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ABSTRACT

CHEMICAL, K TRANSFORMATIONS OF N-NITRAMINES

-~ AND C-NITROSO COMPOUNDS

' In order to investigato the ground stéto(and exclted statesl
of nitro- and niproso derivatives, 1) oitroamines were photolyzed
unde? varioos conditioos and 2) alkenyl nitroso, compounds were
synthesized and their decompoéitions’studied.'T e products were
isoléted_by chromatographic methods and theif structures determined

by spectroscopy and chemical feactioné:

1) Pho%olysis of nitramines in neutral solventhgenerated
hitrogén dioxide a&nd aminyl radicals which ébstracted‘hydrogeo
atoms but did‘not‘add to carbon-carbon double bondo. In dilute
aoidic solution, the aminyl radicals were prot?nated to the
. corresponding aminium radicals that preferentially underwent
addition<to ﬁ-bonds rather than hydrogen atom abstraction. Thus
complex mixtures of additi?n prodocts were obtalned when nitramines
were photolyzed in the presonce of cyclohexene under nitoogen.

The plethora of products is believed to arise from the complex

behavior of nitrogen dioxide in solution, for example, i) nitrogen

dioxide may react as an O- or N-radical, ii) nitrogen dioxide




- | N

~ive
éxists in equilibriuh withnitrogen tetroxide aﬁd i}i) both --
‘okides can react as oxidizing or rad;cai‘trapping agents.-Aﬁinyl
and aminium radicals wére not trapped by carbon'mondxide{;In the
presence of oxygen,7tLeSoxidatiQe addition of N-nitro or.N-nitr01
sodimethylaminé‘tod§glohexene, T—Hexggii EgéggiB:Hexene and ’
Qarious unconjugated cyélopoiyenes gévé 2-amino nitrate espers.

-

Depending upon their structure, these”?—amino ﬁitrates copid
‘undergo 1) éol&olysisgunder basic cbnditions‘resﬁlting in the -
fofmgtioh ofi§faminoélcohols'and é—aminoketones“.ii) C;-Cg bond
cleavage assisted by therlone—pafﬁ'electrons of the nitrogen
giving rise to the cofresponding cérbonyl éOmpounds and iii)
}eductién to the corresponding aminoalcohois in good yields.

Dimethylaminium radical exclusively added to a trans-double bond

of éis,trans,trans—l,5,9—cyCIpdodecatriene. With cis,trans-1,5-

-

cyclodecadiene, good yields of bicyclic amiho nitrate-ester
were obtained; a 1,5-transannular radical cyclization mechanism ‘

is believed to operate.

2) Nitrosyl chloride reacted with_1,5—cyclodctadiene and

trans,trans,trans—l,5,9—cyclododecatrieﬁe in methylene chloride

. by the cis-addition to give chloronitroso alkenes.with cis and

threo (trans) configuration,'respectiueiy.'Tﬁesé ehaﬁ%ibmorphic

C-nitroso compounds were isolated as a single compoﬁﬁdffor the
former, and a mixture for the latter, of gi‘and/qr meso diTers,
the prasence of which was readily,ﬁpditpned'by,i?chﬁ} spéctrosa‘

Y
I

Sl



.‘/ D
e : o { .

copy. The fofmer can- gssume afcohforMation to.ﬁlgcélphe m-bonds
~tof_¢he nitroso and oléfinic groups 1n’intefaétipg vicinity‘and'
-undergo an ;cid catalyzed'ihtramolecular.eiectrophiiip cyclizaﬁion
'to give biéyclic‘hydroxyl?miéés which are readily air oxidized to
the éérresponding nitroxide fadicals.‘Rearrangement:in aéetic‘
anhydride-methylene;chloride afforded . good yields of the‘staﬁle"

Wbicyclic hydroxylamine acetates which served as prechrsors to

»

generéte the cogresponding'nitroxides under mild conditions.
Nitrosy} chloride exclusiﬁely added to the Ezggg—dou51e~bonq of
gig,ﬁzggg—l,5acyclodecadiene wiphout regiospecificity. but was
believed to involve stereospecific gig—additionj this chloro-
nitroso alkene also undéfwent acid cataiyZéd transaﬁnular reaction -
to give similar hydroxylamines that were?nqt isolated in pufe

state. ' ‘ ) ~
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CHAPTER T
?
Q
INTRODUCTION

I-1. The Chemistry of Secondary N-Nitramines

I-1-1. Physical properties

¥
Dialkyl nitramines (RzNNOs) are neutral and generally

colourless, low melting solids or liquids (1,4%). Nitramines are
prepared by two main methods: (a) catalyzed nitration (5)
(Equatieﬁ/I—l) and, (b) nitration with cyanbhydrin nitfates
under‘basic conditions (6) (Equation 1-2). Alternatively,dialkyl
nitrosamin;s can be cleanly oxidized by peroxytrifluoroacetic
acid (7) to. the corresponding nitramines (Equation I-3).

[1-17 [Rgﬁﬂgj‘No3 Acz0 & RoN-NOp, + CHaCOOH

ZnCly

>




L -2_

ONO» r

/& RoN-NO» + CHig-G-CHg +HCN
CN

(1-2) excess RoNH + (CHg)gC\

-

T1-%) RoN-NO He0p + CFsCOOH . g n-No,

Although the N-NOZ group is stablej explosive'properties

have been associated with many N-nitro compounds such as cyélo-
‘nite or RDX (1,3,5—trinitro-1,5,5-triazacyclohexane, I-1), HMX

(1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane, I-2), nitro-

guanidine (I-3) and tetryl (2,4,6~trinitrophenyl nitramine,

I-4).
—NG NOo
N / OzN,
OzN\N/\N/N02 OgNw./— \ HN\
l\ k 4 C=NH NO»
I;I /N_/ NNOz LN
NG 02N O2N 7 Vo2
T-1 1-2 1-3% -4

The'structures of dimethylnitramine (8) and otherrﬁtramkms
(2) have been determined crystallographically. The nitramine
portion of the molecule (Cz2Nz0r atoms) was found to be planar
with a relatively short N-N bond length (ca 1.3%A) (8), indica-
ting considerable resonance contribution from the Rgﬁ:Nég
structure. They have ultraviolet spectra similar to those of
nitrosaminés excebt.for the absehce of a weak band in the 350
nm region in protic solvents (9,10), However a weak band near

»



5
200nm (¢ ca 40) probably due to the n—n" transition is observed
in n—héxane (10). Rééenﬁiy, Harris (11)Aattributed the intense
absorption band near 240nm (= ca 6000) to the m-m* transition,
and alsé predicted existence of the slightly lpwer symmetry
fofbiddeﬁtn*ﬁ* transition under the strong naﬂ*»excitation.
Application of circuiar dighroism toztheﬁiﬁtermination of ghis
hidden band showed the‘nan* transitié% Pé be near 270nm in the
CD spectrum (12). The infrared épectra of dialkyl nitramineé
exhibit- strong asymmetric and symmetric stre@ghibg bands of the
nitro group at 1540-1505 cm ! and at 1330-1260 cm ! ,respectively
(13), along with other prominent bands in the regions 1130-1100

and 770-755 cm !,

I-1-2.  Photochemical Reactions of N-Nitramines

The photochemistry of nitramines has been sporadically
investigated in the past (10,14-18). The photochemical rearrange-
- ment of N—methyl-N—nitro-l—naphthylamine with A> 360nm has -
been shown to give the o- and p-nitro derivatives by a non-
radical mechanism (14). In contrast with the inertness of nitro-
samines under photolytic conditiong in' neutral solvents (19) ,
dialkyl nitramines undergo photbdeébmpésition in either trifluo-
roacetic acid (15), n-hexane, 95¢ ethanol, acetonitrile (10) or
in the solid state (16) to give the corresponding nitrosaﬁinesa
as the only détectable product. However, Lavanish (15) has
reported that the irradiation 5f dibenzylnitramine I-5 in pentane

i
(Scheme I-1) gave, in addition to dibenzylnitrosamine -6,
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f'lv, Ng . ‘ * o+ -
BzoN-NOp — & BzoN-NO + CgHsCH=NBz + BzzNHz NOs
pentane i . .
1-5 . 1-6 CTA7 1-8
b ]
. V;.

'SchequI—l
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_ N-benzylidene benzylamine I-7 and dibeﬁzylammonium nitréﬁe I-8.
Irradiation of I-5 in ethanol increased the yield of I-8 while
irradiation in trifluoroacetic écid gave only a trace of 2:23
Thermolysis of dimethyinitraminé (20),‘diethxlnitram;ne énd‘
N-nitropiperidine (21) in the gaé'phase are‘reported to give
the corresponding nitrosamine. These reactiohé were proposed

to proceed via fiésion of ‘the N-N bond (10,15,2Q321).

Bulusu et al‘(L6) ?hotolyzed agleduimolar'mixturé o} dou-
bly !'°N labeled and unlabeled dimethylnitramine in tﬁe solid
state from which an N-0 bopd‘éléavége was proposed as the pri-
mary process. It gave dimethylnitrpséﬁine with statistically
distributed 15N, however no isotope crossover was observed for
the unreacted starting nitramine; in light of this evidence
N~N bond cleavage was rejected in the solid state.

Different results were obtained by Bodnar (17), Moon and
Swanson (18) when they irradiated niné cyclic nitramines, ;uch
as N-nitropyrrollidine I-9 in 1,2-propanediol cyclic carbonatg
(PDCC) and in the solid state. They observed esr signdls of the

corresponding nitroxides, such as I-10. The absence of experi-

-
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mental detail makes it difficult to evaluate the -relationship

of this result with previous work. It is suspected that an
amine radical is oxidized by aif to the stable nitroxide (22).

Finally, Chow et al (23,24) proposed aminyl (g:ll)‘and

aminium radical (I-12) intermediates (Schemekl—é), to explain

the observed products‘during the photolysis of N-nitropiperi-
dine I-13 in neutral or acidified methanol solutions, respective-
ly. The gquantum yield for the disappearancg of IT-13 innreutral
methanol was measured to be 4.8 while in 0.1N-2N H»SO, it was
7.0-7.8 (23). These results indicated that the photolysis oc-

arred by short chain processes in neutral or acidic conditions.

ae

N
neutral.e o CHO

MH :
.___h;\j_—.u + .NOZ ‘
C
N N e =81 +CHO
R N
H v H

I-12

Scheme I-2




I-2. The Chemistry of Aliphatic C-nitroso compounds

1

I-2-1. Physical Properties | ‘ b\\\i/

_Many aliphag#c C-nitroso compounds exist in the solid gate
as colourless dimers I-14, and when dissolved in varbmlsébhent&
dissociate to différent ext€nts to a blue or green monomer I-15

(25-29). Cis (I-14%a) and the generally more stable trans (I-14b)

forms of the dimeric ni?reso alkanes have been isolated (25),

R R : R - 0
Ny=—=n"T —n — —n \N_—N/v
== 2 R— N==0 =
o/ G o AN
0 0 R
T-1k4a ) 1-15 T-14b

showing that there exists appreciable double bond character in
the N-N bond. Although they are all symmetrical dimers, a mixed
dimer of nitroso heptane and 4-nitroso-l1-octanol has been res

ported as an oil (3Q). The aliphatic C-nitrosc compounds show a low

le

intensity n~n® band in the 630-790nm (¢ ca 1-60) region..When &

the dimer is formed, this n~n* band is replaced by a new m-m*

transition near 295nm (¢ ca 9000) for the trans dimer I-14%b and

at shbrter wavelenghts for the cis dimer I-1la (31).The thHEd
spectra of monomeric nitroso compbunds showed the‘EFO gtretching
frequency in the 1539-1621 cm~! region. This N-0O stretching is
seen at 1176-1299 cm ! for the trans isomer and is replaced by

two bands at higher frequencies (1323-1344 and"i}}O-lhEO cm 1)



‘for the cis isomer (%2).

I-2-2. Preparations

Aliphatic C-nitroso compounds can be prepared by numerous'
methods (28-29), but the most common preparation is the addition
of nitrosyl chloride; n{trosyl bromide or nitrosyl formate (28,
3%) to olefins. Both solvent effects and dependencevgn olefin
structure have been observed in these reactians. Thus, cyclo-
hexene reacts with nitrosyl chloride in liquild sulfur dioxide to

give the anti-dimer of the trans-chloronitroso compound (60-80%)

(34-36), but in chloroform, methylene chloride and trichloro-

ethylene, the anti-dimer of the cis-chloronitroso compound is

obtained (}&). With rigid bicyclic sys%eméj/nitrosyl chloride
has been sho@n to add in‘theggig fashion; eg, addition of nitro-
syl chloride to norborhadiene giwes the dimer of the cis-exo
adduct (65%) without any observz:}é~rearrangement of the bilcy-
clic skeletégq(37). For strained olefins, a‘four—cenféred

cyclic transition state (I-16) has been postulated to glve the
cis configuratidn (37,38). While a three membered nitfbsoniﬁm

intermediate (I-17) (37) has been postulated to give either

(or both) cis and trans adducts. Nitrosyl chloride preferential-

——

A o -
0 . . 2 . C1l
N I
. ,\\‘smzxé// \\C::;}C
/N , / N

I-16 T1-17
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ly attacks g ° trans double bond rather than the cisrdouble

bond of cis,trans,tfans-l,5,9-cyclododecatfiene (38).

I-2-3., Reactions

Primary and secondary nitrosoalkanes which have an a-hydro-
\gen may tautomerize to the corresponding oxime I-18.. This irre-
versible tautomerization, which may occur with melting or'in

-

solution, competes wilith the reversible dimerization process and
is accelergzéd by hydroxylic solvents, strong acids andYbases,
and nitric oxide (26). Thé rearrangement of seéondary nitfoso
compounds catalyzed by hydrochloric acid- " has been shown
'to‘be a first order reaction depending only on dimer con-_

centration (39). This strongly suggests ‘that the rate determin-

ing step is the dissoclation into monomer .

‘H

R Z ' R
Nen - 1>C='=N\
RS NG 7 | o " Re OH

Ili \ .
- R1 . . .
N~ R
1-21 L R/c N\O 1-18
2
7 = alkyl ~ Rdn
alkoxy
acy1 R, ) H
N R, R=CNO
/,C—NHOH 102
Rs™ . \ . )
{
I-19 ‘ N
—_— R
1\(1;1 I;I/R1
Rg 1 I:{2
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” Thé-C-nitrosq group is readily oxidized to a nitro group
~énd~reduced to hydrbxylaﬁine 1:12; Thévﬁzoxy compounds £j§2ﬁum
are usually formed (40) may arise frbm.the.condensatioﬁ of the

hydroxYlamine‘with another ﬁolecule of nitréso compound-.

Nitrosoalkaneé react with alkyl radicals‘to‘give stable -
dialkylnitroxides l:gl.These free radicals have characteristic -esr
spectra (aN 14.3—15.7G)(41)3 Alkoxy (42) and aqylﬂ(43) radicals,
can also be trapped as reéctiog intermediates With‘hitPOSO‘
.compounds to form alkoxy-alkyl (ay 26.9-29 éG) and acyl-alkyl
(ay 7.348;3) nitroxiqikradicals, respect(jély. These spin -

trapping reactions have been reviewed by Janzen (44),

.

I-2-4, Addition to olefins

The C—ﬁitrosd groﬁp is electrdphilic but not powerful encaugh
tQ add to alkenes, aienes or acetylenes unless the nitrosdg;oﬁp_
is activated.by a vicinal eléctron witﬁarawing molety such as
phenyl (25, 26, 45-49), halogen (29, 50, 51, 52), -cyano -
(53) and very recently acyl (53, 54). -

. ' //“\
The first account of a reaction beéwéen nitrosoareﬁeandan
olefin was reported by Alexandri (25,26) in 1910. An unsaturated
nitrone I-22 and azoxybenzene I-23 were the major products isolated,

-
\

C HoCH=CH» 4 CH=CH—ﬁH ) —
N—o O i -
\ 0
PhNO . Ph
- . + Ph-N=N-Ph

ot R
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Phenylhydroxylamine 1is postulated as the intermediate on the
basis of the formation of azoxybenzene . The reactions of
nitrosobenzene with styrene and 111—dipheny1ethylené have been
studied by Ingold and Weaver (45), in which 1,2—oxazét£dine g;g&

hes been i1isolated.

. PhoC—CHp
PhoC=CHs +  PhN=0 — ||
. oV —0
T-24

Vs ———

S

The nitroso'group of vaPious substituted nitrosobenzenes
was suggested by sullivan (469 to undergo an addition hydrogen
abstraction process {"ene"” reaction) with olefins such‘as 2,3-
dimethyl-2-butene to yield the unsaturated hydroxylamine inter-
mediate,I-25, which was detected as ifs nitroxide I-26 by esr

spectroscopy. Isolation and identification of several N-alkenyl-

N - '
2
[ﬁ — N—AP +> ;>”_4é/ BEEEE—— ';>_‘Lf/'
; ,/??¢ /N——OH | /N.;b

Ar _ Ar

1-25 c 126

>N-pheny1hydroxy1amines by the same method has been achieved by «7f

1t

other groups (47;18) and. further confirmed the "ene" reaction

mechanism. Water et al (49) have recently showm that this .
reaction follows a. free radical mechanism. .

With aliphatic C-nitroso compounds, only perfluoronitroso

al<anes are known to reaét with alkenes. Barr and Haszeldiné(50)

\
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claimed that perfluoro nitroso compgounds and perfiuorp olefins
react in the dark at >30° to give 1,2-oxazetlidine I-27. A 1:1

/Ncopolymer I-28 was the'major product at room temperature.

y-o-CFz-CF%>n

Clks

cES-N-dﬁg-c§§ .
CHs ' f_
, I-28

However with isobutene, the same group (51) isolated the unsat-
urated hydroxylamine [-29.

Recently,‘Schenk and de Boer (52) have shown that g-chloro
nitroso compounds can also add to olefins containing allylic

hydrogen and proposed an "ene'" type reaction followed by the

| 0B CHz
cl 20° R, I |
\ ~>C—N— CHz-C~Ph
U

+ Rg/
| - 'A'; . |
CH;;f—Ph \

CHz T0 . HC1
/
H ~ - Ri |
C=—= N—CH>-C
Ro~ + ST
CHso

Rz

v

1-30
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elimination of hydrogen chloride to givé ketonitrone salts I-30.
Very recently; Keck (54) has. shown thg& acyl-nitroso compounds
lead to intramolecular ”ené' reactions. Th veri reactive écyl
nitroso waé not isolated but instead trapped with 9;10—dimethyl-
anthracene (53,54) to give I-31, which when. refluxed in benzene

gave hydroxylamine I-3*2 in quantitative yield. ‘ |

o

I-31 o CI-32

At present, only one alkylnitroso compound has beeh‘shown
to undergo an ''ene' type reaction. Roberts (55) reported that
small amounts of N—alel—N—alkényl hydroxylamine 2:222 are
for%ed upon qeaction of caryophyllene l:éi, possessing a reac-
tiveyEzggg3trisubstitutéd double bond,‘with caryophyllene nitro-

site I-35. Hydroxylamine I-33%a was easlily oxidized to its cor-

responding nitroxide I-33b. Also, the same researcher (56) found

Hq NO | (I)R
) >
CHCla N
N0, + — 2 oo,
H
R=H , I-33%a
I-
1=25 R—+ , I-33b
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that tertiary C-nitroso olefin I-36, generated in situ, reacts

in chloroform in the presence of iodine %o give a poor yield

(63 ) of iodo nitroxide I-37 (g=2.006%4, an=13.6 G).

- q . .
>(—>\ . Et0oCN-NCOEt ><_>\ p ><_>(
liIH ) e /1}1 _CIE ¥ CHaI
OH 0 ' o’
| - - 1-37

C-nitroso comﬁpunds can also react with a}kyl substituted
allenes (57). They can also participate in Diels Alder reactions

(53,58) to give 1,2-oxazine ring compounds I-38.

R
Rg 1 = H R1
5 o i 0
s o= !
\R
Ra R4 5
\RS o H R
Ry *

-

Bicyclic hydroxfigmines I-39 and I-40 were obtained in fhe
photoaddition of N-nitrosdpipen{giﬁe to 1,5-cyclooctadiene in
‘methanol in the presence of hydrochkiloric acid or perchloric
acid, respectively (59), in addition to the expected amino

oxime I-41 which is known to arise from tautomerization of the



-14 -

primary 1,?—adgition broéﬁct (19?(a)61).;They~were readiiy
dxidized by alkaline hydr gen peroxide to their'éqrresponding
nitroxides,which showed an~equa1 esr triplet with g values 1
2.0006-2.0007 and ay values 15-17 G,'typical of 9-azabicyclo

r2.2.1] nitroxide radicals (F2). -

1 1

. B H ‘
hv, N
: +C:j
N
R CHAOH N=
.
( N—=NO
H%
Cr
NOH

N
R=C1 , I-37 , C::>

R=0OCHs , I-%4D R

The intentions of this research can be outlined as follows:

1/ to clarify the solution photochemistry of N-nitramines in

acidy;,nggtnal and basic conditions.
. -2

- 4



2/ to investigate the trapping of aminyl and aminium radicals
generated from the pﬁqtolysis of 'N-nitramines in neutral and
acidic medium, respectively, with carbon monoxide.
3/ to investigate the photoaddition of N-nitro and N-nitrosamines
in the presence of an acid to various olefins. In particular,
the photoaddition of N-nitro (24%) and N-nitrosamine (69) in the
presence of oxygen can be utilized to synthésize very cleanly
amipno nitrate esters. The typical and readily available olefins

y
have been choosen for analytical reasons. ~F P
4/ to investigate the stereochemistry of the addition of nitrosyl\
chloride to olefins.
5/ to investigate the stereochemistry of the intramoleculgr
electrophilic reaction of the nitroso group with a suitably
located double bond.

6/ to synthesize bicyclic hydroxylamine acetates as potential

p?écursors for the corresponding nitroxide radicals.
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RESULTS.

II-1. Photolysis of Nitramines

When NNOP was photolyzed in n-hexane under carbon ﬁonoxidé
in the presence of cyclohexene, no addition product to the cyclo-
hexene, nor N-formylpiperidine (I;:l) were detected in the crude
residues. The photolysis gave piperidinium nitrate (II-2, 38%)
together with NNP (33% ) as the;major products. The photolysis of
NNOD under similar conditions gave DMF-(II-3), NND and dimethyl-
ammonium nitrate (II-4%) in yilelds of 26, 7 and 28% respectively,

estimated from the nmr spectrum of the crude product(Table I1-1).

Photolysis of NNOD in acetonitrile contalning cyclohexene or

-~

~
//norbornene in the presence of sodium bicarbonate or carbonate gave

the same products as above. The ylelds of DMF (II-3) decreased to

—;
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R4 Ro
\’F/
X N
RiRz = (CHz)s , X = NOp NNOP
RiRo = (CHz)s , X = NO NNP
Ry = Ro = CHs , X = NOo | NNOD CHS\N_/\N,CH3
Ry = R? = CHa , X = NO NND . [\\ /J
N
R:Ro = (CHz)s , X = CHO I1-1 |
C Ha
RyRo = (CHs)s , X = H.HNOs II-?2
R, = Ro = CHs , X = CHO I1-3 11-6
R,y = Rs = CHs , X = H.HNOs II-k4
R; = CHa, Ro = H , X = CHO 11-5

2—3% and those of NND increased to 22 and 55¢ 1in the presence of
sodium bicarbonate and earbonat®, respectively. In the latter
case, nifrate salt II-4 was formed in only 8% yield, as compared

to a 35 % yield using sodium bicarbonate.

No II-4 was formed and NND formation was low (6 ) when the
photolysis of NNOD was conducted in the presence of cyclohexene
and sodium carbonate in n-hexane. DMF (II-3, 14 ), N-methylforma-
mide (II-5, 15%)and 1,3,5-trimethylhexahydro-1,3%,5-triazine(II-6,
10 %) (63,64) were the threg& major products. The yield of imine
trimer ;l:é_may have ‘been higher since it is reported to codistill
with solvents (63). Compound II-5 was isolated from preparative

" gc and was characterized by ir, nmr and ms (65).



TABLE

PHOTOLYSIS OF NITRAMINES UNDER NEUTRAL CONDITIONS

IT-1
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"Nitra- Solvent 20lefin Gas NNP IT-4 I1-3 Remarks
mines OrNND orlII-2 -
@) (%) ,
NNOP n—hexégé. cyclohexene CO %3 ' 3¥\> - b
NNOD n-hexane cyclohexene CO 7 28 26 c
NNOD CHaCN cyclohexene CO 22 35 2 d
NNOD n-hexane cyclohexene Ny 6 - 14 e g
NNOD CHaCN norbornene Cco 55 8 3 e f
a
a more than one equivalent of the olefin was added.
b crude products 1solated in percent.
¢ percentages calculated from nmr and/or gc analyses based on
starting material.
d NaHCOs (2g) present during photolysis.
e NasCOs (2g) present during photolysis.
f recovered NNOD: 64%.

in addition, II-5 b(15%) and II-6 (10%) were detected.
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Undér dilute acidic conditions, the photolyéis of NNOD in
the presence bf,cyclohexene either under nitrogen or carbon
monoxide gave small amouﬁts of mixtures of neutral compounds
which were shown by gc-ms to contain more than thirty components.
Among components identified were 2icyclohexepol (EELZ),'2-cyclo—
hexenone (II-8), NNOD, a methoxycyclohexanone (II-9) and a

methoxycyclohexanol (II-10). The mass spectra of the first three

were identical to those of authentic samples (66). The last two
compounds had correct molecular ion at m/e‘128 and 130, respeé—q
thexy.The basic products were characterized by gc-mé analysis as
dimethylaminocyclohexane (11:11, 15%), 2-dimethylaminocyloxexanol

(cis and trans mixture, II-12, 289%), 2-dimethylaminocycloxexanone

oxime (II-13, 24%) and 1-nitro-2-dimethylaminocyclohexane (II-1%,

CH . CH
N< 3 < N< 3
CH3 CH3
R NOH
R= H , II-11 I11-13

oy
I

OH , II-12 , .

R = NOp , II-1%4

22-24%). In addition there were minor amounts of two unknown

compounds. The mass spectra of II-11 (64), II-12 (67) and II-13

(68) were identical to those of authentic samples, and the frag-

mentation pattern of II-14 was comparable with that of

1-nitro-2-piperidinocyclohexane (69).
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-
While photolysis of nitramines in acidic conditions under

inert gas gave good yields of addition products, the miﬂureis too
complex to be useful for synthetic applications. ‘Under an oxygen
atmosphere, the m-n* absorption band of NNOD in acidic metnanol
containing cyclohexene disappeared about twice as fast as oompa—

able photolyses under nitrogen or carbon monoxide The crude

basic fraction showed strong ir absqrptions at 1625, 1275 and

. 870 em™! (ONOs), at 1715 cm™ ! (C=0) and at 3420 and 1040 (C-OH).

The LAH reduction of this crude basic fraction afforded bhg of a

mixture ?f cis and trans-2-dimethylaminocyclohexanol (II—12)(67)

-

II-2. Oxidative and/or non oxidative photoadditions of W-nitro

and/or N-nitrosodimethylamine to olefins

3

I1-2-1. to l-hexene

Photolysis of a methanolic solution of NNOD, lﬁhexeno and
hydroohloric acid under an oxygen sZmosphere exhibited a Zero-
order decrease of the absorption at 238 nm. The neutral fraction
showed no signal for a dimethylamino ﬁoiety in the nmr but strong
ir absorptions at 1625, 1280 and 860 cm™! for nitrate ester as |
well as 1555 and-138Q cm™! for nitro groups were present. This
fraction was not further investigated.

The basic fraction exhibited strong ir bands at 1625, 1280
and 850 cm™! (ONOz, II-15), a medium band at 1715 cm ! (C=0) and

a broad band at 3400 cm~! (OH). LAH reduction of the crude basic
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fractiog followéd by preparative gc separation affordedfﬁﬁmeﬁwl
amino-2-hexanol (ll:lé, 62%) ag the ma Jor product (Scheme II-1).
Its infrared spectrum showed bands at 3440 and 1030 cm ! (C-OH)

" and Bohlmann bands at 2820 and 2780 cm™! (70):4The nmr spectrum

showed a one proton multiplet at T6.42 for the methine proton.

ONOo

IT-15

LAH
or
2
HO ’

0

0 5 Croa ™ cH
S~y CHé:>N\\//l\//\\//
I11-18 11-16

II-17, OH = p-NOsCeH4COO-

Scheme II-1

Treatment of II-16 with p-nitrobenzoyl diloride in tetrahydrofuran
gave 14N,N-dimethyl}24{ p-nitrobenzoyl] —hexyl)ammonium chloride

L
(II-17, 60%), which was characterized by i(\i?sorptions at 1715

and 1270 cm ! and by elemental analysis.

The amino nitrate ester II-15 was st&ble;}n aqueous acidic

solution but was converted in basic conditions to a mixturg of
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amino alcohol II-16 (24 %) and 1-dimethylamino-2—hexanone'(Egllg,
EC)@. The nmf specgéum of this mixture showed no absorptions for
oleginic or aldehydic protons. The amino ketone exhibited an M+
ion at m/e 143, ir absorptions at 1720, 28%0 and 2780 cm™!, and
a nmr singlet at f7.26 for the COCHzN protons. Amino-alcohol

I1-16 oxidized with Jones' reagent to give amino ketone 18,

' ‘ A
IT-2-2. to trans-3-hexene N

Photolysis of NNOD in the p{esenée of trans-3-hexene and
_pydrochloric acid under an oxygeh atmosphere afforded‘;itrate j
.ester I1-19 as the primary pfoduct. It quickly decomposed ‘to ~——
amino alcohol II-20 (3400 and 1045 cm™!) and aﬁino ketone II-21

(1710 cm™ ') during work-up, leaving only a small amount -of II-19 )
in fhe.crude baiic fraction as shown by the weak ir bands at 1625,
1280 and 860™m~!. LAH reduction of this fraction fdllowedfby
preparative gc sqggration afforded 4-dimethylamino-3-hexanol )
(II-20, 49 9 as the major product (Scheme II-2): -

II-20 exhibited ir bands for a hydroxyl group (3400 and
1050 cm ') as well as,Bohlmann bands‘(2840.and 2790 cm™!). The
nmr spectrum of li:gg'shbwed a singlet at r7.69 for a dimethylam-
no group and two multiplets at T6.50 and 6.75 for the methine
protens. The hydfochloride of the benzoate I1-22 showed prominent:
ir bands at 1720 and 1275 ém:? and gave a correct eleméntal

analysis. The nmr spectrum showed two shgrp singlets at r7.03 and

7;12 for N-methyl groups. The 5:3 ratio of theae two singlets

pointed to a mixture of erythro II-22a and threoII-22b isomers.
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1/ hv, H', 0>

- o
2/ HO™
CHaw_
N—NO
CHs” 2
0X 0X
H H
H H
+ 4 ol
- H NH -
CHas CHs CHs CHa
II-22a I1-22b
~ I1T-20 II-21
0X = p-NO»CgH4COO-
”~
Scheme II-2 N

The crude bagic fraction containing amino nitrate estéf;&gg
was readily decomposedvto amino alcohol II-20 (26%) and 41ﬂﬁdhyL-
amino-}-hexangne (ll:gl, 25%) in aqueous basic conditions. Amino
ketone II-21 showed a nmr triplet (J= 7Hz) at 77.12 for the Methine
_proton and a quartet (J= 7Hz) at 77.47 for the meﬁhyleqe protons
adjJacent to the carbonyl group. Oxidétion of the aminoeﬂcoholgggg

with Jones' reagent gave amiho ketone II-21.



II-2-3. " to 1,5-cyclooctadiene

The oxidative photoéddition of NNOD to 1,5-cydlboéta§ie5é
was carried out und;r the usual conditions followed by work-ﬁp to
afford a bésic fraction which showed strong ir bands at 1625, 1275
and 860 cm™! (ONO») and nmr singlets at 16.65 (OCHs) and at ¢7.71

7.74% and 7.77 (CHaN). Reduction of the basic fraction with LAH
\ .

followed by chromatography afforded trans-2-dimethylamino-5-cyclo-
octen-1-01 (II-23%a, 48%) and a mixture of endo-2-methoxy-exo-6- s
dimethylamina-9-oxabicyclol 3.3.1]nonane (II-24%, 12% ) and endo-2-

methoxy-exo-5-dimethylamino-9-oxabicyclof4.2.1]nonane (II-25, 4%)

'S

CHas
s ::N-NOZ
CHa

(Scheme II1-3).

hv | H,05
CHsOH _ -
Y - CH
NcH, 4+ CHaélH' ™ CHa
ONO2 OTSFO
. L A -
LAH
& -CHa _
CHas ~ N\\
N 3 CHa Chp
3
B To): CHa0 CHaOs._@NG’a
II-23s II-24
II-25
Scheme II-3
T ol



-25-

Cbmpound IT-2%a was obtained as long colourless nee&Ses and

was identified by direct comparison of its ir, proton nmr{ gcand
ms spectra with those of ah authentic sample prepared by Dr. K.S.
. y -
Pillay (69). Its !3C nmr spectrum (Table II-7) showed expected

chemical shifts and pattern. The two minor oxabicyclic compounds

II-24 and II-25, as é mixture, were identified by gc relative

retention times and mixed injection with an authentic mixtufe(69)

The non-oxidative photolysis of NNOD in the presence of COD
. and HC1 in acetonitrile produced a yellow solution and a red oil
which deposited on the walls of the photolysisxyessel. This oil
might have acted as a filter since the photolysis proceeded si-
gnificantly slower than when NNOD was irradiated in methanol.
This photolysis yielded a complex basic fraction which exhibited
ir absorptions at 3010 cm ! (olefin), at 3250, 1650 and 1035 cm™!
(C=NOH), at 710 ecm ' (C-Cl) and distinct bands at 1555 and 1310
cm ! for a nitro group (71). Among the more than ten products
shown by gc to be present, three were tentatively characterized
by gc-ms analysis: nameiy, 1-chloro-2—dimethylamino—B—cyclobcuze
(II-26, 19%), 2-dimethylamino-5-cycloocten-1-01 (II-23, 32 %),and

2_dimethylamino-5-cyclooctén-1-one-anti-oxime (IT-27, 13%).

) CHs CHa
R = C1, 11-26
~CHs A CHa
N 7
CHs R = H, I11-28 "
- N CHs
R R =trans-OH,II-23a - \ y
Hgt &
R =cis-OH, II-23k ° OH

I11-27 II-29
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Compounds II-26 and II-27 were obtained from distillation of
the crude pasic fraction. Anti-oxime II-27, obtained as white
crystals, exhibited ir bandg at 2930 and 2860 cm™' (CHsN), at
3020 cm~ ! (olefin), and at 3180, 1642, 970, 920 and 900cm }(C=NOH).
The nmr spectrum (Figure II-1) showed a double doublet at ¢7.22
(J= 8.5 and 7.0Hz) for ﬁa, the chemical shift of which w;s in
good agreement with thdt of anti-oxime of the saturated analogue
(72). The signal due to the Hg proton resonated at 76.86 as a

doublet of doublets (J= 12.0, 6.5 and 3.5Hz)(73).

NCHs

W _CHs

Solvent \\Cﬂg

Figure II-1 nmr spectrum (100MHz) of 2-dimethylamino-5-
cycloocten- 1-one-anti-oxime (II-27)

o H~-—v—

1
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The g-chloramine II-26 was obtained as a mixture of cis and

trang isomers. It exhibited ir bands at 3020 cm™ ' (olefin), at
2870, 2830 and 2780 cm ! (CHsN) and at 710 em™ ! (C-Cl). The nmr
spectruh showed a complex multiplet at +5.79 for the methine
protons H;, and two equal intensity singlets at t7.72 and 7.75
for the dimethylamino gfoups. Its ms revealed the M+ ions at m/e
189 and 187 with the chlorine isotope ratio of 1:3. The mass spec-
trum of amino alcohol II-23 was identical to that of an authentic

sample of trans-II-23a (69,74).

The LAH reduction of the basic fraction gave a mixture of
four major products, namely, 5-dimethylamino-cyclooeatene (1I-25, %)

cis-2-dimethylamino-5-cycloocten-1-o0l (II°%,% ), its trans-isomer

(II-23a21y) , 8-dimethylamino-cis-4-octen-1-01 (II-29,12¢).The first
three were identified by gc-ms and mixed inJjection (gc) with au-
thentic samples. The fourth component, IT-29, was ldentified from
the following data; the mass spectrum from gc-ms gave the molecu-
lar ion at m/e 171 and fragments at m/e 84,71 and 58(100 %) charac-
teristic of a dimethylaminomethyl moiety. The protdh nmr spectrum
of the reduced fraction showed a triplet at 16.40 (J= 6Hz) typical
for methylene protons adJacent to a hydroxyl group and a singlet
at v7.78 (NCHa). The !'3C nmr spectrum of the reduced mixture
revealed absorptions at 60.8(t) and 58.5(t)ppm which were attribut-
ed to the C; and Cg carbons of I1I-29, respectively. Thesevalues,
as well as the NCHs signal at 44.7(q)ppm, were comparable with

long chain amino alcohols II-35 and II-39 (vide infra).
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II-2-4. To trans,trans,trans-1,5,9-cyclododecatriene

The non-oxidative photoaddition of NND to tttCDT in methanol

under a nitrogen atmosphere was carried out and worked up in the

manner well established in this laboratory. The emergence of a -

stong new gbsorption band around 300 nm in the uv spectrum was

attributed to an intermediate, the dimer of C-nitroso compound

I1-30 (19,75). ~ ,.,/Q

The ma jor product, isolated as white needles, was syn-1-

oximino-2-dimethylamino-trans,trans-5,9-cyclododecadiene (II-31,

76%)(Scheme IT-4). Elemental analysis and high resolution mass

spectroscopy established the molecular formula as Ci,H24NO. The

ir spectrum exhibited absorptions at 3180, 1650 and 1000-900cm !

(C=NOH), at 3030 and 960 cm ! (trans double bonds) and at 2780

cm

-1

(Bohlmann). The nmr spectrum showed four olefinic protonsat

0 CHs
_ CHs _
\ %{’ H

N NH i
N QHaCHg
N~

IT1-30 IT-31

HoN (B HS
+ Hs [ Hi &
3
SN—N O

CHs” 2
II1I-3%2
II—}6
Scheme II-Y4

&\\

s oAt 2 ol
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T4.91 (J= 14Hz) and a singlet at T7.77 (NCHs). The C» proton was
seen at 16.70 as a doublet of doublet (J= 7.0 and 3.5Hz). A com-.
parison of the nmr of II-31 with that of amino ketone ££:2§Kvide
infra) showed that the C» proton was deshielded by 0.38ppm in
amino oxime II-31 and the C,> proton remained at the samechemical
shift, indicating the syn configuration for the oximino group(76).
The '°C nmr spectrum of II-31 (Table II-2) showed the expected
chemical shifts. The mass spectrum of II-31 gave a strong M+ ibn
peak at m/e 236, the base peak at 219 for a léss of OH, and the
peaks at m/evllo, 84, 71 and 58, characteristic for dimethyl ter-
tiary amines. The structure of amino oxime IT-31 was further con-
firﬁed by its hydrolysis in 2N hydrochloric acid to an amino
ketone (1715 cm ') whose spectroscopic déta were identical with

those of an authentic sample of II-36.

Crude amino oxime II-31 was reduced with LAH to give l-amino-

2-dimethylamino-trans,trans-5,9-cyclododecadiene (II-32 , 90y ),

which was shown by elemental analysis and high resolution mass
spectrometry to have the molecular formula Ci4HoeNz.Diamine II-2
exhibited ir absorptions at 3360 cm™ ! and the Bohlmann bands at
2820 %29\2770 cm '. The '3C nmr spectrum (Table II-?) showed lines
at #8.7(d) and 58.5(d) ppm for the carbons attached to the amino
and dimethylamino groups, respectively, in accordance with repor-
ted values (7TQ( Its 'H nmr spectrum (Figure II-2) showed that the
Cl proton was vicinally coupled to the C, proton with a coupling
constand’ of 3.5 Hz, the magnitude of which suggested that dlamine

II-32 might have the same configuration at C,,Cs as amino alcohol
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II-34b (Table II-3).

NCHs

HgHgHgH, 0

Flgure II-2 ly nmr spectrum (100MHz) of 1-amino-2-dimethyl-
amino-trans,trans-5,9-cyclododecadiene (II-32 )

The oxidative photoaddition of NNOD (or NND) to tttCDT was
carried out under the usual conditions followed by work-up to
give neutral and basic fractions. The -neutral fraction afforded
.tttCDT and cttCDT in the 30:1 ratio. The basic fraction exhibnad.
strong infrared bands at 1620, 1275 and 860 cm~! (ONOz), at 1710
cm ! (C=0) and 3350 and 1040 cm™ ! (C-OH). The nmr spectrum showed
multiplets at T4.60 and 4.82 for the olefinic protons andsr@kms’
at Tfr‘.so{(n-}ua), 7.72 (I11-37a + II-34b), 7.76 (II-37b + II-33)
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and 7.80 (II-36) in the approximate Patio\Q£Y§E6:3:2 for the

diﬁethylaﬁino groups.

Reduction of the crude basic fract with LAH, followed by

extensive column chromatography afforded 1—dimethy1amiho-trans,

trans-4,8~cyclododecadiene (II-33, 3%), the threo (trans) and

erythfo (cis) isomers of 2-dimethylamino-trans,trans-5,9-cyclo-

dodecadien-1-0l1 (II-34%a, 35% and If-}hb, 12 %) and 12 -dimethylamino-

‘trans,trans-4 ,8-dodecadlen-1-0l1 (II-35, 24% )» (Scheme. II-5).

CHs CHs

»  Schéme II-5
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The structure of amino alcohols II-34a and II-34b was as-
gigned on the basis of the following arguments. Their elemental
analyses and high resolution mass speétra established'their mo-
lelar formulae as C;4H>sNO. Both alcohols exhibited characteris-
tic ihfrared absorption bands for é‘hydroxyl function and for trans
double bonds (980 cm‘l) (78). The '3C nmr spectra (Table II-2)of
both thé alcohols showed four olefinic carbons. The carbons bonded
to the hydroxyl group‘(Cl) appeared at 69.7(d) and 68.4(d)ppm for
II-34b and II-BMa,‘respectively, in good agreement with literature
values (77). However, the chemical shiftsof the C» carbons ex-
hﬂﬁéd 6.7 ppm difference between the two isomers indicating that
II-34b (66.6, d) was deshielded while II-34%a showed a normal shift
(59.9, d). The 'H nmr spectra of compounds II-34a and II-34b and
partially spin-decoupled spectra are shown in Figure II-3 and
Figure II-4, respectively, and their parameters are summarized in
Table TII- 2 with those of related compounds. The coupling constants
of the Cy, and Cz protons were determined to be 7.5 and 4 ,0Hz for
II-34a and II-?4b, respectively by decoupling experiments. The
mass spectra of alcohols II-34%a and II-34b showed the same frag-
mentation patterns and differed only in the relative abundance of
the various peaks (Figure II-5). In both cases, the most intense
peak was observed at m/e 71 corresponding to the molecular ion
C4HgN, along with the m/e 58 peak which were the common peaks of

a dimethylaminomethyl moiety (63,69).

