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S v -
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if", fu!ly 0 bloc} out uhdcsxrcé sxdc rcactiens.,» - v .fd*i*: L
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(iii) Acid catalv:ed Excth T U

é (a) Carbon\l contaxnin; conpounds =

L3
.

_ for dcutcriun in ackd as. well as baszc aediua Acxd cataly::s xs particu-
!arly Sutted for dcutcriua exchange of ketones uhich are prone to undergo

¥ base-catalv'cd self-condensatjon
‘ thh CF CDOD D O at 130‘ for nine- days(l ) ‘

j Carbonxun lons".? .‘3.- ' f*F"f”

; with dcuterxun oxide

2 bccn used to exchangc eno!i ablc hydrogcna.' Tt should be pointed out that

| changed by gas quuid chronatozraphy

. -venient..ff

Hydrogen ‘atomrs atfenoli.able posat:ons in ketones can be exchanged

(161 and uhich uxl! not stand drastxc basxc

g treatnent : Although canphor undergoes coaplete deutcration under basic con- B

r

: L. .
g dztions. canﬂlete deutcratxon is also acconwl:shed whcn the Le:one is hea:ed. '

(b} sza carboniua 1on‘__'

Discussed undcr section “Acid-cataly ed Deuteriun Exchange vxa .
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(WJ Chroaatoxrar"\!c Exchan__g_ o | ’ .

Dcuteriun exchange cnn be achicxed by colunn chro:atography Exchangc_

. xs lccouplishcd by p"’ﬁf‘ substrates with actiwc ucthylcne groups adJaCent 'of

carbonyl gruups :hrough an alu-inul ox;de~coluan uhich has been pretrcated

- /- Y

(l&) _'_.,, SRR

tcchnlquc | Soth bastc(fg) and nc:dxc(‘q) gas chronatogzaphic coluans hxve'.”,“

-

i

labelloé hctones can’ be” chro-atodraphed ui:hout ioss of deuterlun, on neutral_

Carbovax ur other supports( 1) In addition aro-a:ic protons cAn also be ex1

4

(v) Mcul«cuuly.ed sxchan;_ - \ IR e L
Catnlytic exchar:c is onc of the earliest aethods used to introduce.;}
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Annlogously. gas quuid chroaatography czn also be used :s-a labellxng?
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Jhc dcutcr&un ~zs and h}drocarbon oxer a nxckci on Lxcsélguhr catalrst at ' 23335'.}.;
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As ncn:zonc» prc\;ousl\. ca.alvtlc ctuhangc xs rnrcl: u%cd for
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. spc;:f;; par‘xal u¢u;cra~xon NQMC\Cr, by carc‘ull\ ad;ustxng thc‘chbanvc o

condxtxons,_x; has bccn possxhlc tq scicctx\ol\ cxchange bcw.vlzu or aroaatxc U

' protows._ h\cn an clh\l act.a.c sa‘utxon of cstronc :cthvl ct er (1} has'

shnlcn in a grh:cr!un at :o‘phc*c :n thc p'escncc of na!ladxur oq ghnrcoal

':,- A )
: :hr o, 6 9 d cs‘wo it :c‘h)l estcr ( ) in 83& xsotoaxc puritv was- ob:axncd{ )
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- chnngc bcn.\l:c protons o?cr aronatic protons :n to!ucne( ) ( ?1

(39

and n_xVIcnc

40) by cou:lxbra-

Aroaxlic_protoq§ can be exchanged for dcuteriuﬂ
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o By far the nost inportant aetui ca:alyst for selectixe deuterxun :

3 exchnnge of organic co-pounds. nickel deposited on kieselguhr. wvas chxefly

3 developed by H:cDonaid and Shannon(4;3 Deuteriu: exchange cataly-ed by

3 nic}el on kieseiguhr(J"Js) has been used to Eartiallv exchange '33 f_.. : i ;-f~“.ié
(i)’ the alkyl protons in iﬁiuene {2 7 D), nwxviene (S o D) and R
"'fethrlben ene. (4 r 0);- " ﬂ 5'-:-’f"’;g o ig' e

£

(ii)i the ring protons in ET -burvlben.ene (1 9 by, R-hydrox)anisole ?'-
' f(x 9 D), and nniline {1 7 o),;‘_' i*'f :‘{‘# " i ‘
(iii] 'the alkyl and rinz protons in gftoluidine (4 6 D) \ =ethylanx}xoe W-gli--‘ :

"“_ (r.. o) xnd \-uethvitoluidine (s 6-D).; - o f‘;u_ s

. l .
. The inco:pleteness of the e:chxnge .fger one cvcle appears 0. be " najor
3 disudvantege of this c a! st. ' ' .

-

i:(bj “°°°ﬁ¢ﬂcous petal cntaivsis_~ di'l EPN

-

Ho-ogeneous eetnl catllysis utfli.es prereduced group VIII transition

HJ?-etels n: cqxaiysts piatinun being the -ost actiVe. fs».["a';'jf‘.j,:; jf‘-"j,

R The ilportnnce of hoeogeneous uetai cnt;lysis v:s stressed when f;'dl"

i‘;Gernett and Hodges( _) reported a silple one-step procedure for the exchange
e'_of a large nunber of arolatic ooupounds in the presence of hoaogeneous -etal
.o [ :
‘;_catnlysts such as pletinua (i!) salts. ln a typical procedure. a solution of -

: dace;ic ecid d heavy uater deuteriun chloride. the organic coopound nnp dx-ff

R
L'-':..smlim plltinus tetrachloridc (\n PtCi ] as catnlysr is al ioued to react in

il;en evacuated se&led tube at a teepernture within the range 25- 120 this being

f: deternined by the isotOpe used and the enrich-ent required Acetic acid is {'-';af
- P RS
:#{;essential go the -ediul,to ensure ho-ogeneity of phese.;the ecidity of the "

i‘

“'5solution is critieai since this should be. high enou;h to -:nini:e reduction :

”1~of the catatyst coaple: and thus prevent precipitation.of platinun Hovever. ?e;VfL/ff

LR




the ec:ditv should not be too high othemse the honogeneoos netal catnly~ed ’

3 L. n.

process is inhibited and onlv scid exchange occurs in those conpounds whére < Tel

.-

R
3 this is possible.. lf platinm does precipithte fron the reaction nixture, it

"

is foc.md that the inorgsnic acid present poisons subsequent heterogeneous ex- - g

chenge on the surfece of the precipitated catalyst This procedure has been -

b

A
med to label ben..enc '!10..7\ D}, fluord‘ben'ene (5 9\ D). toluene (4 "\ D),
bipheﬂ}l (S 0\ D). md naphthnlene {3 6\ Dj(“b) TheSe results cleax:ly mdicate, :

ns in heterogeneous net:l catalysis. th.:t the njo}b disadvantage xs the lou | e
deuteriu:t incorporation_ > '_|" s ‘L O R

- 'ith certain coopounds, such as lesit)'lene. yhere the ring hvdrogens l'-‘ ’_:‘: ‘
""1“7 ﬂchantc undcr ncid conditions. 1t is ;possible to label both uthyl o |

md ring hrdbgens in one step by effecting,a ca:proaise in acidit)' such that R
both eetal-_ and acid cntaly..ed isotope incorporation oc.cur( P.’, nlthough the -
efficiency ot' the ‘two processes'is reduced under these conditions. : |
o Of ‘h° "“7 1"80 ﬂ“ﬂbef Of Coapo'.mds that ha\e been emin.ed by the"' Lo
| present technique aront,ics are generally quite resctive whereas nliphatxcs"'.'

gch as cycloheune exchange \fery slouly. 5
(4 )

lbre recently. _Garnettet al reported a neu siuple ae%&r L
’ l

rapid md selectiw. Aroeatic deuteration usiﬂJ‘,r orgmoaltnmun dichloride 2

' cxtalvsts and deu:er ted nrm ic coepoc.mds; such as perdeuterioben-ene as

the deuteriua source Ty‘piczily. a ei:‘ture of ethyleltninua dichloride, 7 '_'-fk_
P A

perdcuteriobehzene and msnuc substrate are’ eixed for a few nlnutes at )
' room. ten?euture before all lromtic positions a e equllibnted. llowever. SR O

- slkmes. alkene! a3 well ns oxygen-- a.nd nitrogen-__ ntninlng conpounds {e g.. IR |

pyridlne.‘anisole., phenol miline. etc..) do not exdunge . : ,
N Althotmg: net:l-cstalyted (hmogeneous end heterogeheous) exchmge

J \ D refer to: ntoe \ excess D. St

¥ . . L. L e e, K . . B




is the nost popular exchange aothod it suffgrs fron the follouing
;Qdeficiqncies A‘n ".'”,'.f"ﬁ: n_7 fé S J& ‘fi.":“;" R ._;;-‘; e
(1) irTEproducibxlity of catslytic surfaces anﬂ results(‘ﬁa)

(ii) the catalyst surface ‘his nxhy d fferent types of sites availahle

1

‘1:0 tho Ioleculc and eac of these IIV Ve its own characteristxcs S

in isotopic exchangc reaction “7b]

'(1ii)3'1ncidcntal~pOisoning of the' atalvst bv the organxc nolecule SRR
L -— o A T
“]( f..j.:“being exchnnged or poisoning by an nccidentally or dclibcrate;v Y AT

| 'l introduced e:traneous spocies( 9) ‘-oﬂli ; L f'j R gi : .

(1) 'co-plicated and exponsxve apparafusczs?j‘ o : '

o g;(fj' steric hindrancc( 6:) o '}.'~;:‘_n‘ﬁ.-ﬁ£" . R
. | (46d) e
(vi);lside reactions such as coupling of arou:tic rings and B anR
":iéfljnflou deuteriu- incorporation, thus naklng it nccessary for nuLxx‘: >
'”-9fe f{stage equi!ibratiohs using fresh catakyst ;nd dbutcriun oxidcraz)
'II, Reduotive Hcthods SR ‘ _ o
f‘(f) Catllvtic Deuteratlon of Doublo Bonds j f Sfi‘~': : :f n
fﬂ(a) Netero‘oneous Catzlysis i = | e <a_f  |
_ "i Cltllytic dcuteratian {o g . pnllldiun on charcoal 1n ethyl acetate) "4‘1
,fin siuple straight chain olefins such as lcthyl oloate(4?) is a very unsat-:i:fil -
_ lsflctory aothod for thc selective intro&uction of the isotOpe, owing o ,:' ; T,i.;
extcnslve scrnbung Thls is prosmbly duc to the eft‘cctive nigration of; Lo T
.' . . _.—" ' .'- . 'a)
'f&ha doublo bond on tho surface of the catolyst.- Hore sclcctive deu:erationﬁz: LT

;'can be accouplishcd 1n thosc ole‘ins where the double bond ls less nobilc

3jfor structural or storeocheatcal ressons.‘ Excellent -olecules for spcciflc

- -'. A

:;doublc -bond deuterations are bicyclic systens (uherc the doqb]e bonds are

Tl .'.:
T




RS EA.

flxed) SUCh as norbornndiene and norbornene(‘g?

"(b) Houogcneous Cnta[ysts

f'; Prohablv the -ost extensively use” ca:alyst fbr the houogeneous-,;'
: « .

(51)

? specxf;c ’ and bein
- cntalyst poisons _
o Ins rder to overcﬁae sonc of the difficulties of cataly&xc dcu.er- ;-
T‘;éibn,Jf double bonds (renrrnngeaent nnd exchange xn othcr parts of the
‘;nolecule). nltcrnativo nppronches have frequently bcen cnploved to gi\e

1

.“-exclusjvely cis. (or trans) addxtion of dauterxun. Didcuterxodii-ide(s )‘15 .’T
p _“-ost cocnonly\uscd t’o effcct cis rcduction | .

(ill Dissolving;ﬂetnl Reducfﬁons

i‘;__  Slturltion of the double bond in a, ﬂ-unsatUrltcd ketones by lcans ;
L N U AU
of lithiua (or othcr aikali netals} 1n liquid deuterdoan-onia usunlly pro-,- *;,1 A

ceeds in n stereospetific nnnnar und offers a convenient neans of 1ntroducing

(5"] Sodiml [vith

-"Hdeu:erlun stereospecificnlly«into thc a-positlon nf ketones

5;;or vithout alcohol) 1n l!quzd deuterioalnonia can be used to re&ucc benzcne o .

.ﬂ rxngs to dcuteratcd cyclohexndienc dcrxvatives (the Birch Reduction)(ss)

S

: ' (56)

;”;-[ . Reductioas with :c:nl dcu:erides (lithiua nluainui deutcride
@ifsodiu: bcrodeutcridc[s L3 dia!tylaluainun deutnrides( 8?, organatin deuter- fr's”’fﬂ -

ideerQ) borondcuteridctboq as. in dcuterohornt!on, etc ) dre generaliy

highlv 3peci?ic and are. well suited for :hc lntroduction of deutcriun ar”

f, well def*ped sitos ;Aeductions with lithiun alu-inun dcutcride and sodiun f533 ; f 

RN J
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“borﬁdfufb‘ﬁdb'(and.othcr :étdl dcr‘efiddalrarc uicd dﬁa]oﬁbuslfq:é thc A

;'corrccpnﬂuxﬂh prot:o rcdu;::on<‘:o nnhc dcuteratcd‘al;ohol@ fron aldch\des

‘ ,.. W

‘5lctoncs JuldS andxxﬁxii‘fcrdxatxxci 1nd izincs . from nltrhlcs Thc vcrsa_,‘

h

_‘tilxtv(§¥)iaru the. ax#ilnb;lxt\ o‘ lzthxum aluz;nun ucutér!de nakcs it onc %
1 of" ~he nost coc:nn!\ uscd rca&cnts to- prep1r; 3 hos: of. dcuterzun labcllcd :
i\ubstr:tcs oﬁT\ a fcs rcprcscntatx\c e&anplc« hlll bc lxstcd here: ?‘ﬁi":.-
-'f 3 Lctoﬁcs and \!dch\dcﬁj'ff- ﬁh ;‘-_:1' ; ?w.?'f."‘ % | .
,-f  :\;'_ Thc fn_xlxar réduc:xon of ca?béﬁ\l counOunds ;s the mcthod.of cho:cc 3?_{
r‘for labc!l1n~ a uarﬁ;n ;ton bcaring”n hydroxv group (RR'C-=O - RR'CUOH) L .
o Lithzum aluainua dcutc;xdc rcdﬁckxon o‘.csicrs is convenxcnt to
: a : :
prcpar¢ labcl!cd nrlanr\ chohols (RCO R' -. RCD OH)
,( <) Su_Ifo;:':tc fucrs ' . ' _ -— .‘ .
E . Hesy!atcs-and toss!ntcs. notabl) of prxnary alcbhols arc rcndllx_"".ﬂ X

trnnsfornod zn.o thc corrcspond1ng hvdrocarbon (RCH Oﬂs or RCH‘OTs - RCU D, ?" )

f in which the ncth)l group h:s bccn lnbellcd wtth dcuteriun. {”"

(d) N.ﬂ :&5 "_'.:I . 7

o T o~ o T S

‘-Q,.“ Thc reductxon of alkyl hzlidcs,§iir-LiAJQ‘”i§_ana1qgousgtothgt.of”*g-:f#.:-~A

f :ul{onntc es:erﬂ._ _Q'_.:-;:. . ,‘ﬂ{‘-.h . ¢.. _::';: ;j,'_ff.-l ﬁf? - o
‘ : = R e R A I NP U PR

_;_(t) -ngidcs -  h:ﬂiA::..  r;J"L;; f_ . ;J:"il;“g'.fs- f.L'f ~f¥.7l .
BTN The rcdnctasc OPcnxng of croxidcs Viih LiAlD °ff°rs an excellcnt |

o path to thc introduction of -a singlc—dcuteriuz ato: ndiaccnt to nn nlcohol

{f) Tosvlhvdra.ones'-f‘:-,nfh;;f -51;} "l.l‘:;w ;‘;{

T : ':"‘\‘--"'""
‘p.

The rcduction of tosylhydra.oncs (derivcd fron aldchydcs and ketoncs)

f: to hydrocarbons lcnds 1tsclf pnrtxcularly wnll to the introductxon of dcutcriun

_ e X
a W e L L et ) I o . L ST -«




+ ]

- .
R R

lt the site of a cubonyl function Thxs nethod 15 thus an, alternative to o
) the desulfun.ntlon oi‘ -ercaptals

7'1¢) Anides S 1',_{*5;' :; T L
) . ' e T . + . . . - . " - - ' . )
Either aliphatic or cyclic uides are reducible to the correspondmg

_ uine trith lithiun aiuainun deuteride. _ Thls affords the sinplest neans of
B

; introducing two deuteriun atons adjacent to ;n anmo function {-\COR—» \CD R)

.. .. . . : N N L ’ . 'J. C . ‘.. .'

-

111.3 Hxscellzneous ne:hods .t‘f'f-r..' .{{',j"?f fﬁ-'-“fﬂ t;;'”‘}i' ; f-f;'.' L.

'nterc lre nunc;ous other nethods of incorporating dcutenun into n

.

lolecule and only l feu of these uxll be ncnnoned , . -

() chlacmnt of a halogen b)- 3 netal aton and the subsequent quenchmg
of the organoutalhc conpound with dcuteriua chloridc or dcutcnun !

\ 08 L. D
.oxide (ax -—H—g-abRng —-——-b R D ‘R~ Br *RLi .205 R- D) (62)

() Catalytic’ (dcuter:ted Rzney nickel) desulfuri.ation of zhiok:tals‘s ) o

’ '?V"Ii(.il‘i'j."---Photochemcal tochniQucs(ﬁs) SR e c

(64) md carbon ni:rogen(65) bond:. ".\. ,. ,‘:

. ‘(.i-_if)‘_i*!lothylation ot’ phanols

g '(t)_ :;'-Biologicnl tcchniqucs( ) such as ‘; o ‘-; i “ | ,_. o (
SR (if; biolog!cnl pcrdcutcration of nino acids. sthars steroids, SRR
. cldc ‘dd,' e:c N : -‘ , : 3 .
. , (b) ."._blolozial oxidnioas and reducticms, and. \ | . B ._ -
o B r(CI) biolbgical sddition of lah.e!led anonia and’ \intbr to double :
| "-Of all the prccoding lcthods of prcparing dcuterated aolecules. only

_nntal cataly'cd (honogeneous and heterqgcneous) exch:mge, bue cntaly.cd ex-‘f "

A‘chmgc \-ia carbmions md acid c:ltalyzed exchnnge via carbonimn ions havc .

_“.becn used cxtensively for perdwteratlon.-‘l-'.: R o e T e

. . . o - . . A ; . . . .




ETd

;C;‘ 1& catalv ed Deuteriun Exchange via qirbonxun Ions _ AUDREPEE IR

I Exch gc \ia Olefins and Cscloprqpanes

.

Il

Originallytij, :t‘kas thought that the carbontun 1on could exchange j-"‘4.7'

E) followed reactions by n.m. r. 1nd shoued

directly. houe\er. in 1964 Deﬂo(6

that exchangc 1n carboniu# ;ons-occurred bylxhtervention of d0ub1c bon&s

E

b} [ -

Recentl# this idea has lecexved consxderable support from- several other ,

r . . R ]
sou;ces(6§‘70).; The nechunisnfof exchange through an xnteruediate olefxn Yy "

ls ln nddft:on elin:nntion reaction uith nx CSchene I 1) and is quite sinilar

. to the acxd 1nduced electrophilic exchange of aronatic compounds which

‘,v;ll be dxscussed la:cr  ;;-Tﬂ "'-3f'u _ _ﬂ;-,_ : :j” 11  L ¥‘iul;_i“é'fi-~ﬂﬁ

' . .-

aﬁiehnhgefffa;z'czciop}qpane;gaf,pe eﬁvisefea:isQf01}0§si(56hene‘1921{41’:.7
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lOnce it was established that olefins were intermediates in deutera- . . -

- tigns;involvjng cnrhoniﬁz'ionﬁ.ﬂzhc”acid-cqialv:cd1fcactibn5;bctdnc'casiér S

to nphlx _,S;cphcn5 and‘ch:ch( ) prcr1rcu full\ dcuucra\cd t- butv Lo
vy ARSI e
thlorldc hV"trca ing. t- ut\I c“loridc u:th 10 \ ltl Tch 11So shuacd ;Hwt
4 SR ("" ‘ o
.1sobdtcnc cxch dngéd;dcu:crzuz on anrtpon of deuteriuz chloride, 54 the v ’
ﬂscqucncc nf;cvcntsfcanhé presuacd to be as fallows: : ﬁ%é%? .
oL A . . te B o . . . . PR " - : ‘._"‘.: Y N . .
L S /Cﬂ_-.,' e .'013'- ‘{"; s A A
CI!_';"C-’CI ..__.._._""“"_" ('H«-"—"C 3 CH-D C-—Cl ctc. R
SE R .',;-‘ A Lo PR T
ikmc.cr. aciu c;talv cd ncutcrxu: etchangc of h»drocnrbnns ire qu1t¢ oftcn - f
" - e : . . . ,”
;v of lxt‘lc prcwaratx\c uﬁc be;ausc a fantastxc maze of alkv atxon dcnlk»latxoﬁs.‘ ek
e - ~

1rca~rangc=rn‘s a%d h\dr:dc trans.crs nrc 1n\olvcd and u5uallv tHc carbon frhwc---

-'uork of tHc ﬂroduc s and thc nunbcr of carbons bcar .ittdc rclnt:on to thnt o.

thc ccactanfs( '),' “ctnl C1taly cd cxchanyc xs nost frcqucntly uqed for in-' '

v .

e

corporatin~ dcutcnaun 1nto hvdrocarbons ' f - 1  : '-‘ _,,3‘ :,,_' f - --“ Cem

Garnett and.co uorkcrs uscd HC1 D 0 at, !30'( 3)

-

in. an attcmpt to fxnd

a gcncral ncthod of !abclling cvclo:lkqgcs .Thcv found that ' ;f'z;;“' N

(a) thc cxchangc iﬁ:’rcla:x\clv siow. nnd nanv qyclcs uould be rcquzrcd‘ .

3 -
- . L.

'for co:pletc cxchangc,.j-t o l   _ _"_;-TV_)-;‘,' n‘.r.fﬁg.f e :‘..‘i._{‘
'lTﬁﬁh.arozntxc co:pounds cxchangcd poorlfih 5 .T.L}t' j-; ﬂ Q"__ff‘;f{Q{”Jj_:
“(éjﬁftcrpcncs and dicncs exchanged'undcr thcso condxtzons but thc viclds '{E_"f"

-¢3 vcre vcry lou bccausc 6f xsoﬁeri.ution nnd polyucri:ntxon nnd fi;{"lj'

v

'”'gé(d}_'tcnporaturcs grcater :han 110 nrc nccded fo::clinination and pcr«\f

'[doutcration s!ncc a; !cuneraturcs lnss than 110 anl) ndditxon of DY :; 7uﬂf?;!;
' '79ccur;1;o;giv nonodouteratcd spccics.. l';fiif_{f i f‘:.:'-,é..“?fif:-.
.f' 9 — o




- . o B u . S ke
L™ - . '
; ~ . e SN . :
L 1 e . . o Lt Lo
: . . o f Y oo
» . H - L 5 '
- h ) " . !
B s f .o .
‘ . o A L
- * B ’
= - '

SR T S S , o . L .
k11 . Lxchnnro~:n:&ro=at:c Svstens & . o e o :'-f, Co ‘J'o' !
(TE,TSY L . L : o
lngold ct nl . ‘showcd-that an:solc and othcr aro= atxc Lcﬁno ﬁds
”Exéhanﬁc "}cxr nrthe--and n1ra~t¢drogcn< 3orc r1pxd1v than thc ﬁctadnrotons
. - P _

’ nnd 1150 no.e rca lv than bcn:ehc':n.thc'prcsancc of strong;acrds-suchéns'_ e

;;dcutcrios lfurxc acxd Thcv ﬁugfcstcd thnt ac:d cat alv cd dcutcrlnm cxcnangc _? st
.of ar\;a tics: rrOCccucd in thc qamc hmnncr as sznnlc aronntx; clc;trophllxg
- ‘ S - ! ) ‘. 1... .,b:’
b subat) u:;on‘ Thc rcnctzon 1n\01vcs clcctronhxltc nt:acL on thc arOﬂaLxc i" .
r : . . .
.. i YU N . = St a, 3
]rznr b\ :ne n pcg!ct ‘and procceds in: thc followxng 2an ncr (bChC~C I- o) B
5 L —"_.r ‘ l'. N ] 3 . ,"fv - L ‘-— ) : g . "
. _.-.--.- o SC‘!E{E 1_3 - o . 7 .".-: Lo . -L" : .l._.-" __._:‘
‘.u' . ‘ 3 j' . " :' . 7 : M - 'a
[ - ' e .
‘ A . S

j'Fér-instdﬁcc l no!c of acsitwlcnc boron trifluor:dc nnd dcutcrzu: fluorzdc 'fu‘fjr'

] ‘.

):clds a sol;d 2 coanlcx havnﬂg struc urc (_) uhxch v:clds dcutcrlomcsxtvlcnc.7.';

. T

{_, 60\ d ) hhcn uaf:cd ;bOVc 1:5 ncltxng point ( 10 )( 6] As cxpccted h 'f?fi'7=/
o

rules gowcrnxngancxd cntalv cd dcutcr:uz cxchnngc o: aromat;c svstcns arc ff',';',‘

-~ T

gencral!) s;:xlar to thn\c of arc:atic subStxtutxon( ‘ I T
.o : L K LT : e e e el N e, e A
- L , g : “
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111 Factors Affecting Rite of'Exchaqu.f

LI . T '.'\' .
: e - & .

SRR o
' Thc_:ntrodu zor n‘ dcu:cr:un b\ a;xd catalv.cd cxch1ngc dchcndﬁ

L

u-\on'- ' fi) -tbc .‘h.!l.. ﬂrcn h B . L

E\xi} the subStltucnt$ in the substrate ,.=g{;‘-(i T

'(Lii} thc nature Q‘ zho solvcnt and
S , S S .
-J-[iv) xthc tczﬁfraturc, . S T T e SRS
= TR Y SRE TS TS S

\ar:n.xons in onc or all of thes: {actorﬁ can be uscd to nrcparc a. larbc

- ...' _| A

{nu:ber of spccx‘xxallv deutcratcd or pcrdcutcrnted coubound\‘»

: N - R St : »j s S

AN T A3 - ST T . . : . o ‘ .

\ {i} _Aud::\ Dol LY T . A N
P L B B . ‘. : . . P v .', - s . e -

‘Infgcﬁcral “for any ngcﬁ subsrrstc. xhc norc acnd;c (protonatln‘ i"

. ) i
.r"ovcr) thc =cd:un xs. thc grcatcr thc ratc of exchange 79,50, t,g)

Iy

.and hcnce
N P ‘ .
host--rf-notvall nc1d catalv-ed cxthange ncthods whxch 1ncrcasc thc cxtcnt

- " . R4

'“and the ratc oz druttfxun xncorporathan- arc conccrncd Hlth raxsing thc :
< L

a_aczd Wy of ‘Hc dculcr:u: source uh;ie 1r\ing tp malnta{n a =zn1nu= anount of

&n.
ﬁ:deco,;ox t:On Lha' thzs lncrcssc o% acidltv naL causc.- Gold(al) has tivcn a i“  _}'_‘-ﬁ

.,{ull aCCOUﬂt o{ !hc Variou¢ aixtures uscd soac of uhEgh nrc lxquid dcuteriun _'{%;,“_y

-~

Y

x;bruntdc. acctic zcxd d vxth stanpic cbloridc dcu:crn;cd phosnhoric acxd-' ‘}.f~

1 .
boron !ri‘iuoriuc cncplcx in lxduld ;ul{ur dxoxtde 50 80% dcuterxosulfurzc B

. L
« Fed

f.ltld in uutcr, fluorosu!fon:c ncid :ntzéznv-pcutaf!uoridc conplex (“na;:c TT&J':, ‘;:

. ' AR PR ) - '. s " Lo e . DEEARTIRESE “
‘-aczd") et L e T

Cocplctc perdcuttratlon of cyclopcntanc and cvclohcxanc deri»ati\es

jlin 10 80\ yiclds hawe bccn obtazq;d via ref!uxxng thc dcrivnti\cs 1n 44\ f%;?t?-
::DBr D: 0(8‘). Best and Hxlson(s ) dcnonstrnted that inﬂthc reac;loﬁ bctuccn L
f;nnilinc hyd:ochlortdc and hcavy untcr at 207‘ thc ortho- nnd Eiiﬁ positxons*"'

 0£ the aroantxc -oleculc nrc thp only nuclear posxtions uhich particxpa e in-

”fthc hydrogcn cxchangv. no cxchangc‘of neta-hydrogcns could bc dctcctcd.u ;n
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90 {SS) thc ortho- and na'a-"J
£ SrAreand pEa

lhc cxchnngc ‘of bro:obcn‘cnc h:th sn SO%

'hvd'ohcnx cxchan od fa:rlv rapxulv hhilc thc _cta q;gtons exch1wgcd sloh!x

‘but, at !kc-sa=c rate as sulfonatxon -Thiq prcvcnted.thQ gsg-pf :b;s qxchnn;cj"
nflac‘:on .Qr tho "rcpnrat:oﬁ Q. pcﬁtaueutcrxobcr.cncrl P?épifai&éh o‘lbcﬁﬁpnc- "
;d; houc\cr can bb accu-plxﬁhcd b\ trca~zng bcn cne w'th Sl% D SO ;fifbdﬁ _;

:tfgﬂfra.urc For ‘10 dan(§3

(S:'gl-'

og_glth DCl AJCI for'60 h in a coaplxca:cd

[y

ftlasa-apparqtus In contras;. thc -cakcr acxd nodiu:.‘aqucou‘ hyvdro-.

‘thgofic'acid is csﬁcntzalls xn;aﬂable of catal\ ing thc dcutcr:u: cxcharbc';;.'

= 84
of bcn:cﬂc at roon tczﬂcra.urc( )

l‘

_5‘ In gcncral 80‘ D SO ,1n D 0 at roo-"

ftcnpcr::urc for 1 to 2 d:ss couﬁlctcl\ deuterntcs only aro:atic posxt:ons in .
e T

.poivalh\l bcn.cnes ﬁanthalcnc d can bc prcparcd bv shnk:ng thc pro
. ‘A -

o ole 20° € (86} .
.,spcc.cs u:th fou' C\tlev of SO% D, SO at 1 20" for 50 100 h ‘ Acid—

: Al :
; ca:aly.cd quhang¢ of biphcﬂylcnc hns fazled bccause thc hxgh conCcntratxons

. of D,SOJ, ggscous ucutcr:u: chlorxdc; liquxd dcu crau: bro::dc and othcr B

Lculs ac:ds c;use cxtcns:vc deco:pos:txon
\Acxd catzl\.ed cxchnngc of szﬁ“le f;\e ncabered r:ng hcterocyclic-”

coupounds (c g v pvrrolc,thiophcnc‘ furan cte. ) uith orie hcteroatou takcs;“f:'"

l oniun ions of tbc :vpc 7. Honc\cr acxd cntalv cd cxchango of furnnw 87y

™

J and psrrolcs is accoupanicd by decoaposttzon uhilc thionhcnc :‘) docs not

?;cxchange conplctel\. gven a{tcr 6 C\cles for 1.31- h.. Thus bnsc catal\-cd ‘f,

e i U

@

placc aore easi!s than hen:cnc Thc acchanisu of thcse cxchangcs 1pvol\cs‘ o ‘k,"'




',-s.-_ . ' . -

_exchaw;c :< trcaucﬂtl\ prcfcrnble although uqc can cn\:qagc cases uhcn thc

acid; catalx:cd rc¢c:zoq wxli gi\c nore Spccxfxc cxchnnhc ar;:cu.nrlv 5incp

+

Kbcn'\lxc h\drobcns arc ;cncrall\ :hcrt o0 acxd cata]v:cd but not to base- 5' o .
- ' e’ R L
ca‘a vied cxch:ngc., Pvrldxnefs'a) and 4< an:nop\r; zine (_}(S by must bc o S
hcatcd up to ;cnper1turcs of ‘15 Jnd 1%6 rcSﬂthx\cl\ in thc prcscncc of - T

:§CIL TOre cxghangc 4th\h is 1nco;plcte] o;curs

Al.hough thcrc is u<u:ll\ 3 latgc dxffcrcnce an thc rcactav:tv o*
o

'_thc or:ho para ?0‘ ﬁﬁs relqu\c to hc scta posxtxons in rhc arouatic nu;lcus "

:qch sgillcr dx‘xcrcnccs in ;he rcact:v;txcs of thc OTLhO'_rClatJVC 1o :wr nnra-
pos1tznn ha\c bccn qbscrvcd thh dif:crcnt dcid reagc%ts For instance, ‘thc_-

rca;tz\xt\ o{}‘hc or:ho-‘rclatxvc to that of thc nnra-posxtxon xn trzt:o-

-t

tolucnc darxng uctratia!ion vnrzcs narlcdlv thh th¢ ucdzu: thc reactxv::?

- rntxo is- 1. 0: xn .at sulphurxc nc:d at. ’S 0 40 in anh\drous trzfluoroacctxg B

-acxd at. “O and 0.4% xn nnh\drous hcptafluorobutyrxc aciJ nt “0'(9031., bx:zlaf

dlf‘crcn;¢s tn thc rclattvc rczc'xxxtxcs of thc ortho- and nara posxtxons of

(“0 ) l(90b)

~but)lbcﬂ enc % and b:phenv wi;h diffcrcnt acxds ha\e also bctn

3 obScrtcd Mcncc thc rractavxtv of aronatic positxons can \arv dcpcnding

upon thc rcactivxt) of thc attaclzng ncxd Hoﬁcver~ thelsnall diffcrcﬁtcs'

Pe 20

':es betscen thc artho- and Egr;-pcsit:ons arc of !ittlc svnthct;c

"ic labellxn: of the ortho- or para—posxt:ons. fi‘Lj :L

(11 “.:tucnt Fffect e "f _ ;;f’ “_' R S -

ln gcncraf clectron rclcasing (inducti\c]y or bv reSonancc} substitucnts
gfuill‘facxlntatc cxchungc whilc clcctron withdrawing groups destabili.c tho “
“;1ntcEaediate carboniun ion nnd rctnrd the rntc of hvdrogcn ¢xchnngc Thnt 15,,_T:
f?suhstltucnts cap ra:se or laﬁrr thc cnergv of a:tivntion for cxchnngc.- Thus. |

; :he dircctivc effects of substitucnts in thc exchnnge in zroantic systeus arc""

‘r" oo ._;1.




L . . - L] . L . . --- L .
;':ﬁ¢lohuu< to tﬁo<c in nronatxc clectrthxllc subst:tutxon For cxaaplc

i 1
' Lcnch et 1! ¢ ) h.wc ;.cpucd 4- nure:olucnc--.b d b\ treatxng

.

B nxtroto!ucnc sxtﬁ 94\ dcuteriosulfur:c ncld at. 90 for 1 h. (Schcnc 1- 3)

'_bciu}_ué I3 e o
B Loy

-

In contrast to buc—ca.alv-(i cxchangc of :nroc.anc amnes uherc Jllf‘

I'r‘pos:.,:ons of .hc rmr; are c.tchangcd ::cz.d catalx-cd cxc‘qnngc (ter'p < "00‘):_'

; acco::-ahshcx exc‘\.‘m;:c prcdonimntly in thc Ortho- and nnra positxons Th:;' Lo

" ,f.sc: can bc t.scd to wr&mre spccx!‘xcnll-. neta, labcllcd nnlncs b) fxr.st cx- ,'

':_chan;xrg .111 h\uro,,ms\bs basc catalvsxs and thcn bv trcatmg thc full; Q

dcu:cratc srccu:-. w:tb acid to rc:a\c the o znd E—dcutcrons {Sche:nc I 5)

som:s

".Shatcnshtcin et al t .,) havc used this tcch-nique (first L\'Dz-\03 and then a

: ‘.CFs(.DOH] to prcpxtre tris (phlnyl 3 5 d )uine.
| ng substituted :milintun salts arc \ery uscful starting mtcnals e ﬁ

!'or preparing dcutentcd'*armtics becausc thc anino gmup can’ bc dia*oti cd‘



o

" o, . - - [ ST
) . L — = - § f P .- B A
. . t.' . T r _| : ' .. B

snd the resultsnt dia.oniu- sslt csn then be converted to a larze nunber '

of other deutersted compoumds There are, houever conflicting reports’ ':'N B f' R

sboot the loss of deoter:ua in’ the dia.otizstion step., \ulerous zmut:hors(93 94)

l\

I hsve reported dla:oti:at:on stsges without slteration of the deuteriun content : -:«551;

" The great utilitv of sniliniul salts for preparing specificslly perdeuterated .
i co-pounds ci‘ be 1llustrsted bv the uori of Cooks et al. (93) (Schene I 6) : vr}': -
i It is nb{‘necessarv to nge an endless list of the effect of substltuents on

_ deutersua exchange but only to nentxon that uell known dxrectlng substxtuents ;'

_ lesd to well defined (deuterated) products L R | . !

P
- ° .

‘(nn ‘Selvent s.ffec:"rl”-'_ R PR

-" Very little uork hss been done\Pn the role of solvent 1n electroPNKIxc o

de(/eriun exchange reactions and hente the role o{ solvent is usually over-'x o
) -.‘ o .. ‘ ., ‘ L.
looted or neglected.‘ Houever general effects ‘of solvent on carboniun xon RUNIER ‘

' reactions (solvclysis. etc.) can'be fQond in Kbsouer s book‘?s) o - 1 S '

Shetenshtein s Russian group is the prilarv researche- on the role
‘of solvent in acid catslyzed deuterlun exchenge reactions They hsve re-':

‘ ported‘gé) that the exchsnge rates iﬁcresse on gofng fro- hexane (lJ to carbon ’

_ tetiachlortde (l ) to benzene (5 I) to dichloroethylene (13) to ben°v1 ;g(
chloride (4*;. yhere these relltive rates (in parenthesesl were neasured on
the relatirely rapldlv exchnnging pentanethyl ben ene-dl in trifluoroacetic

'scld Gsrnett et al ( ) hﬂve observed Tate enhsncenents bv the lnclus&on

:of ecetic ecid in DCl D 0 exchsnge-nixtures - This is not surprlsing since 'f”‘

-t~

27,
the presence of an orgsnic,solvent -or Y stronger bsse (acid) or s hlghet
te-persture. or stl of these-enhsnce the rate(66), Further studies on the ‘

_rste of exchnnge in -ore polsr solvents is presently being csrried-out by

Shstenshtein s group snd Ilttle eore cnn be ssld presently.‘e

VR
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:(iv] chpgra u;c Ff cc'-'i"- i'- '_"f_‘.: L R b ) .

E Thc ratc o’ renct:on (cx;han ) cau bc cxﬂrcsscd as thc producn of L

] - . . R 'L.!" .l . " ) l‘_ .
1thrcp_fac;ar;:‘ P . ;'

:;:cﬁf,ééiltsipn;ffcéucncy . éﬁéygy'factof:? ﬁroﬁabfli:?:f;étof_,h [I l]

;Thc cncr*i f:ctor.‘hhxch ucncnds u?on thc tcaﬂcrnture and thc charactcr stzc .
cncr of aytx\atxon of cach rcactzon is thc nost xaportant factor dc;cﬁ:xn:ng'
Lﬁ rJ:c of cxchanﬂc, Thc cxrd%entzal naturc of thc rnte cquat:on [l-‘] lcndx.l o

0 o
!o a \crv l:rge cﬁange in rate for a sua!l chnﬂgc in tc-ncrature .

’-. i * - N - | - “ . ; ..“ . N _‘. n',,- ‘.. ) .

;'_ﬂ‘ﬂ l - Aé—Eaco.RT, B 'lf_ "' g o : o o p[i;21.~1

e Tl T ' o~

o L k ] ;atc;constqnt S N R

' ~A‘w constant - . LT, S S

R+ 1,986 cal mole” deg”! (gas comstamt)
T S S CL
L T = absolute temperature R R
N L ‘?i:' ) J. .‘ o B '.I'_

; nnd tﬁc grr:tcr thc uact is thc grcatcr thc cffcct of a gzxcn changc tn.

: tc:pcraturc ’ For cxa:pte. a risc fron SQ to 500 C whlch is onlv a 10\
1ncrcase in nbsolute tenpcrature incrcascs -the rntc bv onc nalf if Eact =5

‘hgpl doubles thc rate 1f [act . 10 Lcal, and :riplcs thc rntc xf Eact - la '

:;isu'-l.-_ . o e

r-‘r - - -'. - . . ' ". o . ! ) "‘ . .
In aruﬂatnc qutcas contalnzng oxygcn nnd nitrogcn substituen:s -
: uh:ch cucpetc wlfr protonation of thc bcn-cne ring. the te:peraturc and
f evcn the sol;cnt :rc !nstruncntal in Jctcrnining vhethcr protonntion occurs
prctcrcntial]y at the ring or‘a: the substitucnt.- For cxanple, in a NF- BFS

systca at -83' the rallo of ring protonated and O-protonntcd anxsole is 3.-.‘
lf thc tcnpcragpre £s incrcased to -8 thc equIibriun shifts in fuvour of 0

N . e Q ‘- - . .. .

;{\ ’ d [ R




thc c- protonatcd xsoacr thc fractxon of 0-protonatcd anlsolc xs dccrclscd

to Onlv-’% The strOﬂg clectroa relcas:ng pr0pcrt1es of hvdrOxx-- alhox\-~ 
3 : ‘ . T
L and zn:no gubsxﬁ:ucnts raisc thé basxcxts of thc bcn:cnc ring to such 1r '

-extcnt ha' thc carbon Eara to thc,subs.:tucnt can succcssfull\ cospctc hath
(9 ‘)

- lhc hctcroato: for tbc prnton

Vo

At lou tc-pcraturcs (7 S to 100 ), nx (or ij usuall\ ndds to olcfans

l.-‘ L

zn a stcrcp%pchxlc -anncr to \xcld :ono;eutern:cd (tr:tlatcd) spc;xos o ,
N L.
| e T ' ' .
% (cquatxon I- a)( 8. 158) Sl
Loy e e e . ?"f A
[ L R AR S I -0 LT
O ST A -7 e oo b S
RS B S o T A )|

™ - R R I T
' H R

Houc\c' 1n orucr to obtaln pcrdeutcrnted (or trxtxatcd) spccxcs. the tcnpcrﬂ

‘ .

‘ aturc uust be. suffzcxcntl) hxgh to causc cliaxnat)on and regcncra:e thc olcfzn fff

functxon uhjch can thcn undergo furthcr cxchnngc (Equat:on I- 4) Thzt is, for"

] . ) Vo -

- nonf;roaqtrc §y$tcns the condxtiqn (tcnpcralurc) nuet be such that a rc\crsxb!czf'

':;ddi;ignoéli:inhtiqn exists (Schqae‘{-l) -Garnctt and collaborators(73) haxe

DX ,‘f‘{.fvjf?f L e e e |
S b e el R T
CU-C—C—R e o CC 0+ WX 1)
S RO I P ST | LR S L =
HOR E '
AR . . u B ‘\-

D

i;shown thnt at. 30 IOO' 1n thc prescnco of aquedus DCl c\cloalkanes add onl)
. L )
(Tone deutcr!uﬂ and thnt tenpcraturcs grcater thnn 110' nrg requtred for pultiple

‘fdcuteration Ob\lously. nult:ple cxchangc cnn also occur thh any substrntc

L4

r{such as nn-nll)l hatldc. alcohol. etc,; which is capablc of undergoing an l

'.‘elinination rcaction (dchydrohllogcnnt:on dehydration. etc ) to for: nn alkcnc SRR "

v‘..

B



: *hxch i's a: nccc553rv prcrcquxsxtc for pcrd:utcratlon (trxtxatxon) In gcncral;;

1.

-.hc clxn.natzon rcaction is- :a\ourcd by hxgh tcnpcraturcs and by e!cctrdn- . h" -

'uL\hdrauknh‘substxtucnts suxtahls orxcntcd in thc nolccule to incrcase thc
A S P K -
'ac:dat\ of tbc proton bezng rc:oved'

As prcxlouxlv ~vnt:oncd in spxtc of thc volun:nous lxtcrnturc on
: h\drogcn dcutcr:u: nxchan:c. the, na;orssv of ucthods of pcrdcutcrgtxn; organxc

nolc»ulcs bv acid, catal;sxs 1nvol\c hxghlv actdxc ncdxa nnd tcnpcraturcs bclos‘"  R

.190.?. Hovcscr A_an\ of thcsc 1)stc=s are unsattsfactorv bccause of cost con-_
ﬁ piicaicd_AF,nra:u3 Jnd nroccdures, s!ow or - 1nco=plc.c cxchnngc and lov v:clds ,

(duc to dcuOﬁpﬁSl!lon or <xdc reactxons) In contraat exchangc undcr candi-

9, SO] ‘and dilute ac:d ha\b not becn cxplorcd

in any dctail‘g"wQ lol).. Thxs is surprxs:ng slncc thc cxponentxal nnturc of i5=-'; S

t:on* of h:;h Jcnpcrarurc ()‘00 )(

thc ratc equatxon {I-?] predxcts that a snnll chargc in tcnpcraturc causes a
1
l:r;c chnngc in the ratc of cxchangc.zrgp addnttpn vcr\ strong nc;ds Shlft

!hc cqu)llbriuq of Sshcac I 3 to the bcn-on:u: jon. :ntcrncd:atc and on: quench--,

xng can lcad to nonodcu:cratxon or a- decrcnsc in thc rate of 9crdcutcrntxon ;}"‘_3':. fj

T

Y
Cocﬂ!elc cxchnngc can’ ncrhaps bc bcttcr acco:plzshcd bv uszng wcak [dxlutc)

acid and high tccwcrature conditxons. f;, '?_"5'-: N j‘,i T
, : et T e T S 5

lt is ny purwosc to exunxne the-utxlztv of. hxgh tcnpcrn;urc and dxlutc;,i ,: _

ncxd (HTDA) condttians as an econoaical nnd vcrsatilc ncthod of acid»catalv:cd.

,—(r-".._

5°1°<li‘¢ GCU!Erﬂtion and[or pcrdcutera:ion of norbornyl and arouatxc :ystcns._ [-:] o

['e .
Hnny aSpccts of dcutcrxun such as uscs nnd tabclling aethods {cspcc:ally

those bascd on xsotopc cxchnngc rcactxans) cnn cqpally uell bc applxcd to- the A

e

J‘I‘._.

henviest h)drogcn isotapc. trittun Gcneral aethods of ldbelling orgnnlc cou-;

(102)

pounds with tritlunhaVcbecn revicwcd clscwhcre Tritiun hns bccn uscd

. 1n cxchangc rcactions with alkanos. cycloulkancs olcfins. nronatic hvdrocarbons.'

4




(zo‘ 104)

asino'acids algohols. cte. In spxtc of tHc many rcécnbianccs" ST

‘thn; cx:st bcthccn dcutc-xun and tritxu: the --enxttxng chnractcr:s:xcs B
. . - ~e ) -t T . ‘ ":\". .
(f1ulOJLtl\I!V) of tr;:xu: aust bc consxdcred not onlv sts ha-ard to hcalth S )
Y . :
bu: atﬁo 115 h:gh'scnsxtx\itv (:hc Sc151tlv1t\ of detcct:on of thc rad:oxso- .
f'tcpc 15 :u;h grcatcr than for \tablc dcu:crxu:) Th:s lattcr fact _ahcs )
tr:.4u=,.nbcllxng very. uScful in cascs whcre thc dc"rco of isotopc 1nuorpor-* R
; . R L S R . . ‘
'atinn s low. .fA . L .-‘f;--f - I
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RESULTS, AND DISCUSSION - -, :
5&.5whwm1$ﬁiﬁ§  ‘J R 3 _ -
:‘I..§SSI¥olvsisio huhstx;utcd -or‘rxcxclancx aqd \orbd'nenc< ' " )

lO(:ab ' - 10,

o 105 e o
‘ norborﬁc"cs 1no50&~fthanol watcr - acc:xc acxd . or ncthnnol at_ZS-SS'

DT TR . \

,';1\cs a nor:rzcxcl\i {ﬂc f and a) and cxo -5~ norﬁorncn\l producks (10;, g_hnd >

) - o~ L S
. e) \xa thc catzonxt QPQL1¢$ lb or )” : !n dcutcrated —cdza [DOAc D SO,, DCI

- DBr ctc ), StCTCOSﬁculflsalf\ aonodcutcratcd ?fgducts arc obccrxcdl 8

RY

stuuxcs dCSLrleu hcrcxn cs.ablxsh that sol\olvsxs of nortr:cxcl\! broixdc ( a)

,;nortn|C\clvl ch‘oradc (Qb) nortrzcvclnnol (Dc). endo =3= norborncnol (lﬂb,,

RS

' 3nt:-.-norborncnn! (l:) sVn :-h\drox\ cxo- -norborncol (lSa) and exo-..a-'

~—

: cpcxsnorbornaﬂc (10) in scnlcd tubcs at 50 in 10\ \/» acctxc acid- watcr or

; uatcr alonc :n thc casc of thc halonortricxclancs vzclds 2- (C\clorcn:cnc]-

&

.~acc:aldch\dc {l_); A-(cvcIopcn:cnc]acctaldchVﬂc (l’), 5 (cvclohexcnc)curbox--

.aldch\dc (lo] 1nd notcn:phor i__) Nﬁcn the solxolv<cs arc :carr:cd out xn

»

f;dcutc'atcd ncdné: nultxnlc dcuteratxon f 1, 12, ' 14 rcsu!ts

w

orcnn?hor nnd 3- (csclohcxcnc)carboxaldch)dc were 1dentxflcd bv co:-j ‘

-~

. paTis0n\of i r ‘n,ﬁ,f.;lh; f and g 1, p c. 'rctcntion txac data w:th thosc of

authentxc.sa:plcs Tho (C)clopcngpnc)acctaldehydcs ucrc 1dcnt1f:cd ;n the

‘following nanncr That cyc!opcntcnvl and aldch)dic aoxctics wcro prcscnt was

find:catcd hv thc 1 r. of ll . l’ uhxch shoued bnndi’ut 305 2 161’ and ’710
‘-1

{.this prcﬂxsc._ Sincc the Zn and 3 (cyclopcntenc)ncctaldchydcs are not srparatedy

e R 7 5 o

501\01\515 of 3- suhstx.uipd ncrtricxglancs (03 and b] 1nd ﬁ-sub%:xtatcd

;THF,:

Thc n. 5. r. 5pcctrun qhovcd‘absorptions at & 9 50 ‘and 5. 68 and Supportcd'_



s - ; t 4.

‘;. . ; ‘é_:f}£  g ._r'.," [.; .  {_ '  h':f';,: : ;., U _ 5> E‘ g~
bv Bl c.: the,. solvolxsxs nothod as dtscrxbed h\ Trnh ovshv(lo ) . '
~c--plmcd ‘or ratxo Lctcr—znnt}on Rcduct:un q 1 l’ :é.thgﬂféyciopcﬁtcnc,

cthanols. prcpn.ation of thc nosvlatcs of thc axxturc folloncd bv ncctol\s:%

- — - LY

gj\c ;hc exo- norbornvl lﬁd%), 2 (csclopcntcnc)cthsl (14\) acetatces and l. o’ :
3 . . .. .

- an urkncun as’ nas*dctcr-xned b\ 1 p c. A control cxpcrx:cnt uxth a3 _xxturc-

[ ~_ ‘ . . 10 : ._:‘. .‘-
L-o{ ll -\!E;wrv a'od H\ Lcrxc a::on;un nxtrntc qxxdar1on of ¢xo- norbornccl" ) T

»
.

