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Aa Conformatvona] Ana]ys1s of Non Cha1r Structures - A Br1ef Rev1ew

Conformat1ona1 ana1ys1& had 1ts or1d1ns arOUnd the 1ate 19th
il SR
T

"century when Sachse suggested'%hat cyclohexane cou1d adopt two poss1b1e_:

7f‘arrangements, later termed the - cha1r -and.- '3oat' conformat1ons It s
:now we1} estab]ishgd that cyclohexane ex1sts{predom1nant1y an the~cha1r
f?form whrch 1s thermodynam1ca]]y more stab]e than the boat The hoat
“:f;conformer 1s destab1]1zed by the presence of two ec11psed ethane type d.
1nteractxons and non bonded 1nteract1ons between the two 'f]agpo]e |

1hydrogen atoms Further,_Hazebroek and Oosterhoff2 have prov1ded

T,ev1dence, from a stat1st1ca1 mechan1ca1 study, that whw]e the cha1r 13'

Tr1g1d and unab]e to have any re]at1ve motxon of the r1ng carbons w1thout;f

A\
_ d1stort1on of bond ang]es, the boat form has a cons1derab1e amount of-

«

'such mot1on posssb]e *.This pseudorotat1on transforms the c1ass1ca1 :

-

boat 1nto a, preferred tw1st or f]ex1b1e form Unequ1voca1 cho1ce

"?between the two conformatlons 15 not poss1b1e due to the h1gh mobx]xty  1._:

e

;of such forms o ‘ff T S | ‘ _
' The quest1on of non chavr structures contrlbutIng to the -

,£conformat1on of a var1ety of systenmvhas subsequently been w1de1y

’ 'thewr chrono]go1ca1 order Thus in 1951 Johnson3 suggested that :

1ntramo1ecu1ar 1nteract1ons 15 several po]ycyc11c moTecules conta1n1ng

six- membered r1ngs 1nduce a preference for the boat conformat1on

v';However, 1t was not* unt11 1957 that th1s feature was demonstrated by

Coen

C .

@

3 24,. It. .1s 1nformat1ve to cons1der these contrtbutxons in. ,7{‘

e



éarton and co,--workers4 : on monobromo der1vat1ves of lancst 8~en 3 one

M

were obtained and the1r structures Verified by ohem1ca1 means '“” .

a

Both had 1dent1ca1 IR and UV absorptlon spectra character121ng an

equaior1a] brom1ne subst1tuent. Swnqe 1t s 1mp0551b1e‘to have a: pa1r ;“5"'? :
. ' l

of 1sumers for 2- bromolanost 8—en 3wone (1) hav1n§7' ;equatorial br0m1ne

1n a chawr cdhformat1on 1t was conc]udeq that rlng“A‘ q the 28 bromo-‘flu,=‘=‘fﬁ

ketone shou]d be in: a boat form (Fxnure 1) The 1 3 d1ax1a1 1nteract1ons‘-fftij;

between=the brom1ne atom and two methy? groups at C—vi”nd C 10 1n the

ST

B cha1r form cen be re&1eved upon transform1ng to the boat conformer

F1na1 ver1f1cat1on was obta1ned 1n a pmr study by Abraham S:nce that

.;‘ S
E

trhe many- other occurrences “of boat conformatxons in’ stero1da1 systems ’vv:i,gf?
dG 5 '1'75 ::; o >.: I 1:, EASCRRee .t,~\, : ?;,5:‘f-gr%

I . Sy v . . U . N

have been reporte

T

- A study By- Ly1em on the Dm\perhes of 1, 2 2 6,6~ pizmamethyr 4-.‘,“}‘;; e

phenyl 4 p1per1dinol (2) revea]ed that acety1at1on was resll‘ctﬁﬂfoom-
. Sy
pared w1th 1 méthy] 4 pheny7~4-p1per1d1nol Furth\r the‘},frared*absor- . .

absorptwon spectrum of the 1 2 2 6 6- pentamethy1 system\lngncated 1ntra-
no1ecu1ar hydfogen bond1ng The explanatwon offered cons1de\ed\the :

severe non- bonded 1nteract1ons of the three ax1a1 groups 1n 2a compared\

~1th the stab11121ng xnfluence of hydrogen bond1ng 1n 2b thus favor1ng B

i .

the ooat conformat1en 2b
o N . N . [ S
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| FIGURE 1+ B-chair.and s-hoat forms "fo‘f_'2-br¢m1:anvo-snt;8_.je"ﬁ:3,_>¢ne‘ e
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’ﬁ;ff;’ c1s—1 4 dwhydroxycyclohen&ne12 (ﬁ) and the A r1ng'of 2n qm1no 5-~«

g cho]estan 3~a-ol (5)

L

o L . ¢
. . 6- !
. : S

- n; '. é/CSHs
s}*s

A var1ety of q&tempts to ckass1fy mgiecu]es accoxd1nq to. the

factors vh1ch contr1buLe\to favour1ng non chayr conformat1ons ha\e been.

. put forward Accord1ng to Kum]er and Hu1tr1c 4 the six-= newbered r1nq

o

: . examp1e1§ of thé‘latter are the g-halocyc10h“x3nones

4

system most 11ke1y to prefer boa& con‘oru@t1on5 rust meet t\o restﬁ#@t-- =
t1ons. »1) The rwng possesses nwo-er more. ators that are rot sp3 e
B t : a

hybrwdwzed . 2) One atom in the rwna Js not sp hybr1d12aq,‘and a strong
~»': he X

dipole e<1sts on the adgacnnt atom. The flrs*’case 1s 8xemp11fTed by

1 s4- CJcToh%xadwene, wh1]e an h1stor7ce11 1rp0,t»nt thOU\h 1ncorrect

g ,,L

L

‘, ccord1ng to a recent rev1ew Qy Fe]]1c and thd°1]16 nbdjéhafr
conform b1ons can- be, c]assmf1ed as f0T1ow ‘
'1)_ o1ecu1es constra1ned 1nto non- cha1r for 1S by Chenwca’ hond1ng

2) ”oﬂecules Wi h an. 1nh°rent preference for non cha1r forms~
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3) Mo]eCUTes forCed 1nto non-cha1r forms by the magn1tude of straln

S wg E

present 1n the1r chair cqnformat1ons ‘/j i'f' ﬂ ”r '.?,‘; : l;f‘t°“ .

" The fnrst c\ass conta1ns such moTecu]es as twiStane(G)andVbxcyclolz 2. 2 |

'°°t°"e»(1) These havlno a: br1dqe constra1n1np the structures 1nto non-

L]

. chair forms e e )ﬂ ,

. . T ?

N e

L

&

The second class corresponds to the propos1t1on of Kum]ar and -
 ;: 'Hoitr1c14, examples be1ng l 4- cyc]ohexad1ene and the anaIOQOus dwoxtﬁes‘
. 1, 4 Dxmethy'lenecyclohexanel7 and 1ts exo tetramethyl ana]ogs aré also
suggested to exist 1n a‘non- chair conformat1on, but X ray stud1e318
of ‘the exotetracyano der1vat1Ve 1nd1cate the cha1r form to be the most

.‘stab]e

: | N 7 N p N .
.7 - e f:}

The th]rd c]ass represents the magordty Qf non charr conforma-
‘t1ons A sh1ft 1n conformat1ona1 equ111br1um from cha1r to boat could bef
jmore effect1Ve rf unfavourable 1nteract10ns present in: the chawr form .

'are re11eved dur1ng the 1nterconvers1on Thls 15 best exemp11f1ed by :

“the trans 1,3 and cﬁs 1 J4-diet- buty1cyclohexanes ' The 'severe non -bonded S

*1nteractxons of the t butyl grOUps are removed upon convers1on to the: - o



u”."_ ’ . . ' ' ., : . ' ‘ KA ‘
§ ' :

".twist conformer, In some mo]ecules, hot on]y are the 1nteract1ons 1n
:.”the chair form-el?minated but a1so stab11izvng 1nteract1ons such as
iintramolecular hydrogen bond1ng 1n the boat form, cause the Iatter

"conFormer to be prefbrred as in 2b 3 4 and 5 vwg'

The manrvty of common physmca] methods have been app11ed to
ystudy contributions made by non- cha1r conformatwonst These 1nc]ude‘
X ra_y19 ORD Cbgp IR and uy absorptvon soectroscopvzl. dipole. moment522
‘ and proton magnet1c sp‘éctroscopyz3 2¢%\ In the 11ght of the success of
‘:_‘the pmr 1nvest1gat1ons we e]ected to test the va11d1ty of us1ng 13C
'magnet1c resonance technlques 1n th1s area s1nce‘1t is c]ear that |
J vcarbon 13 chem1ca1 sh1fts strong]y reflect ster1c 1nf1uences part1cu1ar1y
’ tmportant in the re11ef of syn- ax1a1 1nteract1ons 1n cha1r conformat1ons '

>

“and the 1ntroduct1on of f]agpo?e 1nteract1ons 1n boat forms
: In order to comp11ment the 130 study on the -N-——H 0— and
—N—f-C =0 1ntramo]ecu1ar hydrogen bond1no type interact1ons as present
'f1n compounds 2 and 3 we used 3 hydroxyp1per1d1no] as a mode] system The.
-N--—HO 1nteract1on in thls mo]ecu]e is estab?15hed25 A so]vent study

on the conf1gurat1ona1 equ111br1um of th1s mo]ecule uswng cmr can be -

- dlscussed in reTat10nsh1p to the potentta] effects of hydrogen bond1ng -

s

on. the chem1ca1 sh1fts of the p1per1d1ne r1ng carbons

Durlng the course of these 1nvest1gat10ns some . approaches to ,t

" the use of cmr to study non- cha1r structures have been reported26a 26b,

lin these examp1es, 1t 1s apparent that breakdown ih accepted subst1tuent -
add1t1v1ty parameters provwde the pr1nc1pa1 mechan1sm for descr1b1ng | 33 .
conformatlonal contr1butlons from non -chair structures ' we e]dboratev e

'; th1s feature in -the fo]]ow1ng sect1on.u



B. Carbon 13 Add1t1v1ty Effects

. An 1mportant aspect for tﬁﬁrappiwcatwon of 13C data to

structura1 and conformatmona1 elucrdat1pn% is the

re}at1onsh1ps, corre]at1ng the sh1e1d}hqs W1th'l a c1ose1y re1ated Serles

"
: *////of comQOUnds wWith a number of. qtructura] para
W

.eters This correlat16n _ 

as f1rst notod bv Lautorhur27

o .28 ) - R
and Naﬁi&awaz .and later in a most deta11ed study by Gry{t_and.co-'

Sl _29;30 EO
workers - :

the shifts hrnduced alonq the chain BN that 'E;f5 ‘-‘f':;ﬁ“ cérbbn 
.pos1t1on on’ #ep]ac1nn a hydrogen atom wwth a subst1tuent group fA]T
B of these parameters, u1th the except1on of the Y- effect are paramaqnet1c,
the ganmi- hmc’“e effect be1nq dvamagnetlc 2 For examp]e, in the a]kanes
the Q- effect C- h - C X causes a desh1e1d1ng of .ppm the magn1tude-

effect C- CH

[y
F

vary1ng bet\een var1ous fam1]1es of compouid Thé'

C CX is s1m1]ar in magnxtude to the u—effe The y effect is a sh1aﬂd—

ise of s1wple addltlthy

)

g ing effect (2 5 ppm) C- CCH ~ C- CCX Thws effect has 1mportant 1mp]1cat1ons

for stereoche 1ical stud1es (v1de 1n.ra) » The 6 and effects are qu1te
sma11,1+0 3 and +0.1 ppm, respectwvely 1n th1s ser1es

‘ The e effect can be exp1a1ned by charge po]ar1zat1on effects31
Rewova} of e]ectronwc Gharqe from the carhan bv subst1tut1nq a- proton ’
for a ﬁetbwl group. creutes a sra]] 1ncrea<e 1n effect1ve nuclear charqe
of thﬂ re.unnwng orb1 als.. ThUS decreas1rg the average orb1ta] rad1us
-3

2

caus1nn the <r b tern of the Karplus Pople equat1on3? to bgAen]arged;‘

‘ hence a dc nfleld sh1ft



EL R

‘?

g A Q
anczgt 'h ?P “.,.\ ) ‘

Cheney estimated3 the change in the paramagnetwc shie]dxngf

constant a to be Iess than 2 ppm for a moTecu)e conta1n1ng a’ B-meth 1

‘ p? A
: .qroup and 0. qupm for a y- methy1 group . Hence it was suggested that ”ﬁ;t;ﬁ”i//
: since the 1nduct1ve effect does not s1gn1f1cant1y deshield the-carbon ﬁ‘ﬂﬂ-gé/,;
: o «‘"\”j-’-‘,,
\pos1t1on other than at the o- pos1tion, that thws dbes not seDVe as an . 7'&;' ‘ ’i

explanat1on for the 8- and y—methy] subst1tuent parameters( /The latter“hfn';

L weré’ thought to be ster1c in or1gwn | The steric intera;t1en w1th the

B- methyl causes ‘a contractxon of the orb1ta1s of the»aqom ef 1ntere§t, ,',
'h hence resu1t1ng in‘a downf1e1d sh1ft The y effect exemp11f1ed by .
A“‘methy1cyc10hexane, fo]]ows from the p0551b1e ster1c po]arwzatlon of

. e]ectrons a]ong the C-H bond “at the v- pos1t1on due to non bonded 1nterrt'

| acttons across the r1ng suéh that the carbon nuc]eus 1s shlelded and ”':'”

L

‘ _the attached protons are. desh1e1ded SR 'f; //*" 5 .,:h | i;
| N $urther d1scuss1on of the y- and 6 effects 1s warranted s1nce %"'?
. they are’ both used extenswvelyg1n th1s research S
, "The v-1,4 gauche effect was: recent1y rev1ewed by Pehk and ‘ :
prpmaa33 and E11e1 .and co- workers34;/ Th\s d1amagnet1c effect was fwrst p L
';i ment1oned by Grant and Pau] in the'alkane ser1es30a 35 ]ater for cyc]o— f)fﬂi;‘;

wy
[y

'ff hexane der1vat1ves36 and subsequent]y proposed36 as 2 method for conforma-i"

9

K]
———

o t10na1 ana]ys1s of such compounds but w1thbut any theoret1ca1 1nterpre-; .
.tat1on ' ' ‘

’ ;1 7 The Y= effegt shows some. regular1t1es ) It 15 d1amagnet1c and

' 1ncreases w1th decreas1ng 1nter5tom1c d1stance between the 1 and 4 atoms.?

o ‘ ;_' i'. - f-~_}3 ;» ;;v.ff- ffif]’L' “~f--’ vd



" - d1fferent posttions in the mo?ecule.;_‘_ ".~ = r'v ’;m;-a. &\“\'

. ‘/,

)

-

" desh1e1ding even with short H---H 1nteract1ons 7 « ”’r . :v':af-

”g;;fgr An importént contributﬁon to the studles on the y effect was . ) ‘*:_

P

(Figure»zi but the number of 1nteracting heavier atoms and not . Just .7:5 ::,,_h

the ditt&nce between them fs 1m90rtant since the 6~et;ett 13 u:ua11y S EE

BRI
3 o

The 1 4 1nteraction 1s;not addftief, 1n fact Tt is different
: . .' '” -~ 2 Qg ".‘" o ,/‘ nfl
for different nuclei appearjng also in'spectra of N LZ F nd 3h¢~ﬁ¢=

-

31P 38 and can even be’ unequa1 for the nudﬁei of the same type 1n fu 'jf77ii';h

LI

A "/‘-

presented’by Elie1 and co-workers3 They obserVed that whi1e 2nd row -
heteroatoms (N 0 F) cause.sxgniftcant upfield shifts 1n the resonance‘p
of anti per1p1anarcarbon nucTei a methyl or methxlene group or 3rdirow ;.‘
heteroatoms (S Cl) demonstrate negligwble (<1 ppMS anti effects ~1nj'i' .
fact a gauche heteroatom (Figure 2a) results 1ntan upfie]d shift of the :
oarbon 13 51dna1 greater than the upf1er shift caused by a methyl or 'V"'h'
methylene group These authors proposed34 the fol]owlng mechan1sm to .tf:
exp1a1n the un1que role whxch N 0 and F play in, the A o ant1 sh1ft |
"Part1a1 “m- bond 1nvo1vement of the free electron pa1rs of these
second -row elements 8- favoured by the shorter C X bond and the more .-;v ;’
near]y 51m11ar rad1a1 dnmens1ons othhese atoms w1th that of carbon .ff;:‘ o
Converse]y Clﬂand S- have-larger COVaTEnf rad11 and 1ess favourab1e ‘;vf"ff'i
rad1a] match1ng W1th the pn orb1tals of carbon e '_ 'hgd~i ig.a‘ o 5 v
R The desh1e1d1ng 8= ] 5 1nteractlon effect was f1rst noted by : - ;;_
Roberts?g and 1ts stereochemica] dependence was later dwscussed by T
Stothers37f' The é Qroups may haue varlous or1entat1ons as shown 1n;
F1gure 3 o ’ 4 a - ' ' |

o The &- effect s 1argest and most d1st1nct1ve for mo]ecules

./'

ec;f w1th the syn ax1a] or1entat1ons generally be1ng of the order of 2= 3 ppm
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I~FIGURE“25
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| .
The y~Effect Sy gauche a or ec11psed arrangenent produces .

. e

. an upf1e1d sh1ft of the carbon 51gna1 re1at1ve to ‘the

3

sh1e1d1ng of the correspond1ng carbon in the ant1 form b




6 Gauche-gauche =" ¢  Transttrans °
| Lo . . B o - . . . :U','-: ; B . '
FIGURE 3: The §-Effect:. The relative orientations of the :

§-groups C and X.

A . <



’forwnon-riéid m’o“l-e‘cuTesf’i'-7 and as h1gh as. 6 6 : ppm in r1gld moTecuTes3?;

The former can be exemp11f1ed by compar1nq_§tructures 8 and 9 ’

TThe 1ntroduct1on of" the extra methy] causes the C3' ax1aT carbon in Q

\

“to be desh1e1ded by 2 1 ppm : In a r1gld system the desh1er1ng is- more

I enhanced the 1ntroduct1on of a methy] at the c 8 pos1t1on in T—methyT—'f o

o ;inaphthalene causes the T-methy] carbon to be—deshlelded by 6 6 ppm

The gauchertrans and gauche gauche 6 effects are smaTT,v1n.:gﬁ§,"

the reported casés <T ppm In fact for two methyTnorbornane der1vat1ves

“’lba smaTT sh1e1d1ng effect was observed The trans trans 6 effect shown

;‘ by exo 6 methyl exo 2 norbornanol exh1b1ts A 0 9 ppm'shler1ng effect

The desh1e1d1ng effect appears to be more pronounced when

B RN

) there ex1sts ster1c crowd1ng of the 8= groups, hence d1ffer1ng from the

' behav1our found for the \a nuc1e1.' ;”--ﬁ'd

L1 - £
R !

S .C;.ﬂCarbon 13 -nmr 1n Confonnat1onal Ana1y51s v':'
LT 40 A : :
75/7 . Da]Twng and Grant30b have character1zed the effect of

Ce

.......

;;127
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methy] sphst1tut10n in a ser1es of methy]ated cyc]ohexanes and a1ded '

by add1t1v1ty parameters, obta1ned from the uneou1voca] ass1qned chem1ca]

sh1fts of certaln der1vat1ves,_we5e ab]e to assign the ent1re ser1es wwth

11tt1e amb1qu1ty At room tempenature on]y averaqe ]3C chenwcal sh1fts are :

o obta1ned wh1]e 1ower1nq of the probe temperature enab]es 1so]at1oﬁ of

the 1nd1v1dua1 spectra of the aX1a1 énd equa§0r7a1 con‘oxmers The~

. ax1a1 methy1 carbon resonates 6 pph to hl@h f1e1d of the equator1a1 one

Further cowpar1sons can be made\by obsenytng the sh1e1d1ngs for c1s-'
b ' : %o

4 _
and trans 4-!Lbuty1cyclohexy1 dertvat1ves 9,4%. In genera] the equa-

tor1a1 substwtuent desh1e]ds the o, 8 and \ carbons re]at1ve to tne

. effect of an’ ax1a1 group As can be. seen from the Karp]us DUHTe

u

'equat1on wenttoned ear11er the paramadnet1c sh1eld7ng ‘par e is :
‘ d1rect]y depencent on the charge dens1ty, hence the chemttt rmft of
: the cyclohexane rlng W111 depend on the subst1tuent s e]ectronegat1v1ty
TaL1e I 11sts representattve data for varwous cyctohe\ane subst1tuents

The carbon chem1ca1 sh1fts and conformatlona] ana]vs1s of

Abh var1ous n1troqen heterocyc]es has been descrwbed by severa1 author 34 43 42]

nd part1cu]ar 1nterest in those re1ated to analges1c act1v1ty have been

s

stud1ed 1n our Taboratory

A part1cu1ar area nhere prr has proved to be usefu1 bas been

.in stud1es re]ated to the natuxe of storeo structura1 act1v1ty re]at1on- ‘

!

sh1ps 1n ana]ges1ca11y act1ve cownonents 1nc1ud1no der1vat1ves Q;

=)

T 48 :
Rt phenprwper1d1nes and o 7= ben’o”ovpharsqg. It has been estab~‘-

11shed50 ST that the anaiges1c potency oftmorph1ne and synthet1c anal—

ges1cs corre1ate v]th the atta1nxent of a conf1gu:at1on Yn whwch the
henyl grou Yis. a~1a1]v or1entated Casy and co- worke;s ut11?z1ng pmr

'1dent1f1ed the ax1a1 pheny1 confornatton in certa1n 4 phenv1p1per1- L

A wn '1

13.
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7‘dposses

e ;1n partaeular, those systems 1nvo1v1ng 1ntramo1ecu1ar 1nteract1ons
c o &

~ [

1:d1nes48 252 (1 e promedo]) and 3u phenyltropane =3- B carboxy]ate hydro—

‘..cnlor1de24'

: 7“act1ve an ana]ges1c than its parehtzé and furthered the ax1a1 phenyl
, 4 - S
hypothesvs for: ana]geslc potency In the ]atter study2 a var1ety of -

’I s1m11ar tropane der1vat1ves were descr1bed wh1ch were postu]ated to

Lo .
;5 Hence we chose to use ;35 magnet1c resonance methods 1n these systems

tto determ1ne the va]ue of 13

of systems in whlch non- cha1r contr1but1ons were 11ke1y to be. dom1nant,¢:

a

Further 1t shou1d be’ ment1oned that the non cha1r conformat1onj“'h i

;~v1s a feature of part1cu1ar 1mpor€$nce Jin var1ous pharmaco]og1ca1 act1ve o

.imolecules easy has proposed non cha1r conformat1ons for the a£t1ve

",benzomorphan 1somers49 and the act1v1ty of certa1n gangl1on1c and neuro~ o

'~muscu1ar b10ck1ng agents have been ascr1bed\ to the ster1c crowd1ng

"f]ead1ng to cha1r deformat1ons e

4

As 2 cont1nuat1on of preV1ous work 1n our 1aboratory on the

fpotent1a1 of the 13C magnet1c resonance techn1ques as- a t001 1nethe

43354, 55 56 :
determ:nat1on of stereochemnstry 1n ana1ges1cs . the conforma~

BN

'7‘t1on of the three d1astero1sbmers of 1,3, 5 tr1methy1 -4- pheny] 4 p1per1—.'b

"’317d1nols (13) have been determ1ned in this study :J«;

The 1 3 d1methy1 -4- pheny1 4g§§per1d1nols (11a) (the prod1nols)

-

and the1r corresponding prop1onate esters llb (the prod1nes) have been

' _1nvest1oated55 a1ong w1th the narcot1c ana]ges1c tr1merper1d1ne 12b

'proaedol, 1ts 1somer556'and the1r precursors, 1, 2 5- tr1nethy1 4 pheny]-". «:

h;4 p1per1d1no‘lss6 12a and the non methy]ated 1. methy1‘4 pheny] 4— Lo

4, N
o .

The 1atter, bs1no the tropane ana]og of peth1d1ne 15 more

C nmr as a too] for conformat1ona1 ana1ys1s ;ff

PR

N---H 0- type 1ntermolecu1ar 1nteract1ons d1scussed ear11ér§'dTif*‘



as
: 4 “!

piperidinol “derivabives™ 10a, 10b. .

CPhor L

, : ) T S

- "‘_"”, The estab]1shment of the stereochem1stry in a11 of the com-rn—l"]

'kpounds 10, ]] and 12 was’ a1ded by use. of emp1r1ca] subst1tuent parameters 7ff;

nfrom carbon 13 stud1es of a ser1es qf substwtuted 4*p1per1d1nes ? and 4--

-l

".phenyimpemdmes46 of pharwaCo]ogical 1nterest In part1cu]ar a§ﬁ§f°j

c]ar1f1cat10n of the conf11ct1ng ev1dence52 57 59 f the stereochemxstry

"of the three 1someﬁs, a 8 and y of 12b 1nvolved the reversaY of the -l
"3rjpr1or a551gnment of the 8 and 1somers and hence pnompted the study of "’”“""7“.

‘ the &, and y 1samers of 13a i .

A'A;be;; Phosphorus Heterq;ycles

In contrast to the numerous stud1es avaxTab]e concernwng the e

- conformat1on of s1x membered r1nq heterocyc]mc compounds conta1n1ng
*j”O N or S very 11tt1e attent1on has been pa1d to the correspond1ng
i"."'";ftcervcﬂen*c phosphorus system On]y 1n the past few‘years have vorkers ‘

e

"f:J-turned tg th1s cha11enn1ng prob]emeo S]f’(

:



-~

v - ! ; "".y,A‘.

The conf1gurat1ona1 stab111ty for terva1ent phosph ,us, having

a h1gh barrier to invers1on has been demonstrated by Qu1n and co-, j”

60 61

workers - ine 1so1at1ng the c1s- and trans 1somers of vartous phos- o

-phorus heterocyc]es It 1s therefore 1nterest1ng to compare the
‘-fjfconformat1ona1 stab111z1ng 1nf1uence of phosphorus compared with the

: Tf}ffreely 1nvert1ng n1trogen atom 'in analogous compounds. Thus, ln the :

p?’ﬁ.]-methyl-4-a1ky]-4-phosphor1nanols 1460*61 a conf1gurat10na1 dwfference

.....

'fz’the so]1d state by X ray ana1y51552 Ea;11er A]brand‘et a]

S a re]at1onsh1p between 20

’,Qﬁécorrespond1ng n1trogen srstem on]y one d1asterlsomer 1s observable

hd ’ - C e

'*:Qifp‘CH3 group 1s ev1dent (cxs trans’/-30)

Predomlnance of an ax1a1 pheny] group at the phosphorus atom

rln’i pheny1-4~phosphor1nanone 15 and 1ts d1methy1 keta? 16 1s shown 1n

63 deve]oped

and the d1hedra1 ang]e:a'b?d assagned the

ECH

'Lff501ut1on conformatton of lé as a chalr or p0351b1y a boat w1th the fﬁf"
'7if¢pheny1 group equator1a1 However taklng 1nto cons1deratwon the X- ray

- }:'data Qu1n suggests62 that A1brand s calculat1ons may be 1n error.:fuv

Recently the ax1a1 preference for phosphorus subst1tuents 1n

o 14—c1s T e ‘-"."14*-'1:ra‘.h“s“ RO

e et

. 'Lwas observed at the phosphorus atom for the two 1somers wh11e 1n theé ,*;"’AA'

'[L1tt]e preference fOr elther equator1a1 or ax1a1 conflgurat1on of the U-ﬂ;ffafﬁ



‘: s1x-membere rlngs has been reported for a1ky1 Lexcept t buty]) and

aryT groups 1n 2—phospha 1 3 d1oxa§4

»

hexanes amg;for var1ous subst1tpents (z'=e1, OCH3,‘CH3, TPr and*

and 2- phospha 1,3- d1th1acyclo-

Ph) 1n 5 t butyl 2(2) 1 3 2- d1oxapqosphor1nanes66 57 in predom1nant1y
cha1r conformat1ons Further Lambert et al 8 have shown th t the
proton on phosphorlnane prefers the ax1a1 or1entat1on The ax1a1 s &ﬂ&i:f:k“h
preference dn; these systems has been attributed to favourable P and 0 F
lone pa1r 1nteract1on567;1nf1uenc1ng the tors1ona1 barr1er of the 'f. = T:'?ai 1&5
phq;)horus or the poss1b111ty that the syn- ax1a1 1nteract1ons may be ; .
qreatly reduced66 s1nce the phosphorus oxygen bonds are cons1derab1y
1onger than the carbon-oxygen bonds and because of poss1b1e consequent
, flatten1ng of the r1ng about phosphorus : ;:Ql-*.L_ :;A", X e "T;-7;l‘¢V{\
o “' ' There are d1stort1ons from cyclohexane geometry in® the ‘. PR
2; phosphor1nane compounds, the P C bond betng 0. 33A longer than the C C
bond the <CPC bond ang?e used for d1scuss1ons taken as 100’ 69 ffhe_"'d

w1den1ng of the r1no around phosphorus tncreases the puckerwng at c-4,,

the ax1a] subst1tuent at th1s p051t1on be1ng prOJected s]1ght1y towards

3

the rTng Hence convers1on of a chatr form with an equatbr1a1 P-

.

subst1tuent 1nto 1ts bOat conformer causes severe flagpo]e bowspr1t

j}hteract1ons th1s not be1ng‘the case w1th an ax1a1 P subst1tuent
L ' 70a- d

.4.n

ngh resolut1on 'H and P nmr have been empioyed -fo reQQv’

U R

; structura1 determ1natron of organophosphorus compounds, However, 1n
A @l

31,

most cases the P spectra g1ve rise-to on]y one chem1ca1“sh1ft para«‘n ;U

meter Th1s, together w1th the fact that the proton s1gnﬁ]s Ofcu; in
- a very narrow range and are thus d]ff1cu1t to asswgn suggests that413cv‘"

nmr studles wou]d be va]uable -0 < '“'f‘”'f e ' v' .':
;e -Dur1ng.theycourse of.thjs mork-several:reports%have,appeared :

g
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Le3
ot

e ' 71 77 ; C ' ' ..
L concern1ng JCP . coup11ng constants obtained from dlrect measurement‘

of the 13C nmr sR?ctra of selected a11cyc11c7¥;?2- °°¥°11°73 74 and ceE]
AN
75, 76 77 Dhosphorus der1vat1ves Ev1dence has been s ‘.;’

that c]ear]y shows a: dependence of both J13 31‘.-3'L R R

,sff coup11ng constants and 13C chem1ca] sh1ft on structures in "gf.'P

‘ ~é heteroaromat1c

preSented74 78'81

these compounds and thus our over]app1ng efforts have been}supp1emented?“v'_.\ ﬁ"j
by these resu]ts Our efforts have been part1cu1ar1y related to the ‘nl“
synthes1s of phosphorus ana]ogs of the n1trogen he erocyc]es descrxbed B

n ear1ier. However due to prob1ems of compound sta‘?T1ty only the o
phenyl anaTogs 1n ‘the phosphor1nanone compounds and der1vat1ves were o
studted in deta11 Supp]ementary data ‘on the cyclwc phosph1nes and
the1r correSpond1ng oxmdes are descr1bed Some 1ns1ght lnto the m-

P o e
o bond1ng 1n the P 0 bond "has been ga1ned (compare ref 82) '

N

FEl Carbon 13 Chem1ca1 Sh1fts of Selected D1enones :"Jt

xif; The n1trogen and phosphorus heterocycllc compounds descr1bed S ;
ST AN - . . . .