W

The amino alcohol ITI-35 was not detected from the basic frac

' “
tion of the photolysate but obtained only after LAH reduction and
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cyclododecadiene derivatives
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was shown by elementél analysis and high resolution mass spectro-
metry to have the molecular formula C14H27NO. It exhibited ir
bands at 3380 and 1060 cm™ ! (C-0H), at 3020 and 970 cm ! (trans
olefin), but no absérption near 700 cm ! for a cis double bond(B).
The \!2C nmr spectrum of II-35 (Table II- ) exhibited nine lines.
The signal at 129.9 ppm was very intense in comparison with other
peaks and was attributed %o three olefinic carbons. The methylene
carbons at 61.6 (t,C;) and 59.1 (t, C;2) ppm were assigned by
analogy with reported !3C chemical shift data (77,79). The !'Hhmr
indicated four olefinic protons at r4.56 and the CHaN signal at
’77.78 (s, 6H); the methylene protons adjacent to the hydroxyl and
dimethylamino groups were seen as simple triplets at r6.39and 7.03
respectively.‘The mass spectrum of II-35 (Figure II-5) exhibited
a molecular ion peak at m/e 225 and showed mass peaks that might
be derived from the fragmentation pattern as depicted in Scheme
II-6. The hydrochloride of II-35 gave the correct analysis for

4

C14H2gNOC1.

HO
VMAAN e — AN \CH
\

CHa m/e 126
IT-35
+//CH3
N
n /CH3 +N/CH3 N \CHa
—N\CH3 /. CHg
m/e 58 m/e 71 m/e 84
/ Scheme II-6
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Tﬁe volatile anilne II-33 had a mass spectrum identical to

that of a sample synthesized independently (vide infra). It
codistilled with methylene chloride on a rotary evaporator.
Amine II-33 showed the correct mqlecular ion at m/e 207 and frag-
ment peaks typical for a dimethylamino moilety at m/e 84,71 and 58.
Its infrared spectrum exhibited characteristic bands at 2850,2820
and 2770 cm ! (Bohlmann) and at 3020 and 960 cm™! (trans olefin),

but no absorption of a cis double bond near 700 cm~! (78). "

Amino ketone IE;}Q gave correct elemental analysis and exact
mass for an M ion of C14H23NO. The if spectrum of II-36 showed
absorptions at 2940, 2920 and 2860 cm™! (Bohlmann), at 1715-1720
em™ ! (C=0) and at 975 and 960 cm ! (trans olefin), but not near
700 cm ! (cis olefin) (78). This compound gave one spot on tlc
and one peak on gc. Its proton nmr spectrum showed a sharp singlet
at r7.80 for the N—mefhyl groups, four olefinic protons at t4.90
and 5.04 and a complex two protons multiplet at r7.08 probably due !
to the C2 and one of the C,»> protons. The !3C nmr signals were
asslgned as shown in Table II-2. The mass spectral (FigureII-6)
fragmentation pattern of gg:éé can be explained as shown in
Scheme II-7. The methyl iodide of II-36 gave the correct analysis
for CysH;6INO and ir absorption at 1715 em™ ! (C=0). The reaction
of amino ketone El:éé with hydroxylam;ne hydrochloride inwbasic
conditions gave syn-amino oxime II-31 and its LAH reduction gave

a mixture containing alcohols II-34a (14%) and II-34b (7% ).

: -
The basic fraction of photolysis did not show any discernable
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changes 1in its respective ir and nmr spectra when treated with

aqueous acid or base (pH~10). The LAH reduction of the recovered

crude products gave nearly identlical mixtures as those without

treatment. Treatment of the crude basic fraction with sodium bao-

hydride gave a product which showed the strong absorptioné ofthe

nitrate group but no carbonyl absorption (1715 cm !). This indi-
CHa CHs CHg [fHa |
/ g7 +
N
.N+O ‘ H
_ Tom/ew3 -
m/e 221 l'
CHa /CH3
TI-36 Ray
CHa CHa I
\N/;
/
) m/e 124
m/c 71 \\
Scheme TI-7
100
80 A
e
K
45 6o I1-%6
3w
20 1 M 229
‘ ﬂ— 1 .' 1
N )
60 80 Yoo 120 140 &0 200 220
. b . m
Figure II-6 Mass spectrum of 2-dimethylamino-trans,trans-5,9-

cyclodecadien-1-one (II-36)

N
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cated that the nitrate group is very resistant to this reducing
agent. Chromatography of the crude product géve 1-nitrato-2-

dimethylamino-trans,trans—5,9-cyclododecadiene4(II—37a). The

molecular ion at m/e 268 and analysis agreed with the molecular
formula Cy4H24N205. Tt showed infrared absorptions at 3020 énd
960 cm™! (trans olefin), at 1620, 1275 and 855 cm ! (ONOp) and at
2850, 2820 and 2780 ( Bohlmann bands). The '3C (Table II-2) and
proton (Table II-3)nmr spectra exhibited signals in consonance
with II-37a. Hydrazine hydrate reduction of II-37a catalyzed with
Pd/C ( 80) gave amino- alcohol II-34a in good ylelds; the conflgura-
tion at the C, and C> was therefore thg same. This was also indi-
éated by the laﬂ%e coupling constant J1’2= 7.5 Hz observed atthe
Co proton (77.2%, dt, J=7.5, 7.5 and 4.0Hz), which was the same
magnitude with that of II-34%a (Table II-3). The mass spectrum of
II-37a showed amolecular ion at m/e 268 and the (Mt-NO,) peak at me

222 as the base peak.

Another fraction of the previoug chromatography gave a mxture

of amino alcohols II-34%a, II-34b and a nitrate ester, as seen by

ir bands at 1620, 1270 and 860 cm !. The nmr spectrum of this
fraction exhibited singlets at T77.60 (II-3%a), 7.71(II-34b) and
7.76 in the 3:1:2 ratio; the last one was probably due to the other
‘nitrate ester isomer II-37b. Reduction of this fraction with LAH
gave a mixture which showed a nmr spectrum containing a triplet
at T6.40 ({:§.5Hz, II-35) and the singlets at 77.60 (II-34a)7.71
(II-34Db) ahd'7.78 (II-35) in a 2:1:1 ratio. These two ratios

indicated that the unisolated amino nitrate ester II-37b was

- \

e
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present in the phofolysate and that ca 75% of II-37b was cleaved
during the LAH reduction.

The basic fraction was also reduced by hydrazine hydr¥ate in
the presence of Pd/C (80) to give a mixture of isomeric amino
alcohols IT-34a and II-34b in a 1:3.5 ratio as indicated by its
nmr spectrum. Since under these conditions, ketone ;2:2@ did not
give aicohols, th; ratio represents the ratio of nitrates II-37b
and II-37a.

When pure amino nitrate ester II-37a was reduced with LAH,
it yielded the open chain amino alcohol II-35 (82%) and amino
alcohol II-34a (A%) in a 1:11 ratio as indicated by the intensities
of the singlets at +7.90 (II-34%a) and 7.78 (II-35). Since the
reduction of nitrate esters gives the co?PesEQQding alcohols
without disturbing their stereochemistry (81), &I—B7a and II-34a
were further proved to have the same configuration at the C,,Co
bond. Furthermore, this also indicated that II-%7a was cleaved
during the metal hydride reduction.

When oxidative photoaddition was carried out in the presence
of a four fold and ten fold excess of NND and the crude products
reduced with LAH, the yields of openrchain alcohol II-35 increesed
significantly and those of amino alcohols II-34a and II-34b

decreased (Table IT-%).
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ratio tttCDT/NND ;.4 14 1:10
Compound

T1-33 12 (<1?) 8 (6) 9 (7.5)

I1I-35 30 (25) 54 (41) 58 (49)

IT-34a 49 (41) 20 (15) 18 (15)

II-34b 15.5(13) 13 (9) 10 (8.5)

a, ylelds based on relative areas of all gc peaks.
b, ylelds estimated fromtotal fraction and based on starting

tttCDT.

Table II-4: ylelds of products obtalned from the photolyses of
NND with tttCDT followed by LAH reduction.

II-2-5. To cis,trang,trans-1,5,9-cyclododecatriene

The acidic photolysis of NNOD (or NND) in the presence of
cttCDT and oxygen gave a neutral fraction containing mostly the
starting olefin with its tttCDT isomer (5%) indicating that isom-
erization took place during the photolysis.

The basic fractlion exhibited strong infrared absorptions at
/\
-
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1530, 1280 and 980 cm ¥ (ONO»s), at 3400 and 1035 cp‘l (c-OH), a )
medium band at 1710 cm ! (C=0) and at 705 ecm ! (cis Qlefin).This‘
fraction was immediately reduced with LAH to give‘a complex frac—

tion containing low ylelds of Ii—}ﬂa, I1-35 and possibly II-24b,

the products from addition to the cis double bond, and 2-dimethyl-
amino-cis,trans-5,9~cyclododecadien-1-01 (II-38a, 33%) and
12-dimethylamino-eis,trans-4,8-dodecadien-1-01 (I1-39, 15%), the

addition products to the trans double bond in good ylelds. The

former group of compounds might also arise from additiontotttCDT

obtained from isomerization of the cttCcDT.

_CHa

toor R2:N\\CH Pl\/‘\/‘\\/\/::\/\
3
Ro

R- or R;=0H
R

Ro

TI-3%a 11-39

The samples of II-38a and II-39 obtained from chromatography
gave the expected '®°Cnmr spectra (Table II-2) as compared with

the analogues II-34a, I1-24b and II-35; this indicated that they

are homogeous and the additlon was regiospecific although the
precise regiochemistry could not be obtained. The amino alcohol
II-38a had a correct elemental analysis and gave a correct exact
mass for Cy4HzsNO. It showed !Hnmr comparable with that of l;:é{
(Table II-3) and the same mass spectral fragmentation as II-34%
differing only in the relative abundance (Figure II-7).

Elemental analysis as well as high resolution mass spectro-
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metry established the molecular formula of open chain amino
alcohol II-39 as C;4H2sNO. Its infrared spectrum exhibited a:forp-
tions at 3380 and 1055 (C-OH) and at 965 and 700 cm™! for a trans
and a cis double bond, respectively {(78). The 'Hnmr and mass

(Figuré I1I-7) spectra were comparable to those II1-35.

II-2-6. To endo-dicyclopentadiene

Photolysis of an acidic (HC1l) methanol solution of NNOD (or
NND)iJéggg—DCPD under oxygen gave a very complex neutral fraction
which waéﬁnot investigated further. Neutralization at 0° followed
by immediéte extraction gave a crude mixture showing strong infra-
red absorptions at 1625, 1280 and 860 cm™ ! (ONOz), at 2730 and
1720 em~ ! (CHO) and at 3400 and 1030 cm ! (C-OH). Olefinic protons
were seen in the nmr speétrum at 73.76 and 4.37 in a 1:1 ratio
typical of norbornene and cyclopentene double bonds, respectively
(82,83). This structural feature was also suggested by the ir
bands at 3050 ecm !, 750 (norbornene) and 700 cm ! (cyclopentene)
(84 ). "

Immediate reduction of the crude basic‘fraction with LAH

gave trans,cis,trans-2,4-bis-hydroxymethylbicyclo[ 3.3.0]oct-bO~-ene

(IT-4%0, 21%), exo-9-dimethylamino-endo-tricyclo[5.2.1.02°6]-3-
decen-exo-8-01 (IT-41,25%2) and a compound postulated to be idime-
thylamino-endo-tricyclo[5.2.1.02"¢]-8-decen-3-01 (II-42, 82);

most polar compound was isolated as a mixture with II-41. Two

other unidentified minor compounds were detected by gc but were

not investigated further.
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CHa
\
CHa-N
HO

F,

=)

Ry or Rz2=0H 2= CHO

T Ro OP R1:N<CH3)2

, ITI-43

R= CHzO0H, II-40

TI-42

The high resolution mass spectrum of II-41 indicated a molec-

ular ion at m/e 193.1465 in agreement with a molecular formula
Cy2HyoNO. The ir spectrum of ;2;51 indicated the presence of a
cyclopentene double bond (70R8 cm_l),-a hydro;y\ggggp (3300 and
1070 em ') and a dimethylamino moiety (2880, 2830, 5782 and 1030
cm '). The nmr spectrum of II-41 (Figure II-B) showéﬁ the olefinic
g}otons at t14.38 and 4.53, typical of a cyclopentene double bond
(82,83). The endo-cis orientation of the Cg and Cg protons was
indicated by the coupling constant of JHg-Hg™ 6Hz (85). The Ce
endo proton was also coupled with the C,0 *anti proton thppugh
the léng range '"W-plan'coupling (J=1.5Hz)(85) and with the
protoﬁ\ﬂ{;l.BHz). The Co endo proton was weakly coupled with the
\\\\\k |

#The anti structﬁpF in this molecule is defined relative to the

1

Cg,Cgo carbons. 1

o
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Cio anti and C, protons; the last two couplings could not be

measured difectly but were approximated to account for the broad-
ening observed 1n the Cg axlal signal. A possible mass spebtral

fragmentation pattern is shown in Scheme II-8 and Figure II-9.

&f}

1 HO /e SN,

Scheme II-8
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Figure II-9: Mass spectra (80eV) of exo-9-dimethylamino-endo-

tricyclof5.2.1.0% ®]-3-decen-exo-8-01 (II-41) and trans,
cis}trans—?,4-bis-hydroxymethylbicyclo[3.3.0]oct—6—ene
(II-40)
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The structure for II-42 is péstulated on the basis of the
following data obtalned from a 1:1 mixture with II-41. A gc-ms

showed that II-42 is an isomer of II-41 having the same Mt at

m/e 1933. The nmr spectrum of this isomeric mixture contained a
multiplet at 13.22 for the double boga in norbornene (82,83) and
a singlet at 77.67 fot the dimethylamino moiety of II-42.

High resolution mass spectrometry established the molecular
formula of diol EE;EE as Cy~H;e02. It showed 1r absorptions at
2259, 1065 and 1722 em ! (C-0H); the nmr spectrum (Figure II-1Q)
showed two exchangeatle protons near 77.7, two olefinic protonsat

T4,3) and 4.42 and two doublets (J=7Hz) at t%5.3% and .41 for the

two non-eguivalent hydroxymet¥yl groups. While the trans,cis,trans

configuration derived from trans,cis,trans dialdehyde II-43 was’

assizned for 22;52, the stereochemistry is not rigourously deter-
mined. The mass spectrum of lg;ig (Figure I1-3) showed the molec-
‘ ﬁlar ion at m/e 1%2. The presence of this compound was further
confirmed by isolation of its gig—p—nitrobenzoé%q)defivative
which zave correct elemental analysis for Co4Hs2N50g.

When the crude basic fraction contalning the aminonitrates
was allowed to deéompose under acidic condiﬁions, (pH<?2 and pH 4)

the maJor decomposition product was found to be dialdehyde II-43

‘or its epimer) in only ca 2% and ca 4 g ylelds, respectively.
Zompound 22:32 was 1solated as a %:1 mixture with an unknown
product. It showed absorptions at 1720 and 2730 cm ! and clear
nmr doublets of the same intensity at 70.28 (J=1.5Hz) and 0.34

Hz) for the aldenydes. This compound was tentatively as--

n

-~
.« . =,
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Figure II-10: 'Hnmr spectrum (100MHz) of trans,cis,trans-

2,4-bis-hydroxymethylbicyclof3.3.0]oct-6-
ene (II-40)
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sy

signed a trans,cis,trans configura;ig?lbut epimerization masy have

occurred. The expected Mt ion for Ciohlgog at 164 wég\Bbserved
during gc-ms analysis. When the basic fraction was treated in
basic conditions (pH 10) the resulting fraction still showed

strong ir absorptions at 1625, 1280 and 860 cm™! for a.nitrate

ester group. After LAH reduction, it yielded diol II-4%0 (10%) and

amino alcohols II-41 (29%) and II-42 (5%) as the maJor products

/
along with several other unidentified minor components.

II-2-7. To cis,trans-1,5-cyclodecadiene

Photolysls of a methanolic solution of NND in the presence
of perchloric acid and 1,5-cyclodecadiene under oxygen atmosphere
exhibited the expected zero-order decrease of the nitrosamine
absorption at 345 nm. The photolysis resulted in the formation of
saturated nitrate ester compounds (cay8%) as the major products in
addition to small amounts (ca 5% ) of unsaturated products.

The perchlorate salt of the nitrate ester (32%) crystallized
from the photolysate and has been tentatively identified as 2-ni-
trato-8-dimethylamino-cis-bicyclol 5.3.0}decane (II-44a), one of
the two possible isomers at Co (Scheme II-10). For reasons to be
discussed, it was assumed that transannular 5-7 ring closure had
occurred to give a cis-fused compound as opposed to trans-fused
compounds; for convenience the description of the chemistry will
be based on this structure. Compound II-44a analyzed correctly

for Cy2H23N:0+C1 and exhiblited the charactefistic ir bands of a

"nitrate ester at 1605, 1290 and 890 cm”!. The !3Cnmr chemical
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TI-4k
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2 or
T HO™ H
- H(NbH
CHs CHa  II-47b CHs UHa 147z

Scheme II-10

shifts of II-44a can be seen in Table II-5 along with other

bicyclol 5.3.0] derivatives. While in deuterated methanol TI-44a

exhibited two non-equivalent CHs carbons at 42.0(q) and %1.8(q)

ppm, it showed one peak at 42.0(q) ppm in DMSO-de. The 400 MHz'!H

nmr spectrum* (Figure II-11 and Table II-6) showed no olefinic '
*

hydrogens but a broad doublet of doublets (J= 10.4%, 10.0 and

<0.6Hz) at TH.17 fa? the Cz proton. The signal at T7.46 for the

#* .
We are grateful to Dr T. Nahashima from the University of
Alberta, Edmonton, for the 400MHz Hnmr spectra.
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Figure II-11:

'Hnmr spectrum (400MHz) of the perchlo- ~

rate of 2-nitrato-8-dimethylamino-cis-bicyclo[5.3.0]
decane (II-44a).
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v

Chemical shifts (7) and coupling constants (Hz) of the

perchlorate of 2—nitrato—8-dimethylamino—cis-bicygio

"[5.3.0]decane (II-4k4a)

_Proton T J
H, 7.46(dddd) 8T1.7=12.0, Jy_2,=10.4, &, _ o=
3.8, Jy-101=5.4Hz (and <0.5Hz)
Ho g 5.17(ddd) Jog-1a=10.%, Jogq_35=10.0 and
' Jog-3e <0.6Hz
7 H3 g Ol(m)
H4'JH53H6)HIO 8 32‘8-64 (ma
H7 7.56(m) 2 big couplings =10-12Hz (and
small couplings <1Hz)
ng,l‘ E 6.85(m) 2 big couplings =10-12Hz, 1 me-
' dium coupling ~6-7Hz (and small
couplings s1Hz)
He 8.22(m)
\\/
7.08 ( ’ JCHg—H = 5.0HZ
NH 1.06(bs)

a, may be interchangeable.
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-

C, proton was analyzed as indlcated in Figure;iI-12 and shown to
possess three big and a medium coupling constants; these cou-
plings were consistant with structure II-44a but not with the
alternate structure II-45. As shown with Drelding Models of IT-44a,
the C,; proton had dihedral angles nearly zero with H, and H,o,
180° with Hszg and 120° with H;o1, explaining the observedcoupling
patterns; only one diaxlal (180°) coupling of ca 10Hz should be
observed with structure ii;ii since all other dihedral angles
are nearly £0° (J < 6Hz). Since thé Ca protaon at ¢6.85 showed
two big coupling constants (JHB-H7‘aﬁd THa-Ho = 10-12Hz) %gd‘one
medium coupling constant (JH —Hg' = 6—7Hz), thisvproton was be-
lieved to be tzégﬁ_to 3?3 ring Juncture: placing the dlmethylamino
moiety cis to the ring Juncture. { |

The lithium aluminium hydride'reductioh of the crude basic
fraction gave mostly“the two iEOmers’at the Cg carbon, the’
S-dimethylamino-cis-bicyclol 5.3.0]-2-decanols (II-46a ‘and II-46b)
in 65 and-13% yilelds, respectively, in eddition to 5% of an un-
known product The maJjor amlno alcohol HI -46a gave the expected
elemental analysis as well as the correct high resolution mass spec-
trum for the molecular formula’ g32H23NO. The }SCnmr spectrum.cf/’
IT-46a (Table II-5) showed eleven lines in which the C2~aeq Cs N
carbons resonated at 76.2(&) and 75.5(d)ppm,'respectively; they
were considerab;y deshielded %n comperisop-ﬁith chemicaleshifts
of 64-69 ana 58—6uppm‘for carbons carrying a h&croxyl and a
dimethylamino group, respectively (vide supral??). As the‘LAH’

reduction of II-44a yielded alcohol II-46a, their stereochemistry
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~

5 Hz

[ o )

* [ )
Figure II-12: ‘!'Hnmr (400MHz) expansion spectrum of the
C, proton of the perchlorate of 2-nitrato-8-dimethylamino
-cis-bicyclol5.3.0]decane (II-44a).
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must be identical. The minor amino alcohol II-46b was obtained
as a 2:1 mixture with II-46a. The ir and 60MHz !Hnmr spectra of this
mixture were very similar to those of pure II-46a. The 13cnmr
signals of II-46b were obtained by mannual subtraction of those
of II-46a from the sﬁectrum of the mixture (Table II-5). Both of
these isomeric amino alcohols gave the same mass fragﬁents in ge-
ms analysis of the mixture; only fragment ion intensities were
different. In both cases, the most intense peak was observed at
m/e 84 for CsH;oN and gave a molecular ion at m/e 197 correspon-
ding to C4,2H23NO.

The oxidation of either alcohol II-46a or mixture of isomers

II-46 with Jones'reagent (86) gave a single ketone, 8-dimethyl-

amino—gi§ibicyclﬂz5.3.0]—2-decanone (II-47a). It showed the correct
molecular ion at m/e 195 for C,2H>,NO, an ir absorption at 170%m?
(C=0) and a nmr singlet at 1+7.73 (NCHs). Its !3Cnmr spectrum
(Table II-5) had the deshielded Cg carbon at 73.6(d)ppm as obsaved
in II-44 and II-46. The fact that both alcohols II-46 gave-a

'single ketone oh oxidation, unequivocally established that they
were epimeric at Co. '

The bilcyclic ketone.II—47a,‘on treament eilther in acidic or
basic solution gave a 2:3 equilibrium mixture of amino ketones
ITI-47a and II-47b. The epimerization must have occurred at C, to
give a trans-5,7-ring fusion in II-47b. The mixture of II-47a
and Ii-&?b could not be separated by chramatography, but showed
two distinctive NCHs singlets at 77.73 (II-47a) and 17.76(1I-470)

and two sets of !3Cnmr signals (Table II-5).
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The non-oxidative photoaddition.of NND to 1,5-cyclodecadiene
with a »350nm light resulted in the emergence of a new absorption
band at ~300nm which increased steadily to a maximum after 7.5
hours and then decreased slowly on further irradiation. The photal-

ysils was discontinug;ﬂ;éen the 300nm band reached its maximum
intensity and the photolysate was worked-wto give a mixture consis-
ting of ca 1:1 mixture of the two syn and anti-isomers of 2-oximino-
8-dimethylamino-cis-bicyclol5.3.0]decane (II-48)and several other
unidentified minor compounds. Acid treatment of the crude photo-
lysate gave anti-oxime II-48b (63%) and two -amino ketones II-47

(22%). This indicated that the two isomers in the mixture were

syn and anti-oximes and possessed the same structure otherwise.
QH
A
syn , II-48a H*

II-48s —5— II-4%Db
anti , II-48b - —

H
74
CHa CHs

Amino oxime II-48b gave correct elemental analysis and exact
mass for Cy2Hz2N20. Its ir spectrum showedlabsorptions at 3170,
955 and 910 cm”! (C=NOH) and at 2820 and 2780 cm” !(Bohlmann bands).
The anti configuration was assigned to II-48b on steric grounds but
neither !3Cnmr (Table II-5) nor 'Hnmr spectra were ijnformative for

structural determination. Hydrolysis of the pure amino oxime II- 48b

gave a 2:3 1someric mixture of ketones II-47a and II-47b.
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II-B.\ Transagnular Electrophilic Reaction of Alkenyl Nitroso

Compounds _ )ﬁ\

I7-%-1. Anti-dimer of cis-l-nitroso-2-chloro-5-cyclooctene

Nitrosyl chlorido was prepared as a by-product‘in the
preparation of'potassipm nitrate from potassium chloride and
nitrogen dioxido (87) in the presence of water. Addition of a
methylene chloride solution of nitrosyl chlorjide to 1;5—cyclo-
octadiene at low temperature gave a deep blue colour due to
monomer II-51 (25,28) which was 1solated as the dimer (or azodi-
oxy compound) in relatively low yield (37-42%), due to its solu-
bility and its irreversible tautomerization to the corresponding
oxime chlorides II-52 (vide infra). The colourless dimer of II51
analyzed correctly for (CgHy;2NOCl)z. The uv absorption at 29%nm
(e max 6250) and the ir absorptioﬁs at 1238 and 1208 et indi-
catedthe anti-configuration for the azodioxyl group (31,35). The
ir spectruﬁ of II-51 also showed bands at 7326 cm™! (C-Cl) and
2020 cm™! (olefin). The recryétallized dimer showed an eight
line !3Cnmr spectrum (Table II-7) indicating that the sample
was homogeneous. Furthermore, each isolated crude product as
well as the mother liguor of the reaction also showed this elght
line pattern and other !3Cnmr lines due to oximes I1-52,but not

for another dimer. This indicated that addition occurred stereo-

-
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specifically to-:give only one produect II1-51, tdﬁwhich the&cis—

1)

configuration ﬁas assigned. It also indicated that, while.gggg
or glvdiﬁers were possible, only one dimer, probably, the more
stable one was formed. The 'Hnmr spectrum of the dimer of I1-51
(Figure II-13) showed the C; and Cp protons at t4.57 and 5.48,
respectively. Decoupling experiments (Figure II-13) indicated

that they were not coupled to each ogher, in qzmparison to a

large coupling constant observed for trans-II- 3a (J1_2=7Hz)
t/‘\
suggesting a cis-configuration of the functional groups. The
pseudo-axial orientation of the C,; proton was indicated by a
large coupling with the Cg, proton (J1.84=11.5Hz). The lack of

<

big goupling for the C» proton signal (wézlle) suggested that
3‘pted a pseudo-equatorial orientation, in a staggered posi-

it ad
tion with the respective Cs protons. Such a conformation would
place the chlorine in close proximity to the double bond and
might cause the observed downfield ; (ca 0.25 ppm) of the

olefinic protons in comparison with related. compounds (Tcal.l5)(63)

ITI-3-2. Reactions of the dimer of II-il

Decomposition of a neat sample of the crude dimer of II-51
at room temperature for several weeks gave exclusively a 2:1

isomeric mixture of anti and syn chloro oximes II-52a and II-52b

(Scheme IT-11). The !Hnmr spectrum of the isomeric mixture exhib-
ited the C> protons at 75.68 and 5.40, respectively, as a doublet

of doublets..The latter absorption was attributed to szn-oxime'
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II-52b considering the'anisotropic effect of'the hydroxyl group
(76). The !'3Cnmr spectrum of the mixture showed two sets of elght
1ine§ (Table\II-7), one set of lines being relatively more ﬁtense
than the other. Pure syn-l-oximino-2-chloro-5-cyclooctene(II-52b)
contained the correct M ion peaks at 175 and 173 and elemental
analysis agreed with the molecular formula CgH;2NOCl. The infra-
red spectrum exhibited absorptions at 3300, 1645, 985 and 900cm™!
(C=NOH); the nmr spectrum showed a doyklet of doublets at T5.40
(J=7.0 and 5.0Hz) for the methine proton, two protons multipiet
~for an olefinic bond at T4 ,.3% and an exchangeable proton at r2.26.

(a) with hydrochloric acid: After removal of the dimer of
II-51, the blue mother liquor was decomposed 1in methanol-hydro-
chloric acid to give a mixture which was characterized by gc-ms
analysis as methoxy ketone II-53 (16%), chloro ketone II-54%
(16%), methoxy oximés II-55 (329), chloro oximes II-52 (6%), two
unidentified products X (13%%) and Y (4%) and 2,6-dichloro-9-
hydroxy-9-azabicyclol 3.%.1]nonane II-56a (1% )(Scheme II-11).
The two ketones II-57 and II-54% were isolated by preparative gc
and their respective ir, nmr and mass spectra were in good égree-
ment with the proposee ;tructures (see Experiment Part). The
methoxy oxime II-55 was identified by gc-ms and had a molecular
ion peak at m/e 169 and an intense fragment at m/e 152 due té the
loss of an OH.

Compound X was isplaféd by preparative gc as a colourless
0il which decomposed on standing. The mass.spectrum of this com-

[}

paund exhibited no obvious molecular lon; however it showed
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fragments at m/e 162, 140 and m/e 134, 132, both with a one
chlorine ratio. The ir spectrum of X exhibited absorptions at’

2L, 3010,;}fblandh735 cm~! suggesting the presence of a
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hydroxyl group, a dpuble bond, a c;rbonyl function and a chlorine
atom, respectively¥. The nmr spectrum of X showed a two protons
multiplet at r4.46 attributed to the olefinic protons and two

.QJ‘~methine protons at 15.70 and 6.09, the former being assigned to
thét geminal to a chlorine atom. No esr signal was detected for
compound X.

The structure of hydroxylamine II-56a was postulated on the
basis of its mass spectrum which did not show the molecular peak
but base fragments at m/e 196, 19%, 192 with a two cglorine
pattern correspoqding to a loss of OH, and fragments at m/e 132,
130 with a one chlorine pattern for é further loss of HC1l. Two
chlorine atoms in the molec;le were in favor of a cyclized prqd—

uct and this was confirmed by the est spectrum of the reaction
mixture‘showing a bzoad Eiiiigf at g 2.0062 (ay 17.2 G and line
width 5.7 G) characteristic of a flexible bicyclic[3.3.1] nitro-
xide radical II-56b (62). The bicyclic{¥.2.1] system II-57 was
rejected due to the fact that rigid bicyclic[4.2.1] nitroxide
radicals give well resolved patterns with hyperfine splitting
constants ay, y 8.5.75G ang alig ~1-3+2.5G (F2,88).

(b) with perchloric acid and methanol: The isolated dimer
of II-51 was treated in a 1:4 mixture of methylene chloride-
methanol containing small amount of perchloric acid at 40° for
one day. By gc mixed inJection, the neutral fraction was shown
fo contain chloro oximes II-52 (73 ) as the maJor product, along
with xetones II-53 and/or II-5% (1z ) and methoxy oximes II-55

(152 ).
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A pure minor product (ca 5%) was obtained from the basic

fraction. This white so0lid appeared to be 8ex0-2-chloro-endo-

5-methoxy-9-hydroxy-9-azabicyclol 3.3.1]nohane (II-58a) based on the
following spectra (Scheme II-12). Hydroxylamine II-58a had ir
absorptions at 3200 and 1050 cm™! (N-OH), at 1088 cm™l (CHa0)
and at 910 em ! (C-Cl). The esr spectruh of II-58a showed amajar
broad triplet similar to II-56b and was attributed to II-58b
(g 2.0073, ay 17.5G and line width 5.5G. It is well known that
hydroxylamines are easily oxidized in the presence of air to
give the corresponding nitroxide radicals (89). The middle 1line
of the triplet showed some hyperfine splitting which mightbe due
to other radical specles since the outs: lines did not show
any splitting. The nmr spectrum of II-5 did not show any ole;
finic protons at T ca 4.5 but had a methoxy signal at 16.64 and
two multiplets at 15.68(w% 8Hz ) and 6.02(w% 22Hz) for the pseudo
equatorial and the pseudo axial protons at Cg and C», respective- -
ly. The mass spectrum had the Mt ions ag m/e 207, 205 required
for CsH;eN0O2Cl and the bafse fragment at 190, 188 from the loss
of an OH group.

(c) w¥th dimethylae}ne hydrochloride and methanol: Sinée
the two previous reactions yielded the oximes II-52 as the major
product due to the acid-catalyzed tautomerization of the.C-ni-

troso II-51, dimethylamine hydrochloride was chosen to reactwith

a, the exo structure in this work is defined relative to the ni-
trogen bridge; ie: if in a chafr-chair conformation, exo corres-

ponds tothe axial position. ,
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II-51 in a methanol-methylene chloride solution at 40°, Analysis
of the neutral fraction by tle, ir and nmr spectra showgditcon-
tgined oximes lliég as the major product (81%), but hydroxylamine
IT-58a was prdduced in a better yield (ca 9%) than the previbus
reaction.

The basic fraction was found,to contain only one c¢ompound
assigned to 2—dimethylé&ino—5}cycloocten-—1—one—gg£i—oxime(l£:gz
5% on the basis of tlc, ir and mass spectra identical to those
of an authentic sample:

(d) with acetic anhydride: The dimer of C-nitroso II-51,
when treated in a methylene chloride solution containing'acetic
anhydride and acetic acid at 3*5-40° decomposed slowly to give a
mixture of O-acetyl-2-chloro-5-cycloocten-l-one-syn-oxime (l;:ig
51 z isolated) and gggg—?,9—diacetoxy—g£9-6-chloro-9—azabicyclo
C3.3.17nonane (II-62, 18% isolated)as seen in Scheme II-12. The
crude hydroxylamine aceéate II-60 showed an esr triplet signal,
ay 17.3G, line width 6G and g-factor 2.0068, due to a trace of
nitroxide II-51b. A

Oxime acetate II-59 gave correct elementallanalysis for
C1-H14NO2C1. The ir absorptions of II-59 were found at 3020 cm !
(olefin), 1775 and 1220 cm ! (NOAc)( g90), 1625 cm !(C=N) and at
770 and 750 cm ! (C-Cl). Its nmr spectrum showed two olefinic
protons at t4.34 and a singlet at 77.83 for the acetoxy group.
The nmr signal for the Cr proton was at t5.15(J=7.0 and 5.0Hz),
slightly downfield in comparison with syn-chloro oxime II-52b

(t5.40); therefore, compound I1I-59 was tentatively assigned the
/

\
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- syn-configuration. The '3Cnmr spectrum (Table II-7) showed ten
lines with the expected chemical shifts. -
Sublimed hydroxylamine acetate ££:§9 gave correct elemental
analysis and exact mass for the M* ién C12H18NO4C}, It had ir
absorptibns at 1768 and 1726 ecm™!, compatible with acetates of

a hydroxylamine and alcohol group, respectively. The 13Cnmr

spectrum (Table II-7) showed two acetoxy groups ;t 169.0(s),
20.1(gq) and 168.4(s), 18.8(q) ppm. It did not show any olefinic
carbon s%gnal around 130 ppm but one signal at 66.7(d)ppm as-
s&medto/g.The intense signal at 59.4(d)ppm was attributed to
two carbons, C, and Cg, and the signal at 55.2(d)ppm to Cs ( 77).
The orientations of the chloro and acetoxy substituents
were established from the proton nmr spectrum as shown in Figure
II-14 and Table II-8., The lower field signals at T4.64 and 15.70
were assigned to geminal to the acetoxy and the chlorine group,
respectively. By decoupling, the Cz proton multiplet was shown
to couple with the C; proton by 5Hz and the Cs protons by 11 and
7Hz; these indicated the axial orientation for the Co ﬁroton.
The Ceg proton had a w% of 8Hz indicating that this proton was in
an equatorial position. It has been reported that N-methyl-endo,
9299-2,6-dichloro-9-azabicyclo[3.3.l]nonane showed a multiplet
at 75.55 with w%=17Hz for the Cz and Ceg protons('gﬂ. Also, the
2,5-diacetyl derivative showedia broad multiplet at t4.75-5.05
for fhe two CHOCOCHs protons. Such broad mult}piet; are regarded

'

as evidence for axial origntation.
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diacetoxy-exo-6-chloro-9-azabicyclof 3.3.1]nonane(II-60)
a: double irradiation of the C;, Cs protons.




TABLE

I1-8

CHEMICAL SHIFTS (T) AND COUPLING CONSTANTS (J, W3) OF

9-AZABICYCLOL3.3.1] DERIVATIVES

<

Proton II-60 I1-62a II-63
1,5 6.41(m) 6.64(m) 6.90(m)
w;=10Hz Wg=11Hz w%=10Hz
2-exo 4 .64 (ddd) 5.48(m) 4.93(ddd)
J2g-35=11.0, W3 =20Hz Jpa-35=10.0,
Jga_5e=7.0, ) Jga_BéZBOO}
J1-28,=5°O’ Jl—?a:B-OJ
Jog_85=1.5Hz Jpg-8g=1.5Hz
3,4,7,8 7.59-8.46(m) 7.3-8.9(m) 7.5-8.4(m)
f-endo 5.70(m) 5.67(m) 5.70(m)
W%=8Hz w%=6Hz w%=8Hz
CHSEON 7.87(s) - -
CHagOC 7.9%(s) - 7.96(s)
5 ‘
NH,OH - ~ 7,0Hz 7.4 (bs)

~75-
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Among the three possible conformations II-60a, b and c,
conformation II-60b is unlikely because of the steriec crowding
of the N—acetoxy group with the axial chlorine and the Cas axial

proton. Both:-conformations II—60a'and.g are possible although

c1 _ .

OAc _

II-60a II-60b II-60c

there are interactions:between the Cg and C» hydrogens in II-60a
and between the axial chlorine and the Cs proton in II-60c. The
former interactions can be relieved by slightly flattening the
ring. The twin-chair conformation of 17-60a is the only one that
possesses a pérfect W-plan between its C, and Ce'axial protons,
explaining the further .small coupling of the C> proton. Also,the
multiplet due to %he Cy and Cs hydrogens, centeped at t6.41 had
a haIf*height width of 10Hz and a base line width of 18Hz; this
indicated that El:ég was.essentially in a chair-chair conforma-

tion since model compounds, with conformation of II!!O&, such as

A\
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3-8-granatanol, showed the respective values of 9.0 and 16.0Hz
and that of II-60c, such as 3-g-granatanol, showed the values
of 16 and 28Hz( 92).

Some possible mass spectrai~fragmentation pathways of aza-
bicyclic II-60 are shown in Scheme II-13 (Figure II-15). Two
pathways seemed to predominate froﬁ the molecular ion, namely,

the loss of ketene (path a) and'the loss-of an acetoxy group

(path b).
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Figure II-15: Mass spectrum (80eV) of endo—2,9—diaéetmxy—exo-
6-chloro-9-azabicyclol 3.3.1]nonane (II-60).

Reactions of the dimer of II-51 under different coﬁditiohs
are shown in Table II—9; Yields were determined by isolation of
the products or by proton integration in the‘nmr spectrum of
the methyl singlets at 7.83 (II-59) and r7.87 and 7.93 (II+60)
and of the methine protons at +5.15 (II-59) and 5.70 (II-60). .

With acetic anhydride in methylene chlofid% a% the solvent;_the

oxime acetate II-59 (30%) and better yields of rearranged hydrox-

ylamine acetate II-60 (607 ) were obtained.

II-3-3. Reactions of hydroxylamine acetate II-60

Pure hydroxylamine acetate II-60 did not show any esr

+ slgnal in methylene ¢hloride solution. But, when II-60 (4.54x

< '* - |
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|1
Conditions ‘ yyleld Method of
II-59 | II-60. estimation
Acs0-AcOH in CHxCls 66 22 nmr
51 18 ) isolated.
Acz0, in CHzClz - | 30 60 nmr
Ac 0 . . 50 |42 : nmr
Ac,0-AcONa in CH2Cls | 56 37 " nmr
1 52 34 isolated

'hTable II-9: yields of products obtained frém reactions
of the dimer of II-51. & "

\

| 1074 mole/l)lin metbylene chloride was shaken with an aerated
saturated sodium carbonate solution at room temperature, a

" mixture was obtained that showed.a triplet esr signal (Figure

' I1-16), ay 17.2G, line width 4.8G and g-factor 2.0073, charac-
teristic of nitroxide II-61b (62). This signal increased .dras-
ticaliy forlthe firstpSix miputes;vthe increased was slight

but continuous for'the next‘tFO'months. When this same solution

was purged with nitrogen and kept free from air for one month,

i 'only a telatihely slow decrease gf the esr signal was observed. .

Reduction of cQ}oro hydroxylamine acetate II-60 with LAH
gave endo-2,7- dihydt¥oxy- exd-6- chloro-9 azabicyclo[3 3, 1]nonane
(I1I-62a, 85%)(Scheme IT=14). The latter exhibited infrared
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A

Figure II-16: esr specta of endo-2-acetoxy eonichloro 9-
azabig}cloEB 3. 1]nonahe nitrqul radical (II-61b) and of
endo~-2-acetoxy-exo-6-chloro- -azabicyclo[3 3. 1]nonane

nitroxyl radical (I1I-62b). ) Va

L d
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bands at 3300, 1095, 1060 and 1035 cm ! (OH) and at 722 cm !
(C-C1l). The L nme spectrum of II-62a (Table II-8) showed a

-very similar pattern to that of I1-60, indiéqting the akial

o ‘ s

D,
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and equatorial orientations of the protons at Cz and Cé, re-
spectively. Thg mass spectrﬁm of II-62a showed the molecular
ions at m/e 193, 191 and the base fragment at 176, 174 from

. . /
the loss of OH, both with a one chlorine pattern.

Hydroi;iéminé II-6?a was oxidized with hydrogen peroxide
in basic conditions to give.ﬁhg nitroxide radical II-62b as a
yellowish solid. It exhibited in solution a strong broad'esr
triplet signal (Figure II-16) with ay 17.5G, line width 5.4G
end g-factor 2.0078, consistent with the 9-azabicyclic[3.3.1]
structure (62). *°

In an attempt to remove the c¢hlorihe atom, II-60 was
treated with sodium iodide and zinc in acetic acid (93). The
readction led to the reductive cleavage of the hydroxylamine
to give gggg-Q—acetoxy~g§g-6—chloro—9—azabicyclo[3.3.1]nonané
(El:ééj 87%)(Scheme II-14%). Elemental analysis and high reso-
lution mass spectra established the molecular formula of bicyj
clic amine as Cy;0Hy16NO2C1l. It had typical ir absorgtions at .
1735, 1370 and 1240 cm™ ! (OAc), 3300 (NH) and 700 em™t (C—él).
The '3Cnmr spectrum was shown in Table Ii—?. The proton nmr
of II-63 had a pattern similar to that of II-60 and II-62a as
seen in Table II-8. The exo-Co(74.93), C; and Cs(T6.90) protons
were shifted slightly upfield while the endo-Ce proton(r6.70)
showed the same chemical shift with respect to those of ;;:ég.
This result suggested that’'compound EI:QQ had the Cq proton

far away from anisotropic effect due to the N-acetoxy group,
/ T ’ .

N

N
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that is, this’group oriented fbwards ring B as seen inlIf-60a.
The mass gbectrum of II-63 exhibited the M+hiqns at m/e 217
and 219 with a one chloriﬁe raﬁ%gfggg Phe possible fragﬁenta-v
tion patterns are simiiar to those of Scheme II-13 (path b).
The blcyclic amine Il_éz was reduced with LAH fellowed

by tosylatlon with tosyl ohloride in pyridine.The crude pro- ({
duct wag,reduced again with LAH in refluxing ether for one- day

¢ (ﬁchehe II-14) to give a 7:6 mixture of 9—azabicyclo[3.3.1l

1nbééne (II-64) and endo~2-hydroxy-9-azabicyclo[3.3.1]nonane

(II—65).'The tosylation of granatanine (II-64) afforded ‘the

tosylamide which‘had melting point matching that reported(gi).