7 cstab xshvd a rntxo 42.:3 uhngh co"yarcd faxourablx u:th thc ratlo of S 2-’“

: § lnq
detc*n;ncu for thc samc nzx.urc bv-TraHanovsh\ ct al ( ) 'Closcr scrutxnx

shoucd that Y r.‘fxngcrvr:n: sPcc.roscnn\ xs a :orc dxrcct :cthod ‘or dctcr-

+ . -

l_rntao (l:gurcs T, 2 ‘ahd 3 of Apﬂcndlx n) A band at ﬂlo LRI

% gintng ;hc»Ll

L thScnt'iﬁ::hc Sﬂcc:run o‘ ’-(c~Lloncntcnc)acetaldchsdc (ll) was prcscﬂt ‘in

— y

?.the t.r. of a axxtu'c_ { l_ _E; Thc rcla!xxc arca of the pcak at: 910 to'; :?
.\. ..‘ v ,’ :

‘ tha of thc brn:d doublc: at 718 (duc to. L_} nnd 666 (duc w0 12) dctcr*xncd ‘
forathc 4’ SS nnd 14 Sa azxturcs is 1ﬂ3_And_bL——rtsputTTT’T"“——?EE?;?E;:r?;—H

dc.cr:xnc ;hc rrrccntagc df ll 1n i n:xturc of ll . 12. thc pcrccnt arcn of

thc 9!0 ﬂcal to :hc “13 666 dOUbIct is. nuItxplxcd bv‘2.6 thn thc p:occdurc'

: x\ appl'cd to ere .-(C\cIopcn:cnc)acctaldchvdc, thc arca of thc QlO ﬁcak f f.§

is uilhzn 3% of the area. of thc 18 pcak and thus establishcs thc valxd1tw of R

S

thc ncthcd (scc prcrlucntal A l (six]. (b) on ! R F:ngerp:;nt chaon Assav)'

ji1£ " G l p <. anar'sis of p tvpicul run Hlth nortrzcvclanol and the nortrz-i7 .
".“ - . W -
; cvclyr hal:dcs sﬁ%ucd 10 15 pcnks of retcntxon t;ncs in thc rcgton of nuthcntic

.’ v
.

sanplcs of svn- and ant:- ,7 norbornancdxol In one run carricd gut’ xn dcu:cratcd

- . - .
. . . [

: nediun thc diol fracz:on was. conVcr!cd to the corrcsponding dxaccta:es uxth '; o

- acetic nnhydr}dc in p)rid:nc._ \uclcar =agnctic rcsonunce and =ass spcctral

studics nnd g 1 p c..rctcntjon t;ne data on i 10 ft x l/8 ln 10% Cnrbounx on fi_';

.‘ N

' Chroaosorb K colunn cstablishcd through thc dincetatcs. thnt the xg =5 antl 7-

- . . . e ‘.,.’ Lot --‘.-‘-_'.-.
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2

'e:o;i--‘hnd cﬁdé- cxo-_-norborn;ﬁcdio}~~a%e produc:s -~ No a:tcnﬁ:ﬂwas zade
to :dcr;:fs all the conpoqcrts of hxghcr rctcntxon tzzc

Thc data in T:blcs 1 nnd ZAshou that acnu {cntrlcs 10 nnd 1a;pf-Tnblé.

‘.

1 and cnvrxcs l, 2. 4: 5. 7 and'S'o Tablc .) and a tcwﬁbraturc ~“QO' (entrics
0! . - oo

=3 afd 6 of Tablci} are rcquxrcd ‘or thc rcactxon That-is-~nortric§éla£ol o

e;oﬁs-. cndn-S-, Jntx»:rnurﬁorrcrols sVﬂ-:- and ant;-a-hxdrOx\ cxo- -norbdr-

ncol a*c.ﬁ!ahlc ih iatcr-ht .30 'thn thc rcacxzon'as carrzcd out 1n=10- Vv

C HOAc ﬂ 0 at tc-ﬁcrnturcx bclou *00 thc convcrsxou to aldch\ucs and norca_phur3

: docs not occur notc 1b1\ \ortr:c\clvl brosxdc nnd nartrxcvclvl chlo*xdc are

'con\cr:cd to ll 12 !:. nnd 14 in uater bccausc HBr and’ ‘HC1 are gcncr1tcd

IR

7_durxﬂ; the sol\ols*zﬂ {tq l!;L) ln fact nortr;cyclxl chlor:de is h\drol

‘and iO (Tahlr i) and control cxpcr:ncnts. thc aldchsdcs decouposc in- the‘fﬂ: "

:fto nortr:cvclano! m 8 Y vield bv boxlang wntcrllq “AS shawn by entrlcs J,HS

Br o

*Sb'

ST T
0 1 SEY I

prcscnce of HBr :nd NCI nnd th!s accounls for thc apparcnt foreutxon of nor- '-“'

DL a - a

canphor only xn reacttoas uhcrc HBr an& HCl are gcncrntcd. In thc abscncc :

L

‘ﬂof the acids HBr and utl; thc aldchydes are rcusonnblv stublc in 10\ v[&

N\ ' %

”!li\c H 0 (cn:rics 10 and I of Tahle 1} and nrc 1solatcd froa the nortri-

f‘.

cyclnnol reactlon in. ’D-‘S\ yicld. Entrics 2. 3, B 9 and IO af Tablc 1.

- show th:t 9: 9b and 9c znttzully vlcld dxols uhich togcthcr thh norborncnols

N

 arc tﬁﬁn convcrtcd to ll 12; 13 and 14 G I‘p ¢ nnalvsis of thc norxrz-i

cyclvl-bron:dc chlorzdc nnd nortrzcvclanol sol\ol\scs showcd :hat n;nor E

“

i.quantitios of thc norborncnols lﬂa lOb and !S were. (orsed in cach casc

“The ylcld of norhorncnols is alu;ys low bccnusc thc doublc bond ls vcry

-

.!rcadily protonated undcr thc rnaction condit:ons As expcctcd the fbrborn-'




ﬁyl'suﬁ;tntes : _l'O_a. 106 v 15 (enifie's 1, 3 1, and 6 of Table 2) also
1:11:.‘.111\' yxeld norbom:nedxols uhich u’e then converted to !l l... 13 ..

_.md 14 . In. a!l clses. thq diol cmcmtntion builds up md then decreascs Yoo

. N ( . B
By - . -

ns ;he comersmn to aldeh\des and norcmphor occurs. Schcne Il 1 rcprcscnts
\-arious possxhle pn}ntays for the fomtion of tbe aldehvdes and norcanphor
'Thxs lechmisttc schénc nll be discuss:d in greater detnl in Secuon [I-A-‘III
"!b«ever. the aldehydes and norcmphor clurly act as Smks: for :pproprutelv

;-.'s,_ubstituted norbomvl systcls C _' . s »

Lh‘ e Deutermn is mcorporated h\ the. aldehy'dcs nnd norca.:phor uhen 9.1,

,_b_and c. lOa. 15 lBa md 19 are sdlvolred in deuteratcd aedxun. ".'-h"ss-.'

<

spectral dcuterx ‘mlysis ot‘ 14 (: conposite of up to d species) ob'téinéa )

aldehvdcs .md norcnphor (a culpositc in each ;ase of

-

“from 9a 9. and b and - the
.up to d : ‘s'] : 'tained fro- 9¢ cstablishcs that ahe anoxmt or dcutenu: C
: YT '
&ncorpormtcd dcpcn s on’ thc acidity of the nedlun (entr;es l 4 7 11 :ma

1-"12 o!’ Table l) l‘hcn nortricyclanol is hened in the deuten:ed aediun

Y

(DOAc-D 0) u‘th xn equal -olar concentntion of IICI t‘or 1. 5 h thc norcnphor
:L cunuinss "0 de-utcrim utons per lolecule (cntry 14, Tabla 1) Tlms the -oro :_
‘i'_acidic nodiun DIOA: D 50- ll:l, causes a._lsubst:mtial increase in deuteration. e
.: ariations in the tenperzture be:ween "50 300 do not signifh::mtly altcr- .

‘-'-‘the deuteriun hcorporation !nto norcuphor obuined !'roa 9c (cntries 11 and |

: A B
- ) . . -
. ——

’ xv of Ta.blc n o e

The control experinnts in deuteratod Iediun (DOAc D. 0] shou that T

-

t (a) the 1ldehvdos and narcnphor do not incorponte my dcutcrim, other - '

f;thm th:;t bcy cnol! ation a to thc carbonyl‘ fb) iso-en.ation of the d’ouble L

;.‘

fbond m ll * 12 :u\d 13 doe: no: occur and (c) &euteritn is, not iucorporatcd ' /’ i

into norcmphor via acfd-canrv-cd hoaoonoli-ation (Schcuo Il 2) (lll) or sonc

kL]
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- .’j' .‘ .-

c:hor fa:hunv shxchlinvolveslﬁjac-OAc Attcnn:s ta hnaocnﬁjz-c cazp ncnil—
one™ (.2 201 an the ﬂrc«c'xcc of CF C&)L" at 330 :allc_c.,

s e - ‘ » . . . . . . . . <

yooe .?"

SCHEME [1-2

?hc Iati of dcutcraun 1n60rpora::on ;nto thc aluch\dcs [\13 protcn- ' -
_-a\xoq wf d“ublc bonu) ard tHclr st bxlxt\ (no isoacriz ation of thc doublo

bond, 1nuxa1!c1 thzt t“c Cthopcntcﬂ\I and c\clohcxen\f/uouhlc bond is not

Ty

:ﬂrororm cd_unucr :thc cond tlons of hzgh tcﬂpcraturc and d:lutc :c:d (101 - e

"v?\ Iiuc D “ . In csntrast thc double bond of the more straxncd be\\tic'

svx.ca ;s‘(rad:ly protona.ed Thc hcats of: hvdrogcﬂatxon lxstcd in -
L partﬂ'h051£1] <l of cvclcpen:cne (-’5 ‘),,dvclohcscne (-’S 6) nortrxcsc!anc
- ( l). rorborncnc { 33 n) :nd norbornad:cnc f 3: 0 kcal!nol) cs:nblxsh

' tha. any oIe:xntc Subsyratc uhxch has a hcat of h)drogcna:ion ’92.1 Lcal/
: T _
-Aaol will- undcrzo protonntzon (dcutcrationl 1n 101 v/v lEMc " 0 at ’:0 ..

e .
~ -

Othcr things be1ng cqual our rcsults ind:catc that c»clohc:cnc
“"d CrC3°Pcntonc ul]l not Teldtlv undcrgo protonatxon (cxchangc) xn 10\ »/s
CDOAc D, 0 at 50 ' Houcvor stronger acids nnd/or hlghcr tcapzraturcs could

 poss1ny lead tu protunation and e\cn exchangc of nonocyclic systcms,

\orborncnols, norborncnc and norbornadicnc are: protonnted 1n lO\a\/V'
DOA: uzo at. SO' ' . : D oo




] -, . . . . . o . ) ) » i - "_r 7‘ : v -. - "
. Whereas cy;}ohvxcn:“hns been found to undergo Ii:tlc protnnataon and sub- e o0 v
'1scqucnr ch;an:icn 32'250'_1n_103'va.ﬁOAcfh,L‘ or 3 h, exchanhc o\curﬁ in IO Cave
. : L Lo . : - s
-”31&¢,12_5c150,0_;t-230‘ and :n_rcf!uxin;‘44\ nar-n,o;' rqr exnnplc. cyilo-
. : - ¥ R ) . V- A e . -t

. O ) ‘ ' . I
’[;cn.s! bron:dc undcr;ocanq. cxchanAc :n .ou;'cyclcs in $2% DBr-D O at reflux
with-an overall rccnfrrcd_ylclu of Lni e R - e
LY . K t . . . R o ) .o

That protiuﬁ;dtuirr:us Exchah;é-afcurs via protonation-deprotonation

ﬁ;thu\\& (Sc“cﬂc I!-l] 1% 1uqﬂorted b} thc tnct thit"cuttriun is incofﬂof;

atcd :ntc un'ca.!cu nortr;;vxlanol‘\ﬁu thc N and nnt:-;~cxn- and endo-3-

‘l i B

c;o- ~70raorﬂa.cuxuls. S S
"~ In cach case the deqtcratcd norca:phof'ohtainéd,frbz théJSOlVOIVSi$

. L - toL . ‘I.:.‘l..-" o . . .y

of Pa, 9%, Qc' 1, 15, ‘182 and lg‘hnﬂ rcduccd to endo- nor“orncol and thc .

o .-—.--—-.—- -1;-‘
n

dist r;bu ion of dcutcrtug was. dctcf-xncd b\ arca 1ntcgrat:on analvsxs 1n

A- 1N Thc dnt: are ‘f‘

,.-

thc urcscncc of Lu (D?ﬂ)s as. dcscr:bcd in. bcc.:an I!

1;5!cd 1n.Tnblc 5. Thcsc rtsults show that dcutcr:un is xncorﬂoratcd 1n all
.. . . q RS .I 7' ; .
'poixtx@ns of thc norbornyl 11c!c~on ‘ ’Hxs is accountablc xn terzs of a gc:bxﬂ- B

-
o

'lathﬂ 0‘ !..rhagner Hccrwcxn ta:ft‘ 3,2- and 6..-hvdr'dc (dcutcrxu—} shxftf

;und 1.. anu-l.i clininat:cns and/or protonatcd cpoxldcs. Oﬂc p0551b1c path- :':f_;'f_

f"vn\ is 1lluszratcd 1n ﬁcbcnc 11- 3 This is supportcd by thc fact that

L LT

nul: pic dcu:cratxon (d 5pc;1c\) ig observcd in uurcactcd nortr:cvclanol

o

Thc rcsnlts ln Tablc 3 also show that thc deutcr;un is ot cquallv 'v'-.J3 
: dis::ibutcd 1ndjcat:ng thnt equxlibr:t:oh of. all posxtlons in thc ﬂObeTﬂyl S

"skclcton:has ro: bccn ach c\ed bcc:usc h\droxy ;ation frngncnta!xon to thc
LI .

"sxnk co—pounds cozpotcs vith exchangc.; Frou Schcac l l, conplcte pcrdcuter- S ; v

 _'at:on can. onlv bc acco-plishcd bv cstablishing a couplctely rcvcrs:blc rcaction

 sequcncc. Although nnrtrlcyclznal thc norborncnols nnd the norbornancdxols _;f 

Thc dcutcriun content of unre:cxed norborncnols can not be chccked bccausc _
|they -are qnlyspreseat in: saall quantitzcs and :hus can -not be’ isolated for .
dtUlEriun nnal)sxx;f‘ S 7 D _ " ,_ . . R
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Table 3.° Deuterium Distribution in Nervazphor

R o alb
o T v Exaction of one deuterium.at”

substrate Ol GE4r o ciskS . Tet)n C(e)x: C(6m C . E(Ma .

A . . . . ) - .

8y . 040 0,35 050 €50 0.3, 0.40 - 0.30

Can . .0.80 0.3 0.5 . 0.5  0.55  0.50 . 0.2

15 0.30  .0.25  0.35 - 0.35 - 0,20 °--0.25. 0,20

n ) . ) ‘ i . ‘-" N .‘. P 7--
Rou-dc.l to 0. 0> of one dcutcnu:

P

bi‘.: 3. cxo- a«d C-s cm.o ate c-ittrd bccaute dcut.crxm: is mcorporatcd via

S acidoes cat..h':cd croi; .ltxcrf) {asually 1.7 i
¢ . 4 'i u' sn. L a )
x -.510. n_,- endo.a « anti, 5“_' nne 0
: : : :
. ..1
o , . .
g 5 ' - "
. ’ ]
) ., ~ '
* K ’ '
. L )
LY o
' r !
. ~ ’
) : .
. . , .
‘ - .. : . v
R -
.o J“
- e . . . B o
¢ 4 2 -
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~are antermediates in the reversible exchanje sequence fScheme 11-1), the

aldehvdes and nercazphor are not.  Therefore,. any norhoravl.svstes which
} R ) o L : . ) - . . o - a -

l‘.'

[ TR

fencrates hvdroxy-cations which fragoent to 3tible .:n: coﬁmoundﬁ h

-
-

4
T .o ) . . )
'.' . - - - .

‘not undergo complete deuteration,

.- R S . C . -

B

11. Hydration of Norbornaldiene at. 250°
C '.‘ - , .a_.‘ . ) . )

¥hen' norbornadicne (1)0is -heated 1n 10% viv Cit DOD-D 0 “at - 250 e

= =multiple deuteration is. observed ‘in the products 2- and 3-(cyclopentenc): .’

~

_iacc:aldéhvdc;-i-(tv lohc:cnc;carbnxnldehsdc nnd 1orcanrhor. ‘Thé‘rcsults‘ n' -

o{ our s!ug\ are 'hown in Thblc 4

- '

Thnt the- rcactxon 1q a.ad \JtaIV'cd :s shown by cntrzcs l and P

'ﬁnt:ics l. .. 3. and 4 c!enr]y shou thar norborn1d1cnc rawzdlv gLVes norbor-

;ﬁ¢nols¢ nor:rzcyc]anal and‘norbornnncuxOIS'whzch are rnduallv con\crtcd o ﬂ_l‘ .

" into 11 12 ,'13,';nd 14 via rcarrangcncnt and clcavapc p RECSSES., A; T

"dcscri ‘}.‘Scctkon lI-A-ill clcnva;c of 2 i 6 or a’l,’7- bond in a.

o suz!ab!c hVAroxt-calxan ucu!d vtcld thc a!dch\dcs. ﬂ

Ihcn narbornadtcnc 15 hcatcd in d%utcrateu 'ncdiun.(cntry Sy, ll and

. . -

'l- conbsncd = nd l <o '3 " .95 2.60 awd ».40 non- cnoli_ablc dcutcrxun

,-Atcus c:ch a coupositc of up tq d spcciqs As dc5cr1bcd in thc'prcxtous

LR -

scctlon control cxperincnts hJVc shoun thal (51 > 95\ of the‘dcutcrxua IR

- nust bc incarporated :n:o !l 12. and 3 prior to clcavagc nﬂd (k) dc"tcr'f_7v

: 111
. fun is not incorparatcd into 14 vna ncxd cataly*ed honocnol|°atxon( )

Y ‘.-.',.'
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"‘so e o hcr =c hzsn nhxch inye l\cs HDAC: Oxc. "That ts{ ;hé-exbhaﬁ;é'OCCurs-

'pr:Ot 19 ‘o.ustxon of 'hc .xwal produc s by “rotonntlgn dcprotnn1t:on "athf

[ . . . w

{Jy‘ghxch'jﬁciudcs‘ak xtcps l,:-ﬁagncr-nccrucin shif{i; 2;6- and Z,a-hyvrogcnf
T . ’ o e .5\ - LT R
shifis and T,2- and I, %climmation of 5 proton (Stheme 11-1). Norhornaditne
X en!y_a special <ase of the nortricyclyl and-norhomenyl derivatives. .«
Q‘Juflc\hilnc f:,: aould'a!so he ‘expected to behave lide 21, under the .

L ’ . a

,'rta:txbn cundltians; S PR Lo o .

- - r R e '3

S RU A : L
. Thc acxd ca.nlv-cd nddztxons of =cthanol and’ ucctic_atid to nor bohn
‘!  wc(1O ll)l'nt-" “0' -‘ Jd' f Yxt -of q;‘ lh'. ;.Qf: 104 res .-TT. 1“7"
[ l L R "-;‘..‘;-‘J' . )U.‘ a n. I u,l"c _0 2B ..c dnla_ ) Su r(_.'.r-l\.n. ive :-.
. ~_ e ] o . - . o .

L S T e '_ .
-.;/)n dcutvra;cd'zcdi'z. ntcrco<“ccxf1c “owgucutcrat:on of- the norbornyl sheleton

e . 3 .

OfCurs, althuubd so=c pol\ueutcratlon:takcs ﬁlacc in: 'hc acc:o;y_group

-

3 cspcc:nllv'al hlr c; .c”ﬂcra urcs. Th:x, counlcd uxth our. rcsults—'shoa

,.«.

H

T . . . »

- .

thi' 1hc~ cnporaturc ctfc;t xs A3 cruczal ‘nctOr for pcrdcutcrasxoﬁf. At Ithr

.t

:f;o: e'aLurcx f?" 30 Y. only addztxon prﬂuucts arc for“cu, rc{31~1ng indnonofﬁ

v
4,

4-.-

\dfu:c:x:xnn Tc:ﬁcra ares ca. ’50 -are rcnu:rcd to auco =plish clx:inatxon

“‘nhd‘thu&:cStabl sh thc rc\crwlblc adultxonvclxz:natxon wcqucncc ncccss1rvf-

o for cxchanhc !S:chc I l} In spitc of thc h‘gh tc craturc hhlch facxlxyatcs;’

- -
’

thc 1.. and- 1, 3 clxnxnat:on. onlv parrlal exchangc ;4 ach;cvcd bccausc su;tablv'

suhst;:utod norbornvl hvdrox\ cat;on Lntcracdxntcs hhxch arc. for-cd by pro-' n

tonitxon are cun\ertcd to thc s:nk-co-ﬂound_rl_ _5; _E'Qng i_
. N
An addcd fcaturc of thcsc hxgh tCBﬂCKQtUEF anu dtlutc ncxd condxtxons
.. -7

is. thc synthct:;'appl;cabiti:v:, Thc prcpuratxon of la. 14 nnd c,pccznllv ll

mand !- 1n onc stcp fron norbornadicnc and nqueqhs acct:c ac:d xs rcmarkablc.-ff‘

13

A llfﬂe sca]e rcaction u«:ng rcadxl) nvn:!ab]e and 1ncxpenslvc norbornadxenc

[125 g) :n aqucous ncctxc acid at 250 {cntgy 6) hax shown that thcsc rcactxon':'

conditxons are a very econoa:cai ncthod of producing nOrcanphor (33 g. ’a-)

’\'

N
.
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S HCL is o added to the reaction medild, the aldchydes would be.desozposed 0 T

.

" during tHe reaction to yield only aordasphor. IF substitutéd norbornadicnes .
Carc used, it zay he fossibles to preparc substituted norcasphors: - A

. ) R '.‘ . ) - ’k ) . . . . --‘ _l - . :- i \ N ' “" ‘.. _‘ - \.' .
: e e T T S ST L

FIT. Seolvoivsis of Hvdroav Tosviates and Srosyla:cs'r_Hcchhnisd-&? Product -
ad . N . . - ._‘-. B K o e . o o . e N

- For=ation C L '
3?ro='5qh¢=¢ II-I, thc 1n1t131 stcp 1n thc rcact:onro‘ nor’rx \clnno}~

» -, . . - l O

_15 ;hc prntunn~:on o‘ .hc ci lorrﬂPanc r:ng In unstfzctrzcallv allclntcg Lo Y :

.

'L\clu;—ﬂh;rcs ’hc "rouow usua!lv ntta;ks thc lcaﬁt subctxtuucd ccntcr Jud 1:3;

. - s

-M'uﬂtu'cﬂjshc hond o0 g:vc thc aast %tnble carbonxun :on. In un5~ -ctrxcally

vt . . Ve

fs;bsfttu.cd tr]C\LlDEW“*‘i b:, ]Hcptanes %uch as ﬂc any- one of *hc tﬁrcc'yﬁ;f “Q.7f
: . e } R
- gohd&f:;? clcnvc to gcncr1fc a-cation, and Schc'c 11- 4 shouﬁ thcsc pos"‘ il'”
iiics'fdf-g; Although no ncchnnxstic 1nfornatxon x< avn:lnblc for no*%rz-; uf;kg";
3 c\clnﬁol. \;rsgluktct aff(lOS) ﬁa\c shoun that thc bond far;hcst.rc“;\cu;

T :rua an.clcctrow—uxthdrau:ng hn!ogcn Jn hnlcnor’r:cvclnncs (Da nnd b) 15 lff:'ﬁyfq

cléavcd“prvicrcntially. ' ; AU '\ ) ’7f

o A S : : R T UERE LML
‘ g e e ST T T
The hwdroxy-cation. intcracdiates. (Schcncﬁ l[ 1 and 4) nvibc;non- T
‘classical, e.g., I3, or classical, e.g., 24. Classical ca{xons arc drahn #
e AT S T : S

‘only te facilizase uﬁchstanding nnﬂ,afé not . Intcndcd to‘$cprcscnt our v:ea
on the norbornyl cation proble=. = - . oo ”.-”'“:l”fﬁii“f,ﬂ-;fl»el'
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There are three fornal processes thn: lead to rbarrangdncnt (a)\ a .

e Lo A

—“Juagner Hcervcxn shift. (b) 3 6,. hydride shift or (c) 2. 3.- hydrxde shxft

o -

"fLou tc:peratUre and solvqutic studics havt shoun that in gencrdi the hagncr- o

)

waHeerwcin shxfts are aore r:pid thzn 6,--shifts uhile the latter are nore _: 5-€u_u7';

i\-_'r‘rapni :hnn 3.- h)drlde sh:f:s Mowever, :ases h:ve becn rcported whcre 6.- f'"'

-
'l" L] B

'*shifts aa)‘procecd 1n thc :bsence of Hagner Hcerucxn shxfts, cspccxallv uhcn

T

ﬁone ncubcr of the paxr of cations is nade conparatxvelv uuch lcss stable than o

. ‘the other Under sol\olxtlc conditions Lee and co Horkers( { Ve havc suggestcd '2:6331

a

;:1hlt thc 6 ‘-hydrxde shift =a) also precedc xagncr-“ccrwe:n rc:rrangcmcnt

(1! )

' 1Fracnkcl et al _support this conclusxon Con\crsel)._ .--shifts do not

”cho-pete with the nonxnal Hagncr-Heervcxn shxfts undor condxtxons tha: lxuxt vq;f?J‘

a

":..ﬁ'the li.feti:'.c of cqrbomu: wns DR PR L
It 15 wzdely acccrted that 6,- shxfts occur 1n nn cndo tu cndo

'-‘,".::'lﬁ"m'-'l'(”6;l B2 The 3 .-shift occurs predoninatcly exo .exo(l ?

fll

~

but cascs SRR

-f'bf endo. - endo xro known Thc 3.5- nigrntzon of an endo proton 15 Q:f T

;TBtrlngently a\oidcd and thc systen oftcn rcacts by c1rcuxtous pathways _fi {T'F
'EC{H H 6.. H~) after uh;ch thc acrc favourable exo '~ exo shxft nay occur
Thc stereochcnzstry of :he 3.-- nnd s, 2- shifts and the co:petltxve f“

'w,naturc'bctuccn .hc %= H shift 1nd 'he 3..~ nnd 6,.- shif:s is cx{rencly

7‘flnport:nt not onlv zn the deternining of :he stcreochcnistr} of the reSultant

;;:prodacth) but also in de:ernlning the nunhcr of products obtarncd in a part- e
-' 1culnr reaction This can be nnply illustr:ted in thc acid-catnly'cd rc— f1'}‘
1: grrangcncnt of the endo- nnd cxo_z,s- poxy 2 phenvlnorbornanc (’5 and- 26)(119?
o “""10" °f thc °x°~cpoxxde (’5) wlth a—chlorobcn-ozc acxd for Lh ‘i
;l ychd°d * ltlturc of °ﬂd° 2 Phe“Y‘P°f"“" 3 Oﬂﬂ ["7) (‘3&). exo— -Phenylbornan-it

L}fS -one-. (28] (8%) hvdroxy olefin (:2) (3!1 and the unsaturated.aldch)dc (30" -

- . LI
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i 51V as skown ir.Scheze. I4-5. In contrast, treatzent of the endu-epoxide .

. R ‘._._. . ~ _ o = .

rrsul?cd‘tn“igﬁ ‘uan.xxa..}c'cunvcfﬁfon to-éndn-Z-phcnbeornan-S-onc T )
v . N T———— - . h

" - _’7"— - . A T . Lo ' . 5 .

{273 phchc;c_!l-pﬁ.. In the endo- cpﬁx:dc, 26, the gcunc'vv of :hc catlon

il [N . . . . "

. e . : . . . ) . - RO
B1,, 1y suchk th:t-thc grcm:‘f:c:lxty'uf':uc-c:d,é\o‘S ‘-H\Jrvdc >»hi f: takes ' ’

'8
.

rrecedepce pxrr;a i y! e gc:?ctz.* nrocesses, cven Kfn‘rrarrangcngnt"o

Ra. - In A1, a d:réc: cxo,é;hls,E-hidridc shif:“:s_pb:_possib!c‘nnd_thus:thé
| Reemelry uf_.] die !atrs that nuzerous.other progesses ocour as shown.-in :

Scheze 11-5: )
Thc .urﬂat:on of the sxrh-;ozﬂoundv {11, l?.°r3,,nnd1

iy,
— RS A —_—

43 cliﬁinﬁtion:'u

“rOuUC:S {103 iﬂh and 131 \nd addxtxon produ~t< tlna aud ljh] “a\ he ra::cnﬁ_;

..-.--.—

al;'cd it H\d'oxs cattows and thc usuab hngncr-‘kcruoxn 3,2- and’ 6,2¢hydr;d¢ -

.lshx{;S,dfithn“norborﬁyl,systcn arc consxdcrcd ,S;uc:c }Ifljﬂ; ] f  _‘ ‘;  .
IR _" As diSCU‘&cu DTE\icuslx tHc'substitdteuAhortrjc&clanes (fa, b, and .

c) nrd norbo'ncnrs (104. 1ot and lS? vxcld nOrbo-nvl dxol«, as fhc'na10r.l,“_ 

pruducts (lﬁa 15& b Th. ﬁartzcular} ard_;hctc are con\cr:cd to un*ahurated -

aldchrdes and wortzxﬂﬁor.”‘Tﬂis tndtcnscs that ﬂuclbﬂphlllu capturc of thc .

apprOﬂrxa.e catton to forh d:als is :uch norc rap:d :han rcarrangcscnt to }1

- -
-

i3 and ]l sla hvdrsde *hxfts and fragncntatxons ) In fac:. h:nctexn ct

al (l 203 } bavc shown that hvhridc shi{ts do rot co-petc f;\ourablv'uxth

' 2!!=¢‘ bv an eﬂterxng gruuw 1n {bc hxghts ﬂdsltcph lxq sol»cnt uatcr Bcrson

(l‘0b3 H\Ve shown that thc a:aunt of 6.- ~and ;,_-hvdrxuc Sh‘ft

~

. xnd co uoricr%
" B3 X . w . _.;
dtusnzshcs rcla :\c 1o sol\cnt c;pturc with )ncrcasxng rcactxon tc-pcga.urc .l
. ' . t- 1 . )

“_ Thus it is nqt a' all surprislng that thc inittallv forncd hvdrox\ cat;ows. o
. R e

el

1n the prcscncc q,f 10‘» -.'/v Il)Ac-l{ 0 tiZSO ‘are rap:dl’y tranpcd mth sohcn.

(H 0} o vicld diolﬁ.-;”f;L.:vﬁﬂ' U<"“-f S

'.a

K total of 13 dxffarcnt norborn)l d:ols nn) bc fbrmcd

p,:\

I

I

|

|
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In our mechanistic studies, ‘our 1t\cntxuﬂ uzll be rrxﬁar:l\ focused.- -

AL ) . ~ R . . .
‘ *n 1“ iatersediate precursors of the’ sznk-co:?cimds 11, 12 I.'\ and 1

~{5chene H—U'. For".hi!i v:'u:'pﬂtc. the appropriate h)’drox}'—czxtion!{ 31, 32,
Cand 34 were 3 cra:cd wl\o'stxcal’\ from 33, 36; and 37, resnectively, in
’ l’tjuz‘:'cr;-d' a;'c!'zc T :t.-s.:tcr .
t ,.\.
.
oH
- - 35
- \-‘ A.

f(i)_,HBCEaniiﬁ“of"-lC-‘loh&ﬁtchéi:écfnldtthc illJ'F°f=at{on-‘

-Thc cid-z-h droxv-; norborn\‘ cation (SIa) was gcncratcd bv»thc S

’

"sol\ol)sls of a ‘5 22 n1xlurc of cxo} -hvdrox) svn- nnd antx-.-tosvloxv

sanxc Thc hv@rozv tosvlatc wns prcpared as outllncd in Schcac l!-,.-

norbornanc (3;) at 9 in a IOE wiv. HOAc ‘H 0 wolutxon buffcrcd utth 0.1 M

\

' ?ure j

-'cxof--hydroxv- ZE-;-tosvloxynorbornnnc can not- be prepnrcd bv solvolysxc of

thc ditosvl:te bccausc 6.‘-hydride shift coapctes w:th solvcnt capturc to

‘y:eld sonc of the anti- 1souerb Thc cxtcnt of anti» isoncr dcpcnds on thc

r




Syathestys of exo-2-hy

 TsCl

- prridine

CSCHEME 11-7 -

droxy-syn- and anti<T-tasyvloxynarbornane (337 )

-

oy



;solvolys:s condittons (see Experinentnl)

—_— -

1. T Eﬁngerprint regxon assay and zn:lytical g l.p.c..of thé‘

--;petrolem ether e;tr;ct of the solvol)nsis product cstablished that th:s
-:.extrlct contalned onlv 11 (90\ xsollble yield as based on. the hvdrOxy o
' tosvlnte) : The subsequent ethcr extract contained traces. of i :nd un--
i,rcacttd hydro:v tos\latc Thls clearlv 1ndicates that Sla or thc cndo-l”'

. . .
xso-er :s K prccursor to ll (Schcae 1I- 8} . Intercstxngiy in this frzg:cn:—'

'_atxon ‘oserlap of the p orbitnl at C¢: uith the c- 1 and C bond xs rcquzrcu;

& .

e smaeﬂs

e

‘*'; An altcrnltive pathwav to 1 could occur bv zlkyl chain nxgratzon

-aiin the 7 .-nglborn)l cation ls illustrated in: path a of Schene Il 9 Gass::u :;

- nnd co- uorkers(121) ha\c shoun that l,.-alkyl chain nigrntions (nnalogous " R

J-

to pathways l - d} are possible in the 7 norborny! catxon ns was denonstrtted

vin the ace:olysxs of T-tosyloxynorbornane uhich Yield°d ~5°‘l* 5-'.f. -

!
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. L .
,;nduhts {3#5\} of -lcetovaicyclo[3.2.0]hcptane 'Thc'fornliibn bf il.fas
the sole 1solable product (90\ yield} excludcs pathﬂass b d. Uﬁfortunatelf,

- “we t;n not dxs:xnguish betveen Schc-e 11-8 and path a of Schene II .5 on the

L

basis of presentlv avaxlnble datat Reglrﬂless of whxch pathway vxelds 11,

the prescnce of ll ‘only indicates that solvent capture and/or hydride shxfts ?.
- do not coupete nith fragacntation vhich aay be concerted -Also since thc
%_axsollted yx;ld of 11 was 90\ both the svn- and anti tosvlate sust y:eld ll
| Thxs indxcates that the stereochenxstry of the lezsxng group at C- 7 is not

3 signxficant factor ‘n deternining the final nroduct althougn further studzes
E;lwttﬁ the ym- ;nd anti- hydtoxvtosylates would estahlxsh this- exactlv |
':An acid cn:aly'ed process (Sche:e Il -10) which involves a) regro Dxels-- -

_. N ~ » " '! ‘
klder x,s not ilport:mt bccau.-e IOb is stlble in water at "50 The fact that o

. Alder,react!on. Once lcetaldehyde uns forned it would certainlv !ead to other

v’

L 11 was isoln:ed :n 90\ vield is also a strong argunent against anV retro Dxels- _Kf_

‘products. oo SGIBE 11-100 et
S Ay TNy ;
L . L ” ‘ _q”,4;7 N
_H‘ ‘ )‘,. R | /0N . '
D ' - ™~ . ¢ o -
t. . ; H. . " = ¢ -
" RN lv .

ot
»
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Cleavage of the l 7 bond Ln thc [-...1] systca has been establxshed.'

»

. in the conversion of anti 7 bro-o e;o- -bcn.enesulfonanxdob:c)clo[-.- 1]--.

(122 'a b)

_hepttne (39) to l! (Schesc 1t~ ll) and 3, 3 danethyl antx 7= tovaOxy--'

”'norbornln- -one [40) to .-(cyclopentene)--.- dxnethylzcetic acxd 141):

'(Schm - ,,)(123)

SOEBE u-’n‘%’-b,j SR

lined in, scheae n 13, was: salvoly:ed at 95" Im ﬁ%z }mc =H0 solution :
buffcred vith 0 l H \aOAc Annlytlcal g 1 p c nnalysis of'thc pentane

extrtct (the brosylate is insolublo in pentane) showed that fron an ovorall i

T




| OSQUDE 11-13 :

. ~Preparation af c:ojb~hydrpxy-cndn-f¥brgsyluirnqrborndnc 1361

- aq;fdxalic |
o racid




:4?1;;cd ??clé of “44% ‘~h¢--4\a- prohu;. HJ#I:- Jnifofisf(cycip?cAfcnc?;
;Qgetaldchydé.19£;¥‘w::h sq:c.35(cy;lehcx@nngarbp;JiqbﬁyJ?:(3\)?un& cne
other 5“‘¢°““=3°d:?rvd59{,(?ﬁ*m ?hICﬁﬁ;;s no:.ﬁochF?h0f-~ l.f}-fingéﬁf‘_ JRETI
p;:ﬁi:nﬁ;fys;; {Jbgcngcl°? T¢3i3 Hé a1o and TSicabi'Jnd p;cﬁcﬁQc of'Pcii:; 
.;i °§9'¢?7 ¥ qfafﬁo; entané cxt ra~: cstablzshcu tha; ‘ 1§r produé:-was'
lé;in4?n°f i iﬁc cuhcr cxtract ;.clucd t—tgcs of a. hhx.c sol:u (16 nbs:;:‘ )

o

which by g.l.poc.. analysis has can §1ﬁcd of 12 an n:nc o:ﬁcr uw:dcntx'xcd

—t—
‘\

-

produ;!siyﬁi:h accor xnh to rctent:on lx-cs were. 10! 14 or norbornancuxols..‘ -
Sinoe’ an adetone soiutxon of ab intec;cd through the g:l.p.c. v1c1dcd on!v
o ' ‘ - '

‘one peak with 2 Tet ention tine- zucntical to 11 and or 12 (prbsu:ably IDT;

thc ninc ﬂrodu~t\ fro= :hc c:hcr extract were- solxols«ts pr0uuc~s and not
’prOuu s rqsul 1n, 'ron r;act:ons of nG on .hc »-1 p.c.-1n1cc.cr bIoc;

Cand/or colu=n. Ihus'én 501volysis of 3¢, ard the gcncratxon of thc h\droxv
cation, 31, the major product is 12 (Eql I1-2). Thc pn--;emc of 13 (.,.}

N ‘_'[Iil-:'

“?gndicatcs !ﬂat;o ‘;‘aﬁd ‘. -hydrzdc “shifts to~c:hcr hxth hasncf‘“ccrwcin

k]
-t

. rcnrrnﬂgcatnt coaﬂctc vzth {rag_cntatxon but 01]v to a 5331} cx:cnt._ In .
:dd:tzon, the prcscncc of nine unzdcntttxed products in thc cthcr extract

andzcatcs that ‘nuserous othpr (undctcu:&ned] pathﬁavs (hvdridc shxf%s,.

Q'clin:na:iun; c:c ) n150 conpctc.

3*8 tosyla~c -OF. brosvlatc in an exo confxgurntxon should sol\olv~ N

e X . i
o ' St
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)

u:'h pa'{l;lpatlﬁﬂ of thc L 6 ‘and C-1 bond in Aﬂ cq:cntzall\ uOﬁccr'cdi-

_fashion 1o y:cld 12 as Lhe solc nrodu;t fLq. ll; ). - Wit h thlﬂ xn mlnh, .

g BT

. Jt‘c"ﬂt% were _adc to “rcp1rc tﬂc rﬂd\ b H\drax\-ctn-,-fgsslowiorko'ﬂinc

{ii} as shown 1n'Schc=p,lI-14_ Howc\cr. xﬂ Jddx‘xon to our desxrcd ﬂroduct

r

R QJH}W 11 14 '
Prcparatxoﬂ of cndo 6- h\droxr exd-2 -tOs»loxvnorbornanc {4., R
) o - . . .

LiAlH,
0*,"1.5 h "
s
| | .
aoNS o eoh




. o . L -

o—xxucraNIc aBount s (40‘) o‘ a frngnentnt?nn qrndh;t. 3- {cxc10pcn:cnc)- R Y

'c;blﬁt.,:% quCfElﬂCu by i.r. and n\= T. were !orncé Attcupts to., . . S,
v, - . M . . . : ) ) ) "

. Q . R . . .
. i ‘ k4 i . C S Co -
pur:fy_:hc hydroxv tosvlate bv'rccrvstallxzatxon scrc-unﬁuctcssful. Thc.

‘brc;cncc of. 4 nd:ca:cs A step- wise ﬁroccss " as zl!ustratcd :n Schc:c lI I;.

< N . . : a
th:x wye uf rcduutx\c :rngncntitzon ot thc bxc\clo stten nxth L1A1H h15 '
(1243-¢) ' B .
Hccn ncll dnudzcnted In fact.‘an) bxcxclo s\stcn hlth a carbonvl o
.', 'l . ...
V'aﬂd-: tosylaze (hrﬂssla.c) ina I.a rclatxonsh:p frngucnks dur;ng rcdu;txon
nt‘; Lmu (124a- < ST e e
CSQUEME.TT-1S L e
Sl -
T30 - |
. . i R . ‘. ‘h' . ' - o t . - ' -' '-" .,
Furthcr attcnp!s to prcnarc 43 by Na gt 10 rcductxon of thc Leto-‘h7_g.
. '" ‘
tosyl:tc were. nndc as 5houn 1n Schcne ll 16 1n this casc. i. r 3hd n.o.r.
'1ndxcatcd thut 4’ Qis thc na)or product v:th‘traCcs of unknown(s) ' Hosqvcr,.-'
'agaxn a:tcnrts to purifv 42 bv rccrystnlli.ntion ucrc futxlc,, Prcparatxon  -7':,_  X
of the corrcspond!ng brOS)late also gnvc sinxlar rcsults Gaq chronntograph:c '3' ’
- 4:- .V . ' ‘. .\"7. . . . .‘ .._‘A“ d. . ) ' ..““ -.‘ ) _- L. V‘ ...‘,~..-
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SCHEME 11-16 - “
. » ' e .
: h ' T . .7 -
NaBH H0 o ‘
—— trace impurities
- 0% ay -
v 0.5 h ot ‘
. » DR “:-.I i >
, I Lo T : Ao e T DT , o
.‘;nklvsi& of an ethér soiutioh-of trudc‘J*‘ICJ:tbfi:idéoﬁveriioﬁ-(pygdlfsisj.;*x"
o :0 15. as detcraxned by’ rctentxon t1=e.. :‘?,4 ':' 'f._‘if 'Z'Q_ﬁfj.‘ ;':ngmﬁ'=lf" ff

The precedzng results indicate that the 6.2-hydroxy cation (S’a] S
‘“.or its ?nho.isoecr (S“b} is ccrtaznly a. prtcur#or to’ l’ -I:'contrasr'to .i?ilf"i.iﬁ::
Tthe 2,¢qh)droxy cntion {Sla) uh:ch frngncnts to aniy one product,lll thc i -
'to give nunerous ninor products, in lddx;}on to thc =a)or ffagnentatxon pro-??:»;u::! ;“
f;'duct. Under solvolytic condxtions,.lt hxs becn shnun that endo 6 hyd;ox)-ifuitffﬁ:;-j;
< exo- -toS)loxvfcnchnne (43) fragaents to“qnly one product 3 ncthyl 3- --i:;fgizg‘ff;i.f
 § (cyclopentcnc)diaethyllcetaldehydc (44) (Schcﬂe II l:)(l Sl This result p |
- ‘3uggests tﬁut 3’ ihould give l as the only product Cbcpeting processes, ;‘urp;”'l
;;-hich are presen; in the endo b:osvla!g. 36 u111 not be 1nportnnt becausc

}Ltho geonctrv 1s fn\ournble for a concertcd fragncntation._ Siuxlar typcs of

(125)

sam h ith



[}
LA
i

C C cleauge processes of the norbamyl skeleton to g,ive 3-(cyclopentene)-- o

acetaldchvde derivatwes have also bcon reported by other zu.:thm-:u“‘6 1”}

‘ _  T‘hu typc of fragncntation is- nlso sinlhr to acid catalv’ed cleavage of
(1”8) ' ) '

I 3 dl‘ols

(hi) }Gcchanis: of 3- (Cvclohexene)carboxaldehvde (13) Fomtion ' '\" T
Foml clenvage of the' C l nnd C-.- bond of a bxcyclic svstc::f to

) gi\'.e 3- [cvclohcxcne)carbonldeh)'de derivati\.es has hcen rcﬁortcd bv nunerous

(119 1’9 13:)

wthors o Typicxl cxnnples are shown m Schencs Il 18 - 20

Y
3

B CHPER =" 1 I 13(“9) S

exo,exo0-3,2 -H~
—_— N> kctone

N . g .. R
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fFroi‘these three eiipgles several eoﬁEluﬁibﬁp can be_drawn about -
'_'C:l uidc ? frapentatxon. B SR . . '; ‘ . 

(i)]_Sohe-es !! 18 and 19 show that if p EE or antx hydro:v- -cation
| . (33) is genernted directlv 11 wxll fragnent to only ane product

:_the c0rresponding unsaturated aldehvde - ’ |

(ii} In cases. uhere a 7 hydro:v-'-catton ;s generated indxrectlz :hrough . f

o a:sett:appf hvdrlde shifts or I-M re:rrangcuents (Sche:es JI 5 and .
-‘0); otherlproducts sxll also be for:ed fron the other h\drox\ cation
fmmnnﬂws:,f_v_- v-; e_ ”;. ?Ii-"{:':{_\:'.“" o

-ﬁ(i;i) !n cases w&ere a .-hvdroxy- -cation is genexnfch 1ndxrectly, fhe
A AT -
RTINS percentage of fragnen:ation product (unsaturated aldehvde) forned .
will’ depend upon “the ease‘gith which the predecessor hydroxy- catxons -

" can for- other stable products,.,For cxa:ple. as descr;bed in Schcne

e

N

. 11-6, exo, exo 3..-H tn Bl :o for= - 1s ‘so rapxd :hat né other process B
"co-petes Houcver, in Sche-e 11- 5, the geoaetrv of the cation Al, '?-ffif°

B P . AN v -
":-f is such thnt -H rexrrangenent (to a7 hvdroxv- -catxon) ;nd ernxna--'. - .

A

.JisiiOH CO-pctes vith the relati\ely s!cu endo endo 3,. hv;ride shxft.
- A sinilar result uas observed for !9 as described xn Schene Il--o 4-'.

By .‘“ the:e two llttcr cases. ﬁpe product distrxbution establxshes that'.‘ fe't ‘:.

j;the l-ﬂ eearrangeaent nnd fraglentatggn are, nueh aore rnpid ~han ":' ";;. .

. fs 2 ﬁydride shlft fequxred for ketone fornation As a point ‘of - -f‘_:J€ ‘

| interest in Scheae - 20, norennpbor is not foraed »ia the enol:te -

2

I~ .since thert is no proton sourCc
e,fThese preceding exauples clearly establish thnt 3- (cyclohexene)-'

: - DT

_ carboxaldehvde ltkelv is forﬁcd from 9;. 9b lnd 9c vzn the 1ntera 1atos S

33; and SSb ' uouever, other pathvavs ‘such as a T,U-Hagner Heerwexn shxf:
-2 - .

q‘_ _ N . R I
L. . i
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v I3 - I3
o,
.. e
i Sahc“c !L*.lu:usx_hn_gnaalarred and <an not be rulcd out arcscn.lx and,
ﬁ — [V
:n-fa;t. the dtol fractxon.:a?;contazn btcyqlo[S.l.r] and {3. .0l sncc1c5
. . o . . S T .‘ : ) ) ! C - I
sGEME 11-20 -t e .
‘ e
t : 2 ° E
P

. solvent.

.
capture -

,Thc cxtstcncc of a ?,.-iagncr Hccrwean rcarrangc:cnt nn a norborn)l chlcton

‘has bccn dcaonstr:ted b) Collins et :i (134 1331 ' 'ﬂ . '_ -f:_ o . "77

Thc detn.lcd 1tcp1 of thc ucchanxsn of product fornntion are not

e

cslabll‘hcd :nd no. lttcupt is nade hercin to do so. :n tenns nf s ccif!c

o proeesses (hrdridc shif:s.lﬁagncr Hcerwcln rearrangcncnt cl;nxnntion. ctc. )

'-.at‘lhe aolccylar lcvc}. Hauc\c . our prccceding discussxon dcaonstrntcs
oy . R 1 ' : ‘ -

e

. - . -
B . X S . . - N : -_ ' . .- ’ - . ’ : ' . : . ) ' o -
N . A . : - o . . . Toe B - R . . . .
L o . - : . b - L . e oo e . " AR : S
N B o .. e . ' . ' - B . . . L .




that, reqardless of the node of forzation, appropriate Aydrowv-cations are
Cprecursers o the fra;:cntn:io§<2roducls;{Schqnc 1r-1y. o S

- .

fi1v; . Mechaniza of Nercamphor 714) PormaYiea

-
. .

. Lo . S e : R
Scheze 11:22 outhines sone possible pathways for the formation of - ..
and Nence are possitnlitien.

- RIS L Wil - (113
14, A1l these pathways have direct analogres ™ ‘

. . . ’ - ‘. o B - -.- .,' . . et . . . N
“In prder to explere these possibilities, cissexo-3-hvdroxy-2-tosyloxynor- A
: P - S T T e e— . o .

el < . TR, Ut - . ew
bormane 37 was prepared as shown in Scheze [1-23 and solvolyzed at 95° in~  °

\'-1@2 Ve nl\c}ﬁQOVQuffcfpdAylth f.1-M NaQAc. “After ¢ days,-ﬁorh-uﬁ'y

relded a

RPN
. . - . -

;""f e ' Josoung 1122 , '3
N ‘. : . . T . 4, A . N .
6. B
ay : .
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endo ,endo- .
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Svnthesis of Ccle-cra-3-hvdrory-I-tosyloxvnorbornane {37} :

-~ . . - . * . - .
- - L}

<c*:usuli- {885 \1etd of norbornancdxols) hhxch COﬂ;J!h&L tra;c< of nors nup\or

{ o uws:tura cd Jchvdc‘; aﬂd nxnc othcr products usth rctcnt:on timcs 1n

the region of nu'bornaﬂcd:cls as citabllshcd b\ £ l c. nnalvs:s.‘ Tso of

..hc n;aor ﬁroduc:s had rctcnz:cn txncs xdcnlxnal to svn- and antx-.-throxv

'c;o- -norborﬂcols (13: and b) Th:s clczrlx xndxc:tcs that pnths:\s 31 or ., -

0 ‘ EE
b; do - no' occur to any. apﬂrcclablc ex.cnz._ Thc qulus:on of pathwav n; is

not «urpr:stn* axncc cndo.cndo 3,.—ngrxdc shifts are gcncrailv unfn\ourablc.-

) Apparcw~lv. undcr our sol\olvsxs conditions, 343 undcrgocs solucnt \apturc

nnd/nr rcarrangc:vni and subsequcnt solvcnt cabturc._ Thc occu?rcncc ox a

w- H rcarrnngcncnt and 6-’-hvdrtde 5h1f’ can bc substant.a:cd b\ thc apﬁcar-"

.ance cf 180 and h {Schcnc !!-*4) lntcrestlngiy, frag-cntatxon (3) - la)

docs not co:pctc unth 301vcnt capturc at this tcnperaturc, in d:rcct contraqt __Q:.;

“to- ghe 3015°17515 of 35 and %6 wheré sol\cnt capturc ‘or. cvcn rc1rran"c"cnt du ;“”iiaw

K -

not coupctc crrcct:vcl) vzth 'ragmcntation. Thxs could possxblv bc attr:butcd

“
LAt
»

. - o B ' . . ' Lt . .- - 3
oo LT . . oot L et e E . e




e same -2 c e

1
1

f

.. endo, cndo 1ﬂalog, n:thw;v a« shauld be a na;or pathuav to for:a.xon of 14 .