1n th1s work were synthes1zed by am1ne or phosph1ne d1enone condensat1on

I

‘fs' S1n¢e there 1s a pauc1ty of data concern1ng the carbon chem1ca1 sh1fts of:”

ﬁ! cross conaugated ketones, phorone and p1pertenone be1ng the only

.23

examples N we. e]ected to determ1ne the. 13C~chem1ca1 sh1fts of the

o d1enones, These resu]ts are descr1bed in Chap@pr V

g . . . . .
: : v . . R : . E. [

F.. ;3CtNMR Pr1nc19jes of: Data Acqu1swt1on

.-

Proton magnet1c resonance has _grown :hto one of the most .

1mportant methods of 1nstrumenta1 ana]ys1s rout1ne1y used by organ]c

: chem1sts : Neverthe]ess 1t 1s 11m1ted for two reasons F1rst the

5?* phys1ca1 propert1es and react1v1ty of organ1c compounds are more



JA‘complex proton spectra cover1ng a smaTT range (m]O ppm) Th

st
r

'; effect1ve1y exp1a1ned by the carbon atoms and theIr bondwng states than
_the protons~ Secondly, many organ1c mo]ecuTes give r\se to extremely
13C nuc1e1

'-on the other hand absorb o‘Fr a w1de range of approx1mate1y 220 ppm and

o :[the 13C spectra, rout1ne1y recorded w1th comp]ete proton decoup]1ng

-.(v1de 1nfra) con§1st of s1ngle resonances (prov1d1ng other magnet1c TI,

- ,fnuclef are absent) for each 1nd1v1dua] carbon atom 1n the mo}ecule

The app11cat1on of. nmr to the 13C isotope has two drawbacks

[
/

- 1) Its 1ow~natura1 abundance (1: 1%) .and, 2) Jts Tow. sens1t1v1ty, 1. 6% [

'f, compared to"H resonances (100 ) at the same magnet1c field strength

-thThe techn1ques for overcom1ng these d1ff1cu1t1es have been rev1ewed 1n

84 85 and Bre1tma1er86e Ne therefore descr1be

' ;deta11 by Levy . Stothers

:'Tthe techn1que re]evant to th1s present work pu]sed Feur1er Transform
:-NMR (PFT) e e |

o ‘ PFT nmr- d1ffers trom the convent1ona1 steady =state exper1ment

'(contwnuous wave CW) in that the sample 1s 1rrad1ated W1th the pu15e

) exc1t1ng a]] nuc]ew s1multaneously away from thelr equ1]1br1um or1entat1on i

‘with the magnet1c f1er 'So- generat1ng a s1gna1 that, after the pulse,
decays through re]axat1on processes (T], T ) to 'Zero. and equ111br1um is.
,re estab11shed Th1s free 1nduct1on decay (FID) i$ the Four1er Transform
}he steady state resonance87 o " . ' |
o Each FID is’ stored and accumu]ated in the computor memory

- and the spectrum 1s extracted by taking the 1nverse F T. s1nce the

'Q;Jor1g1na1 s1gna1, a modulated exponent1a] decay, contaJns a]] of. the..

1nformat1on in the normal absorpt1on pattern. Time averag1ng a ser1es
of FID swgnals prov1des a S/N rat1o (s1gna1 to no1se) enhancement of

./" w1th the added feature that the repet1t10n rates can be much h1gher g

~

20



IR . ) Lo, [y

than 1n the steady state operat1on This leads to an additiona]

improvement of up to 100 fo]d for a comparab1e samp1e time._ One of the‘

' -11mit1ng factors 1n the experiment 1s the re]axation t1me of the

resonance s1gna1s The pu]se repet1tion rate must be longer than the .

’ u'T] (sp1n 1att1ce re%uxat1on t1me) for the resonances so that equ111br1umvf

can be,re estab11shed between success1ve pu]ses In the PFT 130
nmr experiment a heteronuc]ear lock signal, usua]]y the’ 19F s1gna1 of
hexaf]uorobenzene or the ZH s1gna1 of a deuterated so]vent CDC13, C.D

A‘etc. 1s used to stab111ze the. field.

Spectra] Interpretat1on

'Off-resonance proton decoup11ng 1s a techn1que whlch is a

rout1ne exper1ment to determ1ne the k1nd of carbon subst1tuents The'

method 1nvo]ves p1ac1ng an” attenuated decoup11ng frequeney outs1de the

range of the Larmour frequenc1es of the protons, approx1mate1y 500 Hz

from the opt1ma1 decoup11ng va]ue Hence,v1c1na] and 1ong range coup1- ‘

11ngs co11apse and the character1st1c first order sp11tt1ng patterns .

for CH3, CHZ’ CH and quaternary carbons, quartet, trxplet doub]et and

- s1ng]et respect1ve1y, are read1]y dﬁscern1b1e w1th res1dua1 coup11ngs, N

J
4

“In pract1ce, qﬁaternary carbons are detected S1nce the1r s1gna1s are‘

r'. The off resonance spectrum suffers only a sma11 decrease in S/N

not affected by the decoup11ng frequency Methy] and meth1ne carbons
care 1dent1f1ed by the absence qf a s1gna1 at the same pos1t1on in both

*

| the decoup11ng and off-~ resonance spectra wh11e a methy]ene carbon g1ves

. rlse to a tr1p1et centered at the position of the peak 1n the decoup]ed,-

©spectrum. . . o | ”"_ L

' proton carbon d1pdle d1pole coup]1ng, a carbon atom not d1rect1y bonded

66’_

As a consequence of carbon 13 reLaxatton be1ng dom1nated by

B 1IN



‘uuto a proton is expeoted to give rise to a: spectra1 1ine of lowen *ntensity

,than the ma x {mum possib]e from d1pole dipo]a re]axatfon (Nuclear 0ver~»f\

.

-hauser effect) Hence this can be indicativg ﬂquaternary resooances

'*present in the spectrum Further proof of theSe‘resonance assignments

. can’ be obta1ned by a modulated off—resonance eXperiment‘in Which the

o 1rrad1at1on frequency is. offset as. before but the s1gna1 s modu]ated

*‘thus effective]y 1rrad1at1ng weak' and smal] coup11ngs the quaternary

resonances bewng 'decoupTed' appear as sharp sxng1ets

A great asset of the sp1n decoupllng techanue ar1ses from

m“

'kpowledge of the fu11y anaTyzed proton spectrum That is, the carbon 13 i

man ass1gned prdton resonance p081tiqn by selectlve decoup11h988 ’Theu'

o

‘)yexper1ment con51sts of a11gn1ng the deqoup11ng frequency at the center

of the mu1t1p1et oﬁgthe protons d1rect1y bonded to ‘the carbon atom to be o

ass1gned G1ven a suff1c1ently spread out proton spectrum on]y the

‘ ‘ufresonance due to the dxrect}y bonded carbon atom w111 be decoup1ed

3

‘ glv1ng a s1ngle resonance whereas the other carbon atoms w111 rema1n

| mcoup]ed e | | _
“ A]] of" these techn1ques have been employed in the present
work in order to estab11sh spectra] ass1gnments : 'v, Qi :]1> o e
6. 'EﬁperimentaI , Ce "’ R - .v;' E R

s

} ) Carbon 13 nmr spectra were determ1ned usxng a Bruker HFX 90 l K
d spectrometer operat1ng at 22 63 MHz “in conaunct)on w1th .a Nlco1et 1085
20K memory, computer The ‘instrument cons1sts of a deuter1um lock

B system a BSV 2 random noise (800 Hz band W1dth) proton decoup]er ‘and’

a BSV 2 pu]se generator ampl1fﬁer A]] samp]es were conta1ned 1n

.‘r R

. spectrum may be ass1gned by d1rect1y re]at1ng each carbon resonance with‘ - e

-

jizzfd



. _l A‘_. X ‘.
. e ,'. »‘ . . . '/ o » . . “ ) . . ;‘ . -~ ) ) , . “‘
;‘ffprec1sion“9round*lo'mm, o.d., tubes. ‘The~spectrometer was used in. the'

'*ﬁ,;‘crosscodl‘configuration | On the average a 8 us pulse. corresponding to

Ximate tilt angle of 45‘,iwas empJoyed The de1ay between

i‘pulses"was 0 8 sec for the average spectra1 w1dth of 5000 Hz'_ Accumu1a?i -
;.:;:tion time averaged 30 m1ns over 8K data points for. COncentrations of * }h
-"".W_théﬁg;der of- 0 27 M . For off resonance on coup]ed spectra th1s time ;;s' o
'Ti“‘doubled AT carbon chemica] shlfts reported in this work are glven 1n

kf; parts per million downfie1d from TMS Henoe a negat1ve chem1ca1 Shlft

. » .
-parameter refers to an upﬁweld shift and a p051t1ve va]ue, a downfield .
’sh1ft S } _' -‘_~’ - "“ :. o . o 'ﬂ f'

The pmr spectra were recorded us1ng Var1an Associates 60 or

;;' HA 100 spectrometers gt

The exper1menta1 procedures for obta1n1ng the compounds used

"__xn th1s work are’ reported at the end of the ‘relevant chapter

N
~
\\
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‘A._lrhe Sterochemlstnx of 1,3‘5-Tr1metny1 4-piperidone and jts 4~

** ‘NITROGEN HETEROCYCLES

-f;‘Pheny1a1cohol Derivatwves .

. L ; . "' ' >-‘ ‘ . . : Co » \‘

-‘fINTRODUCTION S e ® B R : s
- " The'. lsolat1on of’ the three isomeric 1, 3 5- trimethy] 4~phenyl— f_»ﬁ‘

4- piperxdwnols from a pheny]]xth1um react1on on the correspondlng ketone N

~. has been descr1bed by Sorok1n89. “The - structures of the three isomers jf' ; R

':No spectra] eV1dence was reported

Awere assmgned as o, B and y on the bas1s of the ease of esteriflcation

.

' MY”\,}A
- :' a B Y | i
, . \r e '
Sorokln also showed that the prop1on1c estef/hydrochlor1des of the a-
and B -isomers (c1s Me Me) were ana]ges1ca11y 1nact1ve, wh11e the ester i o

“'thydnochloeres of the y-ﬂsomer (trans Me Me) was  as potent as prcmedo]

’17;(See Chapter One) It was suggested that the 1nact1v1ty of the Cis~ ‘:s'ﬂ' "

) ._1somers may- be due to the equator1a1 me thy! groups h1nder1ng the format1on

i’ioof a drug receptor comp]ex The 1nvented~cha1r form_of,the Y—1somerv"

. -



1n which the phenyl group is axia\ly orientpted occurs only to the;
extent of 15%90 - The acthe conformer therefore. has an equator1ol'
phenyl group consequently defying the "dkia1~pheny1 configuration ‘
requirement“ described in Chapter One. o °

Since cerbon 13 nmr‘studies56

carriedrout 1p’£h§s laboraigry_
had shown that the conformations of the four diastereoisdmers in the ‘
ana]ogous 1,2,5- trimethxl (promednT) derivatives were previously assigndd
incorrect]y, 1tp§g~med ‘desiFable to repeat Sorokin s synthesis. and to
determxne the conformation of the a, B and Y- 1 3 5 isomersounequivocally'
13 ‘ C t

usipg c nir methods SRR . ¥

RESULTS |
The convent1ona1 ]abelIing system for the piperldine ring is

emp]oyed throughout this work Carbon atoms in substituents are identi-,
-fied by a, pr1me symbo1 “for %he'number appropriate to;the}pos1t1on of. -

subst1tutaon on the p1per1d1ne r1ng Pnenyi'rjng carbons’are’]abelled ’

c-g, -0, .C-m and C-p. . ' = d

The carbon 13 chem1ca1 sh1fts of 1,3,5- trimethy] 4 piperidone ©

17, 1ts 4-pheny1a1coho] u,,e and y 1somers and the1r hydroch]orxdes are

~
‘ g\ven 1n Table IT.

-

In the above compounds symmetry ex1sts in al] but’ the y-asomer, .

in wh1ch the methyl groups are qx1a1 and equatorial at c-3 and )
c- 5 respect1ve1y In the a- and B isomers the double 1ntens1ty of the
resonances due to the-equ1vatant carbons C- 2 6, €-3,5 and C 3! 5! '
enab]e thefr dwstlnct\on compared to the S\ngle 1nten51ty of the reso-

nances due to C- 1' and C- 4. Txp»dh] ﬁow fleld sh1fts for a carbony1 fd

resonance (NZOO ppm) dwst1ngu1sh the C % carbony1 carbony]. while in the .

phenyla1cohol 1somers the ¢c-4 resonance was ‘{dentified” usmng modulated . 4

“

- [}
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“
wﬁ*dﬁ?nethods An off resonance decoup1ed spectrum exh1b1ted -

fcharacter1st1c tr1p1et pattern about the 1ower f1e1d resonance and

4 doublet for the methlne carbon resonance (40 43 ppm) Quartets about! :gf/f

'ine h19he t”fme]d resonances (10 13 ppm) def1ned the,C 3' 5' methy] .

i
t' N

carbon atoms

For the aromat1c carbon atoms, the ass1gnment of the quaternary .

C and para resonances were d1st1ngu1shed by the1r 1ower 1ntens1ty com-:

pared w1th the ortho and meta carbons D1st1nct1on between the former ;:

pa1r was achTeVed by off resonance decoup11ng Amb1gu1t1es st11] f, 1)'T*e;<-

remam for the ass1gnments Ofo the C o and C m atoms in a]l cases. How- .

ever, the lower fteld resonance was ass1gned to the ortho pos1t1on com— S

parabTe to prev1ous ass1gned 4 pheny1 4 p1per1d1n0155$«56 ‘dj‘;_'ﬂ' - :t-;%f”
For the Y- 1somer and 1ts hydroch10r1de sa]t the absence bf

ymmetry g1ves r1se to equa]]y 1ntense resonances for a]] of the r1ng ,;

ég?bon atoms k Off—resonance and modu]ated off resonance techn1ques

°nabTed d1st1nct1on of C 4 the quaternary carbon atom and the methy1

r methy]ene and meth1ne carbons ' The actua1 ass1gnments were made through

'>considerat1on of subst1tuent parameters and trends observed upon protona-unﬂ'

t1on as descr1bed by Jones and co- workers43 55, 55

DISCUS§"ION | S e
' Comparwson of the carbon 13 chem1ca1 shlfts of 3! 3 5- tr1methy1- L ;!
.r 4 p1per1done and 1 3- d1methy1 ~4-pi per1done55 enab]es determlnatwon of
| the subst1tuent effects of the equator1a1 methy] group (o + 3.1 ppm, B+

8 1 ppm) These values compare favourably w1th those determ1ned by B

o Jones and Hassan (+37 and $779- ppm, respect1vé1y) for p1peﬁ$d1ne r1ngs
The B effect of the equator1a1 methy]lon the carbonyl resonance causes ;

I

Y oe

a downf1e1d sh1ft of 2 9 ppm Th1s dwfference in B effects was also

e



VQQ;the carbony] oxygen atom

ENE Aa‘,’r"'-.

. '.

o noted by Jones and Hassan and attr1buted to the compensatxng_effect of

The pmr spectrum of the 4 p1per1done bydroch]or1de sa1t was

*_determ1hed 1n both" C0613 and D D In the former the N methy] s1gna1 o

‘i;.vappeared as a. doubiet CJHH =7 Hz) centered at 2 93 ppm and the r1ng

';latter there was no change in. the r1ng methy1 shwft but the N methy]

. oowas a swng]et at 3. 11

. ;w1th the so]vent._ A further examp]e of coup11ng of the N methy] s1gna1 ’~'V

;r'1n CDC13 solvent was observed 1n the pmr spectra of the Qs B and Y »
rhydroch]or1da derwvattves (Tab]e III) The carbon 13 spectrum of the
'hydroch10r1de l7a determ1ned in 020 gave dupltcate resonances “for C 25 6 &

ﬁJCr3,5~and €3" 5t carbon atoms ' The "new resonances" accounted for }f';J'

’7f'about*lb of- the tota] concentrat1on and are attr1butab1e tp the 4 4-' RS

d1deuteroxy form of- 17a since’ a concom1tant resonance‘was observed at

93 ppm txp1ca1 of a d1hydroxy subst1tuted carbon (C 4) ¢ Other examples-

e e

°f‘17a’ .

I . m

‘ of hydratlon of the C 4 carbony1 group has been reported by Casy and

'c _l_-_lassan91 for the hydroch1or1de sa1t of 1 2 5 tr1methy1 4 p1per1done

;5methy1 appeared as a doub]et ( Jyn_ = 6 Hz) centered at . 09 ppm.‘ In the 5..'.;f :i

ppm due to deuter10m exchange of the N H proton -ﬁ?"



ngProton Chem1ca1 Sh1fts and.(:ouphng,Constantsb of the N Me

and C Me Protons 1n the a, B and y Free Bases and :

s

Hydrcch10r1des .ffii_ !l :1:5_,; .

B ’ _a.HCJ ‘\ )

©BHCT

"i.y.  i
y-HCT

2.3
285 (5.04) 06y (55 Hz)

23 © 0.6 (6.5 Ha).

3 ‘t;;;o 57 (6. o Hz)7_7'

79

T

e

- VaIues 1n parenthes1s

. 2.85 (5.0 Hgl 0. 90 (4 5 Hz) eq; 1. 10 8 o Hz) ax3.f :,;j;

: Gwen in ppm downﬁeld from TMS -~‘sd1.yey',-t;_;'f-_ e

LORER

¢4

; 3. o4 (4 5 Hz)  0578{(§;§ Hz) ,  - ::: “lf f‘"5 :f4-J;5-

R 3



*Ch{;j“”;}'; The conf1gurat1on of the o—lsomer 15 1dent1ca1 to that

" f;proposed by.Sorok1n The s1ngle resonance at 12 24 ppm*character1ses

tf;the equatorwal T‘"Q methy] groups56 The C q aromat1c carbdn at 145 60

~_ppm compares wwth the equ1va1ent carbon 1n the u—wsomer of 1 3;d1meth¥1- ;ifftimi

1:4 pheny]—dvp1per1d1n01 (147 5 ppm) 1f one cons1ders the add1t1ona1 y—*l;:f

.llf ‘sh1e1d1ng effect of the C 5 methy] group In the 1, 3 dlmethyl system

"zu;the pheny] group 1s estab11shed ‘as: havrng the equator1a1 orientat1on

In the B-lsomer the C 3 5 and C 3“5' carbon poS1t1ons are

itf?fdesh1elded by 3 1 ppm and 1.1, ppm, respect1ve}y, compared to ‘the o-'°:Afffjf;‘:57
E ffjlsomer S1m11ar effects (+3 0 and f2 4 ppm) were observed at the P
e Eniana1ogous C- 5 and C- 5'.carbon pos1t1ons 1n the B-ISomer of the 1 2 5-.

»_ﬁtr1methy1 -4~ pheny1p1per1d1n 4 01 (12) in wh1ch the pheny1 group 1s

1ﬂ¥-estab11shed as ax1a1 The conf1guratxon of the pheny1 gr0up 1s def1ned P
1’by the sh1ft of - the pheny] C -q carbon In the 1 2, 5 tr1methy1 and 1. 2= ’f;
Tﬁ.nid1methyl 4 phenylp1per1d1n 4 o1s th1s carbon 15 sh1e1ded by 2 3 and 3 8 v
’“’~?1dppm, respect1ve1y, compared to the 1somer where the pheny1 group 1s.f’$
{'7'&fequator1a1 fIn the 1 3,5- tr1methy1 B-1somer the effect 1s s1m11ar in
ﬂl magn1tude ( 4 0 ppm) The 51m11ar1ty in the effects on the pheny] C q
'ﬁ'carbon in the 1 2- and 1 3, 5 nsomers suggests s1m11ar conformat1ons for ififﬂﬂ:f
'1if::these compounds The attenuated va1ue 1n the 1, 2 5- 1somer 15 attr1buted RS
'i;;to a change in’ the re]at1ve or1entat10n of ‘the. pheny] r1ng (v1de 1nfra) E
h'LThere is a not1ceab1e dwfference 1n the subst1tut1on effects between ‘
-;the ax1a1 hydroxy1 and ax1a1 phenyT groups on the C 2. and C 6 carbons 1n ‘lﬁ:"“fl
-‘the 1 2 1somers +1 4 and +0 2 ppm, respect1ve1y (ax1a1 pheny] has C- 2 o

. ;‘f[gand C 6 to low f1e1d) However th1s cannot be attr1butab1e to methyl
subst1tut1on s1nce the analogous effect 1n the 1 3,5~ 1somer at C 2 6 1s

**+1 4 ppm S1m11ar sh1e]d1ngs occur in the 1, 2,5 1somer, +2 5 ppm (C 2)



.bl'kfiand +0 4 ppm (C 6) w1th an enhanoed effect at C 2 compared to the 1 2-,>~‘ .

‘ '?ﬁ;desh\eld‘ntfbetn due to a G-effect caused by the 1nteractf n‘of the C 2 e

l d'land C 6 carbons w1th the C—o aromat1c carbon

| %?1somer._ It is suggested that the d1fference in the desh1eldfngs at ﬁhe T;ﬁﬂﬁ.*;h

;Z'and CﬂG pos1t1ons 1n the 1 2- and 1 2 5-1somers 15 due to the relat1ve-~55 i

on of the pheny] r1ng w1th respect to these carbons”fﬂ,""

;The enhanced desh1e1d1ng

;;at C-Z 1n the 1 2 5 1somer 1s attr1butab1e to a change 1n phenyl or1enta—‘ uf;;;;g

- "tatlon so as to cause a greater 1nteract1on between the C o and c 2. carbons :faff

"n‘;The aaeffect a]so accounts for the desh1eld1ngs of the C 5‘ methy]s in

'hlffhe 1, 2 5- and 1 3 5 1somers ment1oned ear11er

\'ﬂ,ffThe calculated sh1fts agree wel] (Tab?e IV) for the C-4 and C 6 carbbn

'-,{:d The aSS1gnment of the y rsomer was a1ded by the emp1r1ca1

'rwfadd1t1v1ty re]atwonshlps derwved from compounds 10a and lla(al, 1 e }:f:”at

:fif;a + 2 &, 3 Cq- & 3 3 sc é +: 7 4. ppm§5 and app11ed to ]1a(8)

DR}

: atoms but dev1ate by 2 4 ppm at C 5 Ev1dent1y, there 1s no a-effect,,_:d
_the sh1fts 1n both Ila(ﬁ) and y belng 31 50 ppm Th1s effect presumab]y

: arnses from a’l 4 gauche 1Nteract1on between the phenyl ortho: carbons on j'””
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1_the C 5 pos1t1on which effectively compensates for the “horma1" 'v
“effect The C 1' carbon resonance was ass1gned by:a proton se]ective
,vdecoup11ng exper1ment ‘the’ chem1ca1 sh1ft 1s xdent1ca1 to that 1n the . fipL;¥¢7

*'1 3- dwmethyl system (Iga(E)) Se]ect1ve decoup]mng of the r1ng methy1s -

'.’*was not poss:b]e due to the small d1fferences in the1r proton chem1ca1 ,

' hi.sh1fts (Tabie III) However the 46 62 ppm and 12 84 ppm sh1fts are
‘_&ss1gn€d,to the ax1a] and equator1a1 methy] carbons, respect1ve1y '
~ The h1gh f1e1d shlfm compares favourably w1th those in, the a-isomer ﬁv'
‘;;(12 24 Ppm) and 1n 11a(a) (12 30 me) > The 1ow f1e1d sh1ft of the‘.; f
‘ax1a1 methy] group 1s attr1buted to removal of the hydroxyl group Y- L
h-gauche effect wh1ch 1s present in. the equator1a1 methyl subst1tuted com- :
) 'pounds In c1s and trans 2 t buty1 5-methy1 -1, 3 choxanes92 the 1dent1~[;

' ca] geometr1c re]at1onsh1p occurs wrth the ax1a1 C 5"methy1 group

deshle]ded (3 ppm) compared to that 1n the equator1a1 1somer

_ transe1;3—dioxane ;‘ ;:cis—],B-dTQXane.;p3

e R ‘ 24 , - . o
‘Recent]y, E11e1 and co workers have descr1bed a hypercongugatlve type

‘j;'1nteraction arls1ng between the free-e]ectron pa1rs centered on the

:hoxygen atom w1th the C - CB bond wh1ch is. accompan1ed by a subsequent
o a1ternat1on of the electron dens1ty at the Y ant1 per1p1aner carbon,.1 e.

-*equator1a] methy], to exp1a1n th]s effect An 1dent1ca1 explanatlon can

. be used 1n the n1trogen qompounds to account for the sh1e]d1ng of the '

: equatomal methyl group (lla(oz) and () relative to'the ‘axial. methy] group

E ff(11a(8) and 1)



. N - v -‘
s . : ]
Two 1mportant features arise from the der1vat1on of the

s

iffects by compar1ng the free base and correspondwng hydro— .

fch]or1de saIt chemwcaI shnfts (Table IV) (a) The equator1a1 methyI
"B*desh1e1d1ng effect s attenuated by 2 ppm at the C- 6 carbon 1n the f:;,
:.hydrochlor1des reIat1ve to the free base‘ Presumany the pos1t1ve .
.ccharge on the n1trogen restr1cts the pos1tive character of the adJacent
carbon atom (b) The Y effect at C 3 is 1ncreased by 2 ppm when the

:_.methyI groups are trans on1entated in the free base of the y 1somer com—
I-’pared to- the c1s d1equator1a1 methyIs of’the - 1somer It is not cIear

‘ why " an ax1aI subst1tuent at the Y- carbon shouId 1ncrease the Y- effect B
f_aof the equator1a] methyI, other modeI coMpounds need to be stud1ed
o 'k Compar1son of the r1ng methyI carbon sh1fts in ccmpounds 17
H'(TabIe II), Ila(o) and lla(B) (TabIe IV) upon 1ntroduct1on of ‘the equa—
'ftorlaI methy] g1ves the gauehe trans and trans trans § effects for the ﬂ'”.

methyI carbons in compound 11a(B) and 11a(a)/17 respect1ve1y Ihé“

".gauche trans G—effect is smaII and deshielding (+0.3 ppm) but 1n the

' hydrochIor1de has a sh1e1d1ng vaIue of -1.0 ppm This vaIue is qu1te
vIarge Ain compar1son to the vaIues reportﬁd in the hterature3 (+0 5 ppm)
The trans trans 6~ effect in thh 17 and Ila(a) is SmaII and sh1e1d1ng,- :
‘v—O 5 and 0 I ppm, respectrver As exp/ected43 protonat1on of the nltro-
gen atom resuIts 1n upf1e1d sh1fts at all p1per1d1ne r1ng carbons o
(Table 11): R |

: b: "ﬂ The proton chem1ca1 sh1fts for the N- methyl and r1ng methy]

‘proton resonances in the a, B and y free bases and hydrochIorldes are "

g1ven in TabIe III The pmr resuIts “for the x isomer- cIearIy d1fferen—5
~ tiates the ax1a1 and equator1a1 methyIs (ass1gned by magnwtude of the-

,‘coup11ng constants compared to a- and: 8=1somers) The hydrochIor]des>of;.

-



. v . A . . P
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. B o .‘ - ‘-M e
a11 three 1somecs show coup11ng between the N- H and’ N methy1 protons of
':approxnmallﬁy 5 Hz S R R e G PR H ;”:
'CO"N'CLUS'ION'

~ The.cmr and pmr spectra] eV1dence thus aTlow unamblguous o
'_ass1gnment of the conformations of the three 1somers q-, B- and ¥-1,3, 5-

T tr1methy1 -4- phenyl 4*B1per1d1no1 "':‘ .i' _""f" R

<
.

B. The Stereochem1stry of 1,2, 2 6 6 Pentamethy] 41p1per1done and some : .

: of 1ts Derﬂvat1ves

-

INTRODUCTiON °,

The 2 2 6, 6 tetramethy]ated p1per1d1ne ske]eton has var1ous

pharmaco1og1ca1 propert1es depend1ng on the subst1tuents present on &he

' - C- 4ocaern pos1t1ong3;‘ However, stereostructura1 act1v1ty relat10hsh1ps

» have not been reported. for these systems Hence we.have stud1ed the

4- oxo ‘and 4- hydroxy] der1vat1ves of 18 and the 4 oxo, 4- hydroxyl and 4-

"4pheny1 ~4-01 8er1vat1ves of 19 ' The most 1nterest1ng aspect of’the penta- B

'"methyl system is the steric qongestwon about the n1trogen center

1

AN
Q

K



e

"upon 1ntroduction of an axia] group at the C 4 positwon Infraged

'ffestudieslo’have shown that the equ111br1um of the pheny1a1coho1 (2a)11es

'i to the r1ght (Zb) the. cha1r form having extreme sterwc strain due to the

’ three oppos1ng ax1a1 substTtuents The attempt to observe the-—N
o‘.a’

xnteract1on in. the above molecule was stud1ed w1th an emphas1s on.. the '

’ ;poss1b1e breakdown of add1t1v1ty re1at1onshmps 1n the proposed non-

~".m01ecu1e s conformat1on.have resu]ted (v1de 1nfra) The similar 3,3, 5 5—

1,cha1r conformat1on

/\n - R

Recent 1ndependent cmr stud1es by Jone594 and L1ppman95 have

shown the equ1va1ence of the-methyl groups 1n 2 2,6,6- tetramethy]-bw
"7.“p1per1d1ne (18) : However, ow1ng to d1fferent 1hterﬁ%etat1ons concernwng

_ b
';the use o%gGrant S add1t1V1ty parameters39 > conf11ct1ng V]ews of the

7,"tetramethy]cyc1ohexanone has been subaected to con51derabTe study us1ng

97

pmr96 and cmr methods - St. Jacques96 has prov1ded ev1dence for the

acha1r conformat1on of th1s ketone However, Stothersi97 resu]ts suggest

"a6.-
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"“distortion 1n this system from the perfect chair $fﬁii§r substitution ,'h‘
"of methy] .groups ..in the 1, 3 dioxanes has been 1nvestigated by Kel]ie and ’

f'j”RiddeII : These authors suggest that the 2 4 syn-ax1a1 interact1on of

| '_”Tﬁthyl groups in the 2 2,4, 4- tetramethyl substituted 1,3- dioxanes cause '

) '., the nmﬂecule to prefer a 'deformed chair c&hformation Other workers f*e! :'.