-
II-3-4. Anti-dimer of l-nitrose-2-chloro-tirans,irans-

5,93-cyclododecadiene

”',u . The dimer of II-66 was prepared in 9% % yield from the
low {emperature addi@ibn of nitrosyl chloride to tttCDT‘in
methylene chloride. The elemental énalysis of the dimér of*
£1-66 agreed with (C;2H;gNOC1)2. Its ir‘spectrum exhibf%ed
absorptions at 1260 and 1220 cm™! and the uv spectrum a max-
imum at 302 nm(¢9%00) typical of an anti-azodioxy compound
(31,35). It exhibiteq one spot on tic and had a sharp melting
point. This compound had\been prepared previously (385), but
its stereochemistry»was not reported. Since tttCDT had three
‘fold axes of symmetry, addition of nitrosyl chloride would .

not generate regioisomers. However, it showed two sets of !3C
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Figure.II-IT: 'Hnmr spectrum (100MHz) of,the anti-dimer
of 1-nitroso-2-chloro-trans,trans-5, 9%;dodecadiene
(Dimer of II-66); '

a: double irradiation of thej?s and C,»2 pnetoné.

signals, notably at 62.7(d) and 62‘.(6(d) ppm for the C, carbons
and at57.5(d) and 56.7(d)ppm for the C» carbons. The 'Hnmr of
I1I-66 (figure II-1T7) showed four olefinic protons at 7t4.70 and
two Qher downfield multiplets at T4.16 and 5.65 for the methi-

ne pretons of CHN and CHC1, respectively, in egreement with
re;i?rted chemical shifts (34). Spin decoupling (Figure II-17). P
c;liapsed tﬁe signal at r4.16 to two doublets at t4.11 (J=5.5Hz2) |
and 4.21(J=4.5Hz) but that at 75.65 remained as nearly super-

I1mposed doublets (J=5.0Hz). The nmr spectrum of the sample of
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the dimer indicated it to be a mifture of two isomeps:\mixed
hydride. reduction (LAH + AlCls) gave a single 2-chloroamine
derivative (vide infra), indicating that the sample was a ca

1:1 mixture of dl1 and meso diastereoisomeric dimers, but not

the isomers of threo/erythro configuration.

II-3-5. Reactions of the dimer of II-66 . (

(a) Reduction: LAH reduction of the dimer of II-66 .

A

afforded 13-azabicyclo[10.l.O]-trans,tréns-4,8-tridecadiene

(11-67, 8%) and 1-amind<trans,trans-4,8-cycloqodecadieneGI—&3

64% ) (Scheme II¥15). Both products gave the correct elemental
composition and high resolution mass spectra for C;zH;sN and
C12H2LN, respect%Vely. The '®3Cnmr spectra of aziridine ;E:éz and
primary amine l;:éﬁ %Z? reported in Table II-2. Thé former
showed only six lines, indicating one aziridine only with the
dl or meso configuration. Amine ll:ég exhibited 12 lines 1in 1its
13C spectrum with the C; carbon at 45.7(d)ppm, in agreement ‘
with a carbon attached to an amino group (77). The Hnmr spec-
trum of ll:éz showed a simp;; patterg for the four olefinic
protons at T4.78, an unresolved multiplet at 78.85 for-the Cy
and Cp protons and an exchangeable proton at 79.08. The hydro-
chloride salt bf ;E:éi-showed two exchangeable protons at 12,36
a multiplet at T4.90 for the olefinic protons and a broad

- Joublet (J=THz) at 77.32 for the C, and C» protons.

The acetamide II-70 of the amine g;:ég showed an ir ab-

" sorption at 1635 cm !, the NCHs nmr singlet at 78.04 and a 130,
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nmr signdl for the C; carbon at 44.4(d)ppm (Table II-2).

Further probf of the structure of‘ppimary amine II-68 was

Y

gained by methylation, usrng,fhefEschwei;ef-clarke's method
(96), to yield diﬁethylémiqé II-33 as the major product (57%):
It waé identical to an authentic sample obtained by anothef B
route (vide supra). Cyclization of II-68 by oxidation with
’leaq tetraadetate'failed'to yield the azabicyélic-compouﬁd;
the»major prquct being the N-acetyl derivative El:lg.
'Treatmen£ of aziridine II-67 with benzyl chloride in
begzene gave aziridine hydrochloride,ll:§§f?£2%)-and N-benzyl-

13-azabicyclol 10.1.0]-trans,trans-5,9-tridecadiene(II-71,~4G ).

The *3Cnmr spectrum (Table II-2) of II-71 exhibited six lines-
for the aziridine portion and five lines for the benzyl portion.
The proton nmr spectrum of compéund il:ll was relatively gimple;
it showed the phenyl protons at 72.78 and the benzyl protons

at 16.56 as a sharp singlet at room temperagyre and'aé a broad
singlet at -55°(W%=2.5Hz). These spectroscogic data clearly
proved that benzylaziridine II-71 must possess the plane of
symmetry, and therefore, the meso configuration. Should II-71
have the dl configuration, the aziridine would show 12 lines
13cnmr signals and the benzyl protons would be an AB quartet
due to diastereotopic nature, as observed with trans-l-benzyl-
2,3-dibenzoylaziridine(qg7); the Sli derivative showed only a
broad singlet (w%=1;5Hz) at -58°, On treatment with hydrogen
chioride, the aziridine ring of II-71 was opened up to give

monobenzyl chloramine II-T72. . .
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Mixed hydride reduction (LAH +A1lCls) of the dimer of

11-66 in refluxing'ether gave l-azoxy-2-chloro-trans,trans-

5,9-cyclododecadiene(II-73, 25%), amine II-68 (7%) and threo-

L]

1-amino¥2-chloro—trans,trans—S,9-c&clododeéadiene(IE:Z&, 46%)‘
‘(chFme I1-15). |

'The.azoxy derivative II-73 exhibiéed ir absorp%ion bands .
~at 1490 and 1440 cm ! and two weak uv absorption‘bands at 354
and 290(sh)nm, characteristic of an aliphatic azoxy compound-
(98). Its nmr spectrum shé&ed a broad triplet at TS.65(J=6H2)
for the Cz, Cx' methine protons and'two other multiﬁlets at
r5.46 énd 6.40 for the CHNO and CHN protons, respectively. The
13cnmr spectrum of II-73 exhibited'?é lines with the CHNO cér;
bon at 78.5ppm, and the Cz, Cz' and CHN carbons at 59.0, 58.7
and 57.2 ppm, indicating one isomer only; this may arise by
selective reduction of either the dl or meso isomer of il:Zi
or altérnatively, by stereospecific condensation of one enan-

tiomer of RR or_§§—II-74 with one enantiomer of RR or SS hydroX-

_ylamine derived from the reduction of EE:ZE. The mass spectrum
of II-73 showed the MY iong at 422-424-426 with a two chlorines
pattern. _

The presence of amine-;}:é@_was indicated by the !Hnmr \
spectrum of .the reaction mixture (C, proton at ;7.24) ;Cd by o
gc peak matching with an authentic sample. The infrared spec-
trum of the é-chloro amine II-74 exhibited a weak_;bsorptién

around 3350 qm-i(NHz):and at 760 cm '(C-C1l). The proton nmr
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Figure II-18: !Hnmr spectrum (100MHz) of 1l-amino-2-chloro-
trans,trans-5,9-cyclododecadiene (II-74);

a: double irradiation of the Cz proton; b: double irradia-
tion of the C; proton; c: double irradiation of the C;»2
protons; d: double irradiation of the Cs protons.

t ,
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spectrum of ll:li and spin decoupled spectra’ are showﬁ in
Figure IICiS The C, proton (:7.06) was vicinally coupled to
the C2 proton (T5 73) with a small coupl#ng constant of 2Hz
(Table II-3). The meso(cis) configuration for benzylaziridine
II-71 permits the determination of the stereochemistry of chlo-

ro nitroso compound II-74% as threo(trans) if the elimination

of hydrogen chloride from II-T4 to give aziridfne II-67 is “
assumed to occur by trans elimination(99). No othéf isomeric '
2—chlofovamine was detected by gc of the reaction mixture. This

was confirmed by-the '3Cnmr spectrum of-the crude mixture which,
after removal of the azoxy compound II-73, showgd. only éléVenu

hlines for II-74 (Table II-2) as well as small lines mafching

with those of amine II-68,

(b) with hydrochloric acid and methanol: Dimer of II-66

was treated with hydrochloric acid in boiling methylene chloride

methanol solution to yield syn-2-methoxy-trans,trans-5,9-cyclo-

dodecadien-1-one oxime(II-75, 57 %) and 2-methoxy-trans,trans-

5,9-cyclododecadlien-1-one(II-76, 28%)(Scheme II—16); They weré.
separated by column chromatography and identified from spectral
data. The nmr spectra.of;}:lé and’llizg showed methoxy groups
at 16.65 and 6.72 and the C2 protons at 16.40(dd, J=6.5 and
4YHz) and 5.84(t, J=5Hz), respectively. The 0.56 ppm downfield
shift observed for»tpe Cz proton for El:Zé'in comparison to the
ketone II-76 suggested a syn configﬁratidn for the latter (76).
The ir absorptions of methbxy ketone EE:ZQ were séen.at 1720

and 1098 cm™! and of methoxy -oxime II-75 at 3300, 1640 and
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II-76

. - - II-79b
Scheme II-16

”~ «

1085 cm™!. Both mass spectra exhibited their expectedfholecular.
ions. j . QL
' \(c) ith pyrig#ne: . The decompositioh of a methylene chlo-

ride solution of II-66 in the presence of pyridine gévé\good &
. »
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yields (93%) of t-oximino-trans trans 5,9-cyclogodecadien-2—

pyridinium chloride(II 77)(Scheme“II 16) It exhibited ir -ab-.-
{37"sorptions at 1625, 1000 770, 725 and 690¢¢m "1, This oxime
- II-77 was treated with dimethylamine to give the known amino -

oxime II-31 (91% ) prepared by another_route.
: 4 [ ,
. . (d) with acetic anhydride: The decomposition. of II-66
in acetic anhydride and sodium acetate gave O—aéet&l-z-éhlqr01

trans,trans-5, 9-cyc}ododecadien—1 one oxime(II-78,~72%) along

‘with the starting dimer of I1-66 leo%) and unidentified minor -AQ 4
compénents. The mixture also showed a broad ear .triplet (Figure
- II19) with aN13 5G, line width 6 56 and g-factor 2,0068 which
was attributed to nitroxide‘pdaical II-79b or isomer thereof.
(Scheme II- 16), indicating that’ some cyclization might have

occurred. ' : ) ;

4

Figure II-19:- esr-spectrumﬂof nitroxide radical II-79b: or
s isomer thereof. '
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, Compbund ll:l§ gave correct elemengéi analysis for
C14H2oNO2C1 and had ir absorptions at 1775, 1370 and 1202 cm !
‘characteristic of an oxime acetate group. The 13Cnmr'qspec.trum
is shown in Table II-2. The proton nmr spectrum contaiﬁed well
resolved multiplets at r5.17 and 7.05 for the C» and one of”the‘
Cy2 proton, réspectively, a singlet at 77.80 for the acetoxy

zroup, and four olefinic protons at T4.82.

F-3-6. Anti-dimer of 1-nitroso—?-ch§bro-c§§r5§7)—cYclo—

decene

Ve The dimer of II-80 was prepared by reaction of ni

‘melting point and had correct elementél‘anal(i;?/fo

It showed an uv ébsorption band at 299nm (25,2 and\ four strpng
ir abi ption bands around 1200 cm™ ! typical of a trans
dioxy group. It also showed an ir absorption at 720 em™! for a
cis double bond but not around 975 cm™! for a trans doublé\bond
(13@. In spife of the sharp mp, II-80 was a mixture of two

different adducts, either from cis or trans addition to the

ggggé double hond, or regioisomers of the addition to the trans
doutle bond (II-80a and II-80b) arising’from direction of the
NQCl‘éddition{ it is believed to be }he Iatté;j~gﬁ_fﬁé basis of
iﬁs ﬁgeatﬁent with adhydride leading‘to two isomeric acetates

& o \ .

DY P
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I1I-85 (vide infra). The proton nmr of the dimeric sample exhi'’
'ited multiplets for the methine protons geminal to the nitroso
grdup and the chlorine atom at t4.28 and5.%, respectively.

Unfortunately, due to poor solubility in solvents, the 13Cnmr

spectrum of the dimer of II-80 could not be taken; it yielded

/fazhg.lines of chloro oximes II-81 when warmed up in DMF.

Yo,
T ~—

11-3-7. Reactizzgp;;ﬂkﬁg dimer of II-80 '/

(a) with hydrochloric acid: Decomposition of the dimer

of II-80 in methanol-hydrochloric acid aﬂfBﬁaéd a complex
T - ¢ ; ‘ > : -
mixture which showed a complex esr signal of-three nearly su-

perimbosed broad triplets,\ZQk&5}2G and g-factor 2.0061 such

as fo; II-Séb. These data, as well as the nmr singlets at 6.63
6.71 and 6.81 (OCﬁs) indicated that cyclization had occurred
giving rise to bicyclic methbxy chloro hydroxydamine derivatives
which., in the presence of oxygen gave nitroxide radicals (Sche-
me II-17).

The méjbr produét from chromatography ofvthe,mixturé was
found to be 2—chloro-gi§-5—cyélode?en-l-one bxime(II-Sla), oné
of the possible regioisomeric oximes as shown by its spectral
data. An exact mass determination of the MY ion and elemental
analysis agreed with the formula CloHygNOCI. Its ir spectrum
exhibited absorptions at 3250, 1620;/iooo, 980 and 970 cm' !

“(ngH) and at 715 cm ! (cis olefin)(100). The !'3Cnmr spectrum

—_—

showed ten lines and the masg spectrum exhibited intense peaks

~
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Ry =0CHs ,Ro=C1(OCHz}R=- , II-82b
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Scheme II-17
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expected for a one chlo}ine pattern. The‘pfoton nmr spectrum
of I1-81a consisted of a multiplet at T§.76 for the two olefi

ic proton, a doublet of doublets at 15.45(J =11.0 and

2-3%a

J =4 ,5Hz) for the C» proton and a multiplet at t6.93 for a °*

2-Je
Cio ﬁroton. By decoupling éxperiments, the last multiplet was
showﬁ to couple with a non-allylic hydrogén at T8.39. This
‘.indicated that the cis double bond should be placed at the 5-
position as in II-81a.

From the proton nmr spectrum of the mixture, another dou-
blet of doublets at t5.63(J=10.0 and ~5.0Hz) with similar pat-
tern and intensity to that of the signal at 75.45 was tenta-
ﬁﬁﬂy assigned to the methine proton geminal to thé chlorine
atom of the other possible isomer oxime II-S81b. 4

Chromatography also gave a fraction as a mixture of uni-
dentified compounds containing methoxy groups as seen by the

a nmr absorptions at t6.63,6.72 and 6.78. The integration of the
olefinic part of the spectrum at around T4.6‘accounted for
only one proton, in comparison with an estimated total of twen-
ty protons. Thislﬁixture was believed to be a mixture of metho-
xy‘oximes ll:@é and cyclized hydroxylamines II-82a. A gc-mass

4
analysis of the mixture showed the presence of methoxy oximes

I1-8%, chloro oximes II-81 and two major unidentified compounds.

The first unknown, compound z.(ca 24 % from the gc peak area),
giving a broad gc peak, had the highest m/e peak at 165 and the
100% intensity peak at 148 for the loss of an OH. A possible

* structure for Z might be the diolefinic oxime giving the Mt ion

~
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at m/e 165 in its mass spectrum, as reported by other (101).
Thé other unidentified compound was postulated as bicyclic
hydroxylamines II-82a (Scheme II-17). The mass spectrum did not
show the molecular peak but exhibited a peak at m/el97 for
either a loss of CésOH or HC1.

(b) with acetic anhydride: Decomposition of a methyiehe

chloride solution of dimer of II—SO’containing acetic anhydride

at 40-45° proceeded slowly giving the recovered dimer of II-80

(33%) and others. The esr of the remaining mixture exhibited a
signal consisting of nearly superimposed triplets of one maJjor
and two minor.. The major tfiplet had apyl4.2G, line width 4G and

g-factor 2.0007 and might be attributed to a bicyclic nitroxide.

radical such as II-84b or isomer thereof (Scheme II—17).

The first fraction of the chromatography of the mixture
afforded a 1:3 mixture (45% ) of O-acetyl-2-chloro-cis-5(7)-
cyclodecen-1-one oxime(II-85). The molecular formula of II-85
was ascertained by elemental analysis and high resolution mass
spectrometry to be Cy2H;gC1NO>. The ir spectrum exhibited prom-

inent-peaks at 1775, 1205, 1000, 725 and 710 em !, The nmr
spectrum showed two olefinic protons at 4,65 and two doublet of
doublets at T5.34 and 5.66(ratio 1:3) for the C» protons in the
two isomers. -

The second fraction 1solated by chromatography afforded
impure*2;11—diacetoxy—S-chloro—ll-azébicyclo[EZH.1]undecane

(I1-86, 8%) or isomer thereof, which gave only one spot oh a
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- tlc plate. The ir absorption Bf the C-acetate was shoWn,at
1722 cn”! and the N-acetate at 1765 cm-l.“Impuref‘;_I-_Bvé_ wa s
characterized by the nmr signals at‘T4.7O(C§QAc), 5.48(cHC1),
6.72 for the two briaged protons and at 77.83 and 7.96 for the
N-acetate and C-acetate groups, respectively. TherM+ ions at
m/e 303,305 for a one chlorine ratio had exact masé for
C14£Z;NO4CI. The ffagmentation'pattern showed weak peaks at
m/e 261,263 for the loss of ketene and had the parent peaks

at m/e 244,246 for the loss of an acetate group.

The third fraction from the chromatography gave an impure
triécetoxy azabicyclic compound assigned as II-87 (8%) or
isomer thereof. Its ir spectrum exhibitéd absorptions at 1765
and 1735 cm ! for acetoxy groups attached to a carbon and a
nitrogen atom, respectively. The proton nmr spectrum showed a
multiplet at T4.74 for the methine protons geminal to acetoxy
groups, and at 75.27 as a broéd quartet (J~6.5Hz) for the two
bridged protons. The simplicity of this two prbtons pattern in
the nmr spectrum might indicate that this triacetoxy combound
dls a symmetrical molecule as indicated by ££:§Z. It also had
two singlets at 17.90 and 7.97 in the approximate 1:2 ratio for
thé N-acetate and the two C-acetate groups, respectively. The
mass spectrum of II-87 exhibited the molecular ion at m/e 327,
the m/e 285 %or the loss of ketene and the m/e 268 for the loss

of an aéetate‘group from the molecular ion.
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CHAPTER 111

DISCUSSION

III-1. Photolysis of Nitramines

5

III-1-1.. Non-oxidative photolyéesﬁ %\\\‘
. AN

As can be seen in Table II-1, the photodecompositions of

dialkyl nitramines under neutral conditions are'compiex. This
can be explained as due to the complex behavior'of nitrogen
dioxide in solution (1®). The phoﬁolyses of nitramines in aprotic

solvents form the corresponding nitrosamines and ammonium
nitrates in agreement with the results reported by others (10,
15); but NNOD also gives formamides.

Formamide II-1 is not obtained during the NNOP photolysis

in n-hexane, even in the presence "of carbonates and carbon
monoxide, although it has been formed imUnethanol (23). Further-
more, formamides II-3 and'££:§ are obtained in the NNOD photo-
lyses in n-hexane. These results in&icate that the formyl group .
must be derived from methanol in the former case and from the

N-methyl groups in the latter. Furthermore, under dilute acidic




»

meEhanol solution, it,hés been'reported that NNOP is photoly-
tically reduced and methanol oxidizéd to formaldehyde (23). . -
In view of thése redox patterns, it may be assumed that éhe
photolysis causes homolysis of the N-N bond to form dialkyl-
aminyl radicals and nityogen dioxide in the first step (Equa-
tion III-1). The formation of the observed products can be
rationalized by the reactions outlined below.

Under neutral conditions the aminyl radicals abstract a
hydrogen atom from either the solvent (Equation III-4), alkenes
(Equation III-5) or from a dimethylamino moiety (eg, dispropor-
tionation Equation III-T7); the iést reaction gives dialkyl ’
amines and formylidene methylamine. Subsequent trimerization or
hydrolysis of formylidene ﬁethylamine gives l;:é or methyla-
mine and formaldehyde, respectively, (Equation III-S), as
previously reported (64).

In solution, nitrogen dioxide is expected to be in equi-
librium with dinitrogen tetroxide (102) under the reaction con-
diﬁions (Equation III-3); both of them may act as oxidizing
agents or radical trapping agents (102). Nitrosamines, which
under the conditions are not photolabile (19), are suggested
to be formed from amines and nitrogen tetroxide in which the
nitrate anion is also formed as in Equation III-6. This nitro-

sation process 1s a well known reaction for the preparation of

nitrosamides ( 3) and nitrosamines (103). Another possible source
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ofvnitposahine'might be the combination of the aminyl radi-
cal with nitric oxide, produced from secondary reactions-of
nitrogen dioxide with alkanes or alkyl radfgals (10p) . However
this pathway cannot account'for the high yilelds of
NND obtained in the presence of carbonates.
The formation of formamides is believed to follow the
patlways shown in Equations III-9 and III-10, The first

step of each reaction is a very well known process (104);

the oxidation of the hydroxymethylamines to the formamides can

be accomplished by nitrogen dioxide or dinitrogen tetroxide

as oxidants)(up). Since the quantum yield of nitropiperidine
disappearance in neutral methanol has been measured to be 4.8
(23), a propagation step such as shown in Equation III-11 is
proposed. |

In acidic solution, aminyl radicals, whose pKg has been
reported as 6.5-7.5 (105), are protonated to give the aminium
radicals (Equation III-2) which are known to add efficiently
to m-bonds or abstract hydrogen atoms in the presence of
olefins (19). Protonation of nitpamines nAQ-gxpected in .
dilute acid (0.1-2N) since secondary nitramines are reported
to be neutral species (1). Therefore, the primary photoprocess
must be somewhat different from those of nitgpsamine (19) and
tetrazene (64,106) photolyses since in the létﬁer ‘ aminium
radieals are generated direc%ly from excitation of groton asso-

clated nitrosamines and protonated tetrazenes.
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The efficient photoaddition of nitrosamines to olefins

‘under dilute acidic conditions and the failure to do so under
neutral conditions clearly demonstrate that the photolysis of
nitramines gives aminium radicals under acidic conditions and
aminyl radicals under neutral conditions (23). Furthermore,
neither aminyl nor -Aminium radicals could be trappedsby car-
bon monoxide under our reaction conditions. Howeéer under an’
inert atmosphére such as nitrogen or carbon monoxide, the
photoadditions of NNOD to cyclohexene or COD give a comple;{/)
mixture‘of additién products due to two maJor factors. Fir§tly,
the counter radical in the photoaddition, nitrogen dioxide,
can behave as a nitrogen centered radical or as an-

oxygen ' centered radical (107), to give nitrites III-2

and nitro compounds II-14, respectively from III-1
(Schemé III-1). Secondly, the nitrites may be hydrolyzed or

photolyzed (L08) under the conditions to give alcohols II-12
or II-23.

| Aminium radical initiated addition to olefins may be sum-
marized as in Scheme III-1. Before reacting with by nitrogen
dioxide ) with chloride ion to give II-26, carbon
radical III-1 may abstract a hydrogen atom from the solvent

to give amines II-11 orII-28. It is believed that oximes II-13

or II-27 are formed through the C-nitroso compound III-3 (19),

obtained by trapping the radical III-1 with dinitrogen tetro-
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xide. In the case of the photolyses of NNOD with tttCDT or
ctéDD, this last pathway accounts for 76 and 85%, respective-
ly (vide supra). The formation of B-chloramines ll:gé_may be
ionic in nature. gs shown 1in Scheme 'III—l, .the
postulated nitrite ester III-2 might undergo a. nucleo-
philic displacement by the chloride ion of the
hydrochloric acid pre%ent\ in the photolysate to
give 's-chlorémines II-26 . It 1is interesting- to
note that in tetramethyl-2-tetrazene photolytic.eddition to

cyclohexene in the presence of hydrochloric acid, some S—Zhio—,
ramines have been detected (63,64).

The formation of the‘open chain amino alcohol II-29
obta;ned after reduction of the basic photolysate fraction
is believed to arise from the lithium aluminium hydride re-
duction of the postulated intermediéte nitrite ester ggl:g.l
Obviougf&, the ring opeQing }Euassisted by the lone pair of -
electrons of the dimethylamiho group and might follow a sim-

ilar pathway as the one discugsed with nitrate esters II-37

(vide infra).

I11T-1-2. Oxidative photoadditions

- (a) formation of nitrate esters: The product distribu-
tion of this photoaddition is greatly simplified when run under

oxygen; it gives l-nitrato-2-amino derivatives as the primary




products. Aminium radiéals generated during the oxidafive

photolysis of NNOD in dilute acidic media add preferentiall

\

more stable secondary carbon radical intermediate iﬁ\ggreement
AN

to the less substituted terminus of 1l-hexene to givé the

with the non-oxidative photoaddition of NNP to 1-pentené'(111).
The electrophilic attack by the dimethylaminium radical on the
nm-bond results in the formation of intermediate carb?n radicals‘-
such as III-4 (Scheme III-2). The fact that radicals III-4
aype able to abstract a hydrogen atom from the solvent to give
amine II-33 before it is quenched by oxygen to yield per-o:\c—=

vyl radicals I1II-5 favorsa stepwlse process. With trans-3- '

hexene, the oxidative photeaddiﬁ}g@ of NNOD yielded erythro

II-22a and threo II-22b In a 5:3 ratio, indicating that addition

is indeed stepwise and that rotation.of the carboh-carbonl
single bond in radicals III-4 is much faster than the subse-
,)quent step. The non-stereaspecific addition of oxygen due to

rapid rotation about the newly formed single bond of III-4

gave an erythrosy three ﬁixture III-5. These radicals are fur-
ther tfaﬁped,by nitric oxide in the case of NND photolyses or
dinitrogen tetroxide in the: case of NNOD photolyses to give
peroxynitrites III-6. The rate of this combination

in the gas phase has been shown to be greater than 6x108M !g™!
(112). Although néver isolated, peroxynitrites have beég'pbs— .

tulated in several instances; nitric oxide has been shown to

combine under reduced pressure at room temperature with tri- \\\/i
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phenylmethylperoxy radicals trapped in a polycrystalline
triphenylacetic acid mateix to give triphenylmethyl peroxy-
nitrite as a postulated intermédiafe (113). Peroxynitrite
esters have also,Peen proposea as intermediates during the
reaction of t—butylihydroperoxide with nitric oxide (11%),
during the photolysis of nitrité esters (115) and of nitrosa-
mines with olefins (67) in the presence of oxygen, and during
the treatment of tertiary hydroperd§ides with nitrosyl chloride-
.:pyridine (116).

As with the previous examples; peroxynitrite
esters III-6 ma§’be expected to undergo a facile rearrangement

to the corresponding nitrate esters III-7 (threo and erythro),

very likely by a peroxy bond scission. In the case of the pho-
tolysis with NNOD, an additional routg may be mentionned, that
is peroxyl radicals III-5 may combine with nitrogen dioxide to
give pernitrates III-9 as possible intermediates. The peroxy
nitrates formed in this way have been shown to give fhe corres-

ponding ketone and nitrates as the major décompositioﬁ products

(117).
Rs RI [ Rs RI T\
Re R, ‘NOz R Re | 02 q11.7
HN+ . + ONO (-NO3 )
~0° - 2
/\ /\ |
III-5 ITI-9
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- An alternate source of nitrate esters III-7 may be visual-
ized as seen in Scheme III-2. In the case.of NND photolyses,
the counter radical nitric oxide formed (19) may be intercep-
ted by oxygen to give ‘NOs, which combines with III-4 to yield

ITI-7. Reaction of dinitrogen tetroxide with III-4% in the

case of NNOD photolyses may also give rise to nitraté esters
III-7. However, since the resulting nitrate esters of the
>

CDT photolyses have been shown to be very stable in acidic

and basic conditions, these alternate pathways do not give

any photolabile or readily decomposed inté}mediates to explain
the forhation of ketone and alcohols. For this reason, the last
mecbanisms, if operating, are probably not the majJor pathways

of the photolyses.

(b) formation of ketones and alcohols: To account for
the formation of large quantities of amino alcohols and ketones
in the photolyses with CDT, it is assumed that transient pef-
nitrite £££:§ is photolytically cleaved at the weak 0-0 bond
to give alkoxy radicals III-8 as possible intermediates (Sche-
me II¥-2). Indeed, in analogy to the low intensity nen* uv
absorption band around 340-3%5nm (¢20-80) for nitrite ester
derivatives (118), a similar band for pernitrites l}i:é may
be expected 1n the same region. Thus, we may anticipate per-
nitrites to undergo secondary photolysis to generate the cor-

responding alkoxy radicals III-8 which may be the source of
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the ketone and alcohol formation during photolysis. This is
indicated by i) the ketone-nitrate esters ratio is smaller

in the photolyses of NND than in those of NNOD, ii) this ratio
is further reduced using excesses of NND, iii) when excesses
of NND are used (Table II-4), lower yields of aléohols I1-34a,
II-34b are obtained after work;up as opposed to better yields
of open chain alcohol II-35, which is known to arise mainly
from the nitrate esters (vide infra). It is reasonable to in-
terpret that in the presence of an excess of NND, NND acts as
the intanal filter to ﬁrevent the secondary photoreaction
leadingvto lesser amount of alcohols and ketone. These results
also indicate that pernitrites ll;:é must have a sﬁfficiently
long lire at 0° to be photodecomposed before they rearrange

to the nitrate esters.

(¢) LAH reduction of amiﬁQ,nitrate esters: The aliphatic
nitrate esters II-15 and II-19 decomposed in basic conditions
to give alcohols II-16 and II-20, respectively, by nucleophil-

ic displacement or hydrolysis of the nitrate and to ketones
II-18 and II-21, respectively by elimination of a-hydrogen.
No 3-elimination leading to olefin has been detected. These
nitrate esters were easily reduced by lithium aluminium hy-
dride to the corresponding alcohdlé.

Although other nitrates are reduced by LAH to give the

- corresponding alcohols, LAH reduction of the amino nitrafe)//
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obtained from the oxidative photoadditions., of NNOD (or NND)
to the two CDT isomers causes cleavaée of the C,-C2 bond.

N

Such a cleavage reaction has‘never been observed .as far és

we are aware . This is assumed to be assisted by the 1lone

pair on the nitrégen atom as depicted by the electrom shifts (\
shown in Scheme III-3. The immonium aldehyde intermediate

obtained (III-lO)vcan be further reduced to the open chain

amino alcohols II-3%5 and II-39.

H /H .
0
|
~ / N—>0
N F /
o —
R
\\‘N + /O - .
I1-35 \ + iNp1-n”
o | 1 \0‘
I1-39 2
ITI-10

Scheme III-3
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(d) Reactivity of double bond: The highiy selective
reactivity of the trans double bond of cttCDT has already
beén wideiy obseryed in ionic addition with reagents such as:
osmium tetroxide (119), potassiﬁm permanganate (119), diimide
(120), peracids (121) and nitrosyl ¢hloride (38). For exampie,
with the first two reagents, gig,ﬁgggg—S,9—cyclododecadien-
trans-1,2-diol was obtained in excellent yields.

Although no syétématic data on the relative reactivity

of the cis and trans isomers of*cycloalkadienes and cycloal-

Qkatrienes are available; quantitative data on the stability
of the cis and trans cyclib monoolefins have been determined
by direct equilibration (122) and heats of hydrogenation .

measurements (123)(TableIII-1); a(AH®) and‘A(AGo) are the

h

-
Ring size A (AH®) A(AG®) KEEE/Ktrans g trans
8 -9.26
9 -2.87 | -4.ou 232 1
10 -3.34 -1.86 12.2 - ok
11 . -0.12 - 0.67 . 0.406 71
12 -0.41 0.4%9 | 0.517 66

Table ITI-1
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values of the differences of heats of hydrogenation and free
enefgies of hydrogenation, respectivel§{ for the cis and trans
cycloalkenes. For cycloalkenes of ring size larger than 10,
the trans double bond becomes more stable, and the factors
controlling the stabilities are éubstantially e same as
those for open chain olefins. Although the data for the sta-
bility of cycloalkapolyenes are fragmentory, 1t is genefélly
believed that the relative stabilities of cis and trans dquble
bonds in the CDT ;arallel those of the cis and trans double
bonds in the corresponding cyclododecene (78). It also appears
(124 ) that tttCDT is thermally more stable that the cttCDT
isomer. Dreiding Molecular Models of the cPtCDT

show that the cyclic system is quite flexible and that there
is no yisible difference in steric approach toward the cis and
trans houble bonds. No satisfactory explanation for prefereﬁ—

tial a%tack of the trans double bond by the aminium radical

can be 6b§ained from a discussion based onvthermodynamic sta-

bility. _ -

With endoDCPD, the double bond of the bicycloheptene sys-
tem has been reportgg\to be ﬁhe most reactive in the raéical
addition of Y4-chlorobenzenethiol (125), in the ionic addition
of nitrosyl chloride (126), in mercuration with mercuric ace-
tate (127) and radical reactions using the photolysis of tetra-

methyl tetrazene (64). These reactlons occur without any ske-

letal rearrangement. There has been no evidence of products

O ST PRV |
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derived from attack on the double bond in the cyclopentene
ring but they may'have escaped detection;

Obviously aminium radicals generated from NND (or NNOD)
attack the norbornene double bond as\well as the cyclopentene
double bond; in our conditions, the former has been found to
be six times more reactive that the latter from the ratio of

the yields of alcohols II-41 and II-42.

Tonic and radical additions of reagents to ctCDD (128-130,
vide infra) have been shown to add selectively to the trans
double bond. However, in this case, aminium radicals induced
a transannular cyclization reaction; hence the initial attack
of the aminium radical could not be ascertained. Nevertheless,
in agreement with reported data (128-130) and with previous
results with cttCDT, a‘selective attack at the trans double

bond is believed to take place (vide infra).

JI7-1-3. 1Individual cases

LY

(a) Rearrangement with COD: In the oxidative addition of
NNOD to COD, only trans amino alcohol II-22a of the two possi-
ble isomers can be isolated after LAH reduction. Failure to
detect cis amino alcohol II-23b may be due to the faclle rear-
rangement of cis peroxynitrite intermediate IIT-11 to the
oxabicyclic ethers ;}:@i and II-25 by elimination of nitrite
ion assisted by transannular m-electron migration to the elec;“h

tron deficient‘oxygen atom (Scheme III-4%). This may well in-
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/

volved the intermediacy of an oxonium ion (III-12) which

solvent may attack at either Cs or Ce giving the oOxabicyclic
ethers II-24 and II-25; this transannular rearrangement has
been already proposed during the oxidative photoaddition of
NND to COD (69,131) and was postulated to occur through the

cis nitrate ester IITI-13.

(b) Addition to endo-DCPD: From steric reasons (69,132,
133), the dimethylaminium radical is expected to approach from
the exo face of the norbornene n-bond of endo-DCPD giving the

exo configuration of the amine group as in III-14 (Scheme III-5)
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Scheme III-5
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A careful ekamination of the product mixfure did noﬁ revesal
the formation of saturated compounds:; thiseliminated the cy-
clization step to III-15, although degomposition of the satu-
rated amino nitrate—ester derived from III-15 to give an ole-
finic content molecule is not excluded.The subsequent approach
of oxygen 1is determiped not only by the

steric bulk of the amino group in the exo-9-position-but also

" by that of the cyclopentene ring. Both exo-cils IIL—l6a and

trans nitrate III-16b (Scheme III-5) are postulateh as inter-
mediates by the following argumenté. The exo-cis configuration
of I1I-16a is easily deduced from that of amino alcohol II-41
obtained by\(éﬁ‘feduction. Since no tracé of trans amino al-
“cohol III-17 has béen detected, trans nitrate III-16b musé
have been readily decomposed before reduction, in analogy to
the facile cleavage of E£§Q§—2—nitrato-}—dimethyiamino nor-
bornane. That is, nitrate III-16b might eliminate nitrite ion
by tig electron sﬁifts shown in Scheme III-5 to give the im-

monium salt III-18, the precursor of II-43, which can be redu-

ced to II-40.

N

(¢) Transannular cyclization with ctCDD: Cation indﬁced
transannular cyclization reactions of 1,5-cyclodecadienes (128-
130,134 ) and theif oxides (1%5,1%6) are now established to
give cis decalin derivatives as the maJor or éole pr6aﬁEf§"with

high stereoselectivity. In contrast, the cis,trans germacrone

IR b 3 i P S
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AcOH
PhSH s
11I-19 = III-20

ITI-19 is cyclized to a guaiane-type coﬁpound III-20 of unde-
fined stereochemistry at Cs (137); this has been interpreted
as an ilonic reaction but a radical mechanism with initial
attack at the trans double bond cannot be excluded. Radical
‘induced cyclizations with bromotrichloromethane and bromoform
(129) have been suggested to give gigrdecalin I1T-21 and
ITI-22, respectively, implying that initial attack is on the
cis double bond. However there is no definite proof that the

compounds are cis or even decalins. The aminium radigal ini-

™,

Z =(CCls , III-21
Z = CHBr- , III-22
H
Br
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tiated cyclizations with ctCDD also show high stefeoselectivi—
ty leading to only one <ompound of cis fused 5,7kbigi§lic pro-
ducts. The cis ring fusion has been determined from the fact
that the ketone II-47a can be isomerized to the more stable

trans isomer II-47b; such isomerization has been reported

(1%8.1%1) with analogous systems.

A dimethylaminium radical attack at the trans double
bond should give rise to two different positiona&?darbon ra-
dicals III-23%a and III-23b (Scheme III-6) which, after trans-
annular ring closure can generate four possible saturated
Carbon radicals III-2ka-d, with the cis ring fusion. Carbon
radical III-24b can be eliminated on the basis that no ir
absorption band around 1745 cm ! for a 5-membered ring keto-
ne III-25 has been detected from subsequent transformations.‘
Intramolecular radical cyclization of open'chain dienes has
been thoroughly investigated (24, 142-144). The direction of
these cyclizatiore appears to be controlled by both st?fic(IMQ)
and electronic (144) factors yielding the kinetically more
favored five-membered ring product preferentially but no fouf:
member ring. Consequently, carbon radical III-24a can be re-
Jected. The alternative five-membered cyclization to III-24c
or the six-membered cyclization to.III-Ehd should be consi-
dered: the former pathway 1is preferred over the latter on the
basis of the previous stereospecific cyclizations (142-14%)

and from the proton nmr spectrum of nitrate salt II-44a
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which favors a cis fused decahydro azulene structure ove; a

cis decalin structure. A T

"~ III-23b
. B
’ ‘ :
\/ -
HY +
HN+ ONO»
/\ % HN + ﬁ
[ /\
III-24d
IfI \
Y
IT-44
III-2ka. T116
L1-4S 1I-45

Scheme*III-6
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'III—E. Transannular Electrophilic Reaction of Alkeﬁyl Nitroso

Compounds

We saw in the Introduction that in principle, a2 nitroso
group may be protonated to generate a nitrenium ion interme-
diate which may add intramolecularly to a strategically .
located m-bond. The starting C—nitroso élkene must possess ¢
suitable:configuration whereby the relevant orbitals can in-

teract over the space: In the fifst step, we shall discuss

the stereochemistry of the nitrosyl chloride addition to

“unconjugated polyenes. . 4

JIT-2-1. NOC1 Additlion to Olefins

In spite of numerous reports on nitrosyl chloride ad-
iition to olefins (2%,145), the stereochemical course of the
addition remains confusing until recently wpen Rogid and co-
workers (36) resolved the controversy over the addition of
nitrosyl chloride to cyclohexene.'ln highly polar solvents
such as sulfur dioxide, ig was found that trans addition of
NOC1l to cyclohexene gives a pailr of 2-chloronf%rosocyclohexa—
ne enantiomers which dimerize homospecifically or heterospe-

cifically to give the anti SS-SS, RR-RR (dl pair) and SS-RR

(meso) nitroso dimers, respectively (36). However, in this
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work, in a low polarity solvent such as methylene chloride,

nitrosyl chloride adds stereospecifically to COD, tttCDT and
probably ctCDD in a cis stereochemical course. This was clar-

ified by the cis configuration of C-nitroso monomer of COD

(1I-51) and the threo (trans) configuration of that of ttt
CDT (II-66). }
Cis-chloronitroso compound II-51 dimerizes to a singie
dimer, either the dl or meso isomer. The cis configuration
of the chlorine and azodioxy group in the dimer was estab-
Hshed by iHnmr. Examination of Dreiding Molecular Models sug-
gests that the cyclooctenyl niﬁroso chloride dimer of II-51
exists preferentially in a twist-boat-chair conformation
(I1I-26) with <he chlorine and azodioxy group in pseudo axial
and pseudo equatorial orientations, respectively, as con-
ﬁzmeduiﬂ)the methine brotons of the nmr spectrum. This confor-

mation does not lead to overlap of the m-bonds of the nitroso

Cl

111-26
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and olefinic groups, but as it will be seen later, the con-
formation of monomer II1-51 may invert to a more favorable con-
formation for olefin-nitroso interaction. In any case, an
~assumption of the trans configuration for the dimer of II-51
does not give bicyclic hydroxylamine acetate EE:@Q (vide
infra) with the observed configuration.

Similarly, the cis addition of nitrosyl chloride to ttt
CDT in methylene chloride affords a single isomer (Egiéé)

with the threo (trans) configuration of the chlorine and ni-

troso group. In this case, two dimers of II-66 are obtained,
the meso and dl diastereoisomers as indicated by 13Gnmr and
confirmed by the chemical transformations leading to-single

g-chloro amine II-74%. A threo (trans) configuration of II-66

was deduced from its chemical transformations to the mgég
benzylaziridine II-67 (Scheme III-7) and established a cis
addition of nitrosyl chloride to a trans double bond of tttCDT.
As'proposed by Ohno (38) and Meinwald (37), a four-center
transition state may operate giving the threo isomer as seen
in Scheme III-T7.

With ctCDD, the trans double bond is selectlvely attac-
ked byhnitrosyl chloride in agreement with the published
results (38,95,145). However, the addition of nitrosyl chlori-
de to the trans double vondlis nonreglospecific to give two

C-nitroso dimers II-80a and II-80b as indicated by the tauto-
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IT-74

~-HE1

-

CeHsCH2C1

A

HN

11-67 . ) I1-71

Scheme ITII-7

merization products II-81a and II-81b. In analogy to the ad-
dition to other olefins as discussed above, the addition to ,
the trans double bond of ctCDD may also occur by stereospe-
cific cis geometry but further experiments to prove this

point have not been carried out.

Q
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ITITI-2-2. Reactions of Nitrosoalkenes .

Although the addition of nitroso arenes (56) and of one
tertiary C-nitros% compound (49) are reported to occur by a
free radical mechanism, the intramolecular reactions of al-
kenyl nitroso compounds described in this work are believed
to take place by an ionic mechanism on the basis of the fol-
lowing reasons. Firstly, the reaction occurs even in the dark
énd is catalyzed by an acid, to glve hydroxylamines but not
nitroxides as the primary product. Secondly, it is well esta-
" blished that cyclization initiated by nitrogen centered radi-
cals appears to favor the formation of five membered ring |
over those possessing six members by a kinetically controlled
process {(146,147); in our case, the transannular electrophilic
réaction of alkenyl nitroso compoun&s give a six membered hete-
rocycle rather than a five membered one.