— .
. .

ot

|

' .o a congc*tcd frag:cnta ion ﬂroccsx xn ‘the lat cr tho cnscs.

k]
Sol\ol\sxs of thc cis- cxo a,-shvdroxv tosxlate at, 25 fipldS';L.-'
2, 13 and 13, Thxs 1sfnot Surﬂnsxnb q:nce thc xnxtxalls forﬁcd dxols
She 12 LAl ‘ ) .
— , _ : 3 o _..L'

ifihﬂ;h»a:e stablr'n!'ﬂb . sol\olv~c at'ZSO .to forn thc sznl co:pounds

Sinc~ cxo c;o 3,.-hvbr1dc shx ts arc nuch nore ‘ac:lc than thc"

. o - %
t . - l- . . -

This c0uld bc chcvked bv thc sol\ulvsxs Oftbl \hzch uohld gcncratc thc -

- :Tcndo 3 hvdroxv --catlon (34bl

-

.-

' for an cxo c:o 5.. hydrxdc shzft and thls should toﬂpctc norc favournblv '

] t
’

if not exclusivclr,'vtth solvcnt capturc and/or rcarrangcncnt.

An altcrnntxvc pathua} for the fornation of lJ has hccn rcprcscnted _1Qﬂ\-

. .
r-_

Thls catiou has thc LOT?CCI“StCTCOChCEISer -




_ . } .
- L. . .
> . . .

1 Schede 11-250 “ﬂﬁorcr.-thc solvolysis of thc'c;n-h-hvd:bxy?éndoél-

hrosviate (30}, hhluh gcncra!cs !bc G- had“u:\- eat 30q fi-n?.‘yiclds only

‘. . -
-

3 . '
h ' ' . ‘ , Z : r e
1g and "“"13- C!°3’IF- a h,I-H $hxftlo. al,3 c]: 1natlon docs not conptte

M -
y e

with fragnent t"ﬁn a"u'thus-»gv'crn-b-hydroxyf:-fa:icﬁ fﬂ_no:‘a precursor to

'

BET athunv <> is very uﬁl Lc!» hc;ad\ﬂ thcrc is. no prQucdcﬂ-c faf an exd, :
-@rxo-b .-hv r:dc sh:ft; . - S . ‘?'ﬂ S e R
D s ,.
; : . .‘ .
L ‘
T
N 'J..‘““‘-‘
e \ .
‘ _ : . T ) ’f }1_ ‘
Althou*h we havc shoun thnt a 6 -h)drxde shxft oes not cozpete
vlth frag:cntat;on during the solvolvs:s of thc exo0- 6 h droxv cndo- ib:osyl;;c.i‘  s
(36). a 6.--hvdr1dc \hift nxght bc faster in thc exo- 6- \droxv cxo- 2:brosylate




- . - ..

. C . "_‘ T ! - "_.
‘SEY and thyes cozpete cffcc ~1\clv ! th :rag“cr a‘zon to v:cld s Hnwcvcr.

. e 3 , ' - 1»5
S this ppss;b:lx:y*can'bc ru!ed Qut E3 L -et al. ‘

&

hI\c shown by the

'.rz':n: ‘urmmﬁlxﬁ"fxn thc.sblvdlysis uf'fhc exon- nnd cnd012¥t-:-n0¥bornyl

-

krhs\‘a‘rs :hs~ :Hc ratci of h.--h»drzdc shx::k in bo H the exo- and endo-

soeeT arc-és«en.rallv idcn:xca!. ‘That is-'in fhc solvolysﬁs of the exo-

Coand cndu-brosylntcs.AS ~and 36); fragﬂcﬁta ton via D occ

i, Bt

wyeferentially

Cover the 1.3 €lizination andfor hydr:dc shx!;]rcqhirpdifo} the |forzation ‘of
. nateamphor {Scheme 11-23).. : 1%;

In conclusion; :hc :ns' probable ncchanxs: for ’hc for:at:on of nor-
- N . . ‘. B | . -

cazphor s pathway as nnd/o- ba of ﬁchc:c 11- -..:3

’

l',

Synthetic Utility

i . Lo .

y -

: Thc fbrﬁhtidﬁlof*aidéﬁyaci ll‘o 12 and 13 was5S0% chhat surpr:sxrg T

-s:ncc c;a.nlcs involsing the convcrsxon of bxcvclo[-gi.IIHCﬂtanc dcr;v1'1\cs

' ; 1223 b, l" *S-:)
to nonocvcll. prod uc's arc rcportcd to bc rclhti\clv rarc :

.

"Lln our %tudlci hcrcin thu dr:\ing forcc for frngncntat101 prcsunahlv rcxxdcﬁ

kln thc gcncratxon of a vcrv xnvourablc lea\xng grcup thc con;ugx}e nLid of' -
: . - - o w
a c;rbqnyl Our proc:xs providcs 3 untque svnthctlc routc to Ll - 12 .qnd .

.'13'_ IR

Thc unsaturntcd aldohvdcs and espccsnll) nnrcanphor act ns ﬁ:nk\ for-‘

" 3PPTOprxatcly substltutcd norbornvr systcus Concclvahl} any appropn atclv

18 - . L . r
- : SR e
- - . . N ot H
B - .
. o TR . ‘
. at H ) v .
. -
4 - .
", g ' ’ .
\‘ ’
- \ L
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-

snbs:ituted bxcyctic systca uhich contazns seven rxng-carbon atons and w\ich

- .~

vields hydroxy cations on solvolysis or protonation is convertahle to sink-

ﬂ co-pounds Thus our high tc-perature and dilute acid condxtions affords an :?} . o

Y
o alternatxse svnthetic aethod for :he preplrntion of substxtuted norcanphors

~ . .

aldehvdes h

. ] '
o

it pcrtially deute?ated.or trltiated norc::phors or unsaturated Dono- .
cyclic nldehvdes are required the conditions descr:bcd ﬁerein arc extr:;cly
‘uscful bccausc the dcuteratxon (tritiatxon) procedure is superior toloEE;}
t_ae:hods Althaugh incoaplete exchange occurs in: the sink c0lpounds : ,¢ .

'Idcgree of cxchange can. bc controllcd to a linxted extent onls b\ the acxdxty

T ¥

= of the reaq.xon nediun

.... -." . | 'l.' . ". . - ‘. '. :.?- -
'  I) \ B. r. Spectra Analysis of endo \orbOrneol CS“) in the Prcsence of :he Lol .
S T ] - . . . TG )
Chcnlcxl Shift Reagent, Eu(DPH) P : S
LT : 3 )
» Shift xeagcnts‘can be used for (i} strucrural dcter=1natlons£157’ d) ‘-‘\

-

'.'(if) ;ssignnen: of 13¢ n.m. f. sPcctra(13§§ b] and (ixx) dcter:inatxon of + . e

'.fdeutcrxua fh;Lrporation into organic nolecules Thus, in ordcr to dcter’ﬁﬂf i:

‘quxntixn!i\ely :he s:te and s:ereacheaistrv of thc deuteriﬂn incorpora‘cd into'

-

',‘thc norbornvl skeleton the deuterated norcanphor dn each casc was :on\crted

n

“‘to endq qorborncol - whjch was subjccted to n a. r.‘integraticn analxsis in "f-

A

..the prescnce of the sh!f: reagent. Eu(DPH)

0 ...‘
" AS rcpﬁrted by Hinckle)( 39) hnd Sander? nnd Killiaascl. ){ associa-

'tion of Eu{DPH) wfth Organic noleculcs conta:ning coordinatxng groups - -;ft;”5f2_

. (alcohols agines. es:ers ethers, etc ) causes Lnrge pnralagnet1c shifts

-vith only a Vtry slight broadcninz(l{?l Of the pronpn resonance signals of

the -6leculcs As:ociation with thc Europiua couplcx occurs vxa the lone-'~

o




TaiT clc:: ns of the aubstrate and the induced shift decreases rapidle

3

. L T c . R _— o

with :ntrcisgd dx%tuncc_o:Jfgc proton fror the lonc-paxr;c}cctrun group.

T T 14-3 b"
CPresenily, :hrrc is ne URan: 2ous agreemcnt  in tHc l:tcra:urc{

©

7:

.rlxn. 'kc cract ma \urc of the factors wﬁ:;ﬁ b.\c rise o \hc shz!t<

- r‘u' '
nakl and fvtfrﬂoﬂ' Lap P]lCu iu(vﬂ“\ o thc 3u1-dﬂ\3ﬂ01\ and ﬁrO\:ucd
_ i, __/ . . - B |

.-

cnice that 'hc Hcghan:sa‘o' dc%H clu:n” 1ﬂ\oI\cs hoth :n‘vrlc\xoq ’hrou ah
. . . * .—'—'- H

space and :hrcu;h'bunds} ;Thcflat:cr is nore. izpor:ant uhcn only':ho o;f‘,

M - . T
. v

v

three !ssds.Scﬁira:é'hvdfo;cn“and cur opzun (c g-. O and :7H in.endo-

3?56rﬂé31‘u - "The fo rmer- c:‘ec' bc;o%cs dou;nant ubcn .car or aore bonus

-’c :n\ol.ch 1nd ulosc 1wproach of curonzun Aﬁd hydroh¢n is poﬁsxblc.‘;ln .
(139, 140, 14, 14,1 ' |

r

’na*r ca-cJ . 3ncrcax1ng tht nuount of lulnPH;1 xncrcns:nblv B

rc501Vc3‘thc”sp:c:ruz of the substra:c, ) ’:: B T
.‘ Thc 1dcn that snxn spin spl:tttng in n. m r. ﬁngtTOSCOpV is depend- = 0 T
. ent upen xﬁdz'cc: courlxng of nc1ghbourgﬂ Ic: via the cles rons.in‘d' o .

L .
[

d(1 26} el Tl

3_olcculc ZER ncncrallv hcli ac;cntc . Thcorctical anu cxpc'xrcntal

_ ﬁro ress Hm* been nabc ln undcrs.anuxnh how snxn«sp:n COUﬁllqh cowstdnts

\arv w:'h nolccula' 5tructuvc whcq el :Hcr xuo or thrcc bonds <Cﬂaratc a pa:r'

-

T .pf xﬁ:cr;cti T roton< Thu% '!hc dcpcndcn;c of J- { nunltng'roqs ant‘ on

L
. v

148
The gc-tnal H-(-tf anhlr{IJ') nnd on thc vtcxﬂnl H C C- H d:hcdra‘ an"lc( )
. " [y v
- : > o]
.33 werl dnown. Al;haubh it uas gcncrall stated that couqlxng bctvcdn A

rO.onw thsh nre \cpara:cd b\'zorc than thrcc bonds in ﬁaturntcd sxstchs

5 3 S '-c“

' 150,151 o
~u45 nchlzg:hlc f 1 cps)(l }, nuacrouﬂ cxzwplcs{ 5 51 o
_ : e T (13:.153) S
r[rulc and;lbd ;o thr 1 >artan: COncopt bt "long ranhc spxn coupl:ng R

‘.-

contrnd:ctcd thxx'

LN . . -

!n thc biC\clo[-.-.llhcptanc systc:; this couplxng occur hcticcn'pdlfs Of'L_ ;-Jgf

-

protons rclatcd accurdxnr'lo thc "h—lcttﬂr rUlf"fﬂS ;Iluctrntcd b"”“

. )
A . .« . . . :




S

The rigidity of thESc :6lcculc§ rbsﬁltk'xn'all rrnténs beirg within

five “qus of . one; nno'ﬁc' ard in dc.lnx c and ’;xcd gcn*ctr:;al rcla‘:cn ips .

-
.

f, -
4

A

&nnlySiﬂ wY Speotra o oo L o T

.

The spectrus af ¢ 1uo norbozncol © in carbon tetrachloride showed &0 o

. tas separate signals cnlv the OH Ix anu 3n pro:ors ‘hhcn triﬁfdipivnlo-‘ '

_:c;hadt‘u curﬂ“.ur 1s ﬂddCu to carbon te? rnchlor:ac 501u'xnns o‘_cnuo--

- -

-narbhrn¢oz, 7! mrcsolxcd S"cctrn {%cc F:kurcﬂ 1 2 and 1) arc obta:nCu

- The: s.pnals hc*c n<snhnc bv_n_co:hxﬁn:ion ot ffrst order analysis'offthc
ipl:;ting'pa::crﬁs noublc rcson1ncc cxﬂcrxﬁcnts and b\ studvzng lhc sncgt*un
of fﬂdﬂtz'nd?bbrnco}-cxb{ﬁwexo-b-d ET;S S FEET . Y

A typxcal f:r«t ordcr analxea..af'orulng a ﬁannl asszkn—cqt is

.

in F:g.:!} Thc'-x nnd en pro:ons arc 'zr.hc<t dounfzcld ﬂ:ncc

I L fla“)
the Wnduccd'shift arc'hreJ!cst ‘or Hrﬁtons ncarctt to the, h\drOxv ar up

Cf

illustrate

‘ R ‘ .
‘74A doubi% *tsoﬁancr x“crx“cnt (% g I} con:irnt :he as<'gn=cnt of on, 1rrad--
‘!ntlcn 0’ thc bn p'ﬂwoﬂ col!nﬂscs tHc 0; prpton ahich in .u;n ‘can bc a*ﬂxgncd

'ﬂmea thc didcdtéf::cd'a!cohol. T?e 3n sxgnai conql,ts of tvo- sw:nctrlsal trzp-
Crets duc to couwllng h:.h .hc Ex'fo'and-Ta'protons.- Thc on 5Pd 3n PT°‘°“‘A
. ; ‘,y'i v E

i :caw Llcnrl» 59 Jlf‘crcﬂtzatcd in. thc d:uoutcrntcd alcohol (f:h )._ Hcrc,

thc Gn sxgnnl 1%-4 doublct duc to couplxng u:th onlv thc Sn proton (loss of

bx: couplxwﬂj uh lc thc Kn 1ignal rcuaxns as tuo qvnnc:rlcal tr:p}cts. Thc

_bT‘dEC hcad "ro!ons arc usuallv idcntxf:cd bv thcir broad pattcrhs._-Thc ;
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T

'i,.brrdgehcad-proton at C l uhich is spntxallx cloSe to thc hvdroxv group

;  3"P¢’r5 as a broad pcak " 1. ’9 PPﬂ‘at 0. 63 501 Eu(DPH) " The . 3x Proton ".;}.' .
' 1; a cc:piex nultxplet houcver closcr scrutxny on an expand;d sca!e s |
féxg ';l clcarls shaws p scptct duc to couplxng thh the 3n, -x and n nrotons
"Iuozﬁarxson of thc dcutcrated nnd queutcr:tcd ﬁndo norborneol {F:gs -1 and

< clc:rlv establishcs !he 3351gnncnt'of the rcst of thc spcctrun Thc Sn :a; -Téé”_
 J:aﬁJ‘ n prctons ha\c collapsed to doublcts Hlth §oac fiqﬁ/fﬁ—ﬁcturé xn‘tﬁe' ;

dcut ra:ed alcohol sxnce thcv are now only strongl\ couplcd to each other -ﬁ

”and‘u le couwled to ja thc couplxngs o Sx nnd 6: ha\c dxsappeared Con-

clusx\c proof ‘or thc assxgnncnt of‘thc Sn proton is’ achzc\ed b\ doublc 7 _
. e T Y. Ceg v

'rcsonancc (Fxg..-). xrradlat:on of the 6n proton collapses ;hc §n 51gna1

o The sxgnals due to 6: and Sx arc abscﬂt in thc dcuteratcd analog

ﬁ gonf1r-xng :heir assignpcnt as 5hown xn Fig. | . Thc brxdgchcad proton at o
;C { apnears ‘as- a broad doublet (F*gs l-and . Thc-:a and 7s pro:ons :ﬁpeaéi o
,as broad doublets (strang coupling with each pther) uxth sqnc f:nd strudture\m
“(l cOUplin:} Additipnal proof for thc :ssxgn:cnt i obtalncd by a doublc ff
' rcsonnnte cxpcriacnt (Fzg. 2).‘1rrad13txon of thc 7a proton collapscs :hc - J_,“'ng
7s and Sn sxgnnls but not the 6n signal _ Thc as proton is further downfxeld | “
“than thc 7; protpn be;ausc :t is nearer to the hvdrox) group: thzs 15 can-

qﬂ‘xrncd bv‘ he prcccedxng doublc rcsonance exper:ncnt*nnd nlso bv_zrrad1ut1ng

'Ji'he Ts sizral [\o CCI ) uhich collapses thc 7a an& 6n sxgnals bu._notV' '
"' j the 3n szgnal C Attan Eu(DPH) /chohol TFatio. (c01). of 0. 63 (Fig. l) the

' .ana1vsxs shoss tb:: :he 61 and 4 prbtons nppcar nt‘ 6 80 and 6. 40 rcspcct-*:; S
. & . ' _1 4 . -
xvely. downfzeld froc Hc45i Thxs docs not ngrcc thh Pnasxvrrta s( )

;assiznnents of nnd 4 3’ for 6: and A .rcSpectivclv obtaxned at ﬂole-f- -

-

f:ratipnpf;o.ss Houc\er, Eu(DPM)3 nnalysis on endo-~-norborneol ex0-5- cxc-”
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‘-carlxcr 1ndxng<

.tenucd to’ 1ntcrfcrc hlth thc rccord:ng of a- spcctrun - anerablv th1s.

'of-}xnci

L . L. " ' - .

p-d, (Fig. 2) corroborates our’ assignment.  Since -Paasivirta did mot cledarly-. -

.

.

resolve thc'%pcptrum ercndo—harbo?ncal' the trossoyerlof.the.ﬁi and 4

qignwls (discusscd IaterJ was not dbscrvcd“and thus led to the crroncous.

:1<<;gnﬁcnt of 6x and J at 0 33 mol Eu(DPM)-.
Thc chcnxcal sh::r data £or anal\scs at varxzng Eu(DP“)-‘conccntr1-_j

tlon\ arc collcc;cu in’ Table 5 and plottcd as chcnxcal shxft versys ﬁETb““

rauxo o. tuLDPH}--Lo alcohol in T:gure 1. The 7a and Sa protons ha\c Bccn

_.u- lcd int Fxg I fbr(thc purposcs of *Iarxtx ‘ Fxgurc 4 dcﬂon<tratcs the

lzncarxtv of thc chcnx;al shzft on actal :on congcntr3t1on, in, accord ‘with

45
{13 l '1‘4}, and shows that sh1f s for all subqtratc
9'. : ' __,.“_,'; .
prdtq e in thc stc d:roctxon. 1 e., to loacr f:cid values. .

-l e

~

\\\Thc sgattcrxng of p01nts 1n Fig. 4. arzscs bccausc in all cases thc .

‘_snnﬂleﬁ were ttltcrcd through glas< hOOl to remove suspcndcd partlclcs hhxch

. -

'flltratxon procch ch tc dxscrcpnnc:cs between thc hcrghcd nnd actual amount

o‘ Iu[D “)_'xn any one nrtiuular sa:nle S
.

Rcrunn;ng a sahplc of alcohol and Eu(DPH)-; aftcr stand1 g at “OOﬂ

:tc*pﬂraturc for six daxs,'shoucd no changcs in thc n.m.r: spcctrun Thls

s

jxndrcatcs :Hn: tht curonxun sa"plcs arc rcasonnbl» stable aver a. short pcrxod

. i

A crosso?cr of sxgnals 4 and Ts. was’ detcctcd when thc nolar ratxo

.. . \ - _. N

‘OF\JU(DPWF f»o alcohol cxcccdcd 0 S (Pt, S).' At low congcntr1t1ons of . \

'Eu(ﬂ?H}S t\c 4 qnd gnnls wcrc not rcsol\cd At ihtcrncdiatc:coqccn&r‘~
I - ' . [

~ tions of cu(urq}s. theﬂa nnd s protons were clcanlv scpnratcd As'thcl S

~fiu(ﬁ“q)3 concc‘hratxon was :ncreascd fron a nolar rnt:o of O 60 to O G0 . ‘

a2
' S, = ‘

“the defcrcncc in chc;ica[ shxft bcthtcn the 4 and ?s proton decreascd frum\
Tl e ,._} BN b R .4'_,_ - -'.-“__g:_ Lo

. P T
l.
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0 QS'rpm to 0. lS pp unvxl x:nallv at a molar ratio of 0. 78 thc 4 nrd-.s S

.

n—n‘nn< were ~unc'1=nosed at 1.46 ppm Thc 4 and s s:gnals had crossod

L over at an Eu{DPH)Q to nlcohol nolar ratxo of 0. ST -f N T ;'_‘;

Fxgures 47and 5 clcarlv howr;hc_crossovcr.of;tﬁé + and 6xiﬁrofons-

. : s ST i e
B ‘hﬁich'lcd Paas;v1'tn§ R 1strav and 1nd1cate thnt c;rc nust bc taken hhcﬂ ST s

assig 1qg p'ctnnﬂ of the nq;bnrnvl shclcron in partxall\ rcsol\cd ﬁpcctra.
L -t
The bcst <1gn11 sep aratxon is adhxc\cd in thc spcctruﬂ of cndo norborneol |

"Ta;‘;‘mular rntio-pf‘Eu( PQ)- to alcohol bcthccn 0 aﬁ*and 0 69

L T P S S
‘ Couhl:n: Conﬂ’dntt S S T _{,. Vo

ancc a. conplctc analxsls of the coupl:ng cunstants in cndo norborncol '
"‘--. .

+ha no:_3 T ﬁécq rcportcd erdo---no*borncol~cxa =5- cto Q d was studzcd in tbe s

A

pr ese noe, ot LufUPW)- (mol £ 0, 45) to ﬁrov:dc addxt:onal 50pport for thc chcm- -
1;31 shxft,ass:gnmcnts  The rcsult< are g:\cn in Table 6 Thcsc qpxn spxn

-

‘ :ou%a nb cowﬁ.an*q hcrc obtnzned d:rcctl» by first- ordcr analys:s of thc
. T SO . .

' -~uI;:“1c.s for an, 3x, Sn and 7n as 1lldstratcd in . Fxg 3 S

Thc coupl:ng constants othhc horbornvl S\ﬁtCﬁ ob:axncg in thc g

i

- -

prescﬂcc ef.Lu(DPH}_ (Tablc b) arc vcrv sxnxlar to thc uell known charactcr-

71<:xc couﬁl:ngs of thc norbornanc 5kelct0n obtnxncd in the. abscncc of .
(150,155} | ' (156)

' Ewi* )3 Thxs rcsult is not surpr:s:ﬁg sincc haton ct al ,.z”; | .\- :
ha c ShOHﬂ-[ha! coﬁLact shxf's do not za:kedlv affect thc nuclcar spzn Sp:n ._:'-:'}\
ouplina congf;nts. %-at ;";';;" 'f“i,-'.‘i}, - :.,': - “l:r tj.,: SN .xV
: ;’i Thc \alucs in Tablc 6 ‘show that. for norhgrnancs thc brzdgchcad _:"f -i.}J -$\
proion :s narc strongl) couplcd torthc exgvproton (1 4" 4 4 cps) than to- Tt':. i |

L oa
s cﬂJO countcrpart (Jé 4= = 0- t cps and 1s not obscrxcd) .l.-'_1 is expcctcd R

. - : : ' CLgey (148, o,
tD pc.ciosc t0~.cro bccausc of thc unfavourablc dahcdral unglc {ca.s 79° 3 NS

.(151) o
1Jl 154) Thc dxhcdral nnglc hctuccn thc 31 and 3 protons 15 about 43 PR

R . .
N A BN
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. § 80
oL fi' ) o T IR S ‘17q‘;l- 7:¢7A |
1ﬁj ac;ord:ng to karp!us . should gl\c r:sc to a couplxng cohstant of S 7 -
Ls..4éa cps- Thc couplxng bcthccn the br:agchcad Jnd brxdpc protons 19 ) o uft
L 1, .
A iLS (751 6r %1) and l 6 cp% ( al or raJ) and also corrclath nxth the o . ;f._ ©
arﬁlus cquaglon(; (uxhcdral anglc bO°)' ‘-,.;- o o ‘ } '  et A
B S (1:.) ' e TS R
Co The u<u31 _ 4 cps) long rangc W-gounling between the bridge - .+ o
and cnuc ﬂrotonc :ﬂ also obscF\cd ;n our . cas{:(JSﬁ?a =;9,_ ?“élehrs =3 2) _
B The Loaﬂlth bcthccn the cxo- (cxo~3) and‘c!oib (cxb-é)lproiohs—is not Ly _
' - . e h Y . '_‘-'.'," . R S

ascrxcd bq;ausc o: écu:cr:un substxtut:on.r \o h couplxng bcthccn thc ;

-~ s L .

”br1dbcxcad pfo*onﬂ is: oaﬁcrvcd Th1< couplxng is hcak and has onlv been.

.

1 . I . . . . N ) " . . . . 3 . . e ) . " ... : V_, . ‘ '-.' : -
oHscr\cd in a :cu cn%csr 5’) L '*}.V : oL - : ' ‘ a
. - .o P )-- . . .. .. -
H\drntxnn of \orhornenc at °50 it "_' R e SR

)

Thc hxgh tcnncraturc and d:lutc ac:d (HTDA) cxchangc condxt:ohs ha\e

=f'ﬁcc applzcd 0. thc h\dratlon of norborncnc (ba} ' In 10\ v/\ CH COOD .*0 at :sd?;"'

\. ’

.

: :3;):clds nr.uarxlv a :ixturc (69 al] o‘ dcutcraxcd cxo--and enuo-norhorncol
’—. . ] J

-

,-—.-7.1

fnb zwd a7 ) hwlch’contains up to 9 s atons of dcutcrx ncr nolccu]é '\orbornvf

.,\“

acrta.c (ua) ;rd :hc dx norbprnvl ethcr (SB), as a mixdfure. pf stcrc01somcrq

Jdﬁ 0150 fOFSCd 1. r.. n.o. r., a. s.-nnd clcmcntal nnaFF“;?ﬂdata ‘are con- ‘f: R
\'} . . s - . .: . . .'."‘ ._" _A ..:-
J&‘thnt wlth structurc as N.G. T hoas that thc s(ercoxsoucrxc mzxturc 15 IR

i . ‘ Lo,
N A

. coé oscd of 0\ cxn and 50& cndo lxnkagcs Thc rcsults Of the hydrnrlon ".uf-(

s.ud:cs"arc hstcd ln Tablc 7.

Tha{ thc exchangc is: nc:d catnlv:cd is shawn b}'bntrxcc i and 6

1frcc rnd;cal ne:hanxsz 18 not !lxcl) bccnusc norborncnc is stablc ln D 0 At

- 4] =
_:SO and thc ‘orﬁutxon of CHS—-C¢’, and H- is.an 1mﬂrobablc proccss.‘.AS‘u e
. . 00 . : : ._"‘ ‘.1 A “
'lshown‘by cn!rxcs 4 and 5 strang ac:d lowcrs thc v1c!d of norborncols hv T
'.?oruing 1ﬂtractab1c :atcrzals.' ﬁntrxcs ., 3 4 and 8 show that thc cxchanﬂc
SR S - g

s, rapxd and ¢sscntiallv co:plctc (891 éxchangc) in 4h and thﬂt 1‘°‘°P‘C _frf}'Qf

i 'Q _" . '_ Lo .. :nl'l.f I E -
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.

4

\

:ullu xan Lhrough crchanyc of thc mcthvl group 1n CH CO D f”rcduccs7thc |

-

to.aI dcu;cr:un 1ncorporatxon. Thst thxs typc of 1sotop1c dxlutlon occurs e

B cbnfir:rd.by_thc~isqjationbpfhnprbornyl pccta;c cpntalnlng‘dlﬁ,_dlsvdhd )

'-d-»V%dcs- TP C _ s - o : ST e
MRS I S R : SRR S L Y
8 ' ) i o : :-_ RN » -7 .

\orborncnc ha% 3?10 bccn rcportcd to undcrgp pcrdcutcratxon in"

|‘ ) A L. . T g U b

'*44. Dur D 0 at rcflux for 20, h(s‘}.r Houcvcr. undcr thesc conuxt:ons (Iou‘

‘]tg*"crature and stronb acxd). thc v;eld is onl} 11% with. SO\ cx;hangc il L

-

.?Oﬁc cvcle.) Fo;r chlcs arc nccdcd for ﬂ9\ cxchangc - Ccrta:nlw thc condxt:ons i:,; B
“;‘descr.b(d'hc';:; (hxgh tcmpcranrc and diIUte ac:d) 3f¢ supcr:or for pcrdcutcr-z; |
';nt:on o} :hc I .~ l] s\stcn 1n !cr:s of cost of xsotopc. pchcnt \1cld and .z_;'iﬁ

i pcrcc“: cxchzn;c. ; .'  A:‘3 A7. h j‘i; 1“;T.7':;5_;7“‘ '-7ﬁ . o

“71‘: Lu(np4)3 nnélvsnﬁ ;y descr:ch prckxousl\ wns uscd to. catabl:sh &hc

L

dcutcrzun dxstr;but:on :n an exo-, and cndo norborncol axxturc whzch n15,'.'“

f olta;nc; bv hent;ng norbornenc for 3 h,at ’SO in the prcscncc of 10 \/\
CN3CGOD -D. 0 (cntrv'z‘of Tablc.?) Thc nxxturc'uas oxxdx:cd to norcauphor

L3 .
)

R - s SRR : :
Control cxpcrxnents ‘show thntrexchnngc s to the cnrbonyl is nut sxgnxflcant.:
P H Kcrs;;uh and R. Taallcfcr unpublxshed rcsults. e : -
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“‘;h\drxde to: the deuterateig

'exo 1orhorn\l dertvatzses vhich contain anly one deuterxun aton per molccule

h znd uhxch shou little seranbling with the tag drstrxhuted between the cxo-z-- -

. i*gddxt:on elxninatton aust 6ccur (Schenc I l)

_at 100 \ﬁl

“cs‘:ndo 06atC6exo.,06atC6endo OSatC--zr_tandOSatC—z-

: antx (‘ 0. 05)

‘dzrectlv by - the Eu(DPM)

ustage

-'before oxxdatzon (5. 9 as determxned bv m.s. ) and‘the
= froe the reductxon of the norcamphor (S

' an:lysxs)

jetat all positaons

[P . ) . i ) . o . -

thh Brown s reagent and the ketone was reduced uxth 11th1um alumxnum

~

endo-norborneol Eu(DPM)3 analysxs at mol = 0 6.

in CCl establxshed the folloutng deuterxun dtstrxbutlon 0 5 .

3 ® :
at C 1, 0. 5 at C-3-exo, 0(: at C-3-endo 0 S at C 4 0 3 at C S-exo 0.5 at

% - u

respectxvelv a total of S.- deuterxun atoms - per molecule.”

The label at C- 2. of the orxginal norborneol mxxture could hot be determxned

\ .

analy51s because it wzs lost durxng the oxxdatxon

Howe\er. a value of 0 7 deutertun atons ‘at C- 2 was obtaxned 1n-
4 .

ok

-derectly fron the dtfference in’ the deuterxun content of the norborneol

as deternined by E (DPH)3 integral

The deuterxun dxstrxbutzon 1n thxs partxally exchanged systen

,are exchxnged at the same rate in the unsubstxtuted norbornyl catzon at 250

'°\

'Th's contrasts uith the results obtaxned when norbcrn\l hydroxx catxons are ,

‘.‘-- : .

: generated The h)droxy-cations undergo 1nconplete and prefercntxnl exchange

b

; The teaperature is a crztical factor for perdeuteratxon At“-?B to ;

iOO', the addxt:on of deuterionrotic acxds o norbarnene yields exclus:vel\ i 

- .F

znd svn-.- pos!tzons(ls8 ‘593 b] In- order to accomplish perdeuteratxon.

“The high tenpcrature ‘

3

“‘«the re\ersible scquence leadin: to coupletc perdeuteration (Scheme I! 26"

;hl‘
. P

s

orborneol obtaxned

dcpending upon‘the 1nitial substrate --:: 3”‘ a‘;;‘elh:.;;j 

lShous that there is no preferential stte of exchnnge and that all hydrogcns .

“'facxlitates the ianrtnnt l.. and l 3 elilinationnreactxons. and establxshcs RENE
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s The preceedxng results 1nd1cate thac complete exchange should be b
: 2 N . S eI
possxble for any 5ystem that generates an unsubstxtuted -norbornyl catlon. o .

For exmnple. nortrxcycrane gi) and 2-subst1tuted norbornanes (e g ﬂ‘_i, *e: ' ;g 2

. X . I8

56 57 etc )- all of whxch produce a 2-nqrborny1 catzon, shnuld undexgo .__”;

perdeuteratzon under the react1on cond1t1ons descrabed hercln. The data f"'_j,“

- . . 7 -

for excﬁange of theSe substrates at ’50 :in 103 v/v CH3COOD 020 1s lxsted

= i . '. . PR PR . . -
4 M v e e . . . e.'.

qrablea Pt T e e e e
H . . . o - ot . * ’1,._\

.. . B . . - — - .-‘, . - . *

%f ‘ Entrles 1 _3 and 3 shou th;t 54 55 and 56 also tend to the\SQ?e* K f;':{ ¢;;
Lt < v i C .
‘ nxxturc of products as 15 obtaxned ?rom norbornenc. As shown by entrxes 1,7 - ?,fr.} ~

P - H

and 3 a hxgh dcgree (m90\) of 1sotopé 1ncorpo?at10n occurs 1n onlv one

cycle thh rcas¢nablc y1e1d5 (40 80%) of norbornc01, Entry 4 sho&s that- B ,}. ?if&ﬁ
= S ‘.-.'.5144 e

»3 cycles are requxrcd for-exchnnge >95-. ‘ '. ; j- o ST _~. S

a D L o
h) ~o o ~ . 5

[ . ‘_-.‘

Certaxnly, the hydrogenedeuterlum exchange occurs by protonatron-: T .,-_‘;T;

dcprotonaexon and/or add1t1on elxmlnatlon of acetxc aQ1d or water pathways ; - L
" . ‘ A R
1n conhxna:xon thh l 2 hagner-Meeruexn shzfts, 6,.155n5 3.. hydrogcn ' TR
2 S
[deuterxuu) shlfts nnd l..- and " 1 3 ol1nxnatzon of a. protoﬁ‘(deutcron) ' '

V. Solvolvsis of ‘ex0-2 -Phenvl endo=2- HYdrOIVﬂOrbOTﬂaﬂe R ;.‘f".ﬁ .”:'_ ';%

To extend the stud1es on. the h1gh temperature and dilute. acxd
exchangc coudtt;ons exo- -phenvl endo- -hydroxvnorbornane {59) has cxamlncd
' under \arxou1 react:on condzt:ons ,39 was chosen not only because zt was ¢ ' ,7_¢.

‘Tcadxly availeblc (nhenvl Grzgnard reaction on- norcamphor) but hecause 1t o ‘
l] had a C°“\¢ﬂlcﬂ! labcl {phenyl group) and it docs not ;enerate an hvdroxv-_5‘:‘i_L.j{ffl
B ;;tzon Hhich would lead io 1nconp!ete exchange via,conversxon to ;te?!e.:i,'.ﬁ_ﬁi.-”" "

5‘“k" 5°'Pounds.e Tablc 5 llsts the results of :hc studv. 3 }?'f': .f.xl_‘1;<_;{_5n
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| E radmal cxchangc md\uduction is poslible but it is not an attractwe

: H‘»

sinﬁc-e g 1 P anllysis showcd that

S

7

) E - . B g,A , - _fﬁ
.. ' ) - : . .“: 1Y, .- \ ' "' - -
o . . ) . ‘-- » Lo
L ¢ il E ; 83 .
» . - b - - ' *
v . . . \ ; ; '
he- 2 . t A - - -
\ S - B T '
S )
Ey

—... AR -- ‘\ .-

ln thia casc -phcny!norbomme (60) was isolated in lov )it‘ld-" e

(ll\}._la the ai?br product. Since tho reduct;on occurs‘:n both ac1d and L
P

wuer lkonc Qz-q}_ﬂes l and 3]. thc reducing spectes probnbly is thc norbor-- el B

/‘- 5 L .

n)l 3keleton through‘nn internolecular hydride transfer process( ) Thcrmal: -,lﬁj- 4

hoaolv :-. cle:nagc ef t‘u}‘ C—O bonon gi\.e g ben vl radu:al 6.»,, and subscqucnt

L . o
altemtive to a carboniun ion liechnmsa bccause (a) in order to explam o

,,1 I

the pcfdcutentlon. a rldicll pmcess vould requxre D-‘and -OD specxcs. uhxch

." tre unfavourable relatlve to D and OD lnd ﬂ!] 'ltﬂ""““f“ei“ -"Mft-" 3;- l _- N

md 6.'.’7'Hvdrogen sht fts ot' the norborny! skeloton nre lmmm to proceed via:

B

ur%o-mm ion not rndica! inteﬂediates._, ._ RE L

TI:e lou yicld ot‘ 0. is duc to pol)meri.ation via spccies such as: 61 S 3-"'\.."" R

-_. .
o DS

ainor reaction product and = /

ﬂmne \d\lch is sili!ar to 6! is lmown to undergo extcnsive pol)-men-ation

ln dilute .Ctd .t 130.(73) ' : '.A‘A . ’ : ( . ‘ . . . 7..-".“. ' ' .,‘_ . - .. -_. 0-, .._‘ ,"’l B
| A;dn, as in other norbornyl systus cntry 5 shows the gréat suscept- 'f‘-'-}j;_‘__"-'-“'
1b‘i lklty of thc norb?myl skelcton to undergo decouposition in strong acid . 'p

[ SRS B . ST L .
{',f‘r-. ntl r.. and -.s data are consistent with structure 60
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e

._.wosx 1on :s rcnuxi{ accessiblc bv n scrics of ndditinn clinxnatxon rcactzons R
s Pfuliy B

51n°rh°ﬂﬁfd‘°n° (64) uns s:udicd Conpicte pcrdcutcratxon of the' norbornvl"fl-i S

LI

”'qin co-binabion with a Kagncr-Hecruc1u sh:ft The rcsults of the studv are .51171;:{1f' ENRE

e

'skcl ton of thc corrcspondinﬁ.aicohol 65 nnd 66, vas cxpected ‘lﬂtc c\erv~“t;§

Jhmm n‘TﬂﬂcIO E;Fléﬁ;.}ﬁi?”  ﬁ;yﬁ{¢:ﬂif}j:”‘iVTI &{<7€ff: ﬁ'¢l¢r%f

: : T K SR oy
E N o R N
. . " ‘_-‘ o . : " R - ..‘. 2 R ".
_ e . : e - - " L ‘ ‘_’ _ ® R '.';'
‘ s'-.:c.‘:'as 'dij'lute _n-:-x a: ’nrh cﬂ“cr.nurcs v ,-‘.
~ ‘hﬁ‘ Sﬁoutr:}‘awnisx:& «houcd *hak.bo Lantazncd 3 80 D ;‘033/30‘Q~L1c b .
._- ;.g:r:-:c:s:;ng]o:"_ db o 1.11 f,pctl.cs bin,,:c n._ T. mlcsral ﬂnhl\fq' f': O-JD, - '- -
- l S P ¥ § . . ) e S o -/"*
Srwed’ that :IY tﬁc o kas ln thc norbornsl sLelclon and ﬁo! thr\arc:. ic R U
e : . o i et .. . “ , ¥ . -.. ) ,‘.’ . .
N r;:;,A92i'posx:rpns o“ lhc norhornxl slclcton ~as: haVc bcaw rca;hcd viato T o ‘
SRR ‘ ;o : , ARV R
Y r‘cw s auuxttun-¢!1~znatxon rcactxons xr c¢_b1nnt:on \:th (n) .2,and“ . AT
.!;ifti;:;nn:zons.;{S)f'?, 2. and 6.--hvdr1dc sh&f and (;) hagncr “cc*bcxn R
.. ! . “ ’ . - ’ “ ' ) l;‘-.
. oshafts, '}bs' Itncls thc cxuhnngc oggurs \xa clxnnnat:ons hhich v:cld phcnvl-'- -
- . . I, ; : . i . _- y L » ‘_. ‘ S _— _' . ‘ .
; na:borﬁcrc o. phcwr!nortrtCV¢lnré '.-_/ . _ﬁ;“ e T L . Ty ..
u crf:c}allv it appcars as in thc case\of _:d?ﬁih\fu q:xtu cd  ;-- <\;i‘
ﬁo‘“a'nc“rs and’. nor:rzn\claﬂcs coanketc cxchanzc of thc norbornvl skclcton . f!;’ S
an 33 i hrc\cntcd b\ the foraatlon of i’“#ink" corpOund 60 uh:ch :k :ncft SU
<t fur Hcr exchnngc. qfi,:' V_'f;Tf.;  7'_:}"'- 5{-1 -ﬁf;"1”‘1‘L“;.5.77.,r*;'. N
o ) . -‘. - L .‘-‘ .. o ..- R . . ,“ . ' . ,' .-.. ) . ) i 5 .
S S T -\
Regardlcss o‘ thc =o;e of exchangc nng rcduction- th:s 1n:crcat:ng R S
mrcaCtSOﬂ was: no; cxplored any furthfr hec:uSc of low \1clds._ ‘ f”‘.7‘::  T
s B . - I . el . . . . .. . N . .'x T - " * ’ .-" e
RS © Pvdrat*on of Ben.onorbornadlcnc at ’SO ST ¥ T S
.‘nb'-‘:‘ - ) l-. o e e o _.. ..’l S
As a. ;un!inuntion of the studxes on the hvdrnt:on of olcfnns at Og'gq;i}g IR

V . - o - T, o P
/V ”OAC " 0,(101 va DOAc D 0) as a routc to pcrdcutérxo-nnterxais bcn.e----."xf v
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- vns thcn dxstiiled ot‘f ﬁndcr[\'acm and rccovcred for use m the ﬁrst cycle ,

b

order to a\oid dilutzon of the deutcnun pool b\ thc amnb protons-. Thc D 0 :

. e

of subscqucnt exdungcs._ Tﬂe nnino exchangcd mlltne hydmchloride ("0 g)

v

vas ﬂxssolved m fresh deyti:r;u:n'oxidc (60 ul, -.6 M} a.nd scared m q

e V-

¢ T‘zc mbc \-'as hcntcd at "’50 in.a --liter Parr Pressurc Appara{us contmmng

S

- 'u ov to equalx.e thc mtcrndl prcssure. ‘ After 4& h the 020 :md tx‘aces of‘

-

phenol ucrc dxstitled pff under vacuu.n to leave a yellouish solid (16 4 g,

A

"f Sﬁji.: ..\_.n r. integtal analysxs of nn aliquot establxshcd the follov.ing

.'.:" f S :
- 50114 Thi: wlid was dusolved in H 40 and then basxfxcd \uth conccn:rated o

v ‘um and cxtracted \rith cther.. Thié ether extract was uashed \uth 10‘. HCI...,
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vith 97‘\ cxchange (-entry ID)

deutcrxun d;stnbuticm l 7S 1 §5 nnd 0 85 at the ortho--. ::.cta- nnd Eara- .

posxnons rcspcc'avcl\ (83% ethange] Thc crude amlme hsdrochlorxdc

“6 " E} \"-" h““d at 250 \dth another fresh bntch of D 0 (60 nl) Af:er

‘.‘-'..,l .

- 50, h ‘thc DZO uas agnin mclaiﬂed by xncuun distillation jo leave a ycllowzs!h
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centnted ‘iaal md uxtrnc:ed with ather." The ether extract wﬁ ua.shetf \.uth
uter :md dried After —::*oval of s-olvem: vacuun di’st;llatzoﬁ yieldcd
‘"‘““C d (10 5 g, ?"‘- owrall yicld a!‘ter tvo cycles. b, P 43 4 (‘h‘.\ Hg))
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Uith this ncw proctdurc. it is nou a siuple aatter to prep:n'e

L -__' R
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Il'hereas ba.se cnulysis of aronatic mines leads to exchange at nll

positions of the ring, lcid catulys’is leads to exchange prcdoninantl)’ 1“ the ‘

. e
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. Lot I L o . . .

glass tubc nftcr bcing degassed three tims via free.e-pm:p th.w cycles : DR

The squeous llCl phase, conuining' =khe anili'nim salt.wa! baSIfiﬂd ‘“tf‘ °°“"' Q .

L mmne z 3 4 s 6- d (_) or’ milinc-s s d U”) as their nmlinxun sans -‘_ LaL T
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“'Ring substxtuted anzlintun salts are very uscful orgnn;c starbing
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becausc the aﬂino group can bc dxm-oti ed nnd the rcsultnnt dxu-onlum salt
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:« An additfonal advantager ot‘ the high teq:e?rature exchang,e cond;txons s

13 that cert:un aronatic nine hvdrochlorides and polynuclear aroaatxc nxnes

e la

cm renhhr be converted to deuterated phenols. For exnple at suffxcxently R

-

hxgh tcnperatures *say 2?5 300 it should he possxbto to: comert the o n-or E‘

toluxdxne hvdrochlorides to thc correspondmg conpletelv deu;{rated (aronatic :

pmtons) cresols!

,,. . S ‘- E | B

Hec.h:msa ot' Exeh:mg_

Ingold et xl.( 5) hch shovn that hydrogen isotope exch.mge betueen -‘_' .
.. ’ .
ac:ds (in the generalx ed sense of proton ‘or deuteron donors) and the aro- E

o natxc nucleus of ben ene deriuti.‘.es shmt all the chnractensucs of an J

.

‘ ordmarv amatzc electmphilic sub:tit'ution "ce,ss it 15 facilitated or'

»

retarded and theret'oro orxented 1tf-§ust th u’ay as. are other tvpxcal s __

electrophihc armtic substitutions suth l‘ tratiou. In the reaction

bet\reen mlline hydrochloride and heavy water. the interactmg specxes cm -

-

‘ '(vplmszbly be usmed to be the milino lolecule md the deuteroxoniun ion. ‘

The nedunin ot‘ exclun;e ‘is illustrated in Scheoe l! 31. Acid—- -

eauly.ed exchonge vh the aniliniun ion is energeticall\' unfavourableb S
- -9 ‘ .._.‘ .':_4-'-:'
(relltivo to exchange vla the free nine) and cou!oobie charge xnteractions

~
-

- ‘P!'edict ‘that udunge should occur futest for the aeta-positxon thm
. o ', T :
the .ortho ortho- and mra-msitions, contran‘ to our resu*li'.s Thc fact

L}

j-ﬁut lcid cluly:ed mcleophzllc subs:itution doos not coopete ul‘th exehange
,-'_-'up 'to 250- indicatos t)ut it‘ oxdunge occurs vta the freo nino deprotonatton ' \
mt cotpete with. att!,ck by DZO on x ) - ' T “ ' T ey
. On the basis of "0 rato eorrehtions it has been suuested that .' ,____,

5 exchange proceeds by tho rapid reversible fomtion of & D -armtic v

: _' For tge sake of | brovl_ty.__the deuteroxoniul Wﬂv Dso ““1 be represented
LAt T o W T TR
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‘c‘tflcx {L JQ? C l uhxch thcn uwdcrgocs a slowcr 1sonerx.atldn to a K i?ﬂ‘.' E :
IRURAPER .,(1rs) o § O v
';}cl~d‘j:‘ *Hohn in \chc:c II “ !n vlcu of the uncerta:ntxcs ‘that 7 ‘
: - St : : _ . o .
Attt cnd the use, 'o:' thc Ho "'unétion"‘this c\.'.idc'nct' must. bc‘. cons’idtrc’d.ns t.'c'n}. LT
- . ~ ! H .. \ . L : PR .

'a.dff-n fagt, 1t Has bccn chowﬂ ;h:t su;h 2 -cchan157 is not-applxcable to’ S
R ' Tt e . 65) ¢ ' — 0t N R S
i3 etrin ctﬁo&xbcn,cnc( ‘4f and n-ulcﬂcpl" ). Thesc authurs xound tha' e e el

e . : Lo e

:a“-a t1d H\&rcpcn cxchangc ‘was 5ub3rct to gcnera! ac:d catalvs:s. ln agrcd- . 1-218-;' )

- B4 PR -

zent w;:h the s:».lc ncchnnxsn of Schcﬁc 1-3, nnq‘1n-hxsagr;ﬂnqnt7w1th.any

e ) . e s ~.h."‘__-'-'- i . ) ' o .

~zechaniss 1nv§1yin; a rate-limiting interconversion of idomeric ~and. o . g
. C . oo . v b ; : L

.o e S IR P
F . . . ) . B \ B . _V ) = . - N .
“Ornie” drnwback of ﬂllll‘lng hxgh tc*pc urcs-for'thc.convlc!t pch
wdcutcratxo of :nxlxnc is thc conpeting sidc rcact1on ot %oI\olv51s sh:ch O
' ."" Lt v s
]c3h$ :o tHr 1:rcvcrsiblc ‘or:atzon of phcnol (Schc:c II 3!). ‘Houever. if K
:hc xr—*cns urc is cht at 1‘SO' br slxgh:ly lowcr. thc cosncttug sol\olqus
1. * - : k"
 grcact:on is \cr\ nxnor (ca 4& :n SJ h.;t ﬂ50 ), Thi< typc nf c%ggj}angci R
‘loss o‘ yh/;r:te 15 not uncoanon and also occurs dur;ng basc catalv:dd L
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| Since the rate sig extent of exthange is 2 {unction of°:c1d1ty SRR B
”7f}.nd gegpcr;:ure, tﬂe co-plete perdeuteration (e\en neta—posntions) of , o T

Aanxlinc could be attenpted by using a -ore acidic reaction nedxun and a f e

3

;lf“loner tg-peragure. Hovever,‘with increased acxditles the equilxbrxun

nﬂ'descrzbed 1n Equation II-J shtfts -ore to the anllxntun spec:es and since S
W T ] B S T - _
“:e:ch:nge bccurs via the free aaine there is 2 liliting eficct of | xncrensing DU S

aci :&y f—*order to 1ncrease the rate and extent of exchange ' That-is.:

-

| [__ﬂJ]"r |

.y

1n the liniting case of high ncidities._the rate of exchange will becone

.zndependent o[ solvent aciditv and fﬁrthc; lncreases in the acid strcngth ."  ;.jrx

5 :
uxll in fnct decrease tha rate of exchange because of thc low’ cTncentratxon '

»

-of free'aline Thus exchamze 13 fhcilitated under 1he con&itions of ﬁigh

'
AL ' L.

tehpcraturu and dilute acid. _,::‘ .  -' i -:' jﬁ-;-fﬁffl ; R R
l ‘ o ' L
llnckborou lnd }idd(166) have shoun thnt a let}oxy and a dincthyl ' )

-

‘: 5subst1tuted n;inothylaniliniun ion, ?Sa and 75b respectivel). undergo ex- .{;:‘-' ’
change, in 95\ D 250, It SS' via the nniliniuu lon and not the free. ; |
o PR

nnxnc.' Thus. cxchxnge cnn occur vtl the an!liniul 1on in approprintely Sub- ;?;-}_FJ
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S Phcnal (’6) should :Isn Jﬁdc?gu cxchanhc undcr thc HTDA condl*xons.-

E '“a... lxlc tﬁc *Hw group. -(Nk %hould st*ongl\ :cyc!cratc dcu;cratlon éf Coe

s S -‘ ~ ‘- L -

R STS bcn:cng :xng;' Iab!c 12 gl\cs thc rcsul,s of our-stgd).f'

.

