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.~ . ABSTRACT .
\ ‘ ' ,\‘

- The carbon—l3 magnetlc resonance spectra of 6 Vlnca ;'Y q

lalka101ds, 2 1ndole—v1ndollne dlmers and ll Strychnos

LI i R
alka101ds have been determined Spectroscoplc technlques';

'(off-resonance and selectlve decoupllng),,addltﬁvrty re“'"'

latlonshlps der1ved from chosen model compounds (seb -

- \

. below), and 1ntercomparlsons oquarbon—IB shift values

":33increased sterlc actors.. Attempts have been made to |

. /,"Z
withln structurally related systems were used to obtaln
. : i

»self con31stent and unamblguous assignments for almost

RS

'all the resonanoes in these Systems.. The analyses show o

'that our cmr spectroscopy can be a useful tool for T;‘“:’
‘:structural and conformatlonal studies of complexéflkaloids.,:.:
_ The present gtudyoalso 1nvolved the use of carbon_{,h,;ﬂ“\
. tl3 nmr as»a probe 1nto both conflcuration and conforma—ﬁf;'
Qtlon in saturated nltrogen heterocycles, ranglng frOm 3_vgnn,, .
,,;to 9'membered rlng 51ze.‘ Exper%mental data show that
."iprotonatlon, methylation, metﬁ/odation and oxidation of
hthe natrogen atom produce spe01fic and additive eifects<if;£:ifl
don the carbon-13 chem1ca1 shifts of the ring carbons.,_v;if;j*'

f:Substltuent effect parameters have been derived\for all

:*,of these systems and compared w1th those obtalned 1n 5-?°"

t

n'ffearll_r Studles on the piperldlnes and cyclohexanes.{ LR

%

1a5The p'"ameters show greatest deviat;ons in the 7-, a- n'.giyf”‘”"

'iand 9—membered rrng serles, a feLture attributed to




<

S

'a551gn coqformatlons to these ﬁarger heteracycles on

§'the bas1s of the: observed substltuent effects._ In ad- .

\

dltlon, the derlved parameters were applled to aid 1n.:

the a351gnments of the 1ndole aﬂé dihydroxndole alka-'

’

.,
) +

.'101ds studled , ‘f_ ER
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I INTRODUCTTION

- A

A, ohjectives of this Research :

o . - : I _

The aspect of configuration and conformation.is
essentlal to the determlnatlon of structure in naturally
occurrlng compounds or their. synthetlc 1ntermed1ates.,_~.
Proton magnetlc resonance (pmr) speCtroscopy has proven l
to(be useful in determining and conflrm;ng structural
'a551gnments for 1ow molecular welght systems but does not““

:greatly facllltate structu;ed and conformatlonal studles d :
“;hof complex molecules, such as alkal/}ds, Whlch often give€ t

' hlghly complex unresolved mr spectra. Carbon-13 nuclear; ;

| magnetlc resonance (-; "'pec rOScopy 1-5 has shown

'opromlse in. thgse areaT:" resent work we have
‘studled the 1ndole alkaloxds oﬁ strychnlne, cleavamlne |
and cleavamlne—Vlndollne dlmerlc type. The strnctural ~‘L
,complex1ty and dlver31ty w1th1n each separate famlly pro—?_;
}vide an 1deal test for the valldlty of the statement that{i%
: cmr 1s a better7structural tool than most other/phy31ca1 |

'_ methods It ‘has been- shown that self-consistent and un-fﬂ;ju

amblguous a551gnments of nearly all the resonances for“'”ﬂ‘v

‘“ithe above alkalolds -are made feas1ble by appllcatlon of

{eflthe chemlcal Shlft addlthlty relatlonshlps based on

e

’?;fs;mpler constltuent molecular spec1es.” fntercomparisons L

.'of carbon—13 shieldlng values w1th1n structurally related

: ,fsystems in. conJunctlon w1th su1table model compounds, v



such as piperidines, hexamethylenimines,‘octamethyleni-

mlnes, N N- dlmethyltryptamlne and 2 carbethoxy-z-aza-r

blcyclo[z 2. 2]oct 5—ene._ The cmr analy51s prov1de§“con-

81qifably more 1n51ght than preVlously avallable regard—“

1n‘ structure and conformatlon 1n the alkaloxds studled

.

The present study 1nc1udes saturated nltrogen
heter cycles of the 3- to 9-membered r1ng type along. -
W1th thelr hydrochlorlde salts, N-methyiated derlvatives,:

methlodldes, N-OdeeS and some deuterated methlodldes, y'

in partlcular, of the 5- td 9—membered ring type. The'i

'/ compounds were synthe51zed and pur1f1ed by conventlonal

J

techn1ques.7 Carbon-l3 addltlvity parameters have been '

. derlved for the varlous substltuents w1th1n thls serles. ﬂ‘

l . B t

R1ng 51ze, straln and conformatlon are shown to be 51g-f'

nlflcant factors 1n modlfylng the observed parameters. ¢:~”

The effect of protgﬁatlon, N—oxldatlon and methlodatlon
bl

: were found partlcularly useful in the a851gnment of many a

of the 1ndole alkalolds studled._;q;fff”, e

B. ",General.ConsiderationS'and}HiStoricalfbeyelopment‘551

The ba51c phenomena descrlblng the nuclear magnetic;u

resonance experlment apply equally well to the: PrOton S
and carbon-13 nuClel- Thus, since the carbon-13 nucleus ff
i .

has a Spln pf 1/2,‘1t may take up one of the two |

v.iv i

or1entatlons when placed 1n a uniform magnetic freld.,:"'
R S . B



3.

‘e

These are, a lower energy orlentatlon in which the nuclear
.‘:spln is allgned W1th the fléld, and a h1gher energy\ ) ‘

orientatlon in which the sp1n is opposed to the field
| (Flgure l) The energy dlfference between the two states
,w111 depend on’ the magnltude of the applled magnftlc ,~1¢3
--fleld and on the magnltude of the nuclear constant » such
«'as the angular momentum, u, whlch 1s large for carbon—l%
.r‘compared to that for the proton nucleus._The populatloncﬁ
/~nuc1e1 1n each energy state 1s governed by the Boltzmann i

. ,\'."
dlstrlbutlon (Equatlon 1) S

CNp L -(BED/RT

-;j,: ) "ﬂ;_fg‘. v"~, ‘7§'1f, '"“*7",f'27£{

f | Transitlons between the energy levels (resonances)

y can be brought about by absorptlon of a quantum of elec-~‘ i
: tromagnetlc radlatlon ln the 'radiofrequency reglon. The
,radlofrequency (rf) requlred for resonance is glven by

. .equaflon 2';?{

“whéref?’- germagnetlc ratlo fdh'h‘y'f"-f:j?-}y..{*'“
vy =radiofrequency 7

'Vf_f;H'Aé'applled magnetic f1e1d

j
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‘ giand nitriles._ Second, the cmr spectra are easier to

~h = Planck’s cOnstant

Carbon—13 nuc1e1 resonate at 22 62 MHz when placed

in a magnetlo field of 21 kllogauss while protons resonate

v

L at 90 MHz at the same field

: The 1ow natural abundance of the 13 C isotope (1 l%
B Vo
'contrasted to 99 8% for the 1H 1sotope) and 1ts low

‘_.

2 s
;nuclear sen31t1v1ty (l 6% of that for equivalent number e

_lof proton nuclei under similar fleld) make cmr resonanées

e

‘six thousand times more difficult to obtaln‘than pmr :ﬂz{}

‘tresonances.’ A brief survey of the historical development
1n~techn1ques and instrumentation!gives a better under-ityf“
'Istanding of how such sen31t1V1ty problems have been over-fff
};come, thus allow1ng cmr to emerge tp“ats present status ?k

1 .

- a powerful analytical tool for structuralinvestigation

, of organic molecules. _Eﬂﬁif1g9”f}ff7f1@[ﬂf"
) e : : : . - :

Carbon—l3 nuclear*magnetic resonance spectroscopy

f,can be con81dered more generally useful than-pmr in _ ;
S 1 e : ;:fvfg_
v3-organic chegistry studles for two principal reasons.,::;irj”

”-ﬂFirst, cmr gives direct observation of the carbon skeleton

' . \

o 5
~;gfor phy31cal property studies, direct bbservation of sites

:e”for carbon reaction and direct observation of functional

(

:f.fgfoups without directly bonded protons, such as carbonyls

”:iinterpret as the carbon-13 resonances of organif comppunds

“; are found over a. range of¢~250 ppm while those of pmr are

3 -
St r: e s ,\: g i
. K R «



) ’.-particularly useful 1n the 1dentification of more complex !_

-"under unlocked conditions., This technique gave poor'f

'1fresdlut10n (0 5 to 1 0 ppm), low 51gna1 to n01se ratid

L

h;In 1962 the INDOR technique faiInter Nuclear DOuble f’

- S X o . N
‘ [ N - L v T T ]
P . - . Wit

oL . B R

limited to ~10 ppm for diamqgnetic samples. B Thus, cmr is ﬁf
’molecules of molecular weight of 300 to 500.1

The early cmr experiments 6e8 were conventiOnal contin—'

.,uous wave (cw) nmr and 1nvolved either field or frequency
sweep, the chemical Shlfts were obtained by the adia atic

: rapid passage technique u51hg relat1Ve low magneticsfield

} el

}(10-14 kilogauss), 1arge sample tubes (13 15 mm olfﬁ-'js s
. neat, non-spinninq %amples and a single dweep over the A

"fvregiPn of 1nterest w1th,very hlgh (saturating) rf power ?;f:ﬁh

iy :_0_“. .,._,:_&.

”s/n, and only relatlvely 51mp1e compounds could be investi--f

=,_.V“gated due to overlapping of the carbon—13 PrOton mUIth]-etS»a-_ :

'f,"Resonance) was found to give greater sensitivity than

| Tﬁdirect observation of carbon-13 resonances‘using the ]H'Fmg"‘

"ﬁtirradiating at the

Jg»:not be observed 31nce long range heter"fﬁclear couplings.

't; technique has been used most successfully byiOIah and

’13rap1d-passage method. r_In the INDQR method the carbon

I"Vsatellltes 1n the proton spectrum are observed while

,tlimited by the fact that the non—profonated carbons can—bw;

'/":‘ :

3C-frequency.; This technique is :ﬁf?;x;}ﬁ
¢ ' e ST . . \:'1

( 13 ) ‘are small (generallx less than 10 Hz) and'“
easily lost 1n the base line’of the pmr spectrum The
: ). "

1 1 / : L e T DR

ouworker.;o In 19%4, Grant reported that sensitiVityrk

L : - o
. ., .
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T

R -""L-'

and résolutumuofthe cmr spectrum could be’ 1mproved by

sample spinnlng and proton decoupllng. 1t was p01nted out

that the protqps resonance regloncould be irradlated whlle {5

\., . ..4'

observ1ng the cmr spectrum Proton decoupllng y1e1dS a

" srngle resonance for each non-equLValent carbon cenxre, ﬁai_; :

'6&\

: *populatlon by changlng thelr own populatlon and;this Ieads

= la tlce relax&tlon react to the equallzatlon éf the proton

whose 1nten51ty 13 1ncreased by approx1mately three-fol& ;ﬁ

due to the coalescence of the proton multlplets and the o

{ :_ , !'i PO

nuclear Overhauser effect (NOE).lz The nuclear Overhauser

!

effect has 1ts orlgin from the dlpolar relaxatlon 1nduqed
hetween the proton and carbon-l}-nuclei on irradlation.»ylji;ﬂv

On complete saturatlon of the protons, the Boltzmann

(

dxstrlbutlon 1s dxsturbed the carbon*13 nuclel which

e

: »',

depend Chléfly on the dlrectly attarhed protons for spin-ftto”'

to an equillbrium 1n which‘excess nuplei in the lower '2_1ff~yg%

carbon~l3 energy level relatlve tO tpat required forthe \S

Boltzmann distrlbutlon. This means that more:-adlo-5i*ﬁf}ju;15§

’.frequency energy w1ll be absorbed by the carbon-lB‘nnclei i¥?f;

‘x

¢

| repetltlve scannlng and the time averaging technique ffﬁg PR

as a 1arger pOpulatlon 1s ndw¢in the-lower energy level.j}fiff@#
/ = .

quency locks Eo magnetlc resonance spectrometers ln théf%"

mid 60' 13 1

',,51gna1 enhancement through the use of’
] :

A R ,r’,:‘_
Dewte

H‘ “ &0
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became posslble. In thlS method, the dlgltlzed spectrum

s?obtalned from each scan 1s co-added Slnce the signal ’:
. A

inten51ty 1ncreases 1n a dlrect proportlon of the number

1tof scans (n), while the rate of the noxse 1ncreases by '

/ﬁ, the s/n enhancement 1s /_ ThlS allows lower%?g the R

~‘ls.mit of concentratlon whlch 1s necessary In orderﬁ

'tali a useful cmr spectrum. The lower limlt of cOncent--’

"

ratlon is governed by the stablllty, sen51t1v1ty and

.nf.homogenelty of the spectrometer and the observatlon tlme.-fi:’

t_By applylng tlme averaglng and proton decoupling, h1gh :;fgg
vresolutlon carbon—l3 spectra of varlous relatlvely 51mple w;f?{
compounds contalnlng 13C in- natural abcndance could be e
‘wobtalned by u51ng convent10na1 spectrometers equlpped to
.}operate at the apprdbrlate frequency, for example, in an

tn;applled fleld 67 of 23 5 kllogauss, oarbon—l3 nucle1

V.;absorb at 25 1 MHz.* The next major improvement wad the

ft’xappI_%Ftlon of Grant F decoupllng technlque by u81ng a

'arandom n01se generator to 1rrad1ate and decouple 81mu1—:~ﬁf‘“

'7jtaneously all proton resonances.~ Ernst 16 worked out

riffeffectlve exc1tat10n bandW1dth coverlng.all proton‘reson-f;,g,;i

Q{iances 1n the sample The cmr spectrumkobtained from the
3Hrheteronuc1ear.double 1rradiatlon exPerlment giVes a i,w,

single resonance for all non-equlvalent carbon 81te”“




' The sen51t1v1ty 15 1ncreased by the collapse of the ;3C§§_1

-t

spin multlplets and also by ‘the. NOE when compared to thatn.[;ﬂ

Of PrOtOn coupled spectrum.-f‘,47f, ' '; ;‘_‘<?7¥“

In order to regaln the coupllng 1nformation destroyed

17

by full proton decoupllng, Roberts introdyced a single

frequency off-resonance decoupllng (sfor) technique. In rp S

thls method, the proton 1rrad1atlon 1s kept at a hlgh I
Voo :
power level, the frequency 1s moved approxlmately 500 Hz

- away from the proton reSOnances to be 1rrad1ated and the
.l.

G

: noise modulatron 15 sw1tched off R The cmr spectrum from.v

sfor deeoupllng shows reduced dlrectly bonded 13h Hﬁ}i_nwjfir

| coupllngs (res;dual coupllngs) and effectlve ellmlnation

:."“;.

';; of 1ong range C ﬁ coupllngs.“,mhus, the spectrum is
greatly 51mp11f1ed relatlve to that obtalned by the adi—s;j

. .‘

/ batlc rapld passage method due to the decrease of Spectral ht}h

.»; overlaps.; The loss 1n sen51tiV1ty as compared to the 4' R
n01se modulated proton decoupling (broad band proton de‘:?;

K coupllng) experiment is small because of some residual | '

‘Overhauser effects. The multlplic1t1es derlved from the i;f:}ﬁ

re31dual couplmgs réveal the number of dlrectlﬁfi@ttacheg

hydro‘ens_at specifrc carbon centres by the n: +*i rqle
: e %

,.;% liar from pmr spectrosc0py, that is,q:z7d

doublets, trlplets and quart@ts are obtaiied from;;
quaternary (non-protonated), methlne (Cﬁ), methylene

.

Ff and methyl (CH ). carbons, respectively., Sinceathe

re31dual or observed J is directly proportional't" thehf



ltrue JC H and the drstance'between the 1rrad1at1ng fre-
. quency and the pr ton resonance frequency, and 1nversely '
-“proportlonal to the amplltude<of the applled radiofre- =
quency fleld 1€ (these quantltles are known or can be o 4
_determlned). 1t is p0851ble to‘estlmate the Jc ﬁ valuesf¥8‘ Q;A
A It 1s apparent that carbon resonances can be matched with

'specific proton resonances.lg

The protOn selectLVe spin-'fw

Adecoupllng technlque, whlch ls valuable to carbon—13 analy-;;}>
j:51s. 1s achleved by irradlating one set of equivalent Pro—if?i
f;ton resonances at 1ow radlofrequency poWer. Th;s leads tof7'

' the collapse of the carbon multlplets w1th whlch this set n;;;

'tof,protons is coupled wh;le other protonated carbons
_%'Eretaln some 13C H: coupllngs.}p The usefulness of proton
‘ f‘selectlve decoupllng relles on two cond1t10n8°'(l) the pmr;;ji?
i51gnal of the proton under con31derat10n has been 1dent1f1ed}i;
nvand (2) 1t ex1sts 1n an 1solated part of the spectrum so: jg;ff
f;lthat the dlrectly bonded carbon—13 resonance of 1nterest "'”x'
'1W111 be enhanced on decoupllng,relatlve to«all other peaks :

”*‘1n the molecule..Thls technlq“e was exten31vely used in'?19573

'Vthe present work Q;j;a;rf-2f';ﬂipj;'f5jb7nf'*-~?“ﬁ
| h} The advent of the hlgh resolut1on pulse Fourler
7Uftransform (PFT) nmr technique 19 23 has been the most

,:useful advance 1n spectral accumulatlon.; In this tech_ii}‘;_n:
Moo

;fnique the sample 1s eXposed to short pulses of rf energy |

v‘[;of sufflclent power to excite all carbon-lB nuclei“fﬁjhnﬁ T



Simultaneously{~ As a response to'this simultaneous '

exc1tatlon, all nuclel in the sample w111 resonate.

The resultlng spectrum' detected by the recelver 1s 1&, "

+n

. the time domaln and prov1des a pattern descrlbed as a-

.

free 1nductaon decay (FID) Fourler transformatlon,.

| Wthh is efsentlally a mathematical operatlon, is per—* .o

S will prov1de a s/n enhancement of /n as 1n ‘the cw mode,

ﬁ carbon-l3 measurements w1th1n a short t1me even on
rpdllute samples of a hlgh molecular weight compound w1th-*_‘
- out prlor'_ C enrlchment and it‘does promote cmr to be

‘;organlc molecules ;ngj"f,~;,1:';f_,'~,yi";;»,, d;jfj -

;'jproton decoupllng Whlch glves only non-protonated carbons

v;‘fas sharp 31nglets.;, The other method 1s due to Grant

gand co—workers 24 who p01nted out that quaternary car-ﬁﬁﬁ"

;spectrum. By tlme averaglng, a serles of FID 51gnals\‘

‘to an enhancement 1n s/n up to a 100 fold .

vldenlfy quaternary carbons.lone 1s n01se off-resonance }f{,w

formed on the FID to prov1de a normal absorptlonﬂ

'but the tlme«betweeh succe331ve pulSes 1s much lower

.than for the oW technque. Theoretlcally thls can leadfm';

22 for a com—h-

LI . \

~parable tlme. In practlce, the 1mprovement 1s approx— ;[;3

' ; imately-ten.; It 1s clear that the PFT technlque allows:r; {} f

\

13

a’ well~accepted and routlne analytical 1nstrument for

There are two spectral technlques Whlch are used to

'bons could readzly be 1dent1f1ed by the comparison of ”j;gf,f




*

‘calculated and observed 1nten31t1es of the spectrum The '
‘,theory of thls technlque is based on- the fact that the -
.NOE is 1nversely proportlonal to- ,the sixth order of dls—,
tance between: the carbon and nelghbourlng protons as. the
' dlpole—dlpole relaxatlon between these two nucle1 brlng
f'about the observed NOE hence the quaternary carbons do'

o

»,not usually show'dramatlc 1ncreases 1n 1nten51ty 1n prq"

L]

ton decouplang experlment because of the geometrlcal de-

: pendence of the 0verhauser phenomenon.~'

t N : s

C. ' Methods of=ca£bon-13 Spectrai Assiénment’

The general procedure for the assignment of a

120

"carbon-l3 spectrum centres ma1n1y on: the 1nformation ;;5,;5""

1§ and sxngle frequency

joff-resonance decoup11 g experlments.;7; The spectrum

‘prOV1ded by;the n01se decoupllng

'-from the former meth '

~peak for each carbon nhcleus, very often the relatlve

,1nten51ty of the 31gnaL shows the number of carbons under

N a certaln peak In- addatlon, the 1nten31t1es of quater—fabf-U”

/nary carbon resonances are often less enhanced thls
O--
‘Serves as a useful but not unamblguous 1nd1cat10n of

usually gives an enhanced s1ngle gf;r75f

';fthelr a551gnments.v ThlS technlque provxdes the chemical -Tﬁfi

avshlft values and carbon countlng of the molecule under

’*ﬁblnvestlgatlon. It ls usually 90531b13 t° 'f.é

fVFasslgnments on tqs ba51s of the chemical shlft values

r_rfexhiblted by these 31ngle peaks.. At the same tlme, el

,._ oo T e

“tentative [43???7



suitable carbon—13 Orfdeuteriumrlabelling aids the analy- =
. {(. b
" eis as the carbons whlch are dlrectly related td these

-

| changes w1ll glve elther enhanced or decreased 31gnalsL

!

Moreover, sultable model qompounds supply a further ba51s

for maklng the chemlcal Shlft as51gnments as spe01f1c

-structures usually~g1ve characterlstlc carbonfl3_chem;cal
shifts. '
- Due to the presence of reszdual coupllngs and the

reS1dual NOE the sfor decoupled spectrum has in place of:'

SO

a 51ngle peak for each carbon a multlplet pattern whlch |

: reveals the hydrogen sSbstltutlon pattern of all the 1fd-e
_carbon 51tes in the molecule.“ ThlB cla351f1catlon helps S
to assign and conflrm the chemlcal Shlft a381gnments madef;:’
"formerly due to n01se decoupllng technaque. Sometlmes 1t h'
is 1mp0581b1e to observe all the re31dua1 spllttlngs of
teach carbon 1n very complex molecules. The carbons stillff??ﬁ

' can be classxfled by the observatlon that the centxe of

fthe trlplet arlslng from a methylene off-resonance de—V:

T

v?'coupled carbon 51gnals remalns ln the same posxtion as

;the totally decoupled llne and the 1ntensity of the centre
Titof the trlplet 1s somewhat reduced the quaternary carbon

"f:f31gnals also remaln as slnglets w1th the same 1ntensxty atg/f"d

.

'”':the same 9051t10n 11§Doth n015e and 81ngle frequency'égf-.u,_yf

‘ resonance decoupled spectrum*whlle the methyl (quartet) .ff5f

'fand methlne (doubletL,of the offeresonance carbon 81gnals

Y S
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~shoy symmetrical splitting about theirhcorresponding sig--

: nals in the n01se decoupled spectrum. .As mentloned

earlier, sfor decoupllng also enables one to calculate

the Jl3 values. 16 18
C-H

the re51dua1 coupllng I, is given by:

|
|

when YH2/2W >> Af, the sizehof |

é -

. AfT T
r ;v7ﬁ;755 B

where Af - 1s the separatlon of the proton signal from the

13

applled decoupllng frequency 1n Hz._ J 1s‘the c- H

o coupling constant and\yﬂ /2n is the decoupllng fleld

’ !

strength fi.}‘f'.~ y;_f;' f_ f@_' :'-A}~” o
. odea51onally cmr Spectragpresent shif%s of carbons B

‘of like substltution pattern and they cannot readxly be |

,.&

| «differentlated by calculatlon of substitutlon parameters

R or chemical Shlft theory. In such 1nstpnce§ Ehe proton ,7_

a ,eelective decoupling technique is particularly uaeful for 1

"Xtion through selective spin decouplingi{vThis 1s acﬁi_wed'
'i:by employing the decoupling frequency which corres;”nﬁ :

. to the centre of the multiplets of the proton(s) dite ;Ia[j:

.;spectral aqs1gnment provided that a fully analyzed pmr

N *,-l.
S .(._'u‘_ .

spéctrum is- available.ﬂ The carbon-l3 spectrum can be

'assigned by dlrectly relating each carbon-13 sharp de“ R

'”sonance posi-'5?35

AR .