»have studied pmr line broadening effects 1n N sulfiny1 -surfenyl and ‘
-su]fonyl derivat1ves of 2,2 6 ,6- tetramethyl-4-p1per1done98‘i Even w1th e
7these large bu1ky groups 1t was found that- n1trogen atom 1nversxon was

Tas rap1d for the N- sulfonyl der1vat1ve as for N- H and N Me tetramethy1 4— ff

"piper1d0nes ‘ However the rate was slowed down sufficwent]y for the

»

3su1feny1and su1f1ny] derivat1ves to al]ow ax1a1 and equator1a1 methy]
‘~. Q . . ' . - . .

) groups to. be. observed | S~ '
' ' 3 P1per1d1nol 20 has been shown by I. R 25 to ex1st 1n a Form -
: which demands 1ntramo]ecu1ar hydrogen bonding The hydroxy] group

‘adopts the ster1ca11y less favourab]e ax1a1 or1entat1on 20(b) A pmr ff'

20(a)‘ e A 20(b)
¥ LT . ) N e Y °

'stUdygg has been reported and 'the est1mated mo]e fract1on of conformer ‘
- 20(a) g1ven ‘as O 64 when determlhed in CC14, correspond1ng to a conforma--
R t1ona1 freeeenergy dwfference of approx1mate1y 0 37 kca]/mole for the

“'r13 hydroxyl at 30° ' He have attempted to observe this 1nteract1on us1ng



: "\‘ \/ '
carbonq13 e 1n order to establish the contributions made hy 1ntra- -

o .
b molecuIar hydrogen bonding to lac—shifts

i
.
"

‘ ;te,-;sm.rs g e R
_ fﬂ: The observed cerbon 13 dhemica] shifts for«the N-H. and N-methy1 \,:‘”
.fez 2,6.G»tetremethylpiperidin-4-o¥o 24 and 26 and 4*01 derivatives 25 andj"
B h3?27 and their correspond1ng hydrochloride sa1ts along with the supporting -
~;lf”ldata for piperid?he, 2- methyl 2,6- dimethyl and 2,2, ,6,6- tetramethy1-p'f‘ h
| .Epiper1d1ne, (Zi, 22 23 and 18) are presented if Table V. Tab]e V;af*“t'”
‘1,*;‘5summarizes the 13C chemical shifts for the 1-meth¥1 (10&) ] 2,6- '. '
T_i,trimethyl (28) and 1 2 2 6 6 pentamethyl -4- phenyTp1perid1nn4-o1 (g)
efa1ong with a’ so1vent study for the 1atter The protonation effects on
"these compounds are given 1n Tab1e VII Tab]e VIII summar1zes the o-; B=
‘and y-add1t1V1ty effects ar1s1ng from introductwon of methy] substituentsf g
'at the c-2 and CaG posit1ons 1n a series of p1per1d1nes and the C- 3 and :
- ;v?»C 5 pos1t1ons in cyc1ohexanone The effects of solvent vartat1on pn the-* N
:j‘ﬂ‘3C chem1cal shwft ‘of 20 are summar1zed in Ta‘le IX.
' The condensat1on of phorone W1th aqueous methylam1ne 15 well
lknown"o0 108 However the product was- always isolated as the free base ;_,
‘fand then character1zed Instead. in.a similar react1on we 1solated the n
v7:‘product as ‘ar hydrochlor1d ‘and: after workup obta1ned two fract1ons ‘
i'Extrgct1on of the crude hydroch]or1de w1th ch]oroform gave one fract1on, . z
;i}he rema1n1ng mater1a1 be1ng so]ub1e on]y in water Ne denote these ‘
~_‘ extracts CHC13 HC] and H20 HC], respect1ve1y (26a - CHC13, 26a - H20)
So]vent studles uswng DMSOd6,3C03OD CD30H, Dz!!;:d CDC] were carr1ed 'i'-
out on the CHC13 HC1 extract and 020 and CD3OD the H20 HCT extract

These resu]ts are summar1zed in Tab]e X

Ass1gnments of the carbon 13 resonances to the approprwate
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.TABLE VI11.=* T

Additiv1ty Parameters for: Introduct1on of 2 2 615 Tetramethy]

: Substituents To Some P1per1d1ne Der1vatives and 3 3 5 5 Tetramethy1

a

Subst1tuent to Cyclohexanone
A )

L - = o

"1Coﬁﬁounda - .f E  e" ' Add1t1vity Parameter PP
B ai,v et _s»: : Yc 4  “YN%Me

. o e

f"”+11,2,1“f”f-5.9

S5 DAY
Ay . - R ',

B TR £ Y-S/ T R (I B

R TR I I S

Solvent CDC13

23, 93, N= Me 46 94, taken from J. Leunq, Thes1s, Un1vers1ty of A]berta,

1975 S T e N

0-9 Referencew97u

Chemlcal Sh1fts -of . N methy]pwper1d1ne ;C 2; :6 56 69, C 2 5 26 11, C-4 .

4340 W - w2 T 165 L
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.v,quo309j.;.27,46;,:»;'23;;9,fe' ’;f‘-23 7g - ;_§85§3 .49, 25;
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s e
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carbon poswt1on 1n the compouhds studied were made using conventional L

o technlques as d1scussed in Chapter One.

Ve

mscussz : L Ll S

T

1. Genera1 Add1t1vfty Effectdlin the 2 2 6 6- Tetraﬁethyl System v“”'

‘ _The chemical sh1fts for p1per1d1ne 21 and 2. ,6= d1methy1-

43 94

piper1d1ne 23 have been reported in: the 11terature Although

.3

the determ1nat1ons were for neat 11qu1ds and a soTut1on in Cst, he“,i”:
shvfts agree to w1th1n 0 5 ppm‘ Hence. soTvent effects ‘must be con— .:u;;;
7.%s1dered m1n1ma1 : Compar1son of 21 with the 2- methy1 derwvat1ve 22

’ :g1ves add1t1v1ty parameters for an equator1a1 methy] a + 5 7 B+ 8 5 .

and y + 0, 7 PPm AnaTogous parameters der1ved for 2,6~ d1methy1p1per-’w""”":”’.

Q-

;' dine 23 are o +- 4 7 B+ 1 5 and Y + 0.7 ppm The not1ceab1e decrease

L

-f1n the 8 effect ar1ses from the fact that the d1ax1a1 conformer w111
o on]y be present to a smaT] extent in’ 23 due to severe 1 3 d1ax1a1

\-_j1nteract1ons, hence chaw; to cha1r 1nterconvers1on w1TT not be as . 1mpor-;"

: “tant for 23 a541n 21 and-22' The vaTue 23 4 ppm ‘can be taken as a -

‘_:typmcal {c-2' 6 ) equator1a] rfng methy] shift. On further methyl

iasubst1tut1on at the 2 6- pos1t1on, as in 18 the ax1a1 and equator1a1
:L'methyls become equ1vaTent and onTy one methyT resonance is observed o
“at 3. 67 ppm. (CDC] ) l 1t is expected that the. cha1r to cha1r 1ntercon—‘f~4bﬁ

; fvers1on w1T1 be rapid s1nce 1n each chair there ex1sts the same syn- _

d1ax1a‘l 1nteract1ons ’ ,
The carbon chem1ca1 shwfts of 19 ‘were not obta1ned d1rect1y

*,but rather calcu]ated from the add1t1v1ty effects obfa1ned by - compar1ngv

?

.'jlparameters are a‘+ %F9 B2, Yc~q§d "7 and chmemf 4'4 ppm..

.v24 and 26, and 25 and 27 (replac1nw N-H by N-Me) the average add1t1v1ty_ -



-sh1fts 1n 19 Carbony1 group su st1

.

*
\.

@aawa’lmy

App1y1nq these parameters to 18 enables ca]cuL&t#on ?“mhgmcbem1ca1
e

't parameters were der1ved by

.compar1ng 18 and 24 (n + 15, 1 G + 5. 2 and YC Mi + 0 2 ppm)

Cons1derat1on of the carbonyI effect on the calculated sh1’ts in 10

provxdes ddta for 26. The, ca]cu]ated and observed sh1fts 1n 26 are
'\_‘ N

in exce]Tent agreement [C 2 6 {0.0) .. ¢C3,5° (0.2) and C-2',6" (0.2v‘«vl
“"»-,'ppm)] S | ‘ |
Tab]e VIII g1ves the add1t1v1ty effects ar1s1ng from 1ntro— _.;

"vduct1on of uem d1methy1 subst1tuents 1n a serwes of pwper1d1ne r1ng "'

.',,

:”systems and cyc]ohexanone The b effect remawns constant in a]l of

: the compounds wh11e the a effect is greatﬂy attenuated upon 1ntroduc-
‘.-t1on of an. e1ectronegat1ve n1trouen (compare the substwtutmon of _
-Aphosphorus, Chapter Four)' For the N- methy] and N H p1per1d1nes the-”
.j Y- effect gs, sh1e1d1ng, wh11e subst1tut10n at the C 4 pos1t10n by a

carbony1 or pheny]a]cohol qroup causes a desh1e1d1ng Y- effect Intro-_

duct1on of Carbony] for: methy]ene at C- 4 removes the read11y polar1z—

ab]e C-H. bond that is attr1butab1e to the sh1e1d1nq Y- effect

h.Desh1e]d1nq in the pheny?alcohb] der1vat1ve is due to a conformat1ona1"

s

_(2) (v1de 1nf|a) “A s1m11ar desh1e1d1ng was reported55 for compar1—

_:’son of 28 -and- 10a where 1ntroduct10n of an ax1a1 C 2' methy] deshlelds'-

IS

ajC—4 (+3 3 ppm) The - effect in the tetranethy] substwtuted systems

s desh1e1d1ng except in the N-met hylp1pev1d1ne (-3 1 ppm). Th1s’

:sh1e]¢1ng effect cannot be exp1a1ncd at thws time.

o

. 2. Spec1f1c COnforﬂnt1onaT Effotts_ -
0 - a. 2 2 6 6- Tetra1nethy]p1pemd1ne Dem&nves

As ment1oned ear]1er add1t1v1ty pdrameters der1ved by

change from a cha1r'(10a) to a non- chh1r in the pentamethy] der1vat1ve‘

a7



'Da111ng and Grant?ob have been used to pred1ct the carbon 13 chem1ca1 \
’sh1fts 1n 18 ’ However, the conformat1on of th1s molecule js st111 in
doubt Jones et al. 94 suggests a. tw1st st:ucture ‘based on the ca1- ;)
cu]ated and observed chem1ca1 sh1ft discrepanc1es (shown in parenthes1s),
c-2 6 (10 O ppm) C 3,5 (5 8 ppm) and c- 4 (5 4 ppm), whw]e Stothers]02
using L1ppmaa 595 resu1ts reports that s1m11ar sh1e1d1nqs,to those in g

* the methy)cyc]ohexanes operate From th1s statement L1ppmaa s resu]ts

m1ght be 1nterpreted in: terms of a ;ha1r conformatwon undergo1ng pap1d B N
N .chaJr to chawr 1ntevconvers1on The d1screpanc1es quoted by Stothers,:

C- 2 6 (O 2 ppm) C- 3,5 ¢2. 5 ppm) and C 4 (3.7 ppm) appear to. be s1gn1—,'

~ ficant. It has been reported by. Jones43 that the N methy1p1per1d1nes-

warrant a d1fferent set of add1t1v1ty parameters from those of the methyl-

,.;-

' cycTohe\anes » o
we have der1ved the C 2 6' ax1a1 methyl parameter from the

reported103 chem1ca1 sh1fts of 29 and 30 and ca]cu?ated sh1e1d1ngs for.

va

29 - . 3
]8 based on the va]ues for 2?_ The ca]cu]ated chem1ca1 sh1fts of 18
toqethev w1th the d1screpanc1es (shown 1n parentheses) from the observed

sh1fts, are c 2,6, 42.3 (7 3), €-3 \5, 37. 7(1.0) and C- 4 “20. 1 ppm S

(1 7 ppm), respect1ve1y ; A]though these values are in better agrecment 'f

a4




' o S E . . . : . : .
B . \’ . o * .
' ‘u

”than those der1ved by‘Jonesgﬁ the 1arqe d1screpancy fot C- 2 B must be

o cons1dered 1nd1cat1ve of dwstort1on 1n th1s mo1ecu1e from a perfect

“chair.: Our 1nterpretat1on thus Ssu ports the skew boat structure

The methy] resqnances for the the tetramethyl p1per1dane 18
‘ﬂ’absorb 9 0 ppm (C D data) downfield compared to those in the d1methy1
uk.ana1og 23 This sh1ft d1fference 1s identical to that observed between 3

97.‘ Th1s value, is attri-

'the 3 5 and .3,3,5,5 methylated cyc]ohexanones
‘ buted to the G effect of the ax1a1 methy1 uponwthe equator1a1 methy]

,_groups and a desh1e1d1ng syn- ax1a1 8- effect for the ax1a1 methy]s _A

by

. cohcom1tant y sh1e1d1ng effect of -6.6 ppm occurs at the ¢-4 pos1t1on
“in 23 upon 1ntroduct1on of the ax1a1 methy1s A ‘
) Introduct1on of & carbbny1 group at -4 ¥n - 18 has no effect

on the r1nq 1nterconver51on and the methy1 resonances rema1n equ1va1ent

" The o- carbony1 subst1tu ant effect is +15 1 ppm in aqreement w1th the

-va]ue 4.7 ppm reported by Jones and Hassan43.- The™ so11d state con-
';format1on of th1s p1per1done (24) has been descr1bed as -a d1storted »
© chair. However, s1m11ar evtdence for a cha1r conformat1on in the | )

\f:lana]ogous 3,3,5,5- tetramethy] cyc1ohexanones has been reported104 B
:C1ear1y the so]wd state X ray cvysta]ographwc data and the so]ut]on L
‘stud1es for these systems cannot be. cempared

\ Introduct1on of an hydtoxy1 group at the C 4 pos1t1en as 1n‘
‘25 1nh1b1te 1nterconversaon between equ1va1eni§conformers The hydIO\y1 |
group prefers the equatorlal eonf1qurat10n to avo1d ‘the ster1c 1nter—' |
act1on w1th the ax1a1 C- 2 6'“methy1 carbons 1 The add1t1V1ty parameters
for, 1ntroduct1on of the equator1a1 hydroxy] 25, are in. agreement w1th dh

those for the ana]ogous N methy] -4- p1per1d1no1 (u + 42 6, 8 + 8. 9 and

-‘y.— 2.77ppm) which is estahjwshed as prefexr1ng the cha1r conformat1on



s

-ij'Hence a s1mi]ar chair conformatwon 1s suggested for 25 The axial and
"equator1a1 methyl carbon atoms in 26 are ass1gned to the/#esonahces at
“28 24 and 34 3 ppm.respectwve1y The assignment of thd upf1e1d .
“resonance to the ax1a1 methyl fol1ows from, protonat1on of 1 2, 2 6 6- _

”pentamethy] -4 - p1per1d1nol 27 in wh1ch 1ntroduct10n.of an axiai\proton

~ would produce a. Y gauche 1nteract1on at the equator1a4 methy] carbon

‘hand hence sh1e1d1ng ( 3 7 ppm) The N-H proton and axial ‘methyl- are//

B ant1 to each other and consequent]y little or nd effect is expected at-

the methyl carbon (+0 5 ppm) Ana]ogous effedts are observed in 1 2 6-_'“

~'tr‘lmeth_yrl 4 -phenyl- p1per1d1n 4 ol (2@)55

N trans 1 2 d1methy1 4 phenyl- :

: :p1per1d1ne (2 and 1 12,6~ tr1methy1p1per1d1ne (31)

Ph

_u\,... B L S ) ’ ) el Ay

e ) N - - “ . A . e

24 ' ) ¢

It has been postu]ated that the protonat1on effect may have -
- '_some steneospec1f1c nature. the protonatwon 1nduced sh1fts of the y-t"t

¢arbon atoms fa111ng in the order 'y 5.0 (c1s) 59 = 180°(trans) >80 = 50°5'.¥

"Gge_120° However, from the resu]ts c1ted above the order for 9 180,

g

more Consistent w1th the change in charge dens1ty obta1ned by the

,.D

GO° should be reversed 8.2 60° > @ = ]80°' The present resu]ts are



"v,'duction of an hydroxy] group obtained by comparing 19 and 27 (a. +4ﬁ29v

1

4

pseudo»atom approach 1 e. 9 = 0‘(cis) >0 = 60' 9 a Tab“ftrgn ) b 9 -
120° (Figure 4) e ; e } ' ' :

hi 1,2, 2 6, 6 Pentamethyipiperidine and -4 PiperidinoT
: , The caTcuTated shifts of the piperidine 19 have been
described earlier aTong with the implications caused by steric congﬁs-lf , 4!‘

tion around the nitrogen atom The additivity parameters. for intro-.

.,#B, +9, 3 and Y «1 8 ppm) are 51mi1ar to those reported by Robertslosa " B

o +43 2, s, 48, o,and Y SRE ppm) for an equatoria] hydroxyT group
"fThe equatoriaT orientation of the- hydroxy] group in ZZ is thus estabTished
Comparison of 25 and 27 (changing N-H. for N- Me) shows that" _ |
- 1ntroduction of an N methyT group has a Targe shiering effect (-7 7 ppm):n.f"
t=.on the axiaT methyls and onTy a smaTT shiering effect ( 1.0 ppm) on v‘".
the ehuatoriai methy] carbons The cTosest anaTogy for the former shift

1s that in the tropane structures 32 and §3105 The -6, 7 carbons r

N
- chy!

L R T+ T

"r_':are axial and are shiered (-3.4 ppm) upon introduction of the N- methyT

substituent Thus, the shiering vaTue (- 7 7 ppm) seems exceptionaTTy

Targeﬂ ‘A valid comparison of the equatoriaT methy] shielding can be
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. m

. made between 2.6 dt and 1,2 6 trimethy1p1per1d1nes. Here-the equatorial

a h'methyls €= 2 6' are sh1e1ded hy 1.5 ppm," In 2- ‘and 2 G*methylpiperidines
‘qand their N~methy1 derivatives 1t has been reportedQ ~that*the N-methsdf
‘»group Causes an upfteId shigt at- the ring methyl gropps of «2.6 ppm, - oL

“’h-~51m11ar effects have been estaﬁlished tn ana1ogous ) 3 d\‘oxanes92 and

. methylcyclohexanes

"as predrcted

'v'shielded

30[‘5:@ ¢ 43

The ortggn of- these shifts 1s thought to be

due to steri!'interactipns‘ the magnitude of the effect betng dependent .
';;oﬁ’interatomic distance 8etween ‘the 1nteract1ng sites It "therefore,
sseems Tikely that the lange upfieyﬁ shift of the axial methy\ grougs . 1n

| 2l is due to ring distortion in whlch the’ axial® thyl Jnd N—methyl
K distances are prOnounceab1y shorter than in the perfect cha1r structure
_. , Protonatwon of 27 causes familiar upf1e1d shifts for the ring .:
' carbons with the exception of the substituted C-2,6 poSitﬁons (deshxe\ded

43 Tﬁ! N- methyl carbon s a1so desh1e1ded (+] % ppm)

whereas in other piper1d1ne der1vatives this carbon is usua]]y
43 sb 56 u’,,'” ‘-'  ? M "t | :“.

. . I
. -\

c.‘ 1,2, 2 6 6- Pentamethyl -4- p\peridone e
~’; The results for the*tit%g compound 26&and its hydroch]dﬁgde

salt requlre more detai]ed d1scussign. The free base and its N H' pre-
“cursor are freely 1nverting systems as 1nd1€ated by the observatlon of

o only one methyl resonance 1n both the pmr and cmr spectra However pro-

i

tonat1on restrwcts the confOrmat1ona1 1nterconvers1on and separate
1carbon resonances are observed for the axia] and equatortal methy]
l,groups, 22. 60 ppm and 38 & ppm, respect1ve1y ' The shifts -are. a551gned

C_by comparison w1th the analogous caro?n sh1fts 1n the 4 ptperid1no1

-

i"extract) €2§a ﬂ 0) der1vat1ve was’ isolated for the 4- p1per1done in wh1ch

-

Lo ik
83

. ¥
.

“°der1vat1ve (27a) (21 5 and 29, 4 ppm). A second hydroch]or1de (aqueous :l

¢



.rlng methyTs were eQU1va1ent (23 04 ppm) /p S

The pmr of the aqueous extract hydrochloride exh1hwted three _:’"
'feresonances at 1. 37, 24 55 and 2. 61 ppm Intergrat1bn of these regions PR
ﬁrshowed a- 12 to 7 proton rat1o Hence, the upf1e1d reg1on was tEntat1ve1y

'~f«laSS19"ed to the equ1va1ent methy] grzupi/and the 10wer resonances to the (';v.]

'Tfﬂ'N methy] and methy]ene protons, resp! ct1ve]y The'pmr of The. chToroform

B 1n the hydrochTorxde salts of 1 3 5 tr1methy1 4 p1per1done (17) and -of

\

f}-extract gave an AB pattern for the methyTene protons w1th vA = 2 4 and :
:. B 3.7 ppm JAB'“ 6 5 Hz The r1ng methyls absorbed at 1. 35 and 1. 80
-n;ppm the N methyT resonance occurred as ‘a doubTet JHH = 4 Hz, coupled to ‘
f;tﬁe N- H proton and centered at 2, 87 ppm the N H proton resonates at 12. 3:u_io

x;bp Decoup11ng at the N H resonance frequency col]apsed the N- methyT

'”7fidoub1€t to’a s1ngTet S1m1Tar N methyT coupTed resonances “were observed’ /i?_.'}i

'the three 4- pheﬁyJaTcohoT 1§omers, u 8 and Y }; SRS _.: 7”;L

_— Lo
/

The ch]oroform extract 1s aTso soTubTe 1n,water and 1ts pmr g
_'Qspectrum determ1ned in D 0 gave onTy‘two résonances at- 2 82 and/T 62 ppm;p"' _
)vi These absorpttons faTT 1n the center of the N~methy1 doubTet/and the twofv N pTTV
N‘methyT resonances “for: the chToroform solut1on spectrum (see Fzgure 5) J

hFurther, the chennta] sh1fts for the DZO solutlon of the CHC]3 HCT

eextract dre” not the same as those in the HZO HCT extract Spectrum (c) '

”-\F1gure 5, shows the spectrum oﬁ the CHCT3HCT extract after be1ng in con-s
tact with water for the (b) spectrum, F1gure 5 remov1ng water by rotaryﬂva
"evaporat1on and then determ1n1ng 1ts spectrum in. CDCT3 aga1n hThe”pt‘
"presence of water cTearTy resuTts in the N methy] and r1ng methyl s1gna]s
‘pbecom1ng s1ngTe resonanceS/- The degree of chem1ca1 equ1va1ence seems to
'be dependent on the. amount of water present D

The quest1on ar1$es as to the composxt1on of these two extractk



(b), T

2 ) p;3n1 |
Pmr Spectrum of the’ CHC13 HC extract in (a) CDC13,
‘ after be1nq in cqntact w1th o

3

"FIGURE 5:
(b). DZO and (c) coc1

3
=

.DZO. - S . Dl



;1?1f1/80 cm

. e ‘
Both give the ‘same fragmentat1on pattern in: the1r mass spectra w1th

‘ .
parent m/e 169 and mass measurements of 1693&468 Basif1cat1on of both '

- SR
:fhydrochlor1des g1ves the 1dent1ca1 base.as shown by the pmr spectra
y

. The’ 1nfrared spectrum of the CHC1 HC1 (nuJol) gave a carbony] band at

.8 : '
=T and a N- H band at 2380 cm 1, The I: R spectrum of the H20 HCY-

:'EXLPaCt (nugoI) had an 1dent1ca1 carbonyl stretch1ng absorption but the_

: i’:~ﬁ H band wasat: h1gher frequency (2750 cm‘}) and add1tlona1 bands were

' observed at 2450 and 1590 xm 1}- The 1atter two absorpt1on bands 1nd1cate

107 as in F1gure 6 Th1s exp1a1ns

=the presence of- a water of hydrat1on
k; the concom1tant sh1ft to h\gher frequency of the ﬁ H absorpt1on band the '

- ;OH band is’ weakened whereas reduct1on ‘of the pos1t1ve charge on n1trogen."

L

f consequent upon th1s 1nteract1on renders the ﬁH band Iess polar A 'T,\ :
' similar. observation has been reported108 for the d1astereomer1c 1 2"d -
hd1ary1~4 d1methy1am1no 3 methy]butan -2-01 hydroch]or1des . 1

- Hydrates of the hydroch1or1des of similar penta and tetra- k
vmethyl compounds haye been descr1bed 1n the 11terature 1 2 2; 6 6 penta- |
53

Ah'methy1a4 phenyl 4 p1per1d1n01]0 HC], 1 2,2,6, 6- pentamethy1 4-p1per1d1no1

&y

’:ghydrat1on The y1e1ds of the CHC13 anc HZO hydroch]or1de extracts 1s

) ;dependent upon react1on«cond1twons, the 1ongeﬁffqe react1on t1mé the more _f

g

:;HZO HCT extract 1s obta1ned The reactron under anhydrous cond1t10ns
gave only ‘the CHC13 extract product _ _ 7 B :'ld"‘
. | Carbon 13 datF he]p to further character;ie the structures of

“*the CHC13 and H20 extr cts ‘and a]low the 1dent1f1cat1on of the N—methyl .

vand methy]ene resonanc s.in the 1atter The cmr resonances and chem1ca1

sh1fts are- conslstent w1th the structures of the free base and hydro-

B _ch1or1de of both extr cts. The prlnc1p1e d1fference between the two
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TP

; .:é@%roch}oridés*is t
._»resonance to- h1gh f1e1d (2. ppm range) in the pmr spectrum of the free
rbase and hydwoc

‘t~protons %

' 87 coa1esce

. e
CHC]éﬁextruct 1n prot1c med1a undergoes proton exchange w1th so1vent

R e
at tho aqueous extract g1ves on]y a s1n91e resonance

‘ the r1ng methy 5. Se]ectxve proton decoup11ng showed that the

4

L

\was made in order to observe so\vent effects as portrayed in the pmr
spectrum The results are pxesented 1n Tab]e X" The chem1ca1 sh1ft

data is. cons1stent w1th so]vent polarw@y, the carbony1 resonante mov1ng

e downfwe]d 1n the more po]ar so1vent\ The only maJor so1vent effect

or1de of the aqueous extract was due to the N methy] SR

A so]vent study of the cmr chem1ca1 sh1fts of. the CHC1 eXtract_

boccurred in DZO where the ring methy1 resonances appear as: broad s1gna1s, .

1nd1cat1ng a§i§§u1lnbrat1ng sttuat1on Increas1ng the - temperature.tot
i L - -
L egp s1qna]s to a s1ng1et\at 25 1 ppm v”igh-temperature

o . g
stud1es were undertaker u1th DHQOd 6 and: CD OD as so]Vents No~chanqe

< took p]ace 1n the former However, in the 1atter at 52° the rlng methy]

Tresoﬁances began to broaden, the othor resonances: rema1n1ng sharp, 1nd1

at1ng an approach to an equv]mbrat1ng swtuat1on It appears that the

This oxchnnU' 1s faste v1th \ater than w1th methano], water bean ther

Sma11or mo\ecu]e Thws exchanee a]]ows r1n0 1nterconvers1on and henco

'I.p &

: e&h1]1va1enco of the meth)l texondnces (29 1 ppm) St shou]d be noted

,that th1s shift 1s to 1ow fwc1d conparod with that in the uqueou exthact

9"'(L~.Qﬂpph) but 1s c1oco to the 27.3 ppm va1UL for the 1nterconvort1nq

’ :freéubase Further evxdenco fov “the pxoton exchanqe w1th the so]vent

15'1hd1cated by tho pmw spectra That 15. the N-methyl couplxng to the-;

‘ ﬁH protun in CDC] but not 1n D 0 -' o ;' _ - .f' ) . i

An oxplanatnon for he e(uxvxlent Ilhq MLtHy1\ in the aqyeous

L
-.4“,‘"
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o v _ o
-extract a]so 1nvo10es exchanqe of theiNH proton w1th so1vent The cmr
&

vchem1cdi sh1fts for'the HZO HC] extract are a]l at- hwghcr f1e1d (except

'¥C—4) then the CHC] HCl poss1b1y as a resu]t of thc water of hydrat1on

fh,caus1nq greater ster1c 1nteract1ons ' The except1ona1 h1gh f1elq N-methyl

"'resonance of 26 82 ppm suggests a’ contrlbutnon from an ax1a1 N methy] ,T

' iconformer Th1s poss1b111ty also fo]]ows from the gH exchanqe argument

‘ 'For exchanqe to occur. 1n a f1n1te t1me the N- methy] group must be at
-least pseudo ax1a1 1n or1entatﬂon as shown in ngure 7. Interconvers1on
- of structure B to A" aT]ows for the equ1Valency of the r1nq methy] carbons

i Structure C 1s a.proposed 1ntermed1ate, the exchangan of the gH protonb

a

“from the n1tr ogen to water occurr1ng fram e1ther s1de

‘ahd{‘ 1,242, 6 6- Pentqnethy] -4- phenv] ; p1per1d1no]
S1nce a N---*»HO 1ntcract1on has been suogestcd]O in the
_t1t1e compound Qa J3C hHR study on 3 p1per1d1no], where a swmw]at 1nte -
act1on-ox1stsgg was undertaken in: order to obsorve thc effects on. the

,f}3C chem1ca1 shwfts

 i. Intra m01ecu1ar Hydtoqen Bond1nﬂ - A Model Study

‘ So]ut1ons of 3 p1per1d1no1 were made up in dr1ed solvonts
‘fat 1. mo1a1 concentrat1ons A]] nnir . determ1nat1ons were. carr1ed out at
~25° C. In order to avo1d 1nter mo]ecu]ar effects chem1ca1 sh1fts were

E measurod relat1ve to an externa] deuterated benzene reference

The fo]lowlng chem1ca1 shifts were ca]cu?ated us1nq add1t1v1tyif

. i [
jeffects for ax1a1 and equator1a1 hydroxy] qroups]o9 on the p]pe11d1ne
AR oH( ‘ -.) R '.> coe ‘3,',-.5‘ L s
. » Tf(‘..ao/?q"n - ‘ Pl : . oy ’ ‘Ox d\\ .@g
. | 4.-,’_1 . 'N_' ;\:‘ ‘A . ‘. S " 47 7. ro

H
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ring. Thcse valucs and the mole fract1ons obtawngé/1n the pmr studwes
_( (eq = O(qll for equator ial OH ’e used to ca1cu1ate the expected
!carbon 13 chem1ca1 shlfts for an, equ111brated so]ut1on from the ro1at1on-

'sh\pw9

e NS+ .
Sobs T Mata neqseq

"The fo?lqw1ng chemnca] shift va]ues arise c- 2 54., 6 C—3-68w2 ”C~£-32.4,,_

\\

- C- 5 24. 3 C-6; 47 7 ppm. Dlﬁcrepancwes compared w1th the. observed va]ues

.iL

7(cc14, Tab]e 1X) are C-2:+0.§, C-3:-0.8, €- 4 +2.5, C-5: +.5 and -6:-0.2 .