SRR || B "
LN " .‘“. ' )
. ' R 76
RN S
- £nlr1cs 3 and 4 show that tcupcraturcs ;700"drc ?cq@ﬁréd to - ;.t»'_'h;#< :

o

"JCllltu c thc cxchangc of all f:\c aronat:c protons Entrv sthdus tbat'
cxcw a:'-eo aqurous acct:c ac;u xs ‘not suffzcxcntl\ ac,d:c to fausc cx- S

‘ghangc of thc B- posxt:on (Fig 9 A?pcndxx D) A strongcr acxd su;h as.

' !L' 4

R l -is rtquxrcd (cntry ”) for total equ:lxbratxon For largc scalc pre- :*\:if.j
[ﬁara:lons.,:hc fxrst cvclc woula be cnrrxed.cnt in Hul D,Q uh;lc 1n sub- -
5chcnt c)gles DCI D O unuld bc uscd -0 cnsurc naxi:un isotopc 1ncornoration

AT To our lnouledgc. thxs xs thc first case of conplc:c prrdcutcration 'i

- - = .

o‘ phcnol via’ aczd catalysis Phcnol--.4.6 d and phcnol-é,é 4 5 6-d.- are 'v'ﬁ

P'cﬂarcd con\cntionallv by b:se-cataly ed pxch:nge usxng \aOD D 0 at 100‘ “t*L,-K 

_-03(16~b .rcspect1Vcly ?erdcutcrazcd phenol . . T

has also. bccn prepared by conwcrting bcn'enc -dg to anxlanc dsx\vhxch ‘.-'.--

-

for 96 htls?i) and L \D

-

¢

turn is din.oti.ed and hydrol\.cd to phcnolflﬁs) HO*CVCt. nlthough thc 2
. '

- “OSItlons wcrq fully dcuterntod thc 0- and B;pos:txons contaxncd onlv 19\'=
dcutcriua Clear}y. heattng phcnol in I 4\ /v HCI D 0 nt ’50 or anllxncl-.} -

hYdrochloride in D. 0 at ’75- 00' is a noro COHVcnlcnt and econnmxcnl onc--

“The ;phenol obtained . froa entry- 7 of'Tablc 11%f the prevxous scctxon con . ';'1 €."7'
 tained 4.5 deuteriua atows (90V exchange). after the hydro:y hrdrosen had

becn back cxchlnged. . J T P "zf_fj - '_._pa?
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st;g. -ethod of ynthesi.ing perdcuterated phmol

| ' -ls usuxl the great dxfferences in tha rcactivities of ihe ;ronati';
- rmclcus can be used for the preparati:;ﬁ of‘specifically labelled specxes Bf : .
1, controllxng ei:hcr thc lctdxty. the tuperafure or both of thcn, spec,xfxcallv -

'_'=~ or o- and p_-labelled phenol Cln be obuined (Scheaes II 33 aﬂd 34)

" f'-.. “ ) ‘ ) ;' ‘, .
" o sbm - 33 |

> i war bjo.
<M <

. | Tarse 3 ‘
] ' - ] ..,
" SQHEME 11-34 S

D 1vmc1-u0
. . - '

s oo 0
‘-. ‘175. - l_ (,'. .
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Thc rcad\ asaxlabxl;tv of spcc:fxcmilx dcutcrztcd phcnols maies thcm" ' S
. w B ) . . . . o
‘: 3v:;cu1arl\ uscful in thc scarch for routcs_to conpoands that are morc
: .
-d 'fxcul to obt1:n._ For cxanplc thc lnuchSCJ ox;d:-abxlx.v of phcnols

.

3’;*,.c- o'hcr aronatxc co~pounds h1s brcn ut:l:.ed to dc\clop a \cr\ con\cnlcnt‘

‘.fcp r* yon of thc nonomct‘\l ester of --c1rb01\ c:s c:s-aucen1tc { 8]

. dcu'crn cd in. !hc ﬂOﬂxtion <houn bv oxldatlon of thc corrcsnondlngI\ “]ﬂ'- L

i deaterated \an.llxn' ’0)(169] ;*i*f"f_ :f;‘f

v

S
Thcrc hns bcon cons:d¢r1ble 1ntcrcst in thc b:oswnthc«:s of counrcx -

ﬁ‘phcnolic ca:pounds._cspcc:alls phcnolxc alknloxdstl 0), qutc ofrtn xt has

* o . o-‘ I

o ,\cew rcccssnr\ to svn:hcsx.e radxo labcllcd phenols for tcst:ng as ﬁrccursors

. ‘t., -
'cf thr naturnl subs:ances To coaplxncnt basc catal»-cd cxchangc[;*l 1801

: ‘it scens that exchange of thc phcnoli; prccursors in ac:dzc trxtxatcd water.

. f"
e should prosldc a convcnxent and 1ncxpen51Vc Iabcllzng proccdurc--cswecxali)
‘; 1!on 2 preparatlvc scalc ' Low teuperaturc acid condxtxons (4 1 \ TCI at 100‘)

-

(--l)

ha\c bccn uscd successfb!lv to counlctcly trx;:atc thc aromatxc r;ng of 3 4-. ;}gh

’

dxhsdrog)ﬁhcnylnlantnc (80) Undcr s:nil:r condztxons tyrosinc (81) whxch

is lcss.acti\ated tbuards elcctrophilic sqhstxtutxon oﬂly cxchangcs thc  3*7
3 S posxtxons Thus h:gh tc:perature dxlutc acid coudxtxons could bo anAL‘f.‘"
51 cffcctIVc ncthod of coaplctelv tritiatdng or dcutcratxng the aromatxc rxng

of phenolxc co:pounds cspcc1nlly if the aronatic r:ng is. not strongly actx-_  _ ff?t“

~
..

»:tcd touards clectrophilic nronatjc substitution (c g.. §_ 82._301

e Phcnyl rnng of Phenrlnlanxno (8’) and 81 both of which OCCur 1n polypcpt:dcs _
T Tcan possibly bc deutcriua or tritiun labclled in thc polypcptidc chn;n ‘

Th“ l‘bclllns &; po:entinlly very uscful in n n.r. studics becausc thc R
"-ﬂ r spectra of prOteins can bc siuplified by dcutcratzng e

: : Ca e " . _
. Undcr less vxgorous cond‘tions. CFJCOOD 020 at’ 25" 81 docs not undcrgo aﬂY
T exchange(173) DL R o | L -




» v - '.' \. A o
Ll st o , - L
- ,;' ~ . ) ' - -t .
- " B il N ‘r
v . . o
Lo ) Coa
! : e L 108 ..
’ - h ‘.._ - .
. R .ot . N .
L] - " .. "
. N . - | . .
< < : ; .
. " - R -
- ) .. . .
ol . e
. " T N
L ] . . .
! N ’ ) Lt
. ]
' B '
-
. -
=
hd .
s
]
4!“:_'-u““'.' T T e R T 2 j...;-‘.';}-

oL R
- .

" sonc aa:no acids i order. o rcaovc sone of thc aan\ao»crlaﬂp:ng sxgnnls
. o

An additxonal ad\antngc of the HTDA proccdure is thp lxkclxhood of

prcwarxng 1“10 labcllcd phcno!s since. ‘as’ in: thb anll:nv h)drochlorxdc case..J'} o
g L .
-‘.substxtutxon probabl\ occurs in this casc ns uoll.‘ u_ﬂ;~

"Ucchanxea pf Fxchangp Tf: _flf;f:‘l';';1fk;¢,¢“7u5_”ﬂf',z'; i' S .J ,fa3

Although :he phcnyr proxons éf phcnol nrc 11kcly cxchangcd \13 an }L.1_:{ g%;.:t

':;clectrophilic aro:ntic substituf:cn scqpence (Schcﬂe 1- 3)' thc naturc °f ~,_',¥'}L: ifi

"a'ih:.cxchnngnng spccies Lﬁ unclcar Exchange could occur v:a ﬁhq conjugate s.”;_ ;';;j'

";ac:d thc frce phcnol andlor thc phcnoxxdc ion. é_ B nnd G rcspcctivcly, ‘f;

;fﬂas shown in Schcnc Il 35 Fxchangc v:n the con;ugate acid 15 unfavournblu ;1.,,~

._. . . S R T

:::tbtcausc of coulaabic interaction zn tho-intorncdiatc (QJ. lﬂ “thh case . ‘f3‘:“'V'

N cxchangc nt :hc l-position should occurdgpat rcadily. contrary to fact ;.17fanfbl}'fﬁ .

ca . ._;'

LlCh&nxc V\a the phcnoxido ion, contnining the strongly clectron donat:ng

: “'-o grqup shhuld bc nost facile (couparc D E nnd F in Schcne 11- 35)

r

"‘ :"°“°V¢r in thc pruscncc of dilutu acid thc conccntration of C would bo

LR o
v ‘_\\_).-;- - ¢ -
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x‘”-5° 10“ that cxchange should bccur via. thr frcc phcnai although some cxchangciv;j

- could occur via thc phcnoxidc ion This lnttcr supposjtxon is supportcd by

P

"thc fact 'hnt acid catnly cd dcutcrlun exchanzc of . frcc phcnols is gcncrallv f’*” ERERR

d (174) The-ethcrcprcsumably cx-iz‘

;.fnstcr than :hat ‘of thc correspondlng cthers

. fchnngcs slower than thc-phcnol bccausc the cthcr can’ not {brn a: phcnuxxdc ion, 
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RIS Bcﬁ;Cnc Biphcnv! nrato; And S-Ivlcnc.

: To contlnuc thc HTDA cxchnngc studxcs

:  tth.JP1iInE nnd nhcnol ucrc txaalncd Thc rcsultq o{ thc cxchawgc of

"bcﬁ ene JS%), bxnhcn)l (SJ) and o- znd :-xylcnc (86 and 3 ) are. suzmariz cd

Qqn tnble_la.‘

.“ '
. -84 - .,
VU —
. . . .
..." .

o of produats (1 c.. stnrting natcrzaLJ and xn part1cular
[1 5}

Iﬂo‘tfi‘htibn of tbc xvlencs o

oty

Cantrol cxpcrxncnts in undcutcratcd

Auncdln sho«cd thnt both 0= nnd - xylene wcrc stablc 1n aqucous acxd at 250‘

“”fthat xs._xsé:cri-atron dxd .not occur. klthough thc :crénzzpn t:nes of :hc

B n- nnd n-x\lcnc ucrcidcntical and shorter thaq o* xylcne on a 10 ft x 1/8 in _~°”

"3.‘51 Sh 30 coluzn at 100 C thc idcntxficatxon of produtts was acconpllshcd '

'fb}f};r (flngcrprint rogzon) and n:n. r._spc:troscopV'r‘tl
A!though aqueous ncetic acid is sufficxontly acxdxc to cffcct slou o

‘omchange :n dialkyi substituted bcn:encs (cntry ll) bcn'cnc and biphcnyl

I L
_rnquxrc xncrcased ncidi:ics (cn:rjes l and 5). Entriesv-. a.‘4 6 7, 8 12:_;! 3

.o

‘13 and 14 show thnt a tcnpera&ure of ”SO\C is rcquircd to facxlitatc cxchangc;-

~ -

o Entrics 2 6 9 and 12 shou that at ’50 C one czcle rcsults in complttc
-Cqui!xbratxon nnd nnxi:un cxchnggc as chtatcd br‘tﬂe deuter!un pool

-;j;ﬁ and IO shou that tVO cycles on!z, using DC! 1n the-sccond cycle, are .

.;YCQUired to accouplfsh at lenst 98% cxchanze in 95 100\ )iold

SO e T e T T A e
Y ST P NEEE -""'k;' CNE N T
. . e . e L. LI [ t. g Lo . . . . S ‘ e
LR I SRR SRR SO

Entr:cs 12

.. . .',-

 ;aT-;fol'i?_; -'[,'15‘»31:';"j‘1;o-{u

_aronatlc nuclcx lcss rcactxxe C

R r 9 B n.r; nnd g 1. p c. data was used.to estnblish thc pur;ty and 1dcntxt\ '

Entr1es o

L

to chcck for thc. :' S .
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(F:g. lS Appendix D) and ll (Fiz 14 Appendix D) show that by cohtrollzng R
_; the tenperature it s, possible to nchieve specxfie deuteratmn °fﬁ;he ; , o
| sresatic ““C‘“"'- e e T T
: " In 3 tYpical experiuent I nixtuse.of o- sylene (23 'y entry L _ e

.'IO)I’nd-;‘ V!v cone: DCl D. 0 (70 ﬂl] was sealed in each of two xlnss tubes ;ﬁllfll

“-(IO in.x 2 in 0 D. ) aftcr being degassed three tines via free.e punp thaw ;;??;:': o

ff'cvcles The tubes were heixed at. ’50 xn a 2 litre Parr Pressure Apparatus < 1~$J':.

- ‘

Y -
2.
I

;:}tdel 4914 contninxng H 0 dﬁd o- xylene to equalize thv internal pressure :

.::r-!

ilfA‘tcr 4‘ h: the clear colourless o xvleno (46 g) layers were drawn off
| '?uith the aid of a. scparatory funnel The clear DZO DCl soluti4\\wns re:ninedifgiﬁ.f;
 :for the ﬁgrst c?cle of a subsequent exchange The o- xylene obtgéncd ‘from _f,F‘*

;':thxs second évcle. contnined 3 9 deateriun atous in the zronatic nucleus ;yfﬂ ;

and- 0 l deuter:u- atoas in- the nethyl groups as establxshed by n.&.T. and B j';u -

"uss Schttoactric mnlyses g .' ,\ o : . S '-.4‘ e U

e e o ;'*f-;;f-)
The grent utility of the HTDA nethod is its adaptabilxty to large S

'lscale PfcplrationS. resulting in selectiVe deuteration of the aromatxc ;,l-”-f

° 7

. nucleus with excellent isotopic incorporation and essentially quanti:atxve

P

-

‘,:ﬁyzelds. An ndded atttaction is the "work-UP" °f ‘h° '°’°‘1°“ “i’t“r° R SR

‘jArooatzc hydro;arbqns insolubie in aqueOus HCl[DCl].-‘such as 54 56 aﬂd ~‘i*f§;,¢.-
o B U
- 85, can be 1solated‘nent uith only the use of ‘a separatory funnel.;: o sol\ents SN
';ftc-. are neededl This is not the -case for vnter solunble substrates such‘_fwr'fy o

~

Ina’ tri:l lnrgc scale renction of henting the o-xylene and 4% v/v DCL- qu‘ ,
'directly in the 2-1litre bomb fitted with a glass liner, thé resultantio- "/
" xylene and aqueous layers’ were yeliowish because, the steel bomb. was reactzve U
'to HCl. Llarge scale (>50 g), reactions shculd be carried out, dxrectlv ina e
* Hastelloy B bomd. which is .inert’ to HCl or. as. hai been described in largc R
“.soaled glass tubcs._.;‘v‘ég; R L S ’:‘ e

. e
Experioen:s ;arried out in aqueous acetic acid were. uorked-up by neutrall.a- AR
tion. and extraction because of: the increased solubility of tho organic sub- ?_y‘- \

str:te dn. the aqueous phnse.:,h'c ol S e

»




'-;'1sola:ed dxrectly by suction filtratzon.

.. ”tion, it night be expected that so-e side reactions tould OCCur undcr our ex-_f-_?;f";

"-:baszcit)

"'zcarbon Seess unfa\ourable. rolative ® protonntion' of a hvdrogen T

114

'f';'

as :niline hydfodhlbrfde ‘ Katcr 1nsoluble solids. such as BS caﬁ_he.

‘9 _ : _
Since electrophilic hydrogen gsotope exchange rcactions occur via

(72)

' arcnoniun (or bcn.oniul) ion intcr!ediates ..vnhich are also interned:atcs 17"'f"-A

in' a uxdc varietv of‘electrophilio substxtution'reactﬁons and nahv acz&-

-

.f:=cata!y.ed rcactxors such"as isoneri.ltlon. tr:nsalkylataon and dealkyla-‘

hange conditions. For instance..xn highly ac:dic ncdia such as HF SbFS or e

..\

'-‘IE . BFS' the cations derzmed_fron o- nnd EfxvleneJLsonerx-e to the pore h:ghly
Q-f.

E'Qstabxlx'cd tation darived fron q-xvlene (Schcne I] 36A) . These 130&:&-- ':
  1:at1ons procced bv successive lnttano!ecular l.--hyd¥°8°“ and 1,--aethyl
l ?‘shifts. vxth the nethyl shifts ns thc ratc-deteraining sxep. as: dopicted _f1f }:;‘§1 ;;gf

for. 86 in Schenc i!~368 lnltial rapid reversible protoﬂation at’ the 3 |

.flﬂi curbon.bearing the -cthyl substituent folldﬁed by acthyl n)gratxon. N
and subsequent 1oss- of a proton has alsq been pos:ula:ed“’s) {1rhef-*
: _:atroduetion of a -ethyl t%up at the rﬁactive site dccreascs j;tiha o

3,

¢ ‘) : thus 1n¢ti:1: protonntion of :he nethvl substi;utcd‘

] L . 5
. .- . e,

: S A SRR N N ST
;_substxtuted c:rbon. FOrtunntely, .\14;»' AT R ' SO T

b




SCUEME 11-36B

. fast =
CH

L] ' L oe e

‘ -‘no_s,fdc_;rnc:ians such as isoncn-ation or sol\olysxs ns m tﬁc c:nsc of

‘aniline. [hﬁ-’drOt.hlotldt) accur undcr the prcscnbcd fTDA cxchanhe cond:txons

This }csnlt's'-i.: essentiallv quanutathc vxclds bf dcuterntcd star:mg

) m:crul.:

w1

: For a. i\en acidi:\' t.hc ratc of and hcnce cxtcnt- of. cxchangc dcpcnds,. .

upon 'u.l mcrc sc§ \uth mcrcasing bas:clt\ af thc substr.ue For arcncs

" the bas:‘cj.xl_v 19 exprcsscd in tems oi’ thc total basicit} COn“""“ K'B- as

'..t‘ec'!'i‘.n_cd by i:q.;mtions IL-S .'md 6

- vhere Ky = basicity constant

. s " .

Ar . ;"u»,-—_—,_-"—_.*'m‘\-r":';i---_. L O * L)

B “{11-6)

"




.-:._‘ - ‘v‘ ) ‘ ,‘:‘ . -
’ B ’ ) . FREEN | ) : . .
- ] . ". \ - : 116 R )
St 4
n, . -7ﬁolnlitv of thc 1rchdniu='ion o !
< Ar o K
‘Ta*," . aolalatv of thc ncid nn:on C S
:"A;T'a' no!alit\ of the unprotonated arcnc ‘-? o ; o
' £  . activntics o o o, _
. - wn . . . - R » -

Our results. in con;unction w:th K o;*pt \alucs. can be used to prc- ‘

j/;;_l/ ' hcr an arcnc vill undcrgo cxchangc in nt \/v MC} D O 12-250 ancc'

B :}hc‘unSubs :tuted arvnc.,bcn:cnc. with a p[ \aluc of 9 -2 undcrgocs comp]c:c )

- '

o ft:cﬁiﬁgf az ;n C xn 4\ v/\ rKIl D 0 any othcr nrcnc whxch :s as bnsxc or ndre

w:‘;“aszs ;han bcﬁ ene ‘i ., pL ‘ ’) should 31%0 undcrbo xchange Th1< --,;;i

:.and anthr:ccnc {96). ncthvlbcn-enes such as tolucne (88), p- xvlcne (391. durcnc ;5

"arc~cs such as tr:phcnv!cnc (9’], naphtha!cnc (93). chrvscnc (94). p\rcnc (9:}

]

i':ndccd was found to bc true with bi?hcnvl o- ard B- x}lcno whxch ha\c p&a

\alues of 5. a. S 3 and 3 .2, rcspcct;\clv | Ccrtainls unsubstxtu:ed polvnaclcar

- ’90) and :sodureno [91) and ncthyl substxtutcd polynuclcar arcncs sueh as L#f”: :~h':‘

LN

'l.cthviﬁarthalcne (97}, Z-ncthy!nnpthalcne (98). --nbthVIanthracenc (QS) and

.*,9-nc:hvlanthraccnc { ). all of vhxch arc norc bas:c than bcn-cne (1 .C.

' fP1 ralucs <.9 ") (Table ld),'uill also undcrgo coaplcte-cxchangc of thc

: :‘erBJtlc nucleus ln 4\ va HCI D 0 at. SO'C Since ethyl 1soprop\1 t- bu:yl ;: -

estab]:shed espcciably as applicd 'to arencs. ,'J

,;roups have thc sanc stabll: ing offcct as. thc ac;hvl grOUﬂ. thts exChansc f',i“' »

n:!hod~€un equallv we!l be applicd to thcse alkvlben.cncs.r Clcarlv thc .

'.gcncr:l:tv of thc high tcnpcraturc dilutc acid cxchansc ﬂc‘“°d has bccn "°11 ~%;i"‘

The reactiwitics of arcnes to acxds can be prcdictcd thcoreticall)

e 15)"
-G‘Oﬂ sluple Huckel or SCF calculations of localx.atlon cncrglcs( L Thcsc:

Studacs hn\e shown %hat exchange. a!so occurs in an arene su:h as bcn-oic Co

"-l:acid vhlch is 1ess b-sic than ben°ene (1 e., pKB >'9, .) .; -;1: B :‘?

ELETRIN '
I L, . L . P R X A \ . KIS
O.: . . . . - P . . - . . . “‘ ., - . S







e Bcn:.cric (84) ST C 9:2-

S 118

P ) .. o .‘. . B o an ' N _._-.1.._"“‘_ Y .
_ Table 44, _BaSicit) Constants( ? of bonc Arcncs -"‘H;E;JE“”’g'

Compound T opkco L e

Tolucne (55) | '1 : - '.111-.._‘,-f' 6.3
p I\lcnc (ﬂ'.)) g ~ L5, o
'_Du_rcac [ T & EET
:'.I.!lu‘ddtj_!'f:.";t.c- [-?-D . _‘ -0] : _‘ - - .' . ‘ .
 Triphenylene (92) f . .i“f . 4&67_
:.S§pﬁtﬁal;né:(9;3“1_ S :’:”','3;;5;0'-‘1_ % e ;f o
Chmcnc o o e T e T |
N LT T .
Pyrcnc (95) - R T 2 o

A‘xlthra;cnc-(?_f’ij_“_l"."- IR -

1- Mezhvn;nh:ha:cnc (9-5, R ;,4 e
-Hcthynaph.halcnc (93)',  A I

.--Mc!hxlanthragcwc [99) "j Lo fﬁfﬂfﬁﬁ?f

9 Hcthvlanthraccne (100) B T A O

K
Y




voand alzu:c_ac:4 condf?‘

" electrophilie arﬂzgixé_suhstttutxon;was cX

‘.:ncco.c-cd sxrlds of ben'oic acld vere' >95\

e

--\-4—r:xca‘ Lalculatxon “in add1t:on to cxpcrxrcntallx dqtcrn:ncd LB vhlucst

tan hc ascd to: “:vutc' whc~hcr acxd uatal\-cd cxchangc (dcutcrxuz or trxtxun)

..‘.
» A

of :hc.nrana:lc ‘nucleus is fcas:blc.
. - . 1t
.. '. ‘ . ) L 7._‘- ‘
T—‘ : . . . l"_. _" . ,
I\Z“ Eenzoic Ag:d cn T oo
pensoir A2

——— ‘ . o . . . ‘ -

In ;\Be: to cstnbl:sh the uonplcte—gcncralx:\ of thc hlgh tcnveraturc

bcn-oxc acid (101) uh:ch 13 dcactx\atcd tosards

'f'ed‘h_Thc rcsults of thc stud\ -A:

‘”;rc:tnhulq:éd'in Tab}é_}$.3

I;biélls.}-ﬁichapgé";n Benzoic Atid:in?4¥~#ﬁvsﬂcfgnso -
 ﬂ$fEk¢han§p,'
{Aromatic)

: meiubﬁf‘
Temp. ("C) " Time (h),

-.ﬂnknoicégiémn -

KX

.‘L25°f.<?f‘: 6 ’f3.4_f.‘:.“) ”f”:\,;7:  S

o T ;e s   4,i‘  '. B X

‘ A TR ' Lo e e
!c.crz;ncd b\ n.a. T. integra! analvs;s. using thc 0 H as an 1nt¢;nnl;s;qndard.

»

¢

N . SR - ' L ‘ ‘:..._;’

»\s usunl be"{:oic ncid nnd n v/v ll’:l D 0 wcrc dcgnsscd and hca‘tcd m o

 ‘!  sca!ed glnss tube in thu aarr Pressure Appnratus (fftcr the approprxatc

react:on tiue and coollng, thc uhitc crystalline solid was coll:ctcd b)

' P R ST n e . Lo e, B L
PR L. Y X . et . 4“ r
s . . I R .




- suction filtrstion and dissolved in bsse. The acid was; precipitated by the v

'
v

:;sddition of dilute ecid and the n.: r. ketegrsl snalysis was carried out .
.P—'.E j. . .

v
P
Ll'

-‘;u51ng the O-H as an internal stlndard L ;‘:1 o ;':" o

These results (entries 1, 2 and 3] show that conditions of high* l”

telperature (2s0- 200 ] and dilute acxd can be used succesefuily to coupletely '
. G -~
'.:dcuterste or tritiate dcecti\ated nroustic nuclei and iliustrate the great

.Ullllty and generaiity of this aethod It is not necessarv to give an end-

-

1less list of the effect of substituents on acid cataly-ed deuteriun exchnnge

fd'but only to nention that exchenge should occur in sronatic nuciei conta:ning

0

iuany coebinztion of (ectivnting and deactivatinx) substituents described herein;f 'd
:.fﬁf. gxridt :T‘ : i‘:f';Ji s‘f~:,ﬂ ‘.‘i.p? .'“;A.TrJH' E'i".};‘ '; b ;'ziq*:“r
B In order to explnd the HTDA exchsnge conditions to heterocvclics. IR

pyridine (10’] wss exanined under various reection conditions The results .

'of the studv are su:nsri-ed in Table !6

mz
lhen pyridine end 4\ vlv HCI D 0 (degassed) were bcatcd at. 250 :for" | |
.48 h ina sea!ed tube a biacL reaction nixturo~was obtnined (entry 1); Af:??:;:{f
:‘:'Ork-up, g.1 p c.. anaiysis established that the ether extrsct contained'z:; '
P)fridine (9511 snd threc unidentlfied prodncts (5\) Pteparative g l.p c. .
‘ using a IS\ Carbousx coluln established that the 1;01.b10 yield of pyridine i
Hass spectrnl analysis shoved thst the pyridine contained 4. 25 '

Reletive percentege.-‘;5;”-gQ;ii7f_i"i; ‘nnag‘..?,

Lot



L standard

:c ‘crxun aroms pcr aolcnurc nnd cstabl:shcd that 34\ cxchangc h1d occurrcd

'7;" anc cvclc. S,p;rl xn:cgral analysts esnaht:shcd thnt thc... 3 and : j~
- " ) Lo - o . ) o - 5_
."osx.xons had bccn cqu:lxbratcd . ._1.‘2 7[-1 IREETIR TR ;-~_-‘.-‘

- -

That a tezpcraturc of ca' ‘SD‘ is requxrcd for complcte pcrdcutcra-f‘

:ioﬁ of :ﬁ: is 11!ustratc& b\ cnzr\ l and thc worl of -oltcwxc- 1nd Sﬁxthtl 6)

.

'uko shoucd tha: at 218 1n D O-DCI, cxchangc occurs onl‘ ar thc -.6 ros:tzons

--T_Of'i_g., In add:t:on cntrxes l. 2 and 3 clcarl\ indlqatc that thc ac1dxt\ of

: the acuxun is :lso \erv 1=portant for conplatc cxchangc That 15 for cna-~
*Tpletc pcrdcu:cratxon of 10 4\ v/x HCI D O :usr bc uscd B\ CQntrollxng thc
qu:pcnaturc andlor the acldxtv and car:yxng out bacL cxchangcs i is nou
.:ﬁosc:blc to casxl\ prcpnrc spccafically deutcratcd or trxtlatcd p)rxdxncs
m‘;e is. ‘..'_Dcu-t_t_.'i‘"ifm Eich}-nge;,of'--.lri?ffa‘i*ﬁfe _.i_n Di'l_u_tc. 'Acid"—"-‘ L

o~

. Cond;tions 32”' . fPos1t10n of D N . g L

. Ent eld. \ 20

i _.' 280 '-5--:‘_ 4‘s_'._ "._ i‘._?‘.'_ -1.7-’:;,@‘.3-’-.-‘ s&?-.',."_? 23

2y s a0 L 1.8 0 0.0 40 e 60T

. {‘ . : . . - ..‘.‘_ :‘ ' -7 ,-“_’.‘:_’ -'. ‘».. .__. - B N - n ”\. . '; e' --,-.‘ .- v
3 Sbio 2750 w45 001900030 0.0 48 0 SLT T

i c‘ozit uc1 n o |
1\ vlv conc. ucx o o

Dctcrnxned bv n, .|, r. integral nnalyszs using uethanol as an 1ntcrnal

o Isol;blc : vicld fruﬂ prcpara!ivc g l.p c. T T e e e
Dctcrn;ncd by nxcro distillntion of 10-. ‘T‘jfs i o | .

fThc partin!ly deutcratcd pyridino frou en:ry 2 uns used

LI S - L T
. e ' ' “ E . o . . .
- T oot 8 i . LA S SN,
X : L. c e e . - e oot v |
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toxtumm R e

Rar

Our studlcs ha\e shown thnt trcatncn: of b:cvclzc aroa1;xc and
. i IO

CReterow lxc coepounds 1n thc prcscncc of dilutc aczd nnd dcutcr:um oxxdc ST

rm‘ .- . : . b
T

]}}’Qi:h d a.crlua oxxdc alonc 1n ca*cs whcrc lhc‘substratc'can:gcncra:c'ﬁ'-"
.Jcld in ‘:xu) a._fc*pcraturas in cxccss of ‘00 C 1n tu:tablc prcssurc ‘4;;wﬂﬁﬂ,

- g 3 o (-‘~.

,pcuipnc. g:\cs pcrdcuzcratcd btcvclxc aronavlc and hctcrocvclxc coawounds

-.f.vcsrc~t1\c1\ ln aanv cascs conpletc pcrdcutcrat:On xs accoaplxshcd 1n two:'

eye cs nxt\ q anlxtatzve recoverv of products.; “orcoxer, bv us:ng apprOprlatc- -

':;::d dad' cﬂncraturc condztxons \elcctx\c dcutcration 15 alsa p0$sxb1c 1n
soac casr< . . RO "

Thc procced:ng lxst o( conpounds that have undcrgonc dcutcrxu* cx-—"

‘h:ngc cstablxshcs th:t hanv othcrerclntcd coupounds wzll also undcrgo acxd-

- .

,a‘al\-cd dvutcriun cxchange undcr thc hxgh tccpcrature dllutc ncxd condxzxons

:dc.c!OﬁCJ hcrcan. Tvpical exanplcs of . systcns'thnt hxll probablv undcrgo

o . . - N

"dcu teriuy’ nndlor trxtiun cxchangc are'_.'ulgl: : f_ o e R o
‘ , S B T R

(1} Substitutcd aroantxcs such ns nfxylcnc toluéne;-tbetthcn:qnfa; S

broaobca-cnc chloroben.cnc nethoxsben;ync etc.,

[l:) Polynuclcar aro=4:ics such ax anthrnccnc, nnnhthalcnc accnnphthv

. -
~

lcnc chrvscﬂc cdronenc, phcnanthrcncne ctc.:r'.f}~i ;?

e
v

(lii) Bxcvclic conpounds such as btcyclo{..;.Z]octnnc dcrivatxvcs
(alcohols. hal:dcs. acetntes ctc ) R -“ S
(1\) uctdrocyclics such as furan. thiophcne Pvrxdone ctc. | R
K

K Al‘h°°£h 5090 bicyC!ic arount:c and hcteroc)clxc conpounds arc -:5;,;-'r¥:
tf'p’°“° t° deCOB?OSitiOn duc to extcnded rcnction_tzncs high tempcrnturcsj,}J,

. T —

Tﬂﬁ;iﬂd/or \ery ncidic conditions, nhe hlgb tenpcrnturc-dtlute acfd cxchangc

1“;=cthod dcscribe& hefciﬁ'preSents substautial ndvnntngcs over other pcrdcutcr- _- 3;;;

. . sE
LA




,,_.ﬁ

“c uscd cqu:liv ucll to 1ntroducc trxtxun 1nto organxc molcculcs.. 34 ,

S - M e ;
" avion methods. (vide supra) becguse of - o . o o u

2 ss..zmicizv: R R
.fS)y wc]cctx\it\‘- ' .‘;-:i" Y  '£1"l‘ S e

S(4) ff=¢d0= fro- stcrlc cffccts and sde rcnctlons ' EREN
(5} h‘£” dfxfcc Of 1sotopc 1ncorﬂornt:on°'ftV 5'n““- o 3
L o N RS

(6] csscntiallv qunntltatxvc }1elds' and T

e, e

':(fl' ;dantabzlxtv to lnrgc scnlc prcparatxons.'?t?f:} -f';-_7 LA

Although thc prcscnt :nvcstigation was undertakrn 10 cstablrﬁh a‘

-

"'hc“cral dcutcr:tion ncthod and oq 1 volvcs dcutcrxum thc tcchnxquc can
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All ncltxng points uere detcr:incd on a Lofler hct stage apparatus. o

. - \'\ L

TTe nc!txng poxnts are uncorrectcd and roundcd off to the nenrcst 0 5 dcgrce-ffi

Bo:lxng poxnts are uncoriected snd refcr to 760 un-of ncrcurv unless other- j;
_-uxse sta.ed e ,i‘ R ';_‘. :"' -, @'1;1._ S S e
i R E ey RS

Infrnred spcctra uere recorded on- cfth%r a Pcrkxn Elncr 3 :'Infriré&'-f:?l f:

Sﬂectroec:er equlpped uxth gratxngs or. a Becknan IR S equtpped thh §od1un

chlor:dc ortxcs and. prisls Band posi tons are uncalxbtated and cxprcsscd

,.1n recxprocal ccntineters (cn ) The notation (\o 51 CS ) 1nd1catcs that."" o
:hc 1nfra-ed spectrun Vo Sl was takcn in: carbon dxsulfxde._.
.71' \uclcar nzgnctzc resonance spcctra werc rccorded on Var:an ‘A- 60

' T 60 and HA IOO instruncnts uith tetranethylsilanc as’ thc 1nternal standnrd
51=p165 vere dxssolved 1n one of thc fo!iouxnz so!vents chloroform d _j  R

Carbon tetrachlor!de acthanol d ﬂinethyl sulfoxidc d nrd pyr:dinc .'::f:f,é:;.~”‘i-  
Chcnical shxfts are rcporféd ai wan valucs (ppn downficld from thc ;n,crnal '

'standard) ' 1‘,_ -‘_ e -.N,Ti ”,‘U, S o _ . _

Tﬁ,. HISS 5pcctra wcre obtained on a Hitachx Perk:n Elner R}U%6A spcutro-" oo

‘ncter s"&O and-lS or ll eV The -cthod of dcutcrlu: annlyscs is dcscr;bcd 7_1

-~

:n thc Dcuttriun As:ny erHnss Spectronctr} scction (Appcndxx B) . Appcndxx % 7;fg _. o .
: C R:vcs thc uncorrccted rclnt1ve 1ntensitics of all xsotopzc sanplcs

Two gas chronatographic instruncntqjaith heliun as thc carricr gas

. : Q.‘—. N
wcre uscd Varinn Aerqgrnph Modcl 2048 dunl colu:n annlytical gns chromato- Lo

Cwm




T oo : A R BT : -
‘~nr*rh1 N h\urogln tlaﬂc 1onx-atxoh dctcctors fié a \ar;an Acrograph “odcl .
. \ R . . B

-a'“wq'nrc-aratxxc gas chronatogr1ph uxth a thc al conductxxxt\ dctcctor

L The allo~:n5 s\fbol 55 x\.u<cd to dcscr:bc ga« chrn:a:ogr1ﬂh:c anal,<c5_ L

I : \arunn “odcl ‘048 Gas Lhtonatograph ;_ﬁf:f- - . 7ﬂ‘ 7; f‘ . _:*K

-~

: _II - \1'11n Mudcl &-90 P Gaﬁ Cbronatogrnph 7‘::; ;; e

7- “‘10» c- Y 1? r:_ x 1;8 xnch ms c.ubouax 20, w on Chromsorb ® colur:n PO

) uu‘ '

‘30‘1 ft x l/S inch 5\ SE 30 on Chrocosorb h coluxn
BRS C-a 15 ft x .vs mch :5\ Carbow:u"‘o M on Cﬁmmsorb N colu::n S C

' 131 SL 90 - a 10 ft x 3/n anch 15\ SE 30 on Chro-osorb 3.) column

. l'

'“0\ Sh 30 - a-: ft x 3/8 xncﬁ ‘01 SE 30 on Chro:osorb h colu_n

T ,'-‘:.\ KO - 10 fz x. 0‘"5 mch sx LOH . °os Carbpwa: 20 & on ‘60/80 ncsh T,
i Chroaosorb N co!u:n ;' “-  ' f -'”',:n R 5; i.’. o ”f‘  ’ f.flix'
" For cxannlc (\o 2~ I, 10\ C 145 ) dcscr:bcs an- an!lssxs, nu:bcr ./a, dﬁf‘

.

a \ar:an }bdcl *048 inttru_cnt wxgh a 101 Carbowax coluzﬂ nt a colunn tcrncrﬂ -

... ;" |
L J:urc of 145 Pclat:sc pcrccnt )ields hcre obtaxncd h\ tracxng. CUttlﬂﬂ out -
and uetgh.ng pcaLs Collcct;on losscs durxng prcpar1ti\c g 1 p c. herc dctcr- B “; .

Fa

o nzﬂcd bs xn;cc:zng altquots of knowh conécn!razxon and by dctcrnxnln; thc

'ﬁcollcc:son cffxcxcnc, as dcscrxhcd xn Appcndxx A In many expcr:ncnts thc N

:<oiatcd and . corrcctcd .ields are gzvcn :

-
LN

All sqlutions were' dricd OVcr anhvdrou5 sodiun sulfate or naﬂ"°51um
sulﬂatt, IR "*Q - ;:¥..‘5. e j,g-.. o |
SR P T

Pcntnne vas stlrrcd ovcr SO\ fun:ng sulfurxc acxd washcd thh bx-'_gf"

r

carbonatc solu;ion drzed and distztled Pvridinc was dxstxllrd frob ba:4um
‘oxxdc s .j: B ' *_;;".?f:.I'ULT ,ii' Lo -:f ;"_‘.'fff;f-f'.'f ”;qf S e .

- e ' - . ¢ P

: All cxchangc rcnctions uero cnrricd out ln cithcr a Carzus ovcn (Gal!en-"

s o
kxqp Hodcl 5815) or a ’OOO ul (Honel) Prcssurc Reaction°Appnratus (Pnrr-“odcl 491 );. 

°' ::.1.:7




ﬂovjtﬂc late er case txnc = 0 was nhcn the dcs:red tcrpera;urc was rcnchcd LT
'-u:cr 1ho bonb was xn<crtcd in tho oxven and tine -_: was whcn the bozh wns o a
: : . a o Ty

~ . W

s

' zc:cvcd.:roz :hq hca:cr. For thc rcactlon« carrzcd out in. thc Carxus oy pﬂ Lo

R u haq th1t po:nt hhcn thc gxass tubc hﬂﬁ 1qscrtcd xnto thc hcatcr, Thg

'Ebc Jp!c uh.cn was uch o dctcr:xnc thc ZCﬂpcraturc of thc reactxon {1 c..f
q’.*. = - e

ch ba—b or: Car:us oxcn) was chchd and calibra.cd Jn a puraffin wax bath

" B

H:cvoan1lxqcs ucrc carr:cd out bv Sqrang W:cronn1ivﬂical Laborator\
:ﬁ-«nn Arbor. ﬂ:ch:gqn, or bv'A B Gvglx “tcroana!vs15~Laboratorzcs Lnnx.cd

iz Teroate, ‘Omtario.-

A. Norbornwl Svstems - L T

.
LS B o . ] K - . . .
. . ) R - .- -~ : ) ! T N - .
- ' . R A o \ '

o Sol\ols4:s of Gubs.xtutcd \ortricsclancs and -Norbornenes -

a‘*a Solxolxsxx of -ortrxcvclnnol (9:} '; Fj??-{'ii"  :: "_7i  .,li7"-- :;,;i ‘
Acczic acxd 0- d wax pfcparcd bﬂ)ﬁcﬁtxng qqu:aolar quantz;ics o.‘_itTuﬁﬂ57:j;.
Tiacc.xc anhﬁdrtdc (frcshlv dxstxiled) nnd.ﬂcutcrxum oxxde (99 8% d ) for-':i " |f-)if
‘;1‘ s on .hc stca_hnth 3h 2 flnsk protcctcd fron atnosphcrlc watcr thh a, f; ;  5*
fdr::ng tube .- b-‘j'._' o _‘" " . . 7 . R '
‘ ooy STV
_"“”:“C"c.lnnol o o .':; SR R O Ly
) hortr:cy;lanol n. P 10?-110} {lxt.ru p- 103 110° )(177) qu prc‘  f‘ : -ff'?f
pa';d fron norbornadnenc bv thc proccduro of M¢1nwald ct al (177) e ‘;'f: -.;ﬁ;;ﬂ
Sol\o v51<Aof \ortr:cvclanol "i1:~f3'5 ;_t;'1g’l Lo
; | Nortricyclanol (IS 5. g, 0 14 nolc.,u p 107-110 ) and 10\ v/v CH COOH- '
.H 0 {40 nl} ucrc introduccd to a thxck uallcd glass tube.é Thc solutxon hasr *pf- )"u.
;dcghsscd lhrce tnncs thc tubc was sealed nnd thcn heated forAJ h at ’50°.f" : ‘;‘3
r'in a Carius ovc;., Thc rg;cfioﬁ nxx:ure was ncutrnlx-ed uith sol;d sodxum ’




3 bithrﬁﬁhntc saturatcu h‘lh \ICI anJ cxtractcd w:th c;hcr [8 x uO ml) The - .
3 . :Al ..

"::“c' cxt ract h\x dr:v and ;hc sol\cnt was rcmo\cd on thc rotator\ c»apor--' 7 -

‘;310" vo gl\c a \1<uou1 bass Anal\t:cal ; l p-c (Suf ;4?;}]; S\ SL JD ~ﬂ*ui‘:
‘ . e : r‘;'; o
C§e5 j shoacd \hnt thcéaxxturc hns coqposcd o‘ 40‘ d:oﬁe fO (xxclo- g

-';e ene,:cc;aldch\dc, 3 (C\CFOpcntcnc)acctaldchsdc, 3 (C)clohcxcnc)carbox~

1 ’q

aluchsué ard wo'L¢nphur nnd lO& products of 1ntcrncdtatc rctcntzon txnc

;{.?tscﬂlﬂtlubcd cto-§¢, cndo 5- and nntl-}-norborncnol) Thc v1scdus ﬂ&Sﬁ -i
- was. -zshcd u::h pcntanc (J x ’0 nl) C'I -P- c. anal\sxs showcd th1t thc

J.uc“\ucﬂ and nd ca:phor ucrc cxtractcd prcfcrcntlnll\ and thc \1scous_3

.:;cvxal ah:ch rcﬂaxncd solxd:f:cd on stand;ng The aldchvdcs and norcan-ﬂ 
. ntor were ;solatcu b\ prcna?atx\c g 1. p c (Nbulzi; Il; IS& 159'): Aftgr ;13};ﬂ

- e

'sux xw;cctxons :hc tunrcraturc ‘of thc oxcn uas incrcascd to.ZlS 220’ to o
clc31 zhc tolu:n 6? thc d:ois whxch 1nt¢rfcrcd hxth thc coilcctlon of the o Ce

.

a.ge ydes and norca:phor- -~(C>clopcntenc) acctaldch\dc (II)L: 5- (ctCIO- -
' S, H. : Dol
‘#pc“tcnc]acctajdch\uc (l’) (\o 7 cCi, ). aQS’ (,cn.g” ,‘3710. LT:‘T o
0. S H UL e
(u-4f/ Y. 1;30 (,C-OT 161“ (,Ca-c’) nnd 666 éa” (:C C 3¢ n.o.r. (5°-$_1 S
: .“ o W n Jl _ &
cm ).9f$(n,, u—c ) sav(n 1, c-c Yy 813 m,nu, 

v

?f . (ko l;; 80 c¥) M at a/e 110 corrcsponds to C N 0.. _.4 -DNP; m b
;12Q.5.- 1:3;'3 a?tcr-tvo rccr)stalll.ations fro: aqueous ethanol ;w}' ';; ;'

s Canal: o - 4.86:N, '19.30. Found: « .. % -
N Annl - calc.‘ror c131114\404 c sx 79 H‘ 'B R
€53, 613, B3N 190200 L ”
3 fﬂrciohcxcne}c:rboxaldehvdc (13) 1.r. IVOm 6, CCI A' 3004 (‘C::C ). )
. 0 . / . R ‘. R
2700 w—cl 3, a7 30 c;mm. 1655 (,c-c 0, 880 et cemc im0
S0

M /u

j(.'.o ccx ) 5 9 55 (s 1u»u—c ). . 68 (m, 2 H | ,,F—C\_J '~’ 1. 3

(:,“7 H) Tﬁe i r..and n. n r. Epectrn Hcrc idcnt:ca! to thosc obtalncd fron fﬂfﬂéﬂ ;

an. authcntic sanp!e of 3 {cyclohcxenc)carboxaldchvdc. H.;a,f(No 13 80 eV)

. C ' .
- VoL ; -




- - . . . R )
. Tt . . - . - o . . " - -
. . . B . AN t

howed H 1: nfc 110 corrc«pondlhg to C.H \orcasphor (14) Sq aj* ;'é‘
(lSl]

<

~?=1==‘i a.p. 90- 91 Y a.p. of 1,4 NP 129- 131° u:.;n p. 130- 13: 5% ”“3)

r(\o N CS 3, 1‘35 (C"'O) 11?0 “: 1064 LE 938 :, a0 w, 3__49“\; 3,'1“'_755 '.,_ | |
":"”' q:.a'.l'r‘., t\° B CC] }- 5'.-'-70 (ﬂ,. C 1 bndgchcad) SEJ. (@, 1 H, - e
_-4 erdbchéad}, ..l 1. S {a 8 H n;rbéfhvl cnvc!opc)- Thc 1 }.';53 ﬁ'n'r"“

"f.g~cc:ra uerc 1;cnt:cat tu thosc ob:nzned frod an authcntzc sa.pl; of nor;aa--f
:f:ﬁﬁor;f'nw§ .ff5§>‘. SO c\} shaucd q. at n!c 110 cgrrcspondl“b to c.n

f.;\o atieapt was. .Jdc 10 1aolatc thc dzo] fractxons

qii\ <is of \ortr:cvclanol in’ Dcutcra:cd ‘hdxum

\\ﬁirxcvclano! (l“ l g. O 11 nole u p 107 ~IIO ) and 0% \/\ R ‘;',7j ‘

'.'D'CDOW D 0 (35 nl) wcrc :n.roduced into a hcax# wallcd g!ass tubc.' The

]
ERY

"'1soia.xon was dcgasscd threc t:ues scalcd undcr \acuun and hcatcd in & Carxus

e\cn for Q S h at ~SO' Thc dark broun nsxturc Y3 neutrall ed thh solzd

‘ . o K -‘c‘.
sodium bzc1rbonatc saturated w:th \aCI cxtractcd Hith PCﬁtaﬂc [10 x ’0 al) - o

'*aﬁu ;hcn ethcr (S 3 SO al) Cas chroqaiograph\ of the pcntanc cxtract (\o

Tow

'}L‘Db 11_10\ C lso } showcd that thc aldchsdcs ahd norcanphor wcrc cxtrnctcd ,

 :“rc'crcntinl!y !n addition flvc linor couponcnts (5V) of rctcnt:on tize - o

[
.l .. Yy K ._:.

;yncar norcanphor and tcn coaponcnts (lﬂil of rctcntIOH tine lﬂ thf d101 r¢81°“ R
- ‘b\ »,'_: )

s were presert Gas chrouatographic nnal;s:s of the tthcracxtract on’ thc san¢ ,

‘..Cclu=n shoucd ten co:poncnts (90\) in thq diol rcgion, aldchvdes._norcazphor,

: _and f;vc couponcnt1 in thc rcgion of norcanphor {total !Dt) Thc'pcntanc‘f s '

a~d ethcr extracts vcre dccolori:ed with \orit dr:cd - d conccntratcd by uV

U

dzstzllatkon :hrOugh a l’ inch Vigrcux colunn Thc concentrattd Pcntanc ““d o Tl

bhcr cxtracts wcrg transfcrred quantxtativcl) into lO ul and 5 ul voiunctr:cs.::_; 

R -
PR .

;respcctivcly. and uqﬁe up to voluac.  a

o

-;Tf;*{j.- lnjection of several nliquots (0 05 ll) of the pcntane and cthcr cx— _




Toa

N |
| .

-'35~~ ‘Hrou ’hc IS ft x 3/8 :nch 1:‘ Carbowax on Chro:oqo-b w co!u:n
¥ r%tlbll&hﬁd ths )ltldﬁ of thc a;ct:ldch)dcs 3. (CVLIOhclcnc}CerO‘—

-;a’JcH\hc and no'gaanhor as 0.6 gg(S Y, 1. 1 g (9%) and (’ ‘) rcspcct;\clx
. ' - : * { i ' L
?'ch;xo“ ’or ;ollc taon lossas cstablxsﬁcd the acsqai \1;ldx as 1. lfg [91}.

e and 3- (c‘kIOﬁcntcne}1c°t“ld°5‘d° 1.8.¢ fib?) Of 3- (C\»Iohcxcncfcnr- J5 ”(
i‘bﬁliidfh;d awd 1, U £ (33') o‘ norcanphor (scc Arrcndxx A) No attespt

' -;1« nade to 1s0late :ntcr:als of longcr rctcntton time, Howcfér3'comwari50n

'.of‘rotc*t:on txac data on a 10 ft L 3 1/8 :nch fﬁ% Cnrbowax on Chroaosorb h o

s

©ocolum 1th au hcntxc sa:plcs of syn- and ant:-;-cxo---norbornancdxols

'xﬂd.tatcd thnt thc nalor co=ponents of thc cther cxnrnct wcrc thc,l};-norborn-

. . . .!_" ' ) N . W - ! e . s o ) T . . T
‘.arcd'ols L e -_, - . R S o

L3

. Thc cnoll:ablc dcutcr:un 1n the nldch}dts uas sashcd ou: b\ thr"c e

JA‘jw cc:aons of cach :atcrxal through a S\ KOH colunn (150 1‘0 j as dcscrxbmd .

:.1 ‘be norcznnhor hoaocnolx.atxon expcrxncnt Thc dcuttrjtcd aﬁkcazphor

(0 lb g) isolatcd fro: the pcntanc cxtrnct (sodiun bzsulfxtc cxtraction was: . f:;”' } ;
"used to rcaoxe the aldeh)dch uas Hashed thrce times’ at -5 3' for 24 h hlthflﬂ;'f
4 6 :l wortxons of a solution uadc “up. of qpthan01 (”0 ﬂl). ‘ﬂtcr (10 :l),:. '1

:: “¢ [Ui (1 Q.S) Each wash solutzon was uorked up bv thc addition of uatcr‘”

TZ:(o I3 nnd extrac::on v:th pcntane (l x 10 3.x 5 -l) In caqh casi.t?c '

A;ﬂcntanc cx:ract was conccntratcd by distiilation thrpugh a2 ft \1879“*‘

",colunn and thc norcnnphor was xsolated by prcparatxvc g l.pecs Q . Tk

Dcu:crzun assay nass spcctroactr:callv a% l! eV (scc Appcnd:x B nh#. N
' ,T;bic 1 of Appendix C) on :hc s:ﬂplcs froa whlch thc cnoli.abtc dcutcrxun

s’ ““hcd out..cstnblishEd th,g (a) the -.and 3- (cyclopéntene)acetnldeh\de  L
ffnxx:ure (Qo 41} was coaposcd of 2 7\ ds. 9 5% da' 23. 5% d 34 7 d,.'.4 7% ‘3;.1.;Q

l.andll.zi,d- specics (2 15 atons of dcutcrxun). (b} ( YCIOhcxcnc)cnrbox-




R
-
"

. -

s' 8.6% dy, 1a.sx-d.-,,wtl-\ ds,

S Sl d anu 4.9\-d sﬂcCLcs [..00 atons of dcutcr:u:), and () norca**hor*

' 3idc*vdé'(xb., ‘1 w2 s ccnpo<eJ of 3. Ot

.fg§o; 47y was Locﬁoﬂed o: l b\ d5' 5 4\ d 14.5%. dS' -8 8\ d,, 4‘ 9% df and | -
i - " .

