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ABSTRACT 

'lhe use of vnriOUB Diela-Alder reactions in 

possible routes ror the synthes1s or batrachotoxinin A r 

analogucs has been studied • "Model studies 1nvolv1ng 

3-vinyl-2-cyclobexon-l-ol and 3-vinyl-2-cyclohexen-l-
\ 

-one have baen done • 

A 3tudy of relavant dor1vntivea or l,;-diones haB bean 

cnrried out t. 

, 
The lJn.nnich reo.ction of an enamino ketone and an unusual 

cycllotl tion are reported • 

) 

• 

. ' 

-~ --~-----~-_ .......... __ *_ .... ' ..... SiIIIII" .. ' M!1'iIIII' '1ÎIoII(.MI' *_iIIiII,1' ... 



( '. 

• .. 

, 

\ .• 

J.:. So. Chimio 

R~5·UJ.1E --
.. Ln possiùili tê d'u'tl11snr di'VC1"soa réactions' . 

de mela-Alder c1::.no la oynill~~o d 'nn.'l.logucs de la 

b:1.trae!lotoxilli.n A a ét(~ 6 lucUéc • JÀ)n rua.ctiona dG 
\ ' 

~ 

Diolc.-AJ.dcr, av-cc cor.r:no dt~.l1cS lC!J COY1pocéo p:)(~lco : 

vi:VI-)-C:iClo::')::C::'-~-ol-l ct Vill":i1-:;-cyclq:lc::cn-2-ûl-l 

ct avec comme o"l(:;nophilen (li vcr3 àl::':n0philcG, S'y:" 

mé tri qllC f.l et di fJoyoétriqllc~ ont ê té fai -tcn, ct les , 

réClù t~ t~ obtcn').:: intcrlrrétôs • 

Une é tuùe de dc)ri v{5s dn dj onen-l, 3 [1. é té f~. to • 

Ln t'ér\.('·t;-lon clo f."cJnni.ch d'uu') ûl1::uu.no cétou'J ct une 

cycliz;:l'l1:on inh:=,.1)liuollo cont 'décri tas • 
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INTRODUCTIO~ 

Stuaiee conducted by Wit~op and coworkors (1,2), in 

1963-65, o~ the potent venom trom the columbian arrow poi-
r 

:!on -rrog "Phyllobatea bieo1or" (3), haTe shown the presenoe 

or three JIllljor alkaloids : 

batrachotoxin 

batraehotoxinin A 

bAtrachotoxinin B 
, 

Batrs~hotoxin. the major alkaloid isolated is the stroD{est 

eerdiotoxin known. 

n19 structure of. batrachotoxinin A wes dcte~ncd 

by Witkop and coworkers in 1968 by x-ray diffraction (4) 

using art O-p-bromobenzoate derivative and wes found to be 

3~,9«- epoxy- 11p,18~epoxycth8no-N-methylamino)-5p­

pregna-7,16-diene-3~,11~,20«- triol (1) , c,,,,, 
" . 0 " ", c.."" 

..Ar--~-oj 
MO ~ ..... 0' (:I) 

Along wi th i te biologiesl activi ty, batrachotoxinin A exhi­

hi ta unl.lsucù :fentures ~ lt ie not only· an alkaloid derived 

from an animal source, but it ia also 8 precuràor of choli-

ne. 

(. 
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... 

The fOllowing work deals with a study of Diels-Alder 

rcactiona poaaibly applicable to the ayntheais of batràcho­

toxinin A analogues. 

The generEll acheme ia shawn helow. 7 

Schema l 

, . 
"' .. 

H 

\\0: " . '-.- o--~ 
The keto grol'!? in position\" 7 cculd he used st this stage to 

introduce the g,8double bond (cf reference 5 for this particu- • 

lar point) • 
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In the aboya scheme, R"Rt·,R~.R{ grO~p8 are euitahle pra-

l. çur:,ors ot: the propellène part of the de~lred anal,oguee of 

batrachotoxinin Â , 
.. 

