30,
18005 and was shown to contain chloroamine EE:EE (Rt=2.6 min) ana

amine II-i4 (R%=1.5 min) in a 6:1 ratio, respectively, by peak matching

with previously isolated samples.

4,10 Photolysis of f—Xitroso-Z—endo—me;hylaminomethylbicyclo[Z,2,2]:

oct-5-ene, II-23

4.10.1 Under Nitrogzen

A solution of nitrosazine II-23 (1g, 0.0055 mole)-and concentrated
BCl (0.5 ml, 0.034) in methanol (200 ml) was photolysed in Apparatus I
under nitrogen for 1.5 hours.-‘The usual work-up gave a neutral fraction
(20 mg) and a basic fraction (620 mg). In addition, continuous
liquid-1liquid extraction of the basic mother ligquor with CH2C12‘gave

a semisolid (150 mg).
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The meutral fraction exhibited typical i.r. and n.m.r.
absorptions for aldehyde and olefinic groups: i.r. 3040(m), 1720(s)
and 700(s) an'1; n.a.r. T0.60(d, J=1.5Hz) and 3.70(m). The basic
.extract (600 mg) was ofiromatographed on a silica gel coiumn (40g).
‘Elution with 5% methanol--CHZCl2 gave crude syn-oxime II-30 (233 mg,
23%) which was purified by preparative scale t.l.c. (%ilica gel; 10%
methanol-CH,Cl,, Rp0.29) to give a clear oil: .r. 3220(s,br), 3060(m,br),
1660(w), 1285(w), 1130(m), 940(s) and 918(s) em™'; n.m.r. T3.49(m,
D50 exch.), 6.02(br.d, J=5Hz, Hy), 6.98(dd, J=9.% and U4Hz, Hb),
7.UO(S,N—CH3), 7.4-7.9 (unresolved,5H) and 8.30(m, WE:SZ?HZ’ 7H); m.s.
m/e 180(M*,15), 164(24), 163(100), 162(28), 108(24), 94(49), and
82(16). The n.m.r. specirum of oxime II1-30 was examined in the

presence of increasing amounts of Eu(DPM)3 shift reagent (Table U.1).

Elution with 5-3¢% metbanol-CH2C12 gave a 1:1 mixture of
syn-oxime II-30 and anti-oxime II-31 (80 mg, 8%): Crystallization fro$
CH,Cl, gave anti-oxime II-31 (20 mg): m.p. 153-154%; i.r,
3180(W), 3060(w), 1600(w), }210, 1138, 965(s), 920(s), 868, 770 and 720
™'y nom.r. 'ré.és(t, J=6.5Hz, H,), 6.72(dd, J=11 and 4.5Hz, H,),
6.87(d, J=4.5Hz, Ha), 7.40(part of HC doublet),
7.50(5,N-CH3), 7.70(@,3H) and 8.33(m,5H); m.s. m/e 181(7),
180(M",42), 179(4), 164(54), 163(100), 162(39), 108(40), 94(55) and .
82(22). £rradiation at7‘7;75 resulted in collapse of the double doublet
patterg at T6.72 (Hy) to a doublet (J=11Hz) and the coalescence of the

doublet at T6.87 (H,). Irradiation atT8.3 resulted in collapse of

the triplet at T6.25 (He) to a singlet.
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Table 4.1

The Effect of Eu(DPM)3 on the N.M.R. Spectrum of Oxime II-30

Shift# (Hz)
N
T~ -
Eu(DPM)3 Ha Hb HC N-CH3
wt (mg)
19 132 100 100 170
29 240 _ 140 142 236
HO-" ’ @
Ha
\“HC
7
3 Hp
1I-30

® A11 shift values given in Hertz from the chemical shift value

assigned to each proton in the absence of Eu(DPM)3.

-~
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H.r.m.s. on m/e 180 (M*): caled for CioH16N20, 180.1263,

Found, 180.1249.

Finally, elution of the silica gel column with 20%

methanol-CH.Cl, gave an unidentified olefinic fracdtion (50 me):

241s
i.r. 3040(m) and 750(s) @™ '; n.m.r. T3.66(m).

The semisolid, isolated By continuous extraction, was
recrystallized several times from ethanol-ethylacetate to give the
hydrochloride of syn-oxime II-30: m.p. 215-2190; i.r. (nujol)
3125(s), 3060(s), 2660(m), 2550(m), 2550(m), 1040(m), 990, 958(s),
945(s), 905(s) and 745 cz™'; m.s. m/e 180(s), 163(22), 108(88),

94(18) and 83(100).

Anal. Caled for CigHq7,0CL €, 55.425 H, 7.91; N, 12.92.

Found: C, 55.28, H, 8.04; N, 12.94.

H.r.m.s. on m/e 180: Caled for 010516N20,‘180.1253. Found,
180. 1242.
This compound caused a green flame when subjected to the Beilstein

test for halogens. The hydrochloride (600 mg) was dissolved in water,
]

3

basified to pH13-14 with agqueous NaQH, and extracted with CH2012 s
(3x50 1) to yield syn-oxime II-30 (80 mg): n.m.r. T6.02(d, J=5Hz,

Hy), 7.00(dd, J=9.5 and LHz, H.), 7.43(s, N-CH3).  Continuous
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extraction of the aqueocus solution with CHZCl2 recovered crystalline
hydrochloride of II-30 (300 mg): i.r. 3120, 3060(m), 2660(m), 2580,

2550(m), 958, 945, §05(m) and 745(m) cm™!.