The facile transannular reaction of chloronitroso com-
pound II-51 can be visualized by the ‘mechanism as depicted
in Scheme III-8. In solution, under heating, the dimer of
II-51 1is dissociaﬁed into the monomer with conformation
III-27a. The monomer, having a much smaller bulk of the nitro-
so group than the dimer, may be able to invert readily under
the above conditions to conformation III-27b in which a trans-

annular interaction of the nitroso and olefinic nw-bonds can

be easily obtained as shown in the step III-27b — III-28.
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LY.L
' Cl-
——
~N . X

III-27a 11270
0A
c1 N .
B
AB= H-C1 , II-56 v

AB= H-OCHs , II-5%a
AB= Ac-0OAc , II-60

\

Scheme IITI-8

The attack of the anion from the opposite side of the nitrogen
bridge in the intermediatelIII—QB leads to the hydroxylamines.
The configuration in the latter , II-58a and II-60, is rigo-
rously assigned frombsﬁectfoscopic déta and chemical trans-

- formations. If the proposed mechanism 1is correct, their ste-
reochemistry indicates that the configuration of the chlorine

and nitroso group of the starting C-nitroso compound II-51

/

must be cis.
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The tautomerization of the C-nitroso compound which is
alsq.gcid catalyzed competes with the transannular reactdon.
In the presence of proton donors such as hydrochloric and peg—
chloric acids, the former reaction takes place overwhelming—
ly. This preferential tautomerization of II-51 to oximes II-52
in protic solvents may be rationalized by the steric crowding
as ‘the protonation of the nitroso group should be accompanied
by increase of its size through solvation; this raises the
conformation energy for IITI-53 and makes II-51 less likely to
undergo the transannular reaction.

Chloronitroso compounds II-80a and II-80b are also capa-
ble, to a lesser extent, of agssuming conformations in which
the reacting nitroso and olefinic n-orbitals can be brought
to overlapping prbximity. However, the poorer yields of the
transannular products may be due to a higher activation energy
Such a conformation is obviously not favorable for chloroni-
troso compound g}:§§3 In thls case, the similar type of hydrox-

ylamine, if formed at all as Judged by the esr signal of the
corresponding nitroxide radical, is not present in a signifi-
cant amount. Various attempts to cyclize amine ll:éﬁ during
oxidation with lead tetraacetate (148), or its N-chloramine
(149) have not been rewarded with success.
This acild catalyzed intramolecular reaction can also

serve as an efficient route to glve nitroxides indirectly

\
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via hydroxylamines. Reports on dialkyl bicyclic nitroxide
radicals possessing a-hydrogens are numerous but only in a

few cases, were they actually isolated and characterized
(62,150-152).This is probably due to their low ylelds and/ar insta-
bility. They are usually non-crystalline and dimerize easily
(152). On the other hand, hydroxylamine acetates such as II-60
can be easily purified and stored. Under mild hydrolysis, eg
with aqueous sodium carbonate solution, they give hydroxyla-
mines that are readily oxidized in the air to generate
nitrcxide radicals (89). With adequate conditions, hydroxy-
lamine acetates can serve as stable precursors to generate
nitroxides continuously for considerable period of time.
Furthermore these bicyclic nitroxide radicals Have been

shown to be very stable and their stability can be attributed
to stemic hindrance, since no double bond can bé formed

between the nitrogen and the adﬁacent carbon (150) according

to Bredt's rule.
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CHAPTER IV

A

EXPERIMENTAL

IV-1. General Techniques

Unless specified otherwise, the following experimental
conditions were used.

Infrared (ir) spectra were recorded on a Perkin-Elmer 457
spectrophotometer using a Nujol mull or a liquid film of the

samples. The absorption bands (cm ") are expressed as s, m, W and
b for strong, medium, weak, and broad bands, respectively. An
Unicam SP-800 ultraviolet (uv) spectrophotometer was used to
follow the progress of the reaction; spectral bands are reported
as umax nm (&). Nuclear magnetic resonance (nmr) spectra were
obtained on a Varian A 56/60 or a Varian XL-100 spectrophotometer

equipped with a Nicolet 1080 computer in deuterochloroform (CDCla)

solution using tetramethylsilane (TMS) as the internal standard.
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Chemical shifts are orted from TMS in Tunits for proton spectra

124 specyra. Coupling constants (J) and half-height

or ppm for
widths (wl/g) are reported in Hertz (Hz). The splitting patterns
are presented as s for singlet, d for doublet, dd for doublet of

doufklet, ddd for double dd, t for triplet,dt for dosblet of triplet,

guartet, qui for quintet, m for mulﬁiplet, and b for broad.
exchangeable proton is indicated by DQO exch, and the
number of prétons in a corresponding signal by multiples of H. The
decocupling experiments were perform by Mr. Arthur Brooke, Miss
Edna Cheah or by the author on the XL-100 spectrophotometer. In
the 130 nmr spectra, the multiplicity of phe peaks observed in the
off centre resonance decoupling were indicated in parenfheses.
Mass spectra (ms) were taken by Mr. Gregory Owen on a Hitachi
Perkin-Elmer RMU-OE instrument at an ionization voltage of 80 eV
and were reported as m/e (relative abundance). The gas dwomatog-

~

rephic-mass spectral (gc-ms) analyses were done using a Varian 1400

§
3

gas chromatograph coupled to the mass spectrophotometer. High
resolution mass spectra (hrms) were performed at the University kj(}
of British Columbia Mass Spectrometric Services. |
Gas chromatographic (gc) analyses were performed on a FEM
Model 510-19 Dual Flame Analytical Gas Chromatograph or a Varian
1200 flame ionization chromatograph using a 104 SE-30, 6ft by 1/8
inch stainless steel column. Preparative gc runs were done on a
Varian Aerograph Series 1700 Thermal Conductivity using a Varian
Aerograph Model 20 strip chart recorder. Retention times (rty are
given in minutes (min). Where gc integration was used, the product
vields were tased on relative area ratio ofall gc peaks without internal

standard. They were further estimated with nmr and the comparison
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of the two ylelds was belleved to be less than F3% . Thin
layer chromatography (tlc) was performed on alumina or silicagel
plates (0.2-0.% mm thickness) impregnated with uv indicator, ;nd
examined by uv 1igh£ and iodine vapor developer. Column chro-
matograghic separations were performed with-.-neutral or basic
alumina (Brockmann Activity I, Fisher Scientific, 80-200 mesh),
silicic acid (Mallinckrodt analytical reagent, 100 mesh), or
silica gel (Baker or Fisher Scientific, 60-200 mesh). .

Melting points (mp) were determined with a Fisher-Johns hot
stage apparatus and were uncorrected. Elemental analyses were
performed at the Department of Biology by Mr. May Kang Yahg
using a Perking-Elmer 240 Microanalyser: Electron spin resonance °
(esr) spectra were taken by Dr. K.S. Pillay or by the author on
a Varian E-4 spectrophotometer. The coupling constants (a) are
given in gauss (G) and the g-factor was calculated using

diphenylpicrylhydrazyl radical (DPPH) as external standard.

x

IV-2. Chemicals

Unless otherwise stated, the anhydrous solvents used were
reagent grade, distilled and stored over sodium ribbon ér
molecular sieves (Type 3A). The anhydrous ether used for the
metal hydride reductions was distilled from lithium aluminium

hydride. Reagent grade pyridine was stored over potassium
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hydroxide pellets.

Concentrated sulfuric (Hgsou, 98¢) and hydrochloric (HC1,
384) acids were supplied by Fischer Scientifia&Co, trifluoro
acetic acid by Matheson Coleman and Bell, glacial acetic acid by
the Mc Arthur Chemical Company, and perchloric acid (704) by
Mallinckrodt Chemical Works.

Metal hydrides used were lithium aluminium hydride (LAH
Alfa Products, 95%), sodium -borohydride (NaBHu,FischerScmnﬂjb,
934 ). The gaseous reagents except oxygen (Liquid Carbonic) and
nitrogen (Union Carbide) were supplied by the Matheson Gas
Company. Nitrogen was purified by scrubbing -1t through a Fieser
solution (153) followed by concentrated HQSOM and then through
potassium hydroxide pellets (KOH, Fischer Scientific Co).
Hydrogen peroxide (H202, 504 ) was supplied by Fischer.

The commercially availlable oleffhﬁ< 1-hexene, trans-3-
hexene, cis,cis-1,5-cyclooctadiene and norbornene were supplied
by .Aldrich Chemical Co, cyclohexene by Fischer Scientific Co,

and were distilled before used.

IV-3. General procedure of photolysis

The photolyses were cargied out in a previously described
(158 pyrex photovessel using a quartz or pyrex cold finger.'Tﬁe
reactants were dissolved in an appropriate solvent and were

introduced into the photocell. The solution, externally cooled
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to O°‘by immersing the photoceli in an ice bath, was stirred with
a magnétic stirrer while a stream of an appropriate gas was bub-
bled through the solution for at least 10 minutes. The condenser
was fitted with either a mercury trap or a drying tube. Unless
specified otherwise, the solution was irradiated with a medium pres-
sure mercury lamp (200W, Hanovia 654A36) placed within a cylindri-
cal glass filter (Figure IV-1), both being'placed within the lamp
well of the cold finger. Other lamps, such as a 450W (Hanovia 679
A%6) or low pressure {(Nester Fausg MOdel NFUV-300 or Ultraviolet
Products, Inc, 100W, PCQ; 90%_energy ét 253.7 nm) were also used.
ng}fng water or filter solufion I (Figure IV-1) was passed through

the cooling Jacket. Tﬁé reaction was monitored by recording the uv
spectra of properi& diluted aliquots of the photolysate remové& at
suitable intervals. The solution was irradiated until the uv ab-
sorption at ca 240nm of the NLNitroamine using a Corex filtér (or
at ca ?350nm of N-Nitrosamine using a Nonex filter, see Table'IV—l)
had disappeared. A zero-hour control sample was kept in the &8tk
and revealed no noticeable change at the completion of the photo-
lysis indicgting the absence of thermal reactions. |
'Unless'otherwise specified, the solvents were removed under
reduced pressure (10-20mmHg) at 10—20? using a rotary evaporator.
The solutions were made basic to pH 8-10 with'gﬂkggurated sodium
carbonate solution. The organic pha'ses\sére dried over magnesium

sulfate. Unless stated 6therwise, the ylelds were calculated

from the starting limiting reagent.
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FIGURE IV-1

TRANSMISSION CURVES QF FILTERS
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(a) Filter solution T (N1SO4, 6H20 (750g) + 2,7-diméthy1-
3,6-dlazacyclohepta-1,6-diene (0.3g) )

(b) Corex |

(c) Nonex

(d) Nonex and Pyrex (2 layers).
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: TABLE IV-1

ULTRAVIOLET SPECTRAL DATA OF NND AND NNOD

! o

. Compound Solvent }max nm (&)
NND methanol 245 (A 100)
. 230 (~ 7,500)
~ o
NNOD n-hexane 234 (~ 5,000)
methanol 238 (~ 6,000)
acetonitrile 242 (~ 6,500)
NNOP n-hexane 246 (~ 5,000)
methanol 249 (~ 5,500)

Iv-4. Purification of starting olefins

IV-4-1., +trans, trans, trans-1,5,9-cyclododecatriene

R

.The commercial product (15g), a mixturevof white and yellow
solid, Qas put in 40 ml of methylene chloride. The insoluble
solid was filtrated; the methylene chloride phase was dried
over magnesium sulfate and the solvent removed to yield
colourless long needles (12.6g) which were recrystallized from
atsolute ethanol to give tttCDT as long colourless needles(10.5g)‘

free of cis,trans,trans-l,5,9-cyclododecatriene as seen by gc

RS S
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(254 Carbowax column on 60/100 Mesh Chromosorb A, 5'x1/,", 100-
220° at 2°/min; rt 24.9 min) ; mp 33-4° ; ir 970 (m) and 948
(s) em™* 3 nmr T4.98 (m,W!/2 = 7 Hz, 6H) and 7.9% (m, W!/s =

® 5 Hz, 12 H ) ; uv (CH30H) Xm _ 207.5 (€. . 1130), 227 (sh, € 7).

a

-
- b

IV-4-2. cis,trans,trans-1,5,9-cyclododecatriene

A

The colourless oil was distilled twice under reduced pressure
( bp 120-1° / 17 mm Hg and 115-6° / 15 mm Hg ) to yield cttCDT
as a colourless oil free of tttCDT, as seen by gc ( 25% Carbowax
\

same as before ; rt 26.7 min ) ; ir 970 (s), 948 (s) and 700 (s)

cm™! ; nmr T4.6-4.9 (m,fH) and 7.92 (m, wi/g = 5 Hz, 12H).

IV-4-3. Endo-dicyclopentadiene

Endo-tricyclo[5.2.1.02¢] deca-3,8-diene (or endo-DCPD,
Matheson, Coleman and Bell, 95%) was distilled under reduced
pressure (bp 38-9° / 2 mm Hg) to give pure endo-DCPD as a
colourless solid : mp 30-1° ; ir 3050 (m), 1640 (w), 1615 (w),
755(s), 728(s), 705(s) and 678(s) em~ ! ; nmr T4.05(m, Hs and

He), 4.52(m, Hs and Hs) ; uv (CHs0H) 206 nm (~2,000) ;

max
nmr, identical with those of literature (82,83).

/

IV-4-4. 1,5-cyclodecadiene

1,5-cyclodecadiene ( CDD, dburtesy of Citles Service Company
Cranbury, N.J. ) was distilled under reduced pressure (bp 45-6°

at 1.5 mm-Hg) to give a mixture of two isomers as seen by its gc
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on a 3 $SE-30 column (6'x!/g", 80-200° at 4° / min):transﬂfans—

1,5-cyclodecadiene (rt 1.6 min, 16%) and cis,trans-1,5-cyclodeca-
diene (rt 2.9 min, 86%) : ir 1675(m), 975(s) cm ! for a trans
double bond and 1645(m), 708(s) ¢m™! for a cis double bond (10} .
'H nmr 'U4.5—6.3(ﬂj/LH), 7.9—8.é§(m, 8H) and 8.33;8.65(m, 4H) ;
3¢ nmr  ppm 13%.5,132.5,126.5, 125.0, 32,7, 30.8, 28.1, 26.3,

and 25.8 (2C).

IV-5. Preparation of N-nitro and N-nitroso amines

IV-5-1. N-Nitrosodimethylamine

Dimethylamine hydrochloride was treated with nitrous acid
(155) to give N-nitrosodimethylamine (NND) in 65-75% yields
ir 1435(s), 1410(s), 1320(s), 1290(s), 1050(s), 850(m), and

685(s) em™! ; uv (CHgOH) 345 nm ( ~ 100) and 230 nm

ma.x
(~ 7500) ; nmr T6.18(s) and 6.93(s) in the 1:1 ratio.

Iv-5-2. N-Nitrodimethylamine

, The procedure of Emmons ( 7 ) was used to oxidize NND,
except that 50% Ho0, was used in place of 90% Hz02. N-nitro
dimethylamine (NNOD) was recrystallized from ethanol as long
white needles (74%) : mp 54-5°, 1it ( 7 ) mp 58% ; uv  (CH30H)

Amax 228 nm (~6,000) 5 ir (CHCls) 1510(s), 1320(s) and 1260(s);
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nmr T6.56 (t, J = 1.5 Hz) ; ms (25°) m/e (%) 91 (M'+1,20),90
(MT,92), 74(8), 44(36), and 42(100). NNOD was free of NND as
seen by gc on a 104 SE-30 column (6'x'/g", 150-250° at 4°/min)

rt NNOD = 3.6 min ; no peak at rt 1.9 min for NND.

IV-5-%, N-Nitropiperidine

The procedure of Emmons ( 7 ) was used with 504 H>0, instead
of 90% H>0> ; the process was repeated to ensure complete
oxidation of N-nitrosopiperidine (NNP) and gave N-nitropiperidine
(NNOP) as a colourless oil (524) : bp 105-6° / 25 mm Hg ; ir
1530(s), 1330(s), 1280(s) and 1240(s) em™® 5 uv (CHsOH) A__ -
249 nm (~ 5,500) ; nmr *6.20(m, 4H) and 8.35(m, 6H) ; gc on a
10% SE-30 column (6'x/g", 150—250°‘at 6£°/min) :fone peak at rt

5.4 min for NNOP and no peak at rt 3.2 min for P.

IV-6. Preparation of nitrosyl chloride (87)

A good stream of nitrogen dioxide, generated by gently
warming up a bottle ( NO» bp 21° ) was passed through two weshing
bottles containing wet KC1l (235g KC1l, 5.5 ml Ho0O and 60 g KC1,
1.4 ml H,0, respectively) to give an exothermic reaction.The red
gaseé were dried over P»-0s and condensed in a receiver maintatned
in a dry ice-methanol bath (-78°) to yield a cherry red liguid

and solid. This was further distilled at 0° (ice bath) and
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collected in a graduated cylinder held in dry ice-methanol
(-40°) to give NOCl as a cherry red liquid (40 ml, bp -5.5°).
This liquid was elther used immediately or kept in methylene

chloride in the freezer for short periods of time.

>

IV-7. Photolysis of Nitramines

IV-7-1. Under neutral conditions,cyclohexene and CO

s

(a) with NNOP : A n-hexane solution (200ml) of NNOP(L3Zg
0.01 mole) and cyclohexene (2.52g, 0.03 mole) was photolyzed uder
carbon monoxide atmosphere for 16 hours, at which time 785 ofthe
uv absorption at 246nm has disappeared. A dark red oil deposited
on the walls of the photolysls apparatus and was removed by
dissolving it every two hours with absolute ethanol. The combined
ethanol solutlons were evaporated to give a dark red oil (1.12g)
which was shown to contain piperidinium nitrate I1-2 (~38%) as
the major compound by comparison with the spectra of an authentic
sample : ir 3400(m,b), 254%0(m,b), 2440(w,b), and 1400-1300(s,b)
em™t 5 nmr T8.25(m,Do0 exch, 2H), 6.80(m, 4H) and 2.80(m, 6H).
This o1l was dissolved In water, the solution made basic and
extracted with ether to_éive crude plperidine as seen by its gc,
ir and nmr matching'with:tﬁose df an authentic sample.

The photolysate was é&;porated to yleld NNP (583mg, ~33%)
as a yellow oll as shown by i1ts gec (L0%SE-30,6'xY%"s.s.No carrier

gas inlet press. 30psi and a Hp flame detector at 25psi,100-250°

4°/min;rt8.8min) peak matching with authentic as well as its

/'-\
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ir and nmr. This o0ll showed also some other minor components,
none of them matehing with N-formylpiperidine II-1 (same column

and conditions ; rt 9.5min).

(b) with NNOD : A n-hexane solution (200ml) of NNOD (0.9g,
0.01 molg) and cyclohexene (1.68g, 0.02 mole) was photolyzed
under carbon monoxide for 19 hours, at which time 886 of the uv
absorption at. 234nm had disappeared. An oil deposited on the walls
and was separated by decantation from the solution. The potalysate
was evaporated to glve a yellow oil (153mg) which showed ir
absorptions at 1625(s), 1280(s) and 870(m) cm™! for a nitrate
ester group, 1550(m) and 1380(m) ecm™! for a nitro group, 1675(s)
for a carbonyl group and 3400(m,b), 1055(m) and 1025(m) cm~! for
a hydroxyl group. ) '

The deposited o0il was separated to a methylene chloride
soluble fraction (340mg) and an insoluble fraction (175mg). The
soluble fraction was found to be a mixture of NND, N,N-dimethyl-
formamide (E}:z)and ll:i as seen by its ir and nmr spectra
ir 2460(m,b), 1670(s,b), 1390-1320(s,b), 1040(m), 1022(m) and
830(m) em™! ; nmr T2.0(m), 7.03(s) and‘7.12(s) for II-3 , 2.75
(bs, D20 exch) and 7.21(s) for dimethylammonium nitrate (II-4)
and 6.2(s) and 6.93(s) for NND; the ratio of the N-methyl peaks
at T6.2, 6.93, 7.03,(7.12 and 7.21 was 1:1:3:3:4, Gas chro-
metogragyy on a 25% Carbowax 20PTAT (6'x'/g", 120-200° at 4°/min ;
rt) showed dimethylamine (3min), NND (18.3min) and II-3 " (24.8min)

matching with authentic samples. The 1insoluble fraction was
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shown to contain dimethylammonium nitrate (II-%)as the maJjor
compound along with some II-3 (nmr T7.21(s) and 7.03(s), 7.12(s)

respectively).

IV-7-2. Under basic conditions

by

(a) with cyclohexene, CO and NafCOs : A mixture of NNOD
(1.8g, 0.02 mole);\cyclohexene (8.4g, 0.1 molé) and sodium bicar-
bonate (2g, 0.025 mole) in acetonitrile (200ml) was photoly zed
under carbon monoxide for six hours, at which time 85 % of the uv
absorption at 242nm had disappeared. The yellow photolysate was
filtered and evaporated to give a mixture copsisting of a red oil
and a.precipitate : ir 1670(s,b), 1440(s,b) and 1300-1400(s,b)
cm !, This mixture was taken up in ether and separated into an
ether soluble phase and a residue. The ether phase was dried
(NapS04) and evaporated to give a red oil (440mg) consisting of
NND (22¢ ) and II-3 (2% ) as seen by the following physical data
ir 1670(s), 1440(s,b), 1410(s), 1390(s), 1320(s), 1290(s),1045(s)
845(m), and 685(m) c ; nmr T2.0(m), 6.20(s), 6.92(s), 7.03(s)
7.12(s) and small multiplets from 7.5 to 8.6. The four singlets
were 1n the ratio of 10:10:1:1. The residue was dissolved partially
in acetonitrile (10ml) and was filtered to give after evaporation
a red oil (761mg, 55%) consisting of salt II-4 as the maJor product:
ir 2460(m,b) and 1300-1400(s,b) cm ! ; nmr T3.1(bs, D20 exch)

and 7.21(s).
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(b) with norbornene, CO and NasCOs : A mixture of NNOD
(1.8g, 0.02 mole), norbornene (18.8g, 0.2 mole) and finely powdered
sodium carbonate (2g, 0.025 mole) in acetonitrile (190ml) was
photolyzed under CO for six hours at which time 854 of the uv
absorption at 242nm had disappeared. The solvent was distilled
through a Vigreau column and the distillate was trapped (170ml)
in a vessel cooled in dry ice. Hydrogen chloride gas was bubbled
through the distillate and the solvent was evaporated to yield a
yellow oil (83%2mg) : ir 3300(m,b), 1650(s,b), 1545(m,b) and 1050
(m,b) em '; nmr T1.2(bs, D20 exch), 6.2(s) and 6.92(s) for NND,
7.95(5) and 7.5-9.0(m). This oil was dissolved in ether. The ether
solution was washed with a 104 NaCOs solution and was evaporated
to yield a yellow oil (423mg) : ir 7280(s,b), 3080(m,b),1640(s,b)
1550(s,b), 1310(m) and 1290(m) cm™!; nmr T4.2(bs, D20 exch),&s)
and 6.92(s) for NND, 7.78(bm), 8.08(s) and 7.9-9.0(m). This
fraction showed one minor peak (NND, rt 10.9 min, 24 ) and lmajar
peak (IV-1, rt 16.7 min) on gc (10%SE-30, 6'x!/g", 100-260° at
4°/min) and was distilled (25°/0.5 mmHg) to give 2-endo-acetamido
bicyclo[?.?.ﬂ heptane‘(gz:l). The latter was assumed to be formed
by an acid catalyzed addition of acetonitrile to norbornene (156)
and was isolated as white crystals : mp 134-5° (1it.(157) mp131-2°);
ir 3280(s,b), 3078(m,b), 1635(s,b), 1550(s,b), 1315(m), 1310(m)
1292(m) cm™1; ms (80°) m/e(4) 153(M+,95), 138(18), 124(35),110(42),
9% (98), 82(99), 60(80) and 43(100). This solid gave one peak on
gc (see above) corresponding to the major one of previous fraction

(rt 16.7 min).
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The residue from the photolysate (1.89g) was found to be a
mixture of the following compounds as seen by its nmr : 7T 3.5(bs
D20 exeh) and 7.21(s) for II-4, 6.20(s) and 6.92(s) for NND ,
2.0(m), 7.03(s) and 7.12(s) for II-3, 6.57(t, J=1.5Hz) for NNOD.
The ratio of the N—méthyl peaks at ¥7.21, 6.20, 6.92, 7.03, 7.12
and 6.57 was 5:18:18:1:1:4. A gc analysis (10 $SE-30, 6'x!/g",
150-250° at 4°/min; rt) showed NND (1.8min), II-3 (2.1min) and
NNOD (3.6min) matching with authentic samples, and two uniden-

tified minor components.

(c) with cyclohexene, N> and NazCOs : A mixture of NNOD
(0.9g, 0.01 mole), cyclohexene (3.36g, 0.04 mole) and sodium car-
bonate (2g, 0.025 mole) in n-hexane (200ml) was photolyzed under
nitrogen for 10 hours. The insoluble part (oil and solid) was de-
canted from the photolysate. The photolysate was evaporated to
give a yellow oil (?22mg) : ir 1680(s,b), 1625(m,b), 1275(m),
1260(m), 1115(s), 1000(m), 912(m) and 860<w) cm 1 nmr T2.0(m),
7.03(s) and 7.11(s) for II-3, 6.20(s) and 6.92(s) for NND,6.81(s)
and 7.82(s) for imine trimer II-6 and other multiplets at 8.35,

8 7ad Q1 due to cyclohexyl derivatives. The ratlio of the N-CHs

at T6.20, 6.81, 6.92, 7.03, 7.11 and 7.82 was 1:20:1:10:10:30.

Gas chromatography of this mixture (25 $Carbowax 20 PTAT, 6'x!/g"

ii§0-220° at’2°/min; rt, yields calculated from the gc peak area)

showed NND (6.1 min, ~%), II-3 (6.6 min,-vBO%f and 15 uniden-
tified peaks.

The insoluble fraction was taken up in-methanol, filtrated
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evaporated to give a red oil (190mg) : ir 3280(s,b), 3080(w,b),
1660(s,b), 1240(m,b) and 1040(m,b) em™!'; nmr T1.90(bs), 5.1(bs,
D20 exch) and 7.16(d, J=6Hz) for II-5, 7.03(s) and 7.11(s) for
I1I-3, 6.20(s) and 6.92(s) for NND, and 6.56(t,-J=1.5Hz) for NNOD;
the doublet at T7.16 collapsed to a singlet when D>0 was added.
The ratio of the signals at ¥ 6.20, 6.56(t), 6.92, 7.03, 7.11 and
7.16(d) was 5:2:5:4%:4:15, The gc analysis of this mixture (25 %
Carbowax 20 PTAT, 10'x!/,", He press.= 20psi, thermal conductivity
detector; rt, yields calculated from the gc peak area) showed NND
(10.3min, 19%), II-3 (10.9 min, 154) and NNOD (25.1 min, 3%)
matching with authentic samples. The major peak %19 .3 min, 58%)wa§
separated by preparative gc and showed to be N- methylformamlde
(II-6) by its ir, nmr and ms spectra matching with ﬁhose of the

literature (65).

IV-7-3. Under acidic conditions and cyclohexene

(a) with N : A solution of NNOD (0.9g, 0.01 mole)
cyclohexene (1.64g, 0.02 mole) and concentrated HC1 (0.9ml) in
methanol (190ml) was photolyzed under nitrogen for 3 hours atwhich
time ~80% of the uv absorptioa at 2%8nm had disappeared. The work
up gave a neutral fraction (1260mg) and a basic fraction (790mg).
The very complex neutral fraction : ir 3900(m,b), 2870(m)ﬁ715(&b)
1545(w), 1100(s,b) and 1050(s,b) em™!'; nmr T4.9(m), 5.3(m),5.57(s),
5.59(s), 5.6(s), 5.68(3), 5.7(s) and 7:4-8.9(m), was analyzed y go-
ms and shown to contain > 30 peaks (10 $4SE-30, 100-200°/min).Some

of the major peaks were tentatively assigned as the following

\
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compounds (rt, yields calculated from the gc peak area, m/e (%))

NNOD (2.1 min, 5%) 90(M+,lOO) and 42(70); 2-cyclohexenol II-7

(2.6 min, 17%) 98(M+, 45) and 70(100); 2-cyclohexenone II-8 (3.2

min, 4%) 96(M+, 30) and 68(100); a methoxycyclohexanone II-9
(5.0 min, 6%) 128(M+,5) and 71(100); a methoxycyclohexanol II-10

(5.6 min, 20%) 130(M", 7), 98(12), 80(45), 71(74) and 57(100);

unknown (12.% min, 6%) 126(M" 2, 47), 113(100) and 81(87); unknown
(20.3 min, 15%) 129(M+?, 18), 114(3?), and 69(100). Mass spectra
of compounds II-7 and ll:ﬁ were matching with those of authentic
samples (66). ' |

The basic extract exhibited the following ir and nmr :ir3350
(m,b), 1660(w,b), 1552(s), 1372(m), 1160(m), 1115(m) and 1048(s);
nmr : singlets at T7.66, 7.70, 7.72 and 7.80. The complex basic
fraction was analyzed by gc-ms (104 SE-30, 6'x'/g", 100-275° at
6°/min)_to givé the following peaks (rt, #%peak area):2.9min,15;
4.6 min, 284 ; 5.3 min, S ; 6.7 min, 24% ; 7.5 min, 224 ;13.4min
%, . These peaks showed the corresponding ms peaks at the fallowing
m/e (%) : 2.9 min, dimethylaminocyclohexane (II-11) 127(M'",38)125
(60), 97(95), B4(100), 82(98), T1(38), 58(19), ¥4 (40) and k2(52)3
4.6 min, II-12, 143(M7,74), 128(8), 114(12), 100(20), 84(100),
71(70), 58(66), 44(38) and 42(44); unknown, 5.3 min, 170(M+,22),
142(100), 126(66), 84(68), T1(52), 58(46), 44(38) and 42(42);6.7mn
2-dimethylaminocyclohexanone oxime (II-13), 156(M+,15), 139(100),
84 (80), 71(60), 44(45) and 42(58); 7.5 min, 1—nitlo-2-dimeﬂndamhm
cyclohexane (II-14), 172(M', 86), 142(9), 126(76), B(100), 81(54)
71(80), 58(62), 44 (54) and 42(56); 13.4 min, unknown, 32731(M"?,2)

‘\‘
\

\
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222(40), 125(100), 110(75), 97(75), 84(72) and 58(78). Compounds

TT-11 (64), II-12 (67) and II-13 (68) were matching with authentic

samples. Mass spectrum of II-14% was compared with the one of

1-nitro-2-piperidinocyclohexane (69).

(b) with CO : A solution of NNOD (0.9g, 0.01 mole), cyclo-
hexene (1.64g, 0.02 mole), and concentrated HC1 (0.9ml) in CHa0H
(190ml) was photolyzed under carbon monoxide for 2.8 hours at which
time 804 of the uv absorption at 238nm had disappeared. The photoﬂ
lysate was worked up to give a neutral fraction (176mg) shownlyg
to be similar to previous neutral fractions, and a basic fraction
(680mg). This basic fraction showed similar ir and nmr patterns
with those of the above basic fraction, and its gc analysis slowed
the following peaks, rt, yields calculated from the gc peak area
2.9 min, II-11 , 15%; 4.6 min, II-12 , 28.5%; 5.3 min, 7.5%;6.7mn,

I11-13 ,24.54; 7.5 min, II-14% , 24.5%.

S~ g\

t. (¢) with O : A solution of NNOD (0.9g, 0.01 mole), cyclo-
héxene (1.64g, 0.02 mole) and concentrated HC1 (0.9ml) in CHaOH
(190ml1) was photolyzed under oxygen for 1.5 hour. The photolysate
was worked up in the usual manner %o yield a heutral fraction
(205mg) and a basic fraction (1.52g) containing nitrate esters ;
ir 342q£m,b), 1715(m), 1625(s), 1275(s), 1040(m) and 870(s) cm .}
The basic fraction was immediately reduced in ether with LAHGJBg)
for one day. After the usual basic hydrolysis, a ~1:3 mixture of
cis and trans-2-dimethylaminocyclohexanols (II-12, 1.04g, 64w was

obtained as seen by its ir and nmr as compared with an authentic



< -147-

sample (67); the multiplets at T6.0 and 6.7 were in the ~1:3

ratio. \\

—

e

oL

IV-8. Oxidative and non-oxidative photoadditions of N-nitro and

N-nitrosodimethylamine to olefins

IV-8-1. NNOD to l-hexene, with 0

A solution of NNOD (2.7g, 0.03 mole), l-hexene (3.36g, 0.04
mole) and concentrated HC1 (2.7ml, 0.032 mqie) in methanol (200ni)
was irradiated under oxygen for 3 hours. The colourless photolysate
was concentrated to ca 30ml aﬁd fhe distillate was trapped in a
vessel cooled in dry ice. Treatment of this solution with a 2,4-
dinitrophenylhydrazine reagent solution (40ml) gave no precipitate.
The residue was diluted with water (40ml) and extracted with ether
(3x20ml). The ether extracts were washed with water (20ml) and
dried.The ether was removed to give a yellow oil (89mg) which
showed no NCHs signal in its nmr spectrum and 12 peaks on gc (205
SE-30, 140°). The fraction contained nitrate and nitro groups as
seen by its ir bands at 1625(b,s), 1280(b,s), 860(m,b) (ONO2);
1555(m,1) and 1380(m,b) (NOz) cm™!,

Thé aqueous acidic solution was cooled to 0°, made basic td
pH 9.5-10 and immediately extracted with methylehe chloride
(4x50m1). The extracts were dried over sodium sulfate and evapo-
rated to give a pale yellow 0114(514g) : ir 2940(s), 2870(m),
2820(m) and 2780(m) [CH2N(CHa)g ; 1625(s), 1280(s) and 860(m)

\f
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>

(ONO2) ; 1715(m) (C=0) ; 3400(w,b) and 1040(m) (OH) cm~!. This
crude basic fraction was immediately reduced in dry ether (60ml)
at 0° with LAH (5g) for 1 hour. The solution was stirred for 1 day
at room temperature. After hydrolysis (Hz0 ?nd 10 % KOH sélutions)
filtration and thorough washing of the inorganic residue withx
ether, the combined filtrate and washings were dried over'sodiuh
sulfate and evaporated to give a pale yellow‘oil (3.24g) which
aftér preparative gec (3% SE-30, 20'x3/g", 120-230° at 8°/min)
gave 1—dimethylamino-z—hexanoi (II-16, 2.71g, 620 ) as a colarless
0il : ir 32440(m,b), 2940(s), 2860(s), 2820(s), 2780(s), 1270(s),
1040(s) 1030(s) em !'; nmr T6.42(m, Hg),’%.70(s, D20 exch, 1H);—)
7.75(m, 8H), 8.60(m, Wy =9Hz, 6H) -and 9.08(m,3H); ms (éo /e (%)
145(M", 5), 128(1), 88(18), 58(100), 44(9) and 42(8); rt 99 min.
A solution of p-nitrobenzoylchloride (230mg, 1.24% mmole) in
1ml of dry THF was added to II-16 (180mg, 1.24% mmole) in 1.5ml of
dry THF ﬁnder ice cooling with stirring. A white s¢lid separated
within 5 min and the mixture was continually §ti£red»at room tem-
perature for Eofhours.\After_filtration, washing of the solid with
dry THF, crude p-nitrobenzoyl derivative‘of‘llllé (348mg, 85%,
mp 184-9°) was obtained. Two recpystallizations ffom 1-ProH
afforded white crystals (246mg, 60§ ) of 1-N,N-dimethyl-2-(p-nitro
benzoyl)-hexyl ammonium chloride II-17 : mp 189-190°; ir 2420(m
b), 1715(s), 1600(m,b),1520(s), 1350(m),1320(m), 1320(m),1270(s),
1000(m) and 720(s) em™'; nmr T1.69(s, 4%H), 4.35(bs, 1H), 6.55(m,
2H), 7.05(s, NCHs), 8.18(m, 2H), 8.60(m, 4H) and 9.08(m, 3H);
ms (150°) m/e (#) 294 (MT-HC1, 3), 293(2), 208(27), 150(41),127(19)
104 (43), 84(38), 76(37), 58(100), u44(12), 42(23), 38(5)knd36(3)
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Anal. Calcd. for C15H23N204C1 : C,5L|-.)+6§ H, 7.01; N, 8.47.
Found . C,54.75; H, 7.14; N, 8.60.

In another experiment, a solution of NNOD (0.9g, 0.01 mole),
1-hexene (1.26g, 0.015 mole) and concentrated HC1 (0.9ml, 0.011
mole) in methanol (200ml) was photolyzed under oxygen with a low
pressure mercury lamp (Nester Faust Model NFUV-300; 90 4of the
light output at 25%.7nm) through filter solution I for 4 hours.
Tne usual work-up gave a neutral fraction (48mg) and an aqueous
basic solution (QH 3-10). One twentieth of this solution was ex-
tracted with CHoCls to give a pale yellow oil (85mg) shown to
contain a nitrate ester derivative as the majJor compound, as indi-
cated by its ir peaks at 1625(s), 1280(s) and 860(m) cm™'. The
rest was left with stirring for 1 day, extracted with CHxCl:
(4x50m1) and then continuously with CHzClz for 3 days to give two
fraétions (796 and 122mg, respectively) as reddish oils having
similar spectra : ir 3400(s,b), 1720(s), 1040(s) and 1030(s)cm?
nmr T7.62(s) and 7.75(s) (NCHs, ratio 1:1). Preparative chro-
matography of this mixture (306 SE-30, 20'x3/g", 100-180° at 2°/min)
gave two major compounds; one was 1—dimethylamino-2—hexanonngigi
22 mg, 204,rt 19.5min) as a coleurless oil : ir 2970(s), 2880(s)
22%0(s), 2780(s), 1720(s), 1270(m), 1040(s) and 855(m); nmr T7.26
(s,\eH), 7.5%(m, 2H), 7.62(s, NCHas), 8.30-8.80(m, 4H) and 9.10(m,
3H); 'ms (80°) m/e (%) 143(M', 5), 114(20), 86(10), 58(100) and
42(52). the other was alcohol II-16 (348mg, 244, rt 20.3 min)asa

colourless o0il, as indicated by its ir, nmr and ms spectra.
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Amino alcohol gg:lg_(664mg, 4%1072 mole) dissolved in
acetone (5ml) was treated with Jones' reagent (2.3ml, 5x1073
mole) (§6 ) for two.hours. After evaporation of the acetone, the
residue was basified and extfacted with CHoCls to give a pale
yellow. oil (379ﬁg, 59¢ ), ir and nmr spectra of which were matching

with those of amino ketone II-18.

IV-8-2. NNOD to trans-3-hexene, with 0»

A solution of NNOD (1.8g, 0.02 mole), trans-3-hexene (2.2g,
0.026 mole) and concentrated HC1 (1.8ml, 0.026 mole) in methanol
(200ml1l) was photolyzed under oxygen for 2.5 hours, at which time
the reaction mixture was worked up as above to yield a neutral
fraction (100mg) and a basic fraction (2.45g) ;ir 2970(s),2940(s),
2880(s), 2830(m), 2780(m) (CHN(CHsz)s); 1625(m), 1280(m), 860(m)
(ONO2); 1710(s) (Cc=0); 3400(m,b) and 1045(m) (OH) cm iThe distil-
late was treated with a 2,4-dinitrophenylhydrazine reagent solution
giving no precipitate. A part of the basic fraction (1.89g) was
immediately reduced in dry ether (50ml) at o° with LAH (1g) for
0.5 hour, and at room temperature with stirring for 1 day. After
the usual work-up, a pale yellow oil (1.28g) was obtained giving
1 major peak oﬁ ge (30 $3E-30, 100-200° at 6°/min)’. Purification
of the oil by preparative gc afforded 4-dimethylamino-3-hexanol
(II-20, 0.836g, 49%; rt 13.4 min) as a colourless oil : ir 3400(s
b), 2960(s), 2940(s), 2880(s), 2840(s), 2790(s), 1i25(m), 1100(m)
1050(s), 1000(s), 970(s) and 920(m) cm *; nmr T 6.08(bs,D-0 exch,

1H)s 6.50([’(1, HS)’ 6.75([’(1, H4)’ 7-69(3: NCHS)J 8-55(m3 )"'H)J 8.9’4(“1
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3H) and 9.02(m, 3H); ms (60°) m/e(4) 145(M", 5), 116(26), 86(100),
71(33), 44(23) and 42(23).

To a solution of II-20 (64mg, O.44mmole) in THF (1m1b/6;s
added p-nitrobenzoylchloride (82mg, O.M#mmolef’ih THF (1ml) to
give a crude solid (87mg, 604; mp 163-5°) which was recrystallized
twice from i1-PrOH to give white crystals of 4-N,N-dimethyl-3-(p-
nitrobenzoyl)-hexyl ammonium chloride II-22 (42mg, 29 %):mpl164-5°%
ir 2410(m,b); 1720(s), 1610(w,b), 1525(m), 1350(m), 1275(s),
1120(m), 1100(m),1015(m) and 720(s) cm !;nmrr1,70(s,4H),4.45m,1H),
6.55(m,1H)7.03(s)and 7.12(s)(6H, ratio 5:3, NCHs), 7.6-8.2(m, 4H)
and 8.5-9.1(m, 6H); ms (120°) m/e(4) 294 (M'-HC1, 1), 293(3),265(10)

150(39), 104%(4%0), 86(100), 76(30), 71(38), 44(25), 42(30), 38(8)
and 36(17).

Anal. Calcd. for C,sH2aN204,C1 : C, 54.46; H, 7.01; N, 8.47.
Found = C, 5%}66; H, #.08; N, 8.37.

In a separate experiment, a solution of NNOD (O.9g,'0.01m01é)
trans-3-hexene (1.26g, 0.015 mole) and concentrated hydrochloric
acid f0.9m1, 0.013 mole) in methanol (200ml) was irradiated for 2
hours to give a neutral fraction (80mg) and an aqueous basic solutin
(pH 9-10). The aqueous solution was stifred at room tempera ture for
1 day. Methylene chloride extraction (4x50ml) and continuous CHoClp
extraction for 3 days afforded two fractions (719 and 119mg nspéc_
tively) as orange olls having similar spectra : ir 3400(s,b),

'1710(s) and 1050(s) ecm !'; nmr 7T 7.69(s) and 7.79(s)(NCHs,ratio 1:1).