"bonded to the carbon—’i3 nucleus to be assigped. | n fthg,
pmr Signal °f the protpn undeﬁ consideration ex;gts in anﬁﬁ@

:'.yisolated part of the spectrum, Only the carbon—l3 peak
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o

”from the dlfectly bonded hydrogen(s) W1ll maxlmlze rela-
,-tive to - all the other peaks 1n the molecule, an unamblgu- f
ous ass1gnment for the carbon site ‘can be made. The
;other peaks in the carbon-13 spectrum may be a551gned by
‘the same way by success1vely stepplng the,proton decoup—” ;
1ing frequency through ‘the known proton spectrum.s As .
‘p01nted out earller, the method)has 11tt1e use for non-fhe;
_protonated cargbns which . odly show sllght enhancement 1fzin
" the long range coupllngs are elim’:ated The latter
'_:feature can cause amblgulty 1n a851gnment on occasions
‘,unless Care is observed U31ng geometr1ca1 arguments 24
'*whlch have been dlscussgd earller, the NOE can be used
to a331gn quaternary carbons based ‘on the predzctaOn of
: the relatlve 1ntensat1es of proton decoupxed reSOn-- |

"ances 25 26 Conversely, the selective decoupling methodfgzz

.,

fcan be- used for the assignment of complex proton spectrafit*

?iprovxded that sultable model systems are accessible to

:-f.give an. unamblguous assignment of ths carbon—lB spectra)fJ}:

“f“gfor’example, the carbon—13 and proton spectral*analys&s ;’fﬁ

7mfof aceple;adylene 21 and dihydrostrychnine describedtin 35:;
'*’Chapter Iv..é-i”Tf f';_' ,5_ Lﬁlfl]g ;giﬁiﬁ@j ;Efégsf“ e

Thelrare earth paramagnetic shift agents, which

;have achleved w1de use in pmr spectroscopy, have been

'-lpappl1ed ln cmr and used in the analysis«of the carbo? 13‘ 5

"spectra of borneol 28 and some Rauwolfia alkaloids:- "» :

.J\

. A T ." e ‘ S _~~'. ' : ER A
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D. . Chémical Sh'ifts N

 in, turn 1s derlved from the Ramsey equation-36°- These

16,
o

*

i

The theoretlcal treatment of carbon—l3 shlfts has

Jlbeen attempted u31ng several methods 25 127,30~ 3%,1nclud1ng

the LCAO—MO (Llnear‘Comblnatlon of Atomlc Orbltals‘—l‘

< _‘f

~A.Molecular Orbltals), VB (ValenCe Bond), CNDO/; SCFMO

(Complete Neglect of leferentlal Overlap - Self-Con31stent
Fleld Molecular Orbltal), "HMO: (Huckel Molecular Orbltal),.»

and Hartree-Fock perturbatlon methods.- These_approaches

~have been based on the Pople-Karplus formallsm 3 hlch 1t

e

- £
v /

.~ltheoret1cal calculatlons have not been totally successful

- but do offer some semlquantxtative suggéstions fo preplct

and ratlonalxze the caqsatlon of varlouSIthfts.. The
-;\‘

‘~screen1ng constanr can be div1ded into three terms gqhﬁa;f;

R wmOH O kg e e

‘-,_where T4 is a diamagnetic term due to~the circulation«of

'C'the local electrons 1nduced by the applied field‘abowtthe

'_'gnucleus of . interest 'The value of o ia determineg by

J the diamagnetic screening term of the wei known namb

~ffRamsey s equation. .

4’ .

s A

37

-

rformula and is iﬁenticTI to the first term'of
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: . o .
" where <r l> 1s the mean 1nverse dlstance of the electron
from -the nucleus and the expre551on covers all electrons
on the nucleus under 1nvestlgatlon.. Yonezawa and co~,h:-

workersv38 calculated the . contrlbutlon of od 1n the -ffihjrﬁ

A

: carbon—l3 chemlcal Shlfts of alkanes- The value obtained B

\

. is less than 5 ppm or about one elghth of the total

range (~40 ppm) exhlblted by the lower saturated hydro- 3ye5\

39

’ f,carbons. Splesecke and Schneider found that the car-”

" bon- 13 shleldlngs of monocycllc aromaé‘t systems are 9”*135“**

-

] domlnated by the W-electron dens;ties, the relatiOnshlp
is ~160 ppm/n-electron._ Ev1dently, 'd (whlch 1s governed

by the electron density) does not play a very signiflcant d

part in: the carbon—l3 ShleldlngS.AJ;_,,1‘{:]”]f%-;;" ' ”" .
' o' is the neighbour-atom term which 1nclude8 shield- -~1

1ng contrlbution from all other atoms and electrons in

the molecule, euch as anisotropy in the magnetic sus-};f?iﬁ7h;

'f}, Ceptlblllty of neighbouring'atoms and ring current

effects.a:Thls term bears 1n31gnificant importance as 1t ‘Q




B ; - R R .
’ : : -

is the 2p atomlc orb1ta1 dlmens.lons and the term ; QAB

‘f»denotes the charge den51ty and bond prder matrlx 1n the MO

- i

descrlptIon of the unperturbed molecule.

s Based on the studles of varlbus neutral organic :

)

.:compounds, some generallzatlons on C-13 chemical shifts ;f

= A

| may be llsted as: R e
U

B (1). In hydrocarbons the shleldlngs ane affected signl.;»:

, ficantly by hybrldlzatlon WIth sp3 oarbo?s,at hlgh

field"SP carbons (W1th the exceptlons of central ftd"\h

4

.

4

o

carbons of allenlc structures) at 1ntermed1ate f1eld' bf!

and sp2 carbons at lower fleld. A mark upfield

2 shift (~-2 6 ppm) 1s found for cyclopropane relat:.ve

| to other alicyclic rings. ;] Lf»;f‘i;;qﬁggkfgj¢;‘z;;
PR | N R
N e S AT BTSSR

absorb at low fleld and the deshieldings are proL

8tituents. ;5‘7=ﬁ**'1

which are not. ;jﬁffﬂcﬁfe, ;p_ -

e Carbon-13 ehieldingstend ‘to follow. additivity

"4(2) Carbon atoms attached to electronegative atoms “

POrtlonal to the electronegatxvities of the sub-~v*e:3f%[



L .
) A y

relationships in related series.s Thusr it is pos-
e l N

'fsible to estimate the shieldings for many compounds
: .with remarkable prec131on.,”_f_t ._n"'fl"‘,7..e$f:¥afi‘f

h(S):f Multiple substitution of a carbon nucleus by heaVy

”natoms like iodine cause upfield shifts of tﬁe car--"_"""T
. ; ¥ ‘

: T T L PR

: bon resonance. ': mf.5~."‘:; : ;,*;‘qgf LT

Y When ansp3, sp2 or sp carbon is attached to differ—-?~ |

‘ent atoms like carbon, nitrogen or oxygen,-the il}f@;i;
| :?fti’;i]carbon shift is most upfield in C=C, most downfield

E in C=O and intermediate in C-N comPOqus.y f;ﬂlﬂ;l ~{”’”
The shielding ranges exhibited by carbon nuclei in

a 1arge variety of neutral organic molecules are shown in :
WL .";"f43’~21“ S arth o ,;3._,,7353

Figure 2 gv”;v,nﬁsf ?ﬁj'.:f' ‘; TR O »*;f.“]u'*xe'é
o B L R "'Vf“fj»j

*h.;" To date a huge collection of carbon-l3 chemical

[

Shlft values of a large variety of compqunds'have been

f*ﬁdetermined and the shielding effect of an assortment Of

: e
‘~gsubst1tuents 42.51, for exampl ,cu3, on, 6033, COOH,
+ . | s ..5“. B

’:NH, NH,- C]OCH and c-o in aliphatic

'ff}relationships.

Frequently the additive4pafameters 3



|
'S R
I

| Alkenes"“CEC-, Alkones / ( .
T anlc AR - ohempc
. L aryl :;j L a- - 1 1
o RCO c¢-o. €—0 a3 a3 o
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FIGURE 2 Range of 13C Chemical Sh;fts in( Neutral/

" 3 Organic Molecules T ‘ ' “
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of other molecules w1th the same substltuent w1th remarkable :
% . , : ~

' prec151on.— Carbon—13 chemlcal shieldlngs are mpre sen51t1ve

to molecular geometry than those of the proton., Often if flii”

;vg pronounced or measdrable dlfferences due to stereochemlstryr.

“h are generally restrlcted to relatlcely few proton nuclei
in a glven molecule, whereas for the ésme molecule the

1

.,1 shleldlng of several carbons may depend markedly on thelr /

orlentatlons with respect to substltuents. Thus, cmr 1s more
oy

generally useful for conformatlonal st_'ies.>;§i;_,;*““_z‘;;_';

li_derlved a set of addltlve Shlft parameters for shieldlng— i?

”[‘calculatrons of saturated hydrdcarbons and proposed
-v;,tﬁat.carbons 1n sterlcally congested enV1ronments tend

fto absorb at higher fields than.those which are not sterlc-*u"

) 'ally crowded. For example, the shielding Y—effect 1n butane

,Ais due to the nonbonded 1nteractions between the\two methyl
e N :
u@dgroups*ln the gauche rotamer. The relatively close

iffseparatlon of the methyl hydrogen*ln the gauche form.leads

Tf;to the sterically induced polarization of thetermlyal C—H

: ...“':l :

efﬁect on these carbon sites.- The'qbaervationﬁcli
SRR O I E_w,ﬂ{;_w,h e

. .. R



/

‘f;, ed show simllarity to those noted 1n cyclohexane

\

.lf K L : 22.'- ‘l

“ . L o ) - -

R postulated

again be correlated by the ‘same argument that C—3 and 5

~
W

are -gqauche’ w1th respect to the axial methyl group It is

30, 3; that the sterlc perturhatlon resulting 7*&

| from the 1nteractlon of gauche 1 4—carbon atoms apd the o

,
proxlmate proton atoms can 1nduce chafge polarrzation

13

down a -H bond and therefore give the upfleld y-shift

"? in methylcyclohexane.;The B-effect of ah ax1a1 methyl.sub— :

substxtuent in cyclohexane 1s observed to be more shleldlng

y"‘ R

. . »

) than that due to an‘equatorlal methyl, this may\be inteF-:’75'

"f'elongates the r1ng C C bond‘ the <r

preted by the fact that the axiar substituent sterically Bl

-3
B

magnetic term 1s decreased,,thereby, causlng the B-carbfq'

> term of the para-:@

to move upfleld Simllar findings have been obtained from
the cmr studles of nltrogen and oxygen heterbcycles 4 45 53 54
The fundamental substituent and add1t1v1ty parametersgobﬁaxn—';

4 r though

some of the values are attenuated, yet these parameters::

*

": have proven to be valuable in. the analysis of more complex: fff

"7 alkalords.;,s f7ajhff'f i-gj“”;ff:fj"ftf":wuw




\'11, ’ Carbon—13 NMR Analy51s of Selected Mono and

Blcycllc Nltrogen Compounds L

b "_

'7}.; .The cmr analy51s of the series of nltrogen hetero-»

IR

ycllc compounds under present»cons1deration‘was carrled

A N

put for four purposes. l To<deter;rne the substltuent ‘t_;V
effects on the c l3 chemlcalvshlft

ih 3- "9-membered

B
frlngs, 1n partlcular, when a CH2 group 1s replaced by NH

\\\

»#Hence,the 1nduct1ve effect5<ﬁfthe electronegatlve n1tro-f ré{}
. Sy SRR
",'gen on’ the rlng carbon shleldlngs can be 1nvestlgated 1n>-;;,v
.1regard to the rlng s1ze and straln-; 2‘ To determlne f?;:{Jhl

Y

“jwhether the. substltuent effects obserVed in. the methyl-ff" ”

\

',cyclohexanes 12} Wthh have aISOobeen appl1ed w;th some ”;f”f

‘sugcess to the plperldlnes f, are generally valld for

>~
L» ;-v

:7j'heterocycllc systems.} 3.5 To determﬁne the effects of
: 2

/'Jisubstltuents in varlous derlvatIVes related to tﬁe nitro-::'_--*ut
rhifgen atom, such as N—oxldes, hydrochlofﬁde salts, methyl—f?.f 5

' ated and methlod;%ed compounds., The d%nerallty of these
'-1effects was4cons1dered valuable ln the cmr analysis of

~:\the ;ndole alka101ds to be described 1n Chapter III and

e e

‘:Qfﬁg? Flnally, 4 te demonstrate that the cmr techniquer ;3*”ﬁT

..:/. :



o

p
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B. Experimental L, ; d/~.. B

-

Carbon-13 nmr spectra were determlned u31ng elther‘

a Varlan Assoc1ates HA-lOOD—lS spectrometer Operatlng at

/

- 25, 14 MHz or a Bruker HFX-90,spectrometer in’ the Fourler B

- mode at 22, 63 MHz.: The former 1nstrument has a 15 1nch -

2500 Hz._ Accumulation time averaged 30 mins overfék data

magnet 1nterfaced to a D1g11ab FT/NMR-3 Data System, and

| assoclated pulser and proton decoupler. The Data System

' consrsts of a Nova 1200 W1th 4K of core memory and a Data f'

General 128K interactlve dlscffor program or data storage. 1

‘I

Field/frequency stablllzatlon is accompliShed by the deut- i

'te erlum resonance from the solvent of the gample. Typical a;ff

g

experlmental condltions involved accumulation of 2000 tran-t

sients for o 5 M solutions 1n lo mm tubes and a delay of rfd;

0 8 sec between pulses with a pulse angIe of 20 us wh1ch

!

corresponded to a 30° flip angle., The Bruker spectrometer

-~

was used 1n conJunctIon With a Nlcolet-loss, 20K memory,,<:7’
o S
' g computer. The 1nstrument cons1sts of a deuterium lock sys-‘

;
tem, a BSV-Z random n01se (800 Hz band-width) proton de-'li»w

COupler, and a BSV-2 pulse generator-ampli%ier.; All samples
were contalned 1n pr301510n ground lO mm, o. d. tubes. The '

spectrometer was used in the cross coil configuration.,er-ffﬁ
\4

D

On average, a- 30 us pulse. correspOnding Eb an agproxim-f‘dfr

ate t11t angle of 20°, was employed The delay between

pulses was 1 2 sec for the average spectral wldth of”

points for concentrations of the order of 0 27_M. Fortoff




;f;rcycles in chloroform. The salts were recrystalliz“

25..

- *

'resonance or coupled spectra this tlme was doubled
| The pmr spectra were recorded u51ng Varlan Assoc1ates :
60 or HA—lOO spectrometers.‘l | ’

| Pyrrolldlne, plperldane and 3 azab1cyclo[3 2 2]nonane-
.:wwere.obtalned from commer01al sources and were pur1f1ed

‘by elther redlstlllatlon or recrystallxzatlon for spect—?".;
ral determ1nat10n.~ Hexamethylenimlne, heptamethylenlmlne;-‘jw
'droctamethylenlmlne, 2—methylhexamethylenimlne, }-methyl-

'hexamethylenlmine and 4- t—butylhexamethylenlmine were '
.1 prepared by the- procedure of Blicke and Doorenbos.???ﬁ ?“'
.12-Methylhexamethylenlmlne was separated from its isomer :ff.j.
?;(6-methylhexamethylenlmlne) by\column chromatography
Jru31ﬁg alumlnum ox1de as adsorbant and chloroform as

'felutlng solvent Ethylenrmlne was synthesxzed by a

Azetldlne and 2-methy1azlr1d1ne

;{hcording to the procedure of Searles and

;Methylated heterOCycles were prepared by

f formaldehyde on the free amlnes.sgm heu

.“summarf

;pvalues;

© quantitis of

i from hot methanol The hydrochloride salts;offthe frée
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TABLE 1

.Experimental 80111ng P01nts of Some N—heterocycles

| Compound SR .B;>Pt~‘>  o R -},/  L

‘(:iii7. . 13g-131°C °7 L
N (1it. I36-137°C °°)

145- 146°""i' SR
lit., 148-150°747 mm 5§)sfj IR

.

ot

1s3-1sae . R

aie, 153~ 156°/748 nim 55;§'ff”_éffﬁ?

,_  52 53o/14 mm '?f7;ﬂf l;‘ﬂ:g? V:f; * 
'(llt.. 50 67°/17 T 55)  j ;T“;L;'

( L 63"66 o/6 mm ‘ " : LT ST
S (11t., 71—74°/11 mm 55)_. oo

"~[f4§5’¢ffa 53 5 56 5° -;*"v SN

L Tff]:flfﬁfffiﬂff".A- 60-625.

(llt.,\62 57747 mm-?-*
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TABLE 1 (cpntinued)§ 

. '49 52°/116

R e --M;

- 77»7s°/zo mm :

'(11t.{*179 181°/746 mm

BAO Etc __“F. N

s
76-79° -
C(lit., 80 810 90y |

1

(Lit.,. 105. 5°'91)~'

69- oo/69 AR R AEEN S
(llt., 138 14°°192)’;“ ‘_~4?f;?ﬁ];Ji~

s f T
:.aw Co

41-42°/5 m
(11t 80 90°/50 mm 9%}; R

. 0",.

51~ 6°/21 Tm L e
(see Appehdix) u;fﬁ;;ﬁﬂ.jififf{lg

76 5 77 5°/3 mm Ljﬁgf? 5”; [f?f;[“»}
(see Appehalx)

) .
b

~ ~t;<¢;;.-»

(lit., 144 146°/7§0 - yv_;gAQzéqﬁﬂ




4

A .

. 57458°/2 mm .

. (see Appendix) . .=

- -

.»{23; , 
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i'dry hydrogen chloride in an ethereal solution of the base. ;:
fthe resulting prec1pitates were recrystallized tp con-*-erli
'nstgnt melting3p01nts from appropriate solvents. Theymelt—f .
ing POints of these salts are listed in Table 2. The ff'f'i'
’ N-oxides were synthesized using}the procedure of Craig ;t:.

59 These derivatives were character-ife_f

B and Parushothaman
";iized spectroscopically by their pmr spectra. %_~fif :.f;h;jgi
| The cmr spectra of the 3- and 4-membered rinq com—“ffh
};pounds were run as neat liquids using acetoneﬁd with’”
'f,an external lock and tetramethylsilane asCthe externaf

reference. Some methiodides were run as safﬁrated solu- f} i

'yitions in deuterium oxide using the same external,reference. |

1f:gemployed The spectra of the

I

determined in deuteriochloroform

'ffconcentration requirembnts for o

N v e R
e : ok L PP S )
L. - S T
. § f S
TR X
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TABLE 2

Experimental Meltmg Pomts of Some \N—heterocjrcle Denvatwes

¢

| 147-140°C. Lo . /

“;;245-247°c
| f{“(lit.. 246-247°c 94)

_ ,.'_""'195-w200°c ’
"f-ﬁ(lit., 202-203°c ) 7f733ff§i?if?“}5§if“'

| ”;'Lﬁﬁlw“vc?<f*7ﬁfﬁl'15417;§tf*n;c*;“*’7?"

i
s, Waardse

- asasec



TABLE 2 (continued) PRI

287 295°C T . SRR
(subl:.matmn) LI e

168_1700C (hyposcbpic) \ e
R TS S R Rt
1008es its crystalline form a,t 130-“‘-;

180-181'C A
(lit., 1521163 5°c 93)
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, Partial cmr analy31s of virtually all the compounds N
:7[ to be dlscussed was ach;gved 1n1t1ally_hy observation of |
’ peak inten51ty and multiplgcitles determined from sfor ;f?l 5
decoupllng.e For examplé, 1n l-methylpiperidine (1),}C- *~a‘?

and 6 are equlvalent and so are Cr3 and 5.1 Consequently

62 4 45

therefore,ﬁthe'downfie;d reéena

s
) g
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Loar

shift of the c-carbon when its hydroge\iis replaced by

e e

.’(-

—

..&'t.

an eguatorial methyl group Infthe present work, the a- ;e

;; carbon 1s replaced by a nitrogen atom and" consequently,= ».I

‘

»

PR L
o

the/subsequent addltiV1ty effects must be considered g;g'gtf?
The B —effeCt is defined as the change induced in thef:ﬂ;iffft
B-carbon when a hydrogen is replaced by an equatorialiffu‘ |
methyl group., In this series of heterocycles,,it implies
that the hydrogen on the nitrogen atom 18 replaced bye

. '4.1‘ o h'\ o )-: .
methyl group. The a al Baf Y iyt Y ' 6 , 6 and etc. are

"...

similarly defined.. These terms are also applied to

hydrogen chloride salts, N—oxides and methiogides :I.n'-fj

L

which the lone pair of nitrogen is replaced by a sub

stituent.:w

ences.i Fortunately, a specif




4. The numbering syste



b, . ,Ré‘suité-va'ndf .'Disc'useioh'f_ - j,
1. 'VThe Effects of Replacing a CHZ by NH in Saturated

ffrt_yclic Syetems

: /'.'_Z. s

S Tt

”7‘;The carbon—13 chemlcal shlfts of selected cyclo-iﬁ
.\\ .

alkanes-and thelr correspondlng nltrogen heterocyclic sys—fﬁ'

tems are lxsted in. Table 3.. The effect of replablng a’ CH2

. by NH 1n these molecules are summarlzed‘in Table 4 The

-—

'ij observed chemlcal shlfts 1nd1cate that the heteroc 110

systems are symmetrical at room temperatﬁre.4 _At thls ;?ffff

| p01nt We assume that the cycloalkanes and the correspond-u~

:”“l Analogous to plperldlne

Sw . jj
ing heterocycles have the,same stable conformatiOn for '

'ﬁhj 7 . 8-‘and 9-membered rings. These-assumed stable confor-fgf;

/

f matlons are shown 1n Flgure 4 W1th the nitroéen 1n p031tion

et
‘63, the lone pair of electrons

'isoclinal' 64
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TABLE & R ,,'_:‘ o

S

Effects of Replacing a CH2 by NH on the c-13 Chexﬁical Shifts of

-

,-; R the Heterocycles Listed in Table 3

: Cdmp\oim@ o t s a e ;...va_‘:"., Uy - ¢6
o »‘e‘thiléniﬁzine_v: REURETL P +26 36
Cazetidine . - . 426,06 - +0.01

' pyrrolidine < . 420:81 ?{%ou S

PR

plperidide . 1 419.89 ~0.34 . <234

" hexaméthyleninmine .. . = 420,67 +2.61 ' =l.

octamethylenimine . - 421.87 +1.88°

Given in parts per million.

Negative «a:lgn‘ neans- .shield;lpg" )



nimine in boat-chair form -~ . -

[

 'FIGURE 4. Assumed Stable Conformation of

el ‘membered Heterocydles:




: .j are. more shielded than those of cyclopent’ﬂe, but the ;ti

:”;;OppOSLte phenomenon is observed 1n the heterocycles,,/ff

. / - R 40.

: rings. There 19 a difference of approximately 30 ppm
“between the shielding of the a—carbon in these rings '

1_when4compared W1th that 1n the corresponding 7-membered .

| :ring. Mac1a1 and Savitsky 62

FRR Y l".

. in their cmr stu 1es of

»emall oxygéh, sulphur and N-methylated hete ocycles,

"have suggested that these differences are d'e to the
.iﬁcombined effects of rin% strain and ring ouirents in the{
'vri-membered ring.i Both o= and B-carbons gene aIly ane
.Qxdeshielded Wlth the increase 1nvr1ng size upstiv7-mem-.,y
'"ﬁbered, then the tendency is reversed in the 8f and.§--.i:

'membered heterocycles. In cyclobutane, thefi—carbons

\3fhence the most deshielding a-effect (+26 06 ppm) is
S

:fexhiblted 1n azetidine.; The a-effect of the NH_grOup

V,{in the heterocycles is quite consistent and~gives an

‘l‘f_averaged value of +2O 78 ppm (azetigine is not included

',ffin this calculation), this shows that%the effect 1s

:iszu N-methylation Effects ;ﬁifﬁk:lfffi

'“* The experimental carbon—13 chemical shifts of the

E

‘*_N-methylated heterocycles are given in Table 5 and the 1

,ffrelative substituent effects are given in}:able 6

From studiej in simg%e piperidines, cochfan5

“x}ﬁDuch 61 have previously snggested th,pfi“*;
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n—uethylacion Effects on the Carbon—13 Chemical Shifts of the v

B S h'rABLB 6

Hen@rocycles Listed in Table 5

2@ d C  ; Effect

I T T . N A .