~ Treatment of syn-oxime II-30 (120 mg) with bisulfite (71) as
previously described (Section 4.9.1) gave a ketone (48 mg) containing
some nitrile impurity: i.r. 2220(w) and 1720(s) cm™'. The bisulfite
hydrolysis of a mixture of<§ig—oxime II-30 and anti-oxime II-31 gave the
identical mixture which was chromatographed on neutral alumina with
CHZCl2 to give amino ketone II-32: i.r, 1720(s), 1220, 1130 and
1100 cm™'; n.m.r. T6.78(dd, J=9 and L4Hz, Hp), 6.98(d, J=SHz, H,),
7.40(s, N—”H3), 7.50(m,28), 7.72(m,2H) and 8.12(m, W%zu.BHz, 5H); m.s.

m/e.165(M+,18), 137(100), 96(31), 95(47), 9u4(78) and B82(82).
| (_~
H.or.m.s. on mo/e 165(4%): Caled for CqoH45N0, 165.1154.

Found, 165.1151.

4,10.2 Under Oxygen

A solution of nitrosamine II1-23 (2g, 0.011 mole) and concentrated
HC1 (1.O=El, 0.06N7;in methanol (200 zl) was pﬁsgéiysed in Apparatus I
under oxygen for 1.5 hours. The wWork-up gave an oily rleutral fraction
(80 mg): i.r. 2700(w), 1718(z), 1640(s), 1545(m) and 700(s) ca™T;
n.a.r. T0.22(m), 0.53(9, J:{.SHZ) and 3.70(m). The mother liquor was
vasified and extracted with ezéér (3x50z1) which was dried and stirred

overnight with LAH (2z). Hork;up in the usual way gave the reduced\
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photolysate (980 mg). After ether extraction the éother liquor was
further ;¥tracted with CH2C12 (3x50ml) to give an additonal basic
extract (420 mg): i.r. 3380(m,br), 3040(m), 1700(s), 1625(s), 1270(m)
"and 1050(m) em™'; n.m.r. 76.2(m), 6.67(s), 7.15(m), 7.48(s), 7.6(n)

and 8.2(m) .

The reduced extrac* (980 mg) was chromatographed on neutral alumina
(50 g). Elution with 0.5% methanol-CH,Cl, gave an olefinic fraction
(340 mg): i.r. 3040(m) aznd 692(s) cm'1; n.m.r. T 3.70(m).
Examination of this fraction by g.c.-m.s.(20% SE30, 170°) showed it ‘o
be a complex mixture of II-39 (vide infra, 1.8min), amine II-17 (2.2min),
amide II-15 (2.4min.) and a trace of tricyclic amino alcohol I11-37

\

(vide infra, 5.4min.).

Elution with 1% methanol—CHZClz gave bicyclic amino alcohol
11-38 (254 mg, 13%) which was distilled a2t 30°/0.05mm; i.r. 3350(s,br)
and 1040(s) Cm‘1; n.n.r. (Figure 2.4)7T6.58(m, CHZOH), .
7.0-7.75(complex 4 proton pattern), 7.62 (s, N-CH3, superimposed on part
of complex pattern), 7.8-8.2 (unresolved, 2H) and 8.4(m,6H); m.s. m/e 169
(M*,33), 168(38), 152(10), 138(45) and 57(100). Irradiation atT8.4

resulted in collapse of “he pattern a*T6.58 to a broadened singlet

(W1/2:MHZ).

H.r.m.s. on z/e 169 (M*): caled fOP_C1OH19NQ’ 169.1467.

Found, 169.1446.
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Attempts to prepare the p-nitrobenzoate and picrate derivatives of

II-38 were unsuccessful.

Elution with 2% methanol-CH2C12 gave exo-amino alcohol II=-37
(269 mg, 13%) as an oil which on sublimation at 3070.05mm gave white

1

crystals: m4p. 73-74°, i.r. 3350(s,br), 1052(s), 1025(s) and
980 cm” ;,n.j\r.

T6.01(m, D,0 exch.), 6.20(&, J=hHz, Hy), 7.19(d,~
“Jzh . SHz, H), ;TEErat J=10Hz, H,), 7.47(dd, J=10 and 4.5Hz, H.),
7.48(s, superimposed on dd. N-CH3), 8.0(m,2H), 8.20(m, w%:u.SHz, 3H),
8.67(m,1H) and 8.85(m,1H); m.s. m/e 168(11), 167(M*,77), 166(29),
150(16), 110(71), 97(17), 96(21), 95(60), 94(100) and 82(100).
Irradiation at T78.0 resulted in collapse of the doublet atT6.20 (Hd)

to a singlet apd coalescence of the doublet atT7.19 (Ha).

H.r.m.s. onm/e 167 (M"): Calcd for CqgHy7%0, 167.1310.

Found, 167.1302.

Treatment of II-37 with a saturated benzene solution of picric acid
gave a picrate (yellow needles, slow decomp. 160-200°) wnich

decomposed on repeated attempts at recrystallization.

An acetone solution (3 ml) of amipo aleohol II-37 (65 mg) was
treated with CrO3—HZSOu in acetone (79) a% 0°. The green
solution was stirred for 1.5 hours. ‘The acetone was evaporated and the

residue was basified with aqueous Na2C03 and extracted with
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CH,Cl, (4x15m1) to give a clear oil (25 mg). The n.m.r. and i.r.
spectra of this o0il were identical with those of ketone II-32, isolated

previously. .