Preparative gc of this mixture on QO% SE-30 (same as above, 100-230°
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at 6°/min) gave two majJor compounds. One was 4-dimethylamino-3- 2

hexanone (II-21, 357mg, 25 ; rt 14.5 min) as a colourless oil
ir 2970(s), 294%0(s), 2880(s), 28%0(s), 2780(s), 1710(s), 1265(m)
1045(m) and 902(s) cm™'; nmr T 7.12(t, J=THz, Hs), 7.47(q, J=THz
CHzCO), 7.7>(s, 6H, NCHS),~8}49(qui, J=THz, cgchN), 8.93(t,J=THz
3H) and 9.15(t, J=THz, 3H); ms (80°) m/e(® ) 144 (M'+1,2),143(M51.5),
114 (5), 86(100), 71(61), 58(2%), 56(26), 44(35) and 42(34); the
other was amino alcohol II-20 (377mg, 266 ; rt 17.1 min) as shown
by its ir, nmr and ms spectra. |
Amino alcohol II-20 (44%mg, 30mmole) in acetone (6ml) was
treated with Jones' reagent (0.2ml, 42mmole) ( 86 ) to give,after
evaporation of the acetone and basification, a colourless oil
(23mg, 53 % showed to be amino ketone II-21 by its ir and nmr

identical in all respects with those of the pure sample.

IV-8-3., ©NNOD to 1,5-cyclooctadiene, with O

A solution of NNOD (1.8g, 0. 02 mole), 1,5-cyclooctadiene
(2.4g, 0.022 mole) and concentrated HC1l (3ml) in methanol (200ml)
was irradiéted under oxygen for 3.5 hours. The methanol was evapo-
rated at 10° and the residual solution was diluted with water and
extracted with ether td\give an orange oil (234mg). This oil
showed several spots on a tlc"plate and at least 15 peaks on gc
analysis (10% SE-30, 150-250° at 4°/min) and gave rise to a complex
nmr spectrum containing no NCHs absorptions. The aqueous solution
was made basic to pH 9-10 and immediately extracted with CHzCl>

(5x50ml1). The extract was washed with water (2x30ml), dried and



evaporated to give an orange oil (2.75g) : ir 3350(w,b), 3p20
(w,sh), 2940(s),™870(s), 2820(s), 2780(s), 1710(m), 1625(s),1275
(s), 1160(s), 1035(s), 860(s) and 735(s) cm '; nmr T4.38(m),
4.8(m), 6.65(s), 7.71(s), 7.74(s) and 7.77(s).

The crude basic fraction was immediately treated with LAH
(2.6g, O.Q68.mole) in ether (30ml) for 24 hours and the product
was isolated in the usual manner to give an oil (2.43g) which
showed one major and two minor spots on a tlc plate:ir 3400(s,b)
3010(m,sh), 2930(s), 2860(s), 2820(s), 2780(s),1100(s), 1045(s)
and 103%0(s) cm '; nmr T 4.38(m), 6.65(s), 7.72(s) and 7.77(s).
This mixture was separated by preparat;ve gc (25 7 Carbowax 20PTAT
on Chromosorb A 60/80 Mesh, 10'x'/," st.steel , 140-250°at 2%mn
He pressure = 20psi, thermal conductivity detector) to afford two
fractions. The first fraction (rt 31-31.5 min) was obtained as a
colourless oil and was distilled at 20°/0.2 mmHg to give, after
standing in fridge for 2 months, long colourlegs needles@%fﬁl8°h
the ir, 'H nmr and ms spectra were identical with those of an
authentic sample of EEQQE;Q—dimethylamino—B—cycloocten-liigggzy
(T4, reported as an oil) : '3C nmr ppm 131.1(d), .130.7(4d),
71.1(d, C1), 65.6(d, C2), 41.3(q, NCHs), 35.3(t), 24.0(t),238uﬂ
and 21.2(t). The second fraction (rt 36-38 min) was obtained as a
colourless 0il and was shown to be a 3:1 mixture of fhe 2 ethers,
gggg-?-methoxy-g§9—6-dimethylamino—9—oxabicyc10[3.3.ﬂnonane@}fﬂ)
and §£g9;2-methoxy-g&g-B-dimethylamino—9—oxabicyclo[4.2.ﬂ nonane
(II-25)by gc peak matching with an authentic mixture (158(10%SE-
30, 6'x'/g, 140-250° at 2°/min, rt 15.5 and 16.0 min,respectively):

ir and nmr were similar with those/ of authentic samples (69).
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IV-8-4, ©NNOD to 1,5-cyclooctadiene, with No

A solution of NNOD (1.8g, 0.02 mole),COD (2.38g, 0.022 mole)
and concentrated HC1 (2.8ml) in acetonifrile (200ml1) was irradiated
for 10 hours under nitrogen until the uv absorption maximum at
242nm had decreased to the tenth of its initial value. A yellow
solution and a red oil deposit on the walls of the phqtolyéis
vessel were separated and treated separately. |

The yellow photolysate was evaporated to 10ml (?Oo/BO ﬁmHg)
added with water and extracted with ether (3x50ml). Theether pmse
was washed with water (15ml), dried and evaporated ﬁgiyieldemcﬂly
residue (510mg) consisting of unreacted NNOD, COD and othermkncﬂ.r
minor compounds by 1its gec, ir, and nmr spectra.

The aqueous solution was made basic to pH 10 and extracted
with ether (4x50ml). The ether solution was dried and evaporated:
to give a red oil (1.23%g) : ir 325o(m,b), 3010(w), 2940(s),
2870(s), 28%0(s), 2780(s), 1650(w,b), 1555(m), 1310(m), 1260(m),
1035(s), 730(m) and 710(m ‘;m 1. the nmr spectrum exhibited weak
multiplets at T 0.25, 5.8 and 6.6-7.6, strong multiplets at Tk, 4 :
and 7.6-8.5 and singlets at T7.72 and 7.74 in ca 1:1 ratio.'The
crude basic fraction showed 5 spots on a tlc .plate (a}pmina, 2% - -,
CHs0H in CH-Cls) and was found to be a mixture‘of at least 10
compounds on a 10» SE-30 gc column (120-220° af 6°/min). From gc—l. :
ms analysis on a 104 SE-30 column (spe above), 3 major peaks were(
tentatively identified (rt, yield based on,relati;é areas of all
gc peaks) : I1-26 (9.1 min, 19%) m/e(3) 189(M", 1), 187(mM%, 3),
152(2), 110(8), 84(25), 71(100), 58(9) énd 56(11); ££j§§(1u1n¢n,

~
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324) m/e(%) 169(M", 22), 140(18), 124(7), 110(24), 84(21),7L(100
58(28), 56(45), 44 (30)and 42(34); I1-27 (13.5 min, 13%) m/e(%)
182(M+, 2), 165(100), 124(19), 110(10), 84 (21), 71(28), .56 (20)and
42(29). This oil quickly decoﬁposed at room temperature toglve a
dark brown tar. A part of the residue (60mg) was distilledatroam
temperature/0.5 mmHg for two hours to give a small amount of a
white solid (bmg); ir, nmr and ms were identical to those of
2-dimethylamino-5-cycloocten51~one-§ggi—0xime II-27 prepared by
another route (vide inffa); mp 98-9° (1it(159) mp 102-3°); ir
2180(m,b), 3020(w), 2960(s,sh), 2930(s), 2860(s), 1642 (w),1172m)
1160(m), 1140(m), 1040(m), 1025(m), 1020(m), 970(m),920(m), 300(m)
820(m), 750(m), 730(m) and 705(m) cm '; nmr T 2.0(bs, D20 exch,
1H), 4.36(m, 2H), 5.86(dad, J:12;O, 6.5 and 3.5ﬁz, Hgg ), 7.22(dd,
' J=8.5 and 7.OHz, Hz), 7.74(s, NCHas) and 7.6-8.6(m, 7H); ms (80°)
m/e(4) 182(M", 17), 165(100), 136(18), 124(25), 110(15), 97(30),
84 (65), 71(87), 58(18), 56(34), b4 (44) and 42(44). Continued
distillation of the same sample at 40° for 3 days afforded a
colourless oil (4mg) believed to be l-chloro-2-dimethylamino-5-
cyclooctene II-26 (mixture of isomefs) : ir 3020(m), 2940(s),
2870(s), 2830(s), 2780(s), 1175(m), 1035(5), 730(m) ané 710(s)
em '; nmr T4.%0(m, 2H), 5.79(m, 1H) aﬁd 6.7—8.7(m, 15H, inclu-

ing 2lsinglets at T7.72 and 7.75 in ca 1:1 ratio); ms (2505
m/e($) 189(M", 4), 187(M", 12), 152(10), 124(8), 110(20), 84(29),
71(100), 58(12), 56(18), 44(16) and 42(22).

~

A part of these basic extracts (600mg) was dissolved in dry

ether (50ml) and treated with LAH (0.5g) for 2 days followed by
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basic hydrolysis to give a colourless oll (41omg) which gave 4
majJor spots on a tlc plate (alumina,PQ% CHs0H in CHxCls) : ir
3300(s,b), 3010(w), 2940(s), 2865(s), 2830(s), 2780(s), 1650(w),
1265(m), 1170(m), 1045(s), 1035(s), 8%0(m) and 730(m) cm !; nmr
T 4.50(m), 4.62(m), 5.96(bs, D20 exch), 6.40(t, J=6Hz), 6.8-8.6
(m, incfbding singlets at T 7.70, 7.74% and 7.78). The following
compounds, deséribed in the order of the elution, rt, yield aprox
imated from gé areaé based on NNOD, were tenfatively identified
by ge-ms (10% SE-30, 6'x!/g", 20-220° at 4°/min) : i) 5-dimethyl-
aminocycldocﬁene II1-28, 9.7 min, 5%; m/e (%) 153(M+,12), 138(3),
125(12), 124(9), 110(15), 84(60), 71(100), 58(12), 56(27), 44 (18)
and 42(21); ii) 8-dimetny1amino-4-octén-l-ol(gg:gg) 11.9 min, 12%
m/e(4) 171(M7,10), 140(k), 126(8), 84 (46), 71(32), 58(100),44(@4)
and 42(32); iii) II-23, 12.8 min, 26%, m/e (%) 169(M", 26),140(14 ),
124(8), 110(22), 84 (59), 71(100), 58(53), 56(k1), 4k (34)and 42(37);
iv) unknown, lé.O min, 5%. The same mixture analyzed dladiffemnt
column (204 Dowfax9N9/1O%TEP?8'x?/4”copper, 210°, He press.=18psi
ahd a thermal conductivity defeétor) showed % peaks. By the peak
matching technique with authentic samples (63,10),the minor peak
at 12 min was shown to be II-28, the major peak at 37 min to be
trans-2-dimethylamino-5-cycloocten-1-01 (II-22a)(along with possi-
bly II-29) and the minor peak at 48 min to be cis-?-dimethylamino
5-cycloocten-1-01 (II-23b) in the ratio of 1:8:1. Furthermore thé
13¢ spectrum of this mixture gave the peaks.in'the 74r35ppmdxgion
at 71.3(d), 68.1(a), 63.2(a), 60.8(t), 58.5(t), 44.7(a), 42.6(q)

and 41.8(g), in addition to those at 71.0(d), 65.5(d) and 41.2(q)
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for trans-aminotalcohol II-23a.

The red oil deposit was diSsplved in water (4oml), the pH

checked (ca 1),‘and-extracped’with ether (3x50ml)to give a neutrsl

fraction (7Tmg)-which was not anélyzed farther. The aqueous phase
was made basic to pH 10 and extracted with ether (4x50ml) to give
a red Qil‘(élomg), tlc;'ir'éﬁd nmr of .which were similar to those

of the major basic fraction.

IV—8—5. NND to trans,trans,trans-1,5,9-cyclododecatriene,

with No

A solution of tftCDT (12.96¢g, d.O8 mole), NND (5;92g,'0.b8
mole) and concentfated HC1 (8:5mi; 0.1 mole)in methénoi (800m1j
was irradiatgd with a 450 W Héno&ia lamp under nitrogeh for 4
houré. A new absorptipn4(ca 300nm) appeared in the uv'speétrum
which decreased-aftérli hdurs‘of irradiation. The photolysate was
concentrated (ca BOml)ﬂunder redﬁcé& pressure and water (ca 40ml)
was added. The efher egtracts (4x50m1) of the acidic aqueous solu-
tion were washéd with O0.5N HC1l solution (2x20ml) to yield a neu;
tral fraction (2.8g) which was shown to be tttCDT by'ité ir and
nmr spectra. ’ -

The acidie solution was made to!pH iO and was extractedwih
ether (5x50m1) to give a*péle yellow oil (14.4g, &76%)wh1chsmomn
1 major spot én an alumina tlc plate (8% CH30H-CHzClz; Rf=0.75)s
II-31 : ir 3340(s,b), 3030(w), 2970(s), 2920(s), 2860(s),2Bo(s),

1630(w,b), 950(s) and 896(5) cm !'; nmr 0.5(bs, Ds0 exch), 4.6 o

and 4.9 (m, ratio 1:15), 6.7-7Z.9 (small m), 7.77(s), 7.92(m) and
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8.1-8.5(m). Crude II-31 (150mg) was pdrified by column chromato-
graphy on neutral alumina (8g). Elution with 2-43% CH30H-CH2Clp

afforded pure syn-l-oximino-2-dimethylamino-trans,trans-5,9-

cyclododecadiene (II-31, 127mg) which was recrystallized from
ethanol as white needles : mp 32-82.5°; ir 3180(m,b), 3030(w),
2780(s), 1650(w,b), 1170(m), 1040(m), 1015(m), 990(m), 960(s) and
830(s) cm !; ly ame t1.4%(D>0 exch, 1H), 4.91(m, 4H), 6.70(4d,
J=7.0 and 3.5Hz, Hp), 7.02(m, 1H), 7.77(s, NCHs) and 7.6-8.45(m,
14H); '2C nmr ppml59.6(s), 131.3(2c), 131.1, 130.8, 63;5(q;cg),
50.5(q, NCHa), 31.9(t), 31.8(t), 31.0(t), 28.6(), 25.7(t) and
18.8(t); hrms (100°) m/e(%) 236.1876(M", 40; caled for C@4H2;Né0:l
236.1989), 219.1856(100; ca¥ed forCisHasNa: 219.1861), 124.1127
(355 calcd for CaMjaN: 124.1127), 110.0969(32; calcd for CrH;oN:
110.0969), 97.0772(50; calcd for CsHgNz: 97.0766),8ux£m(69;md§a
for C4.HgNo: 84.0687), 71(63), 58.0274(38; calcd fopVC2H4NO:> ‘ ,
58.0293), 56(40), 44(42) and 42(44). On irradiafion3gf thegbfoad
multiplet at +7.92(allylic protoné), the sigﬁalgat 74f91(§iny1
protons) collapsed to an AB quartet with aquB vélue bfjl#Hi, and
the multiplets at 16.70(Hz) and 7.02(H,2) showed s¢me changes in
their coupling pattern. Irfadiétion of tﬁe multipfet»ath6.7O(H2)g
changed the coupling pattern around ¢8.15 and irradiatiop at t815

(HsHa, ) decoupled the multiplet at 6.70 to give a‘brogd singlet.

(Anal. Calcd. for CisHzsNz0 .. ¢, 71.14; H, 10.23; N, 11.85.
Found : C, 71,29; H, 10.39; N, 11.84.
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Hydrolysis of the amino oxime l;;}l:A 2N HC1 solution(40ml)
of the amino oxime II-31 (1.15g, 4.87x10°° mole) was stirred at 40°
for 1 week. The resultant solution'waslextracted with ether (3x
BOml);’no residue remained after evaporation of the solvent. The
aqueous phase was made basic to pH 9 and extracted with ether (3x
40ml); distillation of the solvent gave an oil (990mg) which showed
2 spots on a tlc plate. This mixture was chromatographed on reutral
alumina (60g). The first fraction eluted with CH-Cls (180ml) was

shown to be 2-dimethylamino-trans,trans-5,3-cyclododecadien-1-one

(EE:QQJ Mooag, 37%) by its tlc, ir, nmr and ms comparisons with
those of the authentic sample (vide infra). The second fraction,
eluted with 54 methanol in CHsCls (200ml) afforded the starting
amino oxime II-31 (530mg, 46¢). This last fraction was again trea-
ted with a 2N HC1l solution (30ml) at 65° for 1 week. Following
the previous procedure, 1t yielded an additional 290mg (27%) of

the amino ketone II-36.

Reductlion of the amino oxime II-31 with LAH : Crude amino
oxime II-31 (12g, 0.051 mole) dissolved in ether (50ml) was added
slowly at 0° to a suspension of LAH (8g, 0.21 mole) in 150ml of
ether and left stirring for 12 hours at room temperature followed
by reflux (5 hours,).After the usual hydrolysis with a 20% KOH solwr
tion, extraction and drying, the extracts was evaporated to give
a pale yellow oil (10.1g, 904 ) showing 1 spot on a tlc plate and
1 major peak on gc (104 SE-30, 6'x!'/g", 150-270° at 6°/min; rt

9.9 min). This oil was further purified by chromatography on

neutral alumina to give pure 1-amino-2-dimethylamino-trans,trans-
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5,9-cyclododecadiene (II-32 ) : ir 33%60(w,b), 3020(m,sh),2920s).
2850(s), 2820(m,sh), 2770(m), 1575(m,b), 1150(m), 1030(m), 990(s)
970(s) and 950(s) cm !'; 'H nmr(Figure II-2 ) g4.94% (m,4H),7.21(ddd,
J= 9.5, 4.5 and 3.5 Hz,H,), 7.52(ddd, J= 7.5, 5.5 and 3.5 Hz, Hz)
7.67(s,NCHs),7.70-8.10(m, 8H) and 8.10-8.64(m, 6H, 2D20 exch H);
130 pnmr  ppm 131.4, 130.9, 130.8, 130.3, 58.5(d, C2), 48.7(d, C,)
42.9(q, NCHs), 33.6(t), 31.7(t, 2C), 29.3(t), 29.1(t), and 19.6(t)
hrms (50°) m/e(%) 222.2096(M+, Eé; calcd for Cy4HoeNo: 222.2096),
207.1870(12; caled for C,sHzsNgz: 207.1861), 180.1752(27 ;cakd for .
CyoHooN: 180.1752), 154.1485(22; caled for CoHyeNz: 154.1470),
126.1292 (48; caled for CgH,eN: 126.1282), 110.09568(23;calcd fr
C-HyoN: 110.0970), S4.0814(49; caled for CsHyolN: 84.0813),7L.07%H

(100; calcd for C.HeN: 71.0735), 58(62) and 44(20).

Anal. Caled. for Ciy4HaeN2 : C, 75.62; H, 11.79; N, 12.60.
-4 Found : C, 75.88; H, 11.92; N, 12.55.

IV-8-6. NNOD to trans,trans,trans-1,5,9-cyclododecatriene,

with 0o

(a) photolysis : A solution of NNOD (1.8g, 0.02 mole),ttt
CDT (3.24g, 0.02 mole) and concentrated HC1 (3ml) in methanol
(200ml) was irradiated under oxygen for 3.5 hours. The colourless
photolysate was concentrated to ca BOmI, diluted with water(40ml)
and extracted with ether (5x40ml). The éther extract was washed
with water (3x40ml), dried and evaporated to give a paiziBrange
0il (720mg) which showed no NCHs signal in its nmr spectrum; ﬁ
ir 1625(m), 1270(m), 970(s), 960(m) and 945(s) cm !'; nmr 74.99
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(m), 6.5(m) and 7.96(m). Preparative gc of thls neutral fraction
(25% Carbowax 20 PTAT on Chromosorb A 60/80, 10'x:", 100-éOO° at
2°/min) afforded an unknown volatile compound (rt 5.1 min), ttt
CDT (rt 31 min) and cttCDT (rt 33 min) in the 2:90:3 ratio. the
last 2 compounds were identified by gc peak matching and ir
comparisons with authentic samples.

The aqueous acldic solution was céoled to 0°, hade basic to
pH 9.5-10 and immediately extracted with ether (5x40ml). The
solution was dried and the golvent was evaporated to give a
yellowish viscous oil (3.7gj\7\3?v’§3584ml*Ji710(m), 1620(s),1540
(m), 1275(s), 1040(m), 1025(m) and 860(s) cm™!; nmr T4.60(m),
4.82(m), 6.58(m), 7.00(m), 7.90(m), 8.35(m) and 4% singlets at
t7.60, 7.72, 7.75 and 7.80 (~ratio of 5:6:%:2).The above oil in
dry ether (40ml) was added with stirring at 0° to a suspension of
LAH (3.04g, 0.08 mole) in ether (40ml). The resulting mixture was
stirred for 24 hours at room temperature. After hydrolysls with
alternative additions of small portions of water and 10% KOH
solution, filtration and thorough washing of the inorganié solid
with ether, the combined filtrate and washings were dried and
evaporated to give a colourless viscousloil (3.4g); gc (58 Ver-
samlid 900 on gas ChromP100/120Mesh,6'x!/s",150-270° at 10°/min)
gave 3 .major and 1 minor peaks; ir 3380(s,b), 3020(w,sh), 1050
(m,b), 1020(s), 985(s), 965(s) and 955(s,sh) cm !; nmr T4.56(m)
and 4.78(m) in the 4:7 ratio, 6.42(m), 7.60(s), 7.71(s), 7.75(s)
7.90(m) and 8.50(m); the ratio of the, 3 NCHa singleté was estima-

ted to be 5:2:4.
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(b) chromatography of the basic photolysate&fraction after
reduction with LAH : The previous mixture (2.8g) was chromato-
graphed on silicic acid (150g) giving 4 fractions..'meﬁrst‘ fraction
tion (é, 23mg) eluted with CHzCl, gave l-dimethylamﬂmﬁgggbggggf
‘4,8-cyclododecadieng (El:éé; rt 10.0 min): peak matching with an
authentic sample prepared by another route (vide infra)ir 3020(w),
2850(s), 2%20(m), 2770(m) and 960(s) cm !'; nmr +4.86(m,4H),7®(),
(s, TH), 7.89(m, SH) and 8.%3-9.0(m, 6H); ms (80°) m/e(%) 207(M"
27), 1%6(10), 124(11), 110(28), 84(97), 71(100) and 58(26).The
second fraction (E, 1.1g), eluted with'E% CHaOH in CHzCly contai-
ned predominantly amino alcohol II—BMa(BE%Kby gc), along with
amino alcohols II-34b (~6%) and II-35 (~4%4). Continued elution--
with 3% CHaOH in Cchlé gave the third fraction (C, 0.5g) which\}'

contained amino alcohols II-34a, II-34b and II-35 in the ge ratio

of 3:4:3. The last fraction (D, 0.8g), eluted with 4-7% CHsOH in-
CHzoClz, contained mostly amino alcohols II-34b and II-35 in the
gc ratio of 3:11, along with minor unidentified compounds of lon-
ger retention times.

Fraction B (0.7g) was rechromatographed on silicic acid (509
togive, on elution with 2% CHsOH in CH2Clz, a fraction (350mg) '
showing 1 peak on gc (rt 14.0 min). This oil was distilled at 20/ |
0.2 mmHg to afford a colourless viscou; 011 which crystalled on

standing to give 2-dimethylamino-trans,trans-5,9-cyclododecadien-

1-01 (II-34%a): mp 20-1°; ir 34%20(m,b), 3020(w,sh), 2840(s),2820
(m,sh), 2770(m), 1020(s), 985(s), 965(s) and 955(s) cm !; ‘Hamr
(Figure II-3) +14.80(m, 4H), 6.53(ddd, J= 7.5, 6.0 and 3.5Hz,H,),

5.462(bs, D0 exch, 1H), -

s
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7.20(dt, J= 7.5, 7.5 and 5.0 Hz, Hs), T7.90(s, NCHs), 7.91(m, 8H)

8.0-2.2(m, 4H); '3C nmr ppm 133.1, 131/2, 130.9, 129.6, 68.4(4,
5(t), 31.4(t), 31.2(t), 29.2

10°) m/e(%) 223.19%3 (M, 17;caked

Ci)J 5909(d1 C2)J 141-6(q, NCHS)J
(t), 26.7(t) and 22.9(t); hrms (

|

for C,4HzsNO: 223.1936), 19u1i296<55 caled for CysHpgN: 194,1908)
179.14669(11; caled for C,sHoyN: 179.1A74), 129.1153(12;caled for

C;ELENO‘ 129.1154 ), 125.1203(13; calcd for CgHysN: 125.1205),
84 ,0811(28; caled for C5H;0N: 84.,0813), 71.0738(100; caled for
C4HgN:‘71.6735) 52(19) and 56(19). On irradiation ,ofthe multiplet
at 18.3%, the signals at t5.53(H,) and 7.20(Hz) collapsed to an

AB quartet (J= 7.5 Hz).

Anal. Calcd. for C,4HssNO : C, 75.28; H, 11.28; N, 6.27.

Found : C, 75.23; H, 11.49; N, 6.60.

Fraction C (0.5g) was rechromauEE?aphed on silicic acid
(20g) to give, on elution with 1-3%fq330H in CHoCls,, a middle
fraction (80mg) which was a mixture of the amino alcohols II-34b
apd II-35 with the gc ratio of 9:1. A furthef.chromato@aphyQ?hh
fraction on silicic acid (5g) gave a colourléss oil (hSmé5 which

was distilléd at 20°/0.2 mmHg to give the isomer of II-34%a(IF3b

rt 14.5 min): ir 3420(m,b), 3030(w,sh), 2360(s), 2790(m),103CH)
and 920(s) ecm '; 'H nmr (Figure II-%) +4.71(m, 4H), 6.14(ddd,J=
N7, M.§>and Q.o Hz, Hy), 7.15(bs, D20 exch, 1H), 7.25(ddd,J=T.5,
4.5 and 4.0 Hz, H»n), 7.71(s, NCHs), 7.90(m, 8H), 8.38-8.55(m,2H)
and 2.55-8.95(m, éH);“SC nmr ppm 133.3, 132.8, 130.6, 130.1;

£9.7(d, Cy), 56.6(d, C2),.42.5(q, NCH3), 34.0(t), 31.8(t),3L3(t),
30.8(t), 28.7(t) and 22.8(t); hrms (165°) m/e(%) 223.1937(M", 5;
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calcd for Cy4H2sNO: 223,1936), 179.1661(5; calcd for C,2Hz.N:
179.1674), 129.1152(5; caled for C-H;sNO: 129.1154), 125.1202(7;
calcd for CeHysN: 125.1205), 84.0811(15; calcd for CsHioN :84.0813)
71.0727(100; caled for C,HeN: 71.0735), 58.0677(53; calcd farCaHeN
58.0657) and 56.0521(13; calcd for C3H6N:'56.OSOO). On #rradiation
of the multiplets at t8.45 and 8.85, the signals at 16.14 (H, )and
7.25(Ho) collapsed to an AB quartet (J= 4.0 Hz). When the multiplet
at t6.1% was irradiated, the signal at 17.25(Hz) collapsed to a
doublet of doublet EJ: 7.5 and 4.5 Hé) and also modified the sig-
hals at 18.38-8.55. Irradiation at ¢7.25 changed the signal at
16.14(H,) to a doublet of doublet (J= 6.6 and 4.9 Hz) and modified

slightly the signals at 78.55-8.95.

Anal. Calcd for C,4HssNO : C, 75.28; H, 11.28; N, 6.27.
Found : C, 75.35; H, 11.54; N, 6£.29.

In the same way, fraction D (0.6g) was rechromatographed on
silicic acid (30g) to give a secdhd fraction (190mg) on elution
with 3% CHaOH in CH2C12.‘This fraction, slightly contaminated
with II-34b, was rechromatographed to give a colourless oil(l#&ﬁﬁ_
whféh was digtilled at‘20°/0.2 mmHg to yleld 12-dimethylamino-
trans,trans-4,8-dodecadien-1-01 (II-35; ?t 13.3 min):.ir 3280 (m,
5), 3020{w,sh), 2B%0(s), 2790(m), 1060(s), 1045(s,sh)

; Qﬁvnmr t4.56(m, 4H), 6.329(t, J= .

and 970(s) cm™!;
£.5 Hz, CHz0H), 7.03(s, D20 exch, 1H), 7.70(t, J= 6.5Hz, CHpN),
7.78(s, NCHs), 7.93(m, 8H), 8.38(qui, J= 6.5Hz) and 8.52(qui,

J= 6.5Hz)(4H); '3C  ppm 129.9(3C), 129.7, 61.6(t, C,), 59.1(¢t, .
Cy2), 45.2(q, NCHs), 32.4(t), 30.3(t,3C), 28.8(t) and 27.3(t);
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hrms (110°) m/e(%) 225.2089(M*, 4; caled for C,4H2-NO: 225.2093)
195.1975(2; calcd for CyaHosN: 195,.1986), 180.1734(4; caled for
Cy2Hz2N: 180.1752), 126.1279(55; calcd for CgHyeN: 126.1283),
84.0811(20; caled for CsHyoN: 84.0813), 81.0698(16; caled for
CoHo: 81.0705), 71.0735(33; caled for C4HoN: 71.0735) and 58654

(100; caled for CaHeN: 58.0657). On irradiation of the multiplet

at t8.38, the triplet at 6.39 collapsed to a singlet.

Anal. Calecd. for Cy4H27-NO : C, T74.61; H, 12.08; N, 6.21.
Found : C, 74.71; H, 12.09; N, 6.19.

Ihe hydrochloride of II-35 was recrystallized from isopropa-
nol as white needles; mp 103-4°; ir 3380(s), 2680(s), 1065(m)
and 970(s) cm™ !'; nmr 4,62 (m, 4H), 6.37(t, J= 6.5Hz, CH0H),
£.45(bs, 1H), 7.05(bt, J= THz, CHzN), 7.21(s, NCHg), 7.93(m," 8H)

and 2.35(m, 4H); ms (150°) m/e(4) 225(M -HC1, %), 195(5), 186(8)
126(55), 84(30), 81(33), 71(22), 58(100), 38(14) and 36(38).

Anal. Calcd. for Cy4H2gNOC1 : C, 64.22; H, 10.78; N, 5.35,

Found : C, 64.%2; H, 10.4%1; N, 5.16.

(c) treatment of the basic photolysate fraction in acidic
conditions : In a separate experiment, a solution of NNOD(18g,
0.02 mole), tttCDT (3.24g, 0.02 mole) and concentrated HC1l (3ml)
fh methanol (200ml) was irradia£ed to give}g_neutral fraction
(0mg) and an aqueous fraction (60ml,pH 1-2) which was divided
into 3 equal parts E, F and G. Part E was immediately worked up
as seer. above. Parts F and G were left at room temperature for

periods of 24 and ¥2 hours, respectively, and were worked up as
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above. The 3 basic oils from E (1.35g), F (1.25g) and G (1.23g)
showed identical ir spectra : 3350(w,b), 1710(m), 1620(s), 1275

(s), 1040(m), 1025(m) and 850(s) cm !. Immediate reductionofthese

- 3
-

g@sic fractions with LAH as described above afforded the oils E;
F,; and Gy, respectively, possessing similar ir spectra: 3380(s,b)

1050(m,b) and 1020(s) cm"ighghr t7.60(s), 7.71(s) and 7.78(s>?
The analyses by gc on 5% Versamid 900(6'x!/g", 150-270"at 10%min;
rt, ylelds determined by gc/basic extracts)gave the following
results: fraction_gl‘(1.19g) contained .I1I-35(13.3 min,18¢ ),II-34a
(14.0 min, 484) and II-34b(14.5 min, 14.54); fraction F; (1.11g)
II-35(13.3 min, 124), II-34%a(14.0 min, 45%) and II-34b(14.5 min,
154); fraction G, (1.79g), II-35(13.3 min, 1€4), II-34a(14.0 min

471) and II-34v(14.5 min, 144).

(d) treatments of the basic photolysate fraction in basip

conditions

"1/ in aqueous solution(pH 17). .In a similar experiment, a
solution of NNOD (1.%8%g, 2.02 mole), tttCDT (3.24g, 0.02 mole)
and concentrated HC1 (%ml) in methanol (200ml) was irradiated
as described atove to give a neutral fraction (800mg) and an
agqueous fraction which was made basic to pH 10. This solution
was divided into H (2/3) and K (1/3).Part H was immediately
extracted with ether (4xA0ml); the extracts were washed with
water (22ml), dried and evaporated to giye an\oil (2.5g): ir
2359/m,t), 1710(m), 120(s), 1275(s), 1040(m), 1025(m) and 250

[

fs) cm' 1, which was 4ivided into 2 equal parts I and J. Fraction

I was immediately reduced with LAH as described above to give a
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pale yellow o1l I,. Fraction J was left at room*temperature for
&1 hours to give an oil which ir was iden€10a1 in all respects
with starting fraction J; this oll was then reduced with LAH to
yleld a pale yellow 01l J;. Part K was left 44 hours at room
temperature and then extracted with ether (4x50ml) to give anTil
which showed nitrate ester absorptions at 1620(s), 1275(s) and
860(s) em ', This o0il was reduced with LAH to yield oil K,;. All
the oils I,, J; and K; showed similar spectra : ir 3380(s,b),
1050(m,b) and 1020(s) cm)!; nmr 7.60(s), 7.71(s) and 7.78(s)
and gave the followings on gc analysis‘(5% Versamid 900, same
cénditions as before; rt, yields determined by gc/basic extracts):
fraction I, ( ;17g) contained II-35(12.9 min, 204), II-34%a(13.5
min, 454) and‘II—Bub(lu.l min, 154); fraction J; (0.96g), II-35
(12.9 min, 184), TT-34a(1%.5 min, 444) and TT-34b(14.1 min, 134)
fraction K, (0.72g), II-35(12.9 min, 114), II-34a(13.5 min, 42%)
and II-34b(14.1 miﬁf 11.57).

11/ in triethylamire : Fraction L(120mg, vide infra) was
treated with 15ml1 of triethylamine with stirring for 3 days.
After removal of the solvent, it gave an oil (108mg, 904); ir
and nmr were virtually identical with those of fraction L.

111/ in sodium methoxide solution : Fraction L(200mg, vide

irfra) was dissolved in a saturated\sodium methoxide solution-

~.

'6m1) and left for 1 week with stirring at room temperature.
Water was added (40ml) and the pH brought to 10 with a 1§ HC1
solution. The resuléant solutﬂén was extracted with ether(3x30ml)
Zvaporation of the solvent gave a fraction (170mg, 85$Lirandnmr

of which were identical with those of starting fraction L.




(e) chromatograﬁﬁy of the basic phétolysate fraction

A methanol solution (200ml) of.NNOD (2.4%g, 0.0267 mole), tttCDT
(b.34g, 0.0267 mole) aﬁd concentrated HC1 (ﬁml) was photolyzéd
for 5.5 hours under oxygen as described before. Aftef the usﬁ@l
work-up, a neutral fraction (840mg) and a basic fraction L'(ﬁ.Tg)"
were obtained. Thilis basic fraction L exhilbited ideptical_spéctra‘W
with the previous ones, even after 5 months storégeAat room tehpe—
rature: ir 3350(m,b), 1710(m), 1620(s), 1275(s), 1040(m) and 860
(s) em ', From this mixture L, the followlng compounds wefeffuen_
tified by peak matching on gc (54 Versamid 900, 6'x1/5”,r15d-265°
at ©°/min) with the authentic samples (ft, ratio): II-33(11.5 min
1), II-25(13.4% min, %), II-3%a(15.5 min, 12), II-24b(15.8 min, ¥)
and other products (>16 min). This mixture L was shown to contain.

no peak corresponding to open chain amino alcohol II-35(14.8 min)-

by peak matching with an authentic sample. .

A part(200mg) of the crude basic fraction L was reduéed
(24 hours) with hydrazine hydrate (4M, 5ml) in thé presence of
Pd/C (50mg) in methanol solution (80) and the product was isola- -
ted in the usual manner to give an oil: ir 3400(m,b), 3020(w),
2245(s), 2820(m), 2775(m), 1030(sib) and 985 cm !, The oil was
distilled under vacuum (0.2 mmHg) at room temperature to give a
major fraction (83mg, ~504) which was shown to be a mixture of
isomeric alcohols II-34a and II-34b: ir 3380(m,b), 1045(m,b) and
1323(g) cm '; nmr T4.70(m) and 4.80(m) in the 1:3.5 ratio,6.50(m)
7.22(m), 7.40(s) and 7.7¥s) in the ~4:1 ratio, 7.90(m) and

QD—

(B8]

.2/m).
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A part of fraction L (2.5g) was chfomatographed on silicic
\:?id (80g). Elution with 1% CH30H-CHoCly {(100ml) gave a fraction
(2M5mg) which centainéd.a 1:1 mixture of NNOD and the amino ketone

II-3€ as seen by its ir: 1715(s), 1515(s), 1315(s) and 970(s)cm !,

and nmr 16.56(Y, J= 1.5Hz) and 7.80(s) in the 1:1 ratio. The ’
second fraction 45 , eluted’yith 450m1 of 1-3% CHaOH in>CH2C15

contained amino ketone II-35 with minor amounts of nitrate ester
I11-37a: ir 1715{(s), 1420(s), 1275(s) and 860(m) cm !; nmr 7.80
(s). This fraction (220mg) was rechromatographed on 15g ofsiLmic:_~

acid with 0-1% CHaOH in CHpClp to yield 155mg of crystals which

sublimed at 207/0.05mmHg to give pure 2-dimethylamino-trans,trans
5,3-cyclododecadien-1-one (II-3“) as white needles: mp 40-40,5°
(recrystallized from methanol); uv (Hz0) A =220nm(9200) and 278nm

(30); uv (CHaOH) A = 307nm(gof; ir 3420(w), 2980(sh,m), 2940(s),
2920(s), 2260(m), 2795(m); 1720fs,sh), 1715(s), i?lb(s,shj, 1040
(s), 980(s), 975(s) and ééo(s) em™'; 'H nmr. (4.90(m, 2H), 5.04
(m, 2H), 7.08(m, 2H). 7.20(s, NCHa), 7.60-8.26(m, 11H),8.48(m,1H)
and 2.%23(m, 1ﬁ2; '3C nmr ppm élo.l(s, Cy), 132.4,131.5, 130.0,
129.3, 73.0(d, Cz2), 41.5(q, NCHa), 39.9(t, Ci2), 32.1(t), 32.0(t)
31.8(t), 28.6(t) and 17.0(t); hrms (100¢). m/e(4%) 221.i777(M+, 11;
" calcd for C,4H2aNO: 221.1789), 133.1828(13; caled for C,3HzaN:
193.1830), 1%8.1591(5; caled for Cy»HzoN: 178.1596), 124.1119(20;
caled for C8H14N:A12h.1126), 11Q.O968(13; calc dfor C+-Hy2N:110.0970)
84 (15) , 71307&5(100; calcd for C4HgN: 7i.0735)3 58.0614 (13 caled
for CaHgN: 58.06A57) and 56(20); Irradiation at +8.17, 8.48 a» 863
charnzed the pattern of the multiplet at 7.08. Réciprocally, on

: . \
irradiation of the multiplet at r7.08, changes were obtained at

-

e v,
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+8.17, 8.48 and 8.63. Irradiation of the olefinic region (4.95)

brought changes around +7.70 and 8.17.

Anal. Caled. for Cy4H2aNO : C, 75.97; H, 10.47; N, 6.33,
Found : C, 75.77; H, 10.64; N, 6.4k,

The methyl iodide derivative of II-36 was recrystallized
from isopropanol as white crystals: mp 241-2°; ir 1715(s), 1230
(m), 1070(m,b), 970(s), 950(s) and 865(m) em !'; nmr (Do0) r4.87
(m, 2H), 5.04(m, 2H), 5.2%8(m, 1H), 5.99(s, OH), 7.26(m, 2H),774
(m, 2H) and 8.10(m, 2H); ms (240°) m/e(%) 221 (M -CHsT, 18), 193

(24), 142(82), 127(53), 124(43) and 71(100). ~

. Anal. Calcd. for (;sH2-INO : C, 49.59; H, 7.21; N, 3.86.

Tound : c, 43,74 H, 7.09; N, 3.72.

A third frac¢tion (590mg), eluted with 150ml of 34 CHs0OH ln
CHoCls, gave a'mixtdre of amino ketone'lllzé and amino nitrate
esters II-37a and II—&?b,Contlhued‘elution with 3-84 CHKOH in
CHéClz afforded a mixture%of'amino‘alcoholé Il-}ha and II-34b
with minor amounts of aminoAQifrete esters II-37a and II-%7b
(1.62g).»No trace of;Open’chain amiho elcohol II-35 was ever
defeoted by g&c.

The amino ketone II- 36 (11ng, 5.0x10" 4 mole) dissolvedin a

¢

mixture of ethanol (5ml) and 2N NaOH soluéion (10ml1) was treated

under reflux for 4 hours with a large excess of hydroxylamine
hydrochloride (MOOmg, 5.75%x1072 mole). A ma jor part of the ethanal
was removed under reduced preeﬁure and the remaining solutlonwas

extracted with ether (3x20ml) to yield a colourless oil (95mg , 80%2)
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as amino oxime II-31; tlc, ir and nmr spectra were identical with
ﬁhose of an authentic sample prepared by another route.

Amino ketone II-36 (40mg, 1.8x10"% mole) was treated with LAH
(50mg) in dry ether for 12 hours. After basic hydrolysis, it yiel-
ded a colourless oil (32mg): nmr T7.60(s,II-3%a)and 7.71(s,II-34b)
in a 1:6 ratio; Gc analysis (4%ZVersamid 900, 150-270° at 8°/min)
gave the following peaks (rt,yield determined from gc peak area):

" IT7-24a (14%.3 min, 15%); II-24b (14.8 min, 7&%5; unknown (16.3min, &%),

(f) chromatdgraphy of the basic photolysate fraction after
reduction with NaBH, : The basic fraction L (2g) was treated in
20ml ethanol with an aqueous solution (20ml) of sodium borohxiride
(1.Ag) at room temperature for 24 houfs. The excess of NaBH, was
destroyed slowly with & 3N HC1l solution until bH 1-2. Theuacidic )
agMeous phase was madg basic to pH 10 and extracted with ether
(4x50m1) to yield a colourless thick oil (1.82g): ir 3350(m,b),.
1520(s), 1275(s), 1042(m) and 860(s) cm !. No carbonyl absorption
was detected, even after 5 months storage at room temperature.

Chromatography of this oil (1g) on neutral alumina (SOg) by
elution with CH2Clz gave a first fraction as a colourless 0i1(165 -

mg) which crystallized on standing in the fridge as long needles

of 1-nitrato-2-dimethylamino-trans,trans-5,9-cyclododecadiene(II-37a)
mp %2-3°; ir 3020(w),297o(m,sn),2930(s),2850(3),282o(m),2780(m);

1£20(s),1275(s),1249(m),1005(m),985(m),970(s),960(s) and. 855(s)em?
'H nmr T4.é6(m,5H),7.2&(dt,J=7,5,7.5 and4.0Hz,H>),7.72(s,NCHs Jand
7.8é-8.5o(m,12H); 3¢ nmr ppm 132.7(d,2%%%1ég%%(d),83.5(d,C1),58&5
(d,C2), ¥2.1(q,NCHa), 31.3(t), 31.8kt), 30.0(t), 28.8(t), 27.1(t)
and 17.7(t); ms(82°) m/e(z) 268(M',1.5),222(100),206(18),192(k),

-
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Anal. Calcd. for C,4H24N20s : C, 62.66; H, 9.01; N, 10.4%4.
‘Found : C, 62.52; H, 9.18; N, 10.01.