1-me£hy1ethy1enimine L +10 94

1'-mechy1azet1d1_'ne, 4 8. 54'~ S -5.61
.l-methylpyrrolidine o f”s;oéf_'.-;;szz;_]fr" 7;g:g;i"; T
: lmethylpiperidinei SRR :{,'91.'0 ..1':.35 - ~-1 53; '

1-methy1hexamet:hy1enimine +891 : _' -3.51 B ;-0.#1_»: S SR

3 1-mgchy1hepcaqgchy_1gpmne 4742 -%«1‘;.8.2? : l__',;2~;"1zi;’ R X T

l-methyloctamethylenininte  + 6,70 . <2.23  -3.06 .~ #0.44° - - .



| 743;.

and cyclohexane systems exhibit similar methyl substituent L
effects. In general, taking ﬁheﬁpresent studies into con-”'
_”sideretion, it 1s clear that N~methylation causes a more

.déshielding B effect than C-methylation of cYclohexanes

4, 42 61

and C-methylation 1n piperidines.-, Y and 6~effects’t

| are more shielding in the case of Nemethxiation. The

vmethylation parqmeters derived for both series are shown

o in Table 7 for comparisonf~"‘ JE e
| ', | Morishima h3.Ahas -reported that the lone phig pre-
.'ﬁ'fers the equatorial orientation in the NH compound and/the
:e,axial drientation in the N-methyl derivative in conforma-e;fi
Ttionally flexible piperidines.A If this is so, c—3 and 5 in

'efl-methylpiperidine and methylcyolohexane would_béxe. fité@f}i

to exhibit different Y -methyl effects due to_the relhtive
_sfiaxial orientation of the elecﬂron lone-pair ic’the?h 81
'f*icycle in comparison to the axiaii_f' og
_":hexanetu Our data and reporte&"”f
."-show that the Y-carbons are‘sh

f_piperidines when compared with tho »Hf5ﬂ

.;ffThe observed y methyl-éffect in nitrogen,ﬁeterocyc,eu mqY;i;
: 'be either due to the destabilizetion 1nduc§d by the,Stéric i
.j._interaction between the hydrogens of C~3, 5 and nitrogen ;,f?
'“1'lone—pair o simply the intrinsic nature:oﬁ the I “MBthylfi*”

';;effect in these heterocycles, or possibly the cambin ,iony

.:sof both fectors. V}gj;u;,eﬂji5;_-jif”gﬁ3;_'ﬂfvf



TABLE7

Add:ltivi_y Parametets of Methylation 1n Cycloheunes and N:l.trog

Grant s values of

C-methylation 1n -

cyclohexanes "

;

-

Heterocycles L e -# -

A

) e

Cochran s values of ° - our valuea of N—
" Nemethylation in 1 _‘  ' . methylation in .
p;(peridinea" .7 the: hetemcycles B
: .0 77 under presemt | . -
RERE considmtions =

+89101
003:06
-0.3102

-, +11¢04 -
+5210.3"
.—541;04

‘ +56$02

B A 040 3, | +a ee o

+1.43




“5‘ In conformaﬁionally locked systems, it is apparent
-:ufthat the lone pairs of nitrogen and oxygen cause deshield-vf

‘ﬂing effects.?? 54

That is,the chemical shift values of
.the methyl carbons between (2) and (3), and (4) and (5)
A:show deshleldlng effectSin the case when the m:§hy1 grduQ

. '“is axlally orlented Thus the y -effect in piperidine and b

‘6'

':f?oﬁ {”S'

fﬁymechanlsms.. The nature Of the lonerpair ¢

};'vaiously, the more shiel'ing

*z'in piperldxne relativeftoathat ‘opta:

f{gcannot be explained by'theﬂster ¢ s

'*'the electron 1one- aWJ ”L:

”l.that methyl pexturbationfon elee_<oui;



(e

':7 similar in bOth piper1d1ne§ and cyclohexanes. By compar-% 
ing the shift values of N-methylated heterocycles and thei 
correspondlng free bases,rit is(ﬁbped to test if the |
parameters derived frcm piperzdines can be applied to

‘/x BN

8- and y-carbons of the N-methylated heterocyclee

tend to become deshielded w1th increasing ring sizes up

to 7. They then become shielded %‘tﬁ increasing ring

sizes in. 8- and 9-membered rings. Thb mostushielded
f .

carbons in this series are the 8-carb6ns in l-methyl—i_g~jfﬂ
»T; nazetidine.‘ This compound, therefor91 aga11 providee the
,exception and has the most shielding<yeffect of -5 61 ppm."

It 1s probable that this effect in azet dine is due b

to the rlng straln and the bond angle in tba molecu-e; ;f?f5




though the a-carbon is replaced by a nitrogen\atom. Obvi-«‘t
L' ously the introduced CH3 must have a similar'perturbatren
Niuon the electron environments of the B-carbons (in regard -
7srfto the substituent) through the nitrogeh in these small 3j ﬁh
('lrings regardless of their diffErent ring sizes, strhin and j;
.L-rbond angles. The average value of’the B-methyl effect 1n *
7g;3- to 7-membered ringsiS+9 28 ppm. The constancy denotes
flthe additiv1ty relationship of B-parameters with;n these
heterocycles.- Hence the less deshielding B-effects in U
the meaium size rings should be attributedito’other factor}'f
l‘such as conformational changes, rather than the breakdownayff

"}of the additivity of this parameter in 8— and 9-membered£fgf

irrings...g
bl

73 Figure 5 The straintenerfie




ST

: S .

“"Pta“e in chair-form - neptane in ‘twis -chair

FIGURE 5 cOnformers of Heptan'}

T

N

(ii)

 f3average of the equatorial p03 tion energies o:




3not been determined it is possible that both cyﬁloheptane;

;and hexamethylenimlne haVe TC as their most stable con-“:ff;

:“ffformers. When the nltrogen is the axis atom in ;he C2

o fform of hexamethylenimine, the substituents on it. as s

‘wefregarded ‘as, 'isoclxnal

'5ff;ppm) The observed value rules out the5

fl".mentioned earlier. are neither axial nor eqnatorial but

' 64 'l‘he chemical Bhift data of 1-—

Je;methylhexamethylenimine gives a shielding"r-effect of 3 51;;:

’Tf:ppm which is large compared to that in pipenidine ( 1 35 :”fj

“%:“flsocllnal CH3 at nitrogen as the major contributor to | :ff}
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c'Q;,;;;__;g’,__.p,;,f'_T;vﬁ7}{v
jf,\ Y~effect can, be correlated to the more severe transannularf,
.F_f-‘repulsmn betwe‘tn the %1' hydrogens Of C-3 ‘nd‘ c-6 '. -

?*f‘as dictated by the geometry of the molecule when compared f},

'- '.',-.,"'_“ﬁ',to both l-methy1piperidine and the ,tw:i.st-chqir f' T SN
l-methylhexamethylenimine. . The d-carbons are moi'e de-— B
shielded when compared with those of l-methylpiperidin"v.;'l":”vﬁ'\::
'rhi.s finding also supports the view that ‘l-methy1ke

N ':'_‘ -\' ‘ PR




7fe}(CC) (Flgure 6)

T Cyclooctane and its simpie derivatlves have been

shown - to exlst predomlnantly in a boat-chair (BC) eon-~7ﬁ?;}

“a'formation §4 67

and it has been proved‘that fo: rings
_éonta1n1ng elght or more rlng atoms, the conformation

‘”of the r1ng 1tse1f appears to be essentially unchanged

 “11"he“ . 'Caz 9r°“P is fePlaced hy -Nu?ﬁ?-o- or —s-,eeﬁi;;ﬁﬂﬁ

:3{etc.7o Thus, 1t 181091031 to assume fhat the most stable

s

‘ wBased on energy calculations, the Othervtwotstable con-_'ﬁ;ﬂ

'~"formers of cylooctane are boat-boat (BB) and chair-chair ff;i

64 67 The BC conformer is more stable

'fj]than the Other two by only 1 to_2 kcal/mole and_has.cs

ee};symmetry$ Transannular repul ,ons occur between the

f&f51 4 and 6._ If one’ supposas that the ﬁéSt Btablelc°“‘filffaﬂ

';gof l-methylheptamethylenimine(fV”

‘ﬁﬁsand 6 to be shielded.

vrhe shield:mg ')'-effect may be rationaliged b. :2



T

g P . %

a. See definitions in Figure 5. .

Boat-cha:lr
o "(1) AR

.“,' ;

, (2&)

Chair-chair IR .
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e N

“4form W1th the nitrogen lone—pair In an axial orientation isli

*:jfThe sterio congestion between_the protons of c—z, 4. 64;5]3‘3

_}the preferred conformer for l-met

;;8- and more shielding Y-effeCts in compariSOn'wit*'

L e 5’3'7:‘
.@1;; e ' 5 o
inherent prOperty of methylation of heéerocycles, but the

»shielding of -1 58 ppm shown by the B-carbons when comparedf
'to those of l-methylpiperidine cannot be correlated except .

by the breakdown of the additivity relationéhip exhibited

fe;rby smaller N-methylated heterocycles.. Contrary to Lam—»a““

fjbert 60 who proposed BC as the most stable conformer of

J

3p1-methylheptamethylenimine, we speculate that a chair-chairf‘

ylheptamethylenimine.,~,

:'ffand 8 can be accounted for thp;observed less}dfshielding

M

:’\:'methylplperld;_ne.;,. 'I‘he obser\red Y'effeCt of -1 82 ppm: can

'p;nitrogen.. Taking the geometry of the,moleculf*into con p.i?f

iflitself AnotherzcwnfOrmat,




. | R _ '\‘a
symmetry. The C2 form (or [1 2, 2 2]conformatlon‘7 ) 1s cal-
¥ AN

‘_culated to be 2 to 4 kcal/mole hlgher in energy than the K

D form.\-]-l

D4 Both conformers are shown 1n Flgure 7 IR e

Judglng from the general,uﬁfleld Shlft of all

carbon—13 resonances, the 9—membered heterocycles seem ;
. to be rather congested Detailed rnterpretat;on of thec
carbon—13 resonance 11ne pOSitlons 1n octamethylenlmineta
f3ais rather dlfflcult due to the lack of knowledge of the.f.ffi

3!;1conformatlons assumed by these substances in the llquid

t3.,;:fphase at room temperature and the fact that nq proton

~ii”ise1ective decouplrnq experiments are possible aa their

".‘;;correspondlng pmr spectra cannot be resolvéd.; The analy-xf-

( S o

cﬂt,sis of the carbon-13 resonance 11nes for,the free basefnffq'f

d‘fis achreved by comparing its chemicalﬂshifts “ith thOSe
’kﬁof 1ts hydrochlorlde salt and assumrng that therr'"table

‘fecOnformers (two enantiomers which arevin rapid equilib-3 w.‘f

:jrium) are in a D3 form.::ﬁ '

N -':.03 ccnformatien on methylation and'u Ln ;:the same. argumen

- '7on rthe y-effect of isoclinal CH3 \presented for hemethyl* -
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. FIGURE 7. Conformers of Cyclononane, . .
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t enimin@* we predict C-3 and 8 to be shielded approxim-'p}
ately by 2 91 ppm which is different from the observed
shift of -2.23 ppm. It seemslogical to call upon ‘a. con—:
formational change to explain the observed effects. A |

‘conformation of 'modified‘ CZ symmetry is prOposed Inf
thlS conformer, there 1s more severe transannular re-
pulsion between C 2 and 7 as well as, between C- 4 |
9 as compared to those in the D form., The steric conel
gestion that c- -5 and 6 have in the D3 conformer ls also
relieved in this conformation.’ This change can explain
the observed B—,G— and e—effects In this conformation,}i;fiu
either C 3 or 8 (due to rapid equilibrium between the

"_ two enantiomers) has 1 gauche CH3 and } gauche electron- "i;f

pair 1nteraction ,,' The transannular repuls1on that o

C—3 and 8 have 1n the D3 conformer 1s removed in the “

proposed °conformer Wthh WJ.ll effectively attenuate the

expected Y parameter to the observed value.; Moreover
the methyl substituent 1s found to be slightly shielded
| relative totmat 1n the 6- 7- anda -membered heterocvcles.»

'~;; This 1nd1cates that the substituent has some steric inter-Ff;;i

action w1th the ring carbons as suggested, but the :b .

validity of the proposed conformer for lkmethylocta-'Ii:gtltﬁ3

methylenimine needs further investigation. ffhstf .

13 N-protonation Effects f'ﬂ'

ff_"f 3 The chemical shift data détermined for the hydro-lfluffi
T e R P R s

o



N’

‘rationalized by Morishima

57,

‘chloride salts of the heterocycles are given in -

Table 8. The effects of protonation with respect to f

Y

the corresponding free base are calculated and shown in.

»sTable 9. Protonation causes upfield shifts in all ring

\

i carbOns of the heterocycles. The phenomengn has been .

74 who suggested that, Qn N-im -

'protonation,\the carbon-hydrogen bond is polarized to the

Ce-H form and thus the electron of°the hydrogen atom

is transmitted to the pOSitively charged nitrggen atomJ -f-‘-

- mainly by an 1nductive effect.s The shielding effectfgfg;!siﬁ
';of the carbon 1s caused by the increase in the total O
'charge density on protonationji It seems logical that f{j’t?
.bithe same: reason 1s responsmble for the upfield c- 13 | ‘fi\‘i
'-f_chemical shifts observed in 7-, 8— and 9—membered rlnas,"fi;

»"which have not prev1ously been investigated There are

e

"3 prominent features of the experimental data, (1) the Qﬁ-"
Changes 1n carbon-13 chemical shifts are Iarge and*cover ;

,f_a range of 1 4 to —5 O ppm, (2) significant effects

"bg(ranging from'~2 2 to -4 5: ppm) are observed aﬁ carbons

L This is in sharp bontrast to the reaults of all otherii

o 3substituents, for example,CH3 which has already been

tbdiscussed extensively in this chapter,,ang (3) tnegcar-'
.'.bon atoms 1n general show an altérnating ind attenuating

_-tF\

“-”which ‘are at least three bonds remote from the site of

Vprotonation, espec1ally in the 8— and 9—membered rings. _-SJ’T

J

&

Af.'charge'density buildups. that is, the grotonation effects i

..“__,
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TABLE 8 L ‘ T '
e ———— N _ N ' ey . ' s

Carbon~13 Chemdcal shifts of szrochloride Salts of Some Heterocycles S

..,. .,

Carbon positiorﬁ \w

,Cgﬁpquda L

| 46.18 18.77 46,18

45.21°24.44 2b.84 kS.20

U 9126922509 25,09 26:92 45.91

'fu'45;14”25g§4;23!98~25;64f23ﬁ96y25;04]451i§“f :“‘

B o

A " e

c-2 crj; 4 2C<6 - 7 c-s 69

.
o

el N

44.6722.55 22,55 22,55 k67 i

‘

sy

P

44097 24.03 23.10 25,34 25.34:23,10 24,03 48.97 .

o Ly
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"f TABLE 9

'ieProtonatlon Effects on the Carbonbl3 Chemical Shifts of the

'?_ Heterocycles Llsted in Table 8 f:ff\ ff_*i :j37%i*f
-Compound g Vﬁﬁ.gr,;*f 'ﬁfa e

Gl D e n e e
om3.76 L -4.69 0 =221

o

;~',

23,900 -4 as ‘~~-3 84 -dfr{&ﬁ“f”"




‘?‘are 8 < 'Yr ngnd'and581>dé;f¢f7'f .
'rhe effects of protonatlon in plpendlnes show an

additive trend, Duch 61 derlved a set of protonation

';d»parameters from plperidlne and 2-,l3 3 4emethylpiperidlne

| "The values are -z 54 + o 26,-4 89 +. o so and .73 51 ppm +

'h_,O 15 ppm for B-, Y- and G-effect w1th their respective

€

?_-deviatlons The chem1ca1 sh1£t,parameters obtained for »jfﬁi

o ithe hydrochlorlde salts<1fhexamethylenimine, heptamethyl-'

- en1m1ne and octamethylenlmlne follow a’ similar pattérn.

:h;most llkely electronic in origin., The hydrochloride of.hl

'V,pserles.}}:j

lhliwith the predictzons made by P°P1e et &

‘ﬂﬂ;.calculatlons, Pople 75

l - o
\;f‘This 1ndlcates that there is no signlficant conforma—."“;

.;7t10nal change on protonation but that the effects a;e

\ b

ij';pyrrolldlne gives the smallest B- and Yreffect in thef5 57'*

The features of the carbon-l3 chemical shifts

-q‘,,axﬁlblted by the protonated specles of some cyciic'

'ﬂdensxty var1at10ns.7€ Our results correSpond wellf'“"““ L

1 75

"inductive effect.‘ Using t‘e CNDO-SCF molecular orbital

pro_osed that the inductiver

:d}nates and attenuates along the c skeleton.;

'hfthe dlstribution of the charge densities"due_to protona-




“tion can be ‘rfaitional,i'zea"' scnemagi‘ca_l‘ly asi

- which are ﬁore remote from the site of protonation sinceK y_Y

the e—carbon in heptamethylenimine and octamethyleniminep;

’: the senSitivity of the o—inductive effect.onlthe distanc

| .:f”dlgn;‘

L e c« Ce—c—t
v R | e :_;g; S
B 6+n,_:;j,;§*ﬁ,;ﬁlghy"ﬁff??V i

‘;f The 6 protonation effect of piperidine observed

b

in the present study 1s 1ess deshielding than the 3_:
effect This differs from Morishima et al. ;, whofﬁf;ggf*:\
k N ot - '\, . \_ L

found the B-effect was more shielding than the 6~effeot.;,,,

The difference may be explained by the different acids wf;}p

used for the~protbnation studies. Hydrochloric acid was

employed 1n the present study while Morishing et al

f used trifluoroacetic ac1d.} The present data agree better

H

with Pople s calculations.; The attenuating¢ndture breaks £
down in heptamethylenimine}hydrochloride as the B-effect ._‘
is less shielding than both the Y' and 6—effects Mpreover |
the 1nduct1ve effect is largely diminished 1n carbons fo

hydrochlorides are only slightly shielded by 0 31 and
;This refleets

0. 14 ppm, respectively, upon protonation._

from the site of the electronegative Substitueﬁ_

Based on their work on 6—membered heterocyeles,"‘



62,

o

-‘i[Morishima et 31 74 proposed that the protonation para—

: fhmeters are governed by (1) the orientation of the nitrogen

lone-pair,_that is, either axial or equatorial. and (2) /\
ﬁthe conformation of the intervening carbonmske&eton. The "
ﬂparameters thus depends on the size of the dihedrel angle,;iff
’ii;e between the lone pair and the CB ~c .bond. The y-carbOns

'ri;are found to be shielded by about 4 8 ppm when the lone ﬂ.

-:gﬂpair 1s in the equatorial position; thet is, when N-"'U‘uil .
:”iprotonation occurs through a 'zigzaq Path' 33 i“ the

1f,fstab1e conformer of the free emines. Furthermore the

N e.,_ .

7 tzigzag path' oo Tt

dihedral angle between the lone-pair lobe and— BlfiCﬁH'”'

-Y?ﬁfiaflii
bond in the same conformation is 1800‘ the relationship R

between the 31ze off)and the magnitude of the y-protona—;fffﬂéi

74 e

| ;gﬁr/nf
'lone-pair of nitrogen has been recoqhized as axially

'"\tion effect 13 substantiated by MO celculations.
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.

_ is regarded as 'folded'. The y-protonation effect is .

| 1{goldea:paphic: 8 -

Ry , :-
deshlelded by approxmately 2 ppm relatlve to that

‘{
A protonated derlvatlve of 1-methylpiperidine 1s -2 8

PPm e The dzhedral angle m the molecule 13 50., >

Observed 1n ~'219239 path' The Y-effect shown by the

| Theoretlcal calculatlons using the pseudo-atom appro::nch76 ""1"_:'5?-‘,1"_{_:

":predlct the changes 1n the charge density, upon pro~ "

«ftonatlon, 1n relatlon to the d:.hedral angle follow

" the order v 8= (cis) >0 =60° > 180°"7f’“fj :
Hence, the theoreticalr protonatmneffe ~t

" (Figure 8)
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. ) .. " .I “.‘.‘l'.‘ ) v ,. ‘, . )
this iS'not'so *In'pyrrolidine'hYdrdchldride‘when e.is
~:.1120°, the y- protonatlon effect 1s -1. 45 ppm, whlle the .

A

shleldlng effect exhlblted bytthe carbons of the proton-”‘f5

"_this compound 1s 0°:"t Accordlngly, the Y-effects observed h

ﬂf“'for 5- and G-membered nltrogen heterocycllc protonated

thmolecules fall into the order of 0 O° (cis) > 6 = 180° N

""f'(trans) > e = 60° > e 120° |

Ne

e :
Based on the most stable Eonformer (BC) of

f§~;heptamethy1en1m1ne, the observed Y-protonation effect”of_m, djf

’lhh-d 58 ppm seems to fit the 'zxgzag pat'ﬂfand 180° dihed?;;ffhd

‘fffral angle trend However, the experimental y-effect of .,h;:f

-'~4 69 and -4 85 ppm for the 7- and 9-membered rings,

”;ﬁrespectlvely, are sxmllar to that inhpxperldinefhydrodr“

| '3chlor1de, but the stable conformer proposed earlxer for

iﬂihexamethylenlmlne and octamethylenlmlne are twist—chair




-

| conformers (8) and (9) ' At the same time; the protonation'ﬁf

'“'ﬁipolated to the larger heterocycles._ It is pertinent, ~,.}1?

"Eiat this present stage, to formulate the following probable ff}

”fgfrelate better w1th the theoretical calculations WhiCh
‘:Avpredicts the change 1n charge den31ty upon protonatlon f’7
'J5iwhen e is 60°_is sllghtly greater than that when o is :h'i

5nh?180° (Figure 8) Taking the average of the two changes,_ﬁfd"d

. 66..

Ni

_ and D3,'respect1vely, with n1trogen 51tuated in. such S

:a p051tion that gives lSOCllnal substituents in both

cases. The d1hedral angle w111 be approximately 60° and

.[180° due to the rapid equilibrium between the enantiomericfj_

.8 .
o~y '
N

’rgi-effect w111 be transmitted through the 'mainly zigzag-i'i:ib}
:e-fand mainly folded' mechanisms due to the equilibrium. f;ﬁ;?ni
.:f{vaidently,'our findings denote that the path' and di-;i[ﬂtﬁf

.57 hedral angle explanation Whlch are based on the behav1our L

J

;‘of the 6—membered heterocycles cannot be easily extra~ 4

iJ?;reasons for our observations--(l) The values of the Y—pro-';y«

_jtonation effects in 7- and 9-membered heterocycles cor-‘j;g,,z

'fjfthe observed Y-effects of hexamethYlenimine and octamethyl’{f?
"ffenimine hydrochlorides seem to)be reasonable xn the range -

”ﬂgof-—4 70 to.—4 85 ppm.fg(z)t The angular dependence of | TQQ

Wl '~ ,\'v :




"»‘IGJ.-Y
fpthe protonatlon effect may not work for n1trogen hetero- E =
Acycles of 51zes other than 5— and G-memb red rings. Dis—

ufregarding the r1ng s1ze and straln, the Y effect of 4 86'

.»:'ppm shown by azetldlne hydrochlorlde cannot be ratlonal— o

:1zed by~the 31ze of K. as the value predlcted should be
; -in the range of -l S ppm because 6 is 120° whlch 1s stfh
) simllar to that in pyrrolldlne hydrochloride.. The dlf-= g;f
'Lference between the observed and predlcted values leads
uione to questlon the extent of appllcatlon of this angular'd{fV
";feature found in protonated piperldlne to other hetero-=‘tbt}T'
acycles. We conclude that the carbon-13 chemlcal shlfts’
}v;of the 4—membered heterocycllc rlng 1s domlnated by r1ng
h}fstraln and 51ze.n(3) The relationshlp between the paths ofif;f
j7protonatlon and the magnltude of the y protonatlon effect djf-
-cannot be appaled to heterocycles whose conformations do
?_not exh1b1t distlnctlve 'zigzag nor 'folded'pdthways.s;n‘hf'h
| . The long range 6- and e-protonation effects aLe‘};:;

lﬁffthe most dlfflcult to explain since no sterlc interaction':ﬂf:”
B ‘:,,;.. .

'ﬁﬁ'at these 31tes'1s expected and the 1nductiVe eifects are

:Fd?sharply attenuated beyond the 8 positlon.. Cawculation of 7;f9?
ff;charge den31t1es él at C 4 induced by an 1ntram01ecular
dh;electrlc fleld effect assoc1ated with a NH polar bond

tffprovides aﬁtgasonable account of the Gecarbon chemical
':A:shlft of plperldine hydrochlorlde.p Although 1t is pre-lf?fffff

'ajamature to draw an analogy, w1thout theoret;cal calculatxons, “&



bétween 6-membered and medlum slze rings in’ thls\;espect
1t 1s hlghly probable that the same phenomenon is- ope the:'
“in 7-, 8= and 9-membered r1ngs. ' ; L | o
A" The hydrochlorlde salts of the methylated nltro—‘_“
gen heterocycles were prepared and thexr carbon-13 cheml-f”::
cal Shlfts are glven 1n Table 10.1 The observed protona-gr.tv
';tlon effect relatlve to the corresponding tertlary amlnes ff“
were determlned and are llsted in Table 11¢ Protonatlon |
'rhas a shleldlng effect on all carbon atoms.' The carbons‘f
‘,;whlch are three bonds away from the protbnated nltrogen )
;i Stlll Show relatlvely large shleldlng effects. iffheiaffj
electrlc fleld effects may be the or1g1n of the 6- and,ssy_;.'
.;'shlfts in these systems. Comparlson of the data in- xf yfi}j;a
):Table 9 and Table 11 shows protonatlon generates dlffer-;:y'ré
:}ent shleldlng effects in secondary ‘and tertiary amlnes.v
.f#m°*_i' Some dlfflcultles’were encounteredrln assigning'vf_,ﬁ
the Y" and "8~ carbons 1n 1—methylhexamethylenlmlne and b

ﬂ1-methylheptamethylenlmlne hydrochlorlde. Jones 45 deﬁﬁ;f?~uA

L

E_irived a set of protonatlon parameters fqr —methyl~4-r
‘:'piperldones, the values were -3 1, -2 3 and 3 7 ppm
; ifor the B-; Y' and G—effect, respectlvely,. The Charge ;(is.
fm,distrlbutlons 1nduced by protonatljn in these tertiary am-fyif

in- secondary amlnes)

,fﬂ,lnes (1n contrast to thoSe oObserve

_Mi§~the smallest 1n the Y-carbons.; These-addltiVe para-

-f:

R L

nmeters also correlate Wlth those qp the protonated 1-_-~~”

methylplperidlnes reported subsequently by Morishlma et :
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‘ s TABLE 1

Protonatlon Effects on the Carbon-l3 Chemlcal Shlfbs bf the.