D 
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In this chapter-, a first route, using derivati,;ves 
... ) 

of 1,3-diones- was inve~t1gated. The scheme 1nvol ving the 

Diela-Alder reaction of ~b1CYCliC compound JII) w:t th 

the sui table diene (1), to give the adduct (III),' was 

considered _ ..,/ 

Scheme 8 

t 

;s 
0 

+ 
LCM~ .. 0) "-(11 (Xl (m.l 

Subsequent mDdi~ications of the double bond and 

carbonyl group of (III) (6,7) would then permit the synthe­

sis of compounds related to batrachotoxinin A. 

- L­=- -. -'''.0 Il . -

---s: '­.... : ': . ..." , 

.. 
• 

• 0 
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Though this route waa giving rise to lDSny problem~, 

its main advantage wes to give the propellano atru~tura di-

rectly. 

A model atû~s then undertaken. involving 8 

Diels-Alder reaction between 3-vinyl-2-cyclohexen-l-one and 

the bicyclic compound (V). 

o 
Uv) 

, 

N-II/ 
·U-J o 

(V) 

(V) wes chosen se a model compound because of tpe availabi-
1 

lLty of' the starting compound cyclohexane-l,3-dione, com­

pared to cyclopentane-l,3-dione. 

Syntheais of 3-vin,y}.- 2-cyclohexen-I-ono (IV) 

(IV) W8S easily obtained by reaction of' vinyl 1i- ~I 
"' 

thinm. on,3-ethoxy-2-eyclohexen-l-one, in anhydrous condi­

tions, f'ollowed by dehydration in seiclic medium. 

! , t 1 b 1 
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1 
( . 

5-~kqxy-2-cyclohexen-l-one derivatives ore known 

to react with aluminium hydride (8) Rnd.lithium acetylide 

(9,10) in particular. 

Tho diene was obtained as a colorIees liquid, in 

good yield, and the separation (column' chromatography or 

th in layer chromatogrophy) wes enay. 

Attempted synthesis of t~e bicyclic enol ether (V) 

il Preliminar,y con~ideration8 

The enol other part of (V) could be theoretical1y 

conceivod as derivlng from the corresponding 1,3-dione (11) • 

O· 

(X:~ . 
Thc1r-amino ket0ne p~~t ia usually obtained (12) 

from the corresponding ketone, using the Mannich rcaction. 

If the Mannich base (VI) could be obtoined, the :formation 

of (V) could possibly be rer-tched by subsequent internal 

reaction of the alcohol f\ffiction on the dione system • 

• 

" » 
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( v, ) 
However, Homo 1,3-ùi.onea are known to eive very unatable \­

Mannieh bU8en (13). TIle Mannich reaction with cyclobexane-

-1,3-dj_ono nnù ~r"",,)10i hylethanolamine vtr\S trlod, nnd u cryo­

tnlline compound, idp.ntified a8 the cyclohexane-l,3-dione­

-formnld~hyùe adduct (VII a) was obtained slong with a 8mall 
- . .. 

amount of nnother cryBtalline co~poundt the physical data 

of which are conaiscent with the structure (VII b). 

->( .. 

lvu Q) 
ss1. 

o 

+ 
o 

lvu \,) 
11.-/. 

(VII a) ia kllOwn to r('Jult from the interaction of cyclo-
\ ' 

hexane"'1,3-ctione and furma1c1ehydo (14). 
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In the caso of the attcmpted Mannich reaction, two 

types of mech8niama can be thought of to explain the for­

mation of the ad'duet (VII a). 

l') 
o 

~OM • 

, OH 

• 

~. (6:~'-oJ 

o 

Olo .. .. 
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, 
The mecha~ü:3m (2) involves the forma tion of an uns-

tab10 Mannich bAse; the mûchanism (1) i.mplies ony in terac­

tion of cyc1ohexone-l, 3-dionè and formn1dehyde---. 

Two points may be noticod here : 

,~ The adduct (VIla) wny be possibly be st~bilized by hydro­

g~n bonds, AS seen from IR spectrum (15) • 

,j Cyc1ohexrme-l ,a-dione i8 well known ta be A good nuc1eo-

philo (16) • 

~ith these connirlerations in mind, a modification 

involving the reaction, in nnhydrous conditions of cyclo­

hexHnû-l, ~3-dionû And 3-Inc thyl oxazo1 ir1ine (VI II) was tried. 