: ppr. » PR A o SR = ‘ .
S ‘Tab]e'IX'1ist$.khc'so]Qénts'G$ed in'thii_study in order of
1ncreas1n; po]ar1ty Tbé‘oﬁly cbnsistént chédge'ih'éhgmi¢a1;éhjfts"
. occurs at the €=3 carbon A§ theipolarity ihcredsqs this‘carb&n'shiffs-
“to lower f1e1d 1nd1cat1nq a Tanﬁér“coﬁfributioh f}oﬁ'the'equéfbr{aT ﬁon—
‘former s1nce the 0quator1aT hydrowyl conformer has the €-3 chvm1ca1 sh1ft

at 7.6 ppm lo. 1ower f1e1d than ‘the ax1a1 conformcr

One mo]a] so]ut1ons were used fof thesv exper1ments and hence

 1ntet-mo1ecu1ar hydrgqen;bond1ng effccts cannot be ruled out. | Therefoye,

we aTso studwed 0.2m and 0.1m so1ut10ns under the same cond1t1ons

'S1m11a| chemlca] shnfts were obta1ned Infrared spectra were determ1ned
~ for 511 cbncentratiop of so]ut1on (C0613 free of othan01) The 1 mo1a1
' -1

solution cxhibitcd a broad hydroqen bonded OH burd at 3¢80 cm 5 and a

_vety sma]] f\ev oM band at: oGOO cm ]. The.1ﬂlﬁv 1ncreaxvd in 1nten51ty

.upon d11ut10n to O om. ‘ In carbon tcprach]orjd7 the 0 1 mo1a1 so]utlon .

',nxhw 1tLd u froo NH band at 3600 CN"]kand-aﬁbroad hand.i;u‘hydronen
bonded-0H at 3300 o }; the latter being FOSincd‘intb fw0 bands on

;.di1utiun,toj02p3m; gt'BBQO-QMQ] (UH"';'N—).and 3360g¢m‘] (N-H). vaom



these data it can be conc1uded that a. sign1ficant aLoupt ot inter- mo]ecu]ar
hydrogen bonding is present at the h1qh concentratxons (Im and 0.1m),
wh1lc at Tower, concentrat1ons (0.02m) 1ntra—mo]ecu1a‘ihydrogen bond1ng 1s
evwdcnt Because of the concentrat1on 11m1tat1ons 1nhorent to cmr ’
'measurements the chem1ca1 shifts are averaged va]ues and the 1nformat1on
»  obtd1ned from 1. R (0 O?m cannot be dup]wcated |
T MWe must, thevefore, conc]ude that dTrect moasuraﬂent of 1ntra-7

molecu]ar hydroqen bond1ng us1ng 13C nmr measurements is not.. 11ke1y to be

E .va1uab1e un]oss large conformat1ona1 changcs occur in the mo1ecu1av system

q1V1ng rise to additional featuﬁhs. add1t1v1ty bteakdown, sterlc y-gauche
‘effects, etc. These approaches vere used in the pentamethy]pwp”r1d1nol

E (vide-infra) and various tropane der1vat1ves (Chapter I11).

Y T dL 2,L,6 6-Pentan. thy] 4- pheny] 4- p1pvr1d1no] (cont'd)
’ The conformation of the‘pheny1a1coh01 (3) vas fifst investi-
gated by an 1nfvared tudv The I.R. of. Q dete7M1nod in carbon tetna—

<2
evchlor1de (5 x 10 1) exh1o1ted a sharp band at oSQU Tm . ] and a bvoad

band at 3300 cm’ 1, The solution used fov the 130 spectra] determwnat1ons,i7

. (appvoxwvato1y 1 mo]a]) also showed these absorpt1ons Thus, itis Q?W%i
apparent that the mo]etu1e r(ma1ns in a s1m11ar cnvwronment in both .
';1d11ute and conceutruted medna A .

"L Compar1son of tmr data for the free basev1n a Qattety of.
“solvents (Table VI) showod & marked so]vent dependuncy qégﬁc1a11y at

thc C~2.6 and,trh. 6! p0s1t10nf The ana]ogous pa ﬁésu%rs ‘ara q1ven in

1Tqble XI. These results show that the mothy]ene protop in these '

%
e

) :,solvent( are equwva]ent s1nce a characterwst1c AB Qﬁttern is not observed

g
¥
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TABLE XI
. §

)

PMR Solvent Study of 1,2,2,6,6-Pentamethyl-4-phenyl-4-piperidinol

oo mspe ol ooy
N-Me 2.2 2.3, v . 2:40
CHp 5 1.8, . 1% . WS
CHyleq) = L0 PO 1;211 - ‘1.18
CH,(a) :»; . . 1.24 . ) 1.3 I P
Phenyt =~ 7.0-7.4 ° - 7.3-7.6 . 7.2-7.6
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Instead, a brbad signal is obsorvcd For'theso nucléi. ‘The broadest

signal was ObSOIVOd in tho hydroch10r1de salt, then the freo base in.

Amethano], the sharpest in deuterochloroform. These resu]ts confwrm that -

Q.

‘the mo]ecu1e is in a non- cha1r conformation w1th “the methy]eno protons
(1n the free base) less oqu1va1cnt in. the move po1ar so]vent (CD3OD)

Intra- mo]ecu1ar hydroqon bond1ng v111 favour a pseudo -boat Nbrm as the o

preferred conformat1on (F1quro 8) "~ As the solvent polarity 1ncrea<es,

the amount of 1ntram01ecu]ar hydrogen bond1ng decreases and the or1enta—

tion of the OH bond will be projected as shown 1n F1qure 8b b1nd1ng W]th )

the so1vent at both the hydroxyl and nwtrogcn ends. of the mo]écu]e/
/
-The change«1n thc.or1enta§1on of the hydroxyl grou .is .

o

! R -Vi | N . v . . .' N ) . .t‘
reflected at the C-2,6 carbon poswtwons, structure h 1n'F1qyre 8, having

QA sma]]er \- cffoct at these avbon atoms ~The carbon C-2 % is at Towest

field (57: 02 ppm) 1n CD3UD and h\ghost f1e1d (’4 &6 ppm). in CDC] The
2.1 ppm ‘difference suggests a Lhangc 1n the conformat1on in tpese
solvents, More dramatic solvent sh%fts are no%iceab1c at'thé C»2'6'

. . }
carbon atoms ‘However, the nrhon 13 Lhem1ca1 shift dsswgnment for the

x111 and- equatoxwal mothy] qnoups need to b@ clarified. Thus in com-

fpound 27 (dCtCIHIHOd in :ethano]) tho axial and equatorial methyl carbon

RY

‘ shwfts are 21. 04 ppm and 33. 12 ppm, vh11e the shifts in 2 (determ1ned 1n

methano]) are 22. 82 and )h ~ . ppm, respectively. "Tho 1ntroduct10n of

the syn—ax1a]vhydroxy1 in %jis expected to deshield the axiaT methyls

©

via a s-effect. Cpmpgrod to QZ this equatorial phenyl group will cause

64
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FIGURE 8: . Representation of intra-molecular hydrogen bondihg -

- -in a hon—po]ak’so1veht (2)'and so1vation‘(R)-in a

“polar SOlvent‘(Sff

B ";{‘ -.

v

B



o fcarbon atoms.

‘ very 11tt1e perturbat1on of the rinq methy]s103.
equator1a1 pheny] qdd1t1v1tv parameters ue ca1culated tﬁ% r1hgwm@ Bnnf
cal sh1fts for the,compound below. Due to the axia] hqﬂrd&yl group. the

x1a1 and equator1a1 methy1 carbons wou]d be expected to resonate at
;. 22. 7 and 33. 3 ppm, respoctwe'ly STy

‘.‘ . S - «
5 . - \ . B ™ L
] . . LTI
.

-‘COmpaw1son of*these sh1fts thh those for the equat0r1a] hydroxy1 (27P

prov1des evidence of y- uauche sh1eFﬁ1nq effect ( 6 3 ppm) on- the C- 2 6

|
!
!

. a
The 51m11ar1ty of the carhon sh1ft§ for the ax1a1 and equator1a1

methy]s o;‘?y1n DMSOd 6 “and CDSOD 1nd1cate% comparah]e conformatwons inc
thesc so]ut1ons (quure 8b). However, when CS‘2 and’ CDC]3 are emp]oyed

as so]vontq o 1aroe desh1e1d1nq of the ax1a] and sh1e1d1nq of the equa-
torial wethv]s is obqerved . The d1fference betwecn the ax1a1 and equa -
ton1a1 nethy] h]fts are 5 ppm and ] pp;grespect1ve1y, which should be
compared with ‘the d1fference 12 ppm and 10 ppm for so1ut10ns in DMSOd 6
and CD3OD, re~ ect1ve1v Taklnq the methy] shlft% of . 22\7 and 33.3 ppm

as fuxed ax1a1 and equatorial va]ue (above) an averaqe va]ue of approx1~~_
:mqtolyv?S 0 ppm can be dctermwned for ‘a free]y fT]ppan s1tuat1on Thus o
~the 28-29 ppm qh1ft observed tor the mothv] »esondnces of 2 2 in CDC13
~solution is Lloso to hoth the Lquatorwal dﬂd average va]ue 'An_equi]iQ .

i
/o

bratina system 1s/d1scountod for by the IR'data. Thus,~we suqgest that

e

in chloroform the four methyl groups must be near. equatorial. A. feature

- which Can»only be achieved in a skew. structure. Compar1<0n of" the

‘
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‘ agfchemical shifts of the' ring, methyl carhons of the dhoch1nr1des of

determined in CDC13. DMSOd 6 “and CD OD show 51m11ar values. approxwmately,

"« 22.7 and 30.5 ppm for’épe axial and eqagtoria] %arbons, respgctive]y.

~Heh¢e the same preferred conformat1ons exist in. all .of thqse solvents
_The shifts°for the fweo baﬂns then cannot be reconc11ed on the basis of
a so]vent effe@? but rather muat be due to- a\confornmtuonal change from

hd , ,
a cha1r 1n CD3OD solutwon to a skew- boat in CDC]3 e
: L

CONCLUSIONS

i The cmr study of the 3- pxper1d1noﬂ to detect intra- mp]ecu1ar e
hydrogen bond1ng 1nd1cated that a stra1ned mo]ecu]ar system must. be
_chosen ‘in order for cur to detect any conformat1ona1 change arxslng from
such an Tnxgractwon These ponst}a1nts were ptesent in’ the 142, ? 6 6-‘
pentawexhyi 4~ph%ny1 4 p1p0r1d1no1 and a skew boat conformatlon 1s suqoested

f th1s.struct1ﬁ%: in deuterOthorofbrm so]ut1on, the mo1ecu1e undergo1ng

T B :'ﬁ
501Vﬁntrdep0ndent conformatlonal changes in the solvents 1nvest1gated
v m ,‘a .
I all ihe pentamethy1p1per1q1nes studled non- chair conformatlons were
.,l e,

foon nThe coufo»mat1ons were asqwghed as a conqequence of protonation
: \

* I

eﬁ?acts and-1ngsome ﬂnstances bntakdown 1n add1t1v1ty parameters.  Two
S v

'-ﬂ\(v’ Lo

iy ,tf{actﬁons w@re;ohta1ned fpr the hydroch]or1de derwvatwve of 1,2,2 6 6-

'~—beptqmothy} -4- piper1done éOne contawnod water of hydratwon whwch

i showed equ:va]ency of the axlal and equator1a1 methy] groups both in its

: i w 3o ¥y

'bnw and cmr spectra detormwnod in DoO (1nso1ub1p in ch]oxoform) . The .~
?her determ1ned 1» CDC]B so]utxon, gave soparate resonances for these
gmthyl gtoups and whcn dctevmwnod in DZO evidence for an approath to an
equrwarat1ng situation was presentod -

The sianificance of,]one-palr deshie]dinglvia,the antf—bcrip]anqr




g
'arQUment was re1nfo/ced by observat1on of the carbon chem1ca1 sh1ft

'fpahyﬁe;ers of the - and w 1somers of 1,3 5;tr1methy] -4- pheny] -4- p1per1—
'd1n01 The Y- protonat1on effects observed 1n “the pentamethy1p1per1d1nes.

. /
/ VLR

- shou]d encourdge further study on the conformatxona] dependence of the

]3Ccsh1fts 1ndUced by N- protonat10n
‘ EXPFDI“”'Ti - CEor e o ST
Avf»‘~ ‘ \ . ;L ’\_‘,
' 3 Hydro*yp1per1o1nol 2,2, 6 N tetramethyl 4. p1per1done hvdro~"
ch]or1de and 2,2, 6 6 tetramethy] 4 p1per1d1n01 were obta1ned from A1d71eh '
;Chem1ca1 Company A sanp]e of e,2 6 6~ tettamethy]plper1d1ne wa¢ donated =
-.by Dr. -S -Brown The rema1n1nq conpound;»were pxepared by ]1terature
'prepavat1ons tith some nod1f1cat10ns f In these casos the bo111ng po1nts

T . s Y oo : Qw‘
and ne]twnq pownt< are’ uncorrected L e .

1,3 Tnxwethblfgﬁphenyl -4- p]per1d1no1 (x—fsomer):‘”

LY

The pyocedure as outilned by Sorokln ~was followed and this

o broduct 1solated as a. vh1te solid; n.od,100-13]7,fm.p:3(1it.)8§'131;5;132°!-;

'th (Nujol) 3 20 cm” (OH str) hass Spec.hparent~m7é:219.‘h»5

:)f“‘ '._'}d‘T-3h54Trimethw1~41phen01-4—pfoqfidfnod (<~f90$ef)
& The procedure as out11ned by Sorok1n89 was fo]1oved w1th the
fmod1ficat1on that the 1501at1on of the t1t1e compound was carr1ed out
?hy column . chronaton}dphy of the Wotler lwquor rema1n1nq after the
l‘;waxwmuv amount of the w~1soner was vemoved by crysta111zat1on Chﬁomé:

~ o

<—’toonaphy on a]umina, e1ut1ng \1th CHC13 fo]1OWed bv wothan01 ‘Thevnk‘:

ro<1dua] f-isomer was eluted by'the CHC]3 and the l—lsomer by meth;\?N
mep. 1172 m 5 . p" ht,) I01- 121% IR N)ﬁ 3200 e LOH str) o

S

Mass Qpec ‘n cont /e 219, ’i; o SJ' :



1 1 23, 5- Tr1methy1 4 pheny] 4~p1per1d1no] (y 1so?ér)

QF “ . The: procedure as out11ned by Sorokln89
e .
%ﬁ

was fo 1owed with the 1
mod1f1cation that the isolatien of the t1t1e compound was carr1ed out

by co]umn chromatography After the max1mum amount of a- 1somer was i J
1solated through crysth]lwzat1on the res1due was: subJect to column

chromatography on a]umina e1ut1ng w1th Ske]]y ‘B benzene 1:3, 4 X - 100
then benzene chloroform 3:1, 4 X 100, 3:1.5, 4 x 1QO 1&3 4 X 100
thh the Tlatter so]vent system 3 bands separated The'f1rst was e]uted-ﬂ T
.‘# and subjected to further co]umn chromatography on a1um1na, e]ut1ng f1rst'
‘ w1th Ske]]y '‘B" to remove 1mpur1t1es then w1th ch10rofonm.to 1saiate
the t1t1e compound . M.p. 130-135°, m. p. (11t ) 134 5- 133;; IR‘%Fuao]?“
3300 cmf] (OH str) Mass \spec parent m/e 219

o 'rhe hydr0chlor1des of all three 1somers were prepared as

?7i oht11ned by Sorok1n89~ .';‘ ‘. ot ;‘._f Lo f' . »*'J,
T "»',-I"  M.p. Observed ° © M.p. Reportedj ft oL .
4 mngC] o~ RS2 7 | 5 7 I A R
CLmtHEY. T 2perzaat . 223-225.5°
v HG) »ﬂ S "'240'241° S 281-262° o
L ey Lol - R o
ol P B . ® ’ o T Ly _~‘ - s ? B j :
¥ w m"f “ ; qﬁ% - 4 vp R L w .

1, 2 2 6 6- Pentamethﬁhv4~p1per1done and hydroch?or1des

To 69.1 g (0. 5 mo]es) of .reshly d1st111ed phorone (A]dr1ch)
‘7. 5 mls of methano] and 60 m]s ‘of 40% aqueous nmthylam1ne (excess) was
- added w1th st1rr~ng, the temperature betng kept below 40° by sl1ght

. \ _
‘c0011ng The m1xture was heated at 60 for 2 hours and the excess .
ymethy1am1ne removed under reduced pressure } The soﬂut1on was ac1d1$1ed '

Tw1th concentrated HC1 the SOIVent removed by rotary evaporat1on and a . »
“thitk’ o11y re51due\rema1ned Add1t1on of acetone afforded brown1sh :

':crystals, extractlon with hot chloroform and remova1 of solvent gaveg L
: . R L8

=

g K o
. ot o, D - . ° : . ¢ "gr‘u "’ve W5
- L : E . S B S .
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gave wh1$e pr1snat1c crysta]s of m.p. 185 187°. (Nugo1) 1720

(c—v str) and 2380 cm™! (ﬁH str) Mass spec parent m/e 169 [exact
T69 1468 measured), 169 1467 (calcu1ated) correct for CIOH]QNO]

Pmr cH 3(s) 1. 36’and 1 80 ppm. N methy1(d) 2. 87 (JHH 4 Hz). _cné: Ae

;ﬁﬂ;vA 2.4 ppm,»_B 3.7 ‘ppm, Ipg 6.5 He. . Solvent. coc13 ref. THS. Identified

" as the hydroch]or1de of -the- txtle compound

To ?H\S res1due after extract1on w1th ot ch]oroform water» -

o«

"was added and the solut1on f11tered The f11trate was removed

' Mrecrysta111zat1ons from a m1xture of hbt acetonxtr11e and 95% ethan

. afforded wh1te~crysta1s of m.p. 169 170°

'by"rotary evaporat1on afford1ng white crystals which after severa]

I. R (Nu301 1720 (c= v str) 2750 3H str) and 1590 and 2450 cm -1

*(HZO of hydrat1on)

Mass spec parent m/e 169, [exact maé? 169’1468 (measured),k

- 169. 1467 (ca]cu1ated) correct for C]0H19NG] Pmp CHy (s) 1.3y ppm N- methyl

: e
. (s) 2.55 ppm QH (s) 2. 61 ppm. Solvent 020 ref: TMS (ext) Ident1f1ed.

»as the hydrochlor1de of the t1t1e compound

The free bases from both extracts were generated by d1$so1v1ng'f

the hydroch]or1de in a m1n1mum amount of water and addwng Na2C0 to a pH~'

N

o of 8,5, extract1on w1th ch]eroform afforded the t1t1e compound B.p.

S

e s
A

TOO’at 15 mm. 11t 191 122° at 23 m. ~ Mass spec m/e 169
‘ .
.Pmr, CH3(s) 1‘18_ppm, Namethyl (s) 2 35 ppm, CHZ(s) 2 40 ° ppm

1,2,2,6,6-Pentamethyl-4-piperidinol ™ co
° A mixtire of 2.4 g (14 m moles) of 1,2,2,6,6-pentamethyl-4- -

e ., . . : . o -]



s TR

[ - .

;piperidone,,l 9 of L1A1H4 in 150 mls dried THF was st1rred under a N2

atmosphere and gently ref1uxed for 2 hours Add1t1on of water to destroy

.excess L1A1H4, f\ltered extract1on w1th ether drigg over MgSO4 angﬁthe

solvent removed a¥forded a yellow Tiquid wh1ch cryst8111zed on c0011ng
l

Recrysta]llzat1on from Ske]]y 'B' gave wh1te need1e11ke crysta1s‘.m p.
73-74°, 1 's g (62 5% )Q Sub11mat1on of product gave no further pur1f1ca-
B tign.’ M.pf (11t )53 72 8- 74°> 1.R. spectrum.(f1]m) 3270 cm” ? (OH str).-

l 1'2 2 6 6 Pentamethy] 4—pheny1 4fgjper1d1no1‘ \;vf‘» e

3

LA so]ut1on of pheny111th1um was-prepared from 1. 39 (O 18 mo]es)
of L1 and- 9.4 m]s of freshly dist1]1ed bromobenzene in 250 m]s of ether
5. 1 g (o 03 mo]es) of 1;2,2,6,6= pentamethy] -4. plpemdone in 50 nns N
#{ of ether was added s1ow}y ’ After the add1t1on the so]ut1on w%; st rred
'phere overn1ght ' On the fo110w1ng daSewth/

. [
Mour, coo]ed ) mls of benzene was added

- and kept under, an argon ;

i
D L,

solution was refluxed FAi

and T -ixture decomposedﬂﬁwth 35. mls of water The ether benzene

1ayer was separeted theawater Iayer extracted with ether, the extracts'
' comb1ned ahd. drwed OVer'MgSO4 The ‘solvent wa: removed on-a rotiry
“,,evaporator The prod0ct was a th1ck 011 wh1ch faz]ed to crysta]TF%e A
 Pheny1 1mpur1t1es were present and were removed by 1so1at1ng the hydro “7
‘ch1or1de, extraction 1nto .the water then bas1fy1ng with NaOH 5% to yie]d
the free §Zse devo1d of 1mpUr1t1es I R. (CCl4 5 X 10 M) 3300 (H
bonded OH) aﬂd 3590 cm"1 (free OH) \Hydroch1or1de . p 229 235°

11t ]0 235- 236° Mass spec m/e 247 ..




CHAPTER TH

" TROPANES .

A, INTRODUCTION |
| There has been much 1nterest in-the pmr spectroscopy of.
tropane (33) due to the relat1onsh1p ‘of this b1cyc11c tertiary base to
the c]ass1ca1 muscarinic antagon1st,_atrop1ne (3°) Many of these ”
"‘stud1es have been directed towards determ1n1ng the preference for the '

0

Jboat or chair conformat1on in: trop1ne (38) A de&a;]ed rev1ew is,

1]0“ Most recent]y, Casy et 8. 26 have obse{ved a preference

'W.

'_ava11ab1e

for .the boat conformatmn in. the tropane del.auves 45 49 and’ 3. EET

tiff

A%
: ,Tmrefex;ence is Attributed to strong 1ntramo]ecu'lar hydrogen bondmg

ctions 1ntthese systens, as shown ! ' |
. S *Jﬁ” ‘ .
L .

cone (S

49 3

N N
: Ev1dence for the preferred boat conformat1on in 45 49 and 3 is.
based qn the coup11ng between the 1(5)-H and 2(4) H protons wh1ch is oy

: broadened in the boat conformer (compared w1th the chair) as a con;e—
: quence of ec]ips1ng of these protons Independent uv studies on 3
a]so 1nd1cate the Neoos oo C- v O 1nteract1dn]] . b-u,: Co '}L

R o Carbon 13 stud1es*on tropane der1vat1ves have thus far been



R &
ST : .’.‘ B -
~limite d106‘111; A minor controversy exists ‘concerning the assignment B

of the C- 2 4 and C-~6,7 methylene carbons The present study reso]ves
this ambiguity and shows that the highest f1e13'resonance of the pair :
attributable to C-2,4 and C-6,7 must be assigned to C-6,7. Further. the
re11abi1ity of carbon-13 chemical shifts as an 1ndex of preferred con- !Bf

formation especlally 1n non- cha1r hydrogen bonded,structures is’ tested

(for other examp]es see Chapter II) Carbon-13 nmr provides an ungm— ' ,55?~

:vbiguous method for the deter@ﬁnataon of-conformation -in these'systems.

; .

- -
i -~

B. RESULTS S

For the’ purpose of clar1ty. we sunwmr“n”.'r bo rbon;}3
' .k_data on the troﬁhnes in the Tab]es to fo11ow. g A data'for
‘ o ‘.&,\\-4 ; 106
the tropane er1ﬁ%t1ves,«32 ’ prev1ousl “WSoy-ted by Nenkert

. and 3@, 3%9 and 40 reported»vf | et a] ]1] are g1ven The.rema1n-»

© ing data Was determ1ned in FtRgRE ¢ nt work .
* SRR Asswgnmen* of - the resonances w'as“’by conventiona] '
: techn1ques : D1st1nct1on between the methy]enes, c-2,4 and c-s'7«1§,f

based on. comparison w1th data for protonated 3- trop1none (34a) and
N methy\ated 3= tropmone (34b) der1vat1ve*\‘he chennca] shi‘ft of the.
carbons ¢-2,4 and C- 6,7 are 46, 5] and 2%, 95 ppm 1n 34a and 26. 37 and
26 33 ppm in 34b That 1a a 1arg¢i y 1nteraction is apparent at c-2, 4
1n the N methy? der1vat1ve (34b) due to the ster1c compression between
s %MP p?d&ﬁnS at this site and the N-methy] group Converse1y, the
* yesonances- at 24, 99 and 26. 33 ppm are assigned to C- 6 7. In a11 the :‘\:
tropanes the 1ow f1e1d nmthy]ene sh1ft is ass1gned by ana1ogy to C’Z 4

5Amb19u1t1es\{ema1n 1waehe ass1gnment of the quaternary carbon resonances

. 1n 36 and 49 ad!'the aromatgc carbon resonances 1n 3 and 1ts 'ﬂ - h'_ f:

= [EIN

@ .
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hydrochloride 3a and-3b.
. ’ N oy
-~ . s '
C. uISCUSSION : « ; R R
‘ o S~ e
—J 1. ‘Rdd}tJVlty Effects o R N '

X

The preferred conformat1on of the tropane r1ng 1s a cha1r196;

e

., "

Inﬂ*oduct1on of a carbony) at C- 3 as 1n (34) results 1n an - carbony]
subst1tuent effect at €-2,4 of —17 2. ppm whwch is 1arger thah observed .
51" fhe D1per1d1nes43 (-14. 7 ppm) and cyc1ohexanes Psb ( 13. 4 ppm) Th1s.p
Vmay be due in part to the r1g1d1ty in the tropane system Both axial.
. and equator1a7 hydroxyl substwtuent parameters may be’ der1ved by compar;.f‘"‘

"}1nq fhe carbon chem1ca1 sh1fts ih 33 Qz and 38 determ1ned in CDC13
£

ﬂ‘rhewvalues are 5 guator1a4 ‘ay +46. 8,-5; +8. 4; Ys '1 T and S

4

c-6:7 #1.1

ppm, ax1a1' d, +47 9, g, +9 53 Y,.—Q 9 and , 6,7 +O 4 ppm Of greatest

vs19n1f1cancee1s the s1m11ar1ty.between the a- and Y- effects for thev;); ,,,,, ;_j

-~ e

: d1fferent hydroxy] conflgurat1ons The ana]ogqusaeﬁfects d1fter w1de1v 1n

.cyc1ohexanes Sa (eguator1a1 a +43 2 and*y,\—l 1 ppm ax1a1 BT

f+37 8 and vys -6. 8 ppm) as we]? as in p1per1d1nes (eguatoma]g4 ay

' +42 6 and y, ;,7 ppm ax1a155 a, +28.1 and y, —4 7 ppm) It is pos- .

‘s1b1e that there ex1sts a contr1but1on of the boat form in 38 due to
sevexe 1,3- d1ax1a1 1nteract10ns 1n the cha1r conformer Further, com=

- parison of the C -6, 7 carbon resonances Jn 37 and 38 1nd1cates an hydroxy] B

-

f)é -shiélding of 0. 7 ppm in contrast to the desh1e1d1ng effect expected

¢

(2 6 ppm)37 These data suggest contr1but10ns from the boat/conformer '

of 38 Equator1a1 pheny1 substwtuent parameters are obta1ned from com-
'par1son of 38 and 46, q,'+9 1; 8, +6. 4 and Y} +1. ] ppm. Compared w1th'.."

- the enalogousrparameters obta1ned in 4- pheny]p1per1d1ne355, a, +]J 7

8, +é 7 and Y, —O 3 ppm, & 1arge decrease.1n the. a- effect is observed

" »7
\

~c



o

A

;Y

' Tab]e XIII "The a- effect of +7.D ppm 1n p1per1d1ne can be taken as the'

The contr1but1ons from the boat COnformer in 38 may aga1n account for
v B /
these parameters dlffer1ng Introduct1on of the ethy]ene br1dge to )

the-p1per1d1ne r1ng 1nduces the carbon 13 chem1ca1 shxfts g1ven 1n

representat1ve value for the 1ntroduct1on of the ethy]ene br1dge w1th o |

Y

.the attentuat1on to +4 5 and r4 .9 ppm in-N- methy1p1per1d1ne and N- methy]- ,

4. p1perwdgne, respectwve1y, -due to the steric inte actwon of the ethylene
br1dge w1th ‘the . N- methy4 group The large a- efféit of +9 2-ppm in - N-
methy] -4- pheny?*4 pwpertd1n01 may "’ be attr1butab1e to the ax1a1 hydroxy1
.group. The B- effects rema1n quest1onab1e under any c1rcumstance dThe
¥- effect on C- 4 of 8 0 ppm can be taken as a representat1ve value W1th ‘JV'YA L
the shweﬂdwng be1ng greatly attenuated 1n N methy1 4 p1per1done (+0.2- - o ~4'
pm) as expected - The desh1eld1ng y effect of 2 qnppm in N- methy] 4-. ~;" |

phény] 4- p1per1d1no] may be attr1buted to the ax1a1 hydroxy] group

- The y- effect at. the N- methy] group. has an average va]ue of -6. 5 ppm

2. Trbpane Conformations b S
Ll I

a. Protonat1on Effects o~

-

In orden to determ1ne the conformat1on of the tropanes boﬂhﬂ

-

tne1r free base and protonated forms were stud1ed The protonat1on

effects are summar1zed in TabTe XIV

112,113, 114 .