A sécond fraction (53mg) was shown to contain a 1:1 mixture

of II-37a énd NNOD as indicated by its ir and nmr:;6.56(t,J=1.5Hz) *

and 7.72(s) (ratio 1:1). Third fraction (15%mg) contained mostly
nitrate ester II-37a contamlnated with some amino alcohdl;;:ﬁﬁi
as seen by its ir: 3400(w,b), 1620(s), 1275(s), 1040(m) and 855(s)
and the nmr singlets at ¢7.60 and 7.72 (ratio 1:9).Further elution
with CHzCls gave a mixture (175mg) éf alcohols II-34a and II-34b
and postulated nitrate ester II-37b as shown by its ir: 3340(m,b)
1620(s), 1270(s), 1040(s,b) and 8%50(m) cm 1!, and by the nmr sin-
glets at 17.60, 7.71 and 7.76.(ratio 3:1:2). No nitrate ester
I1-%7a was detected by tlc. This fraction was treated with LAH

to yield an oil (141mg) as a mixture of II-34%a, II-34b and II-35

ir 3340(m,b) and 1040(s,b) cm™'; nmr (6.40(t, J= A.5Hz),7.60s),
7.71(s) and 7.78(s) in thé 2:1:1.ratio. Subsequent fractions
(390mg ), eluted with 0-104 CHs0H in CH»Cls consisted of mixture

of amino alcohols II-3%a and II-34b.

Amino nitrate ester II-37a (85mg, 3.17x10 % mole) was added
slowly to a stirring suspension of LAﬁ (100mg) in ether at 0°and
was stirréd at room temperature for 24 hours. After the usual
work-up, the ether solution was distilled to give a colourless
oll (£3mg ) which was showed to be a mixture of the 2 amino
alcohols II-34a énd II-35 as seen by its nmr spectrum: 4.56(m),

4.20(small m), 5.39(t, J= 6.5Hz), 6.58(bs, D20 exch), 7.20(small



-173-
A

m),7.60(s) and 7.78(s) in the 1:11 ratio, 7.93(m) and 8.30-8.65(n)
and its gc (10%SE-30, 100-23%0° at 8°/min; rt, 4): II-35 (9.3 min

P4) and II-34a(10.0 min, 64).

Using Kuhn's procedure (80), 1l42mg (5 %x10"% mole) of amino

. nitrate ester II-37a were treated with hy?razine hydrate (4M,4m1)
in the presence of Pd/C (50mg) in methanoD solution at room te mpe-
rature for 24 hours. The usual work-up (see above) afforded a
colourless oil (88mg, 744) which exhibited no ir absarptions typical
of nitrate ester group and was distilled under vacuum (0.2mmHg,
49°) to give a major fraction (II-3ka, Abmg, 564 ) és indicated by
its tlc, ir and nmr spectra identical with those of the pure

sample.

IV-8-7. NND to transg,tirans,trans-1,5,9-cyclododecatriene,

with O,

(a) NND,tthDT in the 1:1 ratio : A methanpl solution
(220ml1) of NND (1.48g, 0.02 mole), tttCDT (3.2ug,.o.02 mole) and
concentrated HC1l (3ml) was photolyzed in the presénce of oxygen
for 2.5 hours. The colourless photolysate was concentrated under
reduced pressure at 10°, diluted with water (30ml) and washed with
ether (4x50ml). fhe ethereal'washings gave 500mg of neutral mate-
rial ;hich was shown to be tttCDT as the major compound (gc, ir
and nmr). The aqueous phase was made basic to pH ~9.5 and was
immediately extracted with ether (4x60ml1) to give a basic fraction
(4.22z, ~241): ir 3430(m), 1715(m,b), 1630(s), 1280(s), 1045(m,
), 370(m,b) and 860(s) ecm !'; nmr +4.8(m), 6.5(m), 7.0(m); 7.60
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(s), 7.71(s), 7.77(s), 7.80(s), 7.90(m} and 8.4 (m). the 4 last
singlets had an approximate ratio of 1;&:17ﬂ.

Immediate reduction of this crude bas}c fraction with LAH
(2.0g, 0.053 mole) in dry ether (60m1], folldowed by basic hydro-
lysis (see above), afforded a colourless oil (3.58g, ~807) whoge
gc, ir and nmr were similar to those of NNOD oxidative photdhﬁns
with tttCDT: nmr ~4.56(m) and 4.78(m) in the 3:4 ratio and sin-
glets at +7.60, 7.71 and 7.78 in the approximate 4:1:4% ratio e
gc analysis of this oil (44 Versamid 900, 6'x!/g", 150-270° at
R°/min) by peak matching with authentic samples afforded the
following compounds (rt,ylelds calculated from the gc peak area)
II-3% (9.2 min, 14), II-35 (14%.0 min, 304), II-34a (14.7 min,
494) and II-34%b (15.2 min, 15.54).

(b) with excess NND : 1In a separate experiment,a solution
of NND (2.95g, 0.04 mole), tttCDT (1.62g, 0.01 mole )and concentra-
ted HC1 (Aml) in methanol (200ml) was irradiated under oxygen
until the uv absorption at 345nm héd decreased to the £ of its
initial value (1 hour). The photolysate was worked up in the uswal
manner to give a neutral fraction (162mg) and a basic fraction
(1.9g) whose ir and nmr were similar,fo previous ones. A part of
the basic fraction (0.4g) was immediately treated withLAH(350omg
in dry qther (20m1),—followed by basic hydrolysis to give acolum
less oil (312mg): ir 3400(s,b), 3020(w,sh), 1060(s), 1040(m)and
323(s) em !'; nmr +4.58(m) and 4.80(m) in a %:2 ratio, 6.1(bs,
D20 exch), 5.39(t, J= 5.5Hz), 7.20(m), 7.60(s), 7.71(s), 7.78(s)

7.99 and 8.1-8.3(m); the ratio of the 3 NCHs singlets was
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estimated to be 3:3:7; gc (4% Versamid 900, 150-260° ét 10°/min,
rt, ylelds calculated from the gc peak area): II-33 (5.3min, 84)
II-35 (8.7min, 5%%), II-3%a (9.0min, 20%) and II-34b (9.2min,13%)

-~

In an identical manner, the photolysis of NND (B.Tg, 0.05
mole), tttCDT (b.81g, 5x10 2 mole) and concentrated HC1l (7.5ml)
in,methanol (200ml) was carried out under oxygen uﬁtil the uv
absorption at 345nm kad decreased to the 89/,,5 of its initial
value (1.2 hours). It.yielded a neutral fraction (191mg) and a
basic fraction (1.28g). This basic fraction (1.1g) was treated
with LAH as above to gilve, éfter basic hydrolysis a colourless
oil (0.81g, ~824): nmr r%4.58(m) and 4.80(m) in the 3:2 ratio,
6.39(t, J= 6.5Hz), 6.65(bs, D20 exch), 7.60(s), 7.72(s), 7.76(s)
7.78(s), 7.90(m) and 8.1-8.9(m); the ratio of the % NCHs ginglets.
was ca 2:1:1:6; gc (44 Versamid 900, 150-260° at 10°/min, rt,
ylelds determined from the gc peak area): II-33 (5.3min, 94),
11-35, (8.7min, 58¢), II-34%a (9.0min, 158¢) and II-34b(9.2min,104)

S . y

he -

IV-8-8. NNOD to cis,trans,trans-1,5,9-cyclododecatriene,

with O,

A solution of NNOD (0.9g, 0.01 mole), cttCDT (1.62g, 0.01
mole) and concentrated HC1 (1.5ml) in methanol(200ml) was irradis-
ted in the presence of oxygen for 2.5 hours. The photolysate was
evaporated and the residue was gooled to 0°, taken up in Hz0(30ml),
and the aqueous.solution,extnacted witﬁ ether (4x50ml) to give a
neutrgn

fraction (3lomg) as a pale’yellow oil: ir 970(s), 948(m)

[

/ T v )
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and 700(s) cm !; nmr +4.8(m) and 7.9(m). The gc analysis (104

SE-30, 6'x!/g", 100-290° at 8°min) by peak matching with authén-

tic samples afforded the foilowing compounds (rt, yilelds relative

to total volatile fraction): tttCDT (6.4min, 54) and cttCDT(6.6min,

-

924). -

The aqueoue portion was made basic to pH 9;10 and extracted
with ether (5x60ml) to yleld an oil (1.92g,~804): ir 34%00(m,b),
1710(m), 1630(s), 1280(s), 1035(m,b), 980(m), 860(m) and 705(m)
), 6.5(m), 7.3-8.5(m), 7.60(s), 7.67(s),.706),

cm '; nmr 14.60

oy

(m
7.73(s) and 7‘80(3). This fraction was added to a mixture of LAH
(50m1) and stirred for 20 hours at room tempera-

(1.5g) in ether
ture. This was treated with XOH (404 aqueous, ?ml) aod water(5ml)
at 0°, refluxed for 20min, cooled and filtered. The rehaihing
white solid ﬁas further washed‘with etﬁer.’fhe ether solutions
were oombined,:dried and,evaporated_to.yie}d a colourless g
(1.56g, ~704): ir - 3380(s,b), 2930(s), 2880(s), 2780(s), 1035(s,
b), 985(s} and 710(m) cm™!; nmr rh. éO( ), 6.40(t, J= 6.5Hz),
5.80(m), 7.40(m), 7. 50-8'50( ) and singlets at 7.60, T7.67, T.T4

and 7.78 in the approximate ratio of 1; 7 2: 5 Analysis of this-

L 4

am re of at least 6 compounds as shown below, in the order

of rt and corrected relative yields from starting NHOD II- 35

(1%.0min, 13:; II-34a (1%, 5m1n 24), II- 38a and possiblx I7- Bub e

(14.9min, 3%), II-39 (15.3min, 154), unknown (16 2min, 64) and".
postulated II-38b (16.8min, 144). These compounds were identi-

fied by peak matching with authentic samples.

oil\\éégc (44 Versamid 900, as abqve, 150 270 at 8°/min) showed.
ix

o
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»

. Thé rédduced basic fraction (1.1g) was chromatogfaphed on a

silicic acid éolumn (55g) and gaves; on elution with.gTE>15%CﬂbG{

' 1n‘CH2C12;id1fferent:fractions of mextures as analyzed on 44

Versamid‘goO column. .Fractions 8-11 (2.54 CHsOH in CH2Clz, 221mg)

~

‘contalhed II-38a (904) and II-34a (84) and was fzither chromato-

graphed bh silicic acid to yleld 2-dimethylamin®-cis,trans-5,9-

cyclOdbdecadien}l-ol (If-}@g) as a white solid: mp 31-4%°; !3cnmr
-~ -
ppm 131.0, 130.6, 130.2, 128.4%, 69.4(d4, C,), 62.8(d, C2), 41.6(q

NCHs), 30.6(t, 2¢), 27.9(t), 26.5(t), 24.5(t) and 23.1(t). This
sqlidlwas sublimed at room temperature (Q.2mmHg) to givé white

crystals of II-38a: mp 43-5°; ir 3400(s,b), 3000(m,sh), 2930(s) . &
2855(s), 2820(m,sh), 2780(m), 1055(m), 1030(s), 1010(m), 985(s) |

. and ‘705(m) em” !'; 'H nmr T¥C6O(m;‘4H), 6.44% (m, H;)Z 7.20(bs, D20
. ‘ exch, 1H),'7;48(q, J= 6.0Hz, H2),17.67(s, NCHs), 7.9%(m, 8H) and o

. 8.1-8.6(m, 4H); hrms((80°) m/s(%) 223.1935 (M
. ‘ W

+, 55; caled for

C,4HasNO: 223.1936), 194.1919(12; caled for CysHasN: 19%.1908),

| 179.1674(25; caled for CyzHziN: 179.1674), 129.1155(25; caled far -

C+Hy;sNO: 129.115%), 124.1110(26; calcd for CgHy4N: 124.1126),
110.0958(21; caled for C-H;oN: 110.0069), 84.0824 (42; caled for

CsHyoN: 84.0813), 71.0752(100; calcd fQﬁ;C4HQ§: 71.0735),’58(27)

56(%5), 44(14) and 42(21).
Anal.‘qucd.vfor Cy4HasNO : C, 75.28; H, 11.28; N, 6.27.
' Found : C, 75.41; H, 11.31; N, 6.28. ’f
\§§N\\__” ‘Fractions'12-15 (155gg), eluted witﬁ 3—5% s0H _¥n CHoCls,

were shown to.be a mixturé of II-38a and probably II-38b in the

.
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ratio of 7:3 as seen by gc: ymr 14.60(m), 6.50(m), 6.70(s, D20

exch), 7.48(m), 7.67(s) an In the ratio of 2:1,.7.95(m)

"and 8.1-8.6(m). The last fra %, 17 and 18 (69mg, colourless

" 0il1), eluted with 154 CHsOH in CHzéié were found\to contain |
mostly 12-dimethylamino-cis,trans-4,8-dodecadien-1-o01 (II-39),
with a trace amoupt’of ll:égéz ir 3380(h,b)? 3000(m;sh), 2925(s)
;842(3), 27}5(é), 1055(s,b), 1ogo(s,b), 965(s) and 700(w) éﬁfi;
'H nmr £4.60(m, 4H), 6.uo(t,’J; 6.5Hz% 2H), 6.82(s, D20 exch,1H)
7.68-7.82(m, 2H), 7.78(s, NCHs); 7.94 (m, 8H) and>8.39(m, 4H);
13 nmr  ppm 130.2, 130.0, 1$9.8, 129.3, 61.7(t, C1), 59.2(t,Cs2),
45.1(q, NCHs), %2.3(t, 2C), 28.7(t), 2?.5(t); 27.é(t§ and 25.1@2‘
hrms (80°) m/e(4) 225.209% (M, 7; calcd for C,4H»,NO: 225.2092),
"18@.1745(17; caled forC,pHzoN: 180.1752), 126.1243(92; caled for
Cgé:gN: 126.1289), 84.0817(70;calcd for CsHy0N: 84.9814), 81;0696t
(34 ; calcd for CegHe: S51.0704), 710746(98; calcd forC.:H9N:7T.O'BS) A
and 58.0674(100; calcd for CsHgN: 58.0657). An' analytical sample’

of IT1-39 was obtained on distillation (20°, 0.2 mmHg).

Anal. Caled. for C,4H27NO : C, T74.61; H, 12.08; N, 6.21.
' Found : C, 74.55; H, 11.78; N, 6.24,

Iv-8-9. NND to cis,trans,trans-1,5,9-cyclododecatriene,
with Op

A methanol solution (200ml) of NND (1.628g, 0.022 mole),

cttCDT (3.24g, 0.02" mole) and concentrated HC1 (3ml) was irra-
' T — N
diated under oxygen for 5 hours. The solution was distilled under
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reduced preésure, and the residué wés treated with water (30m1) .
and extfqptéd with ether (4x6oml). The ether extracts werevﬁdmn
with water, dried and eiaporateq, leaving an oil (;58mg) which
was showﬂ to be mpétly CcDT By its ir énd nmr. Gas’qpromatograﬁhy
(20% Dowfax'9N9; 10% TEPan Chromosorb P60/80,»8'x£" copper, 100-
220at2fin, He inlet pressure at 20 psi) gave the following campounds -
.(rt: yields based on total volatile fraction): tttCDT (22.8min,

o B
54) and .cttCDT (24.6min, '854).

W,

/The aqueous solution of the photolysate was thern-made basic
to pH 10 and extracted with ether (4x60ml). The ether solution was
dried and‘evaporated to glve an oil 13.96g,'V93%):‘1r BBQO(m;b)
1700(m,b), 1625(s), 1275(s), 1035(m,b), 975(m,b), 860(s) and 705
(m) em !; nmr 74.6é(m), 6.3(m) and 7;3—8.8(m). A part of Ehis
basic fraction (300mg) was treated with LAH (500mg) in the usual
fashion to give, after hydrolysis, a colourless oil(248mg){whhﬂ1
ir and nmr were identical with those of oxidative pho%bégﬁﬂiauof
NNOD to cttCDT. The gc éhél§sislof‘this 011 (44~ Versamid 900, same"
conditions, as :abqve) showed the presence of the; following‘“cormhds
(rt, correctedurelative yields from starting NND):EE:}Q (iu.Omin,
- 24), II-3%a (14.5min, 34), II-38a (14%.9min, 354), II-39 (15.3min
21%), unknown (16.2min, 74) and I1I-38b (16.8min, 124).

© IV-8-10. NNOD fS‘Ehgo-dicyclopehﬁadiene, with 0»

A solution of NNOD (1.8g, 0.02 mole), endo-DCPD (2.64g,

O.Q? mole) and concentrated HC1 (3ml) in methanol (2ooml) was
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'photolyzed under oxygen for 5'hours. The solvent was evaporated

- and tgé’resigyal solutioh (30m1) was diluted with water (30ml).

Eitraé&ioﬁ/wiﬁh'ether (4%60ml1) géVe a ﬁegtfﬁI fraction (830mgﬁ5 )
a yellow oil whieh showed 12 peaks (1ozéE-30, 180°); 1r3t;oo(m,b)'
3050(w), 1765(m), 1735(;b), 1640(s,5), {550(s), 1370(s),1280(s),
1090(s,b), 1065(s,b), 850(3) and 715(m) em !; nmr +0.3(m), 4.0-.
E,B(mﬁ, 5.0—6.5(m),.éi65(bs) and 7.i—é;8(m). :

‘The aquéous.mother liqu6r was made basic to PH 9.5 at 0°m

g i & ) .
immedlately extracted with ether (5x60ml) to yield a reddish oil

(é.?g): ir 3400(s,v), 3050(w), 2730(m), 1720(s), 1625(s), 1280(s),
1030(s,b),. 860(s), 740(m) and 700(m) cm™!; nmr r-0.12(m),3,76 (m),
u.z‘(/(m), 6.69(m), 7.40(m), 7.66(s), 7:69(s, D20 exch), 7.72(s), .

7.76(s, D0 ékch), 7.81(s) and 8.40(m). Aftér éther extraction

(4 hours), the aqueous phase was fufther extracted with CHz2C1lz(x

50m1) to give an additional'basic fraction (430mg) as a bron oll:. .
ir 3340(m,b),'3050(w), 1715(s,b) andlloho(s,b) ém—’;-nmrTaalo

(m), 3.79(m), 4-}%(m),/4.40(m),.6368(m3, 7.22(m) and 7.75(m).The

ether extracts (2.4g) were imme&iately treated with LAH (2g) in
the usual way for 12 hours to glve, after baslc hydrolysis, a
yellow oil (1.7g): ir 3380(s,b), 3040(w), 2940(s), 2880(s),2830

(sh), 2780(s), 1345(m), 1255(m), 1040(s,b), 740(m) and 695 (m)em}
;§r773.77(m) 4.40(m) 6.32-6.8(m) 7.25(m) 7.6-8.0(m) 7.67(8)7.7T(s)

~and 8.2-8.8(m).. The ratio of the signals. at 13.77 to 4.40and 7.67

to T7.77 was 1:6. This o1l was shown by gc on 4% Versamid900(6'x
1/g", 100-270° at 8°/min) to contain the following compounds 1in [//

. . o
order of 1ncreasing retention-time: 14.0 min (unknown,;ﬁu ) 156
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min (II-4%2, 8%), 16.3 min (II-41, 25z), 17.3 min (II-40, 212)and
18.3 min (unknown, ~2%). Chromatography of a portion of this mix-

ture (i.}g)jon silicic ‘acia (80g) and elution with increastng

metpanol concenfration in CH2Cl, afforded several fractions: A
(0-22, 150mg), B (2%, 133mg), C (3-5%z, 239mg) and D (5-50,220md .

Frac’tion-g gave one spot on a tlc plate and one s'iﬁgle Jo=Y: 4o off: J
B ¢ : ‘ ) R
(¥ ZVersamid 900, see.above, rt 17.3 min) and on distillation at

(4

room temperature (0.05 mmHg) yielded trans,cis,tmns-2,4ds-hydraxy-

methylb{cyélo[3.3.0]50t—6-ene (II-40) as a colburless oil: ir
3350(s,b);\3050(m), 1620(w), 1065(s), 1020(%) and 760(s) cm'ig
nmr (Figure II4iO) +4.30(m, 1H), 4.42(m, 1H),.5.78(impurity),‘
6.34(d, !J=_ 7Hz, 2H), 6.4%1(d, J= THZ, 2H), 6.70(m, 1H),7.09(m, 1H),
7.5l8.0(m;‘7ﬁ, 2 D0 ch H), 8.28(m, 1H) and 8.6-9.2(impurity).
hrms (70°) m/e(zu’fgg%:1§6(m+,'7; caled for Cy0H;602: 168.1150),
150111061(11; caled for CyoHys0: 150. 1044 ), 136.0891 (14 ;¢ aled for
CoHyaQ: 136.0888), 132.0937(19; caled for CypH;z: 132.0939),
131.0859(16; caled for CioHyy: 131.0860),1119.0856(100;caled for
CoHyy: 119.0860), 117.0706(64; caled for CeHe: 117.0704),10R065T.
(59; caled for CoHe0: 109.0653), 105.0706(54; calcd for CaHs:
105.0705), 9:’1.9541‘(84; caled for c-,H-,: 91.03547), 79.0554(70; caled
for CeH-: 79.0548) and 66(78). %g irradiation of the multiplet at

+7.72, the multiplets at‘M.BO and 4.42 became a ‘ABXY type spectrum

= 6Hz, J = J

AB AX BY
" became singlets and changes occured in every other multiplets.

(J - 2Hz), the doublets.at r6.34% and 6.41

II-40 (50mg, 3x10 * mole) was heated with pymitrobenzoyl

chloride (200mg, 1.1x10 2 mole) in pyridine (3ml) on a steambath

[ S
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~until the sélid was dissblﬁed (0.5 hour). The reaction mixtufe
was poured into ice-watér and the resulting ‘solid was filtered
and washed thoroughly with sodium cafbonate solution and with
-water: (65mg, 46%, mp 121-130°). It was recrystallized three

times from isopropanocl to give the bis-p-nitrobenzoate of II-40

‘as a white solid: mp 131-2°;-ir 1712(s), 1610(m), 1530(3); 1350
(s), 1280(s), 1100(m) and 725(s) cm™!; nmp v1.78(m, 8H), ¥.20
(m, 1H), 4.38(m,_1H), 5.56(d, J= THz, 2H), 5.63(d, W= THz, 2H),
6.54(m, 1H), 6.96(m, 1H), 7.4-7.7(m, 3H), 8.12(m,-1H) 8. uz(m,
1HY and 8.81(m, 1H); ms (200°) m/e(2) 466(M*, 2), T67(31), 150
(46), 132(100), 120{40), 104 (43), 91(47) ahd 65%30).

Anal. Cal€d. for - Cz4H22N20s : C, 61.80; H, 4.75; N, 6.01.
- Found : C, 61.54%; H, 4.79; N, 5\88.

‘Fraction D as a yellow o1l showed one spot on a tlc ‘late
andva single peak on gcl(uz Vegsamid 9p0, see~above) matching
with the major peak (rt 16.3 min) of the h@sic mixture. This oil
was distilled at i\/{O 05 mmHg to afford a colourless oil of
exb-9-dimethylamino- endo-tricyclo[5.2.1.0%°¢}-3-decen- exo 8-01
(II-4%1)< ir 3300(m,b), 3040(m), 2950(s), 2930(s), 2880(s), 2830
(J , 2782(m), 1610(w), 1245(m), 1ogo(m), 1070(s); 1050(3), 1030

)

)‘ e

), 4.53(m, H ); 6.ﬁl(ddd, J= 6.0 and <1.0Hz, Hs), 6.66(m,~H7),
.

8

H
3 P

6.8-7.0(m, 3H, 1 D20 exch H), 7.45(m, 1H), 7.63(dt, J= 6.0 and
ﬁ.—ﬁz, H ), 7.77(s, NCHs), 7.87(m, 2H), 8.33 and 8.73 (ABquartet,
Jyn = 10Hz, 2H); hrms (70°) m/e(2} 193.1465(M", 51; calecd for

I's s w K ' ' .
. . .
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; 012H1§NOQ.193.1466), 178.1237(13; éaicd for’CiiH;sNO: 178.1232),
164 .14540(15; caled for Cy1HyeN: 164.1439), 162.1281(13; calgd for
Cy1HisN: 162.1283), 127.099% (20; caled for C7Hy3aNO: ié?.0997),-
125.0841(&3} calcd fqr'd7H11No: 125.0841), 110.9973(45;'galcé'f0r
C-HyaN: 110.0970), 84;0814(81; caled for CsH;oN: 84;0813),710735
(1003 caled for C4HoN: 71.6735) and 58.0674 (62; caled for csggN:
58,0656 ). . : [ _ ‘ . .
.The column was’waghéd witﬁ a 2:1 mixture of 0.05 N HCY 'solu-
tion and methanol. The washing was filtered and was evapdnﬁgddne :

[

aqueous solution was made basié to pH 10 with a 102,K6H solution

' » . k)
and extracted with etHer (3x40ml) to afford an oil (%20mg) which

L]

was shown to contain thé major amino alcohol -II-41 andposuxumed'
aéinovalcohol ;;:igvin the 1:1 raéio by gc anal&sis ( 42wersamid
900, see above, rt 16.3 and 15.6 min, respectively): ir#300(s,b),
3050(w), 2960(s), 2870(s), 2830(m), 2780(m), 1350(m), 1255(m),
1065(s), 1045(s), 1030(s), 735(m) and 695(m) cm™'; nmr +3.80(m)
4.45(m), 5.90(m), 6.39(m), 6.60-7.30(m), 7.67.(s7, 7.77(8)ana 8.15-
8.8(m). The integsity ratios of the multiplets at +3.80 to 4.45'
and af the singlets at #7.67 to 7.77 were nearly 1:1.

-

IV-8-11. NND to endo-dicyclopentadiene, with Oz
N

A solutlon of NND (1.628g, 0.022 mole), endo-DCPD (2.64g,Q02
mole) and concentrated HC1 (3ml) in metharol (200ml) waéirfadkwed
in the presence of'oxygen for 5 hours. The bulk of methanol was
removed. The residual solutf%n (15ml1) was diluted with water@5nﬂ)

. e
and extracted with ether (4x60ml) to give an oil (620mg)which was
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shown tovbe a complex mixture by 1its gc (10Z SE-30, 100-220° at

’ ’

6°/min): ir 3340(m,b), 3035(w), 1730(m,b), 1650(s), 1555(s),
1380(s), 1280(s), 1100(s,b), 95Q(s) and 850(s) cm™1. . / ‘
’:/Half the aqueous solutioé (pE<2) wasist@fréd for 7 dayé at
~ room temperature and extracted with ether to give an Q11.635mg)
which showed 3Amajor spots on a tlé plate (alumina,*CH201%2, ir
absorptions at 1720(s) and 2730(m) cm-ixand a Aﬁr signal at 10.3
(m) for an aldehyde moiety,‘along'with ir absorptions at 1630(s),
1280(s) and 865(m) em™! for a nitrate ester group, and 3420(m,b), .
- 3060(m), 1020(m,b) and 710(&)’cm". Ge-ms analysis, of this oiI-
(1OZ'SE—3Q, 100-280° at 6°/min) showed 1 major component (rt 5.1
min, 53 % based on gc peak areas)_tentat}vely assigned ‘as dﬁﬂddnde
II-43 which exhibited ms peaks at m/e (i) 164 (M*, 6), 1&6(12);136
(18), 117(28), 108(84), 79(100), 66(55), 41(42) and 39(55). The
other unknown component (rt 8.1 min, 21%) exhibited ms peaks at

m/e(%) 147(MY2, 12), 119(22), 117(18), 105(26), 91(70), 79(72),
66(45), 41(100) and 39(64). ‘ The same

acidic aqueous solution was made to CH 3.4 with a saturated

NazC0Os solution. This solution was stibred at 30-45° for 12 hours -

and extracted with ether to give extracts A (65mg).‘Thé\aqueous
lphase was further stirred gt 70—855 for 1 day and extracted with'
ether to give extracts B (122mg). Both neutral exfracts A and g
showed ir and Amr very similar to the previous neutral’fractiOn;
in particular, bgtter resolved nmr doublets for the aldehyde bro-
tons at T0.28(d, J = 1.5Hz) and 70.34(d, J = 2.5Hz) with equal

integpities. The gc of these 2 fractions A and B on a 1OZ,SE-30V'

column (see. above) showed the major peak at rt 5.1.min (72% and

»




'gc peak areas) gave m/e( %) 164

II-40) and a basie fraction_(694mg) which shpwed 1 major,l'medium

42(70); 6.9 min, 147, postulated If-h2, 193( *, 38), 176(28),

e

, . S | ., .: ‘ V’, ‘ :.185..

(RS2

651, respectiVely).~The same aqueous® solution was'further‘hade
basic to pPH 10 with a 10 KOH solution and was left 2 days with

Stirring, at which time it was madé acidic to PH 3 with a 3N HCl

‘solution and extracted with ether to give another neutralfracthmu

(131 mg): ir 3400(m,b),3o5o(w),1720(s b); 1550(m) 1090(s) and 1032

(s); nmr 13.52(m), 3. 8(t‘J*éHz), 5.6-8. 8(m) This fraction contai-
ned 1 major compound as seen by its gc (10 SE-30,100-280° at‘6°/
min. A gc-ms pf this peak on the same cblﬁmn (rt 7:4vmiq, 90¢ ef

| M, 20); 136(12), 123(17), 119(11)

99(68), 91(32), 66(100) and 39(42) which did not match with the

one of preVioué dialdehyde II-43.

The other half of the aquedus solution was basified to pH 10

" and left. at room temperature with stirring for 2 days. It was

extracted with ether to give a’ basic fraction (960mg) which still
contained ir absorptions at 1625(s), 1275(s) and 860(m) cm™! for
nitrate ester groups. It was reduced in the usual manner with LAH

(1g) to give, after basic hydrolysis, a neutral fraction(126mg,

‘and several minor peaks by gc (10% SE-fO, 100-280° at 6°/min). : -

TheNéc—ms of the besic fraction éave the following peaks that

were described in the order of rt} yield based on gc peak areas;

m/e(%): 5.5 min, 2%, unknown, 179(M'?, 10), 150(8), 109(21), 8 .
(100), 71(74), 58(37) and 42(90);_6.3 min, 6Z, unknown, 191(17), ‘
162(10), 135(9), 120(9), 97(34), 84(100), 71(57), 58(33), and

164 (15),126(86), 109(75), 84 (100), 71(92) and 58(76); 7.3 min,

’@‘A\' \:-;f‘;,‘,'o“;!'i"’ S
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683, II-41, 193(M°, 28), 178(12), 164(10), 162(Q), 127(32), 125
(36), 110(39.), 84(100), 71(61), 58(48) and 42(38); 9.1 min, 3%,

B .

unkhqown, 209(M 7 )3 6 min, 34, unknown, 209(M+?). The peaks at

6.9 min and 7.3 min matched with a 1:1 mixture of II-42, II-41.,

respectively. _— }
: r

- TV-8-12. &ND to cig, -trang-1,5-cyclodécadiene,. with 0o

A solution of perchloric acid (70%, Mml)'iﬁ methanoI\(80ml)

.Qas added in a photovessel at 0° to a solution of NND (2.0k4g;

0.0276 mole) and CDD (3.13g, 0.023 mole) in methanof (100ml)mus -

%Blbtibn was irradiated under oxygen for 8 hours. The photolysate
s 2

3

. was concentrated to 60ml1 (10°/15mmHg). This solution deposited a

yellow oil on époling. A small portion‘bf this o0il showed ir ab-
sorptions at 16{0(3,b),_1280(s) and 870(s,b) em™? (dNOz)as well as
1060—1130(s,b) em ! (Cl0, ). The phopolysate was further J)ncentra-
ted to 30ml (lb°/15mmHg) and was added to water (50ml).Te aqueous
solution wag gxtracted with ether (4x40ml). The ether extract was
washed w%ﬁﬁ water (3x30ml), dried and evaporated to give a bale
vellow oil (262mg) which showed no NCHg signal in‘ifs nmr gpecrum’
and exhibited ir absorptions at 1625(s), 1280(s) and 865(s) cm !
(ONOz) and 1550(s) and 1372(s) cm™ ! (NOz). The aqueous phasé was

made basic to pH 10 and extracted with ether (4x50ml) to give a

basic fraction (4.6g): ir 3300(w,b), 2930(s),2880(s), 2820(s),

2770(s), 1703(w), 1625(s), 1550(m), 1280(s), 1040(m) and F5(s)er™
nmr t4.5-5.3(m), 6.63(m) and 7.5-9.0(m) including & broad singlet
at T7.75. ’
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This basic fraction was immediately stirred wtth LAH (5gin

il L L

dry ether (80m1) for 1 day at room temperature. After the usual

basic hydrolysis, a colourless oll was obtained (3.7g,~83%) con-
" A

sisting of major &yclized amino alcohols II-46a and II-46b: ir
3380(s,b), 2930(s), 2860(s), 2830(s), 2790(s), 1350(m), 1265(n),

1035(sh), 1025(s), 910(m) and 865(m) cm !; nmr,no signal below

-

]
i
3

6.0, 76.3-6.9(m, partially D>0 exch) and‘7»5?9,0(qdmp}ex m) in-
cluding a broad siﬁgiet at T7.75. The gc ag;lysis of thisoil(10
SE-30 on Chromosorb S 80/100,_6'x1/8"st§inless'steeli 106-255%¢ 2
6°/min, He at 18 psl, and a H» flame detector) showed 1 minor (6%

rt 9.9 snin, unknown), 1 major(78%, rt,.14.1 min, II-46a) and 1

medium peak (16 3 rt 14.4% min, II-46b), the last 2 dverlgppiné.
This oil (B.Eg) was chromatographed-on a basic alumina column(150g)™
to give, oq'elution with 1% CHs0OH ianH2C12, several fractions:
A(306mg, several spots on a tlc plate), B(700mg, mostly II-46 by
ge), g(l.ng, mostly II-4%6a by gc); the last fractio£ Qwas eluted

with 2-10% CHsOH in CHoClp, (300mg, a 7:13 mixture of II-46a:IH6p

by gc, vide infra). | ‘

Fraction B was rechrbmétogﬁaphed oﬁ iSOg of basic alumina to.
afford a middle fraction (395mg) giving 1 peak on ge(rt 14.1min)
This 611 crystallized éh standing. Sublimatiohaof the solid (40/
.05 mmHg) yielded‘8-dimethy1amiﬁdlgl§-bicyclo[5.3;0]-2-decan01
(II-46a) as white crystals: mp 54-5°; ir 3390(s,b), 2930(s),2860
(s), 2830(s), 2790(s), 1350(m), 1265(m), 1205(m), 1025(s),90(m)
and 865(m7 cm !'; 'H nmr 76.50(bt, J= 8.5Hz, H»), 7.75(s, NCHs),

7.8-8.9(complex m, 16H, incidding a D20 exch peak at 77.96); 3¢

e Spaoe

nmr ppm 76.2(d), 75.5(d), 51.0(d), 44%.3(q), 43;1(q,NCH5),38.8_£t), .

) G

> g
° v . . ~

i G e
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32.3(t), 30.2(t), 29.9(t), 28.5(t) and 27.6(t); hrms (70°) mle(z)

" 197.1781(M*, 595 caled. for CyaHzaNO: 197.1780),1821539(6; Cyy FooNO:

182.1545), 180.1761(4%; calcd for CyzHaoN: 180.1753), 179.1660(44

' caled for CysHziN: 179.1673), 168.1378(7; caled for CioH;aNO: o

a L P

168.1388), 110.0956(13; caled for C7H;2N: 110.0969), 84.0817(f;o;¢.
caled forr CsHyoN: 84.0813), 71.0721(73;calcd for q;ﬁgN: 71,073§3e'
- and 58;"0654(614 ;‘“acalc‘d“‘for C.3H8N1»58.'O657). On ir'r:a:diat‘ion at ‘
‘th_e’br"oad triop;é.t,at 716:'50>'fehhnged to a broad singlet. . |

" Anal. Calcd. for Cj;2H2gNO : "C, 73.04; H, 11.75; N, 7.1@.

Found : C, 73.25; H, 11.68; N, 7.25. -

P 4

An acetone solution (4ml) -of a;nino alcohol 1I-46a '(250mg,
1.27x10°3 mole) was treated with a red solution of CrOsz-H»SO, in
~water (86)(0.66ml, 1.4x1072 mole) for 1.5 ho‘urs at poom temperature,
A few drops of methanol .were'adde to the green \SOlIﬂm"mW
the excess of"thhe Jones' reageny. The acetone was evaporated and -
- the rgsidué was basified and immédiate}y extracted with CH>Clo -
(3x40ml) to give a clear oil? (199rﬁg, 812 ) as 8—diméthylamino-£1“§—
bicyclol 5.3.0]-2-decanone (II-47a): ‘ir 2935(s), 2.870(8'),282'5(111),3
2780(f), 1703(s), 1160(m), 1040(m) and 865(m) cm™'; 'H nmr Ti;o-
7.9(m, 7H), 7.73(s, NCHs) and 8.05-8.9(m, 11H); '¥ nmrpﬁnamg '
(8), 73.6(a), 54.6(d), 42.4(t and g, 3C7), ¥1.9(d), 32.2(tyBiof)

~

26.5(t), 24.8(t) and 23.4(t); ms (20°) m/e(z) 195(u*, 20),10(7),

L4
.

84 (81), 71(100), 56(12) and 42(11). - _ -
gg—a.mino_ ketone II-47a (35mg) was treated with a ENHmm /~

tion (5mI) for 2 days at 50°. Aéﬁer basification and'ether extrac-

tion, a colourless oil (26mg, 75%) was obtained and shown to be a
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~2:3 mixture of amime ketones H:’i?ﬁ ahd _I_I-i?_g by 1ts 'H nmr (2
singlets at t7.73and 7.76)." B

- Fraction’ _12, obtained as a colourless ol /5howed 2 peaks - i"
(10 2SE-30, see above). This mixture was postulated to be a 7 13
mixture of the isomeric alcohols Ag_—br___ég(rt 11{.1 min) and __—i@
(rt 14.4% min): ir spectrum similar with ir of' pure ~amino alcohol
;i:ggg; iH_nmr 76.2-6.8(m, partially nzo exch), 7.5-8.9(m) |
and 7.75(s); 1°C nmr  ppm 76. 76.2(a), 75.5(a), 73.3(a) TL6(e)y20.
(d),. 47.5(4), ﬁz(d), u}- (d), ¥3. l(q) 42, 2(q , 38. 38.8(t) 339(t),
gg;g(t),'31.7(t), 30.2(t),129.9(t), 28. 5(t 2L__(t), 26 8(t),
26 6(t), A26 .0(t) and 24. 6(t) The underlined chemical shiftsu-e

lower in intensity in comparison to others and- matched with,tnose

of dmffo alcohol_ll:ggg The gc- ms (lDZSE 30, 100-255 at 6°/min)

~of thisb mixture afforded the' following mass: Eﬁ_@g(rt 14.1 min):

m/e(x) 197(M*, 37), 152( 4), 168(5), 110(12), 84(100), 71(89) and

58(68);° II-46b(rt 14.% min): m/&(%) 197(n%, 6), 182(3),16,8(2),_1\5:;'5

(8), 110(6), 84(100), 71(80), 58(80) and 44 (28 |
Thist fraction (100mg) was oxidized in acetone (2ml)~with ? .

- <-/

solution of CrOs H2804 Vf) 3ml, §€ above') for 3 hours at roantempe—

*-t

(..
ature. After the usual work up, a as;Lc fraction (TIMg, 7022 was
shown to be crude II 47&, as seen y its tlc, gc, ir, 1H and 13C

nmr spectra matching with those of I1- &1&.
T St 123 -

.

In a separate expeqiment, a solution of NND’,(14’48g,' .@m]c) S

CDD (2.45g, 0.018 mole) and perchloric acid (702, 3ml) in CROH.
(200ml1) wa# photolysed under oxygen as described above.Afuv m-

diation (2.5 hours), the photolysate was concentrated to 30mland

~

Al i
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. ‘ ' , » ‘ . : “
o ~ S -190-

/' ~ water (SOﬁll) was added, resulting in amr oil depot. The entire
SN fraction was extracted with ether-(3x40ml). The ‘ether extract was

washed with water (2x30ml1), .dr'ied and evaporated to. give an oil

(440mg) igentical to previohs neutral fraction. The photolirsate

was filtered to afford a white solid (1.97g, 322) which wasﬁre- /\

cr&stallized twice from ethanol to give the perchlorat_é of 2-rttra-
-to-B—dimethylémino—c_is—hicyclo[ 5.3.0]decane (_I_Ii'l'_)"'_&_) :mp 1?1—154.5";
ir 3090(s,b), 1605(s 5),, 1290(s), 1280(§)y~&060-1106(s,b); 970(s ),
' /ﬁ 930(m), 890(s), 76\7 'n) and 620(s) cm “1:; 400 MHz ‘Hnmr' (f‘DCls)
\\\(Eigure II-11) 71.06(bs #D20 fexch, NH), 5. 17(ddd, J= 10.4,10.Q and
<0.6Hz, Hz), 6.85(m, Hs),Af(jls(d,'J=5.0Hz, NCHs ) ; 7.08(d,=508,
NCHs), 7.46(dddd, J=12.0,10.%,9.8 and 5.4Hz, Hy), 7.56(m,H),8.01
(m, 2H), 8.22(m, 2H) and 8.32-8.64(m, 8H); !3Cnmr (DMSO-de)‘ppm
89.4(a,C2); 73.8(d,Ca), 45.1(d), 7‘&2.0,(q,_NCHs), 39.5, 32.9(t),31
(t), 28.8(t,2C), 27.0(t) and 26.4(t); (CDsOD) ppm 88. &ﬂg Cz),M.1
(a,Cs), 42.8(a), 42.0(q,NCHs ), #1.8(q,NCHs), 39.4(a), I A
30.7(t); é8.2(t,20),r26.7(t) and 25.7(t). }
Anal. Calcd. for C;zH2sN20-Cl : C, 42.05; H, 6.76; N, 8.17.
., . Found :\C, 42.11; H, 6.7t; N, 8.14.
Perchlorafg w (400mg) was added to water (5ml);the soki-
tion made basic gnd extracted wit.h ether to give a colouriess oﬂ
(242mg,85 Z)as the free base of II_—ﬁz_a._ ir 3400(w,b), no carbonyl
absorption,.1-620(s),$80 (s) and 860(s) em™!. This fraction was
immediately treated with LAH (200mg) in dry ether, overnight.After
4 the usual work-up; a colourless oil (148mg,75%) wa)s obtained
whose ir and gc(fozSE-3o, 100-240° at 10°/min, 1 peak aértz6m1n)

~were matching with those of pure alcohol II-46a.