Q“g&.‘- ) s"fg;c\ (1,.» "atoas.-of dcuteriua) o : =.' . R '

-

To detdr:lnc thc location of the dcutcrzun “the dcuicrfd-cndd--
—~4ﬂ~vncoi'(8 020 ;.,1,J0 x 10 -4 :olc). ob:axned froa 1xth1u= nlu:znu-

hvd ';1;c in cthtf rtductxon of thc norca:phor was sub;cctcd to nim.r! arca‘-éji
.jnoc ral analvtxs in the ptcscncc of [u{DPQ)S (0 080" g. l la X 10 =of¢) -
i LC! [scc 5c~rxcn II \ I\) Tﬁc anxl)sis csfablxshcu thc follonxng -

3 'dcutcrrg: dzﬂtrxbut104' (No. . lle, cCl ) : 0 at C-I 0. 10 at. C 1, 0. 300

""a:"c-s-cx‘o'_ o. 45 at 'C 5- cndo 0.15 at C:6- -£x0. 0.20 at C-6-endb; 0. 20.at

oy —a\ﬂ a d O lS at C—a-an.x (! 'S atoas . of dcuterxu:)

~hc Dcuter:u: Con.cnt in \ortr:C\clnnol and thc \orbornnncdtolsr

1‘}r'ric\clanol (2. 3 g, 0’1 mole, n p. 107-110 ) and 10‘ \/\ DOAc h3 0'
(18 nl} ucrc 1ntroduccd 1nto a xhxck-unlled tubc and’ scnlcd undcr ;ncuun 3g:cr

-_“dcbnssxng 1hrcc tx:es. The tubc was hcated xn thc Carlus oxcn at ,SD 30

~

“f'n:ﬁ a'tcr uhxch tlae the rcact:on nlxture was neutralx cd w:th solxd \aNCO-.'

.and extractcd uith pcntnnc (3 x 20 ll) and cther (3 x 20 nl) Analvtxcal

ke 1 ‘ fhﬁ'ol-- 228, 1 .lO& C; te=p. programmg 165- 20* ) showed zhat thc "

pcn::nc q;lrlct tonta:ncd tho nldcthcs. norca:phor‘and_ nqr?rln}C1ﬂn°l

'-.f.s'c.==i.‘ four umdcntified cmponents (10\) :ixid-'did'ls‘ amy.

' Cas chro-atograph:c nnal)sis of the cthcr cxtract on thf same colunn shOhcd -

Pf¢d0=lnantly diols (90\) as werl n& thc aldchvdes norcanphor..nortr:cyclanol -

L

' and three ainor unidcntxfied pcaks (101) Thc ﬂOftfi VC‘“““‘ was ‘5°’“‘¢d

- by ﬂ'cpifali\e g l p c fron thc conccntratcd pentanc fraction and- mass_

\'d nstd

 'Spcctroaetric dcutcriu: a;ssy (Vo 57) shoucd 1..\ d '; . 3




L Ji'asd 15.04 d species, a total of 1.00 7atoms of deuteriua per

wtie \\cc ,\v'\cm.x: C. Tablc 3).‘ . -

".‘

The c\hcr cxtrnct h1s concrntratcd bn dxstxllntaon to \:cld ‘a twé-

'nnc liquad u“.‘.! '-ol:d- ""uturc Thc l:qu}d ph:lsc wls dcc'mtod anJ to thee s

| rc:a:ﬁiﬁg sclid,vds'a dcd psrlulne fS nl) awd acctlc anh\drxdc (4 :1) Tﬁc-

i

sclu:-?- w35 st 1r—cd at .5 +3* rnr :4 H and pourcd onto ;ru<hcd ice (1; g)
leicr.:hc-:cc cI!cu thc «olution was dxlu.cd to 65 ul b'!h watcr and

."cnfraktfdfwi:h cthcr (4 x lS.=I] Thc cthcr cxtrnc: uas Hashcd hxth ' o e

aﬂ_cgus u»l [o X lS ul], xater ( X la :l) and dr:cd Anal\tzcal%g‘l P c

'.J"..A .
CiNe. 231-2, 1, 10\ C, 200'] showcd four co:wonents (H:th ;ncrcasxng rc;cﬂt:cn

;:;ci;zq_:hc‘ratxo of l:!:l:-.- &nalvtncal{g.l.P.;;.of-a niltu?c~9f“5}§=«1_
a Jccfofv-; nnt:-‘-acetax\—. cxo «5- 1:ctox}-. cnﬂd- -acctoxvécrOA’-ﬁorbérnVI'\

Tf':; ~4.c5 obt:xncd froa Fr:nton Laboratorzcs had xdcnt:cal rctcntxon tx:cs to
’ ' L]

- the. uxaccvatcs obta:ncd fro: thc nor:rztsclanol rcactton and cstabllsncd thn; |

n"hc d:ol porlxon of thc nor:r:cvclanol rcactxon uns couposcd pr:.arxlx of

.norbornancd:ols The d:ncctatc nzxturc was sopara:od Lnto thrcc fractzons

'7'ﬁb* “rfﬁnrltt\c £ L. pic: (. 41 15\ c; 190 ). Pcaks 3 and 4 scpara:cd

"*b* ana!\tlcal g l~p <. rere not " rcsolved b) prcparatxxc g ! p . nnd wcre .

’ -

collcctcd togetﬁer.l Dcuterxun assny Bass spettrouctrzczl!v at 11 oV

“ii{5-cnd|x C, Tablc 3) us:ng thc W 43 (CH —C’O) Pcaks bcc:usc the molccular_’_"

" ion :ntcnsl y qns 10- gavc the followxng data. pcﬁi 1: (\0--f0 11 CV)- 14 4‘

. .
P

.fd,. 30.9% d and 4 7\ Spocies, l lO d pcr lolccule, n. n T. (\o 69 CCl AR

ot 2 58 (doublct with,fxnc structurc u c- OAc), 4.20 (n. 1, H-C-OACJ-

f‘ 48 (B.- bridgehead C-H), 2 20 fn, _ bridgch¢nd C H). l 6 (sxng¥et. R

O . '
u:, iJ-C -0- ). 1. 90 0 90 (norborn\l chCIOPC) Peak 23 (Vo 60 11 e\),

BT d,, 85. 9\ d. ..71 dg 1. 10 ﬁ_fzg .olccule naT, (wo. 70 “cel, }.

o ‘-':'7 R I R o '..7--31 Cen G e
e e e Lo R




- . . ) . A s

iﬁg:-s (z;.lﬂ.,H-C-OAel 4 40 fn H C OA;).'-.-S (: J brldhchcad C-ily, :
(s, Qf, Cﬂ.fo)‘ 1. q0 a. 00 {nqrbcrn\l cn\cIOHc) Peal 3 (ﬁo,.SQ,—‘I

rr

1.9

r

ev., 1.8V A, TR and’s. S"do, 110 d per no!ccule n.e.r s (No. 68,
Y ?L.{ i;#S’fd'_fﬂ HFC‘OAC) .!3 (n. M brxdgchcad c- H), l 96, (s, €,

4 h
- .
‘

';;“-L g 1, 1 00 n: 90 (norborﬂ\l cq\c)owc]

2

'-;,Jdi33 Sol\ol\sxs of ‘Vﬂ-‘-“\ifﬂl\ sew-2 .orburncol.in_Dcutéréxcd-ﬂcdihz.V‘ g
e _ —— \
svn-TRivdrowy . c:o---ko:barncol ’ISaJ . - oL Y

st . : . ;
: (1‘q ) (150} e used.
A conbﬂhcu proccdurc of halbor&i» and Pnasixxrta was used

“7xn‘:hc syn csz< of ‘vn-;-hVGrox\ cxo- -norbornco] Hvdrogcn ﬂcroxide :

(Fisher, 30%, 40 nl] was addcd sloul‘ to a stxrrcd SOlUthn‘Df norborncnc

T

-~  €$?¢#¥§h Chez. Co. 20 g, il 2] nolc] dxssol\cd ln erhcr (*no nl) nnd SS.
ifp;nif dc:d‘ Aftcr the xnxtzal exothcrazc reaction sub$idcd thc rcactxon -} 
-:iéuv§ aas ﬂt:rred oxcrn:gh" Thc solut:on was conccntrntcd b\ \acuu: ‘
o dxs~1llatxon Thc dnrl brown)res:duc uns saggnxf:cd b\ slowlv addlng
aIcaHol;c sod:&n h»droxxde (‘O g NaOH, 48 a! ncthanol'/: nl katcr) and’ thcn
". stx;;zn; omcrnxgh: Thc solulzon vus dilu cd hlth watcr ( S =l) and cxtractcd e
|  v:th ether (§ Xy n!) ' The broun cther extrnctowas partlall\ dccolour:*cd
-uxth 1}rlt dr:cd oxcr anhydrous HgSO . conccntratcd on the rotators e\apor-f'-
ﬁ;:tor and pu:pcd to drvncss on'thc \acuun llnc Thc )cllovysh rcsiduc uas
i f¢~r;stallx.cd Sc\cral lxnes froa ether pctrolcun cthcr to \zbld thc norbor- 
" ﬁancdml (6 '6‘3, 40\ l.p 180 186° Ht B. p 179- 281"‘:l 9)} The dxol was
‘ur hcr purlficd hy grzndxng ‘the solid lnto a fzne powdcr uith a mortar and P°5t1°. :
E:bx cxtractzng 1t wi:h wam carbon dlSulfxdc and by rccrystalll°1ng thc carbon. |
dasulfxdc fract:on froa cthbr petrolcun cthcr (n 180 181 s lxt. m. p

175 131’(‘793) noa.r. (v° 04, pvridinc), ¢ 4.10 @, I c 2 antx}. 3 %

'(doublct uith fxne structurc, jﬂ, C- -cndo).-- 20 (ﬁ» 3" bridgehcad C ")'

'“Jl;s§;}"’



Y

'aw:z':-\orborncnol fla)

A \-.-‘ . t .- ' se

S pEZ2L08 (norborn\I cnxclope}, .

.- -u

- b
\l'

;v$ 4 1“~Pcurcr11en “ouxum "' - N

zqu 7-ﬁvd}biv c;o-’-horborhcol?(0”§ilg] 2.3 x 10 :olc, n.p. ISO;
) . " ' A .
as %cazcd with 10\ /v DOAc D 0 (5 al) in a scazed tube for 93 ho

horl-up in thc usual =1nncr and analvtxcal B 1 p <. analxs:s (\o

LR Y 3

BTN !;iIQ\,C, 110%) §hougda‘« Jnd 3 (csclopcntcnc)ncctaldch)dc (lBs)
k'ﬁl;cy:iéﬁcicné];;;Eéialdchv&c ( 1'}; norca:phcr 139\) and 'thrCC' ‘g'o .
-:::gé;'cozﬂonénts'EZ%\;" The cnqu-ablc dcutcrxudlzn norc;uﬂhor was aashcd
.';;' by 1n3cctinb 1: “hrough a bas;q prcparntxxc g l p ¢, colusi (\o ?G}flf,'
'C\\ 1R ‘,'1?5')(0.0{0 E. jSv'?corrected \zcld AO\) bcuterlun-assavr;ass.l
17¢L.. ﬁc:rx:;lly fNQZi}f{, !S eV) shoupd that norcazﬁhor was co:poscd of ‘jJ

1.8 g;, €34 d,, 12,83 4, 20 M d,, 28.1 4, ard 2y spccxcs a total -

T .
-

..o‘ 1 ;0 a:o:s of dcu'crlua (see Append:x C Tnb!c J Thc norcazphor hns

'fthuCu to dcuterated cndoonorborncol uxth lzt ua alunznun h)drzdc in

'c°kcr and sub cctcd to n.m. r. arca xntcgral analvsxs in thc prcscnce of

| Eu’brn) ) Tbc analysis establishcd thcvfollowxng dcutcrinm dxstrxbutxon |
J‘

ZV'vundcd to 0 05 d] (\o. 163 169 CCI ), 0. ’0 d at C 1, 0 lS d at C 4

-

L. “0 d at’ C 5-exo, 0..5 d at C S cndo 0 ’5 d at C-6- cxo 0.20 d at C 6 cndo

0. 15 d at C 7 nntx nnﬁ 0 20 d at C 7 svn (l 60 atoas of dcutcrxua)

- -,

'fi!') Solxol)sxs of nntz-.-\orborncnol 1n Dcutcratcd Hbd1un

\

*

A nodifxcd Story(l 1y proccdure : uas uscd for thc svnthcs;s of
‘3nt1q? norborncnol - -\orbornadicnyl acctatc (Frxnton Laborntorlcs 4. O s.

‘o

0. 0”6 :olc} uas added d;opvisc to a stirrcd solution of lithiun alunxnun
'.hvdrzdc (1. 7 g, 0 038 nolc) xn nnhyﬂrbus othcr (80 nlJ undcr n nxtrogcn

“atnosphcrc.. After being stirrcd at roan tcnpcrature fo(,ﬂ 5 h thc rcactxon

‘\,._‘




' 2iature was q“cﬂchcd s:th ug& sbd:un %ulfntc .. The fcsuliaﬁt uhiic grdndulai

3;.:_uas ~ 1ltcrcd of‘ by sdc:ion.‘ The cthcrenl fxltratc was uashcd u:th ‘f

gfs;:ura:cd.sodxuz bxcarbonntc-f X 10 a)) uater (2 X lﬂ ml]. eaturltcd %od:ur B

'_lkrur~ ¢ awd d:xcd o\cr 1nhsdrous Wgﬁo T\c tthcr cxtract has can;cntra.cd‘
‘h\ uz\tzlla.10ﬁ ‘hrouhh a !. :nch \:;rcux colunn to gI\c »rudc nlcohol (‘ 5

Ny GSS\_ Thc nntx- -rorbornonol uaﬂ rccr\stal!: sed uxth dzf'xcult\ troa_

q.NSI})

“fﬁ{a“c (1 1 g, 34\ . B, p llw-l!?' lit. n. P- ll' .r. (No. 19,

3 ' :ms teso (bro.:d 0- !i} 3085 ( c=ch 1 16‘0 (,C=C\) 1072 fbroad c: 0)-

‘wg@g”.cctf'u ne.T: - (No. 10 cc1)._ 596( ’kccfH | 45[:.

.:;JH.‘CtT-éiil.‘3ﬂ49 (hﬁ"éﬂ brzdgchc1d C- H}. l S 0 9 (norborn\! cn\clopc)

T Solvolvsis ih ﬂcutcratcd “cdldk‘

N

, antx-u-‘orborncnol (0 3’ g.\,.ss x !0 SInolc n' 115 11 } uas'
fr‘ca cd :t n u;th lot \/\ DOAc D U (6 nl) for 9 S h and workcd-up 1n thc
* usual manner. Analvt:cnl ‘g lap.c. (. 361 r; 10& cr 110’) showcd 2- and

-

‘_3 fc»claﬂcn crc)acctaldchvdc (3.), 3. (cyclohcxcnc)carboxaldch\dc f14\) nﬂd

"or.;nwbor ( l\) as uell as l’\ of four other co:ponents whicb Hcrc WOt ﬁOT',: vjf ,]

-I

. bo

'l! lS\ C I:S ) (0 0?‘ g, 231 a correct vxeld of 6;\) and

R rcuuccd uxth thxu: alu:inun hvdridc ' N B.T. -Eu(ﬂp“)s 3ﬂ31‘515 {\° 56}

-

'CCll} of thc dcuterio endo norborncol cstnh!xshcd the fdl!oulng dcutcrxum

-
e

. kdis rzbut:on (rounded to o os d) . 35 at c 1, 0. 30 at c-4, o 35 at’ c :znxo. _A"

v .

.50 40 at CJS cnoo O.QE nt C-B exo, 0 SS at’ C 6 cndo. 0 50 at C-:-svn and 0 "S'iﬂfﬁf

"" : - . "...
at C~4-nnti (’ 75 atons of dcﬁteriun)

‘  £‘*3 501\olvsis of endo s \orborncnol in Dcuteratcd Hedxun

T

cndo S borborncnol (lUb) (Aldrich Chcn Co.,-O 45 g, { 10 X 10

B nole) purified br prcparntch £ l,p <. (50- 75 I “5‘ C 170 ).“35 hcntcd

-
. - . . . CL . e

N - O

D nrcdxols T\e dcuttrntcd norcnnphor was isolatcd bv prcparati\c g 1 p €.

aq -

-
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- al) as descr:bcd prc\:ouslv - horh-uﬂ and g 1.p.c. "i T [QRR

-rz.lnﬁd/s-{cvclopcntcnc)acctaldeh\dc (122)' 3 (c\clohgi,uc); B
T .E; l“ch‘dc (l“) “°fcnf”“$;‘(6'\) nnd 6% of :J.c othcr conponcntc uh:ch =
sexe not 41015-, Preparative g.l.p.c. (So. 5, ir lps_C‘ 175%) 15013{:on,:f1

y gave 0-090‘g:qf &thcffo¥ﬁcrci=nh§r'(i“\ corrcc cd vicfﬂ'Siﬁ . i\ A.r. ;

e ’

__Euuﬁﬂﬁu aﬁnlysiﬁ_(xo ] 0 CCI ) of thc cndo norborncol obtaincd b\ Ixthxum s

Rl

g iluﬁi:u:-hydridc'rcdu Lton cstnhlzﬂhcd thc follos:ng ucutcrxua dx;tr;but on

-0, FJ atr. C- 1 :‘0 at C 4~'0 ‘0 at C S-cxo 0 4» atv C- 3 cndo aO-at C-6-cxo.-'
D ns at C ®- cndo 0 2; it C- -aht: and 0 ‘5 at C-.-S\n (..35 atoms of dcutcrn‘

ILJ:-.].. o e

{x} Solvelysis of exo-2,3-Epoxynorbornane in Deuterated Mediun . -

, e:n::;3.rﬂoxvhofbornaﬁc“(191' IR S

\orborncne [Aldrich-Chcn co‘, 27, 6 g, 0;:94 nolc) was added 51051)

%o a co!d chlorofors solut:on (900 :l) contaxntng ﬂcrox\bon oic aczd(ls =)

t
o

'?(JQ 5 g, 0. 33:Aaole] and the rcsulzrng solutxon was . stored 1n a. rcfr:gcratorf_;ﬂ
ixfor & da\s.- Thc ch!oroforn solut:on Jas washcd wath 5\ \aOH (6 x ISO nl},3_ 
:1"‘¢f (’ x ISO nl) and drzed OE;} anhydrous ‘%SO : Aftcr rc=0\al of thc ghloro-Gf”
 £br' by dxs'zllatxon. thcrc uas obtaincd a forcrun (4 59 g. b P 14’ 156 ) |
liwhxch uns d:scarded and the product (10 8 g Sl\ b p alSé 158'} whxch solxd-

xf;cd 1n thc reccxv:r flask and uh;ch was subsequcntly rccr)stallx.cd from f7

[ DA
 hexane (s.p. 119- 1"4‘. lt. .p m vs'“”’). 1. (Wo. 85, CC1g, 8BS0 en T
charactcr;s{ac of 3.;-epoiides n.n r._(\o. 132, CCl ). 4 5 38 (s, “ﬂ C-af-
licndo and c ‘32 cndo) 2. 36 (bs, M, bridgchcad c u), 1. so . 10 (norborn>l cnﬁcl°p°léf‘ij_i

;Solvolvsls in Déutern:cd “ediun .ln'

B 55972 3- Epoxynorbornans (0 60 g. 5. S x 10 nolc. . p 119-174 ) was .-
“hcatcd in’ IO‘ v/v DOAc-D 0 ( 'nl) as pruviously dcscribed. KorL-up nnd

. . ) . . S
.. . . . . e




SRR I 4

w.e. analysis '(.-.'o'.'-so_xg‘.- L 1o C €, 110%y; «houcd - and 3- (uczopcn;cnc)-“ -

;¢¢-;11¢Hvdé'(%\1 (g\clohcxcnc)cnvboxaldch\gc (103). norcanphor (60‘},

-~

1n‘ °**oc o‘hcr cocponcnts {18\) khich hcrc not dxols Prcparat:xc g 1 p <.

. a“l.\\l\ cstdbl:%hCu .an isolab}c \1cld of 0.22 g (Sb\) aﬁd a corrcctcd }zcla of

>

T Q_ (t‘%) 'or ‘hc dcuterxo norcanp\o.. Thc cnolx 1hlc dcutcrlu: 1n thc rorcamJ,-

A
- .

pkn— w3s uas*ed out, u:th thrce washxnbs of a kOﬂ “cOH H 0 solutzon as dcscrxbcd

N -

T the 5o1vn1xs's of \ortr;cxclnnol in Dcu'cra:cd “cdxu: scc:xon Ucu:er-f"“
‘ - )

'iﬁ- assay. nass s*ectronctricallv {\o 110 15 eV) establxshcd tha» nurcnrphor f.:'

.

s cozpe cd oal ;.' s;-\ &, 6. 0V, 9i6n d"i, "14‘.-3'7.‘}13‘. 19 % 4y, Bava

Sl‘

‘

':Ah¢ 22.5% spccxcs a totnl of -.0: atoas of dcutcrlua (see Apﬂcndxx C Tablo s

4

ca ulSuleU'iOﬂ o. 0. 30 d«at C-l O ’5 d at C -4, ..nS d-at C : cxo D 35 d at

THc cnuo-norborncol obta:ned b\ lxthiuz alu:xnun h\drldc rcduct:on o{

" nore Hn- was- sub}cc cd to EufDP\l)3 anal\s:s (\0 16' CCl ) uhxch cstablxshcd ’

"»

-

-,C-a-rndo;“ 20 d at C- 6 cxo 0 ’S d at. C 6 cndo 0. “S}d atgc;4fggg and 0720_4 S

©

o a:'CyTQAn:i‘(

-

IS a:ons of dcu:eriun) ii'_ _nT -”\:,:‘ ' G 5:uﬂ'--

,r.n"

f\:) Qol\olvs:s of \ortr1C\cl\l ﬂalades o - ‘}'-‘2—-,.“

\s-'rxcxglvl Cﬁlorxac (“h}

: "'..qrtrxcvclVI ch!or:dc (b p 48 50 lO na} ;:§\£rcpnrcd b\ thc -_f,.;  E

17 8 :
chlorznatzon of norhorncnc as- dcscribed by Robcrts 5& al. ( ) ‘ R

Qol\ol)sxs in ﬁatcr

\ortrzcycivl chloridc (0 88 z. 6. .8 x 10 *3 =°l° b P ‘8 50 “t 10 mm).f

o 3ﬂd water ¢2 0 al) uere introduccd into a c!ean hcavy wallCd 21355 t“be- Thc

bzcarbqnatc. suturatcd uith.sodxun chlor:dc and cxtractdd thh cthcr (4 X e

':ﬂ.) The cxtract uas dccolori ed vith Norlt dr:cd and conccntrated by dlS-‘ A

«olutxon uas dcgnsscd thrce tznes. scaLcd undcr vacuuu and hcatcd ina Car:usl,‘

ovcn for 1 5 h-at 250 The dark reaction nixturc was ncutrali'cd w;th sodlum ”;;
o."'




siliation threugh a 12 '1nch \tgrcux colu:q and nadc up to solunc 1n az al.

_§c15iczéxc'fi{<k.f lntcc:aon and aol!ect:un of nl:quots (0 1 nl) on’ ghc f,‘
15 £ x JJS xngh 15y Carbouax on Chronosorb N co}umn (lsS ) estab11shcd

= .

.‘--L; the. ;solablc 1nd correctcd \1clds of norcn» hor~ucrc 291 and sR\, res- = _

' “¢“~*‘°1‘ (‘°¢ E 1. P c. cullcct*on loss detcrnxnh:;on as ucscr:bcd in e e
okpendi A 0“1‘ nxnor 3”““"‘5- ’q‘ of . 1h° nluch\dcs and dxols (a coat '
CAprendin A) . .

:poncnfs} uaulu hc dctﬁctcd bv analxtxcal g‘J p <. (No.‘i70;;;' ,-IO%AC.

S .- . - ,-_. Lo R . . . . . . ‘ . ; ._ . ."
S tempe rrouamm A65-220") . v SR T
) Sox\u‘\sx‘ 1" cu:crntcd Hcd:u**'-'¢ o ‘.ﬁ'."f “;“ _"'_ S TS N

\

Sol\ol\sxs of nort?gcxc!xl chloridc {‘ s g, 18 7 x 10 % mblc:Qbﬁpf _

3COOD -D 0 (15 nl) for 4 h at 250 and'usuai | S L
. ”“’L'““ 5b°‘ed “°TC4=Fh°f (9‘11 Jnd tvo othcr coaﬂoncnxs (*1] Pfcpdrativc o PP
e , : .

g bpees (\° l71‘ Il 35‘ . 120') gn\c 0. 3 g (l:?] of dcutcrarcd norca_phor R

45 >n' 'a: 10 m) in xox \/v CH

[

e -“1»h uﬁeu corrcctcd for~collcctxon losses ostabl:shcd the actunl sxeld at oO' e .

Thc cralx.zblc dcbtcr:un was rcnoxcd bv thrcc uashxngs thh a ncthﬂhol-uatcr- [‘_f'
“O!q'ssuq hvdrox:dc solutzon as. dcscrxbcd 1n thc nortr:c\clanol sol\ol)exs

cxncrzncnt.‘ Mass spcctro:ctrxc dcutcriua assay (\o 10? 15 cv Tnbrc 1 of o

kpprﬂdgx C] cstablxshcd thc norca:phor a:_ﬂfgg;posxtc of 3. 9\ ds; 9 4\ d-,‘“‘
RERINY 13;5\‘1' 13, 9\ 1s: sx » 15.:\ 4,0 13.00 d'f nnd 3.1%-d; s.pcci'c;,s-_.' L

[y

‘( S ntoas of dcutcr;un) 'j] . L -;g"'
To detcrnanc thc lacat!on of ;he dcutcrzun :hc dcutcrntcd cndo-f.f

:ﬁorborncol (O 0*0 g, :0 x lD nolc].‘obtalncd from thc lithiun alunxnu: o

h»drxdc 1h tthcr reduct:on of’dthtcrntcd norca:phor (nftcr thc cnolx-abch---

.

dcutcrxun was wnshcd out) was sub)ectcd to n. A.T. :ngeg l analy51$ (ho-t

nolc] The

160 CC14) in thc presancc of £u(Dl’M)3 (0 85 g._l 21 5 107

: analrsxs cstabllshcd the fallouxng dcutcr:un distributxon 0 40 d C 1,0, 30

.

- L A N
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4

“ . -t '! - o W C - ?'

S 0 >S 4 C- S‘cxo 0. SS d C- S cndo 0. Ra d C- h cta 0 30 d C 6 ano . o 5;"g_m
”5;G; dg-t ‘ELE and nsa C-z-;nxx (s D-thns of dcutcr:uz pcr malcculc) L e

v -

\w*’*zL\\lvl Brow;uc in: Dcutc atcd.ﬂcdxu: '

\or'r:cscl\l broatue (Qx) (1. R g, § 8 x _0'3zﬁoig)gwasihéétéd'§h BRI
'.191 v \ CH COOD D 0 (15 nl) for 4 h at 250 : Hdrl*&p in thc“ﬁ$ual hﬁnher:

-cnn_cd nor;1=ﬂbo: f 90\) 1nd onc othcr product ( 1011 Prcparat1\c g 1 p c. ﬁ-i

L-,iﬁc. 0,1 1:1 C 140') ga\o U g (l%\‘ of dcutcratcd norcamrhor

.. _3" ' . [ PR - ‘ .

R ’cor:cg;xen ‘or col!cct:on losscs cstablxshcd thc \1eld at a‘t) A‘tcr the . -
- — s ‘ T !

c*ol::ah!c dcutcr;u: was hn<hcd ou: h\ trca;mcnt hz;h a mcthanol-wa.cr-

po‘Js&'ua h\drﬂxxdc <01utaon nass spcctromptric dcutcrrum nSSJ\ f\o 105.. - o J.ML".

I\\cl Tablc 1 ot Appcnﬂxx C) cstablashcd thc followxng dxstrlbutzon C 26N f;:__f

g g‘uz d- ? a\ d.. 10,63 d', 156V d, 16 at 4. 18.9% d,, 1s 8. a. :naf

. i . 6‘ - 3' - " " 1
'S'G‘- 5P¢L‘°5 (3 “b atons of dcu;erluﬁ{nyﬁ o '-__,;‘: J .n'jll
ﬁu\ .. 7h° P@Silinn of thc dcutcrlua was dcternxncd \13 thc dcutcratcd

' endo- norharneol (0 030 g. 1 *o x 10 nolc) uslng the au(nrw)s (o 050 ‘g, N
1130 107" nolc) :cthod (\o ci; 165 cc1 O | The. annlvs:s cstabl:shcd B
t*c follov:ng dcutcrzun d:*tr:butxon (roundcd tc 0 05 d} 0 40 d C 1 0 35_..‘1'

d C- 4, 0.50° d c 5 cxo o so d c s cndo 0. 30 d C- 6 cxo, o 40 dcC- 6- cndo

0 JO ¢ C-,-svn and ‘0. 30 d C-’-antx'{S 05 nto:s o? dcutcrxum pcr aolcculc]

fs::-' As;a\ of .~'and 3. (Cvcloncntcne}acctnldchvdc “:xturcs

".\

".(6)1 Solv lvt:c Aﬁsav .'_‘_'-* :-‘_ '.';‘ : o  '- 7, ' '"' | ;f E o

t:AlH Rcduct:on of (Cvclbpcntcnc)acctnldch»dcs from Vortrzcxclanal Rcactxon S
T 3 .
' The n:xture of - and 3 (cvclopcntcnc)acetaldchydcs (0 13 g..1.2 x lD

: :oLcl isolated bv prcparnti\e g l P c (as descrxbed prcvxousl) in thc bol\olys1s l 
"of \ortricyclanol scction) was dissol\cd in ethcr (70 ml)- and rchCcd ”lth l:thium

- alun;nun h)dridc [0 0’3 g, 0 6 x. 10 -3 nole) Aftcr a 3 h rcflux. lO% YaOH




T - . ¥ v - . ;

' i “ L)

N ) 15 . %

. . ) . - . e )
205 ‘i'xwd hatcr (0.2 l)‘werc'dddcd drbﬁuise'caréfﬁliVﬁfU-fhc‘tEOiéd '

,fli K-}

"

*rxc ion, rknsl THc gc!1:1n0us prccxpxtmtc uas f:ltcrcd of’ and tHc }"—'

'nfr'“c'cai f:!\rntc has Hsfhcd uxth saturatcd sadxu. b:carbona:e ( xS ml)

. ‘ - N\ ' "*-{

Cowater &l 1.5 nl) satura.cd quCGUS 50uxu= thnrxdc nnd drxcd Thc nxx u*c_, K ?

B z¢ [ksxlo"cw.crc}ctﬁnnols (0 071 g, S %) *991 purc 15 shown b\ anal\txcal
- . B . y Do K e
ogpllipaelt ( ISO t, 10\ C,_{;a ¥ was‘1sqla:cd-byhprcpnra;1te-g_{;p,c,u'; - : .

PR r'r,"ls,- ¢, 170%). - i

fresaration of ny;IQpén!énclcihanbl No§VI5tcsrf a

F-*:”Thc”af££Uré-Ef (C\clbpcntcnc)c hnnols ob axﬁcd wia 501\01351sl;"1
‘_?6-'r;;\;13no] [0 0 1 g, O 63 X 10 3 nole) was dxxsol\cd in dr\ pxr;dxnc__:
'f(. 5 :l; aqd thc 5olutxon uas coolcd in an 1c°—‘alt bath for aO nxn 'Tq‘
"“c cold cagnct:unll\ «txrrcd so!utzon ;as addcd frcshl\ rccr\stallx.cdl
(rc.rolcun cthcr, b p 60 300') n;n1tro,bcn-cncsu1fonsl chlor:dc (Baxcr
.C‘cz Co.. 0. 11 g. 0 64 X 10 3 nolc . P 7?-‘0') Aftcr ﬂtxrrxng,{or 4: f'

'__xn at 0 .o ~10 thc rcaction nixturc has pourcd 1nto a solu::on nadc up

'05‘20 :r'cf xccduatcr and 3 nl of conccntratcd h\drochlorxc acxd Thc sn.zd ”_

‘35 COIIECtEd.on a sintcrcd glass dxsc washcd thh 1cc cold 3 nqucous

';n‘dfOChlor:c acid nnd cheral 10 nl por:lons of watcr ﬁgﬁ dr:cd under: \acuum o -
- at rOOG ’cup¥rmturc. Thc nosvlatc (0 13 g, 71%) had an p of 64- 6"' (11t
2. es-ert(189)) wat _T_fff4?r'
Prepa ra‘r.io'n of 2- and 3. (c'yﬁléych::'cné)_'acam 3eh§dé‘. '_--Thc_ CAY -Oxitg.u—i on of .
tgv \orhorncol lil;_"",%;;Gan': ..; ‘;' ;l ._;’5;'I7'_ 4 - ";;--"' S
| Exo norborneolltkldr;ch Chca Co 5”0-3;74146;:'10f3‘mp;c}.gg;' .,
  °11dl;cd uith ccric amsonium’ nitrate (48 9 £ 59.- x 10° -3 ﬁolc}’actdrdiﬁg}.',ri%lt ; 5.:

.zo thc proccdurc of Trahanovsky(logl Aftcr 30 nin at 50' the rcact;on L

‘ ‘leture wns coolcd diluted vith water. (150 nl) and cxtrncted wltb pcntanc 

A . T

- BT N . R
E T T o L




t*l }ﬂP =1). Thc pcnt1ne extr1ct was uashcd thh sntur1rcd nqueous sodxuh,ﬂ'
QAN R

_5é€4 :.atc {~ x SD 51), water. ( x. 50 n)),'sm&urated aqucons sodzun chlo ide
ff:x 30 =1) nnd drxcd. .Annlvxxcal g.l;p.c..anaIVSIS (Ho..157;'1. IO‘ C 165 )

ﬁhc£é- t“a: thc ntdrh\dcs coﬁnrlscc “0‘ of: thc produsts Cbntrol ctpcrxﬁcnts

A

1§Hdued hat pcntanc cx.r#ci-on %cpq;a.cd thc aldch\drs ‘ron the nxhro-‘a
i o.p; 4 JISL nrogu\cd in’ oxxuatxon Thc pcntane hns rcnovcd on thc rot1:or\.
.;TJFO}; ron :o f:Vc 3. 0 N of crudc produ&t (61\} | Sorc of the aldch\dc was “"-'
hc..r::"cd Hy “rcp;raLxsc.g 1. p c. for spcc:ro¢gon1c anmlﬁs:s -ii (\o 54 '-‘4-
.‘;b: . 0'“ ( C C\ ).1. 10 (H C‘o} : “30 (,C=0), 010 “IB awd 666 ca” (‘C C/”)
noar. (.icp; a2 cci ') 9:68- (:a 1, He c— ), 5.67 (n ﬂ;,_ .;C;=Ci'-!)- 8-1. s

f=, ii)

‘-rrcpar;~1on of (C\cloncntcnc)cthnnol \o*Vlntcs f:or CAN Oxldatxon of ch-‘mr-L: S

7,

h \crbcrn§o! |
Thc (c;cl0pcnt§nc}ncét;ldch)de nxxturc (3 0 g. ‘0. 0“’ nolc] obta:ncd
:rn: tﬁc CA& ox:da ion of cxo- norbornco! was dissolxcd in cthcr (60 nl) and
'-,aducd slouly to-a stirred solutlon of 11th1ua aluaxnun h\drxdc lO S; g, 0. 014 f:;*—..ﬂ
;Solél‘ln c:her (’00 nl} : After rcfluxzng for 3 h usual hork-up ga\c crudc B

(cyclopcﬂtcnc)cthanols (’ 8 g. 87\) Fron th!S. ”3 g °f a :T 3“5 3‘
: Jc)clqpcqtcnc)cthanol =1;tur¢ vas 1solntcd b\ preparatlvc g 1 P <. 13?7-34'_"

11, 15y C :70’};fﬁ? ;‘z'.‘a ;:1*,?< -;”].fx;- h‘q‘;f:_;_':;<..*;_;‘:- IR
The pixture of. (cvclopcntcne}ethanols (0 -8 g, ..S X IB ‘ dolc)'éas )

' ~c0n\crtcd to thc nixturc of nosylatcs (0 6’ 8..34* N p 66 68 ) as dcscr:bcd e

» ﬂrcv:ousl\ ‘ f¢f-‘.~-' j"=". o k%

."

“. -
.

. ACcIOlVSIS of M:xturc of Nosvlatcs Prcpa?cd fron Aldchydcs Obtalncd from CAN

r“ . .-"' ' . P

"Oxxdntion of cxo- ?orborneol : 'iif‘ ". T AT "7- :.:‘? S , 'l
| molc .p. 66- 68') was o |

Thc nosqr!ntc !uturc (0 ..3 g. 0.78 x 10

,o_.

s R . ’ e,




- s;.hr1.cu hr4nc ﬂolutaoﬁ (1 x 20 ah) and thvn dr:cd over nnh\drous_“gﬂo

. ;,cn cnc)aco:aldch\uc ::xturc ‘ron.thc CAh oxxdat;bn of c:o norbornpo}vcon-‘ ,

; a_c‘pta!dc.h;rdc. Y R I B

.

‘-141 of -(cyclopentcne)ncctnldchydc and 1\ of-an unknown“ o
‘  fh) l r. Finggrprint ch;gn Assqz‘ ;Qu-- ;_ ;-“f;;

-Liuuua thinun !Iydridc. Roducuon of 2- (Cvcmpcntcne)ncetxc ac1d S ;,_". S

- , . . . ) S P ' K
. B . . |‘ .

31\Cu xn anh\drous acet:c acxd (1 nl) shxcﬁ contauncd anh»drou$ ‘oéxu--_
Lo ,'\‘] .

ahz.axc (ﬂ 06q g..Q,tQ L 8 10 T nolc) Aftcr hcatxng a: 100 “in a conéﬁant A

towe
I

kc::,cn:urc nzl bath fqr 13 h thc solution uns coolcd dxlutc& Hlth hBtcT

N s

'.‘r‘a a1} ard etrrnctcd w1th pcn&anc {3 x=40 "I] Thc couhxncd pcntanc cxtr1cts

-
e\ .

uere ud<Hcd w;:h snturntcd sod1ua bxcarbonntc (a X l; nl), Hatcr (’ X - 1: ml). and

"y
. -
W

. fex La} o’ thc rcntanc g:\c @ colourlcss oxl 10. Il g, 935) . Aaalyt:cal,'

..:"

'Elp <. (~racxn"-and wcighxng pcaks) (\o '91-‘!- !0% C., 1&5°)'$hbucé Séﬁv

©oaf 010 norbornvl aCctaxo and 42% of :-(cvclopcntcnc)cthyl acctatc aftcr con-r

. ', .. . -

"va-1$0ﬁ of retcntaon txncs to thosc of authcntxc snmplcs. Thus thb (c\clo-:r

- »» A e

-%zs‘cd of SS of 3~ (cvclopcntenc)acctaldch\dc nnd 4’! of “-(cvclopcntcnc)-{

:chtol¥<i§ of Nixiufc‘6f5305ylntcs Prepared from Aldchydes Obtained from .

\0 r;cxclinol ‘Reaction IS 5)'-‘2 "3.;; e ';:-"‘-

LR

. e

~'Q[ .Thc n:xture of nosvlatcs (0 073 8- 0. M4 x. 10°% 3, nolc a.p. 64 670) &

. . . -' ﬂ‘

, Jbtax1cd prcviouslv u11 dzssolvcd 1n nnh\drous acctic acxd 6 El) CO"tJlﬂlng L

0. D’l gﬁof anh)drous sodiun acctntc nnd thc solutzon was hcatcd for 13 h at -

100"' iork-up in thc usual nanncr gave a pcntanc solutxcn Of ncctatcs.‘ -

n

Rcao»:l of . the. pcntanc gavc 0 033 g (89\) of-nn 011 uhxch uhcn annl) cd

'f:{ﬁq.fisz;fr; 10\ C l’S ) undcr thc conditiOns cnploscd prcvxnusly shoued i

Sat of norbornyl acctatc, ldt of *-(cyctopcntcnc)cthvl ucctntc :nd l' of an_'

h

Uﬂlnown ncctatc. Thus the (c)clopcntcnc}acctaldch)dc nlxturc fron ihc so]-

‘°3rsxs'of nortricvclano! consx;tcd of 85% of 3 {cyclopcntcnc)ncetaldch)dc,

L S v
- “;4__‘__.7‘ ‘ . S

vl
!

o -

'..’ T s

™




-

f;“f AN ’;(Cvclopéntcné)ncetic acid (Aldfiéh‘Chcn.dEo:,-Q N t;io 063 =th‘:'
.r'_ctﬁc' (50 =I) sns addcd droru:‘c t0-a solutzon of 1i thlUﬂ 11unxnu: L
Lo sde f-.o £, 0. 05"nole) in rtﬁcr (150 :l) and thcr rdfluxed for 12 h“'“"

e

nork-yp,:s ﬁcscrlhcd wrc\:ousl\-'\xcldcd '(C\clopcntcﬂo)e:hgng] f‘ J‘k., .

“1r A(\‘;«“ 28, neat). 3.;-!0 (o- n}, xoso ( Ca ci ), 10{)0 (C-O} 9m : 13'.:' SRR

f"_'cg‘_"' ~c=c:"). nom.r. (‘m oo cpc1 1 564 (bs.‘ , ”‘c c(") ‘ "60 (:

-

=, H -dli) s.: 1 .:o (unrcsol\cd m)

—i‘A\zI\cr Ca'bonatc ‘on Ccl:tc Olidltlbn o‘ (C\cloncntcrcic:handl . s L

_37 : =A tcn fold exccss of . silxcr carbonatc cen cel;tc (JS £, 66 X 10'3
. assy.,

‘ .nalc) nrrnarcd b\ thc ncthod of Fct:'On was suspcndcd in- bcn:cﬂc (23

z;; Aﬂd rofl{xcd, collcct:ng any reSLduaLgsntcr u:th a Dcan Stark apparn.us;
A‘tc- all the u:tcr uas rcnO\cd. --(C\clopcntcnc)cthanol (0 ”4 £, 6. 62 x 10 oo

~3!c} in ben-cn& (’5 nl) uas added dropwlse, Aftcr rcf]uxxng for an aduz\lonal B

" ad

' flb}h, thc hpt rcacttcn n:xture was filtered through a ‘xnc porosxtv frzttcd‘ '

L™=

{unwel uhxch containcd a thin la\cr of purifxcd cclitc Thc fxltrate has
hJ -

-

con»cn:ratc& on the rolary e\aporator and thc ; (C\clopcntcnc)acctaldchvdc
fﬂ 50 t- 3"\) was collccted by prcparat1vc g l P c. (\o 69, , lS\ c, llS )
4 D\P . p 98 99 S nftcr th;ee recrystalli:at:ons fron ncthanol (ixt '

o 98, 99'“8?’, JOO 101‘“"’1) or. (Yo, 103 s, ). 3052 CC-C" b,

. m c*°), 1730 e -0). 910 718 ca” bpcseth: niak, ',(\o 153 and 154 ‘cct )

Sy, 74 (z . N c‘°) s 67 ( n, ,"J':c c'"), 3 10, (bn, u!) 2 40- 1 (n. 5«*),.

L
=

1 so 1, 25 {a m). n. .y (\o. 100 ao ev), u at. ase 110. corrcsponds to

E__gerprint ch}on Assay of ; and 3 (c)clopcntcnc)acctaldeh\dc Hlxturcs .

z J

,ff?}' The i.r. fingerprint reglon (CS J of the 2-‘ d 3: (cyclopcntcpc)—ﬂ

~

'w_ :“'

' .accta!dchyde axxturcs obtnxncd fron CAH oxldation of exo norborneol (

: g . . PR el - . S Y . ‘ oL . - ‘. . l

. <,
' a h

Fxg. 2




\~ endi v ux er sol\ol~wxs of rortfxcyclanol !F:g.- . Aﬂpcno:x D} shoscd a
- ~eal at 110 and an unt0501\cd broad doublet \xth saxima at TI8 and 6%6 2 1,

The a.r. f:ngcrﬁrzﬁt rcg:on of -{cvtlo“cn~cnc)3;c;aldch\dc (F:g 3, Appcnd:x

‘:ﬁunvchavcd by A,\CO ox:datlon 3T‘*“‘“tlopvﬂtinéﬁethanol shoued bands atx
;:uland 718, Analvcxﬁ (;racxng cuttxng and welg hxrg) shoucd .hat thc 916"
' ‘—c;k was Ib» and 61 of thc arca o‘ the 18-666 douhlc: for :hc aluchvdc |
‘ ﬁ;iéa:c5 cb;a'ncd from: thc CAh ox:d;tion and the nortrxcsclanol rcact;on<

‘.:Tsréc:1:;T:T‘~Tﬁarefore, to obtaxn thc a:ount ‘of ‘-(C\clopcntcnc)acc.aldc~

- =g

_hygc in a :i;‘urc of 2. and 3- {cs;lopcntcnc)acet1luch\uc to hxthxn :-.33,
e 016 ncal area pcrccn:age is nultlpl:od bv 2.6, (16 x,..6\=h4l .6;

.b x 2 6 - 15-6) A“plxcatxon of thc analvs:s to purc ,-(cvclopcntenc}i B .

‘1\c alu:“hdc (Fxg._S Appcndxx D) showed that thc 910 pcak arca 2 6 was

n:th.n -\ of thc 718 wcak nrca establi*hxng.thc vaP:dx:v of thc acthod.

.fnxn Cmumlﬁnwnaﬂus-j 'A'fy 2 'ff K ;

-
+

T < o _
'-Irca:ncn: n... (C\clohcxcne!carhoxa]dcthe undcr Solxol\s:s Cond:txons R “&N .
' <t -3 e - :
3 (Cvclohcxenc)carbOIaldehvdc (Aldrtch Chcn. Co., 0 16 g,_4 x 10

=°‘t) and. 10‘ \/\ i COOB D 0. (11 al) were sc:led under sacuun in a thick-

3
u:llcd glass {ubc aftcr dcgassing as describcd prefxousl\ . Thc 501ut1°n : l__.-é_'_ '

'.vas hcntcd 1n.thc Carlus oven fo:_l 5 h at ’50 3“d “”’ked ue in th u?ual -

-'nanﬂe;. Gas cwronatographic analysis (\G. 106, ‘10* C 10=P Pr°87353’"8
-'!f@;IJO }, shoucd by conparison wlth autﬁentic Eanplcs that norcnnphor and o
*'ch GC)clopcﬂtcnc)acctaldchydcs ucre ‘ot forﬂed FOUT ulnor C°°P°“°"t5 T‘

‘ff'lO\) one of retention loucr thnn 3 (cyclohcxcne)carbozaldch\dc nnd thrcc

~of longcr retcntion tz-c ucrc prcscnt Aftcr the: cnoli-ablc dcutcriun haS‘

vnshed ‘out by three lnjections through thc St KDH + . 20% Carbowax on Chrono-’* _ﬁ‘ ;“'_\\

~,sorb n colunn (160’] nass spcctro-etric ang?ysis (Vo 29 30 15 CV) Sh°”°d

. ‘_,"
N .




188

. A . R
that To deuteriua u:i's,incomoru:ed into '3-(cvclohc'xcnc}ca'f‘*onldchvdc.

Treatmont of ‘3- ’FsgIehctcnciggfboxmldch\x* in {89 vrv Ii)\c 20 -1% PCI

L 5-(C\\lohcxcncigarhoxaldchvdc (A!dr:cﬁ Chcu, Lo.. 0. 48 g, 3. 4 x 10 -3

SiC) I"\ \fv ﬁ&ﬁ*-ﬁ-0~fla‘:llqand son;cntra.cd H\drﬂghlorzc ac;d fO J *11

',-crc lﬁs!@hﬂ\cd ipto a scalcu :ubc. uCﬂJSSCd thrcc % ncs 1nd scalcd under
vazuim.  The ;J*c was hcatcd ar ’50 1n A Caraus. oven ‘or l 5 h and worked )

: . ‘ N .

'.u; as y?‘Lfled prc\:ousls Gas-chrnaa:ogrnph:c analvsxs (No. 163,'!, IO}'C.

1A

. temp. rrogrn:ﬂ:ng lSO-.JO ) showed twelve components, 3nd only o .ra;c {35

of 3-{cyclohexeric)carbozaldchvde. Norcamphor conpriscd'apprdxxnately 154
L : Y ot S

of !he.:xxturr;

Trcitzc"t of -(C\clo“rntcnejaccta!dchvgc undcr Rolxol\51< Cond:t:ons

S

- -- (C)c!Oﬂcrtcne)ucctaldch\dc (0 35 g, 5 ‘S x !0 molc) and 10% v/v

“CHSG1T¥D 0 (12 nl}auerc scalcd :n a, th:ck-gall;@-glq;si;ubé;ulThé tubc was

1ﬂfca‘cd in a Carxus ovcn fOr . S h at 250 aﬁd'gofked up .in the uSual‘p;nncr;j'

'Gas chrocatographtc annl\sxs (\o ‘S i'l;_#ﬁ‘ C,fiés‘)is;oﬁed ‘55£ opiy?:”
l‘tar:’“z natcrtal v;s Prcscnt Aftcr'thc cgoli:5blﬁ-dcutcrihn‘waS'énshca-
*out b\ four 1njcction5 thrnugh tbc 5& XDH ?.’0‘ Carbowax on Chf°°°5°rb “
“fcolwua (15: ¥, naﬁs spcctronctrxc annlysis (\o 106 15 c\) ‘hO“Cd that
'Ecuteriu: was not xncorporated into 3-(cvclopcﬂtcﬂc)3C¢131dch‘dc ' l;’ﬁ:

?_znal)sls (\o lll CS ] shoued that isoneri.atxon to 3- {c»clopcntcpC)acclal-'

“

uCh\dc did not occur- i o
. : a
':Chcct for Ac;d catalv'ed Honocnolx.alxon

- ~

Run-l' Vorcaﬂphor (Aldr:ch Chcn. Co.. 0 S g, 4. S X 10 J molr), 4i

h I>\ \/\ DOAc D 0 (IO nl) and concentratcd HCI (0 37 nl) were: lﬂtTOdUCCd ‘n‘o.