3-~lethyl oxazo1.i<line wns el1si1y obtained by interaction of 

N-methy1e tlnnol HIüine and formnldohyde, fol] o'Nod by di~til­

lation • 

l t wr13 hoped t1111 t if the l'eaction bo tween cyclo-
/ 

hexrme-l,3-ùione and (VI1I) was more rapid thnn the attack 
v 

of cyclohexane-l, 3-dione on the uns table bane (VI), (VI) 

could be isolat.cd • 

The rellction bûtwocn cyclohcxane-l,3-dione and 

3-methy1 oxnzolicine affordod a solid compound, which could 

~e purified by ~cverol rcorecipitntions in ocnzene • The 

physicllI dato of this compound (IX) agreed \Vi.th the mentio­

ned structure, thl1 t is f\ (I: I) atlduct of (VIla) and N-methyl-.. ~ . 
ethnnolllminc • This was further confirrned by washing care.fully 

.. 
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a so1;ution of (IX) l'li th an aqueous acidic solution and iso-

lnting (VII a) • 

0 l ' o , 

Qo~ <:J ((:NLoH + X --

~ OH , 

.1 

1 l , HNL OH 
\ \X ) 

ii) A ttem~ts of i ntcrn.ql r,'annich renctions 

As seen previously the rlesired r.:annich base (VI) o:f 

cyclohexune-l,3-dione could not be isolated; the results 

obtained then su~ecotcd that a derivative of the 1,3-dione, 

and not the dione itself, should be used. 

The study of the possibili ty of an internaI ~"llnnich 

rcaction on the cnol ether (X), 3-(N-meth.yl-(~-l1mino)ethoxy)­

-2-cyclohexen-l-one, wns undertnken • 
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Howcver, diff'icultics were cxperienced in the attempted 

synthesis of <X) • 

_~ j 1. L .. Al teS:UL~'c('l ~_~11csis of 3- O'!..-:-me thyl::J~.-[lmino) et.hoxy)- . 

=.:;-e;r('lohQx(~n-l-one (X) 

Cyclohexune-l,3-dione analop,uos nro known to react 

rondily with nlcohols (11) to give the corrcsponding 3-alko­

xy-2-cyclohcxen-l-one. However, they have been reported too 

tb rCBet rAGdily with amines (17,18,19) • 

.... r The rcnction of cyc1ohexone-l,3-dione with the hydro-

chl'orido 301 t of N-methylethol'lolJJmine, wi th remova1 ot' the 

water "formed by azeotropic distillation, euve a compound iden­

tified os N-rncthy1, N-( ~ -athanol) 3-amino 2-cyc1ohexen-1-one 

(XI) a10ng with a small quantity of a compound identified as 

(XII) • 
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o 

0: 
(X" ) 

(XII) may poasibly be formed by further reaction of (XI) 

and cyclohexnne-1,3-dione. 

:";0, Appnrently, the nucleophilicity Of/the amj.no 

f~roup, oyen wi th the nmine in the snI t form, prevented the 

f'orml1tion of the nBsirod enol ether in npprûcinble IlmOlmt. 

Another route to gat (X) was tried; this route .in­

vo1ved the nttnck of' N-methy1nmine on the bromo derivl.ltive 

(XIII), 3-( ~ -bromoethoxy)-2-c.yclohexen-l-one • 

However, cnol ethers clerivativf1s of cyclohexane-l,3-dione 

hnvc bccn rcported to undergo ensily displacoment l'onctions 

when reuctpd with nuclcophi1es (8,10). 

So, two pro<1ucts mil3ht be obtained hore, dcpending 

upon the relativo easo of the displncernent of the alkoxy 

part co:npared to the displacement of the bromine, in the reac­

tion wi th N-methylmnino • 

1. 