V4



IVY8-13. NND to cis,trans-1,5-cyclodecadiene, with Na

A gi&ution,of NND (3.552%, 0.048 mole), »(5;44ggi64m01e9%“
-and conceﬁtrated HC1 (Gihml) in mebthanol (180ml \was irfadiated
‘under nitrogen. The;photolysif waéﬁstopped when the emerging peék
' ét ca 300nm Qas mbSt intense (7.5 hours). Thé yellow~§hotblysate

was neutralized;immediately with anhydrous sodium carbonate. No

r’—‘f;;gbypitate was obtained. The photolysate was concentrated to a

- i } . , -
small volume under angbm and 50ml of ether was added. No precipi-

[

tate was obtainquyzfé\solution was conéentrated to.giveﬁa yellow
paste, to which éle'of Brine solutioh was added, and was extracted
with CH2Ci2 (}fBOmi)l The extracts were Qashed with Brinesohﬂién\
(3%x%0ml) and evapor;ted to givé an orange oil (6.86g) which showed
1 majJor and several minof\§pb on a'tlc'plate: ir 3186(m,b),

:2820(sN\_2780(s), 1640(w,b),1265(m),

305Q(m,b), 2930(s ), 2870(s)-

1210(w), 1185(m), 1040(m), 10B0(m), 960 m), 860(m) and
70%(m) cﬁblg nmr no olefinic jproton, multiplets at 77.0am 8.5, at
T 7.7%(bs, N-CHs) , an exch e proton at T-0,05(b),2 singlets
at 16.20 and 6.93 for starting NND.\isc nmr indicated that Ehisv
fraction contaiqed 5 ma jor compounds, postulated as §ig and anti-
oxlmes II1-43, iﬁ relatively equal amounts as seen by the height of

'.the following peaks: ppm 162.1, 161.5, T4.9, 71.3, £§;1,Eﬁ§,‘,2
(2c), 42.3(2¢), 40.2, 38.7, 32.6, 31.1, 30.7, 29.6, 29.3, eéfij
28.0, 28.0, 27.3, 26.0, 25.0 and 24.2. All the underlined;;;miuﬂ

,shifts matched with pure anti-oxime II-48b isolated in the fdllowing

work-up.
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Acid base.extfaction of this mixture (5.5g) affdrdéd a neu-
tral fraction (yellow oil, 207mg)'containing'starting NND and
:olefinic material as ighicated by its ir and,nmr spectra. The
basic fraction_(yellsy oil, M.98g,~v752) ;howed 1 major, 2.mediﬁm
and 1 minor spots on a tlc plate (alumina, 2%CHsOH in CH»Cl,): ir
317o(ni,b), BOSO(m,b),J 2940(s), 2870(5), 2830(s)», 2780(s), 170%(m) ‘
'1640(w,b),12?o(m)_,' 1210(m), 1190(s), 1040(s), 1o3o(s.); 960(s), 915
(m), 860(m) and 703(m) cm !. Its nmr spectrum showed a broad sin-
glet at 7-0.04, multiplets at 76.8-8.8 and a strong and a weak

singlets at +7.7% and T.78, respectively.
. Chromatography of a portion of this mixture (ng on neutral
alumina (4d0g) and elution with CHs0H in CHsCls, afforded different
fractions ( LHa0H, volume eluant, weight):'fraction A (17111, 95mg)
B(1%, 200ml, 300mg), g(lz, 50ml, 300mg), D(1%, 350ml, 700mg)g§k3%
800ml, 300mg), F(6%, 300ml, 580mg), G(10%, 300ml,*1.2g) and H(15-
20 %, 600ml, 300mg). Fraétions A, B and C confained amino ketones
IE:&Z ana showed 1 major spot on a tlc plate and singletsat ¢7.73
and '7.76 in the ratio ~2:3,. Fracti(;n B was rechromatographed on 50g
neutral alumina to yield a mixtufe of amino ketones II-47 (232mg)
aé a®colourless oil: 1 spot on a tlc plate (alumina, 2% CHs0H in
CHoClz, RE 0.75), 1 peak on gc (10%SE-30, 6'x'/g", 80-240° at 6°/
min, rt 14.5 min); ir 2935(s), 2870(s), 2825(m), 2f8o(m), 1703(s)
and 1040(m) cm™!'; 'H nmr 77.1-7.95(m, 4H), 7.73(8).and776(@@awﬂ
~2:3, NCHs) and 8.0-9.0(m, '11:H); '3C nmr  ppm 211.9(s), 211.8(s)
73.6(dTNT1.9(d), 54.6(d), 54.6(d), 45.0(d), 42.9(t), 42.4(¢),
42.4(q), 41.9(d), 40.5(q), 34.6(t), 32.2(t), 280 (t), 28.0(t),

’ ~
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26.5(t), 24.8(t); 23.4(t), 22.7(t), 22.2(t) and 20.7(t). All the

underlined chemical shifts were the lowest in height and matched
with pure amino ketone II-47a. This fraction formed crjstals in
the freezer, but melted at room temperature. |
‘Fraction D contained a mixture of amino ketones ll:iz and
amino oximes l;:izz 2(spots on a tlc plate; ir 3180(w,b), 1703(s)
16&0(w,g), 1040(m) and QQBO(m) cm '; nmr +7.74(s) and 7.76(s) in
thea2:1 ratio. This fraction D was treated with 40ml of anaqueous
2N HC1 solution for 5 days to give{ after basification and ether
extraction, a fraction (628mg), which was shown to be a*»é}ﬁ mix-
ture of II-Mzakand II-47b by its tke (1 spot); 'H nmr, singlets at
T7.73 and 7.76 in the ratio ~2:3; !3C nmr, similar tothose obtai- 4o
ned above. ‘

Fraction E showed B‘SpOtS on a tlc plate (aluminaUQZCHSO%FDE
CHoClp) corresponding to a mixture of TII-47(Rf 0.75), II-43a?(Rf
0.40) and II-43b(Rf 0.25). The major spot (Rf 0.40) ,assumed tobe
IT-43a could not be isolated in.aﬁother,chromatographycfthis frac-
tion (170mg) on neuﬁral alumina (25g). Recovery of all the fractions
ylelded an oil E,; (125mg) which gave only a faint épot at Rf 0.40,
but the spot at Rf 0.25 became the most intense.

Fractions E; and F were treated with 2N HC1l solutions in the
sam shion as fraction D(see above) and gave 2 fractions (58mg
and 420mg, respectively), each _pof them giving 1 spot on atlc plate
matching in Rf value with ketones II-47: ir 1703 cm-f;nnu’¢Z73&ﬂ
‘and 7.76(s) in the ~2:3 ratio. |

-

: .
Fraction G.was rechromatographed on 150g neutral alumina to



JQ“;,

@ive a ' major fraction (794mg) which showed only 1 spot on a tic.

plate (alumina, 2% CHaOH in CHsCla, Rf 0.25). This colourless

’

sticky oil (500mg) was dissolved in ethyl acetate and crystalﬂza-}

tion occurred to give 3 crops of anti-2-o0 mino-8—dimethy1amino—
cis-bicyclo[5.3.0] decane (II-48b) as colourless plates (425mg):
mp 116-116.5°; ir ‘31?O(m,b), 3050(m), 2820(m), 2780(m),*1650(m)

1o3d(s), 1005(m), 955(s), 910(s) and 860(s) cm;i; 'H nmr T-o.uﬂﬁg‘;
D20 exch, 1H), 6.93(m, 1H), 7.1%(m, 1H), 7.74(s, NCHs), 7.85(m,1H)

and 8.14-8L72(m, 12H); '3C nmr ppm 161.5(5), %4.9(d), &8.1(d),
44.8(d), 43.2(q, NCHg), 32.6(t), 29.6(t), 29.3(t), 28.0(t)2b6.0(t)
and.é5.'o(t_); hrms (110°') m/e (%) 210.1732(M+,calcdfOI‘G,2HggN20:
210.1732), 193.1702(89; calcd for Cy2HoyNo: 193.1%05L165J375u2;
calcd for CioHy7Nz: 16§*;391), 148.1103(26; calcd for C,oHy4N:
148.1126), 122.0961(9;caled for CgHypN: 122.0970), 110.0932(16;
calcd for C-H,oN: 110;0976), 84,0814 (665 calcd Eor(kfhoN:8Ld13)

71.0738(100; caled for C.HeN: 71.0735), 58(20), 56(37)andk42 ().

Anal. Calcd. for C;2H22N20 : C, 68.53; H, 10.54%; N, 13.32.
" Found : C, 68.57; H, 10.55; N, 13.36.

Fracﬁion H was also shown to be I1-48b as seen by its tlc, ir
and 13C me!spectra. The pure oxime IT-48b (99mg) was treated with
a 2N HC1 solution at 50° for 36 hours. The solution was made basic
and extracted with ether %o givela ~2:3 mixture of ketones llﬂﬁz
(75mg, 80%)~éé seen by its 'H and !3C nmr speétra'sileér'&)those

-

~of the previous mixture.
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IV-9. Transannular Electrophilic Reaction of Alkenyl Nitros
; K 7 _

¥

Compoundé‘

- IV-9-1. " Preparation of anti-dimer of cis-1-nitroso-2-chloro-

5-cyclooctene

etﬁylene chloride solution (20ml) of nitrosyl.chloride

, ~5x1072 mole) was added in 0.5 hour to a solution of
10g, 9.26x1072. mole) in CHaCls (20ml) at =-10° and left with
rring at -10° for 0.5 hour. To the dark blue solutionvmszuﬁed)
cold hexane (IOOml)‘but no solid precipitated. The solution was
immediately congentrated to 40ml under reduced pressure (20 mmHg
at 10°). A solid ‘was.obtained, filtered, washed thoroughly with
hexane and dglgg,zﬁ/i dessicator over calcium chloride.This crude
white solid (2.56g, ~30%, mp 99-101°) was recrystallized from a

1:4 mixture of CHCls:hexane to give colourless needles of the

" anti-dimer of cis—l—nitroso—?-chloro—S—cyclooctene(dimerchL51);

mp 104%.5-105°; one spot on an alumina tlc piate;uv(Cchlg)x29unm
(6250); 1ir 3020(m), 1238(s), 1208(s), 775(m), 752 (m)and736 (s)cm }
'H nmr  +4.06-4%.40(m, 4H), 4.57(dd, J= 11.5 and 4.0 Hz, 2H),5.48
(m, W& = 11 Hz, 2H) and 7.1-8.2(m, 16H); 3¢ nmr ppm 131.0(d),
128.5(d), 67.8(d), 61.0(d), 35.7(t), 27.3(t), 21.8(t)and 21.6(t);
ms (110°) m/e(z) no M', 176(1.5), 175(2), 174(3), 173(2), 158(4)
156(9), 138(13), 120(10), 107(42), 91(46), 79(100), 67(42),55(20),
47(33) and 39(29). on irradiation at +7.89, the multiplet at T5.48
collapsed to a singlet amnd small changes were seen at T4.57. On in

radiation at -7.78, the double doublet at ¢4.57'c011apsed to a
S ‘/' A% :

re
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sinélet‘and small changes were seen at T5.48. Irradiation atT7.%
brought chdnges of the olefinic signals at fk.? but npﬁe for the
mﬁ&tiplets at T4.57 énd 5.48. Irradiation at T4.57 or at 5.48:'
caused no change in the respective signal neor in. the olefinic

signal at T4.2.

-

-

Anal. Calcd. for (CgH,2NOCl), : C, 55.34; H, 6.97; N, B.07.
Found : C, 55.2%; H, 6.93; N, 8.07.

The blue mother. liquor was washed with water (40ml), with a
sodium carbonate solution (30m1), then with water. The organic
phase was dried and evaporatéd\tp afford a mixture of yellow oil
and solidi Hexane (10ml) was added to this residue to give asecond
crop’of dimer of II-51 (564 mg, 7% mp.98-102°); the tlc and ir
were ldentical with those of dimer II-51. The solutionwas evapora-
ted to give starting COD (4.3g) as the major broduct alohg'witﬁ '

oximes II-52 as indicated by ‘tlc analysis (vide infra).

.

In another experiment, a 34 % solution of NOC1 1ncHﬂﬂ%(O.&@;
4.63x10 2 mole) was added in 15 min to a ;olut%on of CoD (0.5g, |
4.63x107° mole) in CH2Clp (15ml) and left at -10° with stirring
for 0.5 hour. Cold hexane (50m1) was added and the resulting dark
blue solution was éoncentrated to ca 30ml to give a white solid.
(196mg, ca 24 %, mp 98-101°), the !'3C nmr spectrum of,whichexhﬂﬂ-:
ted signals due to dimer of II-51 and syn-oxime II-52bin an sporo-
xilmate ratio of 9:1. The mothér liquor was concentrated to ca 10ml

to-yileld a second'crép of solid (165mg, ca 20z, mp 95-8°) consis-

ting of dimer of II-51, syn- and anti-oximes II1-52; the ratio of
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the réspective signals in the '3¢ nmr spectrum was estimatedvto
be f:?:l. The mother'iiquor was evaporated to give a dark blue oll
(222mg) consisting o} oximes IT-52a and II-52b, COD and dimer of
II=51 as seen by the 130 nmf spectrum of the mixture and matching
with authentic samples; an approximated ratio of 8:4:4:3 was attri-

buteq\fo ®he respective signals of the 4 components of the mixture.

IV-9-2, Reactlons of the dimer of II—51

(a) neat sample t~ A crude dimer of II-51 féfLBg) was left
at room temperature for 2 months to give an orange o0il which did
not show the spot at Rf = 0.9 corresponding to the dimep}bf C-ni-
troso'Ellil on a tlc plate (alumina, CHoClz) but another spot at
Rf;O.l fpr a mixture of isomeric oximes I1-52 : 1ir BQGO(s,b),
3020(m), 1640(m), 1155(m), 990(s), 900(s), 755(s) and £80(s) cm™@
'H nmr r0.95(bs, Dz0 exch, 1H), 4.33(m,‘2H), 5.40(da, J= 7.0 and

5.0Hz, %H, syn-II-Seb), 5.68(dd, J= 8.0 and 4.0Hz, .3H, anti-II+Pa)

and 6.9-8.1(m, SH); '3C nmr ppm 160.2(s), 158.8(s), 13%0.6, 130.1

129.4(d), 129.3(d), 60.2(d), 55.9(d), 35.9(t), 33.8(t), 31.8(t), .

25.9(t)), 22.8(t), 22.2, 22.1(t) and 20.9(t); the underlined chemi-

cal shifts were-relatively more intense than the other lines.This

‘fraction was sublimed to give syn-l-oximino-2-chloro-5-cyclooctene

(IT-52b, 23mg) as a colourless oll; one peak on gc (gss above, rt
17.3 min); ir 3300(s,b), 3020(m), 1645(m),\1225(m),12EXmL1165mﬂ
1155(m), 985(s), 900(s), 755(s) and 670(m) cm™!; nmr 2.26(bs,De0

exch, 1H), 4.33?m,‘2H), 5M0(ad, J= 7.0 and 5.0Hz, 1H), and .7.0-

8.1(m, SH); 100°) m/e( %) 175(M°, 3), 173(M", 5), 158(34), 156

(88), 138(34), 120(100), 93(56), B (66), 79(96) and 67(58).mn trre-
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diation at T7.90, the double doublet at T5.40 collapsed to a sin-

glet and changes occured at T4,33,

Anal. Caled. for CgH,2NOC1 : C, 55.34%; H, 6.97; N, 8.07.

Found : C, 55.50; H, 6.97; N, 8.38.
(b) with HC1 : A methylene chloride solution of NOC1{ 0.02

mole) was added in 10 min to a solﬁtion of COD (4.54g, 4.2x1072"°
mole) in 20ml CH2Clz at -10° and was kept lhéqr atroomtemperamne.,
Methanol (50m1) was added and the solution concehtrated to 20ml.
A white solid was obtained, filtered afi\washed with ether tc glve
dimer of II-51 (268mg, mp 102-4°) which /showed tlec, ir and nmr
spectra identiéél to an authentlc sample. To the blue mother Hauor
was added 0.2ml of concentrated HC1l and the/mixture was stirred
overnight at room temperature. The blue coldﬁr persisted.The mix
ture was then héated at ca 45° until the blue colopr_disaﬁbeared
(2 days). Water (SOml) was added to the solution and the methanol
‘removed under vacwwn., The remalning solution was’pxtracted with
CH2C1ls, (3x40ml) to give a dark redwoil (2.86g):ir3370(m.,b),30)+0
(m), 1715(m,b), 1640(m,b), 1565(m), 1110(m) and 1022 (m);nmrT2.5
(bs, D20 exch), 4.37(m), 5.2—6.5(m), 6.61(s), 6.64(s)6.71(s)and
£.9-8.4(m); esr (CHxCls) triplet (1:1:1), aN'17.2G,1ine width 5.5,
g 2.006Sf0.0006. The gc-ms analysis of this complex mixture (107
SE-30, 6'x!/g", 100-250° at é°/min) and the preparative gc(20%ZSE-

30, 20'x%/g", 250°) showed the following compounds as seen on

Chart IV-1; compounds II-53, II-54% and X were isolated using the

latter column and compound II-52 was matching with an authentic

sample using the former column. Esr of X did not show any signal.
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Chart IV-1, note a: compounds II-53 and II-54 gave 1pesk mn a 107

SE-30 column (6'x'/g") but 2 peaks on a 20%SE-30 column (20%x%"™:

I1-53 (rt 37.2 min) aﬁd II-54% (rt 39.9 min) in equal ratio.

(c) with HZTO, and CHaOH : A suspension of the dimer of II-51
(200mg) in a 1:4% mixture of qgaclz:CHSOH (25ml) containing 2 drops
of perchloric acid (70%) was stirred at room temperature far 1day.
As the tlc analysls showed no change, the mixture was heated gt 40°
for 1 day when né spot for the dimer of II-51 (Rf=0.9)was detected.
The solution was evaporated, water (EOml) was. added and the resul-
ting solution was extracted with CH2012 (3x20ml1) to vield a colour-
less oil (170mg): ir 3250(3,5), 3020(m), 1700(w,b), 1642(m,b),
1020(s), 990(3); 925(3), 782 (s) and 725(5),cm_1; 'H nmr T70.7(D20
exch), %.3%-4.7(m), 5.40(m), 6.61(s), 6.67(s) and 6.85-7.20(m).By gc
peak matching with-éuthentiC'mixture (102SE-30, 6'x'/g", 100-250°
at 6°/min), the following compounds were identified ( rt, yield
from starting monomer II-51): ketones II-53 and/or II-54%(1L.6min,
le), methoxy oxiﬁellliié (16.3 min, 152) and chloro oximes II-52
(17.3 min, 70%). This oil exhibited the following !3Cnmr spectrum
to that of a mixture IT-52a and IT-52b: ppm 160;2(5), 158.8(s),

130.6, 130.1, 129.%, 129.3, 60.2(d), 56.0(d)}37.0,33.9,31.9,26.0, _

22.8, 22.3, 22.2 and 21.0; the lines of the underlined chemical
‘shifts weré more°intense than the other lines. |

Thg aqueous phase was made basic to pH10 and extracted with\
CHzclg.(3x20m1)-to afford a white solid (10mg) giving 1 major spot

on a-tlc plate (alumina, 4% CHaOH in CHaCls, Rf 0.4 )and tentatively

3

et 1 s 10 L ir k9
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assigned as 259—2-chloro—endoJS-methbxy—Q—ﬁydroXy-Q-azaﬁiqjc10
[3.3.1nonane IT-58a: ir 3200{m,b), 1265(m), 1102(m), 1088(s),
1050(m), 910(s), 840(m), 725(s), 653(m) and 630(m) cm™!; nmr
r15.68(m, W& = 8Hz, 1H), 6.02(m, W& = 22Hz, 1H), 6.46-6.76(m, 2H),

6.64(s, OCHs) and 7.5-8.85(m, 9H);\ps (90°) m/e(2) 207(M", 2),

205(M", ) J190(39), 188(100), 176(6), 174(20), "170(27), 160(7),
158(22), ig;(el), 112(28), 71(46) and 41(41); esr (CH2Clp): major
triplet, ay 17.5G, line width 5.5G, g 2.0073+0.0006. This signal
was éttr%gyted to nitroxyl radical II-58b. It also cantained medlum

bands around the central band of the triplet.

(d) with dimethylamine hydrochloride and.CHsOH A solution
containing dry dimethylamine hydrochloride (93.4mg, 1.146x10 3
mole), dimer of II-51 (200mg, 5.75x10 * mole) in a 2:1 mixture of
CH-Cl:-CHgOH (30ml) was stirred under nitrogen for 2 hours at 0°,
15 hours at room temperatlre and 5 hours-at 40°, at whichtime the
stgr%ing dimer disappeared as shown by tlc a. lysis. The solvent
was partially removed, water (20ml) was addezazhd the &dumiaywas
extracted with CH2C1lp, (4x30ml). The methylene chloride pggée was
dried and evaporated to give a neutral fraction (185mg) which ,on
a tlc plate (alumina, 22 CHa0H in CH-Cl,) gave a ﬁajorspot carres-
ponding to II-52 (Rf 0.5) and a medium spot corresponding to II58a
(Rf 0.3). The spectra of the mixture.were: ir 5%60(s,b), 3020(m)
1650(m,b), 1550(m,b), 985(s @Y, 905(s), 900(s), 760(s), 740(s),
720(m) and A70(m) cm !3 nnﬁ €%§.2(bs, D-0 exch), 4.32(m), 5.%(m),
517(m1, 6.0(m), 6.65(m)3 6.7(s) and 7.1-8.2(m); the multiplets at

74.32, 5.4, 5.7, 6.0, 6.55 and 6.7 were in the ratio of 20:9:1:1:
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2:3. Esr of this m%x%ure in$CH2C12 gave a broad triplet: aN 15.1G
line width 4G, g 2.0087+0.0008. The aqueous phase was made Sésic
to pH 10 and extracted Qith CH2Cl, to give II-27 (11mg, 5%): mp
98-9°; tlc, ir éndrgm spectra were identical with those of an
agthentic sample prepared by another‘route (vide supra).

Thé above neutral fraction (170mg) was stirred witn Aco0
(1g) and zinc powder (lg) in CHoClp (10ml) at room temperature \;\\\
undéf nitrogen for 1.day, then at 35-40° for 12 hours.?The inc N
wasfremo§ed by filtration. Phe solution was poured into lee (15g)
made basic to pH 10 and extractedﬂwith.Cchlz to givea wellow oil
.(190mg) which showed ir absorptions at 1770(s,b) and 1200(s,b4»
and a nmr signal at 77.83(s) for an O-acetyl oxlme group. This -
mixture was éhromatographed on silicagel (15g) and eiﬂ??bn with
0-0.5% CH3zOH in CH2Clp afforded a major fraction-(;;:gg, 164mg) ;
the‘tlc, ir and nmr spectra were identical with those(ﬁ‘anauumn_
tic sample. The following fractions (32mg), elutedth12zCHdX{1n-
CH2C1> cquld not be purified but showéﬁ a tripiet esr signél:

ay 13.8G, line width 3.5G, g 2.0075+0.0005.

(e) with Acs0-and AcOH : To a solution of the crude dimer
of C—nitroso compound II-51 (400mg, 1.15x1023 mole) in CHoCl,
(20ml1) purged with nitrogen and cooled in an ice-bath, was added
a methylene chloride solution (QTI) of acetib‘anhydrideﬁi4g,2;3
x10°2 mole) and acetic acid (28mg, 0.46x10" % mole). The mixture
was stirred at 0° ﬁnderlnitrogen for 5 hours, then 3 days at room

temperature. As a tlc analysis (alumina, CH>Cls)’of the mixture

showed a large spot for starting material dimer of II-51 (Rf 0.9)
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the reaction mixture was heated at 35-40° untll a tlc analysis .
showed the absencé.of.the.&imqr'of II1-51 (5 hours): The yellow
solution Qas poured into ice (30g), was made %asic to pH 9.5 and
1mme&2ate1y extracted with .CHxCls (3x50ml). The exéract was fur-
ther washed with‘a 10% Nazcdgxsolutio; (2x20m1), then'wqter(BﬂmD
and dfied. Removal of the solVent gave a'yellow q}l(Mﬁmg)éhndng
one minor and 2'major spots on a tlc plate (silicagel,4¥2CHsOH in
CHzClz): ir 3400(w,b), 3020(m), 177Q(s,b), 1735(sh),1630w,b),
137o(s5, 1240(s), 1200(s,b), 1035(m), 1002(s), 925(3) aq§§?7ogm)

in a

cm !'; nmr r4.2-4.8(m), multiplets at r5.12, 5.67 and 6.
3:1:2 ratio, 6.9-8.3(m), 7.83fs), 7.90(s) and 7.95(s); the ratio
of the singlets was apprgximatively é:i:l. .

This mixture was chromatograpﬁed dn”silicagel'(QOg); The -
fir;t fraction (13mg), eluted with CH-Cl., was COD, 1£§ur1£y in

the starting material dimer of II-51. The next 4 fractions,eluted

with 0.5 §o.12 CHs0OH 1n CHéglz were crude ll:ggf?é51mg, 51%)as a
colourlesgﬁbil, which crystallized on standing in the fnzze?but
melted at room temperature. bistillation of thié oilaﬁ;roonltaqx»
irature (0.2 mmHg) afforded'b_ac;tyi—2-chloro-S-cyclooctenrl-bne—
gzg-oxime;j%%iﬁg): ir 3020(m), 1775(s,b)£‘1625(m,b);*1370(3),
1200(s,b), 1002(s), 980(m), 925(s,b), 770(m) and 750(m) cm™1;

'H nmr 4.34(m, 2H), 5.15(dd, J= 7.0 and 5.0Hz, 1H), 6:88-8.10
(m, 8H) and 7.83(s, CHs); '3C nmr ppm 167.3(s), 166.9(s), 129.7
(d), 128.3(d), 59.6(d, Cz), 36\.~g_(t), 27.1(t), 21.7(t),21.3(t) and
18.8(q); ms (60°) m/e(z) M not observed, 211(6), 209(8),175(19),
173(52), 138(37), 120(100), 91(73),-79(96), 67(68) and43(88);

ms (70°, 10eV) no M*. oOn irradiation of the multiplets at r4.34

o

7
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and 5.15, small changes were observed between T"7,_.50 ang 7.68 and-
between 77.52 and 8.10, respectively. On irradiation at r7.50,

multiplet at t5.15 became “a broad singlet'and the multiplet at r-
- . - .

4,34 chaﬁgfd to an AB-quartefL (JA‘B: 12Hz). .dn irradiaiion at 1 7.85,
the double doublet at T5.1% collapsed to a sharb singlet.
— Anal. Calcd. fog’}gioH14Nogé;a-_c, 55.69; H, 6.54; N, 6.50.
- | ‘Found: C, 55.53; H, 6.63; N, 6.81.
The fractions elutéd with 2-42 CHs0H in CHo-Cl, afforded
crude II-60 (145mg, 18%) as a yellow thick oil which crystallized
.on the freezer. 'This oil in chloroform shoﬁed the esr spectrum of

a broad triplet (1:1:1),which was assigned to endo-2-acetoxy-exo-

2

,E—chldro—g-azabicycloE3.3.1] nonane nitroxyl radical (I1-61b):
a, 17.2G,1line width 5.7G, z 2.0068.0.0006. Sub11m5£§én of this
solid at 65° (0.2 mmHg) afforded pure gggg—?}9-d&5£etoxylg§é—6a
chloro—9—azabicyclo[3.3.IJ nonane (I1I-60) %} wﬁite crystals: mp
79-83°; ir, 1768(s), 1726(s), 1370(s), 1246(s), 1232(s), 1213(s),
1200(s), 1032(s), 955(m), 900(m), 880(s), 790(m) and 738(m) em™!;
| 'H nmr (Figure II- 1Y) T4.6h(5 broad lines, bpssibly ddd J = 11.0,
v7.0 and 5.,0Hz, with further small coupling.< 1Hz, Hs), 5.70(m,

W% = 8Hz, Hed, 6.41(m, W& = 10Hz, H, and Hs), 7.59-8.46(m, 8H),

7.87(s, NOAc) and 7.93(s, COAc); !3C nmr ppm 169.0(s),168.4(s),
. 66.7(d, C2)¢ 59.%(d, Cy and Cs), 55.2(d, Cs), 27.6(t), 23.3(t),
' 21.6(t), 20.1(q), 19.4(t) and 18.8(q); hrms (80°) m/e()2T.0880
and 275.0903(M", 2 ‘and 5.5; calcd for C,zH;sNO,Cl: 277.089% and
275.0925),.235.0815 and 233,0800(27 and 78.5;‘0&10& ﬂz%hoHaNOaCh
235.0789 and 233;0819),‘218.0782 and 216.0811(30 and 88;cdbdﬂu'\
Cy0H;sNO2C1: 218.0761 and 216.9791), 198(44), 176.0646 and
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17%.0685(33 and 100; calcd for Cal,aNOCI: 176{q§?6 and 174%.0685),
158(8), 156(20), 138.0930(46; calcd for CgH,2NO: 138.0919),
M20:0809(24; caled for CeHyoN: 120.0813), 96.0576(29; caled for
'CGH;O: 96,0576) and 43(94%). On irradiation of thé\;EEtiplet at E
T6.41, the multiplet at t4.64 became a broad doupleMoublet ( J=

11.0 and 7.0, with further small coupling < 1H2) and changes

‘occurred at 75.70 and 7.6-7.8. '
P | *
Anal. Ctalcd. for C4y2H;sNO4C1 : C, 52.27; H, 6.58; N, 5.08.
Found : C, 52.57; H, 6.61; N, 5.17.

A solﬁtion of i;lgg (ca 0.5mg) in CHzClz (4ml) «did not shbw
any esr‘signal. This solution was shaken with saturated ; odium
. carbonate solution flml) in the esr tube and the spectrum waé
imméaiately recorded. A strong signal (triplet, 1:1:1, ay 17.26G,
line width M!SG and g 2.0073+0.0005) was observed, which initially
increased drastically. After 6 minutes the signal increased only
" slightly. The esr spgctrum was taken at regular intervals after
vigourous mixing. &he\intensity of thgrsignal did not changé éi-
gnificantly after several monfhs, even after keeping this solution

under nitrogen for several weeks.
?\ »

(f) with Acz0 in CH2Clp : A methylene chloride solutiop
(5ml1) of freshly distilled acetic anhydride (562mg, 5.75x1073
mole) was added Qo a solution of the dimer of II-51 (100mg, 2.87x
107* mole in CH2Cl> (7ml). The solution was stirred under Np
at féom températﬁre for 10 hours; then at %5-40° for 10 hours.

Although some dimer of II-51 still remained (alumina tlc, CHxCls
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Rf 0.9), the reaction mixture was dumped into ice (20g) and was
worked up as before.. A colourless oil (118mg) was obtained and.

shown to contain dimer of II-51, II-59 and II-60 as Judged by t%s)

analysis (silicaéel, 4% CHsOH in CH=Cls, Rf 6.85, 0.7 and 0.6,
respectively); ir 1770(s,b) and 1740(sh) ‘em™!'; nmr : multiplets
at r5.15 (II-59), 5.48 (II-51) and 5.70 (II-60)-for fge methine
protans in the ratio of 1:2:2 and the singlets at T7.83 (XI-59)
and 7.87, 7.93 (II-60) in the ratio of 1:2:2. This fractio Qas
redissolveg in CHxCls, containing acetic anhydriqe (500mg). The
mixture Qas stirred at 45-50° under nitrogen for 1 day until no
dimer of Eliglvremained. fhe same work-up, as described above, “
gave a slightly yellow oil (129mg) containing oxime acetate II-59
(30%) and hydroxylamine acetate II-60 (60 ) as seen by its tlc,ir
and nmr spectra compared with those.qf authentic samples.The yields,

based on monomer II-51 were determined using the nmr integration

ratio of the methine protons at ¢5.15(II-59) and 5.70(II-60).

(g) with neat Ac20 : A solution of the dimer of II-51
(100mg, 2.87x10"* mole) in freshly distilled acetic anhydride(5ml
was stirred‘under‘nitrogen at room temperature for 7 hours aﬁd at
35-40° for 8 hours.\After the usual work-up gsee above), a colour
less o0il was obtained (155$g), which was composed of oximéacdxme
II-59 (50%) and hydroxylamiée acetaté E;;QQ (Méz) as seen by its
tlc, ir and nmr spectra: ir 1765(s,b) and 1745(s, sh) cm !'; nmr

75.15(I1-59) and 5.70(II-60) in the 8:7 ratio.
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(h) with Ac20 and AcONa : A methylene chlaride solution (10ml)
of dimer of II-51 (400mg, 1.15x1072 mole) was addedtoasusmmsial
of fused sodium acetate (800ﬁg) in .CHzC1ls (15ml) containing freshly
distilled acetic anhydride (2.25g, 2.3x10 2 mole). The mixture was
stirred under nitrogen 4t 40-45°until dimer of IT-51 disappeared
(2vdayS) as checked by a, tlc analysis. éﬁtervthe usual work-up, a
colQurleés 0il (57fAmg) was obtained and&wés shown to be a 3:2 mix-
ture of O-oxime acetate II-59 and hydfox>lamine acetate I1-60 as .
seen by its nmr spectrum: r5.15 for II-59 and 5.70 for II-60 in at
3:2 ratio. Column chromatography of this mixture on 20g silicagel
(see above) yielded II-59 (260mg, 52% ) and II-60 (217mg, 34%);

ir and nmr spectra of both compounds were identical with those of

respective authentic samples.

1 4

IV-9-3. Reactions of hydroxylamine acetate II-60

- ,
" (a) with LAH : An ether solution (5ml) of II-60(50mg,L82x

107* mole) was added at 0° under nitrogen to a suspension of LAH
(QOOmg)'in ether (10ml) and stirred at room temperature far 6 hours.
The mixture was hydrglyzed with alternate portions of water and 4%
KOH solution, filtered and. the white so0lid further vasﬁled with ether.
The combined ether extracts were dried and evaporated to yileld a
colourless oil (29mg, 95%) giving 1 major spot on a tlc plate(alu
mina, 4 iCHaOH in C§2C12, Rf 0.2). Sublimafion of this oil at 80°
(0.2 mmHg) gave Erld_o—Q,7—dihydro;&y—g_)ﬁ-@-chloro—?-azabicyclo[}.}.l]
nonane (II-62a) as a white solid: mp/126-9°; ir 3300(syb),1255(s),

1095(s), 1060(s), 1035(s), 990(m), 960(m), 93955>, 905(s), 830(m)
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y and 722(s) cm !'; Amr  75.§8(m, Wi = QQHZ,&HQ), 5.67(nbw%=6Hz,Hﬂ,

| 6.64 (m, W%.= 11Hz, H, and Hs) and 7.3-8.9(m, at leastlIQOexle; |
10H); ms (80°) m/e 193 and 191(M+’-2’Z;ﬁ 8), 176 and174@5¢mauxﬁ
157(9), 156(15), 155(22), 140(40), 118[22), 112(22),98(21), 96(26),
82(23), 80(21) and 67(25). - ‘ c

HydroxylamineAII-62a (10mg) was added to a solutimn consisting’

of water (1ml), hydrogen peroxide (30z, 1ml) and 1NMOH solutim
(2 grops). The mixture was\Kept at 40° for 2 hours. NaCl
was added to the solution. Extraction with CH%CIQ affprdéd II~52b
as a yellowiéh solid (5mg): ir 1260(m), 1020(m,b), and 800(m,b)
cm '3 esr (CHoCly) triplet (1:1:1), ay 17;5G, line width 5.4G,

2.00784£0.0005.

(b) with Zn/Nal : The procedure of ééhnider et a1(93)wa§'
used. To an acetic acid solution (80%, 3.5ml) of II-60(190mg, 6.9 ..
.k16;4 mole) and sodium iodide (175mg, 1.17x10°° mole) was added .
zinc dust (1.05g) in small portiqns and the .mixture was stirred
at room temperature for 36 hours and at 35-40f,for 2 hougé. The
residual zinc was removed by filtration and thelsolid washed with
an 80% acetic acid solution (5ml). The combined~f11trates/were
concentrated and CHxCls was added (10ml). An inorganic wnumlsdﬁd
was obtained and removed from the soluti%h by fiitrationjheluﬂe-
rogeneous solution was made basic to pH 10 and extracted with
CH2C1lp, (3x40ml). The extract was washed with saturated\ﬁaacoa so-
lution (20ml), then with water (20ml). The solvent was dried and

)
removed to give crude I11-63 (131mg, 87%) as an orange oil.Distil-

lation of this o011l at room temperature (O.5mmHg) affordedaxnkan
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iess oll of gggg—Q—acetoxy-g§9—6—chloro%}azab}cyclo[3.3.1] nonane
(1_1-6_35: dr 2300 (m), 1735%S,b),41370(ks), 1240(s,b),(1100(m), 1032
(s), 922(s), 995(n), 882(m), 798(m), T75(m), TH0(s), 700(s) and
4575(5) cm-1;_‘H nmr 14.93(b qui, J + 10.0, 5.0 and

small coppligg < 1Hz, H»), 5.70(m, Wi - 8Hz, Hs), 6.9(m,w%=iOHz,
H, and Hs), 7.4(bs, D20 exch, NH), 7.95(s, CHa) and 7.5-8.4 (m,8H);
3¢ nmr ppm 169.6(s), 71.8(d, C2), 61.9(d, Cs), 51.§(d, Cy)H7.1
(d, 65), 29.1(t), 26.6(t), 24.9(t), 20.8(q) and 18.9(t) ;hrms(70°)
m/e (%) 2'19.0836 and 217.0869(M", 2 and 7; calcd for CyoH,eNO2C1:
'219.08140 and 217.0869), ‘182.1180(52; calcd forC,oH,eNOz:182.1181),
175.0659 and 17&.0685(28 and 79; calcd‘for' CgH, aNOC1 :176.065%6 and
174.0686), 159.0639 and 157.0660(28 and 82; calcd for CgH;oNC1:
159,029 and 157.0A58), 122.0969(100; calcd for CgH,oN:122{0969),
96.0811(49; caled® for CoHyoN: 96.0914), 94075 (39 culd for Qffele
Ok, 0656), 82.0605(40; calcd for CsHgN: 82.0657),8Q0B11(71; caled

for CoHaN: 80.0500), £9.0576(48; caled for C.H,N: 69.0579)and 43
(52). On irradiation of the multiplet at t6.90, the multiplet at
Y became a broad double doublet (J = 10.0 and S.OHz) and the
signal at 15.70 was modified. Irradiatiop of the multiplets at

4.93‘!nd 5.70 brought changes of\thé multiplet at T6£.90,

Anal. Calcd.. for C,0H;sN0O2C1 : G, 55,17; H, 7.4%1; N, O.44
Found : C, 55.29; H, 7.48; N, 6.72.
An ether solution (20ml) of bicyclic amine II-63 (120mg,
, — —
5.52x10°* mole) was treated with LAH (150mg) for 16 hours at room

temperature and hydrolyzed with portions of water and 40% KOH

[ |
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)solution in the usual manner. The ether extract was dried ard eva-
porated to éive a colourless oil (47mg) shoﬁing 2 spots on a E}c
'plate (alumina, 8% CHa0H in CH>Cls), probably a mixtﬁre of endo-
' 2-hydro£§:§§9—6-chloro~7—azabicyclo[3.3.1] nonane (IV-2)and I-6:
ir 3300(s,b), 1055(s), 1035(s), 830(m) and 715(m) cm™!; ms (80°)
m/e(z) 177 and 175(M" Iv-2, 1 and 3), 141(M" II-65, 17), 14Q(12),
123(44), 122(30), 96(34), 94(1%0), 82(57), 68(29) and 54(26). The
'H nmr spectrum did not show a &ignal for an acetate group at T
7.96 but showed énly a weak absorption for a methine proton at T
5.70. The solid, after filtration, was further continuéuSIyemzac-
ted with ether for 1 day to glve another fraction (7mg)of mixture

Iv—a and II-65, P

This mixture of IV-2 and II-65 (40mg) was treated in pyridine

(1.5m1) with an excess of p-nitrosulfonyl chloride (213mg) at 0°
for 0O.5hour. The mixtuﬁé, after being kept in fridge for 10 hours
was poured into ice (10g) and extracted with ether.The ether extract
was washed with a 0.5N HC1l solution, then water, to yleld, after
drying and evaporating, an orange o1l (62mg): ir 3450(m,b) ,3040
(w,b), 1595(s), 1484(m), 1350(s,b), 1190(s), 1170(s), 1160(s),
1iOO(s), 960(s), 920(s), 840(s), 815(s), 712(s) and 660(s) cm™ !}
nmr 12.26(m) and 2.67(m) in a 1:1 retio, 5.2-7.3(m), 7.52(s)7.55
(s) and 7.93-8.9(m). -

This fraction was treated with a large excess of LAH (150mg)
in ether (20ml) for 1 day under reflux. The same work-up as above
gave a colourless oil (34mg): ir 3350(m,b) and 1055(m) cm™ !, as
a mixture of 9-azabicyclol 3.3.1] noéane (II-64) and endo-2-hydraxy-

9-azabicycdo[ 3.3.1] nonane (II-65) as seen by a gc-ms on al0 SE-30%

/ .
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Columnl(6'X1/8”, 110°): II-64% (rt 4.9 min, 437%) m/e(z) 125 (M} 49),
96 (87), 83(41), 82(100), 69(28) and 68(34); 1I1-65 (rt 7-2mhn36)
m/e( 7) 141(MT, 1), 123(62), 122(28), 108(18), 95(25), 94(100), 82
(19), 68(15), 67(18), 55(13), 54(28), 41(13) and 39(13). This mix-
ture showed 2 spats at Rf ©.15 for II-64 and Rf 0.02 for II-65 on
a tlc plate (alumina, 2 % CHsOH in CHzClp). Column’ chromatography
of this mixture on basic alumina (3g) afforded a fraction (7mg)
eluted with 4-8% CHZOH in CHxCls. This fraction was trea£ed with
p—toluenesulfonyl'chloride in pyridine to give 9—tosyLazmicmﬂo
[3.3.1] nonane-as a light brown solid: mp 152-5° (1it( 9%)mp154-6°);
ms (100°) m/e(%) 279(M*, 8), 236 (21), 155(49), 124(11), 95(15), ,

91(20) and 82(57).

IV-0-4. Preparation of anti-dimer of 1-nitroso-P<hloro-trans,

trans-5,9-cyclododecadiene

A solution of nitrosyl chloride (8.3ml, 0.18 mole)in methyle-
ne chloride (50ml) was added}to a solut%qp O%;tttCDT (32.4%¢g, 0.2
mole) in CHxClso (250&1) at -£o° in a pé?igﬁ‘of 20 min.The mixture
immedlately became green and was brought to room temperature slow-
ly, at wich time addition of methanol (BOOml) afforded a white
precipitate. Filtration and washiﬁg of the solid ;;;h methanol
afforded the crude dimer of chloro nitroso compound ll:ééﬂ%%O?&
O34 ¢, mp 127-132°) contaminated with tttCDT. Recrystallization from
a 4:1 mixture of ether:CHzC1lz gave the anti-dimer of 1-nitroso-2-

e

chloro-trans,trans-5,9-cyclododecadiene (II-66) as a white solid

giving 1 spot on a tlc plate: mp 953-4° (1it (95) mp 125-5.5°);

]
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uv (ether) A__ = 302 nm~9%00); ir 3020(m), 1260(s),1220(s)1180()

ma
1130(m), 990(s), 975(s), 965(s), 770(s), 740(s) and 650(s) cm”!;
'H nmr (Figure II-17) r%4.16(m, 2H), 4.70(m, 8H), 5.65(m, 2H) and
7.70-8.%(m, 24H); '3C nmr ppm 1%3.3, 133.1, 133.0(2C), 129.2,
129.0, 128.9, 128.5, 62.7(d), 62:6(d), 57.5(d), 56.7(d);33.o(t,2c;
316(t,20),313(t,20),28.4(t)28{1(t, 4c) and 27.7(t){/ms (130°) m/e

(2) M" not observed, 212(1), 210(2), 161(51), 119(32), 91(60),79

©7), 67(100), 54(55) and 41(67). On irradiation between 77.8 and
8.12, the multiplet at 15.65 collapsed to 2 nearly superimposed
doublets (J~5.0Hz), the multiplet at t4.16 to 2 doublets, 4.4
(J=5.5Hz) and T4.21(J=4,.5Hz), and the multiplet at T4. éhanged
N\ 'Ni .

its pattern./’

Anal. Calcd. for  (Cy4H,eNOCl)s : C, 63.29; H, 7.97; N, 6.15.
l Found : C, 63.3%6; H, 8.19; N, 6.25.