ﬁeterocgcles Llsted 1n Table 10

Effect_  Vw4”

G

. Compbund "' - YB; iy ;,N6   tu’;, "“»B‘;\

. -1.02  -0.44 © . -l.28° o

,:4‘.3  { Y  _\T. . “;n‘ '_3 . :-.. . -
-1.70 ' -3:15 -2.38 - = '-3.02 .

-

~ ’ > .
-
LS

 _';1\7235:‘;;72r\r3.l5~; ;: jt %z;hsV: '::3”;f
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“=]hthose derlved frcm the 6—m]f

-a1.74' who ratlonalized their experimental data by t)
: :; path' and d1hedra1 angle argumeht discussed earl er;if' '

The favoured conformer of l-methylhexamethyle Vmine and ‘l,ﬁl

l—methylheptamethylenlmine, as reported in
= Esectlon, are the chalr and chalr—chair fo S) reshect; .
_?ively w1th the lone-pair of nltrogen in_ n ax1al orienta-rf_”‘
tion. Accordlngly, the courses of prot natlon are. folded ;f"
. and the d1hedra1 angles are 60° in bosﬁicases, the situa-"
'ylp1perid1ne. If

ters fs and applies :ff}

) Jtion is sxmllar to that found in l-m
aone extends Jones protonation par:lj

Y

fthe 'folded path"and dihedral angle v1ew derived from

-.the 6-membered heterocycles to ‘the N-methylated 7— and
"is-membered ring, the resonance at126 38 ppm and 25 68 ¥v~\“s:n~
"ppm can be ass1gned to the y-car ons of l—methylhexamethyl—llta
;enlmlne and l-methylheptamethyl nimine hydrochloride,n;:;»vv}.
hrespectlvely._ These assignme- S subsequently gives -1 72 h*gf
f'fand -2, 03 ppm for the y—proto;ation effects for the respecv.ff?

‘.tive tertlary amlnes These Values correspond well w1th

.eij:jéa | h‘éierocyelgé .j _mé | mq‘r,é'f

”'}shielding Y-effect cf -2 59
' A

_pm observed in l-methyl-j' -
"moctamethylenlmine hydrochl' ide can be visualized as the jﬁ

haverage of the values due o the rapid eguilibrium

l

{J.between enantzomer# in W, ichfthe;dihﬁdxal angle is 5°° 2
Aoiand 180° and the path cfn be\both: folded‘ and '2198‘9 'silxsfﬁ

; ﬂgconversely, if one onl considers»the theoretical calcu-\f

4

Sl lation whlch predi ’ts the charge d&stributicn to be



72,
*}greater at y-carbon when ewis 60° than when it is 180°
.then the assignments of y- and 6 carbons should be re-.

- versed . Following this analysxs produces -4 36 and -5 10
ppm for the ¥= protonation parameter 1n the 7= and 8-'- L
;armembered ring, respectively : The interpretation of the

‘{Y-shieldinq in’ the 9—membered ring remains invariable.,g_f:f
 Due’ "to” the fact that there are ‘two. equally acceptable gh
dapproaches leading to different analyses, the assignment

" of the y- and 5~ carbons of l-methylhexamethylenimine and

‘3 l-methylheptamethylenimine hydrochloride are presently

o interchangeable. The y—carbon of l-methylpyrrolidine is |

Id\-shielded by 0 44 ppm upon protonation.' Thll is more at-Jﬁ 7'*’
.;*’tenuated than that observed 1n the hydrogen chloride of |

jhv.pyrrolidine which also has a dihedral angle of 120° m:
.:;Both Y-effects, as predicted by theoreticaL calculations,:3z“

";are small 1n comparison to those observed at different -

”_idihedral angles

.\-\,.."
)

j4;j Methiodation Effects ‘1f'H_ SR BRI EE
. : Table 12 shows the experimental carbon-13 chemical

'shift values for quaternization of the heterocycles with

| ‘1methy1 iodide (methiodation) and the ob&erved eﬂfectslof

*q_the substituents (both CH3 and Cbsyj:r‘itabulated inyf“

'.5 Table 13.; The quaternization effects ’ere obtainadtyy‘
-f{subtracting the chemical shift of each carbo' oF t

‘jmethylated compound from the chemical shift'ofithe cor-
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TR TABLB 13 BRI e

= Methiodat:ion Effects on. the Carbon-13 Chemical Shifts of tbe Hetero- e

' _Xcles Listed 1n Table 12 : v\,f;w_ S

Effect ’. f ﬁ_?.'fﬁ '#3i'?f2{

Ccompownd L eyt et

Loow0a2 - alee e

L e
4699 =548 ~2.82




respondlng carbon 1n}the methiodated product.. Deuterium
oxide was chosen as the solvent for these derlvatives ‘in i;%ﬁj%
order to meet the concentration requirement for obtainingk

’: useful cmr spectral data. In view of the observation thati iff
;f molecular structure contributes significantly to the i

| carbon—l3 shieldlngs when compared With solvent effects ﬁfaf‘ia
in the hydrochlorides of piperidines.. it was decided that
solvent and concentration effects do not require correc-?ﬂﬁcals
B tions for the present series of salts of the nitrogen el
heterocycles.: From Table 13 it is apparent that the |
axial methyl substituent at the nitrogen causes a down-*}i'»‘“

field shift of ~4 to 10 ppm at the B-carbons &hile
most of the other carbons are shielded._ The 5¥ 6- and

.iiﬂ[ 7-membered ring systems exhibit typical B—eubsﬂituentiv*kV*“”f“

' 7jand 9-membered ring% respectivelYf'

l?g;ffin piperidine. As these compounds have an ax‘;:*'

The

The obsirved

effects, though the values ate quite scattered.\

larger rings deviate from the sequence;f;

B-effects are more shielded by ’ "'.and 4\ oe ppm'for' 8-

compared'to ﬁha.}




. -

nificant y-effects.f The observed effects are more shielding
than those observed 1n the 6-membered heterocycles._ Since

: the 1engths of r1 and ré.ln (10) are shorter in 7- and 8-;'w"
o membered ringS, more severe steric interaction causes the ﬁf:?
ﬂ%: chemical shift of the y—carbons to move more upfield.fiff?l?o
However, the B- and e~chemical shift parameters of 1,1-»"~:3”
dimethylheptamethylennmine cause.some problems since there
' are at least two ways to rationalize the observed data.-
.First, the second methyl substituent fails to give the

usual add1tiv1ty relationship at least for ﬁ%e B carbon51n

thls series.( This deduction is made because thefvaluelijirffl

of 1ts ﬁ parameter 1s attenuated as comparedfto those of

conformational changes upon methiodation.. Second, Steric v
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- Boat-chair . .

"’?7111?5?f;1“ o

:“Vnot have any inductive effect on carbons whlch are three 'if°“

fbonds away from the site of substitution. Inde$d the

E ~}e1ectr1c field effect, which has already been introduced

1irr,1n dlscussions of the protonation effect may provide an e

,.sifexplanation of the observed e«effect as the nitrogen N::;E;,rjt

(;ffat°m in b°th methiodated and Protonated derivatives is'f-f”Vv"

7fbe1ng quaternized : If the electric field effect is re-f?iiﬁ'“

- sponsible for the upfield shift Qf C—5,;then c-4 and C-Q;;ggg

":are expected to be shielded as observed in Piperidine f”

'ifffhydrochloride.- Experimcntal data, however, show that

.E'jf,tion. This strongly suggests that thereVis‘a;change ofé:

| these 6-carbons are practﬁcally unaffected;b :methioda-




The Observed 6 effect may be ratlonallzed by the comblna- o

_tlon of these two Opposmg mechanlsms. e

s

In l 1= dlmethyloctamethylenlmlne, the y-carbons_,*f‘

v

3uare shlelded by -5 34 ppm on methlodatlon., Thls can be kS

‘*leexplalned by the addltlodbl CH3 gauche effect on C 3 and

v"ﬁ;‘8 whereas.the observed B effect 1s shlelded by 4 08 ppm

o when compared wrth that obtalned 1n the 6-membered r1ng

’;ffalthough the lattsr 1s regarded as the causatlon of the

'r~?en1m1ne upon protonatlgna Probably, sterlc interaction
Efffls induced between C 2 9. 4 and 7 in methlodatlon-;hfgth

li'ffAlternatlvely, the non—additlve nature of the second

.-{:system.. It seems probable that there 1s a conformatlonal'if
Qchange in thlS system 51nce C 4 and 7 also move upfleld
, ~1by 4 65 ppm.on methlodatlon. These shifts are too large torifﬁ
1fbe accounted for by 1nduct1ve and electrlc fleld effects, L

~

7f;upf1eld Shlft of 3. 84 ppm of C-4 and 7 1n octamethyl—

l“ffffmethyl SUbStltuent may be used to rationalize the ob&#rVed“f;E;

ﬁ",{effects 1n the 9-membered rlng SYstem...i_;T}ﬁf“V"

L 5;7h N-ox1datlon Effects f_._fif
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. N-oxidation Effeécts on the Carbon-13 Chemical Shifts of the Heterocycles.

Listed in Table 14

LT e

»!.'" .v'Comp'ounfl - - B Sl ‘Y 6 lf. g N -:'B" .

R ol

s +1o;3g?_;ffa;9;‘7/t'_gggz‘, - **;fg;413.7§”; 3v»’

-5.14 0 40.19 0 -3.49° #ILAL T

TU48.93 .-3.35 <248 =035 412,23




'7y“respect1vely The calculatlon does not lnclude the Y—n

”~vj;conf0rmational transformatlons., Moreover,c

S g2,

'-Ci-t{' (L

: From Table 15 1t is clear that ox;datlon 1s 51m11ar to

.vmethlodatlon and causes downfleld Shlfts (9 to 13 ppm) R
- at the B- carbons and upfleld Shlfts at all other 51tes »

In terms of substltuent effect the oxygen generally

'has a deshleldlng effect when compared w1th CH3 in quate'v.

vy
ernlzatlon _ The Y- effect (except 1n the 5—membered rlng)
e

_rls approx1mately of the order of magnltude expected forf:’fgtifl

"purely a steric 1nteract10n w1th negllglble contrlbutlon

hfrom 1nduct1ve and electrlc fleld effects.x On the ba51s .
ﬁ~‘;of the chemlcal Shlft values of the N—methyl substltuents,{:e;;;
it can be concluded that the oxygen m01etywoccup1es the SO
_axlal p051tlon 1n the favoured conformer of these hetero-yfffffﬁ

Cycles. The average ox1dat10n parameters determlned forpg,f'f;j
L R

fhthe rlng carbons from the present ana1y81s are +11 04,

.._.‘_4 91, —1 18 and 1 92 ppm for 3-':,:7-. gand | -effects

‘ . . : N

| shleldlng of the S—membered rlng The observed dlfferences |
o ST e
*[1n the chem1ca1 shift parameters between oxides and

"s}methlodldes are dueidelfferent substltuent85rather:»h'n;js'“'i‘

the*oxrdatlpngf

ik

'7mer,f5}f




I3, 2 2]npnane are summarlzed 1n Table 16,wh1ch also shéws ‘

o

6. - Hexamethylenlmlne Der1vat1Ves and Related Compounds.'h

Ca. C—methylatlon Effects b‘; f:” : ;" j ".‘ v-f;_

The carbon-13 chem1ca1 Shlfts of the substltuted

hexamethylenlmlnes studled and the related 3—azab1cyclo-

. ' '.'
- the C—methylatlon parameters*of these compounds relat1Ve

'I d‘

;to the unsubstltuted bases.

o

Alkyl substltutlon at elther the 2 or 4 pOSlthn of

'maa.._. ; : .-‘;,,.-

‘ hexamethylenlmlne removes the equlvalence of C~ 7 C—3,:“

6, c- 4, 5 and glves addltional resonance sxgnals.‘ However, 3:33

'-1n1t1a1 a551gnments were achleved by applylng the addltlvity

,;parameters derlved for the C-methylatlon ;n the Piperi-" :
dlnes 4 and l-methyl 4‘Plperldones.4§ The substltuents 7-i o

'fwere assumed to be "equatorlal" rn orlentation in agreement

“w1th the rlngqenergy calculatlons for methylcycloalkanes.;7.“H~i

"1That 1s, 1t 1s assumed that the conformer w1th the axiad
v'7c-methy1 group only prov1des a minor contrlbutlon atr room e’{%f

‘V'

Jtemperature. The equatorlal methyl group has been shown fpj-5"

'7;{jto produce negllglble changes on the shielding of carbons )1({;

;'wplchhare three bonds remote from the site of substltioﬁ

| .,:.'jtfhus the chemlcal shrfts oi; C 2 &’nd 7 Of 4-methy1—- and 4 t-

| fjffbutylhexamethylenlmine ‘are. expected to*gefsimilar to the ﬁ;i




A 3 R i ) o ~ -~
< . (
® . _ \
- A.-.o-.ovwsc.ﬁUEOUv -
o (187T2) (98°T-) (¥8°T-)  (98°T-) (O£ TH) | (2z°9+4) - (zz'9+)  (0€'T+) -
‘ 97%T  9Y°ST  9%°SZ  99°ST  T6°z€ 68°SS - 6865 16 2€ H-N
- - . N
M o/
’ - . . 3 z
.y (L070-)  (72°0=) (9L°0+)  (€€°Tz#) (IL°04) (¥g-0-) - .
TNSUEE  LhULT 09°6%  [8'0E  90°8Z €9°8% €'z £g'gy - :
N. - WQ . T
) ' A\ H N
_ . | : I
A (2v°0-)  (9T'z-) X 'g)  (L9°94) (s6°84) (86°T-) _ -
10742 62°6%  St6T  99°g LLPEE  9S°0Y 691y -
- g h - m
= (86°T-» (12°0-) (00°0)  (89°T-) (£2°¢#) (€c ce) - N
< TT°%Z 69°L%  0v'IE  0€'sz 29°ST  €8°8€  20°'SS -
. : |
1 e -~
’ H
(0S°1+)  (LL79+) -
92 6T . 86°6Z 89z -
o — ﬁ LN D _
(P) 1hy3sn 6-0 8-0 L=D 9-D [0) 7=0 €-D z-0 1-0 punodmo)

UoTifsog uoqien

-

m¢0ﬂumamzquIU JO s3099339 atayJ pue SaurwIUa TAYIaWEXa jo SIITYS TEBOTWAY) ¢T-uoqae)

g v 9T I74VL



85.

A

g wa3sis
L 2yl jo Sutasqunu ayJ
z T

uostardwoo uon.ﬂ.%ﬂmuws pepnioul

R - .
"uoqied> 3uypuodsariod ay3 10j S¥sayijuaied uy umoys uuowww 3yl jo anyep

9T °T9®l 03 wmuocu.oom L



}

-

R "y k\
) : | 86; .
enimine are assigned similarly. qiing the ae—hethyl sub-
stituent parameter of the piperidines.(Table 1%#, it is
pred%cged that C-2 and C-4 of 2-methylhexamethylenimine "
and 4-methylhexamethylenimine will mOVe_déwnfield by
about 5 to 6 ppm from the §ere$ponding carbons in hexa-
methylénimine. Thds, the resonances a£_55.02 ppm_and v
33.77 ppm are assigned to the tertiary ring carbons'gf o »
the 2—methy1 and 4-methyl heferocycle,respectively. Théi
~assignments were Eonfirmed by tge of f'resonance method
which also defined the assiggﬁent.of the methihe reson- _ %
ances du; to C-4 in 4Jt—butylhexamethylenimine and C-1
and 5 in 3-azabicyclo[2.2.2)nonane.?
In 2-methylhexamethylenimine, the resonace at

38.84 ppﬁ cah be assigned to C-3 (ca}culgéed to be 39.9
ppm)( thus leaving C-4 in this compound t§ be assigned
by différence. The predicted v;lues of 39.Ql ppm for
é—B‘aﬁa 35.60 ppm for C-4 in 4—methylhexamethylenimine
agree reasonably well with the obsefved values of 40.56
and 35.66 ppm. This indicates the shjfts are properly
assigned in this compound:. Because of its bulky size,
the tertiary-butyl gréup 1s generally uéed as a lodking
‘group in studying ring coﬂformatiohisince it prefers an.
equator%al'configuratioﬁ. The substituent effects of
tﬁis alkyl group have not been well charactérized and

44,54

are found to vary. The ae~effect of this substituent

@ Referred to as bicyclic ctamethylenimine henceforth.



TABLE 17

‘Substituent Parameters for C-methylation in 6- and 7-

Membered Ring Sysqemsa'

N

¢ - ‘ i
Compound Cyclogpxanesaz - Piperidines Hexamethylenimines
: ’ (present work)

Position
a 4560 45,90
- B 48.90 - ' +8.18
’Jye _ J‘o.oo - | -1.94
s | -0.03 -0.21
e _ . .
aeC—Z,C-3 +5.00
C-4 E
Ole . ~+6.00 / /
Be +8. 30 /x
c-2,C-3 /
Y, | 0.20
c-4 . )
Y, -0.60
8 _ ‘ "~0.90

a , \
-~ The superscript on the symbol refers to the substituted

ring carbon.
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is quite similar in cyclonexanone 44 and hexamethylenimine
(+23.0 ppm and +21.33 ppm-respectively). In addition, the
Bé:land Ye—effects derived from 4—t—buty;cyclohexanone

were used to aid the assignments. in 4—t—butylg2xamethy1—
enimine."The assignments thus obtained for the. free amineb

are reasonable when compared with the chemical shifts of

othep—dérivatives. Thus C-6 is predicted to be at 32.31
‘ppm gobserved 30.87 ppm) Calculatiéns of the shifts for_tne
carbon atems-c 3 and 5 are 32.81 and 28 50 ppm, respective Y
(observed 32.3 ppm and 28.06 ppm) The average values o
the C- methylaﬂlon parameters obtalned from 2—methylhexa—
methylenlmlne\and 4-methylhexamethylenimine are +5 90, +8.18,
~l 94 and -0.21 ppm for o, B, vy and § respectlvely. Thus,
as shown in Table 16, the C—methylation effects in hexa-.
methylenimines exhipitsla trend that bears more resemblance
to C-methylation in pipetidin;s than in cyclohexanes (Table
17). The Yefeffect‘is more shielding'tn the_7—m‘mbered
heterocycles. The parameters suggest-tnat there are no con-
formational changes involved on_C—methylation and the alkyl
substituents*afe equatorial in orientation.

The assignment of'the bicyclic octamethylenimine
is straight forward. The equivalence ofpé-G, 7, 8 and 9

is introduced by the rapid‘inversion of the nitrogen atom

and interconversion between the conformers. The molecule



89.

i

Py

has C%methylatidn paraﬂéters.differént from other hexa-
mefhylenimines. C-2 and C-4 are shifted downfield by

6.22 ppm due to'tﬁe Q—subsitutiqﬁ at C-1 ;nd C-5 when
compared Qith hexamethflenimine, whereas C-6, 7, 8 and 9
are shielded by 1.84 ppm due tdithé same B-substition.

An a-ecffect of +§.30 ppm is observed at positions 1 and 5.
‘The different cgnfdrmations and ring strain between hexa-
methylehiminé and bicyclic octamethylenimine contribute

héavily to the .experimental results.

LY

b. N-protonation Effects
The carbon-13 chemical shifts of the.hydrochloride

salts of hexamethylenimines and the protonation parameters
[ . ’ .

are gi&en in Table 18. The changes in the chemical shifts
i ' *

of the%e hexamethylenimines upon protonatioh héve been
~interpi{eted on the Easis of thelchemical shifts of. the
corresgonding parent amines and the,protgnation‘paraméterS'
determined for‘hexémethylé@iﬁiﬁe Hydrochloriaes. These

- / B '. . . i
vy and . §, respectively (see Table 9). The deviations from .

: paramg}ers are -3.75 ppmx€—4.69 ppm and -2.20 ppm for B,
ﬁadditivity are small. The close agreement is taken as
confirmation of corréct’assignments in the salts. 1In 4-
methylhexamethylenimine'hydrochlorideﬁ the shifts are

calculated to be 43.94, 35.87, 31.57, 33.46, 24.76 and 45.54

ppm'for c-2, 3, 4, 5, 6 and 7,?respectively. These values
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can b? compared with the observed values 44.02, 33.72,

32.9L{ 35.44, 23.53 and 45.75 ppm. The agreements are

thus f;iéi§’clése.:Similarly,sthe shift values for C-2
3, 4, 5, 6 ;nd 7 i; Z—Sefhylhexamethylenim;ge hydro- | :
chloride, with the ?redicied values®in parehtheses,rare:
54.97 (51.51), 33.45 235.15), 24.76 (23.42), 26.76 (25.10),
24.76 (26.71) and 44.88 (44.18). Inin—t—butylhexaméthyl-
enimine hydrochioride, the correspdnding,values are:
C-245.33(45.08), C-3 27.66 (27.63), C-4 48.92' (46.43),
C-5 26.26 (25.86), C;6 24.22 (26.18) and C-7 25.67
(45.85) ppm. The agreement is even bettér:h‘fhe bicyclic
' octamethylenimine: 52.47l(52.l4),‘28.10 (28.22) and 23.98
(23.26) for c-2, 4, C-1, 5 and C-6, 7, 8, 9, respect-
ively. The anal;§i% of all the derivatives of thé'three
hexamethylenimines and bicyclic gctamethylenimine can be
achleved similarly by applylng the substituent para-
meters derived from hexamethylenlmlne

The protonatlon parameters of the substituted hfxa—.
methylenlmlnes and bicyclic octamethylenimine show two
interesting differences when compared with the same
parameters ohserved in piperidines and>hexamethyleniminea
‘These are: (1) the Y—eﬁﬁects ére‘more_shielding in this
series,_espécially'in,4;£-butylhexamethylenimine,l(2)'
the G—paraméters are diminished but the effects aré still
' Shleldlng‘ However, the OppOSlte is true in the case of "

4 t- butylhexamethylenlmlne Further, C-2 of 2-methyl—'

hexamethylenimine is less shielded by 2.76 ppm relative
Y
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L
&

to-the other B-carbon, C-7, upon protonation. These ob-
servations correlate well-with the polarization arguments
delineated earlier. Slhce fd.is generally yagreed that.
the C-H bond is more easily polarlzed than the_ELF bond
then the carbon with fewer dlrectly bonded hydrogen.atoms
will recgive less negative charge from the hydrogen atoms.
Thuskthe tertiary carbons are less shielded or practically
deshielded relative to secondary carbons even though both
.types of carbon atoms are equldlstant from the site of -
protonatlah ThlS trend has already been found in plperl—
dinés.74 Remote‘intramolecular electric field effects
which were used. to explain’theﬁanonalous d-protonation
etfect need not be invoked ln this series. lt seems pos-
' sible the §-effect is diminished by the alkyl substituents
or is changed as the consequence of "the nature .of the
(; S polatlzatlon 1n secondary and tertlary carbon atoms. ;
~Theoretlcal studles are necessary to resolve this problem
. Noiattempt was made to calculate the a&erage protonaﬁion

parameters for these 7-membered heterocycles as the sites

of C-substitution vary and the C-substituents differ.

L

c. N-methylation Effects
Table 19 provides a list of the carbon-13 chemical
shifts of the N-methyl gsubstituted hexamethylenimines and

. ' : L Cy LI .
bicycllc octamethylenimine along with the N-methylation
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effeets obsérved in these compounds. It is apparent that.
the N-methyl substituent effects'a?e éransferabl between
cyclohexanes, piperidines ahd hexamethyienimines.‘ Sihce
the alkyl substituents lift the equiValéhee of C-2, 7, C-3,,

‘ i -~

6 and C-#, é, there are. two sets of substituent effects
for each compouhd. Both 1,4- dlmethylhexamet;>n

ylenlmlne and

1, 2 dlmethylhexamethylenlmlne show N- methylatlon effects
similar to those of hexamethylenimine, their B- and y-*
carbon which are more remote from the site of the yring
carbon-substitution are relatf§e1¥ deshielded. That isﬂ

the B-effect observed at C-7 (+9.53 ppm) versus that at

~“C-1 (+8.85 ppm), and the Y-effect at C-6 (-2.85 ppm) com-
‘ - ,

pared to that at C-3» (-3.82 ppm) in 1,4;aimethylhexamethyl—

enamine. This indicates the C-methyl substituent affects

e

the electron density distribltion in the ring in the N-
- o . |
| * N
methylated compounds. The largely attenuated 8 N-methyl—‘

effect shown by C-2 in 1,2- dlmethylhexamethylen1m1ne can
\

be ratloﬁgllzed by the steric 1nteract10n between the
’
vicinal 1 and 2-methyl groups.42 ThlS shields the .