• 



-

• 

1 
\ 
\ 

\ 

-13-

\ 

\ 
\ 

(R~ lJt, / 

\ . ~) 
- ,( -+ t.Ii,I'IIi .. 

o ' 

~ 

'rhc bromo der.ivative (XIII), WOB easily obtoined by reaction 

of' cyclohoxllne-l, 3-dione llnd 2-bromoothanol • 

.. 
-\oh.O 

l::hcn OÇIII) was treated wi th rr.~thylamine, only 

3-(N-methylamino)-2-cyclohexen-l-one (XIV) W8S obtoined • 
... ' 

'l'he study of the react'Ïon by UV spectro8copy \Vas 

done too, showing a progressive d~crea3e of the UV absor­

ption et 249 mp (enol ether system) and increese et the 

sam~ time of the UV absorption et 290 mp (enamine system) • 
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This was an indics tion that ei ther no àmino derlvative , 

(X) la formed st aIl or thst it reacts rapidly once 
'(', 

formed and cannot be isol~ted • 
1 

./ 

Il 

• 

\ 
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Othor stm!jcs of soma <hn'ivE'ltivEHi of lL3-di.'.?.!!!!.!! 

TheBo Atuoios have beon donc in rolation with sche-

men not mentioned hare. 

~ SYDtl~'~8i:3 of 3-:.L!!-meth"y""lt. N-formyl-( p -Hmino)o'thoxy~­
-?-cy.clohexen-l -one (XV) 

['OU te. 

'rbo compounù (XV) WU3 obtnined by the fOl1owing 

a ,. 
c.~, - c,,, .. - 0 - (,- M ~. oool ...... 

(XV) WfHl put'ifled by propHrntive thin layer chromatogra­

phy. The low yiol.] oi' (XV) t comparcd to the formAtion of 

other 3-nlkoxy-2-~yolohoxon-l-ones, mny be due to the hieh 

p01nri ty of (XV) •. \n npprccinble omount of (XV) may be in 
\ 

ei.'t'(Jct lant during the work-up. 

iJ) :'3tudL.ot' the r.:nnnich_rcncttun of nn I3nmnino ketone 

We were intcrentod to k'now if' compotmds such 

. 3-(N,N-di.ethylomino) -2-cyclohexen-l-one (XVI) could react 

in fl Monnich reHction nnd what would he the rcsu1ting 



• 
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product. More precisely, wc were intereated to know if the 

substitution would be in position 2 or not, in the case where 

the ~:annich roaction would be possible. 

+ 

() 

('(\ou.h,) 

~o"I\C'·'. 

"" t'hO 

(XVI) WHS obtained in good yield by rüllction of cyclohexane­

-1,3-dione and diettwlarnino in chloroform • 

A product (XVII), WLlS isolAted jn the r:annich renction 

montionned above, and could be separ'l'tpd easily by thin luyer 
#1 

chromatoeraphy. Ite spectrDl prdper~ie3 indicatod that (XVII) 

was a t~An.nich base resul tin,; L'rom the reaction of' (XVI), but 

that the substitution had 'not been cffocted in position 2 • 

o 

.. 
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1 
Conclusion of the atud;y of the derivotivea of 1,3-diQnea 

1 

The reactivity of some enol ether derivatives of 

'cyclohexane-I,3-dione in a Diels-Alder l'eection, undor the 

usual conditions, was tested. It Wl1S found that thesq d~ri-
" ... 

vativos reacted poorly and afforded mixtures not easily ae-" 

pllrated. The atudy of this D~la-A lder reection under other 

reaction conditions (solvent, catlllyst) Wss not Wldertakcn 

becauac of the difficulty in getting the deairod dienophile, 

8S seen proviou~ly in the attempt to obtllin ~le bicyclic enol 

ether (V) starting wi th cyclohexanc-l,3-dione, and as dedu­

ced from what ie reportod in the litûrature concerning the 

chemistry of the derivntives' ~f cyclopentane-l, 3-dion_ 

The .work dosérihed in, the following chapters te~es 
1:} 

account of these results, in the selection of possible routes 

for the synthesis of analof,Ucs of batrachotoxinin A. 
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QUArTER II 

o , 

( 

,; 

study of tha Diélo-Alder rooction with 2-cyano-
~ l ' 

-l-eyclopenteno-l-corboxylio acid ethyl ester. 
/) 

.. 