4.10.3 In Bromotrichloromethane

A mixture of nitrosazine II-23 (0.5g, 0.0028 mole), concentrated

-

Héi (0.3 mwl) and CBrCl3 (100 ml) was photolysed in Apparatus!IL under
N2 for 2.75 hours. The mixture wam distilled under vacutm at Zbo

and the blue distillate was trapped in a cooled recéivgp1é12). The
neutral extract (204 mg) was a mixture of at least "six components as

»

determined by g.c. and exhibited no N

-methyi.signal in the n.m.r. The
basiec fraction (205 mg) had the following physical constants: 1.r.
3300(w,br), 3040(m), 172C(w), 1660(w), 1562, 950 and 700(m) cm'1; n.o.r.
73.75(m), 5.60(m), 5.80(m, DZO exch.) and 7.0-9.0 (unresolved). &A&nalysis
of this fraction by g.c.-m.s. (20% SE30, 150°) showed three peaks in
the ratio of 1.2:4.1:1.0, which gave the following data: peak 1 nad &
retention time of 3.2 minutes and exhibited m.s. fragrments at m/e’
149(24) and 70(100); pezak 2 had a reten<tion time of 3.5 minutes and
exhibited m.s. fragzents at =/e 151(48) and UL(100); and peak 3 had a
retention time of 9.3 minutes and exhnibited =m.s. frag;ents at m/e
231(7), 229(7), 150(46), 9u(100) and 82(L0), The major component (peak
2) was iden*ified as amine I1-17 by comparison og the mass spectruz with

L'

that of an azuthentic sazople; peak 1 was assumed to be imine II-39. An

attemnpt to isolate the third component by silicie acid chromatography

s

/
was unsuccessful.

TN

e 22
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4,11 Photolysis of N—Nitroso-M-azatricyclo[S,2,1,02’6]dec-8-ene,

[}

I-2

—_— "

=
4

7~

/ .
{iT o1 d
/// 1.1 Under Oxygen y

A solution of nitrosamine II-24 (2g, 0.012 mole) and cpncentrated
HC1l (1.1 ml, 0.066N) in methanol (200 ml) was ?hptolysed im4pparatus I
under oxygen for 2.75 hours. The work-up gave the neutral extract (15
mg) while the basic fraction was extractgd into ether (4x50 ml) which
was immediately dried and stirred overnight with LAR (2g). The usuzal
wor?-up gave the reduced extract as a clear oil (1.0g) which showed one

major spot at Rp0.12 on . 1.c. (silica gel, 10% methanol-CEZClz);

the n.o.r. spectrum was essentially that of II-41 with wezk signals of
unidentified product. Preparative scale t.l.c.' of this oil (100 mg)
gave a semisclid (36 mg, 20%) wnich was recrystallized several Uizes

frez ether %o give tetracyclic =zzinc alconol

—3.r. 3200(s,tr), 127C{z;, 1145, 10%2(=), 12Lko(s), 1005(s), 260, 3L3T,

7.2-7.25 (unresolved,7), 3.35(AS guartet, v =38, J=10.5Hz, E  and

H ) and 8.40(z,1H); =.s. =/e 151(M",45), 124(33), 122(55), 85(55),

Tne picrate oF II-i4f was prepared in the ncrmal manner znd

recrystallized thres tizmes froz ethanol-petiroleum ether (20-50°) ;

z.p. 245-255° (decozp).
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J=12.5.and 2.5Hz, Hy), 7.3-7.8 tumresSTved, SH), 7.90(m,1H) and 8.40(d,

X + 7 9 5
Jz10.5Hz, H); m.s. m/e 215(1.5), 213(¢* Wth Bri7, 1.5) and
134(100). The n.m.r. spectrum &f TI-43 (35 mg) was examined in the

presence of Eu(DPM), shift reagent (5 mg). A diffuse spectirum was

w

observed except in thé high field region where an AB quartetl (AQ:BS,
J=10.5H8z) atT7.84 was clearly evident, Irradiation of a multiplet at Th.6
(He, originally atT5%30) in this europliun shifted sample resulted in
sharpening of the nigh field portion of the AB quartet (Hc’ originally at
T8.12).
s

The picrate of 22:53 was prepared in the normal xmanner and was >
recrystallized four tizes from ethanol to give yellow meedles: m.p.
225-2350, slow decomposition

Fd M \\

Anz2l. Caled for C.-H.-H,0-2r: C, L0.65; H, 3.BL7%; H,

t2.64. Found: C, LC.85; H, 3.31; N, 12.84,

4,12 Tnermolysis of N-Chloramines

4,12.1 N-Chlorc-2-enio-zetnylezinozethylbicyleol2,2,2]oct~5~ene,

(2g, 0.011 mole) in aqueous dioxane

o
Q
3
¥
[l
o]
®
[
-
]
ny
(O]