‘

p051tlon C-2 and consequently compensates for the

lowerlng through the substltuent effect. The average

value of the y—effectsvobserved in 1, 2-dimethyk~ 1,4-di-

.methyr'and 4-t- butyr-compounds is (-3. 20 pme comparabi?\’A

to that observed in 1¥methylhexamethylenlmlne Accord;ngly,
it is qulte reasonable to gpnclude that these foﬁr

cyclic amines have the same conformatlon at ambient ©

A ’ . .
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‘tempe§atures‘-with the electron-pair of nitrogen in an

\

axial position, At least’ this is* the preferred con-

formation,” Table 20 shows the average values of methyla-

tion effects in hexamethylenimines. This s t.ofmvalues
&

gives a close agreement:w1th those of hethylcyclohexanés-
with the cxception of the v-effect. i
Attempts to lock out the conformation of.l-methyl-,

4—t¥butylhexamethylenimine have been carried‘th but

were unsaccessful. The slight changes in the chemical
- o . v ) . -
shifts at -105°C may be due to the change of the solvent

effect which can be temperature dependent.

The cheﬁical-shift value (25.95 ppm)” of ‘the §-

Carbuns in the methylated bleCllC 0ctamethylen1m1ne
sugjests the presence of rapld 1nver51on of the nltrogen

-

atom with the methyl substltuent in the equatorial position.

The S-effect of +0.49 ppm is probably due to the net
b

effect of the 6#shielding'pr6vided by N-methylatioﬁ‘and

deshielding caused by the nitrogen lone -pair in the

E—Y

relatlvely r igid. molecule If .one. draws an analogy
between this molecule -and monocycllc hexamethylenlmlne,
it is expected that the y-carbon’ palr will be shielded

by the electron palr of the nltrogen. Experlmentally,

these carbons, C-1 and 5 are shielded by 2.32 ppm.
N ;
d. - h, Methiodation Effects

o
-

= ¢

3

Table 21 shows the carbon-13 chemlca{ shlfts of the
: &
O
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TABLE 20

>

a. The calculation does not include
%

.

hexamethylenimine.

Average Values of N-methylation Effects in
Hexamethyleniminesa
3
. . ‘
. Position Average effects
B +8.75°
. o ’
\ AN
Y ' ~3.24 e Y
. ' | A
b 8 -0.37
! L

the bicyclic

b. The calculation does not include Cc-2 ;;>1,2-

dimethylhexamethylenimine.

4
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\

methiodides of the substituted hexamethylenimines and
N . N . ""(\,..'
bicyclic octamethylenimine and the correspondingvaethioda—

~

Riéy effects. These methiodides exhibit the same trend

§ the hexamethylenimines. That is, positions C-2 and 6

deshielded while other carbons, in general, are
"shielded. However, the magnitude of the‘effects are
scattered, +7.00 to +14.00 ppm for B-,-0.4 to -7.8 for y-
and -1.6 to +1 ppm.for d-methiodation effect. The
shielding effec£srshown b; the y-carbons indieate there
is steric interaction between the N-methyl groups,’c—3.
and C-6. The rihg is locked conformationally in
1,1,2-trimethylhexamethylenimine since two N-methyl sig-
nals are observed. These signals are separated by 5.29
ppm in the CHg—S—CH3 compound and 4.37 ppm in the

@ .

CH,-N-CD moleculd( Judging the intensity of the

3 3

resonance peaks, the signal at lower field is due to

CD3'anf suggesting that it is axially oriented.

The steric interaction between the axial N-methyl group

and the protons at C-3, 6 is small®r than the l;3 syn— |
. ¢

axial nonbonded ﬁnteractionAbetween the equatorial N-

methyl éubgtitueﬁt and C-methyl grqup at C-2. Therefore,

it is pfobable thaf the preferred course of quaterniza-

tioh of the nitrogén‘is axial. This corresponds with

the view of axial orientation of the electron-pair in

l-methylhexamethylenimine. It is tempting to extend
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P .
these arguments to the course of methiodation in all hexa-

methylenimine methiodides.
In the bicyclic species, the two N-methyl groups
are equivalent and their carbon chemical Shiftikfre

relatively deshielded when compared with those \n hexa-

methylenimine methiodides. We, thus, speculate that

o~

this molecule is free flipping between the conformations
. (’) .

(12) and (13) and the deshielding é-effect /’ is also

8 7
CH d CH
) i3 6 1 '3
7 N—CH3 —_— 8 —CH3
.
™~
6 9
12 o 13

~

Ooperative in this compound.

The N-oxide and hydrochloride salt of the methylx‘\
ated bicyclié octamethylenimine were preﬁéred for éurther 5
conformational studies. Their chemical shifts and cor-. }
breéponding effects are given in Table 22. Tﬂére are two
péirs of non-equivalent §-carbons in these#derivations.
One paif is more shielded than the other by 5.07  ppm in
the N-oxide and 4.47 ppm iﬁ the hydrochloride éalt;'%he
experimehtal»data also indicaté the presence of freeu

flipping in these derivatives.

a ~. ES

N
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LT

TABLE 22

Carbon-13 Chemical Shifts of the Derivatives of-3—Aéé~

bicyclo[3.2.2]nonane and Their Corresponding Substitubnt
Pl

Effects

EY

J
Carbon position ///

¢

Compound c-1,5 C-2,4 C-6,7 C-8,9 C-1'

1 2, 0

o N+

.. 29.62  76.12  27.94 .22.87  64.57
5 6/ . (=0.97) (+10.41) (+1.99) (-3.08) (+17.81)

28.49 63.44 26.26  21.79 45.67
(=2.10) (-2.27) (+0.31) (-44l6) (-0.99)

Y

)
)

G
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E. Conclusions

The following'conclusions can be drawn. (a) When

a-CH,- is replaced by'an—NH—.gpohp, heterocycles of sizes

2
.ranging from 3- to 9-membered ring type give addifive
a-parameters of +20.85 ppm, the inductive polarization
effect of the electronegative nitrogen atom is the main
céntributor. (b) Our experimental findings support the

view that the electron lone-pair is equatorial in NH com-

pounds and axial in N-methylated molecules. (¢) the C-H

0 0 o
C-H form when the cyclic amine

bqnd is polariéed to the
is protonated, the electron of the hydrégen atom.is pol-
arized towards the positively éharge nitrogen through
the o—cérbon skeleton. The attenuating and alternating
féature of the protonation effects~ob§erVed'corresponds
well with the attenuétion and alternation in the ¢-
inductive effect predictedhpf Pople et a1.”? The general
trend of protonatioﬁ shielaings found in hekamethYleni—
mines folﬁows_the order of second§r§ carbon > tertiary

carbon > guaternary carbon. Moreover, 7-, 8- and 9- ~3\

membered heterocycles, in general, exhibit y4pro£onatién
 effects which are cbnformationally dependent and their .
yalugs.qgree with théoretidal calculations. (d) The

order of metHylation and methiodation ‘paraméters dbtaineal
in hexémethylenimineéﬁxasimilar to -those ig'piperidines,

thought the magnitudes are different. However, the dif-

ferences can be rationalized by the change of coriformation

¢
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upon reaction. This is also true for 8- and 9fmémbered
rings. (e) N-oxidation shows additivity trends similar
_ éo that of methiodation,mbut the eﬁfects tend to be more
deshielding.‘ (f) 1In sterically congested envirdnm nts’
the loqe—pair of the nitrogen atom, in general, 'ieldsx'
the fing carbons in the heterocycles studied.

It is ébviogs.that this cmr stug§ furnishes usefui
conformatiénal'infOrmation.oﬁ nitrogen heterocycles and
their derivétives, especially on 7-, 8- and 9-membered
ring systems. Various spbstituent.paraﬁeters which are
mainly gerrhed by the ring.conforﬁatiéns maylbe applied’
to aid the assignments of the complex alkaloids investi-

gated in later chapters.

'



III  Carbon-13 NMR Analysis of Some Vinca Monomeric and

] Dimeric Alkaloids

A, Introduction : -

Wenkert and co-workers /¢ have reported the carbon-
13 analysis of the Aspidosperma alkaloid vindoline (14)

which was subsequently used.as a model 8ystem in the

»

partial analysis of two naturally occurring vinca alka-

loids vincaleukoblastine (VLB) (15) and leurosine (16).
. a ‘ -
Most of the saturated carbons in thé carbpmethoxyvelban-

't amine portions of the two dimers were not assigned. 1In

= » |
1 Ry By &
COZCH3 15-vindolinyl OH - H
. N
COZCH3 15-vindolinyl" 0

o

-104- e "
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spitg of the difficulties involved in the additivity
considerations for the analysis of the non—rigid“9—

" membered heterocyclic consfifuent in éarbomethoxyvel—
banamine, and the complexity of the sfor decodﬁleg
spectra of the dimer spec}és, we have chosen sf?kqgeav—
“amine molecuies, catharanthine, and two indole-vindoline
dimers for the present study-to show that a better if
not.complete cmr analysis may be feasible for alkaloids
'éf similar typé. By using selecfive praton decoupling

technique, additivity relationships, background systems

such as piperidines, hexamethylenimfnes, octamethyl-

’

enimines, indole, vindole and 2—carboethoxy~2-azabicyclo—w-‘

1Y

[2.2.2]oct-5-ene, and intercomparisons of chemical

-

shifts between these stpuéturall§ related compounds,

| unambiguous assignments of nearly all the resonances .
ha e been made. The outcome of' this work shows the
potential of cmr spectroscopy as a probe to study‘tﬁe
‘bonformation of both moﬁomeric and dimeric alkaloids

In the latter case, this is crltlcéi;y 1mportant since
. \

1t has been shown that conformatlon is a crltlcal

a".‘

‘determinant of their medicinal properties.

4
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B. Experimental

Carbon-13 spectra were determihgd in the Fourier mode

using either a Bruker HFX-90 spectrometér or a‘Varian
Associates HA-100D-15 specfrometer as described in Chapter
II. Pmr spectra were obtained on a Varign Associates HA-
100. ‘The d-scale is used to express the chemical qhift
values of both carbon-13 nmr and pmr spectra.

The cleavamine and catharanthine alkaloids were
kindly supplied by Dr. J. P. Kutney of the University of

v

British Columbia and were used directly without further

purification.
. .
All the samples were run as saturated solutions in

déuterioéhloroform with internal TMS as an internal ref-

erence. .

v2—Carboethoxy—2—azabicyclo[2.2.2]oct-5—ene was syn-

thesized using the procedure of Cava and c94workers 79,

79

b.p. 55 - 63° (3 mm) (lit.’”, 58 - 64° (3mm)).

&g &

C. Results and Discussion
. : - Ny
b(

~ Structures, conformations and numbering systems fof

. ' »~ ’ A Sos
the alkaloids cleavamine (17), dihydrocleavamine (18), .

'v18B—carbomethoxycleavamine (19), lBB—carbomethogydihyéro—
cleavamine (20), 3¥hydroxy—l8B—éarbométyOXYdihydfocleav;
amine (21);Lcaiharanthinei(22) are shown in Fiéure 9.

The carbon—l§ chemical shifts'bf_these'alkaloids'are
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Cleavamine 17

~ o~

/kL
' By I”
H : |

{
Dihydrocleavamine 18

CH3 ' 22

21

188—carbomethoxyc}eaVa?ine 19
. . 7 . ™

«

FIGURE 9. Structures of the Vinca Alkaloids Studied.
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OCH
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3

Cathar%ythine
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summarized in Table 23. For clarity, the data are also
shown in a correlation diagraﬁ (Figures 10a,b). Table 24
gives the pmr 8§ values of the specific protons irradiated

¢ in the proton selective decoupling experiments.

2! ¢

The experimental procedure for collecting carbon-13
éhemicdl shift data ‘and the techniques used for specugal'
assignments were described in Chapter I. The noise and
sfor decoupled spectré of 18B—&arbomethodeihydrocleav-
amine (39) are shown in Figure.ll to illustrate the de-
termination of substitution pattern for the individual-
carbon resonances. Selective proton decoupling was also
found to be valuable in the study. As an]example we
choose catharanthine (gg). The 100 MHz pmr spectra of
(gg) is shown in Figqre i2. Proton decoupling at a
frequency corresponding to the pmr S value of 1%0 ppm
which has been-assigned to H—23'causes>€he collapse of
the cmr resonance at 10.8 ppm tc a sinélet with enhanced
intensity thfe the other carbons show 'residual couplings
(coépar% (a) with (E)Ain Figure 13). The sfoi decoupled™
spectrum of catharanthine (22) ranging from 200 Hz to
1760 Hz ((b) in Figure 13) is used as a ;gference.’ Tbis
confirms that the carboﬁ-l3 resonance at 10.8 ppm is due to
C-23. -Similarly when the décogg}é%‘f{equegcy is set at
3.11 ppm (H-8)% the éﬁr Signaliat 21.52 ppm, *which had

previously been'assigned to C-8 stays a sharp singlet

#D (compare (c) with (b) in Figure 13). As a result, this

\
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Vinca Alkaloids‘Studied.

!
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FIGURE 10a. Carbon-13 Chemical Shift Correlations
, .
Showing Shifts and ‘Assignments in the
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FIGURE 10b.

¥4

Carbon-13 Chemical Shift Correlations

Showing Shifts and‘Assignments in the

*Dihydrocleavamine portions (39a and 40a)

~ o~ o~ ~ o~~~

of the Indole-vVindoline Dimers (39 and
(40) -and Monomeric Dihydrocleavamines
(20 and 18).
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TABLE. 24

PMR Chemical Shifts of the Protons Irradiated in Proton

Selective Decoupling Experiments of Selected Vinca

Alkaloids g
Proton Coﬁpound
Position 18 20 22
H~-1 ’ 1.65
H-2 ! 2.70
H-5 4.10
H-7 2.58 3.40 0%
H-8 1.80 2,76 . 3.11
H-18 5.00
H-19
H-21 2.65
H=22 1.24 -~ 1.25 2.15
H-23 | © o.85 7 " 1.00
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resonance can be assigned to C-8 unambiguously. 1In
addition, several model systems have been used to deter-
. | I N
mine factors such as substituent effects, steric inter-

actions, strain and conformation in these molecules.

-The noise decoupled spectrum of cleavamine (17)

- ¢xhibits individual resonances for all of its twenty-one

carbon atoms. The peaks appear in two distant groups,
those corresponding to unsaturated carbons at low field
and those correspondlng to saturated carbons at high
field. There are ten resonances in the low field region
of the spectrum. The aromatic carbons C-9, 10, 11, 12,
13 and 14 were assigned by analogy to Roberts' analysis

. 80 : . ' o
of selected indoles. . .-

Comparison of the spectrum of cleavamine (17) with

.that of 3,4-dihydrocleavamine {18) shows that the reson-

"ances at 122.62 ppm and 140.75 ppm shift upfield on

e

ASM X

hydrogenation At the same tlme, new resonances occur

at 32. 91 ppm (CH) and 31.34 ppm (CH ) in the dlhydro

™

derivative. The region between 30 - 35 ppm was prev1ously
unOCCUpled by any resonance in (17) . Therefore, the

resonances. at 122 62" ppm and 140.75 ppm are a831gned to

A

the Oleflnlc methine carbon C-3,and the quaternary'carbon _

2 C-4, respectively, in cleavamlne (‘7) and 31 34 ppm and

32.91 ppm to the correspondlng carbon atoms in dlhydro-

cleavamlne (18) . X h s;mllar difference is observed_1n~

~ o~
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the specﬁra of l85—carbomethoxycleavamine (19) and 188-

carbomethoxydihydrocleavamine (20), enabling assignments

~

of_C~3‘and 4 for this paif of molecules.

The remaining qmino—qdate:@ary éites‘aF C-15 and ’
C-17 in cleavamine (17) are-dig;“tin%u'_ished om each oth-er
by the shift of the ;;rmer being invariable in the'spéctré
of cleavamine (17) and 18g- carbomethoxycleavamlne (}?),
while the latte;Nreflects a B—carbomethoxy substituent
eff;ct (-3.51 ppm) in (19). The quaternary carbons C-15
and C-17 in dlhydrocleavamlne (18) and l8B carbomethoxy-

dlhydrocleavamlne (20) are similarly assigned. The in-

dole portlon of the 3~hydroxy—lSB—carbomethoxydihydrb—

cleavamine (21) can be a551gned by comparison with the
spectra of the’other four cleavamlnes. This completes
Ehe’analys£3“of thetaromatic and unsaturated portion

of these five st}udturally related,alfgloids. Somewhat
unexpectedly the"carbomethoxy group produces axé-shield-
ing effect (-3.51 ppm in (19) and -2.54 ppm in (20)) on
the-aromatic carbon C-17 1n these alkaloidé, no explana-
tion can be offered at this stage. |

| In cleavamine (}Z) and dihydrocleavamihe'(}g) the
“carbon atoms C-2 and C-23 are readily recognized since
these carbons are Ehe moét shielded methine and methyl

carbohs, respectively The carbomethoxy methyl carbon

in 188- carbomethoxycleavamlne (19) and 188- carbomethoxy—>

~ o~
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dihydrocleavamiﬁe (39) cén be differehtiated from C-23 as
the former is deshielded due to its direct bénding to the
electronegative oxygen atom.l By analogy with the chemical
shifts in the modgl.systems (see methylated piperidine

and octamethylenimine de;cribed in Chapter II), the three
resonaﬁces in the region of 50 - 60 ppm must be attributed
to the aminomethylené carbons C-5, 7 and.l9 in these
‘alkaloids. The assignmént of C-7 is made by the constancy
of its.chemical shifts in the five cleavaminés. :Proton
selective decoupling experiments confirmed the predicted
&ssignment in the case of dihYdrocleavamine (l§). This
~ompound (}g) was,seléctéd for the selective deboupling
experiment since it was the only one which gives a well
resplved'pmr spectrum in the alibhatic region. Wenkert
and co-workers ’8 hage correlated the effect of incorpor-
ation of a double bond into a piperidinékfihg. Their
'observations suggest a general shielding effect on
vhomoallyl carbon atoms, for example, the endocyclic
:homoallyl effect is exhibited by C-6:in (gé) and (gg),

C-2 in (27), C-5and 6 in (29) and C-6 in (§é)' Applying
this principle to the alkaloids under present considera-.
tions, C-19 in cleavamine (17) and 188-carbomethoxycleav-
ahine (}?)‘would be exéécted to be shiéldéd when comparéd

with the same' carbon in dihydroCleavamine (18) and 188-

carbomethoxydlhydrocleavamlne (20),_respect1vely The

'_resonance at 52.38 ppm can be assigned to C-7 of dlhydro-



122.

25 .9 . 26 .2 34.7

&n, a | ¢n,
4.9

23 | 2

-~

124.3 - 124.1
*

26.2 -
250 . X 131.u

51.7 57.2

- 45-9 ) . 43,0

25 - 26
23.78
26. C-OCH

46.
173.3

N 57.2

$5.

41,2
28

~

136.2
262 3—ocu3
128.9

164.,6

N 52.9
CH;

45.3

29 30

~ . ~



123.

cleavamine (%?) as confirmed by the selective proéon de-
coupling experiment. Thus it is 1ogiéal to assume one of
the two peaks at 53 ppm may be due to C-9 in cleavaminé
(}Z) since the shielding of C-7 should remain in&ariable in
these two molecules. Taking these two rationalizations
into consideration,'the résonance at 58.90 ppm can be
assigned to C-19 of dihydrocleavaﬁfne (}?). The assign-
ment gives a shielding endocyclic homoallyl effect at

C—l? in cleavamine (}Z) when - either ‘the resonance at

55.13 ppm or at*53.62 ppm is assigned to the aminomethyl- S
ene carbon. The last aminomethylene carbon at 51.63 ppm

has to be due to C-5 insdihydroaleavamine (18) and sub-
sequently C-5 of cleavamine (}Z) will be\deshielded be-

causé of the y-effect of the double bond at Cy - C4:

This deshielding effect at C-5 cannot be regarded as a

complement to the endocyclic homoallyl effect in the
assignments ofAC—S and C-19 bepause variable changes in

. both magnltude and dlrectlon are shown by allyllc carbons(
when a double bond is introduced into a plperldlne ring. B
This is partlculdcly apparent when the chemical shift

"values of\l—méthflpiperidine (23), l,2-dimethylpiperi—'

dine (24) and l-methyl-3- carbomethoxyplperldlne (28) are .-
compared with those of 1- methyl 3 plperldelne (25) 1,2-
dlmethyl—3—p1per1de1ne (gg)and l—methyl—B-carbomethoxy—

piperideine (30) . The endocyclic hbmoallyl effect is
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thus taken as the main determiﬁant for the distiﬁction
of C-5 and C-9 in thé(iihydrOCIOuvaminos (}?) and (29):
Thé assighments of C-5 and C-19 in cleavamine (}7) and
,188—carbomethoxyCleavamine (19) can be resolved by the
a551gned chemical shifts in catharanthlne (gg).r C-5
of catharanthine (22) resonates at 61.88 ppm, this is
confirmed by selectiyé proton decoupling and leads to
the assignment of the peak at 53.19 ppm to the same car- *
bon in 18f-carbomethoxycleavamine (l?). As a consequence
=9C45 in (19) is deshielded by 8.68 épm on cyclization;

this value seems appropriate as C-5 ié now substituted

by C-18 1in catﬁaranthine.(gg). This leaves the‘fgst
aminomethylene {esonance at 55.35 ppm to C-19 in
188—carbomethoxycleavaming (}?). By analogy with the-
assigned chemical shifts of (}?),.C-S and -C-19 of-
cleavamine (}Z) may“be idenitified wﬁfh the resonance‘
at 53.62 ppm and 55.13 ppm, respectively. Folibwing ghé
same argument, C-5, 7 and 19 of 3-hydroxy-18g-carbo--
methoxydihydroqleavamiﬁe (?}) may be assigned.

Proton selective decoupling_confirms the assign-

Foey
[

ment of the exocycllc methylene c- 22 in dlhydrocleavamlne
'(18) and 188-carbomethoxydihydrOQIEavamine (20) . This
aids the identification of thelsame carbon' in cleav- /
amine (17) and 18gp- carbomethoxycleavamlne (l?T”‘ In fﬁ

both cases, the'double bond shlelds the exo&gcllc a—

_\\ ... A o

\
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carbon atom.

The deshielding property of the carbomethoxy group
helps to differentiate C-18 inlthe cleavamines. The
methylene carbon at 22.55 ppm can be assigned to C-18
in cleavamine (}Z) as this resonance shift§ downfield

16.18 m in l8B-carbomethoxycleavamine (19). By analogy,

carbon atom C-18 is assigned in the dihydro deriva-

't'ves. The carbonyl carbon C-20 can easily be picked out
: 0 .

(20) and (21) on the basis of its characteristic

;)’ . i

PR
S

low field shift.
The remaining methylene carbons are C-1 and C-8 in
each'ofﬂthe compounds.(}Z)'to (21) . Tﬁe ¢carbomethoxy-
substituent effect in octamethylenimine has not been
investigateé. Therefore,a suitable model compoupd 1-
methyl—3—céfbométhoxy-piperidine (28) was chosen. Tge
carbomethoxy‘paraﬁeters derived from (gg) are lis@gd in
Table 25. -It'has béen reported % that the B-effect §f
the carbomethoxy gr&up'in soﬁe indole alkaloids iszsmallér'
than thatIQF'ngmethyl gubstifuengh_ Compar%go@ﬁiffthé»
chemical shift Yalues for the unassigned metﬁyleﬁég%in
cleavémine (17) and l88—éarbomethoxycleavamine;(}g)
_sﬂows that one of the céfbon-pairs differ by 4.26 ppm
and the other by 0.32 ppm. The carbon in cleavamine (}zf

is the_more‘shielded_in both cases. The resonance found

{ at about 26 ppm can be assignedfto C-1 iff these molecules

- -
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TABLE 25

Substitution Effects for Carbomethoxy Group in 1-Methyl-

3-Carbomethoxypiperidine

-EffegE ) Values (in ppm)
o] | ‘ +20.4
D '
B ' ¥ 0.6°
Y + 0.2
S - 9.7

i

4 '
a. Average of +1.0 and +0.2 ?
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on the basis of the expected carbomethoxy B-effect.
Consequéntly, the other methylene signal has to arise
from C-8.“ Assuming the structural conformations of
these alkaloids are very similar, C-1 and C-8 in the
dihydro_moiecules_(}g), (29) and (g}) can also be
characterized by extrapolating the chemical shifts of
the corresponding carbons in cleavamine (%Z) and 188-
carbomethoxycleavamine (%?). |

The hydroxymethine carbon C-3 in 3-hydroxy-188-
carbomethoxydihydrocleavamine,(g%) can be easily
assigned to the resonancé at 73.85 ppm due to the char-
acteristic deshielding Y~effec£'(~+40 ppm) of the OH

substifuent.43

Methine\carbons C-2 and 4 can alsg be
recognized by comparison with the .chemical shifts of

A 18B—carbomethokydihydrocleavamine,(gg)'as they are pre-
dicted to be deshielded bykapproximately 10 ppm dﬁe to
the.hydroxy at C-3. A'comparison of - the chemical shift
value of (31) and (32) gives the effect of hydroxy . \

group on a flattened piperidine ring.