L3

":a thlch-wq}led tube and. sealcd under vacuun nfter ‘three dcgnSSIHES Th°

”iolutzon vas heated nt 260 for l S h uorkod up in the usual manncr nnd

-




:_:;dc‘u?_fn voluse in a 4 ﬁl_fqluncgrii flask. The norchnphof'(423}‘tcorfbtzba‘-
'yuﬂJ'TJB) L;§ Asofi(éd by pfcﬁarat:vcfg.i.p.c. bv'injcctiﬁg 5liquois (O.l 1)

thruugs

=-:t:%ié£ll§ {Na. lb-._:'and IQ 151 T\blc £} of Appcndxx = aftcr _one, two o

and three 1r)eu.xons of thc sane’ sazple ga\c the folloulng.rcSUIts: one L
‘ ‘ -y ' N e -
. (;fc;txo- “UIv 4., :S #\ dl' A&.S% d (O.TS'J:oqs of dcutériu:)' two. 1njcctﬁbqs, -
1. ¥ d,, -4 81 dl ";4% O (0 30 atons of JEutcr;u:) rhrcc ancctxons 0. 8;'

, d.,.{ 1y dlf a4, 51 dD (D 05 ato:s of dcutcr:un) spcczcs Thzs cﬁtablxshcd Th1.

_gr“:er;un 1S not xncorHOrated 1nto norcamnhor sxa acxd cata!\ ed ho:ocnolx ation

and that xhc 5% KOH golu:n Tepoves at lcast 9)\ of thc cnol: able dcu:crlu: f‘ <.

fros norcaunhor af'cr thrce 1n3ectxon; 7 .

”.'Ru5 2; anﬂhcnxlonc (0 19 g, l 4 x 107 nolc), 15 v[v”DOAc-Dib (10
ful} ind conc?n:ratod HCl (0 13 nl} were xntrodugsg“:nto a thxck -walled glass_‘
.u‘c and sc:lcd undcr \acuun nfter dcgassing -lThc-nzxtunc;gasxhgatqd at 250 .
- for 3 by and vorkcd ;_as dcscr;bed prcv:ou<l)‘ Ma55~spcctro;ctri; déuté?iﬁh

':Jislr (Bd. 20 15 c\) on thc canphenilone (0.07 g, 39%). ;solatcd bx prcpara-:”

. Ve g 1 p c (\o : *3 I, sx mu 145 ) showed. 98\ do and *\ d spccxcs. SRR

p -;‘ A duplxcatc of Run w:th ca:phcni]onc {0 18 g, 1.3 x 10 nolc), \"';

'-7\ v DOAc D D {10 nl) and conccntrated IKZI (0 11 nl) that was’ heatcd fbr 18 h

. at 275* u1s u&rkcd up and annlv'ed by anaIVtxcal g 1. p c. (\o Si SE 30

"116') Lcss thtn S% of the ca:phcnxlonc rcaaxncd . There wcrc thrco major

components (80\) of. retcntlon tlne shortcr thnn canphcn:lonc as . wcll as. four —

L . B - o

o.hgr nxno%fcouponcnt% (20‘)
. Run 3 Tuo scaled tubcs onc con:aznxnz 0 21" g Of canphenxlonc nnd .

3CDOD 020 and the othcr 0 ’8 g in 2'%1 of 10\ v!v CF COOD-

'020 uerc prcparcd and hcated at 205 for l? h nnd 120 h. rcspcct:vcly

nl of 101 vlv CF . ) .
Aftcr 'l:*'f  S




e

O ST e

woTRup, geutcr;uqfaséayr(ﬁo. -8 qnd 31 15 e\) on samplcs :solatcd b\ nrc-
. ,;af;ﬁisé'g.lup.;.'(No;'7, 11, 1%V C, 195 ) shovcd !h1t in both cases no dcu;cr-ni
um had heen Jn orﬂuratcd 1nto. thc ca_whenxlonc

3!.. H\nr1txoq n: \orhor"ld'cﬁc {2 l} at a0t ' : L v T

i %\dra.xn*‘xﬁ lﬂ\ iy Cﬂ OOH H 0

-z&o?hcrnidirnclfkldfich Ch?n; Co.; 0.30 g.:S.J‘x lo'ﬁ.nole)‘aﬁd 104
.'vfr'HJA¢4HfD (3=l kercfplaced in-a ﬁln$5'tubc {1 in- X 0 S inj, dcgaﬁscd =

by the 'rtc.t pwrw thaw ncthod and scmlcd under sacuun Af’cr bclng hcatcd at ,'

253'_for‘§ h in a Clrtus oxcn,thc 'caction nxxturc was dxlutcd uxth water

: 4 :

_1;; ﬂcu:ralz.ed uzth solxd sod:un bxcarbona:c. saturatcd w1th sadiun. ‘_ - e
a—:dc and cxtractcd -ith cthcr (4 x }0 nl) The co:b:ncd cthcr cxt-acts-

+

mere Jrzcd oxcr nnh\drous =agncsxu= sulpha'c and conccntratcd b\ dxstxl!at:on |

,.“*ough P :nch \lgreux colu:n Annlvt:cai g l p “C. tNo. 214, i- 10. £;'h

‘te=p. pro,rs::xng ISS- 20* ) shoucd that thc nxrturc was conps‘!u of 14 'f .
:;A'nxxturc Qf the 2- and’ 3 (cvcloPcntcnc)nccta!dehvdcs. ’% a-(cvclothcné‘éA
-'ucarboxaldcthc i\ norca:nhor. 14\ norbornanedxols .and - J\ of othcr products

_ R
'Thc aldcbv»cs and no anphor were - 1solatcd b\ prcpara :\c - l p c. on a lS

C CRR

fr.ox’ 3}8"“ ‘lSt C bowax an Chroaosorb u colu:n (150 ) for . xdcnt:fxcatxon h.‘

:'urposcs i- ;nd 3 (cvclopcntenc)acctaldchyde i}fﬁ. (Np..:.; €s. ) 52 “i

e A

e ”’").‘ *“w it c'°), 1730 (€03, 916, 718 and 666 ca” (,c-t:(”)._n 8.5, (No.

‘ . . e - n
o3, "s 50,"cCl ).59*4 (s, .uc*°).-s 67 (‘n a, "‘cc'). §-1.8 (m-;li). ﬂ

fﬂ o fc rison of the olefinlc n 8. . protons of 2 2. nnd 3 (C)c10pcntcn¢)' ‘7,-'
acc:;\:da(;

dc with thosc obtaxncd froa :hc nortricyclanol sol\olxsis (Vo 3

“C51 ) and the:FAN oxxdntion of cxo-norborncol (Vo.,dl CCI } shoued that thc .A ' : .
i;*“““d 3.i:ygloﬁéntene)acctaldchvdc ratio was approxxnnte!y lS 55. o

Using the i.r. fingerprint rcgion ass:y ncxhod of dcxcrnxnxng the anount S
' %§f 2 icyc)opentcne)acetaldehvde :n a aix(urc of 2 and 3 (cyclopcntcnc)acctalde-fV

B




147 .

u\ le as dcs;r:bcd in {he nortr:cvc!:nol solxolxxzs it wasfcstablishcd that -do ‘
sherc was cd. lS% of (C\clopcn:cnc)agctaidchxdc ' Thus 1"in'thc nbr:iiéftianol
R 3 R
Csalvaivsis, the ratio of f and 3- [csclopcntcnc)acctaPdch\dc HAs 15 - 85. 34(Cvclo--

. m_c‘ne)c;.—bogaxdchmc: i.r. ..(\o 73, cs ). au © c - ). .Loo Qt-c® ),, 730

Ry u\ﬁs (€€, 660 c: {,uc'"} h . (.\o.":'9 \ccx ) é.ss (s, M,

: ‘-"M\'V .- l\ ~rke .
: }PL( 3 -03"=a M, ',C'C\ ). -1 8 (l. 11) ‘Dt ir. mdna.r. qrctrahtrc 1d¢1t1gnl

. te thosc obtaxncd froa an authentlc sz:ple of 3- (g\clohexcnc)carboxaldchxde Nor-

.\

” ca::;‘_“*r =.p. 85: 93 m:. alp. 90- 91'“3”), [\o 122, CS,), 1735 (3 cr_oy,j

FIRIEN lOb-l:: 933 2,909 w, 849w:md SSc:tl_‘-hnr, (o ¥, cc1 )._._‘_;.

2, ,z ;e brid ehgm),,-.so (a, it 1: ‘ bridgchc:d]. :.1 1.5 (s, sm/ The ir. 2
-And‘a.n.r, §pcc:ra'ucré ;dcntjcql to those from an authcnt:c sa:plc-of nor;a:thr,;'”‘_
T T e A
?(1!}; Hvdration. in Ddu:cfatcd ﬂcdiun — _1.;  o IR o o

-o

\Orbofn1d1cnc (Alurzch Cbc: Co 13 S g, O 146 nolc) and 10\ \/\'

CICDOJ D 0 (SS =!) hcrc introduccd xnto a tchL wallcd glass tube Thc;
B B n

‘45 uZion was degassed thrcc tiacs Scalcd and hcatcd for 9 5 h at ‘50 in;'
) _a Carxus oven. Tﬁe dafk brown rcactton uixturc was ncutra!x-ed thh 5011d
' sodiun bzc;rbonate. saturntcd w:th sbdiun chlor:dc and cxtracted wzth cthcr
fS x 20 al). Thq\cunbxﬁed cthcr extrncts wcre dccolo fzed with \orxt dr:ed s
: vzth anhxdrous Hgﬁo and éonccntrated by drstzllatxon :hrough 3 1 1nch
\1grcux c01u=n Analytlcal g l p . (3@,.2201 1. 101 c, 1'0-230 } showcd
14\ - and 3- {cycloppntcne)ncetnldch\dc.. j ) (cvclohcxc c)ca bo:aldeh\dc,
54\ norcanphor 14\ norbornancdiols and l\ o? othcr produ 15, Thc»concentratcd
~cther cxtrac: ua, quantitnti\clv tr:nsfcrred 1nto a ’S nl voluncxrxc flask
and nadc p :o voluse. Prcparatwe g l poc. (\o 38, 1, IS\C 185 ). establishcd
i thc }1clds of th; #c;tnldehydcs. 3- [cyclohexcnc)carboxaldchydc nnd norcanphor as

0 a £ (4\)_ 0, 9 g (7\) ﬂnd 3. 5 g-(‘ﬁt), respcctively Coff;ction for collcct:on '

lossesl(see Appcndix A) cstablishcd the nctual yiclds as 0 1g (3$j °f . ““d 3 ‘»_i'

" ' . LY




.L\Lzwﬂcqﬁgrc)acetaldch\dc. 1, Stg (13\) of 3- (c»tlohcxcnc)carboxaldch\de and

Ag¢; Hofmmmﬁw B fi”

Thc < olx-able deuterlua in the aldch\dcs was washcd out b\ thrcc in- - ._‘:

iestions of c ch .atcrlal through a 5VKOH colu=n. s 0* ) ‘as descrzbed in the S
A . l

15:;3_“Hor Honocnolz'atxon expcr:ucnt Thc dcu:cratcd norca:phor (1salatcd by
- . - s - r ro

C"rJtI\C g 1. p c. whcn collcctxng thc aldch\dcs] was hashcd 3 t:ncs hl h a ' . o
“«Ji!io lEllsolutxon as dcscrnbed in nortr1CVclanol solvolvsxs cxpcrz:cnt

Dcutcraun nssay nass spcctronctrlc:llv on the. »amplcs froa: whxch tHc

T

; rnolx.able dcuteraua vns uashcd out (Tab!c 5 of Appcndzx C) cstabllshcd thnt (3)
_the x4 awd 3~&c>clonenscne]aCctaldchyﬁc nzxturc (\o 6 11 e\) was’ gomposcd of 4 dS‘ 

: i dg. 30.9% 4 36 3%°d, and 14 31 d spcc1es . §5_atdas of dcutcriua),lﬁﬁ):j

; >3 1
3. (C\clohcxerc)carboxaldchvde [\o 54, 11 eVJ was COﬂP°5°d °f 1-7“4 5 3 dS' -
\'.' P
45, 38.7\ ,. 8. 7\ d and 3 Qt dy spccxcs (’ 60 nto:s of dcutcr-;;‘ o
._}ua) ~and (c) norca:phor (Qo 51 ‘ll c%) uas conposcd of l SV d 3 8\ d.. 10 l%

‘.}3 s\ ‘}‘-3 ot d

3 1 and 3 4\ d spccies (..40 a:ons of dcutcr:ua}

-'jé A control experinentflgg) has shown that the cnolx.able dcuterlun xn thc al- -

K

-.‘ag;].s N d 44 1 d,. 13 N d

S

' dchvdes can bc vashcd out “by passmg the sanplc through A 5% wt/wt mu Alumna

"coluzn Houevcr cofuam chronatography is not an cff:cicnt nethod for wnshxng  ."

-out the cnoli-ablc dcuteriun in norcxnphor Q

[;11} Largc scale Hrdratxon Svnthcsis of \orca:nhd% SR

A aixture of norbornadlcnc (Aldrich Chcn Co., 1’5 g. 1 35 nolc) and 101

‘-:-\/v HOAc - l! 0 (500 nl) uas hcared fqr 18 h at ’50 m a stcc.l bomb Thc rcsultant
ﬂn1xture cons;sted of -a blacl organic laycr and a yellow aqucoqs layer. Thxs

fﬁa:xture S;s ncutrnli.ed uith solld sodruu bicarbonate. snturatcd w;th sodxum"”

| chloride nnd extrncted ulth ether (5 x 00 nl] Thc cﬁubined cther extracts were:  'i. f

'.¢uashcd uith 3 saturated sodiun‘t}suifitc solution (5 x 150 nl)(to rcnove the al-- ;;; ;}

dchydes) The ethcr e:tract uas then- dried thh anhydrous Va SO and conccntratcd&f 



'_Va' ) ‘.. ! . - ‘V , ) ) -,__ . : . E ' “. . '..' ! . :.\ ) M . - , ) : E -. \.‘ .
;h\ M:stxllatton .hrough a l anch Vngrcux coluzn Aral\txcal g l .'énalvkis .
Q. .

CiNaL 36T, l 10\ C 1”0 "} shOhcd l\ of 2- and 3- (C)clopcntcne)acc~alduhxje 62

1

:,:’ \.lahcxcne}cnrbox11ach\dc, 92% of nortaaphor and l% of anothcr prouuc..

e

The \awccntrated cther cxtrnct was \acuuz dxst:lled thr0ugh a IS lﬁuh \aguu_ v

-

-'_\afxcted \1grcux co!u:n to yxeld norcazphor (34 k;'-st b p 40 ;0 (4 nn))a

bt

'kra.x.x\al g 1. p <. annlxs:s shoucd B’\ of norcazphor and 13% of l‘ otﬁcr prodacts

':W L. and n.g; T. 'sﬂcctra of 3 sa:ple :sola:cd ﬂ@?p'crarrtx\c g.1, p c. were 1dcn;7éal
o(lal))

A

1 an authent:c sanplc of norcanphor n.p 88 90 (ltt =. p 88 91

£
»

3‘..J Trca ncﬁt ‘with H 0 at 250° ’-:5

\Orbornadxenc (0 82 g} 8 8 x 10 -3 nolc] and\uatcr (6 nl) were placcd

. xﬁ a gi;ss lubc dcgaxscd three txacs bn the frcc c-wunp thau =ethod and Scalcd f:, )
‘qnucr vacuua. Aftcr heatxng at ’SO for 10 h xn ‘a Carxus oven the rcac:;on nxt- o

;:‘:uré;.con:a151ng 40:0 shxlc solxd nater:al uas cxtractcd uzth ethér (a x 8 ml)
J\c.coabxned elhcr'cxtracts wcre dricd and conccntratcd b\ dxstxllatzon through

j‘fa L‘-xnch \sgrcux coluan. The uhxtc solid was only sl1ghtl\ solublc 1n cthcr_i'f"

-

:33d Ffecipltated out in the conccntratcd ethcr extract, Analvtlcal g J .p. <. . (No.
‘ ’33 (’34}. I S\ SE- 30 (10\ C). IIS (1’0'}) of the ethcr extract showcd only
.r_thr prcscncc bf norbornadicne and ug nldchydes norcanphor or d1ols R

} IR : N Co . &

Toh
-l

I}l. Sblvolv51s of Hvdroxy Tosv!ates nnd Brosvlatcs

Il) ¢exo- 2 H\droxs srn and anti-7- Tosvloxynorbornanc (35) Svnthcsxs (Schemc Il- :)

Gassnan et al (lsf} havc shoun thzt

- d:tosyloxynorbornanc in rcfluxing 60\ aque us dioxanc for 37 h yields a 75:i25

'ialxture of . _za- .and anti hydroxytosylnt'. In- a trinl run, our rcsults-'

'Ha\c shoun that uhcn thc di:osylnte is solvoly*’_ in rcfluxlng 75% aqueous

«

';facctone for 6 duys. a. 50 50 -ixturo of rg--and anti hydrox)tosylatc rcsults ‘_;Q-_;‘

.Apparcntly thc 6 2 hydride shlft conpetos with solvent capturc and attcmpts S

‘:‘° prcpnre purc gng anti hydroxytosylatc £rou the solvolysls of’thc oxo-‘ 




-g._.-or antx-.-d:tOS\loxvnorbornnncs rcs"cctxxel\ woulu bc futxlc.- Coluﬂn-l o

chriTalo J“hIL scparatxon of thc 5\n- and anti- xso*cr¢ ha\c nlso prO'en
AR - ‘ ) :

unsy Lcssml because o! rca»txons oc;urring on th e coluhn durxng c.ut:on
fence a. largc *ualc T cparatlon of cxo~ -hvdroxx-qvn- and antz---tos;loxx- h

"ﬂ—-o—ﬁanc ;11 bc achxc\cd fron .hc solwolvsxs ot cxa- -SVﬁ---dxtosvloxv

%;;bornunc containing bylot of cxo-.santxf:-dxtosyloxynorbornane. -

: . o : : A
: rxd-:-svn~74D)hvdroxynorbornnnc - \ --'“7.‘“ e
. LT . . . . . . . } Lo Lo ‘ ‘ o .
. The t:tlc conﬁound was prcparcd as dcscrxbcd*xn thc solvolss:s of L
. S : ‘ ol

S qubstit utcd nortr:cxclancs and norborncne< HOHc\cr. in :hx& caﬁc,:hc d:ol

was "not’ rcpurxfxcd b\ carbon dxsulfldc extractxon and. cr\stalli ation and

- m*cc 1! contaxncd 6 !0\ of- the ant1~1$oucr
L

“e{g- -sxﬂ-a-Ditﬂ&\lo:vnorbornanc _— ;3<3_ ,-v';‘: R -S..-' R

cxo-‘ svn-.-Dzhv;roxvnorbornanc (6 46 g, S 1 x 10 ﬁlnolc. p p 180-
186' and. frcshly recrvstallx-ed tosyl chloridc (2 l.- £ 0.11. polc mlp.
ib S ] ucrc d:ssol\cd 1n dr} pvrxdlne (1"0 nf). Aftcr 6 da\s 1n thc A‘
']rcfrzgc'ator the rcaction nixturc was pourcd ;nto a scparator\ funncl
;corta:nxn".xcc-wntcr t&oo nl) and cxtracted thh chloroforu (4 X 80 al).
 ‘hc conbxnod cxtracts uere Vashcd with d:iutc f(n (3 x 60 =1)- Sat“r“tcd
‘-50u1u= bxcarbonate ( x 60 nl),_uater (l x 60 nl] and drxcd ovcr anh\drous :
| naxrcszuz sulphatc. The dricd cxtract wWas’ conccntraued on thc rotatorvi' 
lcxaﬁorator and puapcd to drVncss%on thc vacuu: punp to 71034 a Slfﬂhtly T T
colourt:d so!xd This. solid was recrystnllx ed twicc fron hot. ?ctha"“ to -y o
) rlcld cha -svn 7 ditOSVonvnorbornane containlng 6 101 of thc antx xsoncr ﬂ' ,-;\) ;,:“
'(1_,, g 51\ a. p. ;;4-115. 1‘ . -.p of purc sﬁﬁ:xsoncr 121.5- 121 5°(187)). .;‘ ‘1j:f
f_n-a }. (Ho. l:‘ CD013),6 7 9 7 3 (n, &l ﬂfonatif protons) ‘4, 80.5m '”:;:';
C---exo and C-7-3 _mwith 6- 10\ c~7 nnti). 2 2.48 (s- &, .-CH J 240D L

a




B D U T

'L'r 'torﬁxl cn\clopc), iLr. (. 105 CDCI ), 950-(5c§ﬂ); 1600 (aryl C=C),
~1‘Q‘( <O 0 ) and 365 cn (ar\l C H) - 'ﬁ'; Lo ;.gf' -/ P P
Mrxture of cxo~--H\drox\ -Sm- and 1nt1-:-Tossloxvno*borﬂaﬂc

The sol\ol)‘xs of cxo- -5vn ;~d:tcs\loxvnorhorﬂanc (S 93 K. 0 0‘0
'f:p‘c p 114-115 ] uas carr:ed out~1a—feflux%ng—=5%—r4v aqucous 1cc~onc (”00
'-"31 cow;axnxng an cxccss of powdcrcd'calcxun carbonatc (2.2 g. 0 0’ molc)

>

;-*A"cr rc{lu:xng for tho wccks. the rtact:on uas dxlutcd thh watcr {50 :1)

AL

; 7awu‘cx ractcd unth cxrbon zctrachlor:dc (: x 40 nl) T\c combincd cxtracts o
"”;crc drxcd O\cr anhvdrous E;gﬁcsxun sulphnte anu conccntrntcd on thc rotx.orx
c\;ﬁc'a or Tﬁc rc:aldxng rcsxdue uhzch was. punpcd.on oxcrnxght \1chLd ; |
.xscoas il (5 2 B 89V} . Inztxal attcmpts to rccr\stallz-c thc oxl from" 
"‘ cthcr pc:tolcu: ethcr fn:led‘ Aftcr allowxng thc 011 to stand in. the
:i:rc‘rzgcrator for tuo vcchs a whltc 011) soild was forncd Thxs oxly sdiidf
gr.was washcd v:th pctrolcun cthcr (30 60 ) and aftcr four recrystall1-ations.l.
‘ \zeldcd wh:tc piatcs (n*p 79 S- 81 ) .ni (\o 163 CCI-), ;f?.ég

“%(quartc: thh {zne structure 4“ aronntxc protons), .78 (s, .22, C-7-

_wn) -4 50 (s ‘..:su c-,-ann), 3. 80 (b: 1 --C—l). 2.48 (5. -s!l' -Cll').'
,..3 1.0 (norbomyl cm’c!opc), i1, (\o. 117, ccx ), 3600 ( -0« u). -955 |
-1

(—c n}. moo (am C-C). 1190 (doublct Kso -o ), 1095 ( - 0), and ses ca.

(af)l ¢- H) zndicated nbovc, thc n u.r. showed that the ratxo of s\n-.;w‘}

'; and’ an:n !osvloxynorborn:ne was 78'“’ -:; - 57-72 L ‘
. -2 Anal ‘ ca?c for Cl.tllaS‘O4 C 59 55 H, 6L43éffbuﬁd: C. S9¢67k i'
6 57 o *‘;'5:Z7=‘~7‘  . ' l.“‘ i oo S 7.

501v01y5£s of a 78:22 ﬁi;;urc of exo-2- Hvdroxy -SVhis ;nd ant1~7 Tosyloxvnorbornanc -t

In burfcmd 10%. v/v lmc i, 20 at 95° Rt R o e o
3 R

?&-i;;: 'Tﬁc ntxturc of _z;_ nnd nnti hydroxytosylnte (0 ll g, 0 400 X: 10

.. . . -
N . . : R
/ . .




L
.
-

P =¢lc, =, r. ‘9 S 51 ] has 1ntroduced into a glass ampoule (i ln X 0 IJ :n)

-_;o-'nzﬂznh 10% viv I[Mm-n ) (2'nl) buffcred w:th 0 l“ \30‘L Thas nzxturc
(

“was hchaswcd thrcc tizes b\ :hc frcc c- punp thaw ucthnu and scnlcd undc.‘

f.ﬂsa:uudz thn_'hc s:nple rcauhcd roon tccpcraturc it was placed into-a .
: * ..‘.

"fnﬁs:hnt tcsﬂcra ure oi! bn:h lx 9 l C Aftc: sc\cn uaxs a vellouJSh; '

o I gobulr was obscr\cd 1n thc botton of thc "poulc Thc coolcd 501\01\51<

\

_-11 ch wias pourcd in ;p ice- uatcr {4 al); ncu:ralx.cd wzth sol:d sodxun o:--.;ra,'

fu c¢:bow\~c nnd thcn cxtractcd w:th petrolcun cther ({J; IS nl] and ethcr r3 X 10

=l :c c.:\cI\ hoth extrgcts uerc scﬂnratel) dricd and conccn;ra;cd b\

”'  d:s:zll:n; thc solxcnt through a glass hclxcxcs colu:n (12 1n) Both P

’

‘ cxtrac:s were guantxtata\cl\ transfcrrcd onto scparntc wntch glasscs and

.

alloucd to cvnporatc to*drvncss Thc pctrolcun cthcr cxtract }1cldcd a
llquxd. --IC\clopcntcng)acetaldch\de (0 036 g, 901) hh:lc the cthcr cxtract_”

'.:\xclucu a scnx solxd (0 003 g) G 1 p c. nnnlvs:s [\o 353, I, 10% C 110 )

o of thc pctrolcun cghcr cxtract shoucd only L-(csclopcntcnc)acetaldch\dc w:f;x i ”;;

’99iJ uh:lc thc cthcr cxtr:ct 1ndkcatcd borc thnn QS& of --(csc10pcntcncj-

| ,acctaldchydc and less thsn S\ of 3 (cyclohcxcnc)cnrboxaldchsde norcazphor,‘

and two othcr unxdcntifxcd products e
Thc 3 (cyc!ohcxcne)carbox:ldch\de. norcanphor an& two otbcr productsl‘ Lo

froa thc cthcr cxtrno: prohablv arose fron :racas of unrcacted h\drox\

!osvlate uhich roactcd ‘on thc g 1 -p- <. (see stabxl;tv of 35 on g.1 P c‘ -

1nJcctor blocL and/or coluan ns dcscrlbcd in, thc fo]loﬂ:ng scctlon) CO“' E :3f ';

' parLson of thc i r’ﬁ}!ﬂnchfl“‘ fe{lon (\o. ll:, C52) of the pctrolcum ctﬁcr“
cul'lct vith that of an authentic sn:plc of -(cyclopcntene)acctaldchvdc S

| f\O- 105 CS Y cloarlv shoucd thnt thc product was pure 2-(cyclopcntcnc)-

| Yacetnldeh‘dc (scc 5°°‘i°" III’A'I(ViiJ. i. r. fingerprlnt rcg:on nssay of‘Z-:

- "
-
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:.‘\Jn= i-{;\;loncntcnc)agctaldch\dc nlxrurcs) : S B .

~stabality on'g.l.p.c. ancctor Blocl and/or Colu:n

5

PR

The hydroxy;tpsylatc 35, was dxsxol.cd in auctonc 1nd 1nJectcd in

b

';ﬁc;~:lsp{5. (No.‘SSS,'}; 10% C. coluun tcmp 110f. 1n)c;tor nnd dctector

=

'“e s:rL co:ﬂGUﬂds wcrc always thc najor products

(%

'

. S . -
:c:bé%aturc-ZSS'}; Thc gas chro:atogran <houed prcdoaxnantl\ 2- and 1-‘1
( viio cn:cnc}n;ct}ldch\dc 3. (C\clohcxcnc)carboxaldchvdc and norc1“phor
D S
dxt;on to Lhcsc sink conpounds thcrc were fz\c othcr products .

-

xl hou&h thc rclatxsc v 0‘ products \arlcd fron onc LnJcctor to anothcr

111) ‘cxo 6- H\droxvvendo- Brosxloxvnorbornanc (36)
s s T T : - o .

S\“'chls fﬁchcﬁc 1. l\)

P-cﬂmr\txon o"\lualnu? '.-Butoxlderléq) S ,.,;‘-_‘_ : ‘;'- Jé ‘.

Alunxnu: foxl (64 g, 237 ﬁolc). t- butanol (*54 al, :f7'ﬁo1¢), and

_ald:;nua i- propoxluc (Las:crn Chca Co o 7 g) wcrc placcd in a -_lxtrc

‘lasl frttcd wlth a condkﬂ%er and a dr)ing tube ‘ The :ixturc was hcatdd .."

to boxlzng on . thc stean bnthaand thcn ncrcurxc chlofxdc (0 4 g) was addcd

Loa LN

: Cml :
Thc nixture qu ;hcn stirrcd vxgorouslv 1n3 thcn hcatcd on thc stcan bath

—————

ﬂ  for 1.5 hours t Butanol [309 nl 3 3 nolc) and bcn'dnc (“00 al, prcmxousls'

,.fcw~qinutcs, ‘Afgcr-cooling.-Hgt_cthPf (35 ml)’ was Fdd?d Aftcr standxng

dzst:llcd fron lsthzua nluaxnun hydrxdc) were thcn ndaed ) After hcatlng

for a {cs minutes an the steaz bath. thc react:on fln;k //p sct asxdc for "

‘s .»!,

--.rhuurs lt Has then refluxcd on ‘the. s caﬂ bath for 19 hours

Thc benzenc and thc unrcacted t- butnnol wcrc thcn ?cnoxcd bv dzstxl-

£ '
lntaon gctting the !nst trnccs uith thc aspxrator punp Dr) ctHEr (1 lxtrc,

Prcv1ously distillcd fron llthxun aluninum hvdrzdc) wns addcd nnd the
alunlnuz t butoxide was dxssolved by rcfluxxng over thc stcan bnth for a




- ] o ,‘
for 1.5 hours, thc n:xture was ccﬂtrxfuged for 30 :xnutcc at 17 DD r.p. .n. BRI
‘ ic: cth¥r‘was nddcd aga:n 1nd af cr stand:ng ‘or hours. thc nlxturc~nas'
- centrifuged ;ghinﬁ- h\aporatxon of sol\cnt g1vc_2-2 g (603] of a gr1xzsh T
Tselidl - e T '
‘ Ty

[

Lr"\_rc'\org.x:"‘*or

Dch\dronorborncol fildrxch Chcn Co OIg}:O lég'nbléliand ﬁﬁ e -—v"'i_ ¢
) N -- ’ . ‘... X .
: “cu-ogu'nonc (Balrr Chca Co 101 g._o 94 mole) were dzssol\cd in bcn cne

T-.b-L) 0 % L o’ thc bcn cne was dxstlllcd fron thc rcac:xon wzxturc -&‘tcr'f

.

'i;ccullnb, alu::nu: - butoxxdc (34 6 g.. 14 molc) d:ssol\cd in bcn.cnc (300
' g ;i. dist illcd ‘ron }1th:un nluaxnun h)erJc} was - addcd tg thc mcchanxcallx T
s%.rrcd.solu;lon ovcr a pcr:od of sc\cral hours Aftcr stxrr:ng for six

"‘Jxﬁ at “faoe tcnpcraturc. thc rcnct:on was qucnchcd Efzaddlng water (10 11) S
”1hc so!utxoﬂ uas warncd 0n a stcan bnth fnlrerod through a coarsc glas:  '
"Q_horcclazw f:ltcr washcd se\cral txﬂcs wzth sodxu: h\droxxdc (Se) untxl clenr

*.‘and f:nally uxth watcr (J x 50 nl) Af:er dryxng. thc solutlon was d:stzll;d R

..

:hroagh a.vacuua Jackctcd V:greux colu:n usxng blphcn\l (3. g) as.3 Chﬂscf tO-J;--'

'  vacld dchvdronorcanphor (23 8 g.'?O f b P 97'93 (91 “ﬂ)) “‘f‘ (\o 128, | ) %

.CCI J.se. so (a, c c‘") 6,10 (a. n. ,cwc:”), 1o (m," c I brldgc- K

A ?hcad}, -.88 (n c-a bridgchcad), nnd l (norbornyl cnvclope), i.r. . _
e Han oHeo 570
f_,tao 83, csz), 3055 ( c.c:“). 1740 (3C+0)and "os el (e c’ ) SR
;';Dch\dronorcaswhor kthvlcnelcxal ;;-' inf’5f L 50:": ' " C T

'd RN

',_V

Dehydronorcnnphor ethylcnekctd1 ¥as. prcpmrcd accardzng to thc ncthod
o .

Cof chnwald and Cadofftlsg) Dch}dronorcuuphor (13.5 g, 0. 125 n°1¢3 was.

distLllcd fron LAH) and froshly dxstzllcd

*dxssolved xn bcn enc (’00 nl o
Thc;‘z -

-~
' jethylcne glycol (150 nl} containxng pstoluenOSulfonxc nc:d (0.65 K]

Stark) to I'

l"f-"-

-:a:xturc uas nefluxed for 16 h us:ng a uatcr scpnrator (Doan-

Lo




-

'~ﬂ—olleg\ the, uahc; Aftor coolzng thc rcactxon mxaturc and dl]utlng uxtn

;‘81:C'; ‘the bcn enc solut:on ua£ wnshcd hxth 10 aqucuus sodgum b:carbcnatc A

b
-

L r‘x :n n!) and w:.h water. (l x 80 nl) : Aftcr drsxng. =o<t of ;hc bcn cnci'

=

..yJQ g:<txllcd throubh a \1grcux colu:n to vzcld a bcn ene | solutzon 0£ thc '

‘T?"

'lLL;;I (1 D g, 901 a< dctcru;ncd by n.m. r ) °? ' (\o 1’9 CCI )_ I :\i:.‘

‘ .’ ’ e i\ - b ": PR
.15 (3, W, ! "). 3.76 (s, .m ketnl),- 80 {broad 2, m° ct1 bndgc-,. .

:ﬂ‘cau,. b SS (broad m l C.a br:dgchcad).,. 3«-1 40 {norbornyl cn»clopc}, f

i s 54, C5,), 3055 (e c’"}. R SCx0 a’asorptwn around 1750 ca’ Y.

Fr%ﬁﬁ tion of Pcrbtw oic. \czd(!s 28 - .j .. ‘; .

~

- . . oo
. . : e

[ . "‘"--...

;.0@ vSod:un pcroxidc {’4 g, O al molc) uas s]oulyladdcd to 1ce cold

: R ,
-',ua‘q__Lu,h;all_such—{hat*thc*tcnncraturc d:d not rczch 10 -**Thc—suspcnﬁed"——“—

=

: sol;ds wcrc thcn f:ltcrcd through a fxnc porosxt) frlttcd glass funncl

lccp:ﬁg thc f:!trntc in an. 1cc bnth to kecp cool Thc £1ltrate has thcn

1lacc xn 2 3 liter bcaker which was kep; in nn 1ce-watcr bath To thc mngnctm'”

13

1cn11s s 1rrcd solutxon ethanol [05! 540 nJ] uas addcd folloucd b\ a solutlon .u,”

.;.

:'o‘ ugso ‘H 0 (1 5 g. xn 0 nl of uater). 1n a nanncr such that thc tcmpcraturc
d:d not. !cach 10" Bcn-ovl chlorxde (34 (] nl 0 30 mole) was then 3dd°d drop-: _”‘

hxsc o\cr a pcrtod of 4 ninutes« so tha@ thc tczpcraturc rcmaxncd bcloh 8

Axtcr f:E:ratxon through a. coarsa poros;t\ fr;ttcd glnss funnel

.‘\ " .
R

uns slowly acid:fxed wlth su!furxc acid (‘O\), so as to kccp the

thg,;olutan ”‘

l.tc*pcraturc bclou 10 Thc solutxon was thcn cxtrnctcd S txncs Hith

"I'.'- o

: bcn:cnc uszng a total voluno of 0. S . Thc bcn.cnc wa’s drqu §so0 ) and
Ry

-

- vas storcd in thc rcfrxgerator. Y:cld ’5 K K65t)» as detc““lnCd bv 'f'.Zx, -

-" . I, - . . - e

1od:netric titration :‘?
' A ‘ : o - e Co . O
exn-..S Epoxv -5 Fth}lcncdioxynorbornane ~’jﬂ.: —-5*]f L ﬂj']ﬁ' ‘r;] oo S
L Dehydronorcnaphor cthvlcnekctal [17 0 g, 0 II2 nole) ﬁaS ﬂddeJ t° 3 s ';jf}ﬁj




‘-"‘
R

Gs.l\.Oﬁ of perhtn oxc acxd ( S g) xn bcn ene faqo nl) Ihc n:xturc was ,-A
L v v ‘
i_gzcrc-,1$'thc rcfrxgerator (ca 5‘) for four davg thcr washcd thh 5% .

N
~

\

f&iﬁﬁ" .¥ lQOinl} untxl bJ\lC ‘a:cr {3 x: 1&0 nl),‘and saturatcu br;nc

T

. ‘o ' -\- . . L »
.{ soaat°o1 (1 x !00 nl) Aftcr drvxng. dxst:llat:on \1cldcd the cﬂot\ic;al ) B
no iy ~ Croen
..re g 93% b p.=103 10”"(8 q:}. }11 b.p. 53 (0 “S ](18 )) nlm.r. Y
{“'1; 0 CCl ). 2 3 30 (ﬁ JU letal). 18 (s. ZH C- = and C S-cndo),

_'fSS gn,fzu br:dgehcad protonsu, l SO l l (nc'born\l cﬁ\clone}.; .i.
NoL 1 cs ). 3030 {t n o&”epo-ndc nng). 1190 1oq5 and 10.:" (c 01 and.”

’

L;.ﬁgf (L -0- C of cpox:de r:ng)x

‘ :3cxa -6 - Hnimr\ -.-l‘z‘ulcncdmxynorbOmanc R | B -b

Thc pre\lousls ohtaxncd cpokaetal {17 6 g, Q lOS nolc) was Judcd

'7.0 a slurr\ of lzthiun alu=1nun hvdrlde f4 0 g. 0.10 nolc) in. - cth\lnorwh-u“

'~’nl:nc (150 nl frcshlv dtxtxllcd fron LAH) Thc nxxture was hcuted wzth

¢ <.

'fnagngtxc stxrrzng {or six days at llo‘fls . ‘Af:cr coolxng inice, thc*”r

KR

Jreactxon uas qucﬂchcd with IU\ sodaun h\droxxdc (S nl) and watcr (: nl)

.- ) L .
: F:ltratxon of thc inorganxc sn!:s fbllowed b\ \acuun dxst:llation 1hrough

-

f-‘l 4 1nch vacUua chkcted ?igrcux colunn gavc thc desxrcd alcohol (8 1: g,

g6V, b n,.‘ 70- 7*’ (o 1 ), m b p. 70-"" (0. 1 m)(zsg)) n.n.r. (‘°'\ 133, "
JECCI ). & 4. (doublot with fxne strucxurcp C' '°“d°} 3 30 (5' , e
 1¢&:1). ..38-1 2 (norhprnvl chclopc). i.r. (\0- 35 CS )-;3600 ’500 (0 ”) P

':}4.'711.90 .w:s -1042 and 955 el o coe

-

‘g7e:o 6- ﬂxdroxy \orbornn- -one’ uﬁﬁij.ff”,.--"

-

Conccntratcd hvd:ochloric ncid (60 drops) uas addcd -to thc hydroxy ‘J}Iﬁ_-”

N Lcta! (9 01 "5 s 3 x 10 -2, Ioie) igbwatcr (300 nl) “The solution was stirred

.,.l

Saz roo-~tc-pernture for forty ftve -inutes, sa&urﬂted 'lth 3950"1"“ “h1°r1d°

<t

v
lnd extracted thoroughly with ethcr Thc conbxned ‘ether extrncts werc dr1cd‘5
’ ] o I’ } '._h -‘ , nl ; L . ) " ) .

FUEE R e

!
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Cand g ‘cn.ra~cd on the. rotator\ c\1porator to vzeld a \:s;ous czl (3 0 Be

L . R
§2% . Rc\r\&tallx-atlon fro: elhcr pctrolcuh cthcr afforded a st:ck\

ciy&:a!lxnc'solxd {a.p. 105 tl:'; l:t a. p. 182- 113'(189) n.n.r;'(xél'
}33;_t€1#};,3 1.30 {:1 lﬂ] g, 0 (n lH].‘:.”S (s ﬂ. brzdgéich proton}.
.fI.Sg ;s. brxdhchcad proton), .08- l 6” [norbornvl cn\clopc) '

S NeL 150 'cui RN ssoo (o.ny,.x,ao (c-O),‘:oss a” -(c-O) A p-:oxucnc-f

<41*ﬁﬁatc éster was rccr\stalll cd thrcc txncs froa cther nctrolcun cthcr.?;

) RS
q.(139) Thc corrcspoqdmg b:onobcn:cncsul- :

89)

= bf-ﬂﬁf;Vli.. B.p. 65 6

cnate was crvstalli cd fron cxclohcxanc . p 91 .04%, lit. n.p;‘33l94'(1
. . t. ‘., ,.“ l. ‘. . "'_‘

'cxk-b P\raﬁ\icthcr \orbornan---cnc E

_'-‘. “ 'é S ) |
(1. 03 12.2 x iO 3 nole) and conccﬁtratcd hydrochlorxc acxd (1 drop) has:'i

N ‘r

. s:xrrod;‘or four hours at roon tczperatarc Thc rqsultant nzxturc sas-talen '

ur 1n.ethcr uashcd with 10\ \aOH (3 x lS nl), uater (1 x 15 nl) and dr:cd

: Re:oxal ox the sol\cnt on’ thc rotatory c\aporator and pumpxng -on thc \acuun o

lznc v:cldcd crudc produc: (1 ss g, 91\) ., (\o 77)\cc1 ),-e 4 o* (n
1“). 3 51 (=, ﬂ!). -.S (n. lH),-. -1, S (norbornyl cnvelopc and pyranvl

'hvr prorons) (\o 13:. ncat), 1*40 (ch) 1Jgs cn ﬁ_(c-o)‘ﬁ ;b.

- exo- G*P»ranVIcthcr cndo- -Rydroxvnorbornnne vf

. Thc prcv:ously preparcd exo-s pyranplethcr norbornan- -onc (l 54 g, :”

s
-3 ,
3 l 10 -3 nolc) was rcactod vith LAH (0. IS. g, 4 x !0 nolc) in rcfluxzng

'cthcr (SO nl) for 5 h.g The usunl uor&-up gavc 1.24 g (80\) of crude product
s (No.. 173 cc14). 5 ¢ 7~ (-, 1u).__ .18- 3. 43 (n Ay, ..--1 5 (norbornyl
'V;cn\clopc and pyrah;l cthcr protdns); i.r. C\o 133 ncat), 340? (0 H), 10’5 3
(c -0). “‘_. ?;,:  _ SASQ;- el -

- exo- 6 Pvranylcthcr eﬂdo-. ﬂrosvloxvnorborﬂﬂnc -

L

-3
Thﬂ hydroxy pyranylcnhcr (l 20 g.‘S 68 x 10

. .. e c" o - . . . - R . PRI A .

-——

,‘) \

A mxturc of h)droxv Létone (1 0" g, 8. I x 10 ﬁ,Bolc]. dxh\dro*wran .

Dolcjjéﬁdfrcéfxﬁtnlliiéqa'



e . . as8

sratyl chloride (1.38.g, 3.8 % 1077 mole, a.p.. 76-83°§ 'in dry pyridine (40
:Ii'ucrp'S:dféé'in':h¢ :éfrigé;a:or at OfC:for $ix;d$ys.i The resultant
rcactx&ﬂ,aiituft was quenched with ice-water (60 =1) and extracted with '

d

ether 13 x -5 :!2 Thc co:binéd cther cxtriéts were washed with-dilufe

o Lpi.<£ X lﬁ nlj satUratcd sodxu: blcarbonatc (l X 1: :IJ nnd dr:cd over T

_,-L ‘—ou< =1gnc<;u; sulphatc Thc cthcr haﬁ rc-oxcd on thofrotator\

_'/

,c.Aﬁ-—a or and puﬂpcd to drvnc*s oﬁ‘tho \acuuz lnnc to \xcld cruuc p\rawvl-
‘c hc' bro«\latc (1. 63 k,l "\) n.o. r. (h l 9 CCl 1 5 6 (broad =, -5"J ;'

- Jnﬂj, 3. 3 4 (a, JH). 2.3- l 4 (norborn\l chcIopc and p\ran\l cthcr
| protens); i.r. (\o. 134, Lc& v 1586 {ar\l c-c1, 1135 ca” (doublet

-SO,TO-),‘ Qttunpts to rccrystal!x c thc cthe* brosvlatc fron nethanol

Cor . C o

:anu ethef- pc:rolcun c‘hcr faxlcd and conscquentl\ thc crudc produc* was
'uﬂcu in .hc foriou:ng hvdrol)sis _
- €xa-t H\drox\ cndo- *Br05\101vnorbornanc fhﬁﬁ - ‘"f o .

Thc pyran)lcthcr bros)latc (l 4“ g, 3 :0 x 10 -3 noic}'uds Biﬁéorﬁéd

‘in ’\ ntf\ oxalxc acxd-?ﬂ\ \/v aqueous ncthanol fSO nl) and stxrrcd at roon

M : .

"‘:csperaturc Af:cr 2 S h addxtnon of water (‘0 nl) turned Ehc clcar " ';'ﬁ

L4

' ]réactibh uixturc nilhv Thxs solution was'bxtractcd thh ethcr (3 x 20 nl] 'wr}'j,‘

) Thc ccnblned e!hcr X}tracts wcrc washcd with saturztcd sodium bxcafbouatc S "(. ;

'élfl X 10 nl) water (2 x 10 ux) saturatcd 5331un chlor:dc (l x 10 nl) and

-ifdricd ovcr nnhvdrous qanncsiun sulpha:e.l The other was rcnovcd on’ the {;"-7 IR

"rotatory cvaporntor to yi¢ld an. 01l Oﬂrhdding carbon dlsulfxdc (, nl) to

this? onl white. crystals slowly appcarcd.; Thesc crvstals weye r:nsed thcc

.norc w:th carbon dxsulfidc.‘puapcd on the vacuum l1nc for ’0 ulnutes. and

"f:nally rccr)stalli:ed thriéo froa. ethcr pcntanc to uffor? an an;lvticnl.

jaanplc of uhitc f!uffv crys%als (0 36 g, 3!\ n.p 113 llS ): (W0, 

- l
H

AL B oL A
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Lot ’ LT Q

| ,a .60 (‘ an, arxl)' 4' TS (u u; C-6- cx01A i 35 rﬁ: c-*- 

3:___ ,51 1 1 (rorhorﬁ\l&mclopc) ‘ .(S'p. 152. CDCI J. 3600 (0 H)
i (aryl c- . 1336 [arml c~c;, 1183 [d éo -0- J. 1050 (- cﬁO), and 960 -
(:rxl C-HY . - o ' ' ' o

<o Br t; 44~97,'H,'J.Sﬁ;,foﬁnd:"C;‘4$.08i

'Angl: bca!cd for C
Ty

13 lr
H, 4.3, , _
_c"’w-t- xurox) clo---Tos\IOXVnorbornnnc {4°) o '

Vis L ‘xn, (Schcac 11-14} R T : A;

Thc pe toluencsulfcnatc cstcr of exo 6 h\drox\ norbornan- -onc (0 OQ i

.{18 )

1#, 0. ;4 x 10 3 no!e n. p 6:«69 Iil; n, p 68 69 o prcparcd in thc‘ :

" usual nanncr and rccrsstall: cd threc t:mcs fronacthcr petroleun cthcr "WaS

R .8 s'- . X
..

jiuxssol\ed in anh\drous cthcr (35 :l} and then coolcd to'Uﬂ\sn an ice-water |

,bath.- On add:txon of LaAlu (0 004 g, 0 13 x 10 -3 nolc); the_nlxturq was’

.

':stirrcg for 1 S h at O' and thcn qucnchcd u:th 108 aq. \aOH Aftéf thé :

';c!atznous prccxpxtavc %3as fxltcred off thc cthcr lnvcr was drxcd and con- ‘

- :

| ;cntratcd on thc rotator} cvaworator.- Pinal trf:ﬁ}rof cther were rcmovcd. .

f"on the vacuun line to g:vc a viscous ozl' Cilr. _(No.._ CCl ). 3610 and f{ L

3450 ( o n), 1595 . cic ), 1355 and’ 1185 e ? (- 0, -0: ) with no o 0 band-,,

-

' h;ﬁ.f. (\0 146 and 14:. Ctl ), _ 7}8 7.2 (quartct aronatxc 7? unzts/ﬂ}.A"

5.64 (%, ‘c-c",_4 3 untts[H). _}i;(b" o2 -cndo), 1.35, (a, hydroxv .
..;'osvlatc),.S 65 (trlplct, -CH'-O.),J-.- i. Qi ) 2.35-1. 4 (“°rb°r“Vl °“‘°
T'IOﬂc and r?nainder of ‘3- (cycloPcntcncjethnnol) Parts (6 ‘at 5. 64 and 3. 65) ‘1:-f

K Lo

of thrs n a T, weTe vcry s:nilar to the n.o. r._(\o 31 CCl ) of thc

,.- e

iiricyclo"cntenc)clhnHOI si;- int ;rnl analys:s of thc aromatxc nnd olcflnic LE"

-

' jprotons estnbl:shcd thnt 3- (cyclopcntcnc)ethanol (401) and thc h}droxv tosvlago

(60i) wcrc pre:cnt Attenpts to pur:fy thc hvdroxy tosylate by pumpxng off

A . R . A . _r_ - : . ‘ . ‘- . - B Co. o
) . [ e . L - S . e T ¢ P s -
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shc cthanol derivative on the vacuun line and subscquent ‘recrystallization

' ff::_;cﬁ::né; cthcr'and vtbcr;petrolcua'c:hcr ‘nilcd

Thc ratlo of the {raxncntatxon nroduct (--{L\LlOﬁtntCn¢}cthan01j and
-,

A k\ur«\» 1os\latc \nricd dcpcnding u“nn th; rc1ctzon cond;t1on< ' Rcduc:zoﬁs‘

f-fbar—:cd out ‘at rooa xcspcraturc cunta}ned norc of !hc ethanol ucrxxatxxc e

- N . . . a
- L. - . . .

Vra \.ma (N\,hcno - 16\ ST
. ~— o |

An :cc cooled solutxon of \aaul (0 Gub [ l 3ix 10 nblcjj watér

R

13 =1} and 10\ aq. \aOH (l droﬂ) was: audcd dropw:sc wzth Stxrrxng ovcr a R ‘.:“.

-

f-cr.od o{ 10 =1nutcs to a ncthanolxc (l‘ ﬁl) solut:on of exo- 6 tOS\lﬁx\-

a Te

:‘”;c ! r?an-;~on£/{0 85 g. 350 x 10 nolc o, p 61-69 ) nazntxlncd at 0 .
J"f . -
| &‘*cr stzrr:ng for an addxt:onal ‘0 axnutes at 0 thc reactxon nnxturc‘

. mas- qbcnthod by thc add:tlon of dLlutc H SO (’0 nl) nnd cxtractcd succcss-', e

- Lo

J,iels u1th pctrolcun cthcr (3 X 40 al), carbon dxsulf:dc (3 x.40 nl) nnd
her (3 X JQJul] Each cx:rnct wvas wnshcd thh saturatcd b:carbonate

{1 i :0 nl), water {3 x -D al) nnd drxtd Aftcr concentrntzon of thc cxtracts ':.L~'

;cn thc rotatorv c\nporntor and pu:pxng on’the vacuuﬁ‘lxne a \1scous 011 was
e obtaxncd fro: thc pctrolcun cther (0. 0‘8 g], carbon dlsulf;dc (0 376 g] and
 ethcr (0 050 g) exs racts. The pctroleun ethcr extract was dxscardcd The

‘ 1 r. and n.2. r. ;pcctra of thc CS and. cthcr cxtracts were sxnxlnr Thc' N

- N ~
LY

‘.fabschcc of a. be band in thc ; r. l}ndxcntcd that thc rcact:on xas conplctc.u

(\o 1"9 ‘{:s.,), 3aoo 3400 (o n), 1359-"and nss m¢_4 so o ) ;." B
"-( 196, cc1 APERE 75:7.2 (quartet s, aromtic) 5.1 (b.m3, 1n~ -l r -
y cndo). [b 5. m,-‘;.cl -exo), 3. 3.(s, 1t o u). 2 5 (s .-cu ), 2:35- 12

_':(norbornyl cnvclopc) Although thc :.r nnd in partlculnr thc n.m. r. lf-."'