A solution ¢f ch

(60%, 250 ml) was refluxed in the dark for 1.25 hours. The solvent was

evaporated and the acidic residus was worked-up in the usual manner (Section
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4.3.4) to give 1.14 g of basic extract. The basic fraction (1.0g) was
chromatographed on silica gel (40g) to give, with ethyl acetate, a fraction
(146 mg, 6%) containing one major product (g;c. retention time, 2.7 min.)
_and a trace of II-17 (1.1 min.) as determined by g.c. peak matching (3%
SE30, 155°). This fraction (95 mg) was rechromatographed on silica gel
(5g) to give a clear o0il assumed to be chloroamine Ll:ﬂé (45 mg) which was
still contaminated by a trace of amine II-17: i.r. 3040(v.w), 1670(w),
1110(1:3),» 852, 730 and 695 cm“; n.n.r. r3.7§(m), 5.97(d, J=6.5Hz, Hy),
6.35(m), 7.22(d, J=8Hz, Hb), 7.45(s, N-CHB), 7.60(dd, J=8 and 3Hz,
He ) 8.0(m,2H) and 8.33(z,94); g.c.-m.s. (3% silar 10-C column, 150°);
m.s. m/e 187(10), 186(5), 185(M*c135, 31), 184(5), 150(66), 95(26),
94(100) and 82(49). Tne picrate of II-45 (m.p. 230-233°) decomposed on
all attempts ét recrystallization.

|

Elution with 1-10% zethznol in ethyl acetate gave ‘he parent amine

II-17 (164 mg, 9%); elution with 50% methanol in ethyl acetate zave

tricyclic amino alecohol II-37 (260 mg, 12%). Oxidation (73) of this

alconol (50 mg) gave ketone II-32 (35 mz, 70%) which showed identical

i.r., n.m.r., and mass specira with those of previous saaples.

4.12.2 N-Chloro-2-endozzetnylaninozmethylbicyclo[2,2,2]oct-5-¢ene,
N
I11-25, in Methanol

A solution of chlorazine II-25 (1.68z, 0.009 mole) in methanol (150

zl) was refluxed for 10.75 hours. The methanol was evaporated and “he

residue was portioned in%s neutral (76 mg) and basic fractions (1.072).
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The basic fraction was shown by g.c.-m.s. (20% SE30, 155°) to contain
several minor and one majof component: peak 1 (2.5%, 5.8min.) had m.s.
fragments at m/e 149(25) and 70(100) as observed for previously ‘
characterized samples of II-39; peak 2 (6.5%, 6.9min.) had the same m.s.
fragmentation’pattern as that of authentic amine II-17; peak 3 (5.5%,
10.0min.) had m.s. fragments at m/e 146(57), 1&5(43) and 44(100); and peak
4 (59%, 11.1min.) had m.s. fragments at m/e 181(28), 167(13), 166(100),
96(20), 95(20), 94(29) and 82(35). The major component of *this basic
fraction (peak 4) was isolated by preparatve scale g.c. (20% SE30, 1359)
to afford methoxy amine II-H6: i.r. 2765(m), 1225, 1095(s), 1020, 955 and
830 en™'; n.m.r. (Figure 2.7)T6.65 (s, OCH3), 6.71(d, J=i.5Hz, Hy),
7;32(dd, J=9 and M.SHg, Hb), 7.49(s, N-CHB), 7.65(high field portion of

He doublet) and 7.8-9.0 (unresolved, t1H). When the n.m.r. spectrum was
recorded in the presesnce of Eu(FOD)3 shift reagent a signal at T5.38,
attriputed to Ha originally at approximately T77.5, began to emergze from
beneath the N-methyl signal. A doublet originally at 1T7.58 (J=9Hz, HC)

was clearly resolved in the presence of shift reagent.

§
Methoxy amine IJI-46 was purified as its picrate which was
recrystallized three tizes from ethanol as yellow needles: m.p. RS

171-171.5°,

Anal. Caled for C17H22Nu08: C, 49.76; H, 5.40; N, 13.65.

Found: C, 49.77; H, 5.38; N, 13.80.

L,12.3 H-Chloro-u-azatricyclo[5,2,1,02’6]dec-8-ene, 11-26,

in Hethanof

A solution of tricyciic chlorarine II-26 (1.0g) in methanol
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150ml) was réfluxed for 65 hours. The solvent was evaborated and
work-up of the residue gave the neutral (26 mg) and basic (3820 mg)
fractions. The basic fraction (100 mg) was chromatcgraphed on
preparative scale t.l.c. (siiica gel, ethyl acetate) and three
components were individually isolated. The 'slowest fraction (15 mg,
Rf0.03) had the identical m.s. f;ggmentation pattern and g.c.;
retention time as the amine II-21 (aé §alt, section 4.5.6). The second
fraction (Rf0.0S) afforded an o0il (21.5mg) whose n.m.r. spectrum was

reminiscent of that of bromo amine II-43. Further spectral analysis

indicated tﬁat this oil was predominantly the chloro amine II-48: i.r.
1312(m), 1300, 1230(m), 1010, 928(m), 885(s), 872, 840, 810(m), 785(s)
and 768 ca™'; n.m.r. T5.47 (n, W%:3.5Hz, Hy), 6.80(d, J:2Hz,:Ha),
6.81(dd, J=12 and 2.5Hz, Hg), 7.3-7.8 (unresolved,5H), 8.0(m,2H), and
8.52(d, J=10.5Hz, H,); m.s. az/e 171(1) 169(¥*C137,3) and

134(100). nloro azine ;E;ﬂ? was purified as its picrate which was

recrystallized twize from ethanol %o give yellow needles: m=.p. 1800,

slow decomposition.