31 - .32

~

~ o~
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N,N—dimethyltryptamine (33) *has been used as a model
for the cmr analysis of a number of indole alkaloids, for
example, (34) and (§§); It is surprising that the car-
bon atom C-8 in the five cleavamines is deshielded by
aéprox1mately 10 ppm compared with the chemical shift

value of the corresponding carbon in (33);~Selective

23.4

R

PR oL e
ew ' I !
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34 . '35

proton decoupling, howevef, unamsiéuously confirms this
ass1gnment for C-8 in the dlhydrocleavamlnes (18) and- (20) .
This observatlon 1nd1cates that great caution must be
exercised in choosing suitable model sysEems and clegrly
in these cases a nine membered ring derivative of the type
(36) would be preferable though at present syﬁthetfcally

~unavailable.
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Catharanthine (22), a'major alkalcid in Vinca rosea
Linn, can be synthesized from 18B-carbomethoxycleavamine

(19) by transannular cyclization. 81 As these two mole-

cules are closely related in structure, spectral assign-

_ments which have already been obtained for the starting

material can be used to aid the assignments of the reson-

ances in the cyclized product.' More important the proton
Y

spectrum ofgcatharanthine (22) is well resolved and enablés

confirmation of many of, the 13C assignments by selective
proton decoupllng

The indole portion of i88-carbomethoxycleaVamine (19)

remains intact on cyclization. Thus, the aromatic carbong

of catharanthlne (22) are expected to resonate at similar

~

portlons in these molecules as shown in Table 23. The

: unlque olefinic carbons C-3 and Cc- 4 ‘in (22) are also

a551gned w1thout amblgulty

Mult1p11c1t1es from sfor decoupllng and chemlcal

shift argument enable the’ asslgnments of the twe methyl

‘carbons Cc-21 and C- 23, the carbonyl-carbon C-20, the

!
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quaternary carbon 6—18, and the two methine carbons C-5
and C-2. Both C-18 and C-5 are deshielded}in catharan-
thine (22) sincecthey become more substituhed on ring
closure. A'priori, the two aminomethyiene.signals at
49.58 ppm and 53.14 ppm can be assigned to C 19 and c-7.
Confirmation of the latter assignment was possaple by
proton selective decoupllng and the former by ellmlnatlon
Despite the numerous conformatlons that 1gg- carbomethoxy-
;cleavamlne (19) can attaln, there is only one yﬁ@ch allowe

C-18 and C-5 to come into reasonable prox1m1ty for. bond

formation.. This is the conformation (37). Recoggi};ation

37

~

'
\ v

of the above c-13 chemlcal Shlfts not only favors (37) as

the intermediate in the transannular cycllzatlon but also
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confirms the structure of (19) .

~ -~

The exocyclic methylene carbon C-22 of catharanthine

(22) is predicted to exhibit a chemical shift-.value similar

to that in 188—carbomethoxycleavaminemx19)- It is found to be

correct\experiment%lly since the assignment of C-22 (26;27
ppm) in (22) is confirmed by proton selective decoupling.
The‘model compound 2—carbbethoxy—2—azabicyclo{2.2.2]?oct—5—
ene (gg)"was synthesized to help\reSOlve the essignments
of C-1 and C~8 in (gg). The e-effect of carbpethoxy and
methyl group may be eonsidered as negligible on C-6 in the

bicyclic species (38) Thus,\the chemical shift value of

C-6 in (38) can be extrapolated to that of cé1 in cathar-

40 .87 v ' .
8 3 19

\N—C—OCHZCH;,

: 60.69 14.84
26.87 ’
‘3 133.84

132.55

anthine (22) as long as an additiohal B*effect frgg the

;LBB carbomethoxy group and C-17 of the 1ndole double bond
©

are added. Tt is clear that the chemlcal Shlft value of

c-1 should be deshielded relative to C—6 in (38) regard-

Ty

o
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less of the magnitude of the two B—substituent effects.
Hence the resonance peak at 3é;73 ppm is assigned to C-1
and that at 21.52 ppm to C-8 in (gZ). Another way to
rationalize the chemical shift value of these carbons

is that C-1 suffers a deshielding B-effect from C-S-bn
ring closure. "If is -quite possible that the substituent
N . .

( 6: CS—) deshields C-1 by 12.30 ppm as B-effects of this

C4

size have already beenencountered in our earlier studies
(see Chapter II)l ‘Careful ‘examination of thé molecular
structure of catharaﬁthine (gg)‘shows that C-4 is énothef
carbon which experieqces a B-effect frbm c-18 oh cycliza-
tion. This olefinic methine is also deshielded by 7.88°
ppm due to thé B-effect exerted by C—l8 The high field
Shlft 21.52 ppm:exhlblted by c-8 in catharanthlne (22)Can
be accounted for in a number of way§ (a) P0551b1e 1,3
syn—£x1al steric 1nteractlon between C-8 and C~11. This
§terib congestion is allowed in the conformation of (22).
and is prev1ously absent in 188- carbomethoxycleavamlne,
(19). (b) ngldlty of the 7- membered constltuent in

the cyclized molecule as compared to the flexibility of
the 9—membered ring in-(19)"~(c) Sllght transannular
:repulslon between the proton of C-8 and C- 19 whiéh is
now acqulred by (22) The conflrmatlon of the assign- °

ments of Cc-1 and C-8 was obtained by proton selectlve

‘decoupllng experlments. ~Accq:d1ngly, the analysis of this
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complex alkaloid is complete. .

In view of our euccess in'the analysie of cleavamine
aikaioids and the cmr studies on vindoline by Wenkert ahd
cb-workers ’8 (wthh we have c0nf1rmed), we are, ethpped
for the more challenglng task of ana1y21ng the dimeric
Vlnca alkaloids (39) and,(gQ)-whose structures are shown
in Figure 14. The numbering system for the.dihyngEleaQ-
amine portion of (39) and (40) follows that of the mono-
meric alkaloids. The noise off-resonance decoupled
spectrum of the two compounds show all cafbon resonanee
peaks and fbrtunatelyijmasubstitutibn pattern of each-
individual‘cafbon nucleas can be identified in spite of
their highly complicated efor decoupled spectra.

The carbon 13 nmr spectrum of v1ndollne (14) has

78

been recently analyzed by-Wenkert and 1ndepeQQently

confirmed by proton selectlve decouplingbmeasurements.in'
the‘present work. Based on the structural 51m11ar1t1es,

..chemlcal shift values of ‘vindoline (14) ﬁ be applled
to the dlmerlc spe01es (39) and (40)‘ The carbOn 13
chemlcal shlfts of v1ndollne, and the v1nd011ne portlon

_of (39), (40) and VLB (15) 78 are summarlzed in Table

: 26,. The 51m11ar1t1es of the values show that the v1ndo-

llne constltuent in, the three dlmers are equlvalent in

A
structure and indicate that cmr is a most valuable tool

-

in structural studies.

%

The cleavamine portion. of (39) is similat to that in



~

FIGURE 14.

Structures of the yincé’ Dimers Studied

%
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Carbon-13 Chemical Shifts of Vindoline and Vindolinyl Portions of

N TABLE 26

Selected Dimers

Carbon - Compound

Position 14 1578 38 40
c-2"" 83.56  83.1 83.02 83.29
c-3' 79.73 79.3 79.95 79.89
C-4" 76.49 76.4 76.60 76.44
c-5' 43.10 42.3 42.89 42.83
c-6' 130.66 129.7, 130.55 130.55
Cc-7" 124.08  124.1 124140 124,40
c-8' 51.19 50.0 50.93 50.87
c-10° 52.11 50.0 50.93 50.87
c-11' 44:13 44.3 43.86 43.75
c-12' . 52.92 ©52.8 53.25 53.24
c-13' 44 125221 122.41 126.05 125.70 «
c-14" 122.73 123.3 "121.60 121.38
c-15' 104.71  120.8 124,40 123.91
c-16" 161.35  157.6 156.3 156.82
c-17" 95.97 93.8 94.46 93.70
c-18" 153.86 152.2 152.02  151.75

. €-20" 30.91 30.5 30.75 “30.64
c-21" 7.7 8.1 7.71 7.71
c-22' 38.25 38.0 38,30 +38.14.
c-23' 170.74 - 170.2 170.78 170.79
Cc-24" 171.98 171.2 171.60 171.66
€-25" . 21.04 20.7 21.09 121,04
c-26" .40 55.3 56.05 55.89 .

52.11 . 51.8 52.11 52.06

c-27" -

135.



136.

188-carbg goxydihydrocleavamine (20) and therefore the

'lwas chosen as a model. Due to the bulki-

fline and the carbomethoxy substituent at

F be extreme severe steric crowdedness

_:é if the piperidine m01ety retains its bo»
- 4

f as found in (20) Hence, it is assumed that®
 ine constituent takes up a chair form in which
}fd C-22 are substituted at C-2, N-6 -and C-4 as

equatol |1l groups. In this conformation, the carbomethoxy

-18 is oriented towards the saturated portion

on a crudd 1. 1t ois ﬁoped that the observed chemical
shift &a;fe-w1ll serve to verify this conformation or at:
" least provide an alternatlve
The unsaturated part of the dihydrocieavamine half

of the dimer (39) i$ similar to. that of lBB;carbomethoxy—
dihydrocleavaminel(ZO) and the. carbon-13 Chemi¢a1 shifts
may be assigned accordlngly (Table 23)/ The carbon C- l7ls
ishlelded by 1. 35 ppm as a consequence of  the V1ndollnyl
substltutlon on C-18 in.the dimer. 'yult;p11c1t1es
from sfor decoupling and typical chemical shif;s ié;ntify-
‘the C-methyl carbon C-23, Qéfbomethéxy methyl carbon
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C-21, carbonyl carbon C-20 and the new quaternary carbon
C—l&'whick is deshielded (a-effect of the vindolyl sub-
stituent)s@ys15.54 ppm when compared to that in (g?).
The t;é'metﬁine resénances at 31.77 ppm and 28.65
ppm caglbe aﬁtributed to C-2 and C-4, r;spectively.
CcC-4 }é assigned because of the expected constancy of
its chemical shifts - in both dimers- (39) andb(40) while
c-2 in‘these two molecules are expected to exhibit dif—.
ferent chemical shift values due to the different sub-
stituents at C-18. The uUpfield shift of C-2 and C-4 may
be d%F’to the strain in the dimer especially in the
piperidine ring which3is held rigidly in the chair .con-
formation. - ' 72'
The aminomethylenevresohances at 54.11, 53.25 and
44.99 ppm are assigned to C-5, C-7 and C-lé, ;espéctivély.
A deshielding of 2.75 ppm observed at C:S-relative}gv.
- that in,18B—carbomethoxydihydrocleavamine }29)'is the net

effect of the two opposing factors: (a).the strain of the
’ . 4 ' Y ‘(:a‘ . o

piperidine ring in the dimer, and'Yh)_the removal of the

€

steric interaction between H-5 and ﬁ;l whiqb.are presén§

in the monomer (20). The small deshiélding'éffect shown

by.C—?'ganbbe explained by* the eliminatidn of the trans-

annuléf.rePulsioghgg C-18 which formerly existed in (20. .
- N

The éter%p interaction indﬁééd befween c-19, Cc-8,_C~-20

and C- = C is expected to‘give rise to aishie!diné

17 9

5 '/"\/
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effect at C-19. Thus, it is the resonance at 44.99 ppm
which is assigned to C-19 in (39) representing a shield-
ung effect of 14.08 ppm compared to that in (20) Sim-

ilarly, C-8, 1is. shlelded in (39) compared to (20) as a

~

consequence of this steric interaction and therefore the

methylene resonance at 22.28 ppm is assigned to this

carbon. The th:ee‘remaining-methylene resonances at

( , | .
36.52, 36.74 and 43.86 ppm must be attributed to c-1,

s
£

C-3 and c-22. The.cerbon atom.C-3 is expecteg to be
deshielded relative to that in (29) as a result of the,
alkyl B—suostitueqt,effect. That is, the'§ubstituents
4et c-2 and C-4 are changed from axial and 'aimost'
axial, respectively, in (20) to equatorial in (3?), thus
yielaipg the larger B-substituent effect t&picaily

~ observed in thé cyclohexanee.42> Since the carbon reson-

. ,-Q '
ance of C-3 occurred at 31.18 ppm in (20), it seems

»

reasonqple to a531gn the peak at 36 ppm to it in (39).
‘The other peak in the same reglon may gé assigned to
lC 22 which is in a relatlvely sterlcally free environ-
ment in the dimer (39). The remaining r@sonance (43. 86
ppm) has to be due to C-1.. ThlS a551gnmentﬁ;mplies a ..~
deshleldlng effect of 17 32 ppm at this site wh . com-
'pared to that in 188- carbomethoxydlhydrocleavamlne (20) .
It is proper to point out  that the large deshleldlng val-

. ue arlses not only from the V1nd011ny1 substltuent at C- 18
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in;the_dimer, but also from the change of conformation of
the piperidine ring in these molecules. That is, the

sgerlc congestlon between, O 1 and C-5 found in (20) is

~ o~

ellmlnated ;n the dimer (39), and further deshieldlng
effect§ may arise from thebproximity of the: oxygen atom
in the methoxy group at C-16' of the vindolinyl portion.
Obviously it is difficult to pinpoint the magnitude Of

the chemical shift value -attributed by each effect, but
; 8

it can be speculated that the magnitude of the B-effect
o<
of the vindolinyl substituent might be larger than other

typical B-effect'vaLues (~9 ppm). A large B-effect

A

(+12.30 ppm) was observed at C-1 in catharanthine (22)

~

N —

where the substituent is ° ~ C5 — on ring closure.
. C ¢ N

o ' 4«
The,eomplexity of the proton spectrum of the dimer pre-
clﬁ@es the use of protongselective decoupliné experiments
to confirm trese assignments.e Our ahalysis shows that
1the proposed molecular structure (éépicted in (39) ds’
Ehe most stable;ebqformer for the dimer. ;

In the analysis of £hé carbon-13 data for the
dimex (40?, the vindolinyl and tﬁe i;dele ring portion
of the dlhydrocleavamlne derivative are a351gned by

‘

comparlng w1th the chemlcal shift values obtalned for

v1ndollne (14) and dlhydrocleavamlne (18) These values

are given-in Table 23 and 26. -Single frequency off-

-
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fesonance decoupling and typical chemical shifts enable
the distinction of the C-methyl carbon C-23, and the
three methine 'carbons C-2, C-4 and C-18. The assign-
ments of C~2 and C-18 are considered interchangeable.
The small difference in chemical shift value in this
cese does not affect the analysis. C-18 exhibits a de?
shield;ng Qindolinyl a-substituent effect of either
17.49 ppm or 14.79 ppm, deéending on the assigned value.
The size of this effect is eomparable to that observed
in dimer'(gg) (+15.54 ppm) suggesting;the a-effect is
mainly inductive‘in origin. The two remaining meéhines
at 28.59 ppm and 36.09 (or 38.79) ppm are attributed
to C-4 and-C—ZAresbectively. It is apparent from a
.model that the vindolinyl substituent at C-18 does not
_impose any steric congestion in the dimer. It is pos—'
sible that the cleavamine portion of the dimer retaiqs
the same conformation as that of dihydrocleavamine (18).
- That is, the piperidine ring is still in a boat formjylt'
is evident from our analysis of the dimer‘(ég)_thet.itﬂ
caﬁ‘serve aseameans to verify this ppint. Comparison
‘ of the chemlcal shifts in dlhydrocleavamlne (18) and the
dlmer (40) shows C-4 in the dimer is shlelded by 4.32
ppm. However, this carbon nucleus would not be expected
to be affected sterically or inductively by the vindolinyl
group unless a change in conformation eccurred. Further

.

the aminomethylene carbon‘C-5 is also deshielded by'2.37
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ppm in the dimer (40) relative to that in (}§)~ This
change cannot be justified by the added substituent at
C-18. A change in conformation in the piperidine rihg
, of the cleavamine portion of the dimer must be invoked.
This change would also explain the chemical shifts of the
methylene resonances at 21.63, 35.77, 42.83 and 46.07 ppm
which are attributed to C-1;, C-3, C-8 and C-22. Since
the chemical shift falues exhibited by the dimer (f?) are
similar to those of the dimer‘(§?),it.seems highly péssible
that the dihydrogleavamine pq;tion of both mgFEEﬁles have
the same piperidine ring bonformation.

A few points of diffgrence‘betwéen'the'13C'chemical
shifts in the dimers (gg) and.(gg) may be notedt

Ll .
The shielding of<C-2 in the dimer (39) is reduced in (40)

presumably as the result of removal‘of the carbomethoxy -
group at'C—B in (40) with ;onsequent reduction of the
steric congestion in the 9—hembered ring. The carbén'
atom C-19 is deshielded by 8.24 ppm in (40), compared with
(39), also the result of removal of. the carbomethoxy |
substituent. The chemical shift at Ci? inéjéé) is less
.shieldéd (-12.19 ppm) than-in (39) (-16.;0¢ppﬁl implying .
the reduced steric'éongestion4£h (40). The déshieidihg“,
effect of li.49 ppm at C-3 in (59) is large coﬁpared to
-that (+5.56 or +5;34 ppm) at the same position intﬁm;dimer
(gg).‘ It is possible that the carbomethoxy groﬁp is

S

~oriented in such a way that the oxygen atom” of the carbonyl-

V4



carbon sterically hinders the position H-3 in (39)
;Moreover, we speculate that the plane of the indole por-
tion of the vindolinyl substituent is perpendicular to

the plane of the bond C. C in (41) since the

20 ~ €187 G150
Chemical shifts of C-14' and C-16' of the vindolinyl
oart remain invariable iptthe two dimers. If the ihdole
portion of the vindolinyl.half and the bond C, —-clé -
C,5+ are on the'eame plane, eithei 14' or 16' in dimer
(gg) will be affected, depending on ihe orientationfof
the vindolinyl half, by the carbonyl carbon C-20 of the
carbomethoxy group 'at C 18 1n the dihydrocleavamine

ortion since steric crowding occurs betiween C-20 and

either H-14' or the oxygen atom substituent at C-16"'

as\fhown in (42y.

\
\

\

D. ‘Conclusion

-~ -

The complete analysis of the dimeric alkaloids

. described above is believed to be the first carried out.

\

It is concluded that additivxyy parameters from suitably

chosen model systems, modified in magnitude in order to

v

compensate for the steric and strain requirement 1nduced
in the complex molecules, are valuable assets in the
analysis of cmr.spectra of alkaloids. It is suggeSfed

: that these methods can be looked upon as QU16811QQS for
/

:the cmr ana1y51s of similar compounds . Od;dj/pdy also

consolidates the acce531on of cmr spectros py as a tool

7
7

« e . v

142.
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‘in conforhational studies of large molecules. TRis aspect

is particularly significant for our dimeric species which
are'medicinally important and whose function seems depen-

u

dent on the chair conformation of the piperidine in the
dihydrocleavamine portion of the dimers.%?

A few points can also be drawn from our preéent
analysis: (a) the averaée carbomethoxy substituent a-
effect is found to be +16.58 ppm in the cleavamineb)(19),
(29) and (3})' while the B-effects of the same substitu-

ent on the saturated carbon C-1 are found to be insigni-

»

"ficant and deshielding (av. +0.31 ppm). The B-effects

)

experienced by the indoleLQuaternary carbon C-17 in these
compounds are unexpectedly 6bserved to.be shielding“(av.
-2.86 pp@); (b) The vindolinyl substituent'exerts a
deshielding a-effect of -16.52 ppm (average‘of 17.49 and‘
15.54 ppm) at C-18 and an average deshleldlng B-effect of.
1.73 ppm at the 1ndole quaternary carbon C-17 in the
dimers (39) and (40), but the B-effects of the same sub-
stltuent observed at C- 1 -are more deshleldlng (+17 32 ppm
in (39) and 19.86 ppm 1n (40)); the contributing factor
in regard to the magnitude of these B- effects is %alnly

sterlc and 1nduct1ve, and has already been discussed.

(c) Large molecules, such as v1nd011ne and dlhydrocleav- o

.amines, can be used as model .systems for the analysis of,

complex cOmpounds. (d) Endocyclic homoallylic effects

T
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(av. -3.75 ppm) have been observed in the piperidine

ring of (}Z)land (}?). (e) In transformation from (}g)'
to (22), the carbons (a and 8) at and near the site of
cyclization are generally deshielded, and (f) the in-
Afg_adeqﬁacY of eméloying N,N-dimethyltryptamiﬁe (93) as a
model compqund for the analysis of cleavaﬁines has beeﬂ

revealed. )
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IV Carbon-13 NMR Analysis of Some Selected Strychnos

Alkaloids

A. Introduction

The strychnos alkaloids, a group of dlhydr01ndole
alka101ds, have been subjected to the most intense cheml-
cal investigation in history since the discovery of the
poisoﬁ,strychnine,in 1819.83 Their uses are limited to
_ the induction of muscular relaxation and as a respiratory
| stimulant in modefn mediciﬁem‘ A large time scale and ‘
numerous .-difficulties were enccuntered in the early
strychnine chemlstry when chemlcal degradatlons and syn-

L

thetic studlee were the chief sources of structural in-
formation. -

The present cmr investigetion'of strychnine and its
derivatives complements the other indole alkaloidbstudy'

aeSCribed in Chapter III and»fufther demonstrates_the
value of the model'COmpound studies (Cha@ter II) as aids
in resolv1ng complex structural a551gnments. The strych-
hos alka101ds were also chosen because of ‘the challenge
of thelr structural cqmplexity, for example, strychnine, ;
itself, contai?e 6 nucleer asymhetric centresAan& seven
rings COnStitutéd from 24 skeletal'atcméf The conforﬁa-

tions of strychnlne derivatives were 1nvestlgated durlng

the course of thlS study

. -146- - &
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B. Experimental ‘ » .

Carbon-13 spectra were determineo by the methods
.described in Chapter II. ﬁﬁmr‘spectra were determined on
a Varian Associates HA-100. | |

Strychnine and strychnine N- -oxide were obtained:
from the Aldrich Chemical Company and were notwgurther
purified. IsostrychnlneWkas prepared according to the
method of Splegel.84 Dlhydrostrychnlne, dihydroiso-
strychnine, dihydrostrychnine methosulphate and strych-
7 nine merhosulphare'were synthesized by the procedure

due to Robinson ahd'co-—workers'.85

Strychnic acid was
obtained by the method proposed berafel.'86 Strychnine
‘methiodide was made by direct combination of strychnine
in chloroforp and egpal molar amouhts of methyl'iodide
and was recrystallized from ooillnqiwater; Strychnine
hydrochloride and dihydrostrychpine.hydrochlorlde were
;prepared by allowing’the bases to reacf with equal moler
amounts of hydrochlorlc acid, the salts obtained were
recrystalllzed twice from b0111ng water. The observed
melting p01nts of the above alka101ds along w1th thelr
11terature values are glven 1anable 27.

Wirh the exception of strychnine ﬁethiodioe; tpe
‘_ common solvent employed for thé%carbon-l3 nmr studles

'of these compounds was a mlxture of deuterlochloroform

and deuterlomethanol (2 l) 150 mg of compound in 1 8



TABLE 27

-

Melting Points of Selected Strychnos Alkaloids

5

1

Compounds Values from this work Lit. values
| o .87
Strychnine 284-288 ~ 284-286
- . 85
Isostrychnine 213-216° 214-216°
Stfychnine hydrochloride 275-280° -
Strychnic acid 179-182° -
Strychnine N-oxide 200-202° 205—207°88
Strychnine methosulphate 284-288° 282"‘85
Strychnine methiodide 321-323° 320°8°
Dihydrostrychnine 218-222° 220—222°85
Dihydroisostrychnine - ////351,251° 248}250685
Dihydrostrychine 203-205° }_
hydrochloride ‘
{ ’ . ;
Dihydrostrychnine 315+320° 322°SS

- methosulphate

:\
148.
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mls of solvent was used for each sample. Strychnine
methiodide was run as a saturated solution in deuterio-
dimethyl sulfoxide at 311°K. TMS was used as

reference for all cargon—13 and pmr spectra.

C. Results and Discussion
N )

Names énd strﬁctu;es of the strychnos alkaloids
(43) to (§§)6aré shown in Figuré)ls. The cafboﬁLl%'
chemicél shifts for these compounds é;e given in Table
28 and in correlation diagfams (Figure'IG). The s;stem-
atic numberiﬁg of cérbonlatomé in strychnine (ég)Awas
ﬁéed throughouf. Table 29 fu;pishes the/proton chemical
- shift values used in the proton seléctivé deéoupling
experiments. This analysis was carried out using the'
experimental methlds described in Chapter II.analsimilar
assignment procedurés anditechniqUes employed iﬁ'Chapter
rr. - )

The assignméﬁts of the cérbon resonances in the
parent molecule, sfrychﬁine (43), are chosen to illust-
rate the procedures and arguments leading to{ﬁhe uham-‘
biguous éé%ignments of all the carbon resonancéé in this
seriesu . | | | |

The decoupled spect;um of strychnine exhibits all
21 carbon resonances (Figure 17). The corfeSpohding

proton substitution pattern is revealed by sfor decOupled

spectrum in the same diagram. There are nine resonances

RSN
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Strychnic acid 46

-~

| ﬁto—
Q)

o

Strychniﬁe N-oxide 47

—_—

1
'

+ -
N-CH, SO4CH3

> O ‘

o . Strychnine hethosuiphatg 48

~~
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Dihydrostrychnine 50
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4 SO;CHy

Dihydrostrychnine methosulphate 53
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TABLE 29
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PMR Chemical Shifts of the Pﬁotons Irradiated in Selective

. : _ a

~Decoupling Experiments of ‘the Strychnos Alkaloid Studied

Proton e Compound

Position 43 44 a7 48 50

H-8. 4.2 -

H-12- 5.9
=13 1.3 1.4 1.4 1.5

H-15 2.4

H-17 1.9 2.1 .