"5Pcctrun indicntcd that thc*aajor product was thc hydroxy tosylate, attcmpts

to pur:fy it by rccry¢tnlrx'ution fron cther petrolcum cthcr faxlcd ‘ Sxm1lnr, o

et o




: 4c~u!:s'&6ré'bi/}incd fron tﬁc reduc!xon of thc exo- -6- brosxloxvnorborn1n- -H“'
e (2.p,.91-94%, Ht. ®ip. 93- 94'f‘3 3)

. ﬁalxolxs}s cf exa-6- H\drox\ cndo- -Bros\lox\norbornanc

in uf’crc‘d 10\ v/iv lmc'll 0 at a53% - l_ . e

e

Thc hvdrox)'brosvla‘c (a 12 £ 0. 3i$'£ 1073 molc; 2. f 13- 115 }.
 --3< 1ntroduced :;}o a. glass :npoulc (3 xn X 0 S 1n) conta:nlnb IO\ \/\ o
“‘Ldg-ﬂ 0 (’ n!) buffcrcd w:th 0.1.°M \aOAc Thc mixture was- dcgassed three
'Z:*¥:c5 scaled undcr \acuua and placcd in n constant. tc:pcraturc oil bath at

l'S?fIfc} After 13 davs thc coolcd brownxsh sol\olxsxs nxxturc was paurcd

>

. iﬁtb'itc-watcr ( nl), ncutra!x-ed uxth soixd sodzun bxcarbonatc and cxtractcd ,'

._-x‘h pcntanc (6 x 10 al) nnd then uith ethcr (4 x 10 n!) | Both-extracts uc:c-l

“dried scparatclv and concrntratcd b\ dxstxllatxon through a glass hcllcxcs
colunn (l 1n) Both c:tracts were quantitatxvcly transfcrrcd ontoaf:rcd
. !

yatch glasscs and alloucd to cvnporatc to dryncss ' The pcntanc cxgract

vzclded n pungcnt sncl!xng lxquid 3- (cyclopcntenc)acctaldch\dc (0. 0“8 g,_lu

.;24\] uhcrcns thc ether cxtract Vzcldcd a CS 1nsolubfc uhitc sol:d (0. 016 h).;

1~C 1. p '€, analysxs (\o 390 ' 10\ C 115 ) of thc.pcntane cxtract shoucd

3 (C\clopcntenc)acctaldehsdc (041). 3 (cyclohcxcne)cnnboxaldchvdc (a\) and ~

-
= -

*?one un:dcntif:cd product (31) uhile thc cthcr cxtract 1n31cated 51% of 3-

‘ (CYC1°pcn!¢re)acctaldch>db and FEL of nine, othcr un;dcnt;fxcd products whosc

rctcntion tinesewcrc lowcr thnn the norbornancdiols._ An 1 r. (No? 172¥' ,),*i'

" of lhc pcntane cxtract showed that thc product was 3- (cvclopcntcnc)acctuldchydc

k. ‘
5’ ( C C'"), 2710 (H C\ ), 1730 ( CrO), 666 oo l (,C-C’ ) (scc scct;on on -
fingcrpr;nt rcgion assay of 2— and 3 (cyclopcntcne)acctaldchydc mxxturcs)

: Stabllftv'oq_s I_Q, c. lnjector Block and/or Column -

-...,,

Purc cxo 6 hydroxv- ndo-2 brosyloxynorbornanc was. dlSSOchd in ncctonc-

y

-~
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. gl

a * "

d njected. in the gil.pic. (Xo. 384,385, 386,.1, 104 C, LIS%, injector

. ‘ N - ’ . '
©and uCtCLsO( tcnﬂcratUrc -.S ) Thc gas chroaatog aa owed only one peak,

" kaving the sane: rctcntxon t;uc as ;-(c\clopcntcnc)acctaldehsdc and 3-
{evelopen °cnc]acctaldchvdc ‘ Frna thc sol\olssas rcsults onc-can-xnfcr o

that thas ﬂcJL wys probablv due to thc L’ tso—cr. ‘\o-a-ICyclohcxcnc}f'-'_ i -

S Larhuxalucﬁ\dc or nor;a:phor could bc detcctcd . LT
S:nxlar rcsults Hcre obtained uhcn a- crudc sa:"lc of c1d0-6- -

.f\ ToKy* cxn--oto‘V1oxvnorbornanc was nnsscd through thc g l p c.
-Iz.:) Cis- cxo-s-nsdroxv---qusloxvnorbornanc ()r) . . ) ‘_f

Synthesis (Suhcnc 114*11 L ,l- s, S R -
Tis- cnq--.a-;xh\droxvndrbornanc . 5A

« 30] nnd Bart]e. (391)-w55‘u5bd-for‘

A co:b:ned proccdure of Lwart.

. “'.'

?;he ﬂrcﬂaratxon of c:s-cxo-..a d:h\droxynorbornanc (a") Potassxum pcrman-

. garatc (4; g,.n.29‘ uolc) in watcr (100 :i) and acctone (1 lztrc) was nddcd ‘ o '-f

'w:th st:rrt g ovctJthc coursc of an hour to .3 drv ice- acctonc coolcd
-r‘ ,.‘

solut:on of orbo ene (Aldrzch Chcn Co..a-l 5 g. "60 °°1¢ m.p. 15- 4‘ ﬁ e ;*{f

and :cctone ($0==i W Aftcr thc addit;on of the - pcrnan~anatc gplutlon, the

rcactlon vns grad lly a!lowcd to uarn to roon tcﬂpcraturc and thcn letcrcd

. Thc redd;s —broun f:ltrnte uns saturated wlth carbon dxoxlde and thc prc“
. .‘l_ . '--'1:

tasskun cnrbonate uas rcaoved bv fxltratxon. The solutlon was -

L
ST
\

wilh \nrit and thcn the acetonc was rcaovcd bv dxstxllatxon.f

’c1p1tated'

';fdcco!ori:éd

The rcsxduc was dtssolved in ethcr. dried ovcr anhydrous sodxun sdlphatc'”‘“:- e

f}qd s:r;ppcd ln vacuo. This rcsidue w;s crystal!i.cd frou'cthcr pcntanc‘,“_ﬂ,. _7:“

. and thcn vncuun subl:ned ("5‘1f°. at 30 nn) to rxeld whlte Platcs 6.0 8'
N _ 4 | R

"1\ m. p llS 140‘,.1::. u.p 1‘0.(190)) Thcsc crrstﬂls were furthcr \f_‘ﬁ VA‘ﬁ&}fiJ

EvﬂPurxfxed by rccrvstalli.nng tu:cc fron cthcr ( 91 8. 8. 3‘ m.p.: 135- ldo "_ T




-;th:n=thp dry-:cc acetone bnth..

_ﬁ roie} atcordtn& to ’hc ncthod of Lambcrt nnd Holco:b(x' . Thc crubc h\drcx) ‘,iuff;.

: T et .+

: rcnchcd rooa’ tc"ﬂcraturc it was placed in ‘n constant tcmpcraturc 011

'-'bath ht 95 1 C Af:cr. davs the ampoule was rcnovcd coolcd and opcncd fo L

;”solxd sodxun bicarbonatc and cxtrncted with cthcr (3 x 10 ﬁl)

-

3‘b) distillxng the ethér through a g!ass helxcxcs column (1” in)

ucthcr cxtracts were. drxed oxcr anhydrous nagnesium sulphatq and conccntr1tcd

' Ccntrntcd cther extract uas transfcrrcd ontD a- UﬂtCh 81355 nnd ﬂllowcd to

'.. . . .{lgo} ) : N . ' .. - ‘. o i 1 - ' -. S ,
it =-:‘--J“0 )i n.o.f. (No. p»ndme)._.s 3 80 (d. i, ‘C-2:-endo,
i endal, 2.35 (bus., M, hndgchc;d C-H).. (,_,‘,’:'1 c- .-sm)' 1.6-09

cro:%erﬁvl cnvcloéc) ~ The vxcld and pur:t\ can pcrhaps be :ncrcsscd\Q

{179)

LX) ~g a \alt itc hath as. sn;gestcd by ha.botsk\ and Loncrxnx rathcr_

;z;-ci;=3-th'ox\---Tosxlox\norbornanc

Crudc c:s cxo 3. h\urox\---tosylvanorbornanc (l .0 g,fzot $-Y. p. 4; 30 '

'.'ya\ “rcﬁarcd b\ thc rcact:on of cis- cxo-tjg‘dxhsdrotvnorbbrnanc (‘ "' 1. 35 x IU
““:éic,'z.y; !3: 140° ) and freshl\ rccrxstallx cd tos»l chlorzdc (3 g, 2 06 X 10 -  ;
e . ] “f’.h'

e

Jgs.tf wa$~rccrvstallx:cd nuncrqus times fron boxl:ng hcxanc (0 95 £, IJ.; E.p. ﬂf

-

l',§3-50‘i}} n, (\0 21 CCl ). 9-f 3 (qunrtct JH nromatlc), 4 JS (d -}'_ J oA

C-3- cruoi (: 1u C- -cndo), -;5 (shhrp s, JH ) ). 2.2 i 0 (ﬂOTbOT“‘I cn\clopc)

'501 Dl\ﬁxs of cis-exp-3- psgrox\---Tossloxvnorbornanc in bu'fcrcd 10. x/\ HOAC- H. 0 ;.'

LI hd

lai és‘

Thc h)drox\' toivfntc (0 l’l g 0 4’6 x 10 =_mdlc}9'm p-ﬂ‘53-56°)

[ +

xas. lntroduccd into a glnss anpoule (3 inx 0.5 1n) conta;nxng 10% \/\ HOAc—"'.
'“ 0 (2 nl) buffcrcd thh 0 I M \aOAc, Thc n;xture uas degassed three txmes :

Hbv the frcc.e puap- thaw acthod nnd scaled undcr \acuum hhcn thc Samplc

‘fThc solvolvgxs a:xturc vas pourcd 1nto ice water (‘ ﬂl)- “cU‘ral‘ ed “th o SRR

Thc comb:ncd

ey

Thc con-

R - R '-r,

a_ ° ..‘ . .j"




T - tizes an thc rcgion of norbornancdzols

RET

g i
- N :

i.a uva:c to dr\ncss to vleld a seoi- qolxd (0 0s9 R SB\ of norbornancd:ols'

.Laﬁpf.é‘ :na]v515 o: th:s sc:z-sol:u (50.,3:6 !. 10\ C loa 280 ) showcd
*—J\cs of nar»anﬁhnr (<i%Y (no C\nlopcntenxl or cxclohcxcnsl aIJcH\deQ}, svn-

- ahé'an -~-H\drox\ cxo- -norborncol (‘4; and 37 \) and cxght othcr nrOuustc

L33 wi:h-retcn.ion .xncs :n thc rcgton o: norbornancdxols o "bi'

R S e o ST RS
as dcscr:bcd aboxc._thc H\droxy tos\latc (0. 0¢3 ) was, sn}\ol\-cd

!

in In; v/v HOAc- H 0 (s :l) buffcrcd thh 0 l H \aOAc for 1/ hour at 0 C.i ", n':hl.'

3 Ca;ihs oven. Usual work up and g v p c. anal\szs (\o 309, 1, 10\ . 125%) -

-Snbyéd o and 5 (cscloncntcne]acctaldch\dc (51) 3- {csclohcxenc}carboxnldc-

--:h‘df-(13\l norc;_phor I‘S\} and four othcr products (Ja\\ hlth rctcntxon S

‘ . : o W
’ . . . A .

Y

' ’ ’ - . 4- ) Co- . ¥

. - }
~R'a“1]1Ls on" g. l n c. IH\CC!DT Block and/or Column

Thc hvdroxv tos»Latc, :7 was d:ssol\cd xn acctone and InJECth 1n

'~h¢ £ 1 - <. (a 386 s lp\ ; coluun tczp 115° 1n;cctor and dctcc;or

1

"f°=? 0<\) Thc gas chrouhto;rau 1nd1cated - and 3 {C\clopcntcnc)acctal-‘i:”

3

‘-.dch\dc 3 (C\clohcxcnc)c:rboxnldchvdc and norcanphor 1n the ratxo of about 1

-

s - * "
rcsncctx\elv !n addttxon to thcse aldchydcs and norcanphor, thcrt werc :
L ;

“ also thrcc othcr uxnor unidcnt!fxed products whosc rclxtxvt-pcrccnt changcd

*
Coa - 5_‘

ﬂ'froa one 1njc;tion.xo anothcr..j
. o . . ..—. ..‘.' . . i

- b

_,y?~7g_, ' -snécira-Anhlvsis'6f“cﬁd5-V6£b°f“¢°1 {n the Presence of the - ;“. -,'Y.

-Chcn:cal Shlft Rcigcnt Eu(DP\!}3 f‘ -}

Icighéd quantitxcs uf tris(dipivnlohcthanato)curopxun,. I‘.u(DT‘}l)3

[Stohler lsotopc Chc:icals]. and cndo norborneol l' wcfc piaccd 1“ a : dram

.

kDl

A: sazple vxal containing CCI (0 S nli. shakcn ViEOFOUSIY f°f f1V° minutes

~ ‘.. X

N N . ‘ H PO L L - . B - o P [ .



oo T es

T

-and f:ltcrcd‘:hrbugh glass wooT.' Spcctra Ucrc run on thc \nr:an HA*IOO

--q.ruucnt with tctranc'hvl sxlane as thc i1tcrnal «tandard

Inxt:allv the spec:ra (\o 09 -100 and 10‘) of scvcral sa:plcq

-

K oﬂ.alr:ng dxffcrcnt relatx\c annun $3 ot hu{DPq)3 herc rccardcd Eu(DFWJ_

;nas ad cd to snall alxquots untxl 411 thc n.B.T. s:gnal< of cndo-7‘ 'A_? o

norbornco! hcrc clcanlu,rcsolvcd [fzrst ordcr) Thc s:gnnls of cndo- '

©omoeh -;eoi ucrc assigncd bv a coabznntxon Df xxr%t ordcr analxsxs of tbc

, split ting pattorn% doublc re=0ﬁancc cxpcrzmcnts and bv uszng cndo- - ."‘_ L e

“crfor“co!--cxo -5-ex0-6-d, . N.a. r. xntcgral analssis of part:all\ dcutcr1tcd

ynuo.-Anoraorncol (Sec.xon I! ~A- I "§oivolvsxs of bubstxtutcd ortrac»clancs

o an d -orborncnes" and qcctxon Il -A- \ "H\dratxon o‘ \orborncnc at -10"} was carrxcd 8

I ' ' .4

'ou~ b\ usnng thc exa-? and/or endo 3 and cxa- 3 nrotons {1n thc cascs hhcrc S (}
- _ o L
the cnolx-nblc dcutcrlua Jn norcaaphor had bccn wnthd out pr:or 'to rcductton g

'-u:'H i thxu: alunlnuz h\drzdc) as 1nternal standards. B uf‘j‘ -,

& . e

. Lo - . . _ L. . . f Lot P

VL Hvdrat:nn bf \orborncnc (§3} at ZSD°'

-

(1) L\'dratxon in’ mt viv cu coou-u o

Sw

Norborncnc (Aldrxch\thCﬂ Co.. 5.14 g. 5. 46 X’ 107" » DO!C. w.p. 45-7 )

| lnd 10\ xlv HO&c H 0 (‘S nl) wcre 1ntrbduccd 1n:o a glass tubc dcgasscd

\

'thrcc times: bv thc {rce c- puup thaw ncthod and scajcd undcr vacuum., Aftcf_:

"——r\c_.

'I;hcatlng at 50‘ for 60 h in a Car:us oVen, thc tvo phnsc rcac;xon mxxturc

. ¢
.. Was. JIIUtcd,qxth uatcr {30 nl], neutral:-cd uzth solxd sodxun b1carbonatc,_

'satu'atcd wlth sodiu:.chlorxde and cxtractcd w:th cthcr (4 1‘40-m1) Thc

‘\

'coabxncd cthcr cztrncts ucrc drzcd’ovct anhydrous ngO and conccntratedbbv ;Lr

‘slou distnllatxon through a 1§ inch 21255 h°11C1°5 C°1“““--Anﬂlitlc“L“"~-"““ — ‘.{ 7

5

.'(8 I P <. (\0 161 2 I 101 C tcup ‘prngranﬂing 110 155') showcd that the_‘

h 'rcacggon Bixture consisted of 2\ norborncnc, 45 nortrxcyclanc. 3* 010’ ““d L
'ﬁfq"‘;u; ?," -

8 . S - . L AR




T Tee

I . . . X .
éﬁdb~ﬁorbornyi_nc¢;a:g, 28% exo-norbormeol, ll\-cndb-nd;borncol,ihd'37$_di-‘:'
© porbarnyl ‘ether. The concentrated cthcr‘citract_vaswhuantitnxivclv trnns-f

" d¢rred into a 10 al volh:ctric ahd made up to volhmc Prcpnratx\c g 1 p c

;;;__SS "7{S§ c, l’S') cstablxshcd thc \zcld< of cxo- and endo- norbornsl

hccta:e, cto- and cnuo norborncol and dx-norbornvl c:hcr as 0 36 g (4%,
gy e ‘

7o r (‘qﬁl and N 0 g {183) 'cspcctxxcrs ‘ Corrcct:on or collcct:on losscs;-

Tas s‘oww in Anpcndxx A. cstahl:shcd the \1cld of norborncol asf2.05 R (33 ) T ”j{;Qz'
"”cto--an‘ cnuo-\orbornsl acetatc ' f; (\0 19 nc1t), l JS ( C=0) 1018

.;a" 1072 c: -1 (C Q strctch). n. n r. (\o lll. 11-, CCl ), 6‘4 ?2 (a, 0 i3 H ;f"j'

e

'-f;_--sigy 1.50 {b d 0,87 n c- -cndo),\;-’l (b ; \ :n hrxdgchcad c: n),

192 (s, 3M, -0 c L), 1. 74 1,05 (norborn\l en\clonc, 8); m.5. (Yo. 84,

3}.

1S c\j.. { at n/e 158 corrcspondxng to. C9 140" Thc i.r., n.o. . and a.s.

f}VSHcctra were xdcntxcal [T} thosc of .an authcnt:c sa:wlc o‘ cxo*norborn)l :

-
. -

: ;:etatc H;ﬁ .-xntcgratxon of thc C- -cxo—and cndo—protons shoned that thc
rcio cndc ratxo of norbornvl ahctntcisfa5v87 13 : eX0- nd cnd; \orborncol
-!.r-loo (lnt; n.p. of cio 1$oacr 1”'178 (193) (“ ; § Cs, ). L
:_‘3600 (frcc on). 3;50 [ bondcd on), 1113 1110 (d c n), 103° (c-0 strctch),.;
-nlosz;'xo (a c- n), 1000 (c 0 strctch). 916 53 aoo cn (c -H); n.o.ro
:‘\o. 33, cncz ), 1 1.05 (n Y *sn C-2- cxo), 3.74 [b d. 75u c-'-endo).
18 (n 2, br:dgchcad c- n), 1.7-0.9 {su' norbornyl cn\clopc). .;f_(No; "f;;' 3 Do

=3%. lS c\) H ‘at a/e 112 corrcspondcd to C7H120 M of :hc acctalatcd alcohol:tf - ';5;'

0

Bv conparxson of thc 1 T fxngcf-;j R

NE

' ShD“Cd .an a/c 154 corrcspond:ng to: CBH140
“-fpr!nt rcgzon of . pure cxo-.and cndo norborneol wnth the norborneol from thc

- -1 e
'rcact:on {1118 und 1010 dOublct 103’ nnd 1022 doublot and 806 cn sxnglét) L .

. xt can be concludcd that thc norborncol froa the hydration of norborncnc - r. 'f“;;>; -

This fact is vcrif:cd bv n.o.r. Jntcgratxon

ansistcﬂ:qostly;of the,gﬁg—i;gﬂcr




-

"of';hr-c;*;sig- xnd cndo protons Dx norbornvl cthcr (a glas<\ solld)

CmL.p. A 53% (attcr thrcc LnJcct:uns through g 1.p. c coluan),,l r. (\o 30

' ;-._‘Cf 1095 (G- 0). 1’45. 11 o 1152 10:_6. se.:, and 693 ca! {CoH); RuB. T
nn 1 }..,_' "6'[b.-n. '-.o..ssn ~C_-2-cxb) 3.32 (a, "1.‘."._15H,'C-'l2'—cndo), o
fl:: {b.s. brxdgchcad C H) and;j Th- 0 9* (norbornvl cn\elopc 16n){
14,2:_ ) A
50 €, 81.50, i, 10.75; found: ¢, 81.79,

> . . L
. F .. oL ) . - 7 ‘ o
: o

:i;. (No. B4, 15 c\), H at u/c ’06 corrcsponds to, C 0..

Anal: calcd for ClJ

. N.a.r., . arca intcgratxon of thc C-.-cxo- and cndo-H of d: norborn\

'Hc* %houcd tha' thc stcrco1so*crzc axxturc was- couno<cd of 01 e¢xo and 301 B

ends I:nkagcs.' e ,1 . o
iy} Hvdra:ion in Dcutcratcd “cdiua "

orborncnc (Aldrzch Chcn Co 0 52 £, 5 56 X 10 -3 mo}c)~anda10%.v/y.

™

L

t 3C0°U - .0 (3 =1) rcrc scalcd in a glass tubc (7 in x_1/2 in} as prc- . i}- ‘.U'L"A

viously chcr:bcn Aftcr hcatxng at' SO' for 1“0 h a nllkv aqucous lnycff;fi~‘~"

and a pnlc vcllow orgnnxc la\cr were forncd Aftcr the usual uork-up,i

analstxcal g 1 p [ (\o.‘zso I} 10\ C. tcmp progranmlng l’S 140 ) showcd
that thc reaction nixturc consistcd of 1.2\ norborncnc 0 ;1 ex0- nnd cndo-

l.:ﬂo'borﬁvl-acctalc; 56. “\ exo- norborncol. 20 Qi endo-norborncol; 7.4 dx- |

.ﬁorbornyl ether. and 5% of two. othcr products The con cntratcd ether: cx-r:f' .

:tract was'qu1nt1tnt1\cg) tfnnsferrcd into a l nl volunct ice flask and nndc ' .

**Jn to \olunc s As 1!lustrnled in Appcndxx A prcpnrat;vc £ 1 p c (VO 50 ;_. %lzl;;_:fﬁf
115’15\ C lSS ) cstabl1shcd thc yicid ‘of cxo- and cndo norborncol as 0. 40 g -.: '
(69i) correctcd for coIIcc;:on losscs 0 46 g (801) o

Since nnss spcctrouctric dcutcr:Uﬁ'assn) on thc norbornyl acc:atc is -

. :orc accuratc thnn nnalysxs on thc norborncol duc to thc largc N-l and N-2 :--_;_{‘ v

Lo




. 168

e ' ) ‘ -
;caks assoc::ted w:th thc l1ttcr the norbornﬁol -was - ;onucrtcd to thc acctate g

by 'Hc follcwxng proccdure Thc norbmrncol (0 73 g, 09 x 10 -3 _olc) ‘150~

;atc. b\ rrcwarntxvc g 1, p,\ was. dxssol\cd :n p»rzd:nc (8 ml) and auctlc

;1r»;hr1dt (b ml) and <t1rrcd nt rooa tcmpcrature for 24 h Iht n{;furc was

, Jddeu ‘o cruxhcd ice (15 nl) Aftcr thc ice had mcltcd trc solutxon was - _
o a S T S ' S

..la.cd u:th wa:cr (30 =l} :nd cxtractcd with ctbcr (a x 20 ml) Thc cthcr . e

) exiract was »nshcd hl[h dllutc ltl (a x 10 :h) and uatcr (2 x IO MI), drxcd

mp— T

‘Aver Jnh\drsus ngO and conccntratcd b\ the rotator\ cvaporator Hass-

B cﬂ?bactrJ; dcutcrnuz assa\ {No, 80 IS‘c\ Table L2 of Appcndlx Cy. on ;hc
‘.'}' . .
-_ahd endo- norborn)l agetatc shompd 44 0\ ll' 36 5& le' 14.-3 d and o

[71)

-5% 3 spcc:cs 3 total of . 10. 05 atoas of dcutcr1un pcr noleculc.

- = "

{131y lncqnﬂletc°£xchangc in Dcutcratcd “cdxun _
horborncnc (Aldr:ch Che: Co '11.6 g. l 3 X 10 -2 molc) and 10$ Vv

'i,CH COOU U 0 [‘0 m!) in a dcgasscd 5enlcd tubc were. heatcd at:’SO for 3 4 ine-

.fa stccl bo:b Aftcr thc usual worl up, analytzcal [ l p c. '(No._.BS -1, 10%

C, {czp: progrn_nxng 85 1’5 } showed ‘51 norborncnc ?1 nortr:cyclanc 39  o Cj.: 

'cxo~ and cndo-norbornvl acctalé 48 S\ cxo-and cndo-norborncol 6% d1 norborn\lzb

g c‘hcr and s, S\ of four other products Thc conccntrntcd cthcr cxtract was
.nquantitutzmcl\ trans{crrcd into a \oiunctrxc flasL (’ ml) Preparatxmc

‘ TE ). p c (\o 03 !i, 15% C, 175 ) cstablxshed thc y;eld of norborncol ns

0. 53, '3 (35%) corrcctcd for collcctxon losses 0. 61 g (41%) Somc of thc

- -

"alcobol collcctcd b} prcpnrntx\c g l .p.c: .was convcrted to’ thc acctatc wlth

'- _—

f;pyrxdinc and hcctxc unh)dridc as prcv;ously dcscr;bcd Hass Spcctronetrrc

"dﬂhtcrlua assay (\o 93 lS cV Tnble 6 of Appéndxx CI-on thc exo-; and" endo-‘\

;norbornyl acctnte shoucd 4. 34 dll; 11. 7\ le' }3 3‘ dg. 11 1\ d8’ § 7‘

5.9 d,, TN g, ,$ 42,712.211dl>;n§ 2.0; do; {‘:ofa;;?

3’ -L\E 'f _,‘.,-

8. 0% d 6 1% dS'



:;5-3 “ﬂ-xtons of dcutcrluu per mole;ulc
R T

Thc rc:axndcr of: thc aicohol 1soln;cd b\ picparnt:xc g 1 p €. owas,

"ot:-x zed b) Joncs rcngcnt nccardxng to thc folPouxng proccdurc. 'cxo- and '

¥ . ___ ¥

fruQ .orborncol [0 al g,\? 76 - X 10 nolc). othcr (10 n!; and a chronxc"

-

- Cdcd solutan (a n! preparcd froa 5 g ha Cr Of H 0 and 3. ?5 ml concentratcd

;\04 -hlgh 1s thcn dxlutcd 0 25 nl) hcrc addcd togcthc¥ and stxrrcd o\cr-'

“aight. Thc cthcr la\cr was scparatcd and thc aqucous nhaqc was - extrnctcd

~.tﬁ cthcr“‘ X S nl; Thc coabxncd ether cxtracts hcrc hashcd h:th

. ..szzurgtcu sodtu: blgarbopatc (3 x 5 nl) u1tcr (l'x ml), and drxcd oxer

’ Al

:hnhvdrous Pgbo Thc ether wns rcno»cd slowl\ b\ dlstxllitxon throuhh a 12'
. e ) : /v .‘J" .
.“:u@H 51as¢ hclxczcs p;;hcd colunn to yxcld norcamphor (0. ,ﬁ'g. 2.0 x‘lo ;'

. T 1 N ll
:olcs "\) To dctcrninc thc locntioh of thq'dcutcriur thcudeutcrnth» s

-~ ®

cﬁdo norborncol (0 0.~'g;‘-.0 X ]0 n nolc; obtnincd from thc l;thxun

L= ‘e

“alusinun- h\drxdc 1n cther rcductxon of norcaaphor was. subjcctcd to n.a.r.

*

tarca :n!cgral anal\sxs in the prcscncc of Eu(DPM)- (0 oqs g. I 39 x. 10
. 301c) :n CCl ns dcscribcd in Sectxon lI-A IV The ana];;is establlshcd
' ;hE'f§11owing dcutcrxun dxstr:butxon (rounded to 0 l 4y .($§; 119, CCI ),.'f'
;'O.g.at C 1) O S at C- 3 cxo 0 S nt C 3 cndo f. 5 at C 4, 0 5 at C- a»cxo

' at G-;-cndo 0. 6 at C 6 cxo D 6 at C 6 cndo 0 5 nt C P svn and 0 S

",, ‘P

ad f-:-:ntx (5 atdns of dcutcr;un) ancc the orxgxnal exa- and cndo-l
'U-ﬁo;'orncor contnincd 5 9 nloas of dcutcriu: and th;ELndo norbdfncol obtaxncd

ox:dat:on and rcductnon quucnce contaxncd 5 atdms of dcutcrxum

. ‘-

-~ from 1

',thc orzgz al exo- nnd enda- norborncol nust havc contaxned approx:matcly 0. 6-‘ -

- . i

LO 7 d at thc C- position shich uas lost during thc oxidatxon stage

f';(xv} uydration of hortricyclanc in Dcutcrntcd Mbdxum o

- oo
o

| \orquphor Tos;!hvdra*ono_ '

1
,.,_




a

Conccntrated h\'drochlorxc acxd (3 ni) \-as added 10 msx lh)dra mc SR SR

(udnch Chcm Co.. A4 g, 0 1"9 mole m.p 110 ) and norcamphor (Aldnch

-‘cm. ;Co , 14, 1 e 0\131 laolc m.p. 90-92%) dxsso‘hed in 953 ethanol (300 -

_:::1)'. Thc mxture was refluxed for 6. 5 h and poured mto water (1000 ml)

".:_'The rcsult:mt precxpltatq_was collccted and rccr}stnlh,cd {rom & ethanol

to give norc:mphor tosvlh\dra-one ("0 8 g,I 58%, @.p: _:05 "osh"ﬁ;; ')m p. - ‘
" “0( 5 ms'“g”) T, (Yo, 77, cnc13). 3300, 3200 (N-), 1660 (C-¥), 1160~ .
(S-O) KI ‘._.‘ 4_‘._“.: E . . : ‘41-‘1 "_ | .- e
“ - \ortncx‘cl::nc (54)-;_"-‘[,;. . co : o L 3 -‘,

L orcamphor 'tosvlh\dra one (8. 7 & . 7. X 10 -2 molc. m.p. “’05"’08 )

1

“as addcd to punfxed dxglync ("50 ml) in a thrcc ncck"A flask cquxppcd \.nh

- a Stoppcrcd condcnscr :md a nxtrogcn 1n1et and outlct FrcshI) prcpared

. .
a

5°d!un ncthondc (SD.- g. 0. 56 :nole) was added and the reacnon mxt‘urc FEE S
. .was hcatcd to rejlux (ND 150 ). As mt‘r*en @ntcd through thc squtcson,;: o .

\

thc pmduct \-as carr: ed through a water wash : a XOH- pellet dr)ing svstem

- -

iy

- and ;oilcctcd in. a. smll f'lask and ey tube cooled in dry 1..c : Analyucal
t 1, p c.r (\o.‘259 x-I 51 S_E-JOﬁOS‘) showcd 99t nartncyclane and 1% .nor- "

| bomcne.- .‘ . _: oo . .“.-:_ o o ‘-.“ SR <_ .

_’Zdrath;i of \'ortruhc:lanc R | ES

xﬂorwxc clane 0 15 . l 60 > & 10 3 le) and 10% v/ BOAc D 0 (S ml)
el (12 "’ ’ mz s

thc freqi-c purlp thaw -et,hod and sealed undcr vacuugl M‘ter hcatmg at "50
R o
Eor 15"h m & Cnuus ovcn, the t pphnsc ;cactxgn nixtui"‘e wés dxluted ‘-‘i*th ', B

‘F.
-

at:r (,B n]), iltf l"f,ed ﬁr)th so_kid sogun b;carbonate, saturated w:th ;,
godmn ch‘loﬂ&e nﬁpd extraetcd' thh cthgr (4 X: lS nl) Thc coni'bi.ned ether ' ‘

extr;!'ts ﬁcre &heﬁ"ﬁ%‘c’r anhydrous Mgso and conctnnrnted by slow dxstilla-_' L




tidn through a 15 xnch glass hel1c1cs packed column Analvtlcal g l.p c.

‘(xo_-vGS : 69 10\ C temp- progra&p1ng SS 155° ) showcd St cxo--and ‘ ";‘ SR

)

- endo- norbarnxl acetate. and 951 exo- and cndo norborneol.- The conccntrated e

N

. cther cxtract was quantltatzvclv transfcrred 1nto a1l \olumctrxc flask
* and made up to volunc Prcparat1vc g 1 p C.- (\o 60 15& C AISO )
pstabl:shcd thc \1cld of norborneol as 0 064 g (a6t)- corrcctcd for

collcctxon losscs (scc Appcndlx A) 0 075 g IJ’\) As prev:ouslx descrlbcd

ifthc alcohbl was cop\crted to thc norbornyl-acctate thCh was subJected to :

ff'mass spec:ronct:xcmdnnicrxum assay (\o. 94 15 eV 'Table 6 of Appcnd1x C)
-,‘ “—'————._____

,"37 184, 35, sy " 14.8V 450 434 g ; 344, and 7.0 d spccms. a

11' 10'
.\j;total o%aé 80 atoms of deutcrxum pcr molecule

“,:(ij Solxol!ﬁxs of exo Vorborncol in Dcuterated !kdxum  51 Con l‘_ - .‘.._ h.£'§ :
| As dcscrxbcd Jin the hydratxon of nortrlcyclanc cxpsrxmcnt; cxo; §-" ) ;

snorgprnco} (U ; g, § ’8 x 1n _ nole) and lO% \/v DOAc D ,Q were hcatcd at’
‘s’SO' for 15 h Analvtical 2. l.p c. (Vo ’67' 290 ; 101 C tcmp prograh-

f,;ﬂlng 80 155*%) shoued 0. 7% norbornene. 1. 3\unortr1cyclane, 8 0\ exo-‘and

: -endo norbornyi acctntc: 61 0% eannorborneol 28 -\ cndo norborncol 0. 4%

rdl-norbornyl cther and 0 4\ of another product. The conccntratcd cthcr

”exgract Mas quantitat:vcly trnnsferrcd 1nto a2 ml VOlumctrxc flask and madc ”f

‘ 'UP to \oluac. Prcparatxvc g 1 p c (\o 60 II 15\ C; 180_) establxshcd

i
‘ihe yield of . norborncol as 0 48 g IG?\)' corrected for colltctzon losses

-f

| "'(qucndxx ‘\) 0 .56 g (79\) Hass spcctrunctnc an asSaY (\b 97

‘_la c# Tablc'ﬁ of Appcndix C) on the acetylatcd alcohol showcd -7.4$ d11 R

ss*'n dw, 23 2 dg,

gfdeutcriun per. uolccule.. '245?l  “{5f‘ss_%,'- BRI _";;:. ;(':gf‘» - S

8 5! d and ..2\/d spcczes, a total of 9. 80 atoms of

“ﬁ(vi) So!volysis of endo-Horhornyl Acetate in Deutcratcd Hedium _;r'.j ‘?;;E“jlﬂj“




L a7

" a . .- - _‘\.- R - _- _,‘__‘:"_.‘-

As dcscrlbed elschhore norcamphor was reduced to predomlnantI)

Enoo norborncol wlth llthxum alumanum hvdr1dc in ethcr The endo alcohol

. o _
was thcn acet)lated to cndo norborn\l ‘acetate thh pyr:d1nc and acetxc

Lo - o e

laﬁh\drldc . S

- As described in the hydration df{ég;irfzvélané ckpérimcnt,fendo- AR

,norbbrﬁyl ﬁcctafc (0.55 g; 3.59'x116 -3 mole) wa§ hcated at ’50 for 15 h.

'_',\mlmcal g 1.p.c. (\o."zé;g; 1, 10% c 95') showcd 0.8 norborncne 0. s%

1l

"rortrzg\clanc. 39¢2% cxo0- and cndo norbornyl acctate 3: a% exo- norborncol

16.7% cndo~norborncol and \SS of two other products. Thc concentratcd - .
:cthcr cxtrac: Has quantztatlvcl) trnnsfcrreﬂ 1nto a i\ml volumctrxc flask

'V.and nadc up to’ volume : Prcparatlvc g l.p c. cstablxshed'*ﬁﬁ y1e1d of

,,I-

:Anorborncol as 0. 18 g (4>$) corrccted for collectxon losses 0. “0 g (51:)
;  ”355 sptc ronctrxc dcuterxun assay (\o 95 15 ev) on the norbornyl acetatc :

" 1solatcd fron thc rcact:on nxxturc conézlncdlpredomanantly d14, d13 and d
_ g -
- fSPCCiCS. lﬁdlcatxng that the acctatc,methyl group was also be1ng éxchangcd

. . ‘ .
‘undcr thc rcact:on condxtxons. Thus to get an accuratc qnalysxs on the . " (A

e

"dcutcrxun zncorroratxon 1nto thc norbornyl skclcton mass spectromctr1c

;._dcutcrzun aSsay nust be done on the acetylated alcohol A&»before, the

-~

 3cxo~ and cndo norborncol was: converted to- the norbornyl acctate and mass

- ]“'——.‘
'g spvctronctr:c deutcrzun assav (\o 98, 15 cV Table 6 of Appendlx C) on .t
. R == ﬁ-_‘\'ﬂ’“- Ce ;
' .th:s accty!atcd a!cohol shoued 39 6\ dll' 38 S% 10, 17.2% d9 and 4, 7. de‘ -

".spccxcs, a tota!.pf 10 25 atons of dcutcrxun per molcculc

R ~

. Vii Solvol)sis of cxo-z Phcnyl cndo- -HydTOIV“OTb°T"3"¢ (59] o

]

 exo :2- Phcnvl endo-2 -Hvdroxynorbornnnc (59) e f. o -,_li,n " -4$:¥ T

) uashcd thh ethcr and

“agnesxun turnings (3 36 g. 0 14 nolc

‘drxcd in an oveﬁ were placed in a uarn, dry 3 neck round botton flask fittcd -; -

.-



1with a‘condenser and'a CaClz drviné'tubc.r After coolxng, anhVHrous ether f.-.

Pl

B A T
, - Co N

_:( 0 ml) and dxstzllcd bromoben-ene ( 8 g, 0 145 uole) were added to thc

-

:agnesxun After the reactlon was. 1n1t13ted an addxtxonal 50 el of drV'ether

was aﬂacd ~ Khen a]l the mngnesxun had dxsappcared norci&phor GAldrxch

“Caea. Co. 13 88 g, 0.126 molc) in ether (*5 ml) vas addcd to thc Grrgnard o

‘ ircagent over a lQ—mlnute perzod After ref;uxlng for 3h and coolxng, _'
Q~agucous amnonxun chlo::de uas added to the. react1on mxxturet The ether

.cxtract was aashcd hlth uater (’ x 25 ml), St KOH {2 x 25 ml) and steam-

T e

=;d:<t111ed thrcugh a wzde bore condenser to remove anv norcamphor and bromo-

' ben-cnc Thc resxdue was extracted thh ether, drxed and vacuum dxstxlled

.40 g:xe a uater whxte dxst:llate (16 17 g, 71. ‘% b p 154 155° at IU“mm)

;:thth solldxfled on standxng to g1ve thte crystals ‘ G 1 p c. pnalys:s ;7J~

..showed that 1t contaxned <5\ of -phen\l -norbornene and >95$ exo- -phen\l-.

endo- h)droxynorbornane ‘n.o.r. “(No. 211 CC! ), 5 T.. (m SH arom;t1c) :

and 2.7-1. 41 (llH norbornyl en\elope) SN

T 2 S

Sol\ol\sxs of exo-2 -Phensl endo-2 -H\droxvnOrbornane in TO\ v/v HOAcfhﬂO at 29
—— - -

- ex0-2- Phenyl endo- -hydroxynorbornane (1 31 g. 6 96 x 107 nole)

'.'and lot v/v iDAc-ll 0 (4 nl) were' mtroduced mto a glass tube Aftcr de-

.'Vparatnse g 1 p c. (\o. 95 Ii, 101 c, 175 ) for character1 atzon i T

fﬁtass:ng the snnple three ttncs it was sealed and hcated at ’95 £or 51 h

.a--_

_‘usual nanner.L Annly?ical g 1 p c. C\o 405 . 10% lso°) showed that the,fj

reaction nxxture wus co-posed of 4 unldentlfled componcnts (14 2%) ﬂnd

phenylnorbornane-{ss.st) The -phenylnorbornane(bo) uas 1solated bv pre-

l

-1

5;136 csz), :020 (aryl -1, 2950 (saturated c- My, 760, 735 713 and 698 ca”

'Z(nryl H) n. n.r.‘(Vo. 216A and B, CCI ]. 5 7 14 (ﬂ 5" 8YY1)- 3.2 -

"zf‘fJ Ce

'-_sf I Lo

(\°;f" :

_1n the stcel bomb The resultant black reactnon ulxture was. uorked up in the R




o, 1, c-'*')', 35 (a, m, bndgchcad c -Hj, and 2 1 1.~ (su nurbom}l T

’°n‘°1°P°)' 2.5 f\° 135, 30 CV) H at /e 177 corrcsponds to C . 116,"‘7

‘-*Hc ;oncentratcd ether extract was then vacuum dlstlllcd through a6 1nch

¢

-

';\lgreux column to \lcld 60 as a colourlcss llqu1d (0 I°6 g, 11% b p. -60- 6

. ‘.\ n.‘-a) ‘ ":r
JSolvolysisidf'cxé-Z;Phg%yiécndo4z;uyﬂfoiynbrbornané.in710¥_§/foH§E?OD-D,O.

. As in the prccccdxng cxpcrxnent, £x0-2 -phcnyl cndo- h\droxvnorbornane'

0795, 2% 10° -3 " pole) was trcatcd with "10% Vv cnscooo 0,0 for 51 h.

'Anal\t;cal g l p c. {Vo 405 I' 10$\C 180 ) showcd that thc rcactzon mxxture

._fhas co:poscd of 51x unxdcntxfzed couponcnts {7 Oi) and -phcnylnorbornanc ’ 1 % o
V(QJ Ot) ] B S o
| Dcutcrzum ssay mass, spcctromctrlcally (V 137 '15‘ev' Tdbld'“ of
; Aﬂpendlx C) cstablxshcd that the --phen\lnorbornané was composcd of 1 0% dlL’i  )
. C g - L ‘
R % Q i ’7% d 1‘ 9% d ao T :
o le' 3. Q%hdg. S.l‘ d 6 s dy, 8. dt d6' 9. 0\ S’ 10 3 L

1.16 3% d,. 15 6‘ 1 3nd 8. 3\ ; spccxcs (3 80 atoms of deutcrlum per molcculc)
':\ G.r. area 1n:cgration anal}sxs zndxcated that 4 0 dcuter1un atoms were

.-1ncorpo?atcd tnto thc norborn\l skclcton and thzt no deuterxum had bccn 1ncorpor-- o

- . ) __. . . o . ,
. . . . il

atcd into thc arouatic r:ng ‘f“fﬂ '}";.:2_:_f>_; e -
' 4Y1ILV ufdf&:idn”df-Bch:bno}bofﬁhdichc”(ﬁé) at 250% ‘ : o
. . "';\._. ‘_ ! e -.‘ ‘_ - _.-l. ) "- . -t o
- Bcn.onorbornadxcnc (65] ."f”,f.j~'1' *fg.‘?-ﬁ._" :';‘T - f' '“ : SR
| ‘ . [ . A . . - : (195)" .
s Ben_onorbprnadicnc was prcpared by thc mcthod of thtxg and knzuss , ..__.::f

'A solunon (15 nl,) of “-bmofluoroben ene. (Mdnch Chcn. Co , 13 g, 75 x 107

.

| -3
_nolc) and freshly das:;lled cyclopcntad1cne (4 9 g. 75 X 10 mole) in dry

‘ 'tetrahydrofuran (sznl) wns placcd in a; 3-neck round botton f]nsk equ:ppcd ;‘;:h

o) P . . . . . - . - . L
o - " e Lt . - [ . - A




N U S
LN

o ';-_;'c- . L ‘_: -.'f _5‘4  'fl‘f: . :f} “" 

~ with a nagne.xc stlrrer nitrogen 1nlr - a prcssurc equzl:brateﬂ droppxng

‘ ﬂmnel and a reflux condcnser fzttcd *}th a CaCl dryzng tubc : The sxstcm fﬁ\

|  53< tluehcd uxth n:trogcn aftcr whxch magnes1um turnxngs (” g 83 x 10 ‘ mole)
.'serc added to thc stxrred solutxon The remaxnder of thc bromofluorobcn ene
_and cv;lopen:adlcnc solutxon (30 ml) was addcd undcr a slou flow rate of L 1, ;5

T

" nxtrogcn Alxer 40 mxnutcs when most of thc magnes1um had reacted the :'

'7‘<plscnt was r_.ovcd b) \acuum d1stxllat1on The rcszdue dxlutcd y1th :
'-ffhcf (50 m1). was haShed thh a saturated amponlum chlorxdc solut1on (4 ' 5 S

"ml} drzcd thh anhvdrous MBSO and dxstzllcd through a ngreux column to'

<

'}gx\c a na;or fractlon (7 g, 66\ ‘b. p. 82- 83‘,at 12 mn) >99t pure as establxshcd
b) gas chrnmatographlc anal)51s'i n}m r (ho 205 CC] ), 6 6 62 7 18 (m 6H

4 aromdtnc nnd olefxnxc), 3 78 (n, .H br:dgchcad C H) 2- (m ZI _7].

. ” (1) H}dration in. 10\ v/v IKLkaH 0 o .
Ben:onorbornad:cnc (0 50 g, 3 5 X 10 3 mola b p. 82- 83' at 1’ mm)

“'}nd 10\ v/v CH COOH;H 0 (3 nl) were introduced 1nto a glass tubc (ll in x 0 S

3 . . .
in). Thc sanplc uas dcgassed qﬁ}ce txmcs by the frce.c pump thau mcth0d .__ ?§ a )

cISealcd and hcated at 250 for 3 h 1n a Parr Pressure Rcact:on Apparatus '

- .

ffThe Sllzhtl) ytllowish reacfion nxxturc\has dJluted wlth wnter (3 mli,
iufncutralx:cd w;th solid sod:ua b1carb0nate ;ﬁturated w1th NaCl -and cxtracted'

_;"thh ethcr (4 x. 0 hl] The cther extract was. dr1ed concentratcd on. thc L L

'irotatory cvaporator and quantitatively transferrcd into a 2 ml volumetrxc ;(
fiflask Analyticnl g I p c (\o. 392 393 396 5& SE-30 125 ') showed thnci_: *‘ .' ﬁi;j

"Vthc :xxture was composed\of bcn:onorbornadicne (3 0\). cndo Benz onorborneno[ﬂfx-

L ", -

. T S
(3 %), exo0- bon'onorbornenol (as 4\). btmzonorbomenrf acetate {7, 7” ‘"‘d ""‘;- L

. U"known,(ﬂ,g\) The products weré isolntcd by prcparatxve 8- 1 p c [No 87

1, gi;SE;SO 195 ) for chnracterz*ation exo- Benzonorborncnol o p 72 74

©ta



176

ey
e

7‘ .{196))

' Ui:" B.p. H 1 T, (Vo 176 CCl ). 36’0 (0 H) 3030 (arvl H),

'19 6 and 1030 (c- 0), 862 (c- -H), and. 730 em” (aryl H),_n m.ri (No "’06; -14,

A

ccl ), 5 6. % (n. 4u aryl), s, 86 (broad d 1M, Ce3 proton). 3.17 «, M,

.':

‘brxdgchead c-H), and -.1—1 56° (norbornvl envclopc ) :! s. (\o 149 120,

. )
50 eV). ] at m/c 160 corresponds to Cn l,0 Thc i. T. and n.o.r. spcctra '

'*ucrc xdcntxtal t0 an-: authentzc samplo of cxo ben.onorbo*ncnol obtatned from -

'ithc h)droborntxon of bcn*onprbornadxene. endo Bcn-onorbornenol _ msp 69 74°

BRI 11;0 ims (c u}. 1072 and LpSO (c- 0), and 7*3 cm’ (aryi-H); n.s.

. (No. 115 80 cV), ﬁ at n/e 160 corrcsponds to. cll 1,0 ' The t r. was 1dcnt1cal

CIY

A‘° an\authcntlt samplc of cndo bcn-onorborncnol obtaxncd as the m1nor product

P, -
. . .,
Ay

l.:n the endo alcohol 15 absent 1n thc exo-"

at 1155; 1140.‘1130 ‘and’ 1115 cm”

";alcohol uhilc a band at 86’ cm -1, in the latter xs absent 1n the endo alcghol |

:f:and hqnce thc i.r. f:ngcrprint reg:on canrbc ustd to dxst1ngu1sh between the |
fcxo- nnd cndo bcn.onorborncnol . Bcn.onorborncnyl acetate. i, r. (\o. 180

-fcc1 ) 3030 (ary! n),_1741 (,Cmﬂl, 1244 and 1029 (3c-08¢), | and 713 e’ ‘

'j(ar)l H)' E.s. (\° 21,780 CV) H at m/e 20’ gbrrcsponds to c13H140 wh1lc_“f” g
RS i - | A/'lt.:..

fﬂ]c 159 cBrrcspoﬂds to M-—O C Cus . !j‘.‘
lnjection of several al;quots (0 08 nl) of thc ethcr extract through

1

! ) ’ . e ‘i . ="
5j150 S\ SE- 30 colunn establishcq.thc recovered yxeld of-cxo ben-onorborncnol
Caxt e, e - <A i . - ] . ] } A L L.

Tas o,zzj;g (39\1

e

.5{11) Uydratibn in. lOt v/v CH CDOD D 0 _ -‘t fr;-‘ﬁf:if"
-3 nole. b p 82 83"3: 12 uuﬂ

'”f;5f Bentonorbornudienc (0 43 s. 3 1 X 10

'innd 10\ v/v CH COOD D 50 (3 ul) were xntroduced into a glass tube (!1 1n r 0 S

3
J“fn), Thc sanple uns degassed three timcs by thc free'e P““P ~thaw mcthod

.'-
A - [

4 o lg P
(Tit. 2 p 74 ( 6)),‘.. ~(No.. 118 CC14), 3580 (0 H), o030 (arvl H) 1155)."
S A

-;n thc h\droboration of bcn-onorbornadxene. An unsvmnctrxcal quartct prcsent f;_;?t -




.'. i:_._ ._ -.‘:,, ._-: . | . . "" ' . '7 -.'_ ; -" ._' . v :a 177
sealed and ﬁéﬁtbd-at 4§0’~for‘3 h. ‘ihé.slightl¥ yéllbﬁfsh rcéction mixfﬁte"luTZ?,

.- ‘

 f\3< d:lutcd uxth hatcr {s ml) ncutrali cd thh sol1d sodxum bxcarbonate - _-;gq'

A

8 a‘uratcd hlth \aCl and cxtracted H1th.ethcr (4 ’0 ml) .lThe cthcr extract ;7: “a

A8

i \.as uashed \-nh watqr (4 x "5 ml) to rcmove the exchangeablc 0 D dr1%¢on'— B

' :5n:ratcd on thc rotator\ eyaporator and quant"atxchV'transfcrred'xn Ta

.

1 oml volunctrlc flask Analvtrcal g 1 p c. 130.7393,'1, 15% C 140 ) shoued

b -

lthat thc nxxturc has composed of 6 9. hcn onorbornadxgpe Il.x% endo-,;_‘“.T . ~K“

1.