N,0,Cl: C, 45.18; H, 3.79; N,

Anz2l. Caled mrc1ﬁ15u7

14,05. Found: C, 44.90; H, 3.63; N, 14.14.

The last fraction (Rf0.21) was isolated as an unidentified solid

i

(16 mg): m.pe 77-78°; i.r. 3060(w), 1300, 1220, 1182, 980, 800, 780
and 7U2(s) @~'. o o p. 7 3.98(a, Wizh.SHz, 2H), 6.0-6.85
(unresolved ,4H), 7.06(m,54) and 8.55(AB quartet, Av=13, J=8Hz, 2H); m.s.

z/e 149(4), 133(9), 132(11), 68(86), 67(44) and 66(100).
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4.13 Photolysis of N-Nitrosamines in the Presence of 1,6-Heptadiene

4.13.1 N-Nitrosopiperidine

A solution of N-nitrosopiperidine (2.3g, 0.02 mole), 1,6-heptadiene
(1.92g, 0.02 mole) and concentrated HCl (1.8 ml, 0.11N) in methanol (200
ml) was photolysed in Apparatus I under nitrogen for 3.5 hours. The
so;gfnt was evaporated and the distillate was trapped in a cooled
receiver. When treated with Br2 in'CClq the distillate gave a clear
solution indicating the presence of olefinic material. The residue of
the photolysate was portioned into neutral (30 mg) and basic (1.62g) .
fractions and the basic fraction (750 mg) was chromatographed on silica
gel (50g). Elution with 3-5i\methanol-CH2C12 gave an olefinic
fgaqtion (246 mg) which was distilled at 60°/0. 1mm to give a 1:4
mixture (76) of syn- and anti-oxime isomers II-52: i.r. 3200(m,br),

1

3080(m), 1640(m), 1115, 910(m), 860 and 785 co”™'; n.m.r. T 2.10(m,

D,0 exch.), 4.3(m,1H), 5.0(z,2d), 6.75(s, 0.2H, syn-isomer), 7.05(s,

7

0.8H, anti-isomer), 7.6(z,5H), 7.95(%, J=6.5Hz, 2H) and 9.50(m,7H); m.s.

m/e 210(M%,3), 193(35), 98(100) and 84(37).

Elution with 40-80% methanol-CH,Cl, gave a 1:1.2 mixture (73) of
syn-and anti-aldoximes II-53 (160 mg, 24%): m.p. 55-60%; i.r.
3300(z), 3070(m,br), 1650(w), 1600(m), 1100(m), 950 and 780 cm™';
n.m.r.57'0.38(m, D,0 exch.), 2.58(d, J=7.5Hz, H,, syn, 0.4H), 3.22(4d,
J=7.5Hz, H,, anti, 0.5H), 6.60(m, H,, anti), 7.20(m, H,, syn),
7.60(m,5H) and 8.40(m,104); m.s. wm/e 210(M*,3), 193(12), 98(100) and

84(21). The n.m.r. spectra of the chromatography fractions containing
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cyclization products revealed no other aldoxime protons than those

described. Irradiation of the signal T6.60 (H,,anti) resulted in

) coalescence of the doublet at T 3.22 (Ha,qgg}).‘ Similarly: irradiation at.

T7.20(H,,syn) resulted in cggiescence of the doublet at T2.58(H,,syn).

Irrgdiatign at T3.22 slightly éltered the multiplet at T6.60, however,

irradiation at T2.58 caused no apparent change in the n.m.r. spectrum.
Treatment of a 1:1 mixture of syn- and .anti-aldoximes I1I-53 (90 mg)

with sodium bisulfite in the described manner (section 4.9.1) gave an

oil (80 mg, 86%) which showed one major spot (RfO.M7) on t.l.c. (silica

gel, 10% methanol-CHZClz). Distillation at 22°/0.2mm gave aldehyde

11-56 as clear oil: i.r. 1720(s), 1155, 1125(m), 1040, 860, 7825£pd 755

cm“‘; n.m.r. T 0.35(dy J=2Hz, 1H), 7.60(m,8K) and 8.40(m,12H). A weak
absorption in the i.r. at ZZOOcm'1 showed that the distilled oil

contained a trace of nitrile impurity.

4,13.2 N-Nitrosodimethylamine

A solution of N-nitrosodimethylamine (3.1g, 0.04 mole),
1,6-neptadiene (3.8g, 0.04 mole), and concentrated HCl (3.6 ml, 0.22N)
in methanol was photolysed in Apparatus I under nitrogen for 5.85 hours.
The solvent was evaporated and the residue was diluted with water (BO
ml). Extraction with ether (3x50ml) gave a neutral fraction (100 mg)
containing unreacted N-nitrosodimethylamine: 4i.r. 1040(s) cm'1. The
aqueous mother liquor was neutralized to pH7 and extracted with
CH,Cl, (3x50m1) to yield N-nitrosodimethylamine as shown by an i.r.