It is well estab11shed that 3 phean 3 trop1n01 46

and\lti\torrespond1ng hydroch]or1de 4Qa exist preferent1a11y 1n the_

cha1r conformat1on Consequent]y "cha1r protonat1on«effects inthe
tropane system can be determ1ned us1ng th1s compound as a. mode],,1 e., . N .{,w
BN e 0.9, Bc 1,5 *2. o, Yc 2 4 -1 2, .o 6. 7’-0 8 and 5 23 -1 0 ppm.

However, 1f the tropane r1ng ex1st§ 1n 2 boat conformat1on 1n the free d{'.



o .(,‘ | - TABLE XIII.

)
[

.86

Addﬂ;awtx Effects of the. Introductmn of the c- 6 7 Eth,y'lene B

.

B’ridge to the P1per1d1’e ng System
\

L]

T . Structure o e

-A O O ﬁﬁ

. 3 _‘3'

=  ¢7;g\\;:< +4.5 ,_f4,9" o }5}2

B. - . +5.4 "~ +3.8 6.2 47.1

Yes 837 8.0 402 - 426

Sy : - -6:5 -7.5 - -6.0 |




f}kuzf xrv:

Protonat1on Effects on the Carbon 13. Chem1ca1 Sh1fts ¢n
: . Var1ous Tropanes L - ' g)J;
R St 2

m?COmpébnd .

Solvent .

Carbon Pos1t1on and Effect

SfN;Mq);

B(C 1. 5)

(C 2 4)

Y(C 6 7)

45

47

f.3
45
46

48
" 49

a7

o1y
coclyT
‘CDCTé ’
| MPOH dg
MeOH d4

MeUH-d4

MeOH d4ﬂ

MeOH d4

‘53;2

4309
T 45.3
BTN

. =3.
7.
. "

231
‘75,3‘
e 6.3
o ; .

0.8
e

S -0.2

o

0.5

-1.0

~ Average values

s _‘2-8

. _']..] .



.aspects, the tropa

v . . v . L o R N

base'ipd protonation 1nduces a conformat1ona1 change d1fferent protona-

‘tion. effects are expected _ "',\ ' : , -f S ) _ o

1

v;produce a Y—sh1e1d1ng effect at C 6,7 1n the protonated chair conforma-

t1on (Flgure 9b) as a resu1t of 1nteract1on w1th the added ax1a1 -3 -

1

”subst1tuent Any dev1at1ons from th1s Y- effect are expected to ref1ect ”“‘
a change from preferred cha1r (F1gure 9b) to preferred boat conformer L
(F1gure 9c) in the protonated tropane mo]ecu1e A shielding. effect‘at B

C- 1,5 is aTso expected in the boat conformer the consequence ‘of ec11ps—

1ng between the 1(5) and 2(4) hydrogen atomse Therefore referr1ng to

,F:gure 9, if the cha1r conformat1on (F1gure 9b) predom1nates in the -
1protonated fﬁrm a re11ef pf the hydrogen 1nteract1ons will produce an
'1ncreased desh1e1d1ng of the C 1 5 carbon atoms compared to those in the'

.,protonated boat coizormat1on (F1gure 9c) Ut11121ng these protonat1on._

conformat1ons can be discussed.

Ecgon1ne Methy1 Ester (45)

Both pmr and 1nfrared spectra1 data prov1de ev1dence

“that in so1ut1on the boat conformat1on of 45 is s1gn1f1cant1y populated
"ATherefore ~the prbtonat1on effects observed 1n the carbon 13 spectrum of
x45a refer to the protonated boat conformer of the free base 45 (F1gure

9a) ~ These effects are’ sma11 (Table XIV) aud no Y- effect (as d1scussed'

ear11er) is observed‘ As far as the’ carbon 13 resu]ts are concerned the

-nwgn1tude of the brotonat1on effects are not 1arge enough to 1nvoke a
conformatxona] change (F1gure °b) but rather a change in the or1entat1on
:t,of the hydroxy1 0-H bond w1th concom1tant 1ntra mo]ecu]ar hydrogen

bonding between the N H proton and oxygen is 1nd1cated % The boat :

A

S The major. effect upon protonat1on in th1s 51tuat1on w111 be to.”‘

28 o
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structure is -thus maintained. Comparison of the effects of protoni:jon

5 _~H

of 45 for solutions in methanol-d, and chToroform-d]:“
~N . .

. largeraprotonation,effects occur in the less polar solvent. In particu- +

lar, C-6,7 is sh1e1ded 3 1 ppm and -1.6 ppm “in CDC13 and MeOH d4,
_respectively, 1nd1cat1ng a contr1but1on from the cha1r conformer of 4Qa
in the formér so1vent - That is, a y-shielding effect occurs at C-6,7.
It is suggEsted that the protonated species (45a) beg:epresented by the

equilibrium:. the boat conformer is favoured in methano] and the chair -

confqrmer 1n ch]oroform The. methano1 be1ng more polar, is. better ab]e
. to solvate the part1a11y charged centers at the n1trogen and oxygen

atoms. .The chemical shifts bbserved»for the hydroch]ornde are, therefore,



"o Lo 90"

Y

average”va;ues. The protonat1on effects of 45 in ch]oroform are -
exp1éineo-as fo11ons; The de§h1e1d1ng (+3 2 ppm) at c-1, 5 is attributed. R
.}to“a greater amount of 'forma1 Gharge on the nwtroqen when in the
‘cha1r conformer than the boat conformer where-ﬁhe charge is expected to
be deToca11zed over both the nitrogen and. oxygen atoms In addition,
'the 1nteract1on bot\een the ec11psed hydrogens are - relweved -The "

sh1e1d1ng effect_(—3.3 ppm) at C-2,4 is a result of both a change in

conformation,to the chair conformer together with’the presence of & . . | \

S _ : : . ]
ST more pronounced v-effect of the N-H proton.”~~

ii. ,3o—Dioheny1hydroxymethyl-3S-tropanol (49)
The effects of protonat1on in 49 can- be exptained in a
s1m11ar manner with 1ntra mo1ecu1ar hydrogen bond1ng poss1b1e in the

hydroch1or1de (4ga) with the boat form predom1nat1ng. The 1arger

H—q P

-

‘protonation effeot (-2. 1 ppm)’ at C 2. 4, compared to that in 45 (-0.5 ppm)
.can. be attr1buted to 2 d1fference in the equ111br1a for the hydroch]or1des
49a and 45a The shair form is dow1nant in the former resu1t1ng in the

. 8
_ 2. 1 ppm sh1e1d1ng at C 2 4 as 2 resu]t of a Y effect of the N- H proton
N v , :

-~ ii*:”-Ethy1-3u-pheny1tropane¥3a<carboxyrate (47)
e o ; . i ) VI

The hydrochloride of 47 studied'fn nethanoi'shows-lérge'



protonation effects. at C 1,5 (+3 7 ppm), C-2, 4 ( 4. 9) and C-6, 7 ( 3 9
; ppm). The pmr study24 did not 1nd1cate any boat structure for this
‘molecule. However, the 3¢ data 1nd1cate contr1but1ons from the boat
‘conformer in the free base (iZ)ﬁ» This can beiexp1a1ned in two ways.

-
N

First, the 1arge increase 1n protonat1on effects from 46 to 47 wh1ch
Y]

~ should be of s1m11ar magn1tude if cha1r forms ex1sted in both structures,

g can on]y be exp1a1ned if a conformat1ona1 change occurred between the
free base,and hydroch1or1de:der1vat1ves of QZ.. The acid er1vatjve ‘
(47a)ris expected“to be predeminate1y in. the~chair for(}:1nce‘nointra-
molecu]ar hydrogen bond1ng of the type found in 45 and mvis possible.
Hence the large protonat1on effects must be due to a change to the cha1r
conformer in 4Za with shielding at Cf6;7 and desh1e1d1ng at Ca1,5."A '

" large shie1ding (4. é-pbm) et 6—2 4 in ég:alsb occurs‘updn protOnatiOnt
and is attr1buted to the confdrmat1ona1 change in addition to the
-expected y -effect. Second, the 51m11ar1ty in the magn1tude of the
,protonat1on effects in {Z and 3 The boat conformat10n ef the latter

base is estab11shed]], thus s1m11ar conformat1ons for, 47 and 3 are

indicated.

L . s . s o
: e R - . ) - 0. -
: - . . .
o s . : S - .
. - . - . a
- . . : I3
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iv. 3o Pheny1tropane 3B8- carboxy11c acid (48)
Based on the protonation effects observed in the ii{bon 13.

spectra, a Zw1tter1on is proposed for the free base 48 This proposal

+

hﬂer-hlo | |

’

a

is based on the smal] chem1ca1 sh1ft d1fferences served upon protona-

tion at a]] the carbon pos1t1ons except at C-8 (+9 3 pp:'
( 1. 4~ppm) - The 1arge desh1e1d1ng at c-8 1s due to a change

carboxy1ate anion 1n the zw1tter1on (48) to the protonated form'1n the

. acid (4§a). The sh1e1d1ng at C-2,4 is due to a change in the {(effect--'“

on those carbon atoms, of 0 to OH‘upon 1ntroduct1on of the proton.

¢ V. 3a-Pheny1 38 tropany] pheny] ketone (3)

" The large protonat1on effects (C-1,5 +5.3, C-2,4 -8.9- and

S N
L 6 7 6 3 ppm) observed in. 3 1nd1cate a change in conformat{pn in the

compound It is estab11shed thatsthe free base, (3) exists in a boat

, conformat1on as a consequence of a N"I--C ----- 0 1nteract1on
s- c

BN
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Therefore, a chair confo?mer (F1gure 9b) 1s expected 1n the hydro- -

ch10r1de (3a) since the possibility of 1ntra-molecular hydrogen bonding
as 1n~45a and 49a is not possible in 3a 'due to the substituents at C-3
being unable to form a stab]e 1ntra-mo1ecu1ar hydrogen bonded mo]ecu?e.
Therefore, “a change in conformation from a boat conformer 1n the free e

I
base to a chair in the hydroch]oride is 1nvoked As a1ready stated

no conformationaT changes are evident in 46 up protonat#on. therefore.
if we assume solvent effects are m1n:mgff subtraction of the - protonation
effects for\46 from the average va1ues for 47 and 3 give values for the\
conformatwonal differences in 47, and 3. That is, N-Me, +0.5, C-1,5,

- +2.5, C-2,4, -7.0, C-6,7, -5.0 and C-3, 0.0 ppm for gg‘ihg from a boat
lconformer to a chair conformer; The major,effects are as expected:
7'C41,5 is deshielded (26 ppm) as a conSequence of removal of the eclips-
_ing hydrogen, C-6,7 is shielded (5.0 ppm) due to the introduction of the

steric interaction of the C-3 axial substituent and t42,4ﬂis shielded - °

(z.0 ppm) due to the introduction of a Yv-gauche interaction at these

. -
. . <

. ®
carbon atoms with the N-H proton. ‘”ﬁ 4 .

‘ -The effect of solvent change on the spectra].behav1our of the
N-«veeCT70 1nteract1on in3 should be noted The carbon chemical ,
.sh1fts are similar in both CDC]3 and C02C1 However when MeOH- d4 0
was used as. salvent large chemical shift d1fferences are observed . ///,

- C- 1,5 and C 3 are desh1e1ded (+11. 5 and +2.0 ppm respect1ve1y) and . |

i'C 2, 4 and c-6, 7 are sh1e1ded (3 7 and 2 3 ppm, respect1ve1y) the N- methy]
resonance is unaffected compared to the chemical sh1fts determ1ned in

. »‘CDC13 ‘The behaviour of‘3 in methano] is a resu]t of a greater degree

of nitrogen- carbony1 interaction in th1s solvent than in CDC13, the

methan01 be1ng better able to stab111ze by an, approprlate so]vat1on



L ‘ . " ’ | o e -
. R - ' ' ' ‘qg_m oy
mechantsm, the partial charge seporation which is produced by this ' “
1nteraction. A similar agrument has been used to explain the change "
in W absorption of 3n ! : : e e e e e e

... o f . N

Similar solvent effects occur for the hydrochloride of. 3~_ In

methnnol Iarge chemical shift differonces arise.‘ BelT and Archer have

¢

suggestedn that this hydrochIoride, in methanol, is a mixture wh1ch
consists mainly of the, form with 'forma}ly bonded’ n1trogen and carbonyﬂ

' function (39) in eQuilxbrium with the form possessing the nOrma1 ketone -

‘Qe,f This is verified in thevcarbon 13 spectra by the occurrence of , the

. o . . - “’ -
. o ' . ' O..H-‘
= ’ ‘ h - 3 _@Ph
C

Vresonance at 109.4f ppm due to C-8,4now an hydroxyI carbon, and;a]so'hy : -
the‘I.R. SpeCtra which exhibits absorption bands.at 3400 ¢m™! and ]675 |
ch’T attributable to hydroxy1 and carbony] funct1ons, respect1ve1y Thevw
'ass1gnment of fhe carbon resonances in 3a/3b was fac111tated by a changé
in the equilibrium concentrat1on between two spectra] determ1nat1ons ° . '_"

. The chem1ca1 sh1ft§ of 3a are s1m11ar to those obtained for the so]utwon
in CDCI (<1 ppm d1fference) and enab]e agsggnmept of the ;h1fts due to
the'cha1r conformat1on in the equ111br1um mixture, Tbe format1on of ‘the ;’

N-€g bond generates an assymetr1c center at c-8. Henééqeach'%arbon in

the mo]ecu]e 3b g1ves rise to an 1nd1v1dua1 resonance Structure:§P°;
' ; xz- RS S | T . :.j> : ‘ ?;5 .

<
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o | N - o
can be repré@ented as a norbornyl derivative: = .- . g

UnfortunateTy the. carbon chem1ca1 sh1ft of the analogous norbany] system

without the ethy]ene br1dge have not been reported Therefore “the

.-d1st1nctuﬂ1between the methine’ and methylene carbons is based on]y on-

the assumption that the hydroxy] group w111 exert a 1arger Y- sh1e1d1ng

, effect at C 1 and C- 2 compared to C 5 and C- 4

[

=D CONCLUSIONS

R

Th1s study of"tropane der1vat1ves successfu]]y c13r1f1es the

-ass1gnments of the methy]ene carbons, C-2.4 and C 6,7 and prov1des a

better 1nswght 1nto the conformat1ons of severa] tropane. systems

WCarbony] and hydroxy] add1t1v1ty parameters in the tropane series

,(carbony] a effect —17 2 ppm eguator1a1 hydroxy] a +46 8 y -] 1 ppm,.

_ax1aJ hydroxy] S +47 9 y -0. 9 ppm) dwffer frony those in the analogohs
-p1per1d1ne IcarbonyT( 14 7 ppm), eguator1a1 hydroxy] a +42 6cand y 2 7

ppm and axial hydroxy1 ‘o +28.1 and Y -4.7 ppm, respect1ve1y 1. On the

basis &f these effects ev1dence 1s presented for boat contr1but1ons to

R B
the conformatnon of trop1ne (38) 0. . \\\ 1?

The 1ntra molecu]ar hydrogen bondwng present in the three

tropanes; ecgon1ne methy] ester (Qé), 3a—d1pheny1hydroxymethy1~383 :

. 4}'5'4\.) .\ ‘ ’ . - / o

.95



B axPERIHENTAL

_ L
~prec1p1tate of mp 254 ”57 was obtainéd (mp 1it:

{

tropany] phegy] Petone (3) suqqested by Casy et a1 24 was c1ar1f1ed bj ’

1compar1ng ithe protonat1on effects observed in the carbon- 13 spectra

The’ conforwat1ona1 dhanoe from boat to cha1r conforrers is best exemp11—
f1ed in 47 and 3 The change is: caTcu]ated*by obser\1nq sh191d1no at

—é37 (5.0 ppm) and C-2,4 (7.0 ppm) and desh1e1d1ng at C-1,5 (2.5 ppm)

"sNo"effect is observed at the carbony] cafbon" The hvdroch]or1de der1—

’ vat1ves of 45 and 49 arte a]so present in boat conformat1ons for so]utwons o

in methano1 but an., equ11;brat1no m1xtuve 1s observed in 1ess po1ar med1a

(CDC]B) thh the cha1r conforrat1on predom1nat}ng it is suggeste?'that

4773&1;L§\$£:ferent1al1y as a boat conforner with- a strong nitrooen- -
‘carbony1 ract1on S1P11ar to that found in 3 The h drochloere, %a;
dwsso]ved in methano] 1s a ketone/a]cohol equ111br1um mixture as shown :

by the carbon 13 spectra vadence 1s presented for a zuxtterion in

"73u—pheny1tropane53;—cahboxy11c ac1d (48)

A/’.
e

Dr.Jd. E Coates supp11ed saMp1es of 36, 43 49 and 3 ~fhe /

hydroch1o;1de of Sa- phenyq 3--tropany1 pheny] ketone 3 was, 1so?ated by

buba}1hg anh drous HCT into an ether s glution of the free base /A wh1te.

M 257.257.5° )/ e

» The free ‘base,” 3L-pheny]eropane 3= —c:\§oiv1ic”acid (Q@) was
,prepared by the add1t10h of ‘a- 5% sod1un hydroxwde so]ut1on to 3“4

phenv?tropan 3”—carbo '1 c ec1d HC1 ( %a) d1sso1\ed in a m1n1muw amount

of‘waeer, extractionﬁwweh ch]oroform, dried over n9504_and evaporated to f

dryness afforded white crystals, mo 121-122° (mp 1it. 13127-122.5°).

>
[y
o

o
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. CHAPTER IV

PHOSPHORUS HETEROCYCLES

_ A. INTRODUCTION - e - -
- Carbon—13 nnr spectroscopngas been emploved with much
.'success to $1X= membered n1trogen heterocyc11c compounds However
\unt11 very recent]y little was known concern1ng ]3C chem1caJ shxft
»‘parameters rn r1ngs conta1n1nq a phosphorus atom We attempted to
rect1fy this s1tuat1on in the present study by . re]at1ng structura] and
stereochem1ca1 features to carbon 13 chemical shifts and\JCP coup11ng
constants Our work has been comp]emented hy the- very recent work of

-73a,b, 74
Quln a i co- horkers . These authors have concentrated on the

use of ?3C nmr spectroscopy to detérm1ne*the structures qf the c1s~ and
trans 1somers of “the 1 »4- d1subst1tuted 4- phosphorwraro]s 4, and the f
cha1r to- cha1r 1nverswon equ111br1a of se]ected 1- subst1tuted phos—
;phor1nanes and the1r COrresnono1rg su]ph1des73a b Our stud1es have r.
concentrated On the ef ect of subst1tuents at the C-z, 6 and C- 3 5 °e
‘pos1t10ns on the corforwat1on and chajr- to: cha1r 1nterconverslon of."
1-phenyl-4- phosphor7n -anes, «ones and -o]s The effects of ox1de. "5,
formatjon Leresajso determ1ned. - d3 |d o ,/' : . ,; : : r . ?gg

Carbon 13 nmr spectra of compounds conta1n1ng phosphorus

LIS

o exh1b1t not on]y character1st1c chemical shifts but a]so couplxng

o bonds The s1ze of . the two-bond coup11no for tr1valont phosphorus is.

‘ between the phosphowus and carbon atoms througi two and somet1nes three

t'apparently subJect to ster1c contro] and conseQLent]y is of value in .,

7 .
confor atxona] ana]vs1s > Further, carbon—13 coupling with

197



phosphorus exh1b1ts d1stance74 and d1rect1ona1 chéhacteristics and,

?1 therefore, 1s a usefu1 a1d in carbon ass1qnment 2.

[}

~ The or1entat1on of the phosphorus subst1tuent is of conforma-

Lt1ona1 1nterest since 1n the phosphor1nane system the H° vaTue is

+ remarkably sha11 for the equilibrium between a and‘g («O 68 kcaT/mo]e, -

.

-
— W R— |
s .
~ -
| e
a b
N . o : ..
R = CH3) 3 . -A,1Qw=temperature P nmr study”6 on 1- methy]phos— R

‘pherinane qave a constant (C.56) for the conformat1ona1 equ111br1um at-

G,

25” 1nd1cat1hg ?hat the ax1a1 form predom1nates at room temperature

‘The nagn1tude of the ZJ : coup11ng constant to the carbon atows C 3, 5 1s'

_PC
apparent]y spec1f1ca1]y re?ateo to the p051t1on of conformat1ona1

‘equ111br1um LargD ZJPC va]ues were observed74 1n systems where the

- dwhedra] angle between the phOSphorus lone- -pair orb1ta1 and the coup]ed
,carbon 1s sma11 and v1ce versa for 1arge d1hedra1 ang]es For examp]e,
'negl1q1b1e coup11ng (0-1-Hz) oceurs at C-3, 5 in trans-1- wethyl -4 t—
7buty1 4- phosphorwnano] 4, while s1gn1f1cant coup11;g {7 42) occurs in
the cis- 1sbmer pC: /
and the carbons C 3 S5iin the pho<p|0r1ranes stud1ed 1n th1s work are o
:compared to these 11m1t1ng values to determwne preferences in equ111br1a

The present stud1es on the phosphor1nants 1nd1cate a maximum
o~

ZJPC va1ue (33 Hz): occurs when the d1hedra1,ang1efbetﬂeen the phosphqrus

)

98
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74 2J coup11ng values between the phosphorus atom /5‘t
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o

. 1ﬂi]one pa1r orb1tak and the carbon two bonds removed is close to 0°.

\

',The coup]1ng decreases (11 Hz) at a d1hedra] angle of ahout 60 and
'reduces to. zero as the ang]e approadhes 180 wevconc1ude that'a o
' Karp]us type re1at1onsh1p probab]y ho]ds between the d1hedra1 ang1e *
and the’ 2J PC coup11ng consttﬂfs. However, in the absénce bf def1ned
:--fd1hedra1 ang]es the ‘implied re]at1onsh1p must remain’ qua11tat1ve

A Karplus re]at1onsh1p may ho]d for the BJFC coup11ng

.‘..‘values ' However, in the- phosph1nes the magn1tude of this coup11ng is

'too Small to be, of any écnsequence On the other hand 3J4 va]ues

-~ PC
‘increase on_ox1dat1on and a Karp]us type re]at1onsh1p has been L
‘suggested”7 based on the b1cyc11c phosph1ne ox1des 50a and 50b - The

= (sgav).:n_ -2 -(_50b),‘ TS

L4

contr1but1on of the d1p01ar form of the phosphorus -oxygen bond can be

est1mated from the carbon 13 chem1caT sh1fts

o AR : ) (A
B RESULTS f",‘_ o R

_ The observed 3C chem1ca1 shwfts for 1-pheny1—; and ] pheny]-

2, 2 6 6 tetramethyl— phosphor1nanes and the1r correspond1ng phosph1ne

~ oxide der1vat1ves are presented in Tab]e XV Correspond1ng JCP

\ .
1ng constants are g1ven 1n Tab]e XVI ' The effect of changes in the

-’ox1dat1on state . (PIII to PIV) are: g1ven in Tab]e XVII and the o

-

' coup1f

99



¥

oy

1UIN[0S

TG Sge
gy
..m..nz....
. LTI
T 959
e Lig
Sz - e

Cbyse o TBygp

SSose ez

Bgeaei
Orer lyea

Ay

N

Sees
%9z .

%9

Sooeer - e - frml
” :

Sog0z

. .:.MN
lysz - Bgoog

& NUTRE. T R 1
Symt . cleey
Soezet - 9g7sei

99-sc1

“feooe . Yoz

8g.gg-  Zogg

% - st

Sfeoe %00

CSeue e
R X1
S Srm Ve

2

11

ezt
9681

22-6¢

Og: 15
ty-ae

%62 Ouee

Y - ke

ez

beLeL

C%or o 8srenz

< hpiel

el g

83921

Sreer  Lron

oo.ﬂw ’
%0z .anunow

tgege

<

Mee e Sk

et

Bgp

el
2ir0i2-

62'g¢

" 8ghigl

99061

Sgegg1.

5992

6g2z

o

€y'gz O 92

1022t

C0er fraa

Sevoel
23081

B2 -

" Sgqe

4.
69
" Feg .
m-um
)
562
(63),9.2:0 -
()92 -
]

4, .\\O

umauu..u

Uoy3 4304 -
U0g42)

\.

7

SaA|IVATII IPIND BURV}AOYGFONG Puv WU

0udsoud- (Ruaga

T} ST (PR T



-

.wu:.:;wuuv.uog ubis ‘2349 uy :o>[n

01y .

2 R N T

oo 0o 39

e o oerl g RN T o
98 PN 6 ot g . T Yy

T
S Y S TR 6 ew . By
L & KU i ho B Tt I 3 TR, 1
3 A 0 .,.mww o 0- 086 o n.*m e 0 o 0 e 0 o L]

LR R X H L N & N e N R §'€-2

. S e
_ : I O R =

oy e IR NI U T s sl g v §'2-3

~ u0}3ys0g
.,4xﬂ . uoQ4e)

ot & % St - elg

\ — YT Vo — T = - ;

tnemse e ,.:.lll-l.

........-..-

—— [P oy

au>—->_gmo uv_xo o:oc*go:nmoca pue mrchgo:n\o:n —xcoga m Lot mu:eumcou ar"—naou :_nm Lcu—u:z a,m mp

ST u,.;&,




i ,n ) . ’ . . Voo ’
. . / . - ' )
. ‘ i - . N . °
| .. I - ' - ’ ’
. . - ~ - ¥
- . ) 7 (,;
R ‘ : » °
. f u. v :
. e : oo . I RIC NIRRT RL
. . S ~ _ , e a1ny 838 Bamonans 04y
; o < 49 (004 Op o rram vy vanis g
~e . . R . : . 4@ - {0)4p « w4 U} uayB 97
e e re IR 0 T I 12 -0 vy 0 5 )
2 re o owe- zo vt 1o ) : TR Y N 50 2
- e - 0z 65t e v ; e we e e B
ris s v 9t K Y ER) e AN TR 33 35}
) . 61 s 6y e re 59 yieoo N S ¥ S N e ")
[ gt 0 60 [ 21 7o 0 A &y e ... 0°2- e $1- $'c-)
“r oy e - vt U vt 9§ ST S S(19),9.23
(¥ 0t~ [ T [§ 2t 9§ 62 T - ..:u . , S - (v.9.2°)
v o e 5" ISR &) T E s 89y 005 re s ot 923
- - - " — . : S N U080,
O oW Oy 9 o g 99 Ay o ey w g cw Rl
o X S . : T e A
s — s — ¥ "w e % "0y — 5 v ¢ O e - 0w 1 .
- . R - RN N g
- 34nONS . y o . )
N K SIAJIRATIAC MR} I0ydSOye- Audyg-d 49 .CSE-.:.. ,:o:a..‘_:e_m -3.5.“ . .
: . : . L .
. - ) [ R




103
- $
o o TABLE, XVIII
| | N | L .
Empirical Tetramethyl Parameters Observed in
{ "P—Phény1—Ph05phorinang Derivatives
Structure o _ parameters o
@ a B cy(C-4). y(c-q)  &(c-0)
@:‘; <
+4.6 +18.7 . -7.4 3.4 - +5.7 ‘
+6.0. +17.1 -7.7 %45 425
1.4 448 408 ol 4.0
1.0 +17.4 0.8 3.2 . 422
¢ N
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substituent parameters are presented in TabIe XVIII
Assignment of the carbon-13 reSonances to the appropriate_
carbon- posit1on in the compounds stud1ed was. ‘made using conventiona]

techn1ques and where amb1guit1es arose, the magnitude of the JPC

» 3

<

coup]ing-constants‘enabIed identification. Specvfi; assignme’ts are |

described'in‘the appropriate section. -

C. DISCUSSION

. Fhosphor1nane Der1vat1ves -

: | \a; -I-PhenyIphosphorinane (i})ianowlfﬁhenf,
ag)- o | &t Y N
' | “The chemicaIIShifts for the titIe eumpoundsvare avera;e
| values since there ex1sts an equ1I1br1um between p- phenyl (axiaI) and
P-phenyl. (equat ). The reported constant for the conformationa]
equ111br1um in: squt1on at 27’ for 51 is 0 7273 . Hence ‘the axiaI
pheny] conf1gurat1on is preferred at room temperature. However the \S
conformat1ona1 preference, 1n so]ut1on, ‘of. !!L phenyI group in 15
ha; not been reported As: ment1oned earI1er the. magn1tude of the
-.coupling constant ZJ;C between the phosphorus atom and the carbon
atoms C- 3, 5 is re]ated to the pos1t1on of the conformat1ona1 equ111br1um
| .Thus, the Iack of coup11ng in 15 1nd1cates the phenyI group prefers

.an axial or1entat10n, wh1Ie the. vaIue of 3.7 Hz in 51 is in keeplng

473a; “The couplxng constants . »

"~ with the conformat1ona1 equ1I1br1um reportec
to the. ortho meta and para carbons in the phenyI r1ngs of 51 and 15 are
, 1dent1ca1, 14 6, 4.9 and 0 Hz, respect1ve1y, wh11e the C-q coup11ng is
:'sI1ghtIy smaller in 15 (17 Hz) than 51 (18.3 Hz) suggesting that in-

_the aromtic r1ng;on1y the ]JPC coup11ng constant is sens1t1ve to small

~
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~ changes in conformationa1 eduiTibrium The 13 C evidence suggests \

" the P- pheny1 axial configuration 1n 15 predominates at room temperature

‘ and to a lesser extent in §J : ‘ . o . \

The a-carbony!l subst1tuent parameter in these molecu]es is
‘+14 7 ppm Th1s value is ident1ca1 to that observed in N- methy] o

p1per1d1nes43.