”.ﬂbcr onorborncnol :4 6% cxo bcn:onorborncnol ~6 1% bcn:onorborncnvl acc{atc
' {

‘.and 0 'X of an unknown In)cctlon of. se\cral altquots (0 OS nl] of thc cther

cxtract through the S\ SE 30 column establxshed the 1solable yleld of pure

. bxo bcn onorborncnol as 0 17 g (351) f }  :, : - -.3;
N Dcutcrlum assay mass spectrohctrlcallv (\o ‘- ' IS ev, Table 7 of

:_Appcndzx C) cstabl1shcd that éxo- benwonorbcrdcnol was composcd of 3. 4% 3,'Vg.f'ff..‘_

18 0\ d,, 73 2\ 6 and 5 {3 . spcc:cs_il 20 atoms of deutcrxum pcr moleculc) ‘..1_

L ]
1

The exo--nnd endo bcn-onorbornenol from thc a Ve expcrzmcnt f' R '

{)‘4 -*" U

contaxnzng I *0 atons of dcutcr:um was trcatcd thh a resh batch of LO% v/v ﬁ;

.‘\.

CH3€OOD D 0 for 12 h at ”50 Hbrk‘Up 1n thc usual mnnncx vxclded 0. lt

L 4
benhonorbornadzcnc. 33 21 cndo ben.onorborncnol 4 2% exo- bcn‘onorborncnol

5 ;0 8\ bcn*onorbornchI acetatc and 0 7\ of an unknown.u" 5;’ '.5"'§%;
Deuteriun assay nass‘spectronctricallr (\o. l’a, lS cV‘ Table 7. of :

j,gi --‘
"APPendix CJ cstabllshed that exo bcnzonorbornenol was’ conposcd of l ’% d

;{6 3N d dg.. .2 5\ 36 21 d 24 2t d,, 7.7 d and 1 91 do 5pcc1es (1.95

l(\o. 220 CCl ). area integra}aanalysxs us1nga“‘ fha

' . o %

fafatons of: deutetxun)-; N. T

.ﬂthe 0 H as. an internal stnndard established thc foliowxng dcuqfrxum dxstrx- {,'_

‘fibUtlon 2 00 d in aronatic rzng and 1 00 d at C 3 and C 7 (a total of 3 00"

ﬁja:o-s of deu:eriun)k :“;‘Eﬂ}ﬁyrzj'jf ﬂ‘ﬂ’_¢?1J5'[;f;i:"'




v

B. .Aromatic Svstems - S T R

L. Wl '.t’.

_f.f H D Exchangc or Anxllnc H\drochlorxde ( 0) in Heavx hat¢r e
fStabxl;t\ of &nlilne H\drochlorxdc at 275‘ 'f" -"'_; o  _'- '_“ f ‘:f;f " :. S
. i . . [y . | L o v ' ) ‘ . ’

Frcshl\ 'ccr}<ta111-cd anblxne hvdrochlor:dc (mcthano} Eastnan .-
e

. Urginxc Chcnzcals l 42 g, l ll x 1072 mole ‘m p.,196 199 ) and wnter (’G
 1_aI) uc;c 1ntroduccd 1nto a glnss tubc Thls sample was degassed thrcc txmes 0
l;'b\ the frcc c- punp thaw mcthod, scaled and hcated at 275° (840 850 psx) in
_thc Prcssure Rcactxon Apparatus {Parr Instrumcnt Co., ModclﬁﬁQld) fxlled

-hlth water.’ (’00 ml) to equalx-c the pressure xn thc glass tubc Aftcr ’4

.:H the dark two phase rcactxon m;xturc was basxfled thh conc. VaOH and o
‘ - .

.

".-exgractcd v;th cther (4 x 10 ml) Thc aqueous‘la\cr ‘was aC1d1f1ed thh SO%

“"v/vnconc HCl "20' saturated Hzth sodxum chlorzdc and cxtracted w1th ether

b (s x 10 nl) Thcse etherétxtracts were, drxed _conccntratcd by d1st1llatxon e

1 b : L

'o‘ nost of thc ethcr through a glass hcl:cxes column _ Thc rcs:due was | e\ap- ‘]_ * n

[

.‘oratcd to dryness on a.uatch glass g:v1ng a pale brown solxd {0. a3 'g, 31*)
'.that was, 1dentxf1cd as phcnol' oo T. (ho 243.:CC1 ). 8 7. 32-6. 65 (m, 5“

'ai aro=at1c) and S. 90 (s. 0 H), 1 T. (Vo 195 CCI }. 3610 (sharp, frce ?J f;j'_: 5u
 0 H). 3350 (broad H bonded o u) 3045 (ary1 H). 1600 (aryl - C), 1"46 (c 0) )

"  and 690’cn } (arvl C H) The n m.r. and d.r. spectra ucrc idcntxcal to those of
" _

an authcntxc sanple of phenol The quginal ethcreal la}cr was washed hlth 10% aq f;“
lilfl (4 x B nl). dr:eu and c&aporatcd to yzcld unxdcntxfied organxc conpound(s) “
u{:(o 03’ g) Thc conbxned’aqpeous hvdrochlor:q cxtracts were b351f1cd hxtL o
 ;conccntra¥ed sodxun hydroxxdc nnd extractcd thh etﬁ;r (S x-lO Hl) Thc f;f“n
A-'conbxncd ethcr extracts vcrc washed-w1th uater (2 x 15 ﬂl) br1n¢J5°1“t1°“
fl x IO nl), dricd conccntrated on :he rotatory evaporator and pumpcd to .ﬁl-”

o
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'drvncss on the \acuum pump to 91cld pure anxlxnt (0 45 g, 44% >'EJS.’L pure
. by r.a, r. ) (w : 144 cc14, Fxg. 4, Appendlx o), 5 6 99 (trlple.

'slth'flnc structurc mi mctn—protons) ' 6.59 (daublet thh fxnc structure

~

1'1H. nar1 proton) 6 44 (m ortho protons), and 3 36 (sharp 5. 2H, —\H ),

";;f{ ( 196 ccx ), 3360 and 3390 (d, -Nu,), 3040 (ar\l c- n), eﬂs ( -NH ),

~

:}bOD (ar\l C C) l°75 (C \), 117§;i£ \) .and’ 690 cm (aryl C- u) The i. T

Jaqd‘n n T srcctra were 1dcnt1cal to: thosc obta:ned on an authent:c sanplc

|
* . b’ - . . . .
P - - : . . T P ‘o

'of anillnc

‘P'Bacl oxchangc of Aromat:c Protons on & l_p c. Colunn i} a =_'»

.n —

; As xn the prexonS expcrxmcnt, rccr;stalll ed anxl}nc h)drochlorxdc X

J

:(nethanol Easﬁman Organlc Chcm:cals 0 89 g, 6‘85 x 10 mole m.p. 1§6-5

K

'vrﬂ99 } was hcatcd hxth dcutcrxum bxxdc (l“ lﬂ) in a scalcd tubc at 195 for  -

-‘}6 h,f After thc usual work-up,‘anxline (0 516 8. 81 ) sas obtalncd but ‘no

“f;'phenol Anal\txcal g1 p c. (wo. 126, 427 104 c 130 ) of the an;l;nej R "
cxtract cstabl:shcd ‘that an:line was thc onlv'product _ Thc amino protons '

T.wcre back cxchangcd in the work-up and uscd as. an 1nterna1 standard in thc-'_};-'

n.m. . (No-. 239 CCIJ) 1ntcgra1 ana1y51s of the crudc anllxnc and showed ‘the .- -
"follouzng dcuterxun dlstrxbutxon 1. 90 ortho 4a. 20. mcta O 95 para (a total -
‘of 3 OS Dfmolcculc) The crude anxlinc uas collocted by. preparatxve g l.p c;'_"'

-'f( 104 II 15\ C l:S ) for furthcr n.m. . 1ntegrai analvsxs U51ng the 7

- metfa Protons as ‘an ldtcrnal standnrd n.m.r. (Vo 240, CCl ) cstabllSth the =~

+

‘ followxng dcutcr}un~distrxbutxon. 1. 1b ottho 0 20 ESE%- 0.60 Eg:;_and 1 ”0;*‘

au4no (a total of 3 10 D/nolcculc) Clearly. by pass;ng thc anilzne through '7:;_*-

T

lthe 15\ Larbouax column scrnnbles thﬁﬂgeuterxun frOm thc ortho—and EEZ_ pos;txons

P 15 cxchnnged to hr anino group -~ In tact the ortho- and n_gg posxt;ons Iost '

I 10 dcutr'aun atons /no!oculc whxlc thc anxno group pxcked up I 20 dcuterlun
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atoaﬁ/molécuic. Inxtxall) the samc column and colunn condxt1ons d1d not ;

Y.

B rcsult in anv back—cxchange .of thc ortho and Q}ra protons Thus‘dcutcrium-“

" -

anal\sxs should bc carrx‘ﬁ out on thc crudc an111nc b\ ‘A . r or mass. <pectro-

: 133 2% :md carc shoulu@e cxcrcx..ed‘ m estabhshmg the condxttons for prcpara—-

tive g 1. p c. hork ‘ R STl ',R'. @
Exchan:c in Hen\\ hatcr o f”' RTINS S L ,; F s
;’ “;' Rccrystall;-cd an:llnc h\drochlorldc (Eastman Organxc Chcm1Cals

1. ¢, 1. 11 x xq molc..m.p 196 199°) and dcuterxum oxxdc as ml) hcre :

1ntroduced 1nto a’ glass tubc (ll in x l 1n) The sanplc was dcgasscd thrcc .
_' t1“cs b) :hc freeze- pump-thaa method sealcd and hcated at ’50 C in tﬁc

Pressurc Rcactxon Apparatus Af;cr 35 h thc opc—:' ' palc vcllow solutloni |

has basxfxcd thh so]xd sod1um h}droxxde and cxtractcd w1l h cthcr'(i'x'lq

o ‘_- [ . .
" ml), Thc aqucous la\cr was acxdlfLed hlth 50% v/\ conc HCI H 0 saturated

[} [

uxth sodxum chlor:dc nnd cxtrac:cd thh cthcr (S x 10 ml) The combxncd L
u-ether cxtracts wc*c dr;cd and the solvcnt was rcmovcd by dlstxlllng through '

a gl1ss he11c1es colunn to yxeld perdeuterated phcnol (0 6’9 g, a%) The =

hidfOIY hydrogcn uns bnck cxchangcd in thc work-up and used as an 1ntcrnal

stnndard in thc n n. r ;ntcgral analysxs whlch showcd that 4 SS deutcr1um

' atous (91% cxchangc) had been 1ncorporatcd xnto thc phcnol Thc ethcrcal

la\cr was washcd thh lot aq HC) (4 x 8 ml] dried and evaporated

)

S to ylcld traccs of orgnnxc anterial 5:, The conblncd aqucous hvdrochlorzc

extracts wcrc bas:fied uzth conccntrated sodxum hydro;xdc and extracted klth~

r.

f_ethcr (5 x 10 nl) ?he combxned cther extrncts Hcrc washed with watcr (

o . ' U

IS‘nl) drxed. conccntrated on thc rotatory cvaporator and pumped to dryness

: A
On the vacuun pump to yxeld purc anxlxne (0. 74 g, 72\ >9;$ purc) Thc anino .-;

LI

.Protons wcrc back cxchangcd in thc uork—up and USed as-an internal standard




'h;the n.n;n.‘intcgfal'dnilfsis'which7showcd that 3 90'"i;75 add O.Q'fﬂeutcr;.

u

Cium atoms had becn 1ncorporatcd xnto thc ortho ncta and gara p051t10n5.

rcSp¢ct1V$ly a total of 1. 60 dcutcr:um atoms pcr molcculc (9 3 cxchange).

e

ll Dcutcrxum Fxch1nqc in Phcnol (Lﬁ) 1 B : R ~i5-‘ ; F':ﬂ‘d "*i

tlj thh1ngc in 10% \/\ an. COOD .D.0.. - .-; 7._7  2 e . “-. f’ :

'~‘_'\- . \'

-ll I‘LJ

4

1n.r0uugcd lnto a, glass tubc (ll 1n x 0. S 1n) “The sanplc was dcgassed threefi

tines, b\ thc frcc:c pump thah method scaled aﬁd hcatcd at: ’60 for Sa h.‘: -

xﬁe ;olourlcsq rcactxon mxxturc wus dxlutcd hlth hatcr (a ml), ncutralx ed

_fu;th <ol:d <odxum bxcarbonatc snturatcd hlth VaCl ﬂn& extracted hxth ethcr

' uxckxllatxon through a 12 1nch glass hclxcxes column ani_s)antxtat;xclv trans-. 2

[4 X IO n!) Thc ethcr cxtract was aashcd u;th a’ satur ted sodxum chlor1de

solutlon (4 x IO ml) to ‘remove thc exchangcablc 0 D dr1 d, concentratcd b)

ferred into a 2 ml \olumetrxc flask Analytxcal g.! p c. ‘(No. 409(410). I,

5% S n (10\ C) l’0°(1“0 )) showed that phcnol has thc onlv product.  In-

- Jcctnon of sc\cral alxquots (0 06 ml) of thc cthcr cxtract through a'15% Carbo-E ?:g;f

-‘or collcc :on losscs 0. 35 g (72%) (sec Appcndxx A)

I

wax column (170 ) cstabllshcd the rccoscrcd )1c1d as 0 33 g (43%)’

Y

‘ Dcutbriun 1ssay nass spcctroactrlcallx (\o‘ 139, 15 cV Table 9 of ¢ .

pncndxx C) cstablx¢¥cd that thc phenol was composcd of S 3% d4; 55. gat ds.'

- 31 01 ,; 6 6\ d and 1 5\ : spccncs (” 55 ntoms of dcutcr;um 51% cxchangc),

: standard, shqued that thcrc were 2 5D iR thc EEEEEF and EﬂIﬂ:pOSJtlonS :

. \ . r. (No r.--3 CCl ; Flg 9 of Appcndlx D) xntcgral analv51s of

thc phenol . 1solatcd by prcparntxxc g, l p c. and using . 0 H as an 1ntcrn1l

‘ and a ncgligzblc nnount of dcutcrxd@’in thc mct'_;-posxtxonst 1n agrccmcnt

» hxth thc nass spcctronotrxc rcsults

Comparxson QF tHc spcctra of thc un-

- G o . '.‘

oL

LT A T S

PR Phcnol (o 77'%, .25 x 10 _ nolc} and 10% \/; ciig coon D o (3 m1) uere_”

L} ..

corrqctcd_ﬁ




,;da.‘-::.-s '; d;, 6.7 4 4, and 1i5°% d.

- Jéutcrntqd_phcnollfxoﬂ 222, CCIJ; Flg 8 of Appcndzx D) and thc phcnol--,J 61

d; (No. 225; ccl,; Fig. @ o of Appcnd:x D) clenrly qhoua hou the dcutcrlun has’

simhlificd‘tﬁe:cdnplcx sncctrum of the pé;201' S ,"-{J" RO
S(i1) nghanre 1n 4% \/L conc. HCl b O at ’00°.' . o ' BTN ’

o A S .

Phcnol (0 2 g, -.34 x.lO ﬁpolc) w1s trcatcd uzth 4 t/v’toﬁb.

C .

. f
'-;col;n~. ‘the clcir colourlcss tho phnsc Teaction. n:xturc was pourgd into.

c.

|  :&1 D 0 (4 nl) for 4. h at ’00 \th Prcssurc Rcactlon Appnratuq -.Aftcr .w

:hatcr (5 an baczfxcd hlth solxd \aHCO and cttrnctcd axth cthcr\{4 x 104§

-

S Thc COﬁblnLd cthcr cxtracts ucrc.hashcd hlth dllute aqucous HCI ("x 10

L .

f_ml), 51turztcd <od1ua cﬁlorxdc solutxon (1 X }0 ml}, drxcd and conCcntr1tcd%\;\

- S :
. ‘\-

_on 1hc rota:or) c\apo 1tor. bzgal tracos of sqd\cnt hcrc rcmoxcd on thc
3

ncuuﬁ lxﬁt to vxeld n-hhxtc solxd (0 ”1 g, 0 %) Analytlcal £ 1 P c.

[

rstabllshed .hat phcnul has thc‘onl) product : ,‘:: ) }!.' A‘“ f e

-3

Dcutcr:um asSav ‘mass Spcctronctrxeall> (\o 164, ‘%‘cv ”Thblc_quf 

-{A“pcndlx C). cstablashcd that thc phcnol was composcd of 29. 03 dS"? ;3%;515__‘ .
3 1 spccxcs.'a total of 3 90 dcutcrlum o

atons per nolccule (781 cxchangc) Uﬁlng O H as an 1ntcrnnl standard, n. m.r"

(Sél “bs CCl ) cstablxshcd the followlng dcutcrxum dlstr1butnon —-7iD in .

the ortho and Bgrn p051txons 1nd onl) I 3 Din the mctn-pos:tlons. a t°t31

» .

of 1.0 dcutcr1um atoms per molcculc. Thcsc rcsults E?barlv rndlcatcd that

- i . N

f:’hc nroaatxc rlng has not bccn cqu:lxhrated undcr thcsc rcactxon condxtxons.

“A longcr rcact:on pc;lod or an. xncrcasc zn thc tempcraturF. hohe\cr; hOUId."' %.hf
uaccozpl! h qonpxctc dcutcratzon of phcn;l :n at lcast 90 9;& v;cld l:_r_ B :‘;;'
oo S ‘ q"‘ ST ‘ g _". | ST :.; : -
111, Dcutcrzun Lxchangc in Bcn'cne, Bxphcﬂyl éQ and'm-x%lcnc Lo :Vq
'(i)a Bcn.cnc (ﬁ_) _ ¢-]1'_ o S f 1. |
iA Attcmptcd hmkhnngc 1n lO% v/v fal COOD D 0 at - 250 . ’.,;" ;;i :["




;“ *, ,:. . -

- . e .

_‘;jpen:énc (3.0 5, 5.85 x 1077 molc) and 10% \/v CH qooo D,0,(15 1)

;c§é tntroduccd into a glnss tubc (11 in X 0 5 1n)§ Thc samplc was: degaSSed
'thrce txmc; g\ thc-frcc ze- punp thpu ncthod scalcd and hcatcd at” ’SO for hgr"fhu"
60 h Aficr the usual hork/up of - ncutrall atlon fnd‘cttractlon ﬁ;aivt1c51
g l'p c. 1nal\<15 (\o “43 I; 103 '1°0 ) of.thé-coﬁccAtratcd éltf;cb .:7:
showed hcn c;e as thc onlx product._; ﬂ' Jﬁf\ - _Q e -h;;,.:.f-f;i 1.a,"

3 Dcutcrxum nssa\ nasq spc;troéétrxcali)’(\o ’?4 1%’ cv Table 8 of
\ppcﬁdlt Q) shoucd that no déutcrxun had bc;h ynzﬁrééfated 1nt0°bcnzcnc
ﬂLxchuakc in 4% {/v conic. uc1 D ,0_at *so 1.f '6]7f- -;?f'?“f'”}; ';‘:.-‘  _f&

Bcn enc (0. 62. g, 7 96 x 10- molc) and 4% \/\ tonc HCI-D 0 (13 m]J

D

}zn a glass tubc was dcgasde threc txmcs sealcd and heated at 7Sb’ 1h thc

Prc%surc Rc1ct10n Apﬂaratu¢ Aftcr 48 h, the org1n1c la)cr was’ w1thdrawn
v f . . At .,‘. L

‘ﬂfron the colourlcss. tho phascarcactxon mxxturc to };cld ben ene (0 61 g, f

agy, 295% purc By g. Lipec.); thc nom.r 1&0 ass, cc1 ).and i.r. (o 20 3'

31:CC14) spcgtr1 of thc sampldkundxcatcd that coq;:d'rablc HZD exchange had

o occurrCu r K

. -
iow

Dcutcrxum assa) m1ss spcctromctrxcallv (Vo- 154 15'6V,:Tabié Snof.‘ B

1

'lAppendxx C) of thc bcn cnc 1salatcd bv preparatxxc g '}.p. c. (No.‘ios,.ll;

- 32 -43 ﬁs 1#40_ 4, St 3 nnd 1. g\ d; spccxes. a totél of 5. 25 dcuter}9é.”-‘
: ators pcr noldﬁylc (83% cxchangc) s:jzlll;F‘”lel ‘_f" zﬁ;> S L
 (11) Blphcn\l (85) RS o S S

“fAttccﬂtcd Ethanﬂc in 10% /v cn coon D,0 a:‘ﬂso° ﬁ 1_'_-12.,.;

-‘30 3 and 101 v/\ CH COOD D 0 (4 ml) wcrc 1ntroduccd 1nto a- glnss tube' i._f.'

2L1:1 C 0 - cstabllshcd the foliowlng dcutcr1um dxstrxbutxon 50;4%‘46.'

f(ll 1n X, 0 S 1n] Thc samplc was dcgassed thrce tlmcs scalcq and heatcd

- -3
Bxphcnyl (Lastman Organxc Chcmxcals, .‘3 g 1. 47 x. 10 mole m. p

"3

3

L > ) 7".. l .r" i'..h‘- - .‘- . .




;. G"C m- 45 h. M'ter ‘hc usual uork—up of ncutrﬂ:.“:on \-lth sghd
. . “ - . ‘; € K v 0 :

'V}:ffﬁ. aﬂd citractton wit th cthcr, thc dx4cd cltract xas cnnccntercd on tﬁcuv

O --“-....

Le? . .

_-_t'-\: 1 1—\ c\.a}"’oraxm:. M-‘ll\tlcal g 1°F C 400 ‘ ; ng 30 lSO )

_."\Hm.ﬁ. that bxphcml was tf\c onl) product ".' ‘ Q‘ : "

Dcutcr:un assa) zass spéclro:ctrxcnllx (\o 136 13 eV ‘Tablc S o~
\

: ~
- N .
e v

:Ti'pc zi C) cstnbl:shed that no dctcriu: h1d bccn 1nc0rporatgd 1n.o bxphcn»l

g xf}snhc 1n 4& v/\ conc HCI D 0 at 250 “‘fkgz, ,% f:—}-f,.-”_ S

.

B:phca}l (Enst:an Orgnnxc Chcnlcals 0 39 g,,-.Sl x 10 molc

-k

450 } and 4\ v/v conc HCIGD 0 (!S ul) werc-hpa:cd zn a sealcd tube

f'n: 250 for‘as h Aftcr coollng.,thc rcactxon n:xturc, ;onta:nxng a wh:tc

Ao
..

f;solxd' was ncutrntl'cd uxth solxd \ahC03 ahd extrnctcd w:th c:hcr (4 x 15

f”“a ) Thc coab;ncd ether cxtracts ucrc drxcd and conccntratcd on thc rotqtor\

.‘-

'n‘esaporntor, qupl traccs of solvcnt ucrc rcnoxcd bx pumping on\\\c vatuum‘jJ:.f-f'

-

'f?lzﬁc, o vic!d uhttc—cr\stalllnc bxphcnyl (D 38 g, 951 a p. 9 81_“ 1

L ep. 30'{19')} Analytieal g 1 p c..f\o 411 10& 190‘) shoucd that

ﬂ’bxnhcnsl was. >99\ yurc

‘_-..

e

Dcuteriua assas nass Spcqtronctrlcall> (\o. 155 lS eV, Tabic §l§f_:.:;

‘1 Aﬁpcndxx C) cstablishcd that b:phcn\l was conposcd of SS 3\ lo,-&s;iﬁ‘gg"if, ;

L \
_\\and 5..\ d spécics a xotal of 9 40 dcutcrxum atcns per molcculc (94% cx;

changc) . ““;; ;,-*“-ﬁ'fry ';?”-vﬁ‘,,--*

V B r‘.(ﬂo 254 CCl ) arca integratxon showed thnt thc ratlo of
-

:f"or:ho ne:a para signnl;‘was 2 2 l indicating thnt equzlxbrzun had bccn-'

.'“4-‘ LN . R . ._.,_'.3 e

‘_ (1ii) ] Xylcnc Q_) ey ﬂ_‘
;ﬂfExch _nc 1n 101 vlv CﬂqSDOD 0 ‘at ’50’ S | e
f'fT --Xylene rnn:heson. Cole-an and Bcll'” '29:g;f2525?*;L0.

-JST.' -

mOIC) .

‘tl}lc o .\"-_'.‘"‘_f
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'_"‘-'*_'m,!_ u\‘ \u, 023(200{\ D 0o (4 nl‘) wérc mtmdu-.cd mto 3 gl'u.s tubc [11 m X _' ".‘,

:"--1‘l.§_.*,-';.-\ : ?he 'i:mplc u:n -icpnssed 1hr¢c tmcs b\ thr: !‘rceszump th:n.r '“cthm. S

. q:l.c.. .md beatcd"m ..30 fo! -!S h Thé colourlcss rcactwn mxturc ‘was \ S

':'d._:'.u c mth -a‘cr (-1 n‘l}. ncutral; cd wnh sol:d so;hun b:carbonatc :md :
-:‘1“'""' cd s.xth M!-cr (4 x 10 nl) T-hc cthcr cxtract was dned :md Lon;c’rf.ra':cd

.."...-,1- the rota‘on c\aporator An.ﬂs:xcal g l p c. (.\.o.._‘-i"_ﬂ_.?,"-“ 10\ C s“ .

Soac ot‘ the n;x\icac. _1solatcd b\ prcparau\c-g l p c‘ (\q 'ib, l! B :
'i‘.'f::za,'x,c 100 ) wa\s:;‘ub}cctcd to r.uss spectromctnc dcutcrxu:n' hsa\" (‘\o ’8 ‘-.\\j .
s:» g 1. Tablc 10 of Appcnd:x C) \-iuch cst1511'5.hcd t-h:it n-x\lcnc was co'-mscd \
o o..f. ".9"‘,.(1.3. 19 3“6 .,. 35 l\ d1 and .>S "’c d spccxcf-‘*(o 95 atons of deutcriu:: 8
P“‘” ”;‘““"’7 / .' s f |
__.'f,;_xcha"ge in -ﬂ \/\ cone i HCI Dﬁ ) a |
n-hlcn: {l DO g, E S x’ 10 '3 aolc) wa# ;'.rcn}cd nth -H. v/v conc ' '

| lL'l D O (15 nl} for 40 h nt "50 as dcscnvcd abo»e After coolmg.. _}_1 =

T

" .- .‘-‘ -
. colourlcss o—'g.:mic laycr was withd«rawn fron the two phasc rcactxon mxt‘urc SNSRI SE

--_-5'-\nth a pxpcue o givc n—xylcnc (0 9; g, 9?\) Analytxcal 2. 1 p c. ( 0. 43‘-,.

n‘

..  .'! 5‘ °SE' 30 100 ) estnblishcd thnt n was® >99‘. purc e
) Dcutcrmn assay nass spectronctrically (‘-o. 156 15 c\' Tablc 1.0
 '°" “PPcﬂdu C) eitab!uhed tha:. thc n-xylcn‘e sas couposcd o!\' S. :'t dS’ ?..7‘1. o
& 4, . A7 v\ d and 4. 4& d spccics (3 ao D/noleculc) N r. (\o. .57, CCl ),; %r;{:5;}
| 'm!cgral analvsis using ucthanol ns nn jntemnl stnndnrd showed that thc)" |

~

'r_,“uerc 3 6 dcutcriua ato-s in thc nrona ic ring (911 cxchange) and 0'3 deutér-- : TN

fus ao“ m the nthyl groups.-. s B malyszs also mdxcat_ :hat the four

| ;Laitions m the arouatic ring had bccn equilibrntcd (Fie-, 13 ahd- 15 °f  ‘, .
\\Appcndix o) | \3;:} ;ij.-jf-i”ii~}fp*j:}§? Jfgj fg‘?n';-_- PSS .
| .;{A;_a_ EER T ' T ) Ao
- J ‘e ‘ "A::'? '
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e . : 166 - N
(TP R K TR TR TP P SN
e :Lfﬂ for Iso—:crz-at ton of n-tsknc a N TR
o n-lecnc (\Lﬂhcson Cblc:nm :md Bcll 9 45 g, 1 ’S x 10 2 mblc] g

=3 lﬂ's \/\. Cl! CDC'H ]\ conc !iCl I! D fS bl) wcrc xntroduccd mto a. g}ass '._

‘f}_,‘, ‘kc (“ m x 0 S m} The 5"1’1" was dCR;“ed)th""c tlf\-‘) bx thc ‘.rcc c- /w

'i'.-_.) LAl th:n-: qc.hod' scalcd and hcatcd at ‘-aD"for 28 h- The! colourlcss - S

rcadloh mxturc \-‘::s d:lutcd’ v;th uater (51 51;,' nmtralx-ed wnh sqlxd - _ '"“ -
.-‘lf. .-.,,r\,:‘ua bxc:lrbonatc :md cxuacted w:t‘t et‘:cr (4 x 10 nl) Thc COmbancd e f
if; £ Hcr cx:racts 'C’fhaﬁf‘d~4“4—fﬂﬂfiﬁtrérbd an thc rotator) cvnporator " ;;31 o
La‘r; raccs of sol\cnt wcrc rc:meﬁ b\ thc \acmp pum') :o v,lcld n- x\IcHC} ‘ -

g 3 x. 9-‘-&) nnl)’tlcal : 1 P c. (“o -m'f 1',‘ ) nnnhszs R

. ‘S“O“t‘d !hat therc was on_\ onc product prescnt n-x)'lcnc N m. r, arid‘

{i'fl -z =nnlysls corroborated thxs cvfdcqcc fhc i. r (Yo ’09 ncatJ iath
: b.mds at !I‘O 1095 I; 5. 906 875 770 :md :90 c:: 1 m the fingcrprmt .:A‘-‘,;' f"
-regxﬁﬁ vas 1dcntical t‘ nn authcnt IC s:u::plc of n-x)lcm: {\o "06 ncat) B ’
vhlch was dxffcrcr;t a A thus d}—s'tmguishablé rc.:u t;c ;-. and n—;soncr< Thc N
3- (\04 ..-5 CCI of thc producr. was also 1dtnt’1cal to :m auth t:c .

l’-and'....s (shnrp s, nothyl) Thc aronntic protons of o- :md y_—x}*lcnc o
| consis: of’a sharp | mglc,t at 6 9,5 and 6 90 mn rGSPcctml‘( ff -]Ig"*

hL T . -

"

't-xs) ooxylcnc (36 o | .
go mu v/v conc. DCI D o ai 250° S LA
o-X}lcné (J ‘I‘ Bakcr Chcn,, Co.._S'U gr 0 41: no!e. b p. 143 4 ) and \
OO nl) \;ere ndd‘ed to thc

Llric Sca lc Exc

L.

f.i.'“ V/v conc DCI D 0 (diluting 38\ vt/wt DCI 020

Apparatus ﬂttcd uith a glass liner.; After heatmg aL . S

s phasc wu withﬂratm. to yleld a yel‘lowzsh o-xylene (46 g.
; ‘\.\’\\ ' ; " . L
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BERY ‘““" Wrt by g.1.p. S (\o 4.3 1 5% ss-.,o mo n Tﬁc.o'-‘xs-.xc-s'e e
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I44 } has n longcr retcntxon txnc th)n bot\ :hc = a”d Ef”‘IQTC '.;'

R ) " ' . '..".'
;b;‘,_f~9 and 138 . rcspcct;\cl\),undcr thc cond;::ona uscd stng 1nhva“

L drels :cthanol‘a$ an internal‘\tandnrd n.s. r. zntcb al analxszs pﬁ;1bll§]bd
'.a- '- a N "'. .
:h.: :*crc ucf@ o sO'chteriua'hé}ns :n thc arou1tic rxng (ﬂg\ cxchanbc)

B

Cand ne.dcutcrxun 1n\the ncthy! groups.“j ﬁ-“fi:]ﬁ.,”lg._:ﬁ' J:L'ﬁf«-f; :_-‘f'7'-

’ / , : L el
Ch .‘ / i3 . O
"f;nf: Thé aboxe dcuteratcd °- xxlenc.{lﬁ g} uas dx\;ded 1ntp tHo cqual pon
. . ‘-.:G .

\

f'};cqs and 1ntroduccd :yi tuo scparatc'glass guhcs and~ trcatcd uxth frc<h 4. \f\

AT .
\.

LS

R . . N - . . R N '.. - R . L B
. . LI . . L . LT 1} S, . - M - .
LI (I . R SN . o S S t.

- cn GCI b 0 “0 nl into each tube) THc tubcs*wcrc ucpasscd .H'cc tzacs b\

 ¢ihc frcc-e pusv~thaw nethod sealcd and hcatcd at ’50 fo? 4‘ ': Aftcr:fa;"" :
e - e g
5;»oolxng, thc tuo reagtxon nixturcs uercwtunﬁined pourcd xnto a scpara~drv-_~

;ffudhcl and scparated frou :he aqucous.phasc to v1cld o- xvlcnc (46 LG loofﬁ£ @
v:old >9§§ purc by g l p c. } ‘-"'} -

Dcuteraun assay nass spcctrﬁuetricaliy (\o 158 lS cV Tnblc 10. of ,

\A“?tndlx C) estahlished that the o-xylcnc ﬁas comboscd of 3.‘1 a . 8’ 31 d4,x\"ﬂ-;'“

AN

.7_47‘3 d3 :nd‘4 3\ d,. a total of 90 dcutcrxu: atons pcr nolccule 7 n{r;__;

'{fi\o ’60 CCl ) integration us:ng anhydrous nethanol ns an intcrnal Standard

R
-

':'catnblzshcd th;t thcre uerc 3 90 deutcrxun atons ;n thc aromatxc rzng (93\ .
. f . . L] .
: fﬂ!grange) and 0 06 dcutcriun.ntons in thc ncthyl groups.-

’? Chcck for !soneri-ntion of o-leene :f“ T‘fby fjfi”f"f: ‘ff ”lj; Q:' *n‘,‘f ..;"

3
o Xylene'(J T Bakcr‘Chcn. Co.. -l g._2 D x 10 molc) nnd 4% v/\

:{‘conc HCI H 0 (3 nl) ucrt introduced into n flass cube, dcgnsscd thrxcc.1 'g .

‘ Zsealed and hentcd nt 250' for 65 h. After coolins. the C°1°Uf1¢S$ 0r8331C f?'”

B

:_;layer uas wlthdrawn uith a pipette to give 0 20 g (95\ yield) of product

-7¥Ana1ytlcax g,) p c (Qo. 432, I S\ SE 50 '100’] establxshcd that o‘xylencg-;" 3

W

purity >98t -- and E;Xylcne Hhich havc b p.'é of

' fonly uas prcsent vith a

- -. * ', o L. ,a_-’ . . .
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A 0 LIER =N . ) ST e
R " K . [ . '0. - 7.‘" [3 - . — A
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B I i ST
- : SEN .
<, , . e ., N ._, X B -l o~ R o L ; + . 3 -
13% and 138 _ rcspcctxvely. hn'e the sme but wﬁtr retentmn txnes .nan 3— T
N W . '< . ‘o_ . S - - :.

, x\lcnc (b p 144 ) undcr ':he @blum cmdxttons used ’Corroboratmg cndcnc‘e

-
.

Por the ;den:rt‘y of o-xvlcne xs g.wen by the : » g md n. r.l { d.at;a Ir

‘ {‘-o - 208, ncst} uuh bmds at u*o 1054 o.., 955 :mdco cn! 1 in the R

nggrpnnt rcglon \us xdenttal to an authentxc s:mple of o-xvlene (\o L vl
'-_“" - o

L ‘0" neat) and dxstmg’ﬂishablc fron both the<=~ :md E—xylacne. ‘T'he n.o Er_.. : _

- snectnn (\or "74 CCl } < ’6 95 (sh:rp s. -tll -aronauc) :md " "Q (s, 61!. R _-'
neth\!) vas' lso zdcnncal to that- of .m authenuc sanplc AR N
;‘.,"I\"'.ji” Dcutcrmn Exchan_ge £ Bcn-du: Acid (101) R ' .~ ‘

Bcn..oxc acid (Flsher Scxcnnﬁc Co.. 0 30 g, 2. 46 x: 10 nolc , .m p. J
,l; 218~1!9 ) nnd 4\ v/v conc. I!Cl DO (10 ﬂl) “05 iﬂtlﬁmccd mf.o a glass tube | s
B Th" sa:ple '35 dczasscd thrice scaled and heated at 5 m thc f’arr Pressure S
R“““’“ ‘\PPlratus. Aft%r 75 h and ;;o}ing, the fme \d\ite cn'stallmc solbd :

'ns collectod bv suction [ilrration frou thc colourlcss aqueous ph:isc..-'md :‘ ‘.-' '_ o

:hcn dissolved m S\ \aOt! (10 nl) ’n\e bastc ‘aqucous Pha-"e "‘“5 "’35}‘“ "’lﬂ" - e

ezher (3% m al) znd then acidmed thh 151 com ncx nzo to y:eld a P""

cithate \daxch uas cxtracted tuth ether (3 x .10 lll) Thls “h" “t“c‘ “5 |
dried ewporated on the rotatory cvaporatﬁr. anﬁ P‘ﬂpcd on. ‘he “C“‘m 1"“’ ; ,

yxcld bcn oi.c acxd (0 9 g, 97\ n p. 113 118 S ).r B

| Using thc. O-H :s an mterml standard n. n r. m:cgral anal)s.:s

established t‘ut "thcre wc‘re 4 7 dcuteriun ltms per noleculc COTICSPO“‘II“K . '._ S
to _941 c:change i one cycle. " T L,

£l

Dcuteriun Ex :mgc in&?vridinc (10’) “ S e \ L

Ex;hangc in: 4\ w‘v JiCl D 0 at .250 _ L' S v . ‘,:_. SRR

‘Pyridino’(o 60 g, 7 6 x 10 nole] and 4t v/v conc. HL‘.I D 0 (5 ml) R,

- Lot B . R .
. . oo v T e e




" - TN K . - -
- T ~ - o -
e ". L. . A s n. ' l_." : .
B X [ ¢ - e . - -
I R - . s \-\\__“ ? r"'.
R SR S . . 1&_
_ e Y T— S R
w ., ' " .
Nl b

'?‘h(rc x"'teduncd xnto a ﬂlass tube (IO 1n x 0 5 anl Thc eanplc was debasscd

:"“-rc .1uc~ bv shc 'rcc c- ru“p thnh thho« ‘calcd 1nu hcntcd it 230 in the BRI
' - L ,' i P . L . .
‘-; .rcs<urc Rcact:on Apparatus Aftcr 43 h,.:hc coolcd bl1uk rcactLon :1t‘urc
"“ - L . ! ¥ i ) 1
uss Ha\:fncd hlt\ solxd sodxu: b1Ceronatc, cxtracteu wx;h cthcr Q~ X la ml), .,:";-

“°ev and conccntratcd on the rotator\ c\1porator Thc dark broun cx~rnct
\ :

-5ff.as Huant: atz\cl\ into A ! nl voluncttxc flask nnd nade. up to \olumc ﬁfk;:f-;;f'
 [5;" 1n¢l\qx< (\u 413 IO% C 110 ) tstablished thmt thc ext TJC; contaxncd
34-»rtqlre (Qst) nnd thrcc unxdcntlfzcd products (S‘) o ;fi”“ f; f '{ :.:: ;;f_}liﬁfj

Prcpar:t{\c g 1 p c. (\o 99 15% C LIO') uszng a lqu1d,§%r coolcd

- tubc, cstablithcd that thc isolnblc yicld of pvr:d1nc uas 0 14 g (’a%)

‘.; 4*5 5P¢¢tr0=ctry (\O 14? IS cV Tablc D—of Append:x C)‘o‘ thc p\rldlnc

—

\ollccted by g l 6 c establxshcd tth it u;s COnpOfed of 45 5. 36 4‘ d _-" f

14 -\ 43. and 3 6» d spccxcs.‘n total of 3 ’5 dcutcrxun QN953 per molcculc

I54\ cxthangc) o V u r, (\o. .30 6614J xnncgral analxsxs shoued thab all thc

'tre_atxc posxt:ons haF bcen equxlabrated..‘, _Ff;f'jX{:f;ui;x'l;:'d__._

txshumc in l\ \/v-uCl D 0 at “15 ;;{@;Qggmém;;;ﬁ;;{;-fr;mfrff“;tszgb:{f;f'

"f%;d R Pyr!dxnc [S.:b g.,: 3 x 10 nolc) was trcatcd with I\ Q[v Eonc f_; g_f: ﬁi{
- nc: o o (.:,(a nlj for .zo hnt us ns dcscnbcd nhovc. | Thc palc ullo“ re-‘-mm‘

.-u—/

n:xmrc- uas basifxcd with solxd NaltOB, 7 aturatcd tuth \'nCl and cxtractcd thh

JE Ry R
Cthcr (4 x 10 nl) Thc coﬁbxned cthcr qxtracts werc dr:cd aud thc solvcnt §
;"'is strlppcd off by dtstillat;on.= Vacuunodxstxllatxon at 34"{170 nm} ga\c '?»ﬁj o

3 4 ‘ (60‘) °f pyrid:ne. N n r Cﬂo 278 and °79 CC! ] 1ntcgral nnalysxs ‘17’ :

using anhydrous ncthnn01 as an internnl standard es:ablishcd the followzng R
Ba

N

dcdtcriun disrribution.: 1 9. 0 l and 0 0. dcutcriun atons (40$ exchange) xn

_\

L :he 2 6 i 5 and 4 posiflons. rcspcctivcly fﬁf”j _V§ﬁ,{j 2“1f ;.Vi; ;A*‘ ‘3?; b

..' Tt . : - ot
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. : ; l__ . R R
Yo . [P . o o
o . RIS S Lt
. . ' ' PRI
R R e LR
RN - -
o IR L



T 'I, ot / _-.'.- I B 3, p )

!- — l“‘_! 1 ‘: ;! L - "‘. . - - ;

i ‘l.. ._‘ ‘, _V .h. 3 ‘- ";-‘

o i R S ! '

IO S L
s ' APPENDIX A
- (';; 1 .:p‘._c"‘.' Collection L'c'{;. s Deterainations
S ‘ ' 7 . t“ . o

)'7 :;:~5 Prcpafati\e g\] p.c. collcctxon 101scs.ucre dcthgxncd b\ Lnlcttlha

Z,f«a-mLua copccntratzons of n Standard 5olu:xon of n substratc 1nto 3 ﬁrcpara-i

-':;:Ac g 1 p c ,,chghlng thc 5ubstrntc collcctcd ard conscﬁycntl\ dctcrmxnxng

¢

- :hc recoxcrv o‘ thc subﬁtratc at thc sar{Pus conccntra 1ons Thc \rcld'of
. . . AR . 1

D

f.;fa part:cul1r product fron a solvolysxs renction wns obtaxnc¢ b\ col;c;tinb ,rf#i;ﬁ{..:

J S

::?AHC na:cranl hf PGCnrative g l p c . Kc:ghxng xt and corrcctxng thc aaount
: Lo “-.- . -.'-_ r__. ‘-“““-- 4:
ruxng to thc prcvvouslv detcrnxncd 3 fbcovcr\ data ‘_'._ﬂ f; ‘;~;¢J-n,,

. l.-. . b ""'. v e s P T

All rcsults arn hdscd on thc avetagc of nt lcast thrcc or'nore rc-"ifj[tVfﬁ

r'ouuciblc xn;cctions us:ng.a 0 { nl Lab Crc%t svrxngc and a lsaft x a/S 1n'”
- . _ S :

!5\ Carbouax on Chroab-orb K colunn 'f{T ii-fjiEft'éf;fﬂfl&?Vili; _ff{f;?’;inj""'

\orcanphor [14)

Us:ng thc 151 Carbownx colunn nt 175-180 wzth thc xnjcctor and

v

Cw

dctcctor tcapcraturcs at 240 and ’SD rcspcctively and a hbl;um flow ratc

n."
KRR

_j-of 35 ullnxnute the fbllow:ng rcsults werc obta;ncd‘ For standnrd 1njecxxons

R

B o! 0. 0045 g per 0 l ll d 0097 g pcr 0 1 nl 0 01:0 g pcr 0 1 ml and 0 0112
\,,,/o Oa nl the rccovcry, vith an air-coolcd straight glnss :ubc (ds'nn X, 0 5
==J. uas o oom g (361) o oos¢ g (sat) o 0101 B (79&) and o 0143 g (33'.)

rcspcctivcly._ Thc appropriatc \ rccovcry factor. déternxncd frDﬂ thc NClShC

of norcanphor collccted per injcctig;:‘“ituugggﬂf?r solutions contnxnxng nor-,_

canphor of unknoun con;entritioq._ For k&anplc. from the Sol»olyszs of Vor-;.“i;

.

‘35 "5¢7clnnol 1n Dcuterated Hbdiun (Scct:on II-A-I), thc inJcctxon of scveral

auquo:s (o os -n of the pentane exmct showed that 0 0160 g vas collcctcd S

y . " .' ’. teel B
P, _' v, .o DR PR _‘ - - ’ - , . Lo "
yfq--xﬂ L . : '190~. :
VTR L P . ‘
. 2 .




f;;filé%fé;fidn Asxuz;ng all the pcntnnc c}:?ict (10 nl] hns passcd thrdugh ; '?-;ig\“'

ﬁhp;rﬂlu_; thc tntal 1ﬁo!nted vxcld of norcaﬂphor hould bc 3.2 g'fgéglgik 10)" T

TR _ . ‘ L ity & AV R
s e e _ ‘ v
u?-.i;':x.‘ m—reSpomm to ..:\ ——-—1: T X 100) -g_ ‘ ‘p c. collccuon Iog5¢5; ies’t L \

;-<h=-rd 1ha. for th¢ isolat:on of 0 016 g pcr .)cctxon thc~ rccoscr\ 1s :~5A‘;wfﬁ;; b

 14 ~ug S 1 Thus thc corrcttcd yicld and . \1cld are 4 0 g (-3_ x 100) end ﬁ;g‘:h R
‘- 'xc “ . N N ‘-:. o o ‘ B S .
33\‘{11 ? X 100), rc‘ﬁcctxxcl\ '.f-ui.' -,a:-glﬁ ’;_‘_{‘;,3--jui ai:’*i T
3 {0y chcnc1carhotaldchadc {la) Sl - q”r-f'if.f7 o ,,_‘ji EERER S

Us:ng thc sanc colu:n and B l.p c condxtlons z* xn norcamﬂhor. ;hcf ._:1 Lo
£i ic lawan; rcsul's Herc obtaxncd For a standard 1n1cctxon of 0 0061 g 1n 0. 05 ;;Yg

Tzl of pcntanc thc & rccovérv uas 561 (0 003—!‘g] m ;m nxr coolcd’ U- tubé and |

623 (0 00;5.3} 1n a u lubc pluggcd.thh glass uool These rcsults suggcst

~.

.hat thc i rcto\crv 15 nox sxgnxf:cantlv affected b} thc ncthod of collcctxenT—:j;;ﬁ
For x, standard injcctzon of 0 003“ g Ln 0 1 nl of cthcr. the \ rctoxcr} was
| -f?‘ (0 0018 g m : l:quid ’:ni.r cooled I.r-tube (la ma x 0 -5 m) Hm?ceforth

hc a\crage ucight uf snnplc coliccted per inJectzon..”_? ,#bfi- BEe

was. ;n thc range of D 00’ g,_the 491 recovcry factor was: applxcd uhzlc thﬁ
601 rccoquy factor was used when approxinntelv D 004 8 was collccted pcr

,? 1“J°C110ﬂ FO? exn;plc ffou Epe Solvolysis of Nortr;cyclanol in Dcutcratcd ';“j:: :;ﬂ 
Hfdlun (section Il A I) thq in;écx\en of scvcra! alxquots (0 05 nl) of the _Qn7‘“ |

pcntanc c:trnct shoued thnt 0 0053 g of uldehvdp uns collcctcd pcr anOCtlon".Tg_;ﬁ: o

i Do
kssuaznglalléthe.pcntane extrnct [10 ﬂI) “33 #ﬂg;if thr°"3h ‘hc column. thc,'?ﬂj-l. ey
i;ola:cd )icld\of aldehydc would be l l z (0 ggsé‘ 10). yh:ch corrcsponds . }:iJL:i;:;{iE
to 9\ } x{iﬁO) The collection loss studics;showcd thnt for the 15013:10“ ‘i;f ?a;?§"

.. of 0 005 g/injegtioﬂ' the ‘ recovcry 1, about 60\ Thus the nctual v1eldqand‘l;;lw_?:fff;.

\ Yxold are 1 & gftl x IOO) and lS\ (——-T-X 100), rcspectivcly "i'“ f;3: g"i;].”Ff.’7b

Since standard somuons of 2-. :md 3-(cyclopentcne)ncetnldehvdcsl_"f‘reh SR
* N | ) “-.: K
f . ,: . __.l_..‘
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"‘E:ificuli- ta’ ob:a:n. thc rcsu!ts of J—(cyclbhcxcne);1rboxaldeh\db hcrc u9cd
' . 2 o Y S

& PR e ,
-~

forT ;o.lcc.ion 105$'calcﬂlallon< of ~hc {c»glopentcneﬂncctaldch\dcs

. _‘v-_.‘. R T \,. -‘“__
stng A 15§ Cafbouax co!u:n at 160 thh thc 1njcctor and dctchtor -.ﬁri;:ﬁ‘y
""r-“c'aturc¥ at -40 1nd ’SO respectxxcl\ and a hclxum flou ratc of_ 0 nl/ t 'fi"3

4,

ch'-n'borncol {36)

S
.

:'“J' s thc fbllow:ng rcsul:s wcre obtazncd . F?oc a standard solut101 .' K

-644 g,a nl of cthcr], \arious sx.cd atxquots IO 01 nl td 0 09 nl) hcru

\-'

i :nlcc:od xnto thc g l p c.' For 1njcct10ns of 0 00"‘;, O 0051 g._o 0101 g.‘;.iufiﬁ -

01 6 s. 0 ﬂl g. and 0‘? S g,_thc rccoxcr\ wns 0 00]8 g ( 2% )"0 0044 g
 *;(sos). 0. nosq g (38\). p o1oseg (sss), o 0154 g (s : nd 0. 0195 g (86%), _ﬂ_bi,;-,}l

'i.rcsﬂcctx\cls Thus fbr tuo collcctxon of 0 OO g to 0 0”0 g pcr 1n;cct:on
- ' . : ] ENEE A

c \ rccosc') xs 86\ _ } ' P AR

'4;:: A typxcai cxanplc of how thc vxeld of nOrborncol 15 cstnblishcd \13 Cor-:f~LL

““1rection for collect:on !osscs 15 as 1llust?atcd in the scczxon 0" "‘drathﬂ °f Vor':_ﬁ

"1b0rncnc at 250 {njcctxon of sevcral al;quots LO OS nl) o{ thc cthcr extract‘£10

‘_.‘

:1 \olu=ctric flnsk) shb&cd thnt 0 OQSS g was collcctcd per injcctlon If._“77ifﬁﬁﬂf

L

ffbg

. all thc cthcr cztrnct (10 nl) was passcd through thc.colunn thc xsolnblc gi L

' 0.0088" e,
\ yxeld and \ )1cld of nnrhprncol uould bc l 76 g (0 0% - X 10) and 29% " .7”<"r R

S (; Ig X EOO). rcspccti\e!y. Thc collection Ioss dctenninatxons horc cstnbl1sﬁcd' -
:hat for the isolaticn of 0 009 g/injection, thc ‘ TCCOVCTY 15 36‘ Thus the _ii .f?_

:i ‘icld ind % yield correctedffor collcction losscs. nrc 2 OS F ( 1 100) ‘w”ff;

3. 0Ss
6 13

zoo and R

n .‘___

and 33& { x 100), rcspectxvely - f}ﬁ-?7T¥ ‘”vf39ﬁ:_;L {“.ﬂflﬂﬁ. -

Iith the colu-n. 1njector and detcctor t:npcrnturcs at l7S
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