1

band at 1040(s) ™' and n.m.r. signals at76.20(s) and 6.95(s) as a

1:1 mixture (0.84 g) with II-54 (vide infra).
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Thé aqueous mother liquor was basified to pH10 with aqueous
Na2CO3 and reextracted with CHECI2 (3x50ml) to give a basic ky’
extract (1.24g). This fraction (¥50 mg) was chromatcgraphed on silicic
acid (50g). Elution with 5% methanol-CHZCl2 éZ;e a 1:1 mixture of
izg-rand anti-oximes {E;EH (138 mg): 1i.r. 3200§s,br), 3080(m) ,
1640(m), 1000(s), 910 and 850(s) e~ '; n.m.r. T 1.80(m, D,0 exch.),

4.4(m,1H), 4.8-5.2(n,2H), 6.70(s,1H, syn-isomer), 7.70(m,TH,

anti-isomer, singlet obscurred by impurity), 7.70(S,NCH3) and 7.5-8.5

(unresolved, T7H).

~ B a

Elution with 50% r:etham;l-CHZCl2 gave several frgctions of solid
which showed a major pair of aldoxime protgngbat7'2.65 and 3.25 (ratio 1:2)
and a minor pair at T3.04 (d, J=6Hz) and 3.86 (d, J=THz); reprecipitation
of the combined solid (200zgi did no® eliminate the minor pair of aldoxime
signals. Precipitation gro; ether at -30O gave a mixture of syn- and
anti-aldoximes II-55: i,r. 3160(m), 3050(m), 1640(w): 1250, 1170, 1020,
930(s) and 835(s) =™'; n.z.r. 70.10(m, D,0 exch.), 2.65(d, J=6.5Hz,

0.6H, Hy» syn), 3.25(d, J=6.5Hz, 0.3H, H_,, anti), 6.65(m,Hb,anti),

a
7.05(t, J=THz, Hy , syn), 7.75(s, N-QH3, slightly broadened by
superposition of two signals) and 8.30(m, 10H); m.s. m/e 170(M*,12),

53(11) and 58(100). .

Aldoxime II-55 (81 mg, syn to anti ratio 1:2) was dissolved in
acetic anhydride (2 ml) and the solution was refluxed for 20 min. <then
cooled over ice. uater (10 ml) was added and the mixture was basified

(pHS) with solid Na2CO The heterogeneous mixture was extracted

3
with CH2C12(3x25ml) which was dried (HgSOu) and evaporated to an

0il (42.5 mg): i.r. 2220(m) cm™'. This oil was distilled %o give
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impure nitr'jzle II-57: 250/2mm; i.r. 2220(m) and 17710 _cm'1; n.m.r,

T6.90(m), 7.19(s), 7.55(m), 7.70(s, N-CH3), T7.72(s, N—CHB) and

7.8-8.8 (unresolved). The ratio of the two N-CH3 signals was ca. 1:1.
~N -

. =
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CHAPTER 5

5

THE CRYSTAL AND MOLECULAR STRUCTURES OF THE HYDROCHLORIDE OF

OXIME II-30 AND II-46

—

N\\\\\ 5.1 Introduction

It was determined by spectral analysis of reaction products that
the aminium radical cyclization of nitrosamine II-23 forms products
possessing the 2-azalisotwistane skeletog X:{ and not the alternate

o
2-azatwistane skeleton !:g. To confirm this assignment the crystal
and molecular structures of the hydrochloride of oxime II-30 were
determined. This amino oxime carried two functional groups capabie of
hydrogen bonding (39), hence, it also became of interest ‘o examine
the role of each of these two functicns in the formation of the

" hydrochloride.

Differences in the n.m.r. spectra (Table 2.3) of methoxy amine

S

+1I-46, formed during the thermolysis of chloramine II-25 in methanol,
/

?\ “and amino alcohol II-37 led us initially to assign the g-azatwistane
B structure, III-14, to this methoiy compound (111). It ‘ecame necessary

to reevaluate this assigrnment following a report by Waegell (77) that the
thermolysis of I11-25 in méthanol in the presence of AgZO Zgave methoxy
amine ££:£§. Comparison of spectral data demonstrated that the methoxy
compounds were identical. To resolve this discrepancy ¢the crystal and

molecular structures of the picrate of the methoxy compound were

determined.

S,
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5.2 Results and Di scussion

%
)

hydrochloride of oxime II-30 are listed in Table 5.1 and the observed and

The final atomic coordinate and temperature factors for the

calculated structure factors are given in Table—5.2. Selected interatomic
distances and angles and ‘neir estimated standard deviaticns are listed in
Table 5.3, The molecular configuration and the labelling of the cation are
shown in Figure 5.1. These results confirm that N-nitrosamine I1I-23, when
photolysed in dilute acidic media, cyclizes %o give tricyclic products
possessing the isotwistane ring structure v-1.

The hydrogen Bonding contacts are listed in Table 5.4. The
N-H---Cl and Cl---H-0 interatomic distances presented are both less

.

than the sum of the van der Waals radii and are nearly linear (112).
These non-binding contacts exhibited by the molecular structurge

indicate that the cnloride ion is hydrogen bonded to “he amine

nitrogen of one cation and the oxime oxygen of an adjacent cation.
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Table 5.1 //J/—m\
A Y
\\

Final Atomic Coordinates and Thermal (A ZAJ/Par‘ameter's1
pd

/

/
for Oxime II-30‘HC1/

—--/7
Atomic coordinates (x10u) for non-hydrogen atoms

x y z
1066(2) 3961(2) | 2346(1)
2583(7) 1217(7) 1337(5)
1549(6) 1582(5) 1876(4)

493(8) | 1439(8) 1286(6)