It is also aPDarent that the difference in the sub- \
stituent at the heteroatom has 11tt]e effect on the overall chemical _~.\

shifts. For comparison, the T3C resonances for the C- 3,5 and C-4 "1 \_

vcarbons in N-methyl (Tab]e VIII) and N- pheny1p1per1d1ne (Figure 121 see
page: No 131) d1ffer only by +0.2 and —0 5 ppm, respect1ve]y Ev1dent1y o L
the’ carbony1 group has similar 1nduct1ve effects 1ndependent of the - \

heteroatom

[* 'b,- 1—Pheny1-2 2,6 6-tetramethy1phosphorinanes |
Ass1gnment of the carbon -13 resonances to the appropr1a\e

carbons in the tetramethy]phosphor1nanes was made u51ng conventional
techn1ques : In part1cu]ar the methyTene carbons of the saturated
, »r]ng 1n 53 were ass1gned on the bas1s that C-3,5 will exper1ence a
desh1e]d1ng B effect and C 4 a sh1e1d1ng y effect compared to 51 (B
+14.1 ppm, y -7.4 ppm) For the aromatic carbons in 53 54 “@nd 55 N fr
d1stant dependent J coup]ing consfahtS'were evident. The para
?carbons were 1dent1f1ed by their 1ack of: coup11ng to phosphorus, the -
meta carbons to their 1nsens1t1v1ty to subst1tut1on effects (chem}cal
shifts rema1n1ng constant 127.6 - 128.5 ppm) while the ortho carbons
were cons1stent1y to Tow field: of the other aromatic carbons.: In 55 '
proton se]ect1ve decou 1/hg technlques were used. to conf1rm the1r

ass1gnments | The ass1gnment of the methy] carbons is descr1bed be]ow

@1n re1at1on~to the conformat1on of the compounds.
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c. Conforn?fiona1 Ana]ysis of 1- Phenyl 2 2,6 6 tetramethy1
phosphorwnanes ' : ‘w ‘ )
The conformation of the three tetramethy] phosphorinanes
studied may be ana]yzed us1ng the observed 13C chemical shifts and the

magnrtude of the. conformational]y biased 2 coup]ing constant The

PC
_ methy1 carbons in 53 and 54 are a]most magnet1ca11y equivalent. - The
: difference in chem1ca1 shift between the axial and’ equator1a1 groups
is O 5 and 0.9 ‘ppm, respect1ve1y However, in 55 there is a def1n1te

__; changg,e1ther in the r1ng conformat1on or the P-phenyl or1entat1ons,

" the methy] resonances d1ffer1ng by 5. 8 ppm ' S , »
. The _phosphorinane r1ng is f1attened comparqd w1th cyclo-

. hexane or other six- membered r1ngs due to the constra1nts of the phos- ’
phorus: atom Thus the desh1e1d1ng 5- effect expected between the axial
methy] carbons ‘may be. re11eved A concoM1tant sh1e1d1ng of. the
equator1a1 methy] carbons is Tikely to arise from part1a1 ec11ps1ng
of the C2 C bond W1th the P - C-q bond the consequence of distor-

‘ t1on of the P- pheny] ax1a1 group. . The comb1nat1on of” these effects

'1mp11es that if a conformat1ona1 equ111br1um does ex1st then the pre-~

ferred conformat1on w111 be that w1th the pseudo axijal pheny] or1enta-
h_t1on producwng near equivalence of the ring methy] .carbons. 30 10 (ax)

‘a30 6] (equat) and 30. 99 (ax), 30. Y (equat) in 53 and 54 respect1ve1y.

’ On exam1n1ng the Dre1d1ng mode]s for these mo]ecu]es the pseudo ax1a1

methy] groups have a sma]ler diMedral ang]e relat1ve to the phosphorus

»1one -pair orb1ta1 ( 0 ) compared to the pseudo equator1a1 groups

(>GO ). The c1s ‘relationship 1n the former exp1a1ns the 1arger coupl -

'1ng constant, +24.4 and 33 0 Hz (compared w1th 15.9 and 13.4 Hz for the f Q:E
e equator1a1 groups) 7",53 and 53, respectively. In 54 phosphorus o

o
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coupling to C- 3 5 1s observed (2.4 Hz) and can be rationalized by a .
decrease in the dihedral anqle between the phosphorus 1one-pa1r orb1ta1
and this carbon‘position Fur:nermorq as indicqted by Dre1d1ng models
this. change in angle wou]d cause @ decrease in the dihedral angle to ~—
the pseudo-axial methyls and an increase to the pseudo equatorial
methy1s. This "is evidenced by the phosphorus‘couplwng to the axial and
equatoria1 methyls: increasing and decreasing, respective1y. Hence
the phenyl ring is expected to be tilted eway‘fron the phospharinane |
ring in 54 hohpared‘tovSB‘ The pseydo- -equatorial meth 1s 'in 54 are'
shielded (30 13 ppm) with respect to the pseudo- axiel\jethyls (30 99
pm) due to a greater eclipsing of the C2a~ Cre and P - Cq bonds and
a greater separatﬁon of the 1,3- d1ax1a1 methy1 groups. .

These resu]ts suggest that changes in conformat:on in

phosphor1nane r1ng systems can be better fo]lowed by changes’ in the

,“ carbon- phosphorus COUp11hg constants The preferred conformat1ons .

o W oo
wf 15 53 arre\ %are shown below.  ° - _ - ' .
54? ~ S :
- < . s

15 o S sz . 54

~ . ; . Y L ' N

The a1cohol der1vat1ve 55 (of 54) was obtaﬁned by a lithium
~ ‘aluminum hydr1de reduction. The hydr1de ion (H ) presumabTy attacks

B ; o ~ / :

4
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from the less hindered side (Fiquro 10a) resulting in an axia?

118 (Figure 10b) whtch would produce severe 1.3~ -diaxial®

hydnoxy] group
1nteract1ons with the pseudo ax1a1 €-2'6' methyls in the chair conforma-
“tion. A more favourable conformer (Figure 120) with the phenyl aroup
.equatorddlly orientate& results from chair-to-chair interconversion.
The structure of ﬁé (Figure IQC) is verified'since iarge 2dpc.coup11ng
to C-3,5 (11.0 Hz) is observed implyjng an eduatoriej phosphorus sub--
stituent (nggmgypyg)i Fuhther, large differences in the chemical,
sshifts of the methyl groups and their coupling to phosphorus are
observed 26.44 (4.9°Hz) and 32.3, ppm (28.1 Hz). These valuts
oﬁ&fharagterize the axial and equatorial methy1 groups, reépéctive]y,
Examination of Dreiding models indicates that thelphosphorusylohe’pajr
-orbital amd axial methy]ICQFbons‘ére trans to each other with a '
dihedral ‘angle close to 1807, while a cis-re]ationship is evidept {n
. the casemoflthe‘equatofial methyls. . The- fact that the coup11nqs to
the C- 3 5 and C-2',6" (equat) carbons are d1fferent (11.0 and 28.1. Hz,°
respect1ve1y) 1ndxpates that the d1hedra] angle, is smal]er betwees the 'y
phosphoruswlone pa1r and the G-2' 6'\equator1a1 methy] groups presumj -
ably the consequence of the phenyl group t11t&_? towards the ax1a1 .
orientation. . v AN -
As the phenyl group becomes prebresstvely moreyeguetorial
in 55? 53 to QF'Uizc-q carbon resonahce moves to hiqheh field, 137 42
‘]35.85 and 133.39 ppm, respeé??ve]y The poss1b1]1ty that the dxffer1ﬂg N
| %r1entat1ons of the methy1l oroups contrxbute to 1ncreased sterlc effects
' at the C- q carbon cannot be ru]ed out However, s1m1]ar sh1e1d1ﬂg was °
o observed in the equator.a] pheny 1 1somex oF 1-phenyl - 3 5- d1methy1 -4-

-

phOSphor1nanone (vide- 1nfra)

. - .
- ~
. '{ ~
.
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Consideratfon OfvtheTZJ ~ coupling vaTUes'in 53 54 and 55 B,

, ‘ PC
h together w1th fhose in cis. - and trans T—methyl -4-t- buty] 4 phosphor1n-
anoT 74 suggests that “the ? PC coup11ng has a maximum vaTue (- 33 Hz)

Ly i

when the d1hedra1 angTe approaches O’u(53) and decreases to about 7 Hz
at 60° (cis- 1 4 d1subst1tuted phosphorwnano]) and to 0 Hz at 180° (15

53 and trans 1 4-di- subst1tuted phosphor1nan01) A graph of these

resuTts 1s presented 1n F1gure T] Further exampTes of awapprox1mate
L0° d1hedne1 ang]e correspond1ng toa?
79

JPC Coup11ng of 33 Hz. have been R i

, reported Nn the 11terature The trans-isomers of 1 2 d1methy1 A3-
1 — phospholene (56) and 2, 5- d1methy1 =1~ pheny] A3 phospho]ene (57) have

ZJPC coup11ng constants to the r1ng I8 thyTs of 32 and- 30 Hz, respect1ve1y -

’;d. 'H Chem1ca1 Sh1ft and J Coup11ng t ‘
. o ,fl,;:'h : The pmr resu]ts for the T -pheny1-2, 2, 6,6- tetramethyT—-
phOSphor1nanes -are presented in Table XIX The axial methy]s are
-T ass1gned to the 10w field resonance to prov1de cons1stency w1th the:
proton selectwve decoup11ng exper1ments for 55 I.e. 1rrad1at1on of
the Tou f1er methyl proton resoenance (1 28 ppm) produced enhancement

.

“of the carbon resonance at h1gh field ass1gned to the ax1a1 methyl | !
carbon on the basis of the y-effect exper1enced at this s1te 'The '
: proton data. show the pseudo ax1a1 methyT proton chem1cal sh1fts remain -

constant wh11e the equator1a1 methy] proton sh1fts move progress1ve1y .



J(Hz)
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10
gﬁIGURE II:VSA;KarpTusfne1ationShip'between‘tﬁe 2JPH'couo'l'_ing constant
L - and'dihedra1-ang1e:(5)>(—4——463b.ahd'tﬁe 2Jpc'coupﬁhg
e constant and dihedral ang}é (__.,;,;_). Since the sign of

. the coUp]ing COnstants waS not determihed the position of the

L h,’adqtted.]inéSCOu1d indicate pdsitive or Qégative couplina
el Lol T o ° ' . N )

y values.

om



,TABLE XIX
‘w ' ' v ‘ ° l“ -

o ) 3 . ) .
J Coup11ng Constants R Proton Chem1ca1 Sh1ftb and Shift D1fferences

...._P_

for the Methy1 Protons in 2 2 6,6~ Tetramethy1phosphor1nane,Phosph1ne L

':.; S - - and Phosph1ne Oxwde Der1vat1ves
Compounc - . .1C-2'6'.axia1 Mé'.. o c-2'6! equatorial Me _
53 R ‘ _ »1;28‘(19)v : - S ; _0.§j (10{ 
.'53 : S | ,:‘]_31 (18) o ‘. ‘0.95 (1) .
85 .28 ( 8) | . | ”1f°8,£23)“" .
5% ° . . i (12.5) i] o] (14)
: A . i ) T ‘ i .
Sga o 13k T ,_ 5 (6.5)
O A2
R j‘ R L Cc ‘ : e T , C
R B o *Q-Zo -
B 00 40T

@ Va]ue$ in parenthesis given ianeftz : S1gns not determ1ned.
b G1ven in ppm downfield fronf*ﬂs, so]vént CDC13 |

”.C G1ven 1n ppm, p1us 1nd1cates ox1de der1vat1ve to 1ow f1e1d
. . o . ')



‘(53 -* 55) to Tower: f1e1d w1th a concom1tant 4ncrease 1n the BJ#H coup]-

-ing constant Th1s 15 expected s1nce any change Al the or1entat1on of

the phenyl group towards equator1a1 w111 affect the equatorlalvmethyi” ‘

» “group, the methy1 protons be1ng in. the esh1e1d1ng zone of the pheny]

;:7;;-proton data: The ax1a1 methy1 protons at 1'28 ppm have a sma11 3J

1

»V"r1ng The magn1tude of the 3J cqup11n 1s kn0wn to have a geometr1—7 |

‘
119 s1m11anﬂto that descr1bed for the 2J PC va1ues.i

cal” dependence
"Thus, the increase 1n 3J coup11ngs 1s cons1stant with the changes :
.:1n phenyl group or1entat1on prev1ously suggested ' The larger coup11ng ‘
(19 Hz) to the low" f1e1d C=2'6" methy1 proftns in 53 and 54 compared } ;':“fh;
‘to the h1gh f1e1d methyl protons (11 Hz) substant1ates the ass1gnment
‘pto the pseudo ax1a1 and equator1a1 methy1 groups, respect1ve]y }Theav
‘pheny1 group is in the axha] or1entat1on Ana1ogous va]ues are

3

,rEporx:ed”9 for the J coup]wngs to the €-2* methy] protons in the

.PH

"c1s- and’ trans 1somers of 56 (P CH3 or: P- Ph) 10 Hz and 18 Hz, respec-y
1t10e1y, 1nd1cat1ng s1m11ar geometr1c re]at1onsh1p between the methy]‘
Agrpups and’ phOSphorus 1one pa1r orb1ta1 -in: these 1somers A
| In 53 and 54 the methy] proton chemwca1 sh1fts and 3JPHA

) coup]rng constants are less sens1t1ve to the conformat1ona1 change than o
"the ana]ogous carbon 13 data However the change to a cha1r conforma—
“tion. w1th an equator1a1 pheny1 group as in 55 is a]so 1nd1cated by the

PH. "
;coup11ng constant of 8 Hz, wh11e the equator1a1 methy1 protons resonate .
bfat }ower f1e1d (] 08 ppm) w1th a s1gn1f1cant1y 1arger coup11ng (23 Hz)

: These resu]ts are cons1stant with ‘the s1ze of the d1hedral ang]e between.
'the phosphorus 1one pair orb1ta1 and the respect1ve methy1 grouw In 53

and 54 the correspondlng coup11ngs to the equator1al methyl protons are

10 and 1] Hz, respectwve]y

5



D\]3C Addit1v1ty Relat1onsh1ps : 7.5 J L &&f

bue to a dlfference 1n the conformat1ons of the three

'tetramethy]phosphor1nanes 53 54 and 55 d1scuss1on of add1t1v1ty

'v.effects of the - carbony] and hydroxy1 group 1s not va]xd However the

| .effects of tetramethy1 subst1tut1on in “the phosphor1nanes 51 and 15

,;xcan be d1scussed '~ A | ‘

- . ‘ The sh1fts 1nduced at C 3,5 (3 effect) on subst1tut1on of the -
.gem1na1 methy] groups ‘at C -2 and C-6 are s1m11ar, +14 ] and +14.8 ih 'VAf
-53 and 54, respect1ve1y The a- effect is attenuated 1n 51 (+4 6 ppm) ‘w._ . .h
and 15 (+114 ppm) conf1rm1ng the. suggest1on that a conformat1ona} ‘ SR
~od1fference ex1sts between these mo]ecules.- A y gauche sh1e1d1ng effect

“is-observed at C-4 (-7. 4>ppm) in 51 wh1le in 15 the removal of the C- 4 e

S proton great]y attenuates th1s effect (+O 8 ppm) Asy effect is: a1so

. observed at’ C -q 1n the pheny] group, the 1argest effect be1ng in 5]
'( 3. 4 ppm) A large 6-desh1e1d1ng effect 1s found at the ortho carbons i
'(+5 7 and +6 0 ppm. in: 51 and 15 respectlvely) and probab]y arises

from sym ax1a1 1nteract1ons These,data are summar1zed in Tab]e XVIIi;

1 Pheny] 3 5 d1methy1 -4- phosphor1nanone (58)
_ , vh Evidence for th?ee maJor 1somer1c products of. 1 pheny] -3,5- ~-“
'"’d1methy1 4 phosphor1nanone (58) in.the crude react1on product arts1ng |
from the condensat1on of pheny]phosphtne and 2,4- d1methy1 ] ya-

'}pentad1en 3 one was 1nd1cated by the observatwon of three carbdny1 -

£
resonances at 212 3, 213 2 and 214 5 ppm in the carbon .13 ‘Ami spectrum
'The carbon 13 chem1ca1 sh1fts for the three 1somers and the maJor

‘phosph1ne oxwde der1vat1ve are presented 1n Tab]e XX " The presence of .

three isomers was a]so 1nd1cated in the pmr spectrum wh1ch exh1b1ted

b
.;! .
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' "fphenylphosph1ne in the1r attempts to prepare the title- compound 58

f~1somers 58u and 58D dwffered before and after chromatography The,

116
. ‘. . . ‘ |
five methy] resonances hav1ng s1m11ar chem1ca1 sh1fts and coup11ng :

constants to those reported by Vatr1tsky and co- workers]20 for the.

1prodUct obta1ned from cyc11zat1on of b1s (2- methoxycarbony]propyl)-,"

, 0. 98 (6 4 Hz), 7. 08 (6. 5 Hz) and 1. 24 ppm The doub]ets were
cassigned to the maJor 1somers 58h and 58u, respect1ve1y, and the
resonance at, 1 24 ppm to the trans -isomer 58, -Other methyl resonances_

'l‘were obscured Lo L ' . \\\

-

2 p il i ‘ Ph g
. Phu\’p/\ZH > . — P /\\ZCH: " e \D-/\O/ ‘ ! -

R e ey SO

Column chromatography on aTum1na separated the 1somers 58a
: and 58p from 58y Furthermore, the re1at1ve concentratwons of the

) -
'1somer, 58 predom1nated in the or1g1na1 m1xture wh11e the lsomer 58o -

domwnated after chromatooraphy Further separat1on could not be

ach1eved us1ng these'techn1ques The mlxtures were, therefore, stud1ed

and carbon 13 nmr data was abstracted by d1fference measurements

AN
N

The absence of phosphorus coup11ng te the carbons C- 3 5 fh
',58a 1dent1f1es the axial or1entat1on of the pheny] group In contrast,
rthe deé coup]1ng constant 8. 6 Hz is observed in 589 character1z1ng the

equator1a1 or1entatlon of “the pheny] group A sterlc ¥ effect of =1.4°
‘ : : , S
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ppm is observed'at'C—3 5 in 58a;-‘Comparison'of the data for 58a and
]5 enables der1vat1on of the equator1a1 methyT parameters. (a, +3. 7 and
B, +10.2 ppm) which are 1 ppm greater than those 1n the anaTogous N-
methy1p1per1d1ne. (Chapter lI Tab]e IT, a +2.8 and ‘B.49.1 ppm)
Compar1son of 588 and 58a now enabTes the derivation of the parameters
~+for the change in or1entat1on of the phenyT group - These va1ues are

2. 2 B, -1.3 and Y5 +0.9 ppm. The C-q carbon shift (137 6 ppm) fn
.SQa is 1dent1ca1 to‘that in L? “In 588 where the pheny] grqup is
estab11shed as’ equator1a1 the C-q chem1ca1 sh1ft is - to h]gh f1e]d
‘.;(131 8 ppm) This upf1e1d sh1ft 1s the reverse of that observed 1n
the ax1a1 compared to*equatorial or1entated 4 pheny] substltuent in
n1trogen heterocyc1e555 56 '.However, the concom1tant sh1ft at-C-3, 5
 for th1s change in- or1entat1on ( 1.3 ppm) was observed It seems‘~
fprobab]e that the P-Ph bond contr1butes to the reversed effect

: The absence of symmetry in the. 1somer, 58y, is shown by the

‘ presence of d1st1nct resonances for each r1ng carbon atom The B— ')g .
effect of ‘an ax1aT compared to an. equator1aT methy] suggests that c-2-
~(29 0 ppm) should be to h1gh f1e1d of C-6 (29 6 ppm) The expected .
- effect of. the C 3' methyT group at C-5 suggests the resonance at
:,39 0 ppm be ass1gned to C 5 and that at 41.4 ppm to C 3. _ The equatoriai
' Ameth& group c-5" (18 0 ppm) was assigned by compar1son with the s1m11ar ‘
o methyT in 588 (17 5 ppm) The ax1a1 methyT group €-3! is thus to h1gh
“f1e1d (16.6 ppm) ) | |

‘ _ The phosphorus coupllng to the carbons C- 2 6 is- Targer in
58a than 588 (15.9 and 11 0 Hz, respect1ve1y) a feature a¥so observed

'1n 1 methy] 4 phosphormano’ls74

1
where JPC coup11ng is ]arger when.the
P subst1tuent 1s ax1a1 ‘However, an opposite result fslobtained for the -

s
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coup11ng to C- q, wh11e the methyl in the phosphorinano]s has a Iarger
coup]1ng when axially or1ented It is clear that d1scuss1on relat1ng
steric effects and']JPC coup11ngs must cons1der similarly hybr1d1zed
~carbon atoms. In our case the ax1a11y or1ented sp2 hybr1d1zed benzene
carbon 1nduces sma]]er'toup11ngs than a correspond1ng sp3-methy1

carbon

2.A Phosphorinane Oxide Derivativas

‘The carbon resonances of the phosphor1nane ox1des were
.:ass1gned using convent1ona1 techn1ques, in part1cu1ar, ‘proton, se]ect1ve
decoup11ng For 1—methoxy 1-phenyl 4 phosphor1nanone 52 C 2, 6 was
d1st1ngu1shed from €-3,5 by 1ts ]arger JPC coupllng constant S1gn1-
f1cant changes accompany convers1on to the ox1de 1) the. oxygen atom
: exerts character1st1c a—, B- and Y- effects, 2) the e]ectrOn dens1ty on
phosphorus is d1m1nshed compared with the phosph1ne 3) changes -in bond
ang]e and bond 1engths occur, and 4) an]sotropwc effects may d1ffer |
between phosphlnes and their oxides. The - carbon 13 chem1ca1 Shlft of
the ox1des are presented in Tab]e XV and' the correspond1ng JPC coup11ng
constants in. Tdble XVI. ' E ‘
ﬁ a. (t) Conformat1ona1 and Add1t1v1ty Effects
~ It is. known that perox1de ox1dat1on of phosph1nesi.,
r s accompan1ed by retent1on of conf1gurat1on]2]. Hence the bas1c con-
format1ons of the cyc11c phosph1ne9 estab11shed ear11er shou]d be
B reta1ned o
, The average 8- effect of the oxygen at Cc-2, 6 in 5]a, 15a and
V//58aa compared to the1r correspond1ng phosph1nes 1s *3 5 ppm wh1]e{4n

. the tetramethyl der1vat1ves the effect var1es w1th Canormat1on from
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+2.8 ppm in 54a to +5.2 ppm in 51a In 55a the g-effect is +3.0 ppm
It is noteworthy that wh11e the B-effect at C- 2 6 is deshielding,a 1arge
‘sh1e1d1ng effect occurs at the correspond1ng s1te, C-q (-5.8 ~ -8.3

ppm). An explanation follows .(section b), Of greater s1gn1f1cance is

-

the y- effeot of the oxygen which is expectedbto be s1m11ar'to that in-

73 . Shielding effects (1.5, -2.0 and -1.7 ppm) are .

su]ph1de der1vat1ves
observed at C- 3 5 in 51a, 15a and 58aa,'resp8ct1ve1y, which correspond
~with similar effects,reported.for the 1-methyl and 1-pheny1phosphor1nane

u1phides73a; 1 0 and -1.6 ppm respect1ve1y This shﬁe1ding‘was takeng‘

. as evidence for the su]phur atom be1ng 1arge1y in an ax1a1 or1entat1on73.
'However, this is probab]y not the case in the ox1des Ue have observed
that in both phosph1ne oxide 1spmers of 8-pheny1—8-oxo—8-phosphob1§yclo-

(b[3 2.1. Ioctan 3- -one the y-effect is sh1e1d1ng (v1de infra). Further

' _ the correspond1ng cha1r conformer of 58da w1th an ax1a1 oxygen atom 1s

bun11ke]y to contr1bute due to severe, 1’ ,3- d1ax1a1 1nteract1ons The
;'aromatlc carbon atoms sh1fts 1r#58oa and 15a are also 1deht1ca1 which
suggest that the same conformat1on ho1ds for both molecu1es It
, appears, that in the phosphor1nanes, the v-effect due to phosph1ne
oxide oxygen 1s upf1e1d in both ax1a1.and equatorta] or1entatjonsaof>
the oxygen w1th ‘the 1arger eﬁfect in the former

Cons1derat1on of the chem1ca1 sh1fts of 15a and 52 qn part1cu-'
1ar, the s1m11ar sh1e1d1ng at C 3,5, 36. 28 and 36 87 ppm, suggests
s1m11ar conformatlons for these-compounds The sh1e1d1ng effect ( 3.3
gppm) at. C'Z 6 in these systems is. 1nd1cat1ve of the d1fference in the
1‘duct1ve effects of. the pheny] and methoxy groups |

The conformation of the tetramethy] phosph1ne oxide der1vat1ves

shouid-be.approx1mate1y the same.as.the parent phosph1ne. The‘ax1a1

&
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oxygen atom in 53a does cause the. expected y- sh1e1d1ng effects at C- 3 5

dat C -0 (- 3 7 ppm) and c-2',6' (equat) (-6.8 ppm) (Tab]e

Batter data reinforces the ass1gnment of these carbon

“atoms since the C-2' 6 (ax1a1) methyl groups are only s11ght1y shielded -

(-1.0 ppha) relative to those in the phosphine ‘and <the meta carbons are ;

~ not affected (+0.2 ppm) on oxidation.

5

"The carbon and proton chem1ca1 sh1fts are consistent: On

ox1dat1on the metgpl proton resonances are: deshxe]ded (Tab1e XIX)

- while the carbon resonances are shielded (Tab]e XVII). In part1cu1ar

1n 55a the equator1a1 methyl carbon is shielded (-6.8 ppm) to a- 1argerv

extent than the axial (-1.0 ppm) wh11e the proton shift d1fferences

“(Tab1e XIX) are +O 2 and 0.0 ppm\~respect1ve1y ‘ oo
) 2 4

The R-Oxygen subst1tut1on effects in 53a and 54a (-8.3 and

=7.7 ppm, respectively) are d1fferent than in 55a~( 5 8 -ppm). - This

is probab]y due to the change in pheny1 gqrqup conformat1on, from pseudo-

'ax1a1 1n the former to equator1a1 in the latter. The y- ox1dat1on

effect on the C- 2 6' methy1 carbons (axial and equatorial) are'"

- N

mapprox1mate1y ‘the same in 53a (-5.1 and -5. 6 ppm s’ respect1ve1y) sug-‘

gestwng a similar or1entat1on of these methy] groups about the phos—‘

'ph1ne ox1de bond. | Nh11e in 54a and effect d1ffers, (- 5 6. and 4 7 ‘

- ppm; for axial and equator1a1 methy]s, respect1ve1y) : Th1s is. con-

s1stent w1th the change in or1entat1on of the pheny1 roup 1n go1ng :

, from 53a to 54a In the 1atter, the greater Y- effect on the axial methyl"

'°_compared to the equator1a1 is attr1butab]e to further ec11ps1ng of the

pP-0 and C- he( %) bonds than the P-0 and C- Me(equat) bonds

. Oxidation of tetramethy]phosphor1nanes g1ves a sh1e1d1ng

s-effect at C-4 (-1.4, -4:4 and -1.9 ppm for 53a, 542 and’ 53a,

120
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respéctfye]&)‘ The increase in value is associated‘with the

presence of the carbony] group A similar observation was made

. for the less sUbstituted der1vatives (- J,q‘ -2, 8 and -2.4 ppm in 51a,
15a and 58aa, respect1ve1y) Generat1on of the su]phide (54b) gives
'sim11ar shielding parameters to those in the oxide (54a) (Tab]e XVII),‘
- with the exception of the B- effect wh1ch is 1arger 1n\the su]ph1de

(+4.6 ppm)

o

(11) P-atom Hybr1d1zat1on

Changes in the ox1dat1on state ‘of phdsphorus from -

—

PIII to PIV, resu]t in rehybr1d1zat1on of the atom]c orb1tals of
phosphorus The amount of s~ character is increased ln PIV compounds
and ‘hence a 1arge.1ncrease is observed in the ]Jp
(50 Hz in the molecules studled) - Of part1cu1ar 1nterest is the long

C coup11ng ‘constants

2
range 3 PC coupling constant wh1ch is larger than JUPC 1n both the

‘saturated and aromat1c r1ngs A s1m11ar~observat1on was made in the
:tr1pheny1phosphorus y11des]22
'long range coup11ng constants were used to confirm the aromat1c r1ng

—._carbon atom ass1gnments ( JPCm >'2JPC°) _— A - : N

- The Phosphorus—Oxygen Bond »

V , The amount of -m-bonding in the P 0 bond of phosph1ne d
dox1des is of theoret1ca] 1nterest andﬁhas be/h the source of much
contr'over'vsyBZ,‘]z3 ]24. Compar1son of the ]3C chem1ca1 sh1fts of the :

-p_carbon in the phosph1ne and phosph1ne ox1des in the ser1es of
.‘-‘compounds stud1ed (Tab]e XVII) revea]s a ]arge desh1e1d1ng effect on

format1on of the ox1de Va]ues range from +4.4 ppm in 51 and 15 to

‘ ' +2 0 ppm 1n tetramethy] der1vat1ves These }arge sh1ft d1fferences

" a]though no exp]anat1on was offered. .The, )
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(an c-effect) are not attributable to an ipduetive effect bue rather
resonance effect' De]oca1izat10n of the aromatic n-e1ectrons towards
) phosphorus, decreases the electron density at C-p, therefore deshield-
ing this position., The results 1mp1y the P 0 bond.is polarfzed g 8

and present to a s1gnif1canqramount The resonance forms possible are:

A simi}ar deshielding effeCt is not observed at Cég_since upon oxida-
tfon there is- a concomitant large shielding v-effect at this position.
A similar e-deshielding effect (+2.0 ppm)“is also present ,in the
sulphide derivative Sib_and one must~conc1ude'that the P—S bond is
also po1arized In more po]ar solventsAthe‘contribution of ine‘poﬂar°
form is expected to be enhanced o ’
Another phenomenon resu1t1ng from ox1de format1on is the
1erge sh1g]d1ng effect on the quaternary‘carbon, C-q (average -7.] ppm,
'_not inc]Uding'Sga). This obseryaf§on;presumab]y ariees from electro-
, negativfty differences between the carbon and”phosphbrus‘atbﬁs, the
‘phosph1ne ox1de bond 1nduc1ng a build- -up of electron dens1ty on the

quaternary carbon centre.

i
-~ », -

3. Rono- D1fj and TrAg;gnylphosph1ne and the1r Oxides

While several authors hQVe reported the‘]3C chenical sh1fts

.and coupJ1ng constants for. tr1pheny1ph03ph1ne7] 76, 77’]25, similar

'results for the other ary1 phosphxnes and.the1r oxides have not been

[
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previously re'ported : In '{;rder to- generahze on the observatwns con~ »
~cern1ng ox1dat1on of phosphorus d1scussed above we. have studled the

_ carbon 13 spectra of the ser1es, pheny], diphenyl and tr1pheny1phasph1ne

. and the1V correspond1ng ox1des , The data 1s presented 1n Table XXI S

‘.{/, The assignment of the carbon resonances to the appropr1ate
pos1t1on was: alded by cogpar1son w1th the chem1ca1 sh1fts in the phos-
phorlnanes. Modu]ated of f- resonance spectra 1dep¢;jhed the quaternary
carbons. and the d1stant dependant Jpc coup11ng constants was used to
d1fferent1ate the C-o and C -m. carbons in the phosph1ne and phosph1ne
ox1de | | “
i

~The chem1ca1 sh1fts of tha phosph1nes were determ1ned in both ;