H-18 . 3.1

H-20 : 3.7

H-22 | 6.9 5.6 6.4 6.6

H-23 4.2

. 31.}..
-
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corresponding\to the unsaturated carbons at low field (110-

170 ppm) and twelve due to saturated carbons at high field

(20 - 80 ppm). | "

f.The following tentative assign&ents can be made on

thg_basis of chemical shift theory and carbon t&pe. Due //
to its‘characteristic shift, the most deshielded resonance /
is assignedfimmediately to the carbonyl carbon C-10. The /
unsaturated cerbbhs in (fg) may be assigned by analogy wité
the essignments.maae fof indoles by Roberts 13 ana ourl////////

analy51s of the cleavamines (Chapter III) The quat ary

carbon C-5 'is deshielded by ~10 ppm relatlveA the>¢ther

siqhal in the high‘field gieh (52.33 ppm) of he spect-

rum may be attributef.unaﬁgigeously to C-7. The most de-

shielded methi ‘ and‘methylene carbon atoms~'n;thi§Are§ion

are assigpned to c-12 end C-23, respectively. These aSSign—ll
are made since these carbons are di ectly bonded to

the oxygen at?mgo-24., The greater elect onegat1v1ty and

~hence deshielding effect of oxygen compared toAnltrogen

is shown by cohparison of. the a-carbon shifts in piperi—

dine (§§) and.tetrahydrdpyran (55). /The two aminomethine

carbons‘Cé8 and C-16 are assigned to the'reSOnance;-at

60.42 ppm since'they'areeﬁjaEEHt e} tﬁe eiectroeegetiye

and thus Qeshielding'nitrogen atom.  Similarly, the
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T 25, 4g - . 25.00

27 us 27 90

4769 _ 69.70
0 .

.55

~ -~

FE U,

resonanées»at 52.76~agd 50.49 ppm can be'assigﬁed to the .
‘aminomethylene carbéns.é-zo and C-18,”respectively C—20
is a351gned to the -lower fleld resonance since the less
rigidity (strain) of the 6-membered ring compared to

_the five favours this assignment. Furthermore, this car-
bon may be deshielded by the adjécent double bond<321=:C22-
The most‘shiélded ‘resonance at 26.92 ppm is assign-

ed to C-15, one of the three remaining methyiene carbons,
because it éi ﬁot ;djaéent to a carboﬁYl group as is C-11.

Nor is it af_eopentyl carbon centre as is C-17 which has

,/'

. \ o L
already been found as the most deshielded Céi2994/except.
for the aminomethylene carbons, in the’Aspiﬁosperma alka-
loid series..78 Consequently, Q:EZ, d C-11 are identified

\

wifh the unéssignéd me eneﬁcafﬁon4re50ﬁ;nce.at 43.05 and
| 42.46,ppm pectively. The 1a$t two meth%ag carbon res-
////cﬁiﬁgggi;:/§:?44 and 31. 83 ppm have’ to be attributed ‘to C-13
aﬁd‘é—14,»respectiveiy. The carbon atom C- 13 is relatlvely

moré.deshiélded because it 1s.B-subst1tuted to N—19v§nd O-24;b
- , v . _

o

T

In order to'cbnfirm the carbon;13 assignments in
strychnlne (43), a series of proton selectlve experlments

were carrled out A 100 MHz pmr spectrum of strychnlne



161.

an% approériate assignmeﬁts are shown in Figure 18.‘ These
assignments were complemented considerably by the recently
published and'fglly assigned 250 MHz spectrum of this‘com—
pouﬁd.89 The proton decoupling‘feqUencies'employedﬁin the
selective decoupling experlments are indicated by arrows.

The results of these experlments prove conc1u51vely that

_the C-13 chemical shift assignments in this parent mole- A
cule are unambiguous. The success of the analysis also‘
empha51zes_the chemical shift theory is adequate to correl-
ate the[elemlcal shift values of carbon nuclei even for a

complex alkaloid.

isostrychnine (44)

o : @

Introduction of a double bondvat ClZ_CiB posétion"
and ring bpening of the-?—membered ring of st%?chnine‘(fg)
yields isostrychnihe.kﬂé) which provides a diffeﬁent,sef
of chemical shiff valuee, partieularly,at the carbon nuc-
lei whieh‘are_di:ectlyﬁaffected by. these;strucpgral
changes.'aAVnew guaternary caxben (C-13) apd.metﬁihe car-
boh_(é—lZ) resonances are.expected to emerge}intthe low
field region;v The resonances at1136 94‘and 121{06 ppm.
’.can .Yeadily be a551gned to these carbons, respectlvely,
andylhe 3851gnment for c-12 has been conflrmed by proton
coff- resonance and selectlve decoupllng measurements. Thef

’remalnlng unsaturated carbon chemlcal shifts resemble -

closely those in strychninéF(AJLQ;\Saifqn—l3'nmrf%péctro—
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scopy shows the presence of only one isomer of isostrych-
nine and proves that (44) %; the correct configuration for
the product obtained by the synthetic procedure etployed.
The presence'of ihe other possible isomer (56), whicﬁ would
give two methine carbon 51gnals due to C-11 and C 12 in

the lower field region.of the spectrum, is ruled out.

56

-~

Carboﬁ~23 is shielded by 6.96 ppﬁ}dn ring opening.
The effect is apparantly due to the change of substltuent
from —O24 12 (equivalent to methoxy) in strychnlne (43)
to hydroxyl.in 1sostrychn;ne (ff)' This observation cor?
relates with the fact that the hethoxy groep exerts a
more deshielding.u-effect thanlh)‘/droxyl.50 The methylene
- carbon'C~ll is shielded‘by 5-45 ppm relative to that in
kstrychnlne (43) as a result of the removal of the sub-
stltuent 0-24 at C-12 and the a-effect of the double bond

Clz,—' 13" whereas the deshleldlng effect (+7.50 ppm) -



164.

.observed at C- 8 can be correlated by the removal of the
1,3 syn-axial nonbonded interaction w1th 0-24 which was
prev1ously present in (fg),and the a-effect of C12/= C13'
The methine carbon C-14, which is also expected to be
affected by these structural changes (from (43) to (44)),
exhibits a downfield Shlft of 3.11 ppm in isostrychnine
(44), compared to strychnlne (43), mainly .due to the
incorporation of theidouble bond at Ci2 - Cl3’ Since o
the remaining unsaturated carbons resonate in'similar
regions as those in (43), it is reasonable to conclude
‘that both alkaloids have similar conformation in the D, ﬁ
and F rings.: The downfield ShlftS at the 51tes,c 16
C-17, C-18 and C-20 may be attributed to the small
changes in %onformation and strain between,(fg) and (ff).

D

Strychnine derochloride (455

In contrast with the results observed for the protona—

-

>

tion of monocycllc compounds in Chapter IIvﬁi'

- protonation has a smaller shleldlng B- effect 1n strych-
;1ne (43), the values obtalned are -0. 97 ppm, +0 65 ppm
‘and O 22 ppm at C-16, C-18 and C 20, respectlvely in

strychnlﬁgghydroclorlde (45) Applylng the relationship

betwéen conformation and the vy protonatlon—effect found

by Morishima 74 (described in Chapter II) to (45), one

t ' L
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\
finds that only C-7 and C-17 give the expected shield-
ings (+0. 06 ppm and -1.73 ppn, respectively) since the

lal
-

dihedral angle between the lone-pair of N-19 and Cé—

- bond is ~120° in both cases in'(z3), The condition is

similar to that in pyrrolidine hydrochloride which gives
a Y-protonation-effect of -1.45 ppm (Table 9). The de-
shielding effect observed at .C-7 may be correlated with
the trend in whlch the protonation effect is more shield-
ing at a- secondary than at a quaternary carbon. The
shielding observed at another Y-carbon C—15.cannot be
rationalized.by the path of protonation which, from
models, 1is not perfectly 'folded". According to ,
the dihedral angle ( <126° >-90°), the magnitude of the
effect seems agreeable although the theoretlcal calcu—
lations ’4 suggest a value greater than that observed at
ﬁ;J—where the dlhedral angle is 120°. fThe protonation
effect (-7.04 ppm) exhibited by C-21 is large relative to
that observed in piperidine hydrochloride (-4.91 ppm, .
Table 9) in spite of the conformational feature ('zigzag"
path, and 6 = 180°) being simllar in both molecules. Our
analysis indicates that C-22 in (45) is unekpectedly.de-
shielded by‘7555 ppm, suggestlng that the double bond

b21 ='C22 is polarlzed by the protonated N- 19 such that

exce531ve charge den31ty is locatedqet C-21. From

<

the pmr spectral data, it is believed that some electron |
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~

density of H-22 1s t}ansmitfed through the C210=C22 bond
to C-21 as H-22 1in (f?) is relagively deshielded when com-
pared with that in ff}). | |

The resonance-af 129.15 ppm is aSsigmed to C-é in
strychnine hydrochloride (f?) and this ;arbon is subse-
quently shielded by 3.77 ppm when compared with strych-
nine (§§). The magnitude of this s-effect enables the
differentiation of C-6 and C-211in (5?)-because C-6 in

dihydrostfychnine hydrochloride~ (52) 1is also found to be

)

¢l

shielded by 3.26 ppm on protonation. uIn‘%ﬁdition, this
carbon in othef N-19 gquaternized derivaﬁives of ;trych-
nine also gives*-effects of sinilar magnitude These

findings lead to the unamblguo%? aSSLgnment of C- 6 in
(45) .. The shielding ‘-effects observed at c-6 and C- 14

in (45) may be attributed to the lntramoleculer electric
61 ’

-«

field effects which are asépciated with the § and €

protonation shieldings in dono@Yeles described in Chapter
II. The great protonation shift qpserved at C-6 may be
correlated By the- 1nduct1ve polarlzatlon of ~Te1ectrons
due to therotonated N—‘l? ang, cor:sequently;,‘ Cc-6 acqulre,s
:5C>mo§e charée densit§ on protonation. This speculqtiQn is
also supported gy the‘shall doﬁnfieid shifts df the re-

L

maining dihydroindole methine carbons.

=

>
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étrychnic acid (46)

’

Carbon-13 chemical shift and infrared ébsorptioq
daE? suggest that the Zwittérion (f§)ﬂis the correct
structure of strychnic‘acid obtained by the‘procedufe em-
ployed. The strychnic acid Zwitterions is substantiated
by the protonation at N-19 which is advocated by the

\‘

observed chgmical shifts of its vinyl quaternary carbon_v“"
c-21 ?na methine carbon C-22. The former is ;hieléed
by 4.86 ppm while thé 1att;r is deshieldgd by 5.66 pbm
relative to the correspoﬁding carbons in strychnine (43).
Similar’observétions were obtained in the assignments of
these carbons in strychnlne hydrochlorlde (45) and other
N-19 quaternlzed derxvatlves of‘strychnlne whose analy—
ses will be discussed. The changes in chemical ‘shifts
(relative to those in-strychnine (43)) observed in the di;
hydroindole portion are dug‘té lhe change of substituents
at N-9, that is, from —Ng-éfin (43) to -NH in (46). The
calculated chemical shiégs ¢f (§Z) may bevobtéined from
;the §hieldings of (58) and the methyl substitéﬁnt para-
mete?s.obtained for hexamethylenimine (Table 6). It is
30,40 P 27,19

31.56 "

49,42

fok3

~ ~ o~



168.

~ apparent from the chemical shifts of C-2 and C-3 in (57)

and (59) that the NH group had more deshielding -8~ and Yy
T 0 ’ -
effects than -N-C. Application of these findings to

(46) suggests that C-5, C-8 and C-13 would be expected
to be deshielded when compared to strychnine (43). Ex-
perimentally, C-5 and C-8 are deshielded by.8.20 and 0.65

ppm, respectively, and C-13 shielded by 1.98 ppm.

The carbonyl carbon C-10 is deshielded by 7.71 ppm
o ‘ CS .
nine (43) to OH in (36). This observation again confirms

when its substituent is changed from -N::

in strych-
the fact that oxygen is more electronegative than nitro-
gen. If this difference of nitrogen and oxygen will'in~
fluence the é—carbon, then C-11is expected to be de-
shielded.relative‘to (fg). On the contrary a shielding
effect of 4.00 ppm is observed at thie-carboh- This can
'bo rationalized by the sterlc crowdedness between the
FPrOtODS of C-11 and N-9 in (46) This steric congestion
did not exist in (f}). C-12 which is twg~bonde reﬁote
from C-10 is not expected to be effected extensively

by inductiQe polarization, but it is -found to be de—
“shielded by 9.12 ppm in the structural transformatlon
from (43) to (46)., Thus, it is speculated that this

carbon may be desh1elded~by;ohe{of the: atoms of

~ the carboxylate anion which m ught into close
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proximity with H-12,

N-protonation effects, in general, afe less shield-
ing in the Zwitterion‘(fg) compared té those exhibited
in strychnine hydrochloride (45). For example, the re-
spective N-protonatioh shieldings for C-l&, C-18, C—%a;
C-15 and C-17 in (gg);jalong with those of (45) in p;}—
entﬁeses are: +0.65 (—6.97), -0.71 (+0.65), +0.16 (-0.22)
-1.35 (—1.575'and\+2.05 (-1.73) ﬁpm. y

The deshielding effects showniby C-14 and C-23 may
~be interpreted by the reduced strain in‘the 7-member¢d ring

' g _
in (46) relative to that in (43). = s

Stry#hnine N-oxide (47)

Oxidation at N-19 of strychnine (43 pfovides the N-
‘oxide (47). 1In this .compound C-21 is shieided by 4.87
ppmvrelative to the‘parent molécule (43). Tﬁe vy-effect
cannot be stéfic in origin and hénée must be accountéd
for by the inductive effect of tpe,qqaternized nitrogen.v
vThe'vinyl methine carbon C-22 shows a iafge desﬁieldin§
‘effect (+6.01 ppm). similar changes at these Y- aﬁd.d- _
carbons in bothtyxatérnizations(N—protonétion and N-oxi-

dation) indicate that the pq}afization;of é21 = C22

by the positively charged N-19 is reponsible for the
observed chemical shifts of C-21 and C-22 in (45), (46)

and (47). This phenomenon can be used to predict the

s
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chemical shift of C-22 in other quaternized N-19 deriva-
J I |

tives of strychnine in th%s series. As in strychnine
hydrochloride ?ﬂg)@,CéE‘is shielded by 3.10 ppm as a eon-
sequence of the oxygen substituent at N-19. Furthermore,:
the dihydroindole methines are siightly deshielded,

" suggesting the same inductive polarlzatlon of the n-
‘electrons by the quaternlzed N-19 is.operative in the
molecule. The §-carbons C- 15 and C-17 are shielded by
1.66 ppm and 3.55 ppm, respectively, due to theﬂgubstltu-
ent effects of oxygen at N-19. TheSe values are less
shleldlng than, but Stlll comparable to those observeﬁ
for simple rings in Chapter II (Table 15). The 6-

carbon C- 14 also-exhlb}ts the same trend as those in
monocyclic cémpounds, while the B-carbons C-18 and C-20
are déshielded by l7.Aé and i7.60 ppm, respectively.

These values are large when compared with those
. 3

,fof l methylplperldlne N-oxlde (+10. 37 ppm) in Chapter II.

{

Since our present a551gnments for . these two carbons in
(47) are unamblguous, the results suggest that B §-0x1da-

tion effects are more deshlelding in thls moleculéwthan
)

in simple nitrogen monocycles.; The methine resonance

at 82.96 ppm is assigned.to C-16 rather than to C—12 which
is expected to remain unchanged in both strychnlne (43)
and . 1ts N- ox1de derlvatlve (47) Consequently, a de-

’shleldlng B~ effect of 22.54 ppm is suggested at, C- 16,
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paralleling the B-effect observed at‘CFiS and C-20. The.

remaining unsaturated carbons are assigne by‘correlation;/

/ R

with the chemical shift values shown in strychnlne (43)/

-~

values 1nd£cates that both (43) and (47) have the same ;

conformation. I , e

Strychnine Methosulphate (48) " //// \ o

The cmr spectrum of strychnine methosulphate: {48)
provides further analogies to the,qﬁaternization:éfféct§/?,
observed in (45) and (47), thdt is, C-21 is éﬁieldecy“

’”

(-7.18 ppm) and C-22 is 51gn1f1cantly deshielded (+8 25 Jf

ppm) . The quaternary carbén C-6 is also/found to be A

the methyl ‘sub-

" - shielded (-4. 31 ppm) as in (45) and (:}). Our analys/

also shows pronounced B-effects due

stltuent at N—19 in this system. V%iues of +15 05,,

+11.60 and +ll 71 ppm are observed at C- 16 iC ~-18 and - )

C-20, respectively. These values are large relatlve to ..,

-

those observed in the 51mple nltrogen heterocycles where

ya value of ~+9 ppm ‘was more- commonly observed These

: CYCllC c plex molecules:

experlmental observatlons again 1nd1cate that cautlon

must he employedvln the use of substltuent parameters

7

derivea from' ifiple r1ng systems and applled to poly-‘

Carbons C-15 and C-17 show 'normal® shielding
. ) o ) N : g » . . N
y-effects (-1.89 and -3.40 ppm, respectlvely) Que}to‘the_f

.

o
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methyl substituent at‘N—l9 " but the other Y- carbon Cc- 7
is deshielded by 1.29 ppm.. Similar behav1our of C-7 15

also observed in the hydrochlorlde (45) and N-oxide (47)

3

This further 1nd1cates that, in spite of the dlfferent

substltuents at the quaternlzed nitrogen, the extent of

' /

polarization in the saturated portion of the alka101d

in 1nvetsely prOportlonal to the degree of substitution

of thé carbon atoms, that is, the shleldlngs caused by . ///
. /

Jquaternized nltrogen atom fall in the order of secondary >

]//tertlary N quaternary Thls may also explaln the mo/e )

deshleldlng substltuent efféc&@observed at the B Zarbon
"C 16 (methlne carbon) when compared to that obServed

at the other B-Carbons C -18 and C- éo (methylene carbo#!b
/1n LAS) and (47) ;-Flnallyy the consistent chemical

| Shlft values shown by the carbons of strychnlne (43) and . -

~

»strychhlne methosulphate (48) indicate that these mole- <

'cules haVe the same conformatlon ) - .
. ; . n N
K " . \ e

/ / L 4

/ Strychnlne Methlodlde (49)

Metth?thn at N—l9 1n strychnlne (43) gives

-strychnlne methiodide (49) " Due to//ps’low solublllty in -

_thg solvent system employed 1n the”study, deuterlodlmethyl -

R X

‘sulfox1de was used -as- solvent»for thls compound Comparlson

Aof the observed chemlcal/shlfts 1n strychnrne methlodlde B

-(49) with those 1n strychnlne (43) and strychnlne metho'

sulphate (48l,ﬂshows the same trend upon nltrogen quate'"

’
- c . .. ‘ ' z
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A

/are deshield-

nization. ‘Carbons C-22, C-16, C-18 and C-20
ed by'l 71, 14. 89' 12 25 and 11.82 ppm, re ectively, while
C- 21 is shielded by 6.20 ppm when compare with (43). On
the basis of the observed chemical shifts, it is speculated _
that the structure and conformatlon of /the catlons of the
methiodide (5?) andjmethosulphate (5? are similar. The
slight differencés between thezchemi al shift valugs ofo(éé)
and (gg)‘are attributed to solvent, concentration an 7£éﬁ-
perature effects'slnce the chemic L shifts of the latter
compound‘were determined as a sa rated solution in deuterro—
dlmethyl sulfoxide at- 311°K while those of the former were

»

obtalned under the amblent exp rlmental COndlthHS o

s
. e s
//// /
- /-
Dlhydrostrychnlne (50) //// e
- /
Saturation of the oléflnrc double bond 21 =C,

~ /

1n strychnlne (43) results in the loss of the quaternary f/<./

/ .
carbon C-21 and methlne carbon C-22 and provldes the ‘new

/
/

. /,/

methlne (C-21) and methylene (c- 22) carbons in d1hydro~ A “///;

strychnlne (50) j The methylene carbon resonance at 32 48 ./

]
/

ppm can be assigned confidently /to C—2291n (50) whereas- K

the a551gnment of C- 21 is mo dlfflcult s;nce there are»f

‘_three methlne carbon re;onén e at 29 90, 34 85 and 53 30
t ppm whlch may- be attrrp ted. to C 13 C 14 and c- 211- The

effects of the double bond 1n the 7—membered oxygen hetero-

A

cycles have not been 1nvest19éted However, we suggest that f

the effects are probably comparable to those observed 1n
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nltrOgen heterocycles (see examples in Chapter I11).
~"Thus, C-14 is not expected to undergo any drastlc shift
because the effects of the double bond on allyl carbons
in. plperldlnes are only a few ppm as shown 1n Chapter R
IIT. Therefore it seems highly unlikely that’ 'C-14 would
be/deshielded by 13 ppm on saturation of the-double |

bond C C

]

21 52" Moreover, c—;3 should be more‘deshielded
than C-21 since the former carbon is g-substituted to
both‘o-24 and N-9. Hence, the resonance'at 53.30 ppm

is tentatively assigned to’C-13. bThe chemical‘shztt
-data'of dihydrostrychnine (59), to be discussed).spggest'
‘this assignment is correct. Theiproton spectrum of di-
hydrostrychnine (50) is more complex than that of |
strychnine (53). Howeve;4 the multiplet at 1.5 ppm
‘exhibitS'a splittlng pattern and chemlcal shift simiiar
to that due to H4l3 in (43). Proton select1Ve decoupllng
.of this multlplet produced a sharp singlet at 53.30 ppm
in tbe cmr spectrum‘of (?9) conflrmlng the assignment
.’of‘C-13 in this compound.'~lt'is eXtreﬁely difficult to
. differentiate the remaining metnine carbons c- Lﬁxand

Cc-21 as the effects of double ‘bonds on allyl carbons are

varlable in nltrocen heterocycles (Chapter III) . Unfor- .

'i

tunately,‘add1t1v1ty relatlonshlps cannot dlstingulsh them,

because the calculatlons are compllcated by various sterlc‘y”

: factors 1nvolved at thesevcarbon sltes.b Nevertheless, '

o

0,’_.‘
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the analysis of dihydrostrychnine methosulphate (53).,

to follow, suggests that the resonances at 29. 99 ppm

and 34.85" ppmshouldbe assigned to C- 14 ‘and C 21, re-
Spectlvely

The dlhydr01ndole carbon chemlcal shifts ‘in d1—

hydrostrychnlne (50) are 51m11ar to those of strychnlne
(43).‘ ThlS behav1oor is expected since thls portlon of |
the molecule should remaln relatlvely unperturged The
.analfsls 1nd1cates that C- lS .C-20, C-23, and to a lesser
extent C~16, C-17 and C-18 are deshlelded in'(§9)»rela- »
| ti&e to the corresponding carbons’in (43)~ Therflexif,r
bllltykacqulred by the saturated 7-membered ’and F ';5
r1ngsmay¢ontr1bute to the observed effects, bUt the
. most 51gn1f1cant deshleldlng effect (+7. Ol ppm) exhlblted
by C-8 cannot be accountea for by the less stralned |
.condltlon in (50) Investlgatlon of the qausatlon of
this large deshleldlng leﬁds to’ the establlshment of -
the’ conformatlon of thlS hydrogenated spec1es.- The "

;ba51c apprdaéh to thlS problem is that ‘a mole of hydrogen‘

1s added on the less sterlcally hlhdered 51de of the

.

strychnlne molecule such th&t the C20 21 bond 1s pushed «"'.

O

.-upward prov1d1ng a transannular repu151on between H 8

(/and H- 20 The ev1dence for thls prdﬁosbd conformer o
‘ 1s supplled by the large deshleldlng effect shown by '

C 8 wh1ch arlses as a consequende of the removal

b T T e T
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of the 'almost' 1,3 syn-axial nonbonded interaction which

was present between C-21 and C-8 in strychnine (43) and
the. acquisition of the Eeshielding §-effect at C-8 due

" to C-20 (as depictefl in (59)). Subsequently the downfield

o

shift (4 10 pme observed at C- 20 in (50), relative tc

~ o~

(43), may be regarded as the net effect of the hydro-

qenation of the adjacent C21 =.C22.and the deshielding

t-effect due to.C-8.