S 1017(8) 1230(7) 368(9)
1463(9) 2242(7) -108(6)
2768(9) 2292(8) . -98(6)
3273(10) 1357(7) 1 590(6)
2847(11) 323(8) -168(5)
2037(8) 520(7) 613(5)
3073(8) 2144(8) 868(7)
1445(9) 987(8) 2764(5)
3849(8) 2928(7) 1180(4)
3952 (4) 2626(4) t 2013(5)
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(b) Anisotropic thermal parameters (x1O3) for non-hydrogen atoms?
A

Atom U1 vz, _U33 urz U13 23
a1 78(2)  50(1) 76(1) ~9(2) ’zo<{>, 7(1)
c, 65(5) 39(6)  61(5) 14(6)  -13(5) 2(5)
N, 75(5) 49(4) 52(4)° 6(4) 2(4) 5(4)
C 68(6)  76(B)  6M(6)  -21(5) . -19(6) 16(6)
c, 71(6) - 65(6) BE(5)  -15(6)  -3(5)  -h(4)
Cg 82(8) 70(8) 51(6) ~-20(6) -9(6) 6(5)
Cg 95(9)  66(8) 54(7) 23(7) =7(6) 19(5)
Cr 135(9) 50(7) 72(6) -8y () 1(6)
Cg - 127(12)  62(9)  1079) . -8(1) { 16(8)  -21(7)
s 92(7)  36(6) 535))  -15(6)  \N19(6)  -5(5)
C1g 69(7)  41(6) 115(9)  .-7(5) 5(6)  -34(6)
iy 109(8) 73(6) 596)  1(9) -3(6) 2(5)
Nip  148(8)  148(8) 30(4) 103(8) 17(5)  28(5)
013 66(4)  79(4)  138(5) ST(H) L -6(4) 16(4)
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-

(e¢) Atomic coordinates and isotropic thermal parameters for -

hydrogen atoms (x103)

Atom x y z 9

H, Co3136) 86(6) 17(4) 70

Hy = 21(6) 231(6) 127(4) 70

Hy o, 5(6) 90(6) 151(5) 70

Hy, ) L(5) 70(5) 2(4) , 70

He 109(6) 275(6) 29 (1) ’ 70

He . 128(6) 208(6) 75(5) 70

Hy ‘ 301(6) 289(6) 33(4) . 70

Hg 310(6) 151(6) -120(5) 70

Hg 432(6) 153(6) 52(4) (I
Hig 242(6) ~14(7) -57(4) 70

Hy | 345(6) -5(6) 5(5) 70

Hy s 168(5) -12(6) 88(4) 70

Hys 61(6) 135(6) - 311(8) 70
Hyy o 144(6) 14(5) 263(4) 70

‘15 " 216(6) 108(7) 238(5) 70

H16 461 303 221 0

Hys 156(5) 245(5) 197(4) %

1. The estimated stanczrd deviaticons in the last significant

[

are given in parentnesis in tnis and in subsequen%t tables.

2. Expression of the forzm: exp[—Z"z(U11h2a*2+U22k‘b*2

Q

+U33120*2+2372bka*:*+231Bhla*c*+2U23klb*c*)J.
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(a) Interatomic Distances (A)

Cy - N,
- Cq
- C10
Ny ~ Cq
- S
Cy - Cy
Cy - Cs
- Cg

(b) Bond Angles (Deg.

C -
10 ~
&
Cig -

4
Cy
4
N
N,
No

Cs3
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4

Table

5.3

Interatomic Distances (A) and Angles (Deg.)

Cq

Np

.520(9)

.529(10)

A470(11)

.524(9)

.526(9)

.525(11)

.584(10)

.528(10)

105.

108.

102

107

112.

11e2.

102.

9(7)
9(7)

L4(7)

JA(05)

1(7)
4(6)

6(7)

- Cg
- C7

- C1o
',C8

- Cq

- C1

- Hyp

- 013

€5 - Ce
€6 - &7
Ce - C1o
Ce - C10
C, - Cg
Cg - Cg
Ni2 = 013

.522(11)
.508(12)
Lu86(11)

.522(13)

PN

.522(12)
.529(10)
J1u(1g)

.306(7)

T111.2(08)

110, 4(9)
104.5(8)
106.7(8)
109.1(8)
112.5(8)

100.0(9)
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~ Table 5.4

Hydrogen Bonding .Geometry

(a) Distances (Z)

Ny---Cl | 3.110(7) 043%---Cl 3.12
Hyp---Cl 2.05(7) Hyg¥---Cl 2.16

(b) Angles (Deg.)

/ by

N, + Hqq-==Cl 160.7
0y3* - Hyg*---Cl 179.3
Hyg---Cl---Hq ¥ 79.0

# Refers to atoms on a moledule adjacent to that containing the

N-H-~-Cl bond.
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This association of molecular units through hydrogen bonding
?
undoubtedly adds significantly to the stability of the crystal

lattice.

The major discrepancies in the final electron density difference
mab occur in the general region of the oxime function. This, together
with theAunusually high degree of anisotropic motion of the nitrogen
a;d oxygen atoms of the oxime does noﬂ allow confidence in the oxime
dimensions of 1.41 (1) for the C:N/Pond and 1.30 (1)A for the N-O
bond. The fofmer is significantly longer than the 1.26(4)A expected
while the N-0O bqu length is shorter téan the 1.&2(3)3 characteristic
of oximes (11M;. Assuming that the oxime bond length values are
correct, however, thi%ﬁsituation can be rationalized if the oxime
double bond character i; distripbuted over both the C-N and N-O bonds.
Tnis condition might be expected since the oxime hydrogen is partially

associated via hydrogen bonding with a chloride ion.