,CDC13 and MeOH In these so]wﬁnts the carbons, C -0, C- m and C-g

d-4°
undergo on]y minor so]vent sh1fts wh11e the C- q carbon sh1fts to lower.
field w1th wncrease in pheny1 subst1tut10n That 1s, the B-effect 15
:attenuated. For examp]e, from’ +6 6 ppm in d1pheny1phosph1ne to +1.

ppm in tr1pheny1phosph1ne The - absence of change in the chem1ca1

hsh1fts of the ortho-, meta and para carbons 1nd1cates that. there 1s no

' change 1n\1nvolvement of the phosphorus lone pa1r orb1ta1 in de]oca11za-
: v’

’.t1on 1nto the aromatwc.r1ng , It 1s genera]]y accepted that the e]ectron

donat1ng character of the phosphorus atom in ary]phosph1nes is very

Lt

/weak]23 However on. ox1dat1on the® 1ncreased pos1t1ve character of the

*

Aphosphorus atom sﬁou]d confer on itself-a h1gher electron w1thdraw1ng
\character The']3C chem1ca1)sh1fts of the C- Q_carbons do indeed -
‘exhibit a, larger desh1e]d1ng effect (t4.6»ppm) 1nd1cat1ve of the 3

' resonance effects d1scussed ear11er ' The ortho pos1t1on is shwe]ded_;A
(y- effect) with the shift to h1gh field becom1ng greater in the 1essh

substwtuted phosph1ne Ox1dat10n of tr1pheny1phosph1ne (59) exhﬂb1ts a

3
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sh1e]d1ng effect ( 5 0 ppm) at C- g s1m11ar 1n magn1tude to’ that in the

\phosphor1nanes but ox1dat1on of 60 and 61 ‘causes pract1ca11y no change

in the chem1ca] sh1ft of the qUaternary carbon. ‘This attenuated effect -

in the latter may be “attributed to an 1ncrease in the desh1e1d1ng B-
“-effect at C- g_compensat1ng for any sh1e1d1ng effects imparted- by the l_
lphosph1ne oxide bond. _ " o ’

A so]vent effect is apparent 1n the phosph1ne chem1ca1
| shifts The carbon chem1ca] sh1fts move to Tower. f1e1d in methan01
as a consequence of. hydrogen bond1ng of ‘the phosphorus 1one -pair w1th
the solvent. _This s more not1ceab1e in pheny]phosph1ne ox1de (6]a)
"4The resonance effect s attenuated as exh1b1ted by the C- p_carbon

being deshielded (+1 0 ppm) compared to: +4 4 ppm in deuteroch]oroform

_The d1fference in the ox1de add1t1v1ty parameters determ1ned for so]u-

':‘twons in CDC]3 and CD3OD is poss1b1y due to the 1atter so]vent enhanc-—
. ing the dipolar form of the phosphorus oxygen bond by hydrogen bond1ng

' tto tHe P and O atoms No structura1 changes were produced by the

o methano’ld e  On chang1ng the so1vent back to deute oroform the

h_or1g1na1 spectrum was ‘obtained. A]] otggr ox1des are 1nso]ub1e 1n
.methan01 |

| The cmr resu1ts thus prov1de ev1dence of the lack of phos—-j

phorus 1one pa1r electron 1nv01vement in de]oca11zat1on 1n “"the pheny]—

:‘phosph1nes and a s1gnif1cant e]ectron w1thdrawa1 effect 1n the COr— ’
‘respond1ng ox1des The d1po]ar form of the phosphorus oxygen bond ”

. is enhanced in protic so]vents

4. The 8-Phosphabtcyc1oﬂ3 2. 1 {octan 3-one System

The 3¢ chem1ca1 sh1fts and coup11ng constants for the parent'-v

< N

compound 62, 1ts meth1od1de der1vat1ve 63, and the two oxide 1somers

o

© 126



a

' 62a and 62b are g1ven in TahTe XXII The carbon resonances were
ass1gned by use of" convent10na1 techn1ques, in part1cu1ar, 1n 62 C 6 7
was d1st1ngu1shed from C 2 4 by proton seTectTve decoup11ng, 1n 63 by

Ca typ1ca1 yaeffect at C 2 4 and in 62a and 6Lb by compar1son of the‘

'ft ax1a1 and equator1a1 ox1de y- effects d1scussed earTwer ' C- g_1n 62

0

62a and 62b was 1dent1f1ed from moduTated off- resonance exper1ment5e

’ The conf1gurat1on 62, of' the maJor 1somer of 8- phospha- ‘
ﬁghycTOIB 2 TToctan 3 -one, has Jbeen proved by ear11er pmr stud1es]26 ’
The equator?al phenyT C q garbon in. 62 exh1b1ts an 1dent1ca1 chem1ca1
.Sh]ft teo that 1n 58p (131 8 ppm), 1nd1cat1ng that no s1gn1f1cant

X effect is 1nduced by the ethyTene bridge. - Th1s is somewhat shrpr1s-

‘ 1ng s1nce in the anaTogous N- nethyT tropanone (34) the N- methyT carbon r'

P

is sh1e1ded ( 6.8 ppm) compared to N methyT -4- p1per1done43 Th1s

anoma]y sugqests that the phenyT or1entat10n may be’ 1ncorrect1y ass1gned

~Or. that the modeT is bad Th]s feature can be 1nvestlgated further’ by

»L‘anaTyz1ng the QJPC coupT1ngs Thus-the Targer ZJPC coup]1ng-constant

at c-2,4 (14 6 Hz) compared to C-6, 7 (4. 9 Hz) confwrms ‘the cws- ; )

_ reTat1onsh1p between the phosphorus Tone -pair and the carbons C 2 4.
The phenyT group, therefore, must be equator1a]’ or1ented and con-
sequentTy no s1gn1f1cant \ efrect is wnduced by the ethylene brwdge in
these compounds | ’ o

Changes}in the,phOsphorus atom hybridization aretreflected

. q . . ‘ , - s )
in th,e,«JP_C coupling constants in the phosphanium salt Qé, compared to

PC

62, Yo, s enhianced by 39 Hz at C-1,5 and by 63 Hz at C-q7 The g-
=Y . o » ‘ T ,:_ o - L
effects of the.methyl group are shieldina at C-q (-11.5 ppm) and-at

C—TiS ¢-4.9 ppm);‘while’in the analogous M-methyT»der{uative the effacts . -

tare;+7‘5_ppm'andj+4.9-ppm,.respecttvely (Chapter 111, TabTe XTI, .3&3

"2
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b"-data

g §4b) At the present t1me no epranat1on for the sh1e1d1ng effect at -
It C-1,5 in 63 can be’ g1ven o _" . ' S
| ' IsoIatwon of‘the ox1de 1somers Gga and ng was .not poss1b1e

VTherefore, the chem1caI shifts. were obta1ned from mthures by compar1ng

”'the reIat1ve 1ntens1t1es of the resonances, and by the use of add1t1v1ty N

3

= effects As aIready ment1oned an ax1a1 oxygen has a Iarger y effect

'"".than an equator1a1 one.' Hence C 2, 4 1n 62a 1s expected to be at- h1gh '

field compared ‘to. 62b, i.e., 44 9] ppm in 62a, 47 42 ppm 1n°62b A

) y,§h1e1d1ng s effect ( 6. 3 ppm) at C- I 5 of an ax1a] oxygen in 62a com-
e pared to 62 )s observed and d1ffers from the desh1e1d1ng (+3 0 ppm)

found in’ 55a compared to 55 (TabIe XVII) where the oxygen is also

ax1a1

’

The cmr resuIts conf1rm the conformat1on of 6@ to- be a;'
f

a

: cha1r w1th the pheny] group equator1a1, 1n agreement wnth the pmr
IZI
: the phosphorus atom causes a sh1e1d1ng effect at C-J 5 1n 63 and. 62a as
”opposed to the desh1eId1ng B- effect 1n the tropanes (Chapter III) and
‘ ]-oxo I phenyI 2 2 6 6- tetramethyI -4- phosphor1nano] 55a

v'@ NS. Phosphorus, N1trogen and Carbon Compar1sons

| As 1nd1cated in the above d1scuss1on, many phosphorus hetero-

&

Iw,cyc11c compounds are character1zed by the preference for the subst1tuent

: »_on the phosphorus atom to take up- the ax1a1 conf1guratlon unIess other
'dr1v1ng forces - ster1c stra1n, hydrogen bondIng, etc ; enhance a .

'kchange in conformat1on . Thls feature contrasts the phosphorus systems_

'-from anangous carbon and n1trogen compounds in wh1ch subst1tuents prefer-

the equator1a1 conf1gurat1on However appI1cat1on of the parameters

In the b1cyc11c system (62) 1ntroduct1on of a- subst1tuent at S

BT
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’:obtained ear11er for chang1ng the phenyl group from an. axia1 to _‘ ‘.~ t_);'yp
,”equator1a1 orientat1on to 51 and 15 enab]es est1mat1on of the | ' ‘

& carbon chemical sh1fts for molecu1es W1th an equatoria] pheny) group
; The resu1t1ng chem1ca1 sh1fts are shown in F1gure 12 ,,‘-ﬂh.f f"” s '? ‘

- “ : It \s valuable to cons1der Pau11ng s e]ectronegat1v1ty 7 ﬂ

“‘.-values for P(Z 1) C(2 5) and N(3. 0) 1n re]at1on to the observed _'v'j'

chem1ca1 §h1ft§ Introduct1on of an e]ectropos1t1ve phOSphorus atom .

1n p1ace of carbon apprec1ab1y changes the 1oca1 charge~dens1ty on the

) adgacent carbon atoms. . The consequent sh1e1d1ng is apparent from the ;

) upfield shift (-7. 7 ppm) at C-2,6 1n 51 (epuat Ph) compared to phenyl .

' tcyc]ohexanone The effect is attenuated at C- 3 5" ( 2.2 ppm) and .C-4 " a

.(+0 9 ppm) ‘The' ana]ogous effects between: the phosphorus and n1trogeni v

‘heteroatoms are C 2,6 (- 23, 8 ppm), C- 3 5 ( 1 0 ppm) and C 4 (+2.5 ppm);"}fi7 -
App1y1ng the add1t1v1ty parameters for chang1ng the n1trogen subst1tuent '

_'from methy] to pheny1 in the correspond1ng p1per1d1nes (B -6. O Y 20. 2 -

8 +0 5 ppm - F1gure 12 and Tab)e VII) to N methy] 4 p1per1done and 1,3,5-

) tr1methy1 4 p1per1done enab]es a compar1son to be made with-the ana]ogous -
phosphorus compounds (Chem1ca1 sh1fts of the N pheny]p]per1d1nes are 7|v .

‘fg1ven in F1gure 12 ) The overa]l effects are s1m11ar to those 1n the -
_unsubst1tuted compound C 2, 6 (~23. 2) C 3, 5 ( 1. 2) and C- 4 (+2 6

'ﬁppm) in the monomethy] and €-2,6 ( 22 2), C 3 5 ( 0 3) and C 4 (+2 AR

; pm) in the tr1methy1compqunds ' | N R

" The y effect of CH2, N and P can be compared by cons1der1ng

the equator1a1 methy] sh1fts in 2 5- d1methy1cyc10hexane, 17 and 588
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.C- 4 carbon pos1t10ns in ana1ogous C, N and P

C8ix- membered r1nqs
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'.Compared to cyc]oheq.none the n1trogen atom shields the methy] carbon
'_wh11e the phosphorus desh1e1ds The former observat1on has already
-been descr1bed (Chapter 11(A)). wh11e the 1atter fo]]ows from the fact -
that th1rd row heteroatoms are expected to have y desh1e1d1ng effects34
The phosphorus Y- effect appears to be qu1te general. From this study
1t is c]ear that phosphorus shou]d be 1nc1uded as a y- desh1e1ﬁ1ng } )
heteroatom for nuc¥e1 1n the anti- per1p1aner arrangement
D. CONCLUSIONS'

This study clear]y demonstrates that cmr is a va1uab1e too]

©

in the conformat1ona1 ana]ys1s of phosphorus heterocycles In particu-'l

-}1ar,72JPC coupling constants 1n phosphor1nane der1vat1ves are extreme1y

useful in conf1rm1ng conformat1ona1 ass1gnments The pheny] or1entat1on

s ass1gned as equator1a1 in 1- pheny] 2,2, 6 »6- tetramethy1 4 phos—
jphor1nano1 (55) rather than ax1a1 due to the observed coup]1ng (11 Hz)
to the C-3, 5 carbons, It 1s 1mperat1ve that the d1hedra] ang]e and
_’sngn of the phosphorus carbon coup‘l'mg constants in phosphorus hetero-
'cyc]es shou]d be obta1ned so that a def1n1te geometr1c re]at1onsh1p of
‘the 2J pC coup11ng constant can be ca]cu]ated From our*work we subm1t
_the approx1mat1on that the ma x i mum- coup11ng of 33 Hz occurs w1th the

‘ d1hedra1 ang]e of 0°% with a steady decrease in coup11ng to 11 HZ at -’

-~
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- 60° and 0 Pz‘atn1éo° Distgy%fgependent coupling was observed 1n the
phosphor1nane and phosphor1d&,e ox1des with the except1on ‘that” in the
”latter the 3JPC coupling. constants were 1arger than the zdéc cpup11ng
constants A ster1c effect on 1JPC was. observed w1th the coupling
.be1ng 1arger to -C- g_when the pheny] groups was equator1a1 in the phos-
phor1nanes and when the pheny1 group was ax1a1 in the phosphor1nane
oxides. | d , | _ |
The chair conformation of the phosphor1nanes was preferred
-w1th the pheny] subst1tuent predom1nate1y axial, w1th the except1on‘
of 1- pheny] 2,2,6,6- tetramethy] -4- phosphor1nano] (55) 1n wh1ch two .
. severe 1,3- d1ax1a] 1nteract1ons cause the cha1r to interconvert to
the conformer w1th an equator1a1 pheny] group The cohformataona1
h "changes in the mo]ecu]es 1nvest1gated were better fo]]owed by the ZJPC
coup11ng constant than 13 C chem1ca1 shifts. The. conformat1on of the
_Mphosphor1nane oxides were found s1m11ar to the phosphor1nanes, 1n
contrast with the su]ph1de derivative of 1- pheny]phosphor1nane wh1ch

73a

are reported to undergo chair 1nterconvers1on upon su]phur1zat1on

Add1t1v1ty effects of .sulphur and oxygen in_the correspond1ng der1va—

tives of l—phenyl -2,2,6,6-tetramethyl-4- phosphor1nanone (54) are s1m11ar

.w1th the except1on that the. 8- -effect of su]phur on C 2,6 'is 1arger than,
that of oxygen ‘ T ' o ' ‘

‘ The fact that no s1gn1f1cant electron deToca11zat1on occurs
from the dhbsphorus to the aromatic r1ngs in ary]phosph1nes was con- -
© firmed. by the cmr study on mono-_ di- and tr1pheny]phosph1ne wh11e the
e]ectron w1thdraw1ng effect of the phosphorus- -oxygen bond in the -

: phosph1ne ox1des of these mo Fecules .was c]ear]y observed w1th ‘the .

‘phosphorus oxygen bond’ be1ng s1gn1f1cant1y polar1zed (P - O )

133
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€. EXPERIMENTAL .

- A samp1e of tr1pheny1phosph1ne was obtalned

Chem1ca1 Company and used without further pur1f1cat1on

é‘jt |

from A]dr1ch

A sample of

{ methoxy 1 -0%0-4-~ phosphor1nanone was donated Qy Dr M. J Ga]]agher

The compounds’ that were prepared by, we11 known methods a]ong w1th the

observed phys1ca1 constants are g1ven be1ow.' In a11‘cases the,bo111ng .

: po1nts and me1t1ng po1nts are uncorrected

Observed

"Compound - B ' ‘ bp/mm or mp j-
2,2,6,6-tetramethyl-1-phenyl-4- b o '
phosphgrinanone _ i 90“ ’

2,2,6, 6- tetramethyl-1- phény]«ﬂ oxo— o

4- phosphor1nanone , 209-210°
2.2,6,6-tetramethyl-4-phenyl-1- -, =
su1f1de 4-phosphorinanone - 135-138°
2,2,6,6- tetramethy1 -1- pheny1 4— S .
phosphor1nano1 o ‘ o 122-124°

1- phenyl -4- phosphor1nanone - ‘1844T909/1mm‘

0 pheny1 -1-oxo- -4~ phosphorwnanone ‘_'164—1665
1- pheny]phosphor1nane S 192-194°/3mm
1- pheny] -1 oxophosphor1nane B '126-128°
‘8-pheny1- -9- phosphab1cyc10l3 2 1. |octan—
3-one . » 143 145°

. 8- pheny1 8 methyl-8- phosphon1um- o
b1cyclo|3 2.1, octan 3-one iodide 238 240°
pheny]pnOSph1ne _ . : 154 157 /730mm

. phenylphosphine oxide 81 82°
diphenylphosphine ! 122-125° /imm
diphenylpnosphine oxide . . 53-55°

_tripheny]phosphine oxide ; ' 1535155°

%

123-124°

Reported
-bp/Eﬁ or mp

91-92°

212-213°

i |

138°

185-190°/1mm
166%

- 14071mm
- 130°

144-146°

- 239-240°

155°/760mm

80-83°
150-154711mm

53-55°
154-155°

Ref;"

127

27

o127

128
129
130
131

126"

126
132

133
134

135

136

127

e



’ I ' o7 . Observed . - Reported. - Ref. = = .

-bhenylpiperid1ne .o nst1om 110-118°/9mm 137

Synthbs1s of Phosphorinane and: Any]pho_ph1ne Ox1des ‘*dj“"".by,; o 1
126 ' ‘

Follow1ng a reported procedure the phosphorlnane or aryl-

Phosph1ne was d1sso}ved&nn acetone (PH = 8) and an excess of 30% H202 ‘; : : ~~dlg;
Was added, d;opw1se to the coo]ed so]ut1on The m1xture was - st1rred for. |
2 hrs R d11uted w1th more acetone and washed several times w1th 5% '
'Q FeSO4 solution, then w1th water and then dried (m9504 Evaporat1on left
~ the oxide product Wthh can ‘be pur1f1ed by recrysta111zat1on from ether
: / _ ‘ ;

2 2 6,6- Tetramethy] 1- phenx]p_psphor1nane . L R

L A m1xture of 3. 85 g of the tetramethy] -4- phosphormanone]27

3 g of sod1um hydrox1de 3 54g. of 85% aqueous hydrazwne and 50 mls of :
d1ethy1ene g]yco] was ref]uxed at 195° for 3 hrs.. It was a1]owed to'
f coo], neutra11zed with concentrated hydroch10r1c acid, extracted w1th
: benzene and freeze dr1ed A yield of 1 g (55%) of the t1t1e compound
was obtained. B.p. 60- 630 R T

. Pmr (CDC13) CHy(ax. )1 2g ppm Jp py:19 Mz, CH3(eq) 0.8y ppm, J 10 Hz,

PH:
CHZ s ] 7 ppm: (mu1t1phet) Pheny] 7.6 - 7.9 ppm mu1t1p1et

' Character1zed by format1oddof the ox1de derivative. =~ -

. '

2;2,6,6—Tetramethy1—1fphenyJ-l—oxo—phosphorinane'”

Procedure as g1ven above y1e]ded a hydrog&fpjc wﬁite;soljd; :1.;.
of mp 60°., - - AR O -
";Pmr (CDC]3) CH3(ax)1 30 ppm JPH 12, 5. Hz,VCH3(eq) 1. 0] ppm J 14 Hz,

cn2 5 1.5-2.0 ppm (mu1t1plet) phenyl, 0 7. 7-8.0 ppm (mu1t1plet), m and IR
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4 «
2_7 4 7. 6 ppm (mu]tip]et) | . v .
+ (Nujol) P=0 (st):1130 em™'; P-ph (st):1460 ci™l. © )
: Mass Spec Exact’ Mass 250.1478 (measured)"250.1483 (ca}cuTated_Y ‘
Correct for C~|5H23 r o c : S L

v SA . ‘ WY ‘” . : ‘ o [ o

Yy &

2 2 .6 6 Tetramethy1 1-phenyl - 1 oxo 4 Phosphor1nan01

_Lt Procedure as g1ven above yielded a. whlte solld mp 197 200 .
Pmr (CDC13) CH3(ax )150 ppm J, PH 12 Hz, CH3(eq) 1.1, ppm, Jpy 12 Hz, CH
,and’ CHZ 1,7- 2 4 ppm (mu1t1p1et) | Pheny% 0, 7.7-8.0Q ppmA(muTt1p1et), m N

.o

and p»? 4 - 7.6 ppm (mu]tiplet) o .
-I.R. Nujol) 3320 cm -1 (OH str) 1440 cm 1 (P Ph str), 1140 cm"I P=0 (str)
Mass. Spec Exact Mass 266 1432 measﬁred), 266 1436 (ca]cuTated)

Correct fon C]5H2302

2 . e g

3

1 Phé%y] 3,5- D1methy1 4- Phospho

~

A m1xture of 5 g of 2 4 d1methy1 3- pentad1enone89 ahd 5g¢ of
~pheny1phosph1ne was heated under a n1trogen atmosphere at 60°, for 3 hrs. K
The product was a heavy 011 that could,only be, d1st111ed at h1gh tempera- -
u‘ture, bp 140° /O . 2mm, 11t 103 /0 0lmm: Thedproduct~was subJected to”
"column chromatography on alum1na e]ut1ng,w1th chToroform, the column . 0.1;
ﬁvbe1ng kept, under a n1trogen atmpsphere The f1rst fraction co1}ected ’
‘was a mixture of 3 1somers Gcmr data g1ven in Tab]e XX) Further 4 " o
chromatograph} of th1s fract1on u51ngabeqzene as eiutait separated ohe
of the- 1somers s1nce the maJo:’fractlon co]]ectéd was only a m1xture of g
two 1somers (two spots on t.1.c. ) Further(chromatography d]d not - - :

"~ resolve these isomers. B .

,Pmr'(CDC13)'of“the threé isomers: .




‘ ‘s1ng1e component Mp (14t

1377
,

&

CH 0 9g ppm JCH 6.4 Hz (588), CHy 1. 08 ppm JC 6. 5 Hz (58o),» 3

1. 24 ppm(s) SQy (other methy] resonances observed) CH2 s 1. 7 - 2.1 ppm
(mu1t1p1et) CH's 2.2% 2.6 ppm (mu1t1p1et) Pheny] 7. 1:- 7. 4 ppm

. (mu1t1p1et) RUNEE : BN o L
. . e .y, . <y . .
) : ‘ R ® B ) ’ PREE e r*

“QZ] Pheny} 1-0X0-3,5- d1methy1 4 phosphor1none ' 7

' A mixture .of the 1somers, 58a and 588, W1th the former 1somer
domwnat1ng was subJected to ox1dat1on as outlined ear11er A wh1te
~solid of mp 122-125° was 1so]ated wh1ch was shown by t 1 c. to be a e
120) 124- 126’ - g ‘v‘- 3 ’ .
I.R. (Nujol) 1720 cm"3(c=o str), 1160 c™' P=0 (str) and 1440 cn”!

CP-PH (str). | T

'>Mass spec} m/e 236. . ?_ o ; h;, : r";h>

; Vt{‘) .

’8 Pheny] 8- oxo 8- ph@sphab1cyc1o(3 2. 1 ]octan 3 one

' A 1 1g mixture of the two 1somers of 8 Pheny] -8- phospha—
biCyc]o[3,2.1.Joctanf3~one was‘subJected to oxidation as out11ned ]
.ear]ier"using 6'61 g of 30% Hy0,. The resu1t1ng crysta111ne so11d
after recrysta]11zat1on from aceﬁon1tr11e y1e1ded 1 g of the t1t1e j _:

‘_:Lompound “m. p 200 203 however, two isomers: were present as 1nd1cated “]"”

by.t.1.c . These lsomers cou]d not be separated us1ng ‘column chroma-A

tography. - ° | St
1.R. (Nujol) 1750 cm™' (€20 str), 1450'cm™", P-Ph (str) 1125 ™ w
} P=0 (str?. a IR S S
Mass’ spectrum m/e«2§4._‘h ERCHR o : .
B we g
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AL INTRODUCTION B I

» : ’ il
: D1enones are a part1cu1ar examp]e of cross -conjugated -

systems Ne define cross- cbnaugat1on, fo11ow1ng Phe]an and 0rch1n]38‘-

‘as a compound possess1ng three unsaturated groups, two of wb1ch

a1though conJugated to a third unsaturated center. are not congugated ‘ \[

. to each'other The review art1cle by Phelan and 0rch1n pr1mar11y

' concerns a mo1ecu1ar orb1ta1 approach to the e]ectron1c d1str1but1on

and extent of conJugat1on between the noncongugated centers in cross—-

5con3ugated systems,-however 11tt1e reference 1s made to d1enones

‘_Ihere 1s a1so a pauc1ty of spectroscop1c 1nformat1on on d1enones In.

139

“ phorone83

partlcu]ar on]y a few cho]es 1 4 d1en 3- -one der1vat1ves

iand p1per1tenone83 have been’ stud1ed using carbon 13 nmr methods

‘\ﬂCarbon 13 is 1dea11y su1ted to a study 0f 'such mo]ecu]es s1nce both

/.

g;the extent of e1ectron d1str1but1on and conJugatwon can be stud1ed us1ng

':'fth1s technﬁque

»'In the aggp]gc d1enone system-there are three poss1b1e p]anar

'conformat1ons However a]ky] subst1tut1on at any of the o]ef1n1c

c: 's—cis{§§§ﬁéj e



-carbons 1s ‘expected to have a dramat1c effect on the d1enone conforma—
tion so present1ng ‘the’ d1enone system with two oppos1ng forces

o

the dom1nance of conJugatlve forces is greater due to the 1mposed 3

N °

'p1anar1ty of the r1ng ‘ - )
‘ Synthetlc 1nterest in d1enones has been generated due to ‘
ipthe1r ab111ty to undergo condensat1on with pr1mary am1nes (Chapter II)'d
.and pr1mary phosph1nes (Chapter IV) to form n1trogen and phosphorus
'heterocyc11c compounds, respect1ve1y Th1s method has been used, - |
;great1y in the present work ‘ A synthet1c route to cyc]opentenones h
via an acid- cata]yzed cyc11zat1on of d1enones has a]so recent]y been o
':reported]qo.
' extent of eongugat1on present in d1enones is cons1dered necessary
| | A bas1c unit of any d1enone is the qpﬂ unsaturated carbony] :i
'System The 13C chem1ca1 sh1fts of the o]ef1n1c and’ carbonyl carbon
nuc1e1 of var1ous§& 8 unsaturated carbony] compounds have been report
d83 The var1at1on of the o1ef1n1c sh1e1d1ng w1th alky1 subst1tut10n i°

para]]e]s that observed in o]ef1n1c hyd ocarbons14] However, only

.
two d1enones, phorone and p1per1tenone have been e&pm1ned using cmr - .