Dihydroisostrychnine (51)¥_ ‘ 1 A :fif‘

v :

In comparlng the carbon~l3 chemical 5plft data

i
of d1hydr01sostrychn1ne (51) w1th that of dlhydro-\f '

strychnine (50), 1t is easy to assign the quaternary'”'
carbon resonance at 141 26 pp? to C-13 and the methlne;

- carbon resonance';f lZQfQQ ppmﬁior 122 64 ppm) to c-12.

The presence of the“quaternary and methlne carbons con-’f'

firm (51) as the correct’ structure for dlhydr01sostrych-i”5’
-ipnlne. The other p0551b1e 1somer (60) 1s,re3ected on thev

'ba51s of the carbon atox types demanded%by thls struc-“\

ture. It is apparent that the methlne carbon resonance .

O
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o
B

at 53,30 ppm assigned to C-13 in dihydrostrychnine (50) .
is shifted in the spectrumeof (51)} whereas the methine
carbon aseigned foAC-Zl ig only deshielded by 1.73 ppm

in' (51). This observation further confirms the assign-

Y

ment of C-13 in (50} .

g~~~

' The low field carbon shifts in tHe spectrum of "

dlhydr01sostrychn1ne (51), as expected, are 51m11ar to

' those in dlhydrostrychnlne (SO) Carbon-23 in (51)v15

-~

shielded by 8.97 ppm, compared to (50), as a consequence

l -~ . .

of rlng openlng. Thls effect was also observed between

‘: strychnlne (43) and 1sostrychn1ne (44) and’ arlses from

_ the change'of substltuent from .--024-C12 to hydroxyl
. ¢ SRR
The methylene carbon c- ll 1n (21) is- shlelded by 4 03 -

'ppm, compared to (50) due to the. a-effect of the double

.. bond C12 =}C13 nd the removal of O 24 at G—12 Agaln,-'
R A L PURIEPA . S

v
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this effect is analogous to that.found between (f}) and
’(gﬂ). However, the magnitude of the deshielding“effects
@pbserved at C-8 and C-14 in dihydrodsostrychnine (51)
is quite different from thése observed in isostrychnine
(gg) when the.two compounds are compared with their
corﬁéSpOnding parent molecules. That is, C-8 in (51) is
deshielded by 3.35 ppm in contrast to the 7.50 ppm”ex-'
hlblted by the same carbon 1n (44), while C-14 in (51)
is deshlelded by 6. 16 ppm (or 6.59 ppm) as opposed to
the43.ll ppm shown by the &ame. nucleus in (44) - If 311;\—
ilar structural and sterlc factors are involved 1n the
transformatlons of (43) to (44) and (§0) to (51), effects
of similar magnltude are, thus logically, expected to be
’obsenxed in both 1sostryc£n1ne molecules.A Slnce our
a351gnments are regarded as unamblguousr the unexpected
‘dlfferences between the two sets bf observed- effects 1n-h

A

voke recon51derat10n of the conformatlon of 1sostrychn1ne

-

(44) proposed earlzer._ Apparently some.conformatlonal

aspects of (44) are not clear wlthout 1nformat1on on the

3

analysis of the carbon 13 chem1ca1 shlfts of dlhydr01so-
;strychnlne 651) Because of the greater flex1b111ty _ 7‘L

of F ring in (44) relatlve to (43), it is 90381b1e that the g

\ﬁ

~Q20 - c21 bond 1n 1sostrychn1ne (44) is pushed upward such

~—~

_that there is transannular repu151on between H—S and Hszo., 8

_The structural arrangement of . thlS part‘of the molecule s
N 51m11ar to that deplcted 1n (59), the nonbonded 1nteractlon'_ .

ey \ . : : R
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between the two syn-axial groups (C-8 and C-20) may be
less than that observed in dihydrostrychine (50) as C-20

in (44) can move away from C-8.. In this conformation,

-

steric congestion-is found between H-14 and themprotons cof
C-23. * The deshielding effect (+7.50 ppn)‘observed at

C-8 can now be rationalized by the removal of the 1,3
syn-axial interaction between H-8 and 0-24 which was pre-
sent 1in sttychnine (fé)ﬁ the_aeeffect of C12 = C13 and

the deshielding 5—effect at Cfg due tg{c;zo in isostrych-
nine.(gﬂys The less deshielding-effect:bﬁserved at C-8 in

dihydroiéostrychnine (51) may be attributed oﬁly to.the

- . ) 0’-

removal of the similar 1,3 syn-axial nonbonded interaction
between H-8 and 0—24‘whichApreviously‘existed"in dihydro-
strychnine (50),and the a-effect bf C, = C13.'Hence the *

extra ¢-effect that is egpé”ienCeé«bx\S -8 in (44) is respon—
@ T
sible for its more deshielding effect (- 4.15:ppm) as com-

pared to that observed in (51). The difference of '3 ppm

\

*between the effects observed at C-14 in the two 1sostrych—7

i

" nine molecules may be ratlonalized by the SterliPShle%glng.h
induced between H-14 and the protons of c- 23 in (44). This

steric crowdlng is absent in- (51) as the C21 '922 bondf

in (51) is. free to rotate such that H-14 is free of any

te

- nonbonded 1nteract10n %}1th C-23.,, : :
SN _ - E L e

It is worthwh1le to p01nt out that the substltutlon
‘pattern of the resonance at 53 44 ppm revealed by far stan-‘

dard sfor decoupled spectrum created s0me dlfflCultLeS.,

/_'
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© The off-rescrnarce deccuplel spectrun exhibits a doublet
N o4 . : . .
fer this peak :indicat:ing the presente of a methine ear-
. 3 . 2 .

bon, but chemical shiit thesry and the chemical shift
chnines studied suggest that the res-
cnance has o be due it onefef the a:;noaethylene car-
=200 A se?;es of of?;:esorance decoup&ing
:ar'xed out with dlfferent
*s ShTWIng that the s;gial'a:' 53.44 ppe is indeed
due =T 2 methylerne carson. It is apparent thdt comple;
spin spi;::xn; <% whe Asx.sys:ea 7& 1nv olvzug the amino- 4H§

methylene carbon gives rise to overlap in this regiqn

wxs':"d::d cff-resonange speotran. ’
@ ¥
Sihydrostrychnine Hydrochleride (52}
A . v ‘ ' > ' (Y 2
The carbo:-gg chemical shifts of dxhydrostrychnlne

hfdro:hlo:;de (32 s hov that dzhydtostrychnxne (SO), in-

spite cf. its structural conplexxty, dxsprays'the protona-

tion trend exhibi ted by the nitrogen monocycles (Chapter II)

‘The E protonatxon~e fEcts observedxn (52).are comparable

to those found for S' aRH 6- nembered heterocycles (Table

‘11),- The values are -0. OS,'-O 65 and -l

“C—18 and C- 20, respectlvely The tert' eOﬁ#CélG;f

' for C-16, -

[4

‘.as expected is less shlelded than the other B carbons}fihj” ,‘

C-18 and C—20 whlch are secondary carbons. Based on the’f

model of (52), the path of protonatlon 1s 'folded' And RS

the dlhedral angle is™ 60° for bqth y-carbons C 15 and .Q‘f{'_
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} LR
'C—Zl nThls 51tuatlon is 51m11ar to that of l—methylplp-
- erldrne hydrochlor;de. - The: protonatlon*effect ( 1 58 ppm) )

observed at C 15 in- (52) resembles that obtained in 1-.

g

methylplperldlne hydrochlorlde (- l 7Q PP}Q The less
shleldlng (=0 35 ppm) observed at C -21 in (52)'can bef
ratlonallzed by 1ts hlgher degree of substltutlon The |
Y- carbons C 7 and c- 17 are shlelded by l 02 and 3 64 ppm, .
respectlvely These values correlate w1th the dlhedral .
-.angles of 180°‘ The protonatlon shielding obtalned atj}1¥“
- C- =17 corresponds to that in plperidine hydrochloride 1n.f'
A’~"whlch the dlhedral angle is also 180°?i As ex;ected theffffgf
quater:;ry carbon C 7 1s less sblelded than the secondary
h carbon c- 17 The 6-carbons C- . C-l4 and C—22 are,ﬂhdf
}shlelded by 3. 26, o 96 and 1 14 ppm, respectively. nl‘
51m11ar protonatlon effect ( -3. 77)(was ohserved at C 6 ',j-
in stchhnlne hydrochlorlde (45) The shieldlng at C-GC'Ch‘f
‘”'.1n (52) denotes hat the ﬂ—electrons in the dxhydr01ndole d:jf
portlon may be polarlzedlas in other N-19 quaternized fﬁ.a

: strychnlnes ; Slmllar to piperldine hydrdchlorides, intra-57'

‘ molecular electrlc field effects arg s'7cu ated as. the f~'

| jmalh contrlbutor to the § protonetlgn—effects observed in cf'
’_'(§g)) It has also been noted in the analyses of both g
\'7dhydrochlor1des (44) and (52) that there is an alternating
‘}fscharacterlstlc in thelr N-protonation éffects which fall
’fln the order of B < y, y > 6 This feature appears to

[-i'correspond wath the theoret1cal predrction suggested by

o~

L.‘-~;'A .



Pople;75 It is eV1dent that the N—protonatlon shleldlngs '

found in (52) are hlghly conformat;onally dependent and
sen31t1ve to the degree of‘substltutlon of ‘the tarbon

|
belng effected ghese flndlngs further conflrm the in- L

ductlve polarlzatlon of the C~H bond to 8—H on protona-'

"tlon of the nitrogen atom as predlcted by Pople 7$aand
| Morish1ma.?4 | -(h';f. 'f ’,'fnf |

The rema1n1pg carbons 1n (52) are unaffected by the

\ -

-protonatlon at N—l9 and are observed to resonate at 51milarA;
_»regions to those 1n dlhydrostrychnlne (50) It 1s prob- |

;,'able that (50) and (52) have the same conformation.,:hfltfjld

_lehydrOStrychnlne Methosulphate (53)

Dlhydrostrychnlne methosulphate (53) 18 expected

ﬁ, to glve 51m11ar methyl substltuent-effects as those of

-strychnlne methosulphate (48) . The 84barbons C-16, C~.g~ 1
h18 and c—20, relative to the correspondxng carbons in
"_~.d1hydrostrychn1ne, are deshielded‘ by 9 zq, 9 75 and s 35
f,ppm, respectlvely.; These values are attenuated, especially‘l:
';C—16, when bompared Wlth thOSe observed xn strychnyne ”“
"fmethosulphate (48), but resemble more closely those ?Tt;f;;?a

;Lobtalned 1n the monocycles described in Chapter II (Table

. *d*i3) Accord1ng to the crude model of (53),_the methya.}s

74ffjexpected to Shleld c—15 and c—21 as 1t imposes a slightly

Ereduced 1, 3 syn-aklal sterlc interactxon on these Y-carbons.ff

\ .' L’v.A N
v
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Experlmehtally, C,lS and C- 21 are f‘und to be shlelded

E by 2,78 and 3: 69 ppm, respectlvely. The carbon-l3 cheml-

cal Shlft oftﬂuemethyl group 1nj}53) also/lqsgcates 1ts '.f-:

’ sterically congested envaronment, 31nce 1t is- shlelded

by ~6‘ ppm compared to that in strydhnlne methosulphat_:
o). T | I
. The‘é—carbonshC~l4 £;d~c—22give'similar‘upfield
‘shifts to thoSe%shown\in l;lhdimethflpiperldiﬁe‘légble 'NJ‘
P 13) and (48). .‘ﬁesemblinQV;other’Nélé guaternized deri- :
vatlves, C 6 drsplays a. comparatlvely large shlelding h
8- effect ( 2. 66 ppm) 0bv1ously, the p031t1vel}\§hargedﬁ‘.
N—19 effects this carhon 51te electronlcally in a con-g?"
51stent manner throughout the serles of Strychnos alka-.f
101ds chosen l The analy51s suggests that the methoéél—aff
phate (53) and dlhydrostrychnlne (50) have the same con-f;r"'

formatlon A1 yf*‘ff:‘f' PR

‘:D;“QiConclusion'
The preceedlng sectlon demonstrates that the'cmr

o asslgnments of our selected Strychnons alkalolds can’ be:;:ff“*

W B

]ﬂtAsuff1c1ent1y justlfled by chemlca&-shlft theory, addlt-_fffgg*

:1V1ty parameters, 1ntercomparlsons of chemlcal Shlft

fgv values of these structurally closely related molecules,r"

o

and model cdm unds.; Thls analy51s also further accentu~:f:f}

ates the capaC1ty of cmr spectroscopy as an analytlcal
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' tooi for structural ahd conformatlonal 1nvest1gat10n of
' hlghLy complex alka101ds ( |

" The promlnent structural and conformatlonal fea-

"tures of the strychnrnes studled revealed by\,helr car-
.bon- 13 chemlcal shifts can be summarlzed as- (a) 51milar

\- :
o 5— and 6 membered nltrogen monocycles, the N—protona-'

v

tlon effects,'ln general, are found to be spec1f1c to

: QAA\

'g the orlentatlon of the electron lone palr oﬁ the nltrogen -

“~ .

'_7'atom prlor to protonatlon and the substltutlon pattern “;,7

f,ﬁof~the carbons. In addltlon, the N—protOnatlon effects “>

[}
'

"fshow alternatlng features correspondlng to the alterna—:f"r"”

s

e-tlon of the o- 1nduct1ve effects predlcted by Pople fﬁ,j;}i

- 5(b) The large upfleld Shlft of 9—21 and downfleld Shlft

'-'iof C 22 observed 1n the N-l& quaternlzed strychnlnes may

u»'serve as; a"'flngerprint' for 51m11ar types of strych-'f“” =

wfnlnes ﬁhe observatlons suggest the 1nduct1Ve polarlza--'**V

21‘ 22

.,Atlons of o C and the H22 ; 22 b°Q§s by the quatern-a~»-

T:nlzed N—l9. (c) Quaternlzatlon at N-19 sh'elds the quatwdéj'

'[dernary carbon C 6 and exerts a long—range P

tlarizatlon on33_;*

“the n—electrons of the dlhydr01ndole m01ety (d) Relatlve;h“-'

E}fto 5~ and 6-membered nltrogen monocycles, the quaternizaJQ;
'tions due to N-methylatlon and N-ox1dation have more de- ;f7'5-
:1, sh1eld1ng effects 1n strychnlne, that 1s the B-eﬁfects are

:“~amore dec Leldlhg, and the Y- and 6 effects are less sh;eld— 5”

ty

: :flng, but'rhe same N—methylation 1n dlhydrostrychnine glves jff
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A , S \
substltuent effects parallellng closely to those observed

in monocycles. (e) The,Zwltterlon fornlwas suggested for

strYChnlc a01d fl X :‘”:'._ S o :% ::{” tf_ ' ‘ 7

' The success and ease 1n the course of ass1gn1ngothe
chem1ca1 sh;ft data to the proper carbon nu¢lei 1@ thesa : :ﬁi-
dlhydrorndole m01et1es spell out the fact that ?any dlfw.ﬁ
flcultlés encountered 1n the structural deterglnatlons 5 7f1%gi
in the. early strychnlne chemlstry could be ea31ly over-ll_;if%f

come 1f only cmr spectroscopy was avallable then.[iltgjf.?fftfg
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:;sulfate, the solvént was remo<§% and the yello i

'fThe pmr spectrum of the 1m1ne 6 TMS (CDC13)w3f96ﬂ-r2 65 _ng

i

'APPENDITX -

4rt—Buty1hexamethylenimine

‘A mlxture of 81 cc of concentrated hydrochlorlc ac1d

“_and 25 g (0.16 mole) of 4- t butylcyclohexanone was stlrred,‘u

cooled 1n -an - 1ce—bath and 16. 2 g (0 25 mole) Qf sodlum azidel

. was added as rapldly as- the evolutlon of nltrogen would,per-:

7

- mit. The mlxture was ‘stirred for 12 hours, ifdlum carbon--‘

ate was added untll the mlxture was sllghtly alkallne and

1y
¥

. iturned plnk ' Water was added to dlssolve the 1norgan1c

' salts, and the yellowxsh 011 whlch had separated was extract‘

Q

ed w1th chloroform.. The eifruct was washed tW1ce w1th 25 cc

of dlstllled water and‘was drled oVer anhydrous sodium

- was purlfled by subllmatlon to glve“4 ~t- butyl— -kltohexa—ﬂd' |

, »methylenlmlne Wthh is a whlte SOlld, m pt 149 150°, yield

13.3 g (49%) 10 g of the 1actum (0.06 mole), dlssolved

v *el

in 200 cc of tetrahydrofuran, was reduced with 3 8 g

(0. 1 mole) of llthlum alumlnum hydrlde., The mixture was

. refluxed for 35 hours. Water {lsfic) was addedicautlonsly

from a dropplng funnel to the stzrred mixture whlch was

Qmalntalned at 0°" Aﬁter filtration, the ilter cake was 1“ffh

fmwashed W1th chloroform. From the dried rejction solution

6.3 g (67%) of the 1mine was obtained“ b pt..,,ESQfgfioﬂmm);il

(broad,,m, 4H) 2 1\(broad m, 7H) and 0 86 (s, 9H)

Anal Calcd. for CIO le C'[ 1.34 H, 13 64 H; 9 02.i;
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e o
| Found:,c, 76.87; H, '13.98; N, 9353,.

l-Methyl 4- t—butylhexamethylenlmine

13 g (0. 08 mole) of 4= -t~ butylhexamethylenimine was
added to 9 2 g (0 2 mole) of formic ac1d which was cooled'd'ﬁ
.; by an 1ce‘bath. 6 8 g (0 09 mole of formaldehyde) of 40%;"
'formaldehyde solution was added dropw1se to the stirred
P mixture  The 1ce-bath was removed after the addition was
| Lcompl-eted. The mixturs)was allowed to warm up to room
| temperature and CO2 began to evolVe. After the evolutlon-:
of CO had ceased, the mixture was ge tly refluxed for 12r1‘l

Y

| 'hours. To the cooled mixture was added 10 ml of 30% L

)

: Fo i

N hydrochloric apid 1c ac1d and excess formaldehyde

were evaporated of 'fSaturated aqueous NaOH solution Was/
added to‘tﬂe re51due untilqthe pH was approximately 9 and
7the 1m1ne separated as yellowish 011y layer on the top ;i
| The product was extracted with chloroform (3 X 30 ml) The iio“
is.{'chloroform solutlon was washed tw1ce with 20 ml of distilled;f}j
'}water and dried over anhydrous Mgso4, filtered, and the o
‘solvent was removed The yellowish residue was distilled,
“lb pt 76 5 - 77 0° (3 mm) | 4 1 g (30%) of imine was '
fobtained - The pmr spectrum of the 1mine 6 TMS (CDCl ) 2 70~£C;i

‘«2 38 (m, 4H) Q 30 (s, 3H), 2, 00 l 15 (broad m, 7H) and

0.85 (s. 9H) ,;;u. r.;;fig&';ﬁf-', e .
| Anal Calcd for cll 53N Co 78 oz,.n, 13 vo; u, s 28<3f"

Found c, 77 87 a, 13 51; N, 8 03.

N . R I o e S . et . S e ’ : e T R
. - e I R L o
. : / .
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l-Methyloctamethylen1m1ne

-6 g (0. 05 mole) of octamethylenimine Was methylated
w1th formic ac1d and formaldehyde in the manner described
above for the preparatioh of l—methyl -4~ t-butylhéﬂamethyl-‘
qﬁjmine, b. pt 77 780 (20 mm) , The pmr spectrum of l-

'f ethyloctamethylenimine 5 TMS (cnc1 ) 2. 65 2. 25 (m, 7H)

(broad s, 123)

Anal Calcd for C8H17N C 75 52 H, 13 47, § ll 01 e
 Found: c, 75.03; H, 13 05,'N, 9, 87.,, o o

@ ,5.\

: 3-Methy1 3-—azabicyclo[3 2 ‘2‘]710nane

» .A 3-Azab1cyclo[3 2. 2]nonane was methylated by formic f’“‘f
ac1d and formaldehyde by the same procedure for the prepara-'hJ}
tion of lemethyl 4 t-butylhexamethylenimine,; b. pt 57 58°‘

(2 mm) The pmr spectrum of the imine 6 TMS (CDCl ) 2 56

(4, 4H) 2. 3 (s, 3H) 2 1 35 (m,VIOH) jfl,gi.iejjjw,p,s
| ,1- Anal Calcd for C9H17N c, 77 70, H, 12. 23; u, 19 o7 ‘
Found c, 77 83-‘1{ 12 39. N, 1o 31 »j;_ély.g;;,w;

’ / 2T ﬂ

1AMethyloctamethylenlmine N-oxide -flf’f_”,, , :
‘v A solution of . 4 31 g (0 025 mole) of m—ChlorOPerbenzolcaﬁﬁ;

ac1d 1n chloroform wap added gradually at 0~5° to an ice-l“i“”

| cooled, stirred solution of 3 18 g (O 025 mole) of l—methyl-'%f57

L octamethylenimine in. chloroform.. Stirring was continued

for 8 hours at o 5° The mixture was allowed to come to
moom temperature and passed through a column of alkaline
alumina which weighed 150 g.i The traces of unreacted amine ?jnf



| 4197,,_e'

: were removed by washlng w1th chloroform Elutlon wlth
| g_methanol—chloroform (1: 3) then gave 2. 80 g (80%) amlne N- B

:ox1de.- A small portlon of the N-ox1de was allowed to react

e

-'w1th 50% ethanollc solutlon of p1cr1c ac1d to glve amlne
'oxlde plcrate whlch was recrystalllzed from 95% ethanol

.;lm pt 178 181°: The pmr spectrum of l-methyloctamethy1~f-“cz

enlmlne N- ox1de ) TMS (CDCl ) 3 95 - 3 65 (n& 4H) 3. 5 (s, 3H)
2. 45 - 1. 75 (broad m,(lZH) - B

Anal Calcd for. C15H22N408. 9;54§f€3; d( d;?oiéﬂﬁ?‘

\

=14 51; 0, 33 16. - ) o S
"'Found c, 17, 01, H, 5. 98 N, 14 16- o, 13. 54 .

.’,_,

| ‘3-Methyl 3 azab1cyclo[3 2 2]nonane N—ox:.de | ‘ : _
| '3-Methyl-3 azabicyclo[B 2 2]nonane was oxidlzed w1th ﬁ‘:i;

'm-chloroperbenz01c acid in the manner described above for ,j:“

“'5'the preparatlon of l-methyloctamethylenimlne N~ox1de. AA;;ﬂ.f9j
.[small sample of the aﬁlne Odee was converted to picrate "
"A_whlch was recrystalllzed from 95% ethanol m pt. 236—240°"7“"*ﬁé“

Anal Calcd for C15H20 4 8 C, 46 88, H, 5 210 y; -

"f'14 53 o,‘33 33--"tf'fjfﬁp*‘*u';*7*¢3-5f&311‘77*:7f’"
_ e . T T

.-'<)pound c, 4&.14, H, 4 95; N, 14 79, o, 35 28. T-Qifjffff;27lfgif

. The meltlng pomnts of the amlne N-oxide plcﬁates

”-f‘prepared for characterlzatlons are summarlzed along with o

l{thelr correSpondlng Eﬁterature values (if‘avazlable), in
. T e T _,.k._i;_




- l,4-Dimefhyihéxémethylenimine-'~k I R

The compound had been Synfhgsized by Grob “and co-
o _ ‘ hEsLa Bk ,

workers *”~, but no physical constants weré‘raCorded;



TABLE 30 ‘

| EXpéfimentalvMéltihg-?oinés df-SomeﬂAminé‘N-oiidé-?icfa;eé;i,,'
Compond e Méltiﬂs,P°1“t*;f‘;7 S
*71—methylpyrrolidine i"-«ﬁj'-V“‘}~»55_- 200-2os° " G
;,N—oxide picrate . ﬁai' .~i7A‘1¢f‘j_p;“ (lit , 201—204°"97):;  ?fy;Q

: ‘._..lA_% R ‘];3 -‘*"fi?f; ¥fu_2'fi'}:.: ,n_,___ RIRPR
_ffl‘methylpiperidine S 17;l;fﬁ7_ 178-182° R

(1it., 180—185° 98)-'"”'“

‘sz:N—oxide picrate e

l-methylhexamethylenimine ”J?Sng:i | 187-201'** 51 f;“';ﬂ;‘ , _
| ;-N-oxide picrate e :-""i: ﬂ;”;fa;; (lit.. 200—202° 98)‘fﬁ~‘f‘

L }nl-methylheptamethylenimine ;:}“fj};j}j‘3f 193 196°: [
"ff‘& _ 3N-ox1de picrate jfj'g' *i; ,3f} fff_ (lit., 191—192°-98)

v; 1-methy1octamethylenimine ‘ >":'n?'»fﬁr  'lii§4181§ q§T§ﬁﬁuf7:;;;7f ;-
| »N-oxide picrate ]';>‘;‘  ; }*. - -‘1' - ij_i- :f_fg”f; S
N—oxide picrate.ﬁ?_'f - L e T T s
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