The thermolysis of chloramine II-25 gave a tricyclic methoxy
amine. The crystal and molecular structures of the picrate of this
compound were determined using similar techniques to those described
for the hydrochloride of oxime {E:ig. The methoxy amine had the
2-azaisotwistane structure II-46 (Figure 2.6). Crystal data for the

icrate: C17H22Hu08, yellow needles, monoclinic, space group
P2/c, a=7.651(4), b=12.441(6), ¢=19.793(8) A and B=94.08(L)O
U=1884.0 53, Dm=1,4Ug cm'3, Zz4, De=z1.44, The structure was

refined to R=0.080 for 1502 observed reflections.
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of Oxime II-30.

ular

5.1: The Molec

Figure
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Metho;y amine II-46 and amino alcohol II-37 have the same"
isotwistane structures. Discrepancies between the n.o.r. spectra of
‘these compounds are no! the result of structural differences and an
explanation for t{hem must await further research.uWaegell has
recently synthesized N-methyl-2-azatwistane (113); although the n.m.r.
spectrum is argued to reflect structural differences between
2-azatwistane and 2-azaisotwistane derivatiyes, the exact spectral

differences have not yet been reported.
5.3 Experimental

5.3.1 Crystal Data for II-30 Hydrochloride

The hydrochloride of II-30 was recrystallized from ethanol-ethyl
acetate as clear plates elongated along the b axis. Weissenberg and
precission photograpnhs were obtained on a crystal'of dimensions
0.62x5.12x0.09 mm. Diffraction data was obtained on a separate
crystal measuring 0.62x0.22x0.09 mm. Both crystals were mounted on
lindeman glass capillaries with the longest dimension approximgtely

parallel to the rotation axis.

A zero level Weissenberg photograph using CuK. ():1.?i}§£%¢?

. . -4 - - /
radiation, together with MoK, (A=0.7107A) precession photograpPhs of _the
0Okl, k01l, kk O, kkk, 2k kh, h k1, and 1T k 1 layers, showed
systematic absences for 0 k 1, k=2n+1, h 0 1, 1=2n+1, and h k 0,
h=z2m+1. This combined with the Laue symme‘ry m a m, zllowed the space

group to be unambiguwusly assigned as the orthorhombic Pbca.
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The measufements were made with a computer controlled four-circle
diffractometer equipped with scintillation counter and pulse height
analysis. Two reflegtions were identified and carefully centéred to
determine the setting of the crystal; This was achieve& by setting
the 28 value for one reflection with X=0° and ¢ was driven until the
reflection was located. A second reflection, with ¢€90° away fron
the first, was then aligned by setting the 26 angle and driving X.

The orientation matrix was then obtained from the two reflections and

/
L
-

the unit cell dimensions.
Accurate cell dimensions and their standard erorrs were

determined for a least squares fit to the 24, X, 9, and ¥ values of

eleven strong reflections (2€>26°) wnich were accurately centered on

the Mo-Kpy peak, )50.709263, at 21°,

Crystal data - C]OH17N20C1, H:216.7,70rthorhombic.
g_:;].655(5), b=12.514(5), g:ﬂ.g“?(é), v=2180.oﬁ3, Dm=1.31g ca™3
(by floatation in CClu¥toluene zixed solvent systéms), De=1.32¢g
cm‘3, Z=8. Space group Pbea. 7

Reflection intensities for the unique set of data (one-eighth of
tne limiting spnere of reflection) were collected in two sets by‘the
€-296 scan zethod using niobiua filtered MoK, radiation, 1:0.71072.
For the inner set (26(300) each reflection was scanned over a base

-
A,
width of 1,2° in 2© (increased to allow for dispersion effects) at a
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rate of 1° min~'. For the outer set of data (30°<26<40°) each

reflection was sdanned over a base width of 0.75° in 2e (increased
to allow for dispersion'effects) at a rate of 1° min'1.

"Background counts were measured at both scan limits for 20 sec.

o

——

5.3.2 Solution of the Structure of II-30 Hydrochloride

The computer prograns used in the solution of the structure have
been described elsewnere (115). The raw intensity data was converted
to unscaled structure factors (F). The net intensities were corrected
for lLorentz and polarization effects; absorption corrections were
neglected. A reflection was considered unobsehyed if the net count

-

was less than 2.3g wnere

6= [scan count + !

L total of 1022 reflecticns were measured of which 652 were regarded
as obYserved,

-~

4 three dimensional Fourier difference map was coxmputed and after
. . _ . , . “r::
several cycles of least-squares refinezent zll non-hydrogen atons were
located with an R value of C.144, B = § ([|Fo|~Fe|)/ Y [Fo| ). Hydrozen
2tozs on C1, C., 2nd C. were “hnen located as peéks on difference

Fourier maps while *the *heoretical positiorns of the okime hydrogen and



~

those on Cg, Cy, Cgy Gy, Cg

Further difference zaps and

all non-hyZrogen atozs
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and Cq4 were calculated.

léast squares refinement indicated that

moving anisctropically. Refinewent of the

1

-

~
-

leaz *o a final discrepancy value of

terxperature factors for

+

he

B

temperature fzctors of
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