- and- the o]ef1n1c and carbony] carbon chem1ca1 sh1fts reported83, It

83

was suggested by Harr and- Stothers that the h1gh field’ sh1ft of the

#

_ carbony] carbon 1n these d1enones, compared to other a, 8 unsaturated

compounds was due to the add1t1ona1 e]ecxron denswty at the carbony] °

/,. r‘

carbon 1nduceq b :'“%econd‘doub1e bond In view of th1s statement

andaﬁhe conformati%ﬁal prob]em the d1enones present we have determ1ned
_ the carbon—?S chem1ca1 sh1fts of a ser1es of. d1en2nes, both acyc11c

and a11cycT1c, in order to def1ne Some %fhera] features~of the dienone

139

bvfconJugat1ve and ster1c ‘ In a11 cyc11c dienone systems the propens1ty for B

A better know]edge of the e]ectron1c d?str1but10n and v



¥ o . ) PO : . . IR : W
- ', 17 cross-conjugated system. ‘ LR e S Lo

B, RESULTS

The carbon-13 chem1ca1 sh1fts for the acyc11c dlenones and

3 <,

.enones stud1ed are g1ven u;Tab1e XXTILL Resu]ts for the a11cyc11c
; r1g1d d1enones and support1ng structures -are. g1ven 1n Tab]e XXIV : ( ‘

Ass1gnments were made us1ng convent1ona1 techn1ques Amb1gu1t1es in

(R In compound 60 C- 2 is nga? Sk d from C- 4 by ‘the typ1ca1 8—

e NP E

° desh1e1d1ng effect83 induced - by the C- 1' methy1s at the -2 poswt1on
The carbon- 13 sh1fts in 66 72 and 78 were taken from the 11tera—
ture83 97,105b D1st1nct1op between C- 1 and C- 5 in 67 was made by com—'

[

o par1ng the former chem1ca1 shaft w1th that of the ana]ogous pos1t1on in )

the enone, 66 - The chem1ca] sh1fts of 76 were re- determ1ned and compare“ ; s
*”'favourab’ly w1th the hterature va’luesMZ-, The methyTene carbons in ° - - *

73 77 and 79 were 1dent1f1ed by use of the endocyc11c homoa11y11c—

143

effect D1st1nct1on between the o and B~ o]ef1n1c carbons in 81 was

v

made u51ng a proton se]ect1ve decoup11ng exper1ment

DISCUSSION

‘]. 01ef1n1c and Carbony1 Carbons

7 From the carbon ‘chemical, sh1fts of the o and R- oleflnlc
carbons 1n both the symmetr1ca1 acyc11c, 68 70 and 71, and r1q1d
' a11cyc11c 74 and 81 d1enones, 1t can .be stated that. there ex1sts a
F contr1but1on from the’ resonance forms d and f to- the d1enone structure

‘That is, the,B—o]ef1n1c carbon is to 1ow f1e1dv1n a]] cases. \{h

- 140
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:qeneral the carbonyl group is sh1e1ded on 1ntroduct1on of a second
double bond to the enone: A greater conJugat1ve effect is exper1enced o
by the carbony) group 1n the d1enone and where the congugat1ve =
l'ab111ty is further extended, as in the pheny] compound 71 the~sh1e1d-
‘; 1ng is greatest (188 85 ppm) in the acyc11c systems . ‘
' The . conformat1on of ‘the d1enone 1s‘1mportant when cons1der1ng.
..athe add1t1v1ty effects of the second doub]e bond.< In the acyc11c
systems, compar1son of 66 and 67 g1ve the doub]e bohd subst1tut1on
: parameters at. the’ carbony), u- and B~ olef1n1c carbons,.—G 6, +0 Z and -
“O 0 ‘ppm, respect1ve1y Gh11e ~a s1m11ar compar1son between 65 and 69
| q1ves the va]ues -8 1, —2 O and +2. 0 ppm, respect1ve1y S1nce any
. .effects on- the carbony] and 8 o1ef1n1c carbons are due to conJugat1ve
h 1nteract1ons the larger sh1e1d1ng ( 8 1 ppm) ‘at the carbonyl carbon
.and desh1e1d1ng (+2.0 ppm) at‘;he B-olef¥nic carbon in 69 than 67
(- 6.6 and 0. 0 ppm respect1ve1y) 1s 1nd1cat1ve of a greater extent of |
' congugat1on in the former Meswty] °X‘%F 65 is known to ex1st 1n
the s-Cis conformatlon83 Thus the dienone. is converse]y assumed to'
ex1st 1n the )1near < format1on The < and b conformat1ons of 67
have 1nteract1ons between the methyl or -1 olefinic proton with

‘the C-=4 o)ef1n1c proton, respect1ve1y The - 1nteract1ons w11]

11ke)y cause a. rotat18n of one of the doub]c bonds out of the



144
conJugatwe p]ane, hence 'Iowermg tw conauggm..ve effect at the car—

.;,.m

ot

bony1 and 8 o1ef1n1c carbons. i ;»ﬁf

The cyc11c d1enones 1mpart r1g1d1ty in the mo]ecu]e and ‘

thws appears to ass1st conJugat1on Introduct1on of the doub]e bond
[ 4

i 1n 72 causes a carbony] sh1e1d1ng of -11.0 ppm,- s1m11ar to the effect
| observed in 2- cyc]ohexenone (-1.7 ppm)83 and 1soph0rone 79 (- 11 8- ppm)
fhe d1enone 74 exh1b1ts a carbony1 chem1ca1 sh1ft of 185 09 ppm, at -
| .h1gher f1e1d thanreven p—benzoqu1none 75 (187.1g ppm). Th1s suggests

L3

- that'74 is re]ative]y p]anar The sh1e1d1ng effect of -13.3 ppm is -

144

the 1argest observed in the d1enone Ser1es An x= ray study of the

“similar comoound, sp1rod1enone4 where the C- 4' methyls of 74 are part
‘of a cyc]ohexanone r1ng proJ;des ev1dence for a planar conformat1on
Introduction: of the second double bond causes the»a—vand g-olefinic
carbons of the enone“tokbe»deShiered (+0.4 ppm)pand shielded (-2.7
ppm), respectwve)y The 1atter’effectAis dominated by‘an'endocycTic
. homoal)yl sh1e1d1ng effect Comparing.the.shffts”in:pUTegone'76
and p1pertenone 77 1nd1cates that the: carbony1 group is sh1e1ded
( 12, 6 ppm) while the .- and 8-o1ef1n1c carbons are desh1e1ded (+2 9
ppm) and sh1e1ded (- 0 3 ppm), respect1ve]y Aga1n the 1arge carbony]

,b //sﬁ?e;d1ng 1s nd1cat1ve of a large 1ncrease 1n/conJugq‘§0n in- 77 as a

consequence of its planar confygurat1on.u‘Pulegone_ls cons1dered to be



a chair structure undergoing chair-chair 1nterconvers1on From

Dre1d1ng mode]s, p1pertenone appears to be almost p]anar with -3 - t_f
fproaect1ng s11qht1y out of the plane. of the ring. : \

_ | Cyc]oheptad1enone 81 1s an extremely r1g1d mo]ecu]e, the

doub]e bonds caus1ng the carbony] of cyc]oheptanone (214, 65 ppm) to be

sh1e]ded (-22. 2 ppm) wh1ch compares to ‘the s1m11ar sh1ft d1fference in

"72 ( 23 7 ppm) 1nd1cat1ng the dienone part of the r1ng in 81 is. p1anar

: ) . W \
‘ 2._ Methy] Carbons

The methy1 groups in 65 69 and 70 can be ass1gned w1th
the methy1 c1s to the carbony] group be1ng to 1ow f1e1d Compar1son’J
of 65 and 69 shows that one of the methy1 resonances 1s desh1e1ded |

‘ by 4. 1 ppm. It is expected that the an1sotnxnc effect of the carbony]

-

' group may be d1fferent in the d1enone so caus1ng greater desh1e1d1ng

of the c1s methy] s1nce the conformat1ons o} baoth 65 and 69 are s- c1s
The effect of methy] subst1tut1on at the a- olef1n1c carbon
on the d1enone 67 resu1ts in desh1e1d1ng of the carbonyl carbon (+7 2
' ppm) while s1m11ar subst1tut1on in the enone 64 causes only a 0.7 ppm"
desh1e1d1ng effect ‘This d1fference 1s due to a conformationa] change
~in 67 to 68- The d1enone 68 is cons1dered to be a non- p]anar molecule
swnce severe B +D- ster]c 1nteract10ns occur in the p1anar conformat1on
.~ Thus the carbony] desh1e1d1ng in 68 is taken to represent a decrease
_;1n con3ugat1on rather than an «- methy] subst1tuent effect
> The conformatlon of 70 is. expected to be s1m11ar to the
-p]anar c conformat1on of 69 s1nce the methy] resonances are Tdent1ca]
'1n both d1enones Hence the two B- methy] subst1tuent effects can be

N

vobtafned, carbony1 (- 1 3 ppm), a-olefin (-12. 4 ppm) B o]ef1n (+27 3 ppm)
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These va]ues compare favourab]y with those between the enones §3 and
‘-Qé, -0.2, -13.4 and‘+26.0 ppm,,hespect1ve1¥. The 1 ppm difference | o
in these parameters may ariSe fhom'cohformet1oha1 d1fferences since

. the conformat1on of 64 is not known. - - e SEEEEE .
. On exam1n1ng Drieding mode1s the equ1va1ence of the C- 4"

methyls in Zélsuggest.the molecule exists in a ha]ffcha1r conformation

in'equiTibrium: T ' BRI N C o \ :

The C-5' meth}]s ere'also eqUivelent'(ZS ] “ppm) in 79 support1nd the -
half- cha1r conformat1ona1 equ111br1um ip th1s molecu1e
| .

0. CONCLUSIONS- z - o
. The subst1tut1on effect of the second doub1e bond on the
carbony] carbon in the acyclic dienone series has a 1ower sh1e1d1ng ‘

‘effect (-8:1'ppm) than fguhd 'upon formation ofuthe enone (-9.4 ppm,

85

. B i . .
~calculated from acetone 207.5 ppm° >, methyl vinyl ketone 64 (198.1 ppm).~
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As in the enones, co- p]anar1ty of the componcnts of the ¢on3ugated
system in the dienones. is the most 1mportant factor qovern1ng the posi-
tion of the carbonyl chem1ca1 shift. Therefore, additivity parameters
 for subst1tut1on -at the d- and g- o]ef1n1c carbons must take 1nto account
changes from co- p1anar1ty due to steric. effects A greater extent of
congugat1on exists in the a11cyc11c d1enones, the d1enone r1ng be1ng/
re1ax1ve1y planar in the mo]ecu1es ctudwed The second doub]e bond -
.:subst1tut1on ‘effect 1n these d1enones shields the carbonyl carbon’ to a
,greatanJ@xtent (-13.3 ppm) than the introduction of the first double
bond (- 11 0 ppm) in’ the enones.

Th]s study shows that the 1 C spectrum’ prov1des d1aqnost1c
evidence for the 1dent1f1cat10n and degree of co- p1anar1ty in the
-dienope cyoss conJugated system. The statement of Marr and Stothers83‘ ' .
_(pagc 139) can be extended to cover. dienones hoth acyclic and alicyclic -
wwth fhe d1enone structure cons1st1ng of a contr1but1on of the resonance’

hforms wh1ch have c0n3ugat1on between -non- conJuqated centers! in the

Cross- conJugated system.

CE ’EX'PERIMEN‘TAL' . _
| Some of the compounds studwed are commerc1a1]y ava11ab1e

and were. obta1ned from,the fo110w1ng sources vand were uSed w1thout )
-further purification. A]dr1ch Chemxca] Co R Incu, methyl v1ny1 ketone,v;
mes1ty1 ox1de, butenone, phorone p- bengequ1none, ‘pulegone and Cyclo—

Mheptanone - Eastian Organic: Chem1cals, 1,5- d1pheny1 3~ pentad1enone

A sanp]e each of 4 4 d1methy1 cyc]ohexenone and 1sophorone was

_donated by Mr.E, Browné .and Dr. P. Georgh1ou, respect1ve1y The

erema1n1ng compounds were prepared by well- known methods The observed



. e

4

phys1ca1 constants and the synthesis employed are given bBelow. In

these cases the bo131ng po1nts and me1t1nq po1nts are uncorrected S ‘ “
- e ' Observed Reported Reference
Comgound ' . bop./mm. b.p.7/mm. .- i ,
~ 4,4-Dimethy]-2,5- cyc]ohexad1enone 7-19/10 410015 tias X
Piperitenone . ~ . 120-125/10 - 125710 146 ”
2,6-Cyc]oheptedienone S 65-66/2 o 50.5-51/1 147v; .
2- Methyl 1 ,4- pentad1en 3-one 62 65/100 '59/95 . i48 Mi?
2-Methy1 - 2 5-hexadien-4-one ~ ~ 60-65/20 | sb/zz 148
2,4-Dwmethy1h1,4-pentad1en—3-one - 75-78/100 72/110 89

}

-



-—)

14

16

N

G.

(<9}

h | REFERENCES

Sachse, Ber. 23, 1363 (1890)

M.
2. Ps Hazebroek ‘and L. J. Oosterhoff D1sc Far.lsde.,ig,_BZ.(19S1)f
3. w S. Johnson, Experwent1a 7, 315 (1951) L i%?;
| 4,. D. H. R. Barton, D. A Lew;s and J. F McGh1e, J. Chem: Soc 2907
‘(1957) o S |
5. R. J. Abraham and J. S E ho]ker’sﬂ; Chem Soc . 806 (1963) ,
"61‘ C, W. Shoppee, M. E. H Wowden, R. W. K1111ck and G H R, Summers,,
J. Chem. Soc., 630 (1959). R f_\\\ Y
7. IYZ Sondhe1mer, Yﬁ K11bansky, Y. M. Y Haddad G. H. R. Summers and
" W. Kiyne, J. Chen. Soc.,767 (1961). | :
‘:8; C..DJerass1 and W. K]yne,_Pro Natl. Acad. Sei., U:S}A}{48, 1093
(1962). ) | S B
9. 'N. L. A111nger, J. A111nger and M. A, DaRooge J. Amer Chem Soc
82, 4061 (1964). | | |
155‘ R, E: Lyle, J, Org. Chen. , 22, 1280 (1957)
oM R Be]] and S. Archer, J. Amer Chem Soc , gg,
| 12.;'R
| 13. M.
. (1962) o N ' |
w . Kum]er and. A C Hu1tr1c, J. Amer Chem, S
(1956) |
15. N L. A]11nger, J. A111nger L A. Fre1berg, R F

A. Labe] J, Amer Chem Soc Y 82 5876 (1960)
M Ke]11e ‘and R G. R1dde]1 Top1cs in Stereoche@1‘
W1ley & Sons (1974) p- 225- 269 ’

149

, ;'




P
wy L
b 27,
Lo
g 2

17.

u " : A .
. “ : i o . ‘ o

F. Lautensch1aeqer and G F. Wright, Can. J. Chem. , 41, 197

vv(1963)

18,

S 9,

c21 RS

123,
24.
25.

" 26a.

-

. B. Lambert, J Amer Chem Soc , 89 1836 (1967).

207 (1960). o .

*

Q

w
L)

J. E. Kilpatrick;LK. S. 'Pitzer and R. Spitzer, J. Amer. Chem.

Soc , 69, 83 (1947). ?

2 .

A. Aichara, C. Kita%awa ahd‘F.‘Iw&sqki,‘Bu11L,Soc.vJapan. a4,
1034 (1968). .

C. DJerass1 R.A. Schne1der, H. Vorbruquen and N. L. A111nger,
). Org Chem., 28, 1632 (1963). . e

»

R. D. Sto1ow and M. M. Bonavé@%uva J. Amer. Chem Soc., §§'

3636 (1963) S L

N, L. A111nger and L. A. Fre1berg, J. Amey ... Chem. $QC(, 83,
5028 (1961).

£}

A: F. Casy and q. E. Coates, Org; Mag. Res., 44]H(]9?4).0

G. Hite, E. E. Smissman and R. West,” J. Amer. Chem. Soc., 92,

>

G. M. Kellie and F. G. Riddell, J. Chem “Soc.(B), 1030 119?1)

- 26b. M; H. Gianni, M. Adams, H. G. Kﬁ?v1¥§ and K. Nursthorn, J. Org -

28.
29.
30.
31.
"32;
'33.
34,

]

Chem , 40, 450 (1975).

-~

. C..Lauterbur, 'J. Amer. ‘Chem. Soc., 83, 1838, 1846 (1961).

. B. Sav1tsky and K Nam1kawa, J. bhys. Chem.,, 68, 1956 (1964).

. M Grant and E. G Paul, J. Amer Chem. Soc., 86 2984 (
. K. Da1L1ng and D. M. Grant,.J. Amer Chem Soc s 89 661

1964).
2 (19675

. Karp]us;and J7A. Pople, J. Chem. Phys., 38, 2803 (1963).

. Lippmaé,fT.-Pehk and J. Péa;wirta,,Org..Mag, Reﬁ., §;‘277 (1973).

G
D
D
B.'V Cheney and D M. Grant, J. Amer. Chem soc., §§_ 53]9 (1967)
M
E
E

. E.-Eliel, W. F. Bailey, L. D. Kopp,-R. L. Willer, D. M.

N

Grant,

150

" X




37,

S <t

'4Qaf

C 42,

‘;97 322 (1975) o ~. -

:-.Resonance, 10 227 (1973) L &

39
'-J Amer Lhem Soc,,'92 5927~ff969)

U--
R Bertrand K A Chr1stensen, D K Da111ng, M. w Duch
- E. wenkert F M Schne]] and D. W. Cbchran, J Amer Chem Soc

1

A

. D. W Grant and E 6. Paul, J. Aner. Chem. Soc., 85, 1701]{1963). .
-G w Buchanan, D A ROSS and J.. B Stothers, J Amer Chém. Soc.;ﬁ; '

.88 4301 (1966). [v”"ff.‘; Lo a. e

s W Grover, J P, Guthr1e, J. B. Stq\hers and C T, Tan,.J,'Mag.’

‘\ S
o,

. TJ 'B. Grutzner, M Jaute]at J B Dense, R..A. Sm1th and J. D'" -
-_;Robert 3. Amer. Chem soc., %, 7107 (1970). :4_,‘}. o
:JL I Kroschw1tz, M W1nokur, H 3 Re1ch and e D. Roberts, S

Y

D. k. Da111ng and D. M, Grant 3. Amer. Chem sac‘; 94f'§3i8 (1972)
7.‘J D Roberts, F d we1gert J. 1. Kroschw1tz and H. J Re1ch //
o Amer. Che. Soc,, 92, 1338 (1970). . - 'jf_/f
fT:‘Pehk:and E"L1ppmaa "Subst1tut10n Effects 1n Monosubsfltuh

/

. ACyC?ohéxanés 1971)" in Top1cs An Stereochem1stgx) Vo] 8f

a3
"‘5>f44.?g
I »
Lo 450
D46,
o~

':ffﬂid?;
ey L SRR S

3. et Chem. Soc , 95, 165 (1973)

L T £11e1_and F. W, Viéfhapﬁen, J. Amer. Chem. Soc., gz,_2424 .

{Ed £ L. E11e1 and N L A111nqer, Intersc1ence, New York (1974)

p;‘26. :

A. J: anes‘and M' M. A Hassan’ J. Org Chem , 37 2332 (1972)
I. Mor1sh1ma, K Yosh1kawa *. Okada, T. Yonezawa and’ K Goto,

v

 H Booth and D.. V. Gr1ff1ths, J. Chem Soc .- Pénkin‘ll,842,(]973)f
i A F. Casey and K. . J. McErTane, J Chem Soc. Péerkin I, 726
."(‘Q, o _ o

o

151




S e

48. - A F. Casy, Tetrahedron 22, 27 (1966) D
49, A F Casy and A. P, Paru]kar Can J. EBem 47 3623 (1969)
4350. R.. Hardy and~M. G. Howe11 '"Qnalgetlcs", ed G de Stevans,

Med1c1na1 Che nographs, Vol. 5, A .]_ : 'ress (1965)

51. A.-H. Beckett and A. F Casy. “F'hgress

3 e

ol c1na1 Chem1stry“;"f

Ed G p. E111s and G B. MWest, Vol. 4 Butterworth London (1965)@'\‘

'-52. Al F Casy and K M J McErlane, J. Chem Soc "y Perk1n I 334;;v ‘:3":
(]972) | | . | | . S

53, W, B, Lutz, 5! Lazarus and R. 1. Me*téef;‘q;voﬁg;'Chem}; gz,’

_"* 1695 (1962). | e | _'

"Sﬁ A J. Jones, A. F Casy and X, M J McEr1ane Tetrahedron Lett

| / 1727 (1972). - O )

55 A J. Jones A.F. Casy and K. /&. J. MCE%]ane;vCan;vd; Chem,,;§1J_;-'
1782 (]973) S [ ' L e T

/ : . e
_56a_ A Ju Jones, C. P. Beeman A /F Casy and K M. . McEr]ane, ‘Can

3. Chem. , §1, 1790 973).. | S S PR A
: e S SR
.57, N S Pn@stakov and N N. M1 heeva, Russ Chem, Rev., §lp 556

| (1962) N | L ,
' o 58.viN.«If Shoetsov and V; F.VKthenov; Dbk]ivﬂkadu:ﬂauk. USSR,'igﬁg ":ﬁ
07 (1959) : | R ST : L
- 59. A F Casy and K. M. . Mgér]ane,_d. Cheh._Sdc., Perkin 1I, 339
o (ler2). o _ﬁ e "f:,'( 'f",. S
60. L.D. Quin and H. E. Shook, Jr.. Tetrahedron Lett., 26, 2193
 Gess). L I
el AT, McPha11 P. A. Lukan, S. 1. Featherman and LD Quin 9.
1 Amer ,chem Soc N 94 2126 (197?) '\ ,i,‘ » ) B |
A T McPha11 J J. Breen and L. D;?au1n; J Amer Chén. soc.; 93,
C e L ik oy

e . sToa



o

'63a.'
" 63b.

" 64

-,66

§7.
58,
69.

~ 70a.
" 70b.
, 7c¢;’

. R.O, Hutch1ns and B. E. Maryanoff J Amer Chem. Soc R 94 3266

) J B.. Lambert W. L. O11ver and G Fo Jackson, Tetrahedron Lett.

2574 (1971) . ‘ R

J: P, Albrand 0. Gaqnaire, J. Mart1n anﬁ‘J B Robert Bu]] Soc. ..
- ""/ :

Chim. , France 40 (1960) S w -

J. P A1brand D Gagna1re and J. B. Robert‘"Chem Commun , ]469

D. W. Wh1te, G. K. McEwan and J. G. Verkade Tetrahedron Lett 3
1905 (1969). b f S

ta

(}972) R o o . ;ff ‘ e“f

e ~

w G Bentrude, K C. Yee, R. D. Bertrand and D M. Grant J Kmer

l

Chem Soc . 93 797 (1971)

W. G. Bentrude and K C. Yee, Tetrahedron Lett 3999 (1970) e 'D AN

25, 2027 (1969) o REERRE |

H. E. Shook, Jr. and L. D. Quin, J. Amer. Chem. sac.; 89, 134if°
(1957) _‘_ff,a y T T S
_xL. 9 Qu1n and J J Breen, Org Magn Resonanée, _; A7 (1923)i_
V‘H;DN. Tan and N G. Bertrude Tetc%pedron Lett 9 619 (19755.

o,

,L. D Qu1n, J- J Breen, and D. K. Myers, J. Org Chem ,‘§§3i’ .

| \»1297 (1971) '**%“ e @§$$ o~

- ?7[0d-
71;
72.

73,

c E. Griffin and M. Gordon, J. Amer. Chem. Soc., 89, 4427 (19677.
“E J Ne1gert and’ J D. Roberts, J. Inorg. 'Chem', 12, 3&} (]973)f

LoD Quwn s M. L Gordon and S 0. Lee, J Maq Resonance, 6,

503 (1974) /

S. 1. Featherma n, S. O Lee and L D Quwn, J. Org Chem., 39, 2899-1

;g(1974) { S R S

153




o - 78. G A Gray and S.-E. Cremer, J Org Chem s 37, 13458 (1972)

'73b. _g,fU..Breén,‘ S. 0. Lee and L.aD, Quin, J. Org. Chem. 40, 2245 :
74. S. 1. Featherman and L D Qu1n, Tetrahedron Lett 22 >1955-(19?3);

‘jSZ L. ‘D Qu1n, S. G/ Borleski and R. C. Stocks, Org Magn Res.?é, _ '
161 (1973). . ’ F L o ," SR I
n'76. T. Bundgaard and H. J Jackobsen Tetrahedron Lett 3353 (1972)
;?7. 0 Manscher and H. J Jackobsen Acta Chent. Scand 25 680 197])

790 0.0 Breen, . I. Feathernan, L. D. Qu1n and R. C. Stocks, s
 Chem. Comm. 657 (1972). | B

80 A;“A; Bor{senko; N, M: Sekgeyev,“E;,Ye'Nifant'e{ and[Yu} A."UStynydk,

. Ghem. Comm., 406 (1972). e f_ e »_
810 A0 MePhail, .. Breen, J. H Somers,.d oM. Steele and L. 0. -%
 quin,. Chem Conm 1020 (971). ) . V,, N
: 82,' P. Haaker W. B M111er and D A Tysse, J Aner Chem Soc RS
3877 (1960). | | S
85: D H Marr and J. B, Stothers, Can J Cnen‘; 43‘»596 (1965) . a‘, -
j84; G C Levy and G. L. Ne]son,’“Carbon 13 Nuc]ear Magnet1c Resonlnce ﬁ;v
for Organ1c Chem1sts”, Intersc1ence “New. York (1972) | _7 ‘ f:‘ .
85. J. B, Stothers,“Carbon 13 NMR Spectroscopy, Academic Press, New i"d t%{ )
©York (1972). e T R fzfg
'8§%~ E. Bre1tma1er, G. Junq and W. Voelter,,Angew Chem Inﬁ.eEd;3’1QJ
673 (197]) "1 L B ,‘_ R  ﬁé'.5
:“87.‘ If J; Lowe and R. E Norberg, Ph)"gw Rev . 107 46 (1957{
88, A;ldgldones, T. D. Alger, D. b1.§kan£§§nd WM. L1tchman, J. Amer
~ Chem. Soc., 92, 2386 (1970). EARTRCE R
53:@9’ sl



Q

Rl .‘

8!’ O Sorok1n, Izu Akad Nauk SSR Otd Kh\m Nauk 3 460 (1961)

| '90.
9y,
92.

o0

) 93

#

)

S

9.

95

f:96.
R 2386 o7y

-98.

100
'<1o11'
102.

P

. QK.;J} Jones A F Casy and K. J McErTane J Chem Soc o Perk1n

103

1104,
-105.

106.

P Portoghes‘; J “of Pharm. Sciences, 55, 865 (1966)

M. A Ha san and A F. Casy, Org. Magn Res ,‘g_ 197 (1970)

A.yJ.‘@oné X N E11e1 DM Grant M. C. Knoeber and w G.

i,

Ba11ey, u/ Amer Chem Soc r 93 4772 (1971)

N B1kova, L Krusteva], L. Da]eva] N1ko1ova, D Stefanova

and M. TaSkvov, ‘-‘ ; C.A.. 14773 p. (1973)

G El11s and R G Jones, J. Chem Soc . Perk1n II,. 437 (]972)
T. Pehk and E L1ppman, Est1 NSV Téad Akad To1m, Keem Geo]
17 291 (1968) : S \-' - fy» , - SRR '

\ .
\ b

M. St. Jacques, M;Lgernard and.-C, Vaiir{;fCan} J. Chem., 48, .

. o . ‘ « S ‘
J B Stothers and C. T Tan, Can. “J, Chem , 52 308 (1974)

R L. Lylab D. H. McMahon w L Krueger and C. K. Spmcer, d;i*ﬁd_;
Chem , ;1; 4164 (1956) : |
R lGuarCs ni, Ber 23,'ref 160 (1895) e -
T.?%rthnet AnnJ 456 251 (1027) ' = . ;? »n

NL-K w11son and J. B. Stothers, "Top1cs in Stereochem1stry“; Vo].

'»8;'w11ey and- Sons (1974) p.1 - 188.

1,.2576 (1973) o

.

CP'*B‘ ReES‘and‘R Weiss, Aqta.;Grystx B27, 932 (1971).

u T

(1970 (b) J. Amer: Chem. Soc., 92, 1347 (1970).

E Wenkert Acc.'Chem. Res., 7, 46 (1974)..

-

Iy i,‘g._

J.- D Roberts and F J. “weigerti(a).d.hAmer.‘Chem. Soé., 92, 1338 .

M Murayama and T Yosh1oka, Tetrahedron Letters,‘ll_ 1363 (1968Y: :

155




e

107,
v”§108
109,

°-. 110.

'111;
2.

3.

. 114.

',iis.

nz.

o ns.

- Mo,
_120[

2.
ez,

123,

124.

Y

K. Nakan1sh1 'Tnfrared Absorpt1on Spectroscopy“, San Franc1sco, '»_E

Ho]den -Day (1962) o a S T
A, F Casy and P. Pocha, J: Chem Soc. (B) 1160 (1966)
E L E]lé] Chem. Ind (London) 558 (]959)

<A F4 Lasy, "PMR Spectroscopy in Med1c1na1 and 8101091ca1 Chem1stry“~

ACadem1c Press (1971) p‘ 240, Ch 7.

L. S1mera1 and G E Mac1e1 .Org.: Mag Res: » 6, 226 (1974)
’S. Archer'and T. R Leu1s, Chem Ind. 853 (1934)

Z A M1struyukov and V. F Kucherov, 1z Akad Nauk SSSR
0-del Kirim. Nauk 4, 627 (1961) B |

-

R E Lyle, K R Car]e C. R Euefson and C X. Spicer, J Org.
~Chem., 35, 802 (1970) S -

'S, Archer and M R Be]? J. Amer ChEm; Soc.;'gg, 4638i(1960).
S. 1. F atnerman dnd L D, Quin, 4. Amér} Chem? Soc.,igi,‘1699“
(1973) : 'j : S o
“R. B Netze] and G. L. Kenyon, J C S. Chem Commun 287 (1§7Jf
E AL Mai TQy and A R Day, J. Org. Chem.,. 22, 1061 (1957)

L. D. Qu1n and T P! Barkett J Amer Chem Soc 92, 4303 (1970)
L. D, B]ackburne, A R. Katrltzky, b. M Read R Boda]sk1 and K.
P1etrus1ew1z, J. Chem Soc. Perk1n II 1155 (1974) o R
L Horner, Pure App1 Chem » 9, 225 (1964)

T A A]br1ght W. J. Freeman and E. E. SchwéiZer,'J,-AmerE Chém.‘

Soc , 97,7940 (1975)..

R: Banass1 P. Dembecg, L. Schenett1, E. Tadde1 and P.

V1rave111, J Chem Soc., Perkin 11,1338 (974). g

E N Tsvetkov, D. 1. Lobanov M} M. Makkamatkhanov and Mo T

ﬁabachnlk Tetrahodron 25 5623 (1969)

o an iR -

156




o e e

‘ TZS O A Gansow ‘and B Y. K1mura Chem Commun , 1621 (1970) . h f-~h -
_',126.:fY Kaskman and 0. Awerbouch Tetrahedron, 26 4213 (1970) . o

127. R. P. Welcher and N. E. Day, J. Org. Chem_,k27 1824 (1961)

CTZB.. R: P welcher, G A Johnson and V P Wystrach J. Amer Chem Soc.

7'82 4437

/

:~‘ 129. D. L Morr1s and K D. Ber]1n, Phosphorus, 305 (1972) '
, . , Lo e
130. G.. Gruttner and N. W1ern1k Ber , 48 1473 (1915) v R T
131« J.E. Cremer, B. C. Tr1ved1 and F L. Weitl, J, Org Chem .. 36,

*

S 3226 (1971). | L
132f‘ L. D. Freedman and G. 0. Doak, J. Amer. Chem. Soc., 74, 3414 (1952).
.:133: Amer1can Cyanamlde Co' C A. 59 7560 (1962) Br1t rPat 912 269 '
C_WBA; “E. N1ttenberg and F G11man J. Org Chem? 25 1063 (1958) ;
| 135v fM. Graysen,<c. E. Far]ey and €. A.. Streu11, Tetrahedron, 23, 10651

o .‘(1967) o | | ",) )
'7135~C‘M A. .Greenbdum, D. B. Denney and A, K Hoffman, J. Amer Chem

 soc., 78, 2563 (1es6). ' P
' ?27;"0 H Horning and F. w Bergstrom J Amer Chem: Soc. , 67,
2o (1945), e T -
i38‘ N Fo Phe]an and M. Orchin; JCCChem Ed, 45(10), 633 (1968)

139. L. F Fieser and M. F1eser, ”Stero1ds“, Re1nh31d Pub11sh1ng Co., .~ /
 New York, 1959, p. 20. | C_ | I 5
140, 5. Hirano,’T..Hiyama and H. Nozaki;ATetrahedron Lett, 15, ]}59“ j {$, ‘ “‘%
- oqor4). . :" ’ e L LT
141: R.A. Fr1ege1 and H. L. Reteofsky, J. Amer Chem. Sdc;;,gg,f s
1300 (1965). o , |
142, A Jaute]at and J. D. Robé%h. Pro. Nat Acad Sei. ULs. ; 65, 288 e
"‘(1970) o j; S e ’
ST . o




A

143,

144,
145,
4.
147.
‘ 148.f

_ J

|

:}] o

o/

\r

E Wenkert D W. Cochran, E W. Hagaman, ﬁ//M Schne]] N. Neuss,

A. S. K?tnev, P Pot1er, C ' M Plat M. Kock H Mehm, J
Po1sson, N Kunesch and Y. Ro]]and J Amer Chem. Soc ; 95,

4990 (]973)

H. Koyama and T. Irie, J. »Chem».Soc » Perkin 1T, 351 (1972)

H. E. Zimmerman, J. Amef. Chem. Soc., 93,3658 (1971)

J Beereboom J- Org Chem » 31, 2026 (1966)

(\

E. ‘w Garb1sh Jr . J Org Chem . 30 2109 (1965)

G. S. M1ronov, :M.,I. Fénberov and I. M. Orlova, J.'Gen[ Cheh.

USSR, 33, 1512 (1063) e

158