IV-9-5. Reactions of the dimer of II-66

(a) with LAH Crude dimer of I1-66 (10g) in ether (zoomi)
was added to a suspension of LAH (8.5g) in ether (50ml) at Q° and
was stirred under reflux for 4 days. Afte; hydrolysis with a 10 %
KOH solution, the ether phase was filtered and was extracted with
a 0.5N HC1 éolution (2x60ml). The ether solution was evaporated to
give  a neutral fraction (1.05g) which consisted of tttCDT as the
majJor compound, as seen by its ir and nmr spectra. The aqueous
phase was made basic tq pH11 with a 10% KOH solution. The precipi-

tate was filtered, washed with water and dried in dessicator over
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calcium chloride to give a whitersolid‘(5.2g, mp 82-90°) which
gave.a negative Beilstein flame test and was shown to. be a mixture
of II-67 and II-68 as seen by tlc; ir 3400(m), 3025(m), 1620(s),
1550(s,b), 985(m), 970(s), 960(s) and 720(m) cm™!; nmr +4.80(m),
7.2(m) and 7.75-9.2(m). | , \

The mixture (1.8g) was ?ﬁromatographed on a silicagel column
(70g). Elution with 7% CHaOH in ether afforded 13-aza-bicyclol 10,
1.0j-trans, trans—h,B—tridecadiene“(EE:QZ, 1505g),as whitereedks?ﬁ

mp 75-7°; ir 3170(s,b), 3025(m), 1380(m), 1350(m), 1290(m),1250
(m), 1030(w), 970(s), 950(m), 900(m), and 74Q(m) cm™!; 'H nmr
t4.78(m, 4H), 7.77-7.84(m, 4H), 7.9-8.2(m, 8H), 8.6-8.9(m,2H)ard
9.08(bs, D20 exch, 1H); '3C nmr ppm 133.1(d), 128.4%(d), 37.0(d)
31.6(t), 29.8(t) and 27.9(t); hrms (80°) m/e(z) 177.1499(M", 6;
calcd for CyoHy;oN: 177.1517), 176.1448(17;5;calcd for Cy2H,eN:
176.1439), 162.1269(14; caled for CyyHisN: 162.1283), 148.11%6(16;
caled for CyoHy4N: 148:1126), 134.0948(17; calcd for CgH,oN:
134,0069), 122.0972(24; calcd for CgH,2N: 122.0969), 80.0664 (39;
calcd for CeHg: 80.0626), 69.0701(100; calcd for CoHo: 69.0705),
£8(63), 54(31) and 41(32). This solid was,sublimed at 25°, 0.5mm

Hg to give white needles: mp 78-78.5°.

Anal. Calcd. for Cj,2H;9N : C, 81.30; H, 10.80; N, 7.90.
Found : C, 81.71; H, 10.66; N, 7.91.

Aziridine TI-67 (35mg, 2x1074 mole) in dry benzene (2ml) was

treated with benzyl chloride (249mg, 2x10™ 2 mole) under reflux

for » hours. The solutidn was evaporated and the resulting oil
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was treated with ether to yield 13-azabicyclof10.1.0]trans,trans-

5,%ridecadiene hydrochloride as a white s01i1d(II-69,19mg,46 2);

(m) 6(s) and 898(m)em™ !'; nmr T2.36(bs,D>0 exch,2H),4.90(m,4H),

7.32(bd,J=THz,2H) and 7.6-8.6(m,12H). The filtrate was evaporated

mp lji_7°(d); ir 2725(m,b),2680(m,b),2500(w,b),1120(m),990(m),98

to give a yelldw oii(?9mg) consisting of N-benzyl-13-azabicyclo

[10.1.0]trans,trans—5,9—tridecadiene(II—71) contaminated.wmnbavwi

chloride: ir 303%0(m),1600(w),1495(m),1262(m),1120(m),1100(s),1070,
1028(8),968(8)‘,72‘2(.8) and 692(s)cm !; rﬁnr'\T?.?f(s,impurity),a'ﬁ(s,
5H),4.88(m,4H),5.50(s,impurity),6.56(S,CH2¢),7.7—8.26(m,8H):énd
8.54-8.96(m,4H). This oil was refluxed in benzene(éml) contgining
benzyl chloride(250mg) for 42 hours. The solution waé(evaporated
and the excess of @CHoC1l was distill;d under reduced greasure(QS
mmHg) to yleld II-71(22mg,~42 zfrom starting II-67) as the only
product: 1 spot on a tlc plate(silicagel,?ZCﬁaoH in CHzClp,RFO.55)%
"Hnmr 72.78(s,5H),4.88(m,4H),6.56(sharp s,szﬁ),7.7:8.26(m,8H)aﬁ
8.5-8.9(m,4H)’; (—550) similar spectrum, no AB quartet for +§%(bs,
Wy=2.5Hz,CHz0) ; ' 3Cnmr ppm 139.0,133.1(2c),128.1(2C), 127.7(2C),
127.5(2C), 126.7, 65.0(CHz8), 46.4(2C, CHN), 31.6(2C), 29.9(2C)
and 27.1(2C); hrms(40°) m/e( z) 267.1976(M", 32; calcd far CgHosN: -
267.1987),‘ 266.1901(28; calcd for CioHo4N: 266.‘1908), 200(13),
187(12), 176.1442(50; calcd for Cy2HygN: 176.1439), 172(30),
159.1041(90; caled for C,;H;aN: 159.1048), 134.0967(43; calcd
for CgH,oN: 134.0969), 117(15); 1(100; calcd for C,H7: 91.0548)
and 41(?3). This oil taken up in ether (5ml) was treated with
hydrogen chloride gas repeatedly to afford precipitates (25mg).

The solid was treated with a saturated Nas-COs solu-
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tion, Extfaction with ether yielded a ﬁixture showing two spots
in tlc analysis (silicagel, 2% CHsOH in CHxCly, g; 0.55 and 0.75,
respectively). This mixture was separateq gy preparative tlc to
-give L%N-benzylamino—2—chloro—trans,trans-S,9—cyclododecadiene
(El:zg, 12 mg, Rf 0.75): ir 34%00(w,vb), 3025(m):‘1580(w), 1260(m)
1080 (mY®, 985(s), 970(m), 958(s) 800(m,b), 750(s) and 698(s) cm !;

'Hnmr 72.80(m, 5H), 5.12(m, %H), 5.88(m, w%: 18Hz, Ho), 6.24(AB q

Jpp= 13.5Hz, ad= 28Hz, CHzf), 7.50(m, Wy= 22Hz, H;) and 7.86-9.16
(m, 13H including an exch H at T8.84); 13Cnmr ppm 140.%, 1%2.8,
132.0, 130.5, 129.2, 128.6(2c), 128.1(2¢), 126.9, 63.4(Ca), 53.5
(CH28), 50.3(C1), 33.7, 31.9, 29.5, 29.3and 28.9; hrms(40°)\$%e
(4) 303.1756 and 305.1729(m* 1

303.1754% and 305.1724), 268.2067(24; calcd for C;gHogN: 268.2066)

, 22 and 8; caled for C,9H2gNC1:

241(8), 146.09?2(26; calcd for C;0H;2N: 146.0970), 133.0889(100;
caled for CgHyyN: 133.0891), 106(7),-91.0543(61; calcd for C+H+:
91.0548) and 41(8); and N-benzylaziridine II-71 (4mg, Rf 0.55),

as seen by its !Hnmr spectrum matching ﬁith authentic.

Elution with 10-207 CHsOH in ether afforded 1-amino-trans,
trans-4,8-cyclododecadiene (II-68, 1.03g) as white needles: mp
93-7°; ir 3350(m,b), 3280(m,b), 3030(w), 1610(m}, 1560(m,b),
1480(s), 1435(s), 975(s), 970(s) and 960(s) cm '; 'Hnmr t4.90

" (m, 4%H), 7.23(bt, J=10Hz, H,), T7.T74-9.2(complex m, 16H ipcldding
s

a D20 exch broad singlet at T8.17, NHs); !3Cnmr ppm 131.9,13L5,

130.5, 130.0, 45.7(d, Cy), 36.6(t), 32.0(t), 31.9(t), %0.3(t),

28.8(t), 29.5(t) and 22.6(t); hrms (80°) m/e(g) 179.16720( , 31;

v r

caled for C,;oHs;N: 179.1673), 150,1278(28; caled for 1eN:.
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150.1283), 136.115@(43; calcd for CgH;.N: 136.1127), 122.0977
(46; caled for CgHy2N: 122.0970), 110.0985(43; caled for C-H;oN:
f{10.097o), 96.0809(88; calcd for CeHyoN: 96.0813), 83.0750(94;
calcd for CsHoN: 83.0735), 82.0676(92; calcd for CsHgN: 82.0656),
. 70.0653(80; calcd for C4HgN: 70.0656), 69.0586(83; calcd fir I N:
69.0578), 56.0517(100; caled for CsHgN: 56.0500) and 43(89). 6%
sublimation of this solid (40°, 0.5 mmHg), white needles were

obtained: mp 98-101°.

Anal. Calcd. for C;zHz;N : C, 80.38; H, 11.81; N, 7.81.

Found : C, 80.11; H, 12.03; N, 7.53.

Thq benzoyl derivative of ll:é@ was recrystallized twice fram
methanol to give fine needles: mp 186-186.5° (1it061)mp 197-8°);
ir 3300(m,b), 1630(s), 1600(w), 1375(m), 1305(n), 960(s)and &5(s)
em™1; nmr 72.28(m, 2H), 2.62(m, 3H), 4.30(bs, D20 exch, NH), 4.80
(m, 4H), 5.84(m, 1H) and 7.62-9.02(m, 14H); ms(180°) m/e(z) 283
(M, 16), 162(22), 148(10), 133(10), 122(61), 105(100), 77(65),
67(20), 57(12) and 41(19). Thd/N -acetyl derivative of II-68 was
prepared adding excess acetic/anhydride‘to an aqueous solution of

the amine. After neutralization of the mixture, a solid was obtai-

ned and recrystallized from ethanol to give l-acetamido-trans,tmns-
4 ,8-cyclododecadiene (II-?O):4m§ 120- 35; ir 327o(s,b), 3080(m,b),
3030(w), 1635(s,b), 1560(s,b), 1375(s 4/1305 » 1220(m), 990(m),
975(s), 970(s), 765(m) and 740( ) em™!; . 'Hnmr r4.90(m, 4H), 6.12
(m, 1H), 7.68-9.10(m, 16H including a DZO'exch H) and 8.ou(s, 3H)
13Cnmr ppm 168.9(s), 131.7(d, 2C), 130.3(d), 129.3(d), 4y 4 (d),
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35.7(t), 31.7(t), 33.5(t), 29.4(t), 290 (t), 27.8(t), 22.8(a)
and 22.5; ms(130°) -m/e(y) 221(Mf3 5), 178(?6),’162(1Q0), 133(69) i -

125(66), 79(76), 60(98), 43(90) -and 41(65).° ( .

Anal. Caltd. for- Cy4HzaNO : C, 75.975 H, 10.47; N, 6.33.
_FogndA :A. c, 76.16; H, 10.’66; N, 6.02. \
Using Eschweiler-Clarke's method (96), II-68 (50mg) waé re-
fluxed for 12 hours in a solution of formic acid (98#-8Queous,’

1ml) and formaldehyde (37%Z aqueous, 1ml). Dilute HC1l (1N, 2ml)

‘.

was added and the solution evaporated near dryness under reduced
-~ A
N\ o
pressure. This residue was made basic with.a 402 KOH solution at

}‘Ynd extracted with ether (2x20ml). The ethe‘-f phase was ‘dr-

and gvaporated to give a ¢olourless oil (26mg, ~5T% ). Analysis
by ;E

on a-10% SE-30 column((100-220° at"4°/min) showed 1 maJjor X
component (ll:éé,rt 5.1 min;~90z of all gc peaks) and~§é§eral
minor ones. Compound II-33 was idenfical in all resbects with
the éhtﬁentic samplé. - ‘ ! |

Using Nagata's proceduré (148, lead tetraacetate (7.32g,
1.79x10° 2 mole) was added under gitrogen to a suspension of
amine II-68 -(800mg, 4.§7KTU:3‘ﬁﬁﬁzﬁfadH‘dry potassium carbonate
(1.23g, 8.94x1072 mole) in 50ml of dry benzene and the mixture
was stirred vigourdusly for 1.5 hours at 30—35°. The yellow
solution containing KoCOs solid was stirred with a cold saturdted
.solution of K>COs (6@1). The benzgne layer was séparated by
centrifuge. The lower layer and brown‘solid \‘ﬂ’er'e'extracted.severb

al times with ether and centrifuqu. The combined organic solu-

tions were extracted with a 207 aqueous cold tartaric acid solu-

»

-
ﬁi"; ' ‘_”'-L,; et
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tion (2k30m1) to %iﬁe an aqueous acidic and an organic phase.

The agueous acidic phase was made to pH 9.5 with a séturated

-

K»COs solution and extracted with ether (3x40ml). The combined
basic extracts were dried o;er anhydrous KsCO0s and filtered.
Acetic anhydride (4ml) was added to the sOlutién at 0° under ni-
» troéen. The mixture was stirred at O°;§or 6 hours and was waéhe
wi%h a saturated NasCOs solutioé (BXQO@l). The ether phase was

o~

dried and evaporated to giye a yallow oil (210mg) containing tHe
acetamide II-70 as the major compgund as seen’by its irand gc
peak matching with authentic (107 SE-30, 200°, rt 5.1 min). The
organic phase was further washed with a 107 NaxCOs solution and
tEE)Jggaﬁic layer was drled. Filtration and removal of the solvent
afforded a red oil (570mg) which was shown to be a mixture of 2
unknown minor and 1 maJjor (ll:ié) components as indicated by gé
(102 SE-30, 100-220° at 6°/min, rt(%)): 9.4 min(15%), 9.7 min(Tz
and 11.3 min(71%, matching with authentic II-70): ir 3300(m,b),
3030(w), 2980(m), 2920(s), 2850(s), 1740(s,b), 1650(s,b), 15%0
(m,b), 1230(s,b), 1020(m,b) and 970 cm . A;ij?tial separéﬁion
;

of this mixture (250mg) was achiéved on sili gel preparative

plate (0.5 mm thickness) using 17 CHsOH in ether as eluant and
affordéd 2 fractione. The bottom fractioh, as a colourless oil
(105mg, Rf 0.45) had ir, nmr and ms spectra identical to those of
acetamide II-70. The top fraction (34mg, Rf 0.85) was obtained as
a colourless oil: ir 3370(m,b), BOéo(w), 2980(m,sh), 2920(s),
2850(s), 1730(s,b), 1670(s,b), 1550(s), 1440(s)§ 1370(s), 1240(s)
17929(m) and 970(s) cm !; nmr 74.86(m) %fd 7.85(s) in a 4:3 ratio

and 7.6-9.0(m); ms(130°) m/e( %), no definite M, 176(30), 162(28
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149(48), 109(55), 95(70), 79(76), 67(88), 55(72) and 43(100).
"This fraction was not analyzed further and became red orange on

standing inside the freezer.

(b) with a 1:1 mixture LAH:AlCls : Using a Soxlet extractor,
the dimer of II-66 (0.5g, 1.1x107° mole) was added to a nﬁlﬁxing
ether suspension of LAH (0.274g, 7.2x10 3 mole) and aluminium
chloride (0.96g, 7.2x10 3 mole). After the complete addition of
the dimer of II-66 (11 hours), the solution was externally cooled
to 0° and water (6ml) and 40% KOH solution (4ml) were slowlyadded.
The solid was fi%tered and extracted 2 more times with ether.The
combined ether ektracts were dried’and evaporated to give a white
semisolid (0.%1g): ir 3400-3150(w,b), 3025(w), 1590(w,b), 990
(s), 972(s), 962(s), 814 (m), 765(m) and 640(m) cm™!; nmr T4, 87
(m), 5.52-5.84(m), 6.85-7.42(m) and 7.6-8.9(m); a gc analysis
(ioz SE-30, 150-240° at 8°/min) showed the following peaks é¢rt, .
yields calculated from the gc peak area): azoxy II-73 (2.4 min,
15%), amine II-68 (3.7 min, 103 ) and chloro amine II-74 (4.0 min
'652)7 Amine II-68 was matching with an authentic sample (vide
supra). This mixture was sublimed at room temperature_(OQBmmHg)

to give a first fraction, 1—hzdky-2—chloro-trans,trans-5,9-

cyclododecadiene (II-73, 85mg), as a white solid: 1 peak on gc
(rt 2.4 min, see above); recrystallized from ether, mp 111-3°;
uv(CHsoﬁ) Amax 354nm(~26), égonm(sh,~21);ir 1490(s), 1440(s),
1380(m), 1332(m), 1265(s), 1120(s,b), 999(s), 970(s), 962(s),
865¢m), 805(s) and 690(m) cm™!'; ‘Hnmr T4.84(m, 8H), 5.46(m, 1H),
5.65(bt, J=6Hz, 2H), 6540(m, 1H) and 7.65-8.60(m, 24% H); !3Cnmr

-_—
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ppm 133.6, 133.4, 132;7; 1%2.4, 130.0(2C), 129.4, 128.5, 78.5,‘
59.0, 58.7, 57.2, 34.1, 33.8, 31.8(3C?), 29.7, 29.5, 29.1, 28.7,
28.2 and 24.5; hrms(115°) m/e(g) 438.2205, 440.2181 and 442.2138
(M7, 4,2.5and1l; caled for CpiHssN20Clp: 438.2205, 440.2175 and
442 ,.2145), 421.2170, 423.2131 and 425.2141(1%, 9 and 2.5; calcd
for C24H35N2412: 421.2178, 423.2147 and 425.2118), 349.2616(33;
calcd for CosHsaNo: 340.264Y4), 208(25),_}78.1357(84; caled for
Cy2H;80: 178.1358), 124.0879(50; calcd for CgH;y20: 124 .0888),
123.0814(59; calcd for CgH;;0: 123.0810), 109.0656(92; caled for
C+HgO: 109.065%), 95(58), A7(100) and 41(83). A gc analysis of

the remaining solid (same column and conditions) indicated the
presence of compounds gg;éﬁ (rt 3.7 min) and II-74 (rt 4.0 min)
in a ratio of 1:7; its !3Cnmr spectrum exhibited strong lines at
ppm  1%3.0, 131.8, 130.4%, 128.7, 63.3(C2), 48.7(Cy), 33.7, 33.4,
31.7(2C), 29.4 and 29.0 for chloro amine II-74b and small lines
matching with those of authentic amine II-68. By further fraction-
ral sublimation of this solid (room temperature, O.lmmHg), a

fraction was shown to contain l-amino-2-chloro-trans,trans-5,9-

cyclododecadiene (II-74% , 17mg) as white needles: 1 peak on gc
(rt 4.0 min, see above); mp 44-5°; ir 3400-3300(w,b), 3015{w),
1600(w,b), 990(s), 973(s), 962(s) and 760(s) cm !'; nmr (Figure
J1-18) T4.89(m, ¥H), 5.73(ddd, J= 7.5, 7.0 and 2.0Hz, Hz), 7.06
(dad, J= 6.5,6.0 and 2.0Hz, H,), 7.70-8.20(m, 10H), 8.32-?.52

(m, 2H) and 8.3%(bs, D20 exch, NHp); hrms(30°) m/e(z) 213.1295

+

and 215.1252(M', 9 and 3; calcd for C;oHsoNC1l: 213.1284 and

215.1255), 178.1601(4%; cdled for C,oHaoN: 178.1596), 132(5),
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130(13), 117.0343 and 119.0318(40 and 1%; calcd for CsHgNC1:
117.0345 and 119.0316), 96.0812(30; calcd for CgH;oN: 96.0814),
79(15), 67(14), 56 (42) and 43(100). On irradiation at t8.42 or
7.99, the multiplets at 77.06 and 5.73 collapsed to doublets

(J= 2.0Hz), respectively. Irradiation of the signals-at 75.73 or
7.06 caused the respective multiplets to change to doublet of

doublets (J= 6.5 and 6.0Hz and J= 7.5 and 7.0Hz, respectively).

A mixture of chloro amine II-74 and amine II-68 (51mg, 1:5
ratio as seen by gc, see above) dissolved in methanol (2ml) was
treated with a saturated sodium methoxide solution (1ml)efor 4
hours at room temperature. The solution was made to pH 9-10 with
a 1N HCl solution and was extracted with ether to give an orange
oil.(44mg): ir 3350(m,b), 3025(m), 1710(m,b), 1640(m,b), 126o(§)
1025(m,b), 979(s,b), 910(m), 860(m), 810(s) and 732(s) cm-lg‘

-

nmr T4.86(bm)a 5.70(bm), 6.3£T), 6.7(m) and 7.0-9.2(complex m);
a gc analysis 6f this mixture on a 10%Z SE-30 column (100-220°

at 6°/min) gave the following peaks matching with authentic sam-
ples (rt, gc peak area): unknowﬁ(}.z min, 3% ), amine II-68(4Jmin,
17%), chlo;o amine II-74 (5.0 min, 16%), unknown(5.2 min, 1% ),
aziridine II-67(5.4% min, 10g%), unknown(9.6 min, 12 %), unknown

(20.1 min, 21%). This oil was not analyzed further.

(c) with HC1 : To a hot solution of dimer of II-66 (1g,
2.2x1073 mole) in CH2Cl, (3ml), a methanol (10ml) solution(xnuﬂnF
ing 0.1ml of;éoncentrated HC1 was added. A white solid preéipi—
tated and was dissolved by heating with additional CH»Cl, (7ml).

3
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The slightly green solution wae leffwith stirring at 45-50° for
% days at which time a tlc analysis (alumina, 0.5 % CHzOH in CKClp)
of the solution showed only a faint spot for starting dimér of o
II-66 (Rf 0.9). The yellow solution was concentrated, water(15ml)
was added and the resultant solution extracted with CHgClé (3x
A0ml). The solution was dried ahd evaporated to give a viscous
orange oil (891mg) containing II-75 and II-76 as shown on a tlc
plate (alumina, 0.5 % CHsOH in CHzClz), Rf 0.2 and 0.65, respecti-
vely: ir 3350(s,b), 3035(w), 1720(m), 155o&w), 1122 (m), 1100(s)
1080(s), 975(s) and 965(s) cm '; nmr T1.55(bs, D20 exch), )
¥.83(m), 5.84(t, J=5Hz), £.40(dd, J+6.5 and 4.0Hz), 6:65(3)) 6.72
(s) and 7.2-8.%(m). The ratio of the signal at T76.40 to 5.84 and

6.65 to 6.72 was 1:3. A gc on a 3% SE-30 column (130'2200at3%nhﬂ‘ o
gave 2 major peaks: II-76 (rt 4.7 min, 21%) and II-75 (rt7.3min,
63%), along with other minor componentsj This mixture(7ocm¥9was
chromatographed on neutral alumina (60mg). The first fraction

eluted with CH»Cl, afforded 2-methoxy-trans,trans-5,9-cyclodode-

cadien-1-one (;}:Zé, 72mg) as a colourless volatile oil: ir 3400
(w,b), 3035(w), 1725(sh), 1720(s), 1715(sh), 1130(m), 1098(s),
1080(m) and 970(s) em™!; nmr +%.82(m, 4H), 6.40(dd, J=6.5 and -
4.0Hz, Hz), 6.65(s, OCHs) and 7.35-8.15(m, 12H); ms(25°) m/e(2)
208(M+, 93), 176(13), 120(46), 111(47), 81(71), 79(76), 68(100),
67(86), 58(51), 55(41) and 41(50). The second fraction, elut ’
~with 0-1% CHs0H in CHpClp , was a mixture of II-75 and II-76 as
seen by tlc analysis. The third fraction, eluted with 1-2%Z.CHzOH

in CH»Cls, afforded syn-2-methoxy~trans,trans-5,9-cyclododecadien-

l1-one oxime (II-75, 3*65mg) as a colourless oil: 1 spot on a tlc
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plate; ir 3330(s,b), 3030(w,sh), 1640(w,b), 1120(m), 1085(s,b)

and 965(s) cm™'; 'Hnmr 71.56(bs, D20 exch, 1H), 4.80(m, 4H),

5.84(t, J=5ﬁz, Hs), 6.72(s,-OCHs), 7.35(m, 1H) and 7.6-8.3 (m,

| 11H); 'Scnmr 158.7(s), 131.5(2c), 131.0, 130.6, 78.2(d), |
5&.5(q),.31.9(izf%51,7(t), 29.9(t), 28.5(t), 27.8(t) and 25.4(t)
s(80°) mAe (%) 225(M+, 27), 206(100), 174 (%1), 169(45), 139(78),

79(71), 67(8%) and 41(76). On irradiation at 78.20, the triplet

at 75.84 collapsed to a singlet.

(d) with pyridine : To a dimer of II-66 (lg, 2.2x10 3mole)

solution in CHzClz (10ml) was added pyridine (0.5g, 6.3x10 °mole)
in CHzO0H (20ml) under nitrogen. The heterogenous mixture was stir-
red under i}troéen at room temperature for 1 day. A white salid,
due to dimér of l;:éé, was still present and the solution was hest
ed to 35°. The reaction was followed by tlc until the starting-
dimer was consumed (3% days). The Polvent was removed under reduced

pressure to give a semi-solid (1.25g) which was washed with ether

to give a white solid (1.23%g, 9% ) of 1-o£imino—trans,trans-5,9-

cyclododecadien-2-pyridinium chloride (II-77): mp 190-4°(d); ir
3120(s,b), 1625(m), 1290(m), 11%0(m), 1010(s), 998(s), 980(s),
970(s), 960(s), 895(m), 820(m), 770(s), 725(s) and 690(s) cm !;
nmr (Dz0) 1.0-2.0(m,<5H), %.58(m, 5H), 6.8-7.35(m, 2H) and 7.5-
8.6(m, 1OH5. A part of this solid (860mg) was dissolved in water
(20ml1) and added to an aqueous solution of dimethylamine(QOhZOml)
The reaction mixture became cloudy upon stirring for 0.5 hour.
The turbid soluﬁion clarified on addition of a saturated NasCOa

' solution (pH 10\ Extraction’yith CH2Cls (3x50ml) afforded a thick

N
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oil (645mg, 91%), tlc, ir and nmr which were identical with

those of authentic amino oxime II-31:

(e) with Acs0 : Anhydrous sodium acetate (1lg) and dimer
aof II-66 (0.5g, 1.1x10°° mole) were added to acetic anhydride
(15m1) under nitrogen. The mixture was kept under nitrogen with
stirring for 2 days at room temperature and 3 days at 45°. The
reaction mixture was poured into ice (50g5 and stirred for 2 hars.
This solution was made fo pH 9 and extracted with CHaCls (3x60ml)
to give a yellow oil (481mg). This oil showed 1 major (II-78), 1

medium (dimer of II-66) and several minor spots on a tlec plate

(silicagel, 1% CHgOH in CHxClz): ir 3030(w), 1775(s), 1640(m),
1205(s), 1000(s), 980(s), 965(s), 950(s), 925(s) and T740(m); nmr
t4.81(m), 5.16(m), 6.7-7.15(small m), 7.0-8.0(m) and %.79(s);
esr (CH-Cls): broad major triplet(l:l:i), ay 13.5G, line width
6.5G, g 2.0068£0.0008, This mixture (450mg) was chromatographed
on a silicagel column (40g) and afforded a middle fraction(30img),
eluted with CH>Clz, which crystallized in the freezer.RecgmuﬂT
lisation from methanol afforded O—acetyl—2-chloro-£§§§,1zans-§ﬁ;—
cyclododecadien-1-one oxime (II-78) as white crystals:mp49-49.53
ir 3030(w), 17¥5(s), 1635(n), 1370(s), 1202(s), 996(s), 978(s),
960(s), 924(s), 878(m), 803(m), 765(m) and 718(m) cm™!; !'Hnmr
T4.82(m, ¥H), 5.17(bt, J=6Hz, Hz), 6.7-T.4(m, Hizg), 7.6-7.9(m,
11H) and 7.80(s, CHs); '3Cnmr . ppm 167.9(s), 165.5(s), 132.7,
132.5, 129.6, 129.2, 57.6(d), 31.8(t, 2Cc?), 31.7(t), 29.1(%t),
29.0(t), 26.1(t) and 19.4%(q); ms(60°) m/e(2) M' not observed,
212(11), 210(32),192(8), 174(99), 79(62), 67(78) and 43(100). On
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irradiation at 17.82, the multiplet at t5.17 collapsed to a sin-

glet and the multiplet at T4.82 became an AB quartet (Jpp=16Hz).

Anal. Caled. for C;4HaoNOoC1 : C, 62.33%; H, 7.47; N, 5.19.
Found : C, 61.99; H, 7.51; N, 5.22.

Attemptsbto isolatg minor components of the mixture were

) I
unsuccessfull, -JS /)

IV—9F6. Preparation of anti-dimer of i-nitroso—2<ﬁkrocL}

5(7)-cyclodecene

-

A métﬁylede chiqride solution (20ml) of nitrosyl chloride
(}:27g, 0.05 mole) was added in 10 min to a solution of CDD (9g,
6.62x10°2 mole) ig QH2C12 (8051) at -10°., The solution was gtirred
~at -10° for 1 hour, then at room temperature for 3 hours.The ori-
ginal preen emerald colour disappearednand Aonsited a solid.ad-
’ditiqh of méihanol (100ml) precipited more solid. The mixture wes
filtraﬂed aﬁd‘the solid washed with methanol *o yield dimer of
I1-80 as a white soiid (1:27g, 13 %, wp 1432-4°). The mother lquor

—

was concentrated to 30ml to give more solid (3.18g, 322, mp132-8°)

Both fractions gé?e 1 spot on a tlec plate (alumina, CHoClz, Rf
O.85)ﬂand were recrystallized from CHpoClz to give the anti-dimer
of\1¢nitrosd-2-ch10ro—31§—5(7)-cyclododecene (dimer of II-80) as
fine white needles: mp 150-1°; ir 5068(m), 1255(s), 1212(s),
1200(s), 1192(s), 1183(s), 1155(m), 770(s), 73%(m) and 720(s)em ?
nmr T4.28(ddd, J=9.0, 6.5 and 2.5Hz, Hy;), 4.45(m, 2H), 5.4(b dt

J=9.0 aﬁd M.OHZ,‘Hg), 7.3-8.1(m, 8H) and 8.44(m, 4H); ms(135°,
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15eV) m/e( %) Mf’for dimer not oﬁserved; 203'and 201 (Mt monomer,
1 and 2), 186(13), 184(40) 166(60), 135(90), 93(88), 81(75), 79
(10), 67.(100) and 55(50); uv(CHaClz) Apay= 299nm (¢ =7950); 3cnmr
(DMF ) dissolvediat 60° (decomposition); the major peaks.matehed
with chlorovoxime ;;:Ql, Irradigtionvat T7.H breught changes of

the multiplets at-t4.28 and 5.4 to 2 broad doublets (J= 9.0Hz).

Anal. Caled. for ~C;oH.sNOCl). : C, 59.55; H, 8.00; N, 6.95.

4
Found : C, 59.20; H, 7.80; N, 6.98.

IV-9-7. Reactions of the dimer of II-80

(a) with HC1 and CHsOH : A suspension of dimer of II-80

(500mg) in a 1:2 mixture CHoClz-methanol containing 1 drop of
concentrated HC1l was stirred at?reflux (60°) for 36 hoﬁrs, at
which time ayl the solid dissolved. Acid-base extfa¢tion'of the
reaction mixture afforded a neutral (u64mg) and a basic (33mg)
fractions. The neutral fraqtion had the following physical éons;
tants: ir 3300(s,b), 3008(m), 1650(w,b), 1100(m,b), 1020(m),1000
(s), 980(s), 970(s), 955(s), 770(s) and 720(m) cm™*; nmrh.72(m),
5.45(dd, J=11.0 and ~5Hz) and 5.63(dd, J=10 and ~5Hz) 1in the1l:1
ratio, 6.63(s), 6.71(s), 6.8(s), and 7.2-8:8(m); esr (CHoClo)
overlapping triplets in which the_maj&r hadvéN 15.2G and g-value
2.0061+£0.0010. This fractioﬁ was distilled at 30° (0.2 mmHg)vto
give a white paste (290mg) having similar ir and nmr spectra to
that of the above mixture and 2 hajor spots on a tlc plate (sili-
cagel, MZACHsoH in CH2C12). They were separated by chromatography

on silicagel (15g). Elution with 0.5-1% CHaOH gave a salid (136mg)

which was sublimed (25°/0.2 mmHg) to give 2-chloro-cls-5-cyclodecen

y §
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l1-one oxime (IX8la): mp 94-5°%; ir 3250(s,b), 3005(w), 1620(w,
b), 1433(s), 1000(s), 980(s), 970(s), 910(m), 765(m), 715(m) and
625(m) ecm '; !Hnmr t0.99(s, D50 éxch, OH), 4.70(m, 2H), 5.45(dd,
J=11.0 and 4.5Hz, Hp), 6.93(m, 1H), 7.%41-8.29(m, TH) and 8.39(m,
4H); '3*Cnmr ppm 160.2(s), 133.4(d), 128.0(d), 55.6(d), 33.0(t),
29.4(t), 25.3(t), 24.9(t), 24.6(t) and 22.5(t); hrms(100°) m/e(z)
203.0881 and 201.0932(M", 3 and 8; calcd for C,;oH;sNOC1: 20%.0891
and 201.032@), 186.0865 and 1\84.0887(20 and 57; calcdfor CyoHsNCI:-
186.0864 and 184.0893), 166.1252(100; calcd for CjoH;eNO:166.1232
148.1125(55; calcd for CyoHy.N: 148.1126), 91.0546(51; calcd for
CoHr: 91.0547), 79.0530(44; caled for CeHr: 79.0548) and 67, G538
(49; caled for CsH7: 67.0548). On irradiation at r5.45, changes
at 17.68-8.10 were observed. On irradiation at t8.06, the doublet
of doublets at t5.45 collapsed to a doublet (J=11.0Hz) and the
multiplet at T4.70 became a poorly resolved doublet (J=13Hz). !
Irradiating between T77.68-8.06 failed to give clear 'results on

the multiplet at t5.45 due to side band effects. On irradiation

at t8.39, the multiplet at ¢6.93 becaé;EEQ 111 resolved doublet

(J=14Hz).
Anal. Calcd. for Cy0H;sNOC1 : C, 59.55; H, 8.00; N, 6.95.
Found : C, 59.71; H, 8.14; N, 7.05.
L Y
&

.Oxime I11-8la (50mg) was treated in a 2N HC1l solution (5ml) for
> days. The solution was made to pH 10 and extracted with CHoClso
to yileld an oil whose nmr stili showed a doublet of double&;at
T5.45 for II-8la but not at r5.63 for II-81b.

The second fractlon was eluted with 2-4% % CHaOH in CHxCls
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gave a colourless oil (72mg) showing 1 major spot on a. tlc plate’
but exhibiting several methoxy absorptions in its nmr spectrum;
ir 3300(s,b), 3005(w), 1710(w), 1650(w), 1090(s,b), 945(s,b),

v915(s,b), 880(m), 735(s), 715(m) and 665(w) cm™!; nmr T0.73(bs),
4,.34-4.86(m,!/50 of total proton integration), 6.63(s), 6.7?(3)

and 6.78(s) in the 2:1:2 ratio, and 6.80-8.90(m). ég;sﬁ//
A gc-ms of the original reaction mixture aon a 1 -30 co-

lumn (100-230° at 6°/min) showed the followihg compounds (rt,

yield calculated frowm the gec peak area), m/e(%): CDD (4.0 min,7 %)
132(M", 48) and 104(100); unidentified(6.8 min, 92), 180(M',38),
148(100), 91(46), 79(48), 67(55) and 41(65); II-83(13.3 min, 13%)
197(M", 6), 180(60), 148(46), 71(72) and 41(100); II-82a?(14 3min)
no M', 197(21), 180(78), 165(88), 148(100) and 84{97); II-81

(14.6 min), 203 and 201(M', 5 and 15), 186(22), 184(67), 166(109

(+

106(82) and 77(100); unidentified Z(9-10.5 min, ~24%), 165(M'?,8)
(
(+

148(50y{‘91(59, 79(51), 67(62) and 41(61). The last 2 peaks were

overlapping and gave a 40% total yield.

(b) with Ac20 : A CHzClp solution (20ml) of freshly distil-
led acetic anhydride (2.04%g, 2x10°% mole) and dimer of II-80
(403mg, 1x£0-3.mole).was stirred under nitrogen at 40-50° for 3
days, at which time the pale gréén solution turned to a yellow
colour. The resultant reaction mixture was poured into ice (30g)
and was made to pH 10. The methylene chloride was further washed
with a 10 2 NaCOs solution (2x20ml), then with water (30ml) and

dried. Removal of the solvent gave a pale brown paste (517mg)
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which gave, on a tlc plate (silicagel, 1% GHaOH in CH2012),\2

major spots, ie, dimer of II-80 with Rf 0.9 and II-85 with REQ75
an% 2 minor spots, igﬁ II-86 with Rf 0.5 and II-87 with Rf 0.3.
It was taken up in a 1:1 mixture of CHxClz-ether to yield a white

preci%jf7ﬁé which was shown to be dimer of II-80 (107mg, 33 , mp

144 -5° )as seen by its identical ir spectrum. The filtrate was

drled and evaporated to give an oil: ir 1765(s,b), 1740(s,b),
1630(m,b), 1390(m), 1368(s), 1250(s), 1235(s), 1210(s), 1200(s),
1180(s), 1150(m), 1120(s,b), 1000(s,b), 935(m), 892(m), 768(s)and
715(s) em™ '; nmr t4.2-4.8(m), 5.2-5.8(m), 6.8(m) and 7.0-8.9(m),
7.79(strong s), 7.92(weak s) and 7. 97(Weak s); Bsr, 3 overlapping
triplets(1:1:1) (1 majJor and 2 minors) in which the major triplet
///’/’;;;-aN 14.2aG, 1ine width 4G and g 2.007%£0.001. This mixture was
chromatographed on silicagel (BOg)i The first fraction eluted with
CH2Clz gave an oil (147mg, 45z) which was distilled (25°,0.2mmHg).
to give a I:S‘mixture of O-acetyl-2-chloro-cis-5-cyclodecen-1-one
oxime (II-85a) and its isomer O-acetyl-2-chloro-cis-7-cyclodecen-
1-one 5xime (II-85b) as a colourless oil: ir 3000(m), 1775(s,b),
1630(m,b), 1260(m), 1205(s,b), 1175(5), 1000(s), 935(s), 890(s),
735(s) and 710(m) cm™'; ‘Hnmr 74.65(m, 2H), 5.34%(dd, J=12.0 and
4.5Hz, %+H), 5.66(dd, J=11.0 and 5.0Hz, $H), 7.2-8.1%(m, 11H),
7.74(3) and 7.76(s) in the approximate 1:3 ratio; !3Cnmr ppm
166.2, 166.1, 131.8,.131.7, 127.5, 127.3, 54.2, 51.5, 34.9, 33.6,
31.3, 28.0, 27.8, 26.5, 24.2, 23.8(2C?), 23.5(2C?), 21.6, 21.3
and 19.4%; hrms(70°) m/e(g) 246.1079vand 244.1105(M++1, 4 and 10;
caled for Cy2Hy9NO,C1: 246.1074 and 244.1105), 243.1040(M+, 1;

caled for CyoHyaN0235C1: 243,1026), 201.0928(66; calcd for
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Ci10H16NO®C1: 201.6921), 184,0890(65; calcd for CjoH;sN®5C1:
184.0893), 166.1236(65; calcd for CyoH;eNO: 166.1232), 148.1128
‘(1005 calcd for C,oH;4N: 148.1127), 135.1175(85; caled for CyoHs:
135.1174), 93.0707(85; caled for CzHg: 93.0704), 67.0555(9%4 ;caled

for CsHz: 67.0548) and 43(91). .

Anal. Caled. for C,sH;sCINO2 : C, 59.14; H, T.44; N, 5.75.
Found : C, 58.89; H, 7.55; N, 5.60.

Elutisn with 0.5-2 g CH30H in'CH2C12’gave a solid fraction
(2Tmg, 82 as 2,11-diacetoxy-5-chloro-11l-azabicyclol¥.4.1Jundecane
(II-86), or isomer thereof: ir 1765(s), 1722{5), 1245(s),1202(8),
1192(s), 1125(m), 1040(m), 1015(m), 950(m), 850(m), 788(m), 755
(m), 730(m) and 715(m) cm !; nmr \:f.70(bt, J=9.0, 9.0 and <1Hz),
5.48(m, 1H), 6.72(m, 2H), 7.7-8.6(m, ~12H), 7.83(s, 3H) and
7.96(s, jH); hrms (80°) m/e(z ): 305.1219 and 303.1237 (M
calcd for C;4H22N0,Cl: 305.1208 and 303.1238), 263.1084% and

, 2 and T3

261t1148(3 and 8; caled for C12HiFN0301: 263.1102 and 261.113%2),
246(36), 244.1110(100; calcd for C,2H;oNO535C1: 244,1104),
226.1444 (96; caled for C,2H20NOa: 226.1443), 220(26), 218(77),
268.1345(31; caled for CyoH;gNOs: 208.1338), 184.0891(36; calcd
for CioHysN35C1: 184.0893), 166.1219(31; caled for CjoH;eNO:
166.1232), 148.111;4Q?; calcd for CyoHi4N: 148.1126) and 43(92).
On irradiaﬁgpn at 77.95, the broad triplet at 4.70 becamé a
doublet (J = 9.0Hz). This white solid, althouéh giving 1 spot

on a tlc plate could not be recrystallized to give an analytical-

ly pure sample.
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Further elutibn with 2% CHsOH in CH2Clz (30ml; followed in
the column because of a yellow ring) gave‘an orange oll which
was sublimed to give 2,5,11—triacetoky-11-azabicyclof4.4.1]unde-
cane (II-87, 30mg, 8 z} or isomer thereof: ir 3450(m,b), 1765(s,
b), 1735(s,b), 1240¢s,bY, 1190(s,b), 940(m,b), 890(m), 860(m)and

810(m) cm-l;‘nmr t4.74%(m, 2H), 5.27(bq, J = 6.5Hz, 2H), 7.7-8.8 -

(m, ~12H), 7.90(s, 3H) and7/93(s, 6H); ms(80°) m/e(z) 327(M",2),
285(33), 268(100), 226(36),.208(22), 166(31), 148(28), 96(25),
67(24) and 4p(62); esr: 1 majJor (1:1:1) broad triplet with

g 2.0089, ay 14%.3 G and possibly 2 minor broad triplets with

-

g 2.0063 and 2.0045, ay for both 14.5 G.
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NNOP
NND
NNOD
coD
t+tCDT
cttCDT

ctCDD

endo-DCPD

LAH
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ADDENDUM

LIST OF ABBREVIATIONS

N—ni?rosopiperidine
N-nitropiperidine
N-nitrosodimethylamine
N—nitrodimethylaminé
cis,cis-1,5-cyclooctadiene

trans,trans,trans-1,5,9-cyclododecatriene

cis,trans,trans-1,5,9-8clododecatriene

cis,trans-1,5-cyclodecadiene
endo-dicyclopentadiene

1ithium aluminium hydride