'11 

. . 
•• ~. ",.1 ... ,.....:...",.., •.. :_~_ • t .~ ... !~~.!Î..L,,-~4....'I.. ~ .:~' .. 

/ 
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-
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Pre1iminary considerations 

The use or·tho dienophiles (XVllla,b,c) gives a means 

to avoid two difficultio8 met previously: 

~difriculty of the synthesis of the desired deriva­

tives of 1,3-dionos. 

l)poor reactivi ty of the derivatives in Diels-Alder 

reactions. 
1 

As ahown in the following schema, the ester group in the . 

compollnt'ls (XVIII) could allow the introduction of an amide 
1 

moicty, precursor of the amine part. 

The cyano group could posoibly be usod after the Diels­

Alder addttion, for the introduction of a double bond 

conjuGatcd with the ketone group of the Diels-Alder adduct (20). 
, 

The formlltion of the ether link of the propellone structure 

(26,27) i s bannd on a MichAel addition (21). 

\ 

\ 

" 
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o 

( . 

Tho üro1icio part, obtained by attnck of e!3te~" eroup by 

he F,I'OUp (22). f~l!liA nnd ,le group permi tn to a-J'oid the P03-

sible sitlc-reDc t:i.on3 duc "Lü th<J tlucleophilici ty of the 

Bmlnc eroup, for oeveral critical stcps. 

n---
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eth;yl en t.el' (XVIIT8) 

(XII III;)) 'NUS prcpared by dr.hydrntion of the cynnohydr-tn 

of ethyl 2-oxocyclopentnne-carboxylnte. Sf3vornl c1ohydl'D tien 

reacLions W2re atudicd, tn~ine account of the purticular 
Q 

unstubili t~1 of the considcred cyanohyc1rin. The r.1orJt conve-

nient l'cne tian .round. 'lins the l'cac tion wi th SCC1
2
-pyridine 

(25). The cynnohyùcin wn3 prepared according to the proce­

dure eiven in refCl'èllCe (2'1). The overall ,yielù for the 

preparation of 2-cynno-l-cyclopcntene-l-cnrboxylic ncid 

cthyl eHter 'Nua ~O % • 

\xx) 

3-Vinyl- 2-cyclohûxen-l-one (IV) and 2-cY{lno-l-cyélopenteno·· 
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-l-carboxylic acid ethyl ester were heated in a sealed tube, 

in a ratio (1:1.3),,~t 160-175°0 for 20 hours. The thin layer 

chromatography of the reaction mixture showed ooly ona spot 

besideD the spot due to the starting material (XVllla). 'fhe 

c·.:>mpound that was obtained gave a positive test with 2,4-

dini trophenyl . hydrazine on thin layer ch romatography • It 

1 cou1d be eooily iso1ated by thin layer chrometogrephy on 

·r 

silica gel. 

The physicel duta (NMR: singlet et ~: 5.6(lH); singlet et 

~: 3.4(lIO; multiplet et 5r 1.5-2.6(17H), UV: ~çr~~: 242 rDf' 
tV\12,500) suggest for this compound the formula (XIX) or 

(XX), thHt 1.8 to SD.y fi dimer of 3-vinyl- 2-cyclohexen-l-one 

produced in a DioIs-AIder condena:ltion. (XVIlla) wes reCo­

vered quantitatively. The yield for the dimerisation was 

32%, afler isolation on silicu gel. 

The DioIs-AIder reactions with compounds (XVIII) 

wcre not investieated further. 
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CHAPTF.R III _ .... ...;. ...... ;;... -----
D:Î.ele-Alder rCllctions \Vi th dimethyl aootylened1carboxylate • 

\ 

-t 
<h , _ 11,-':-1_.L ... _L:~kc:,,: ... t..a:kr~ 
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Proliminnry considerations 

Acyclic diones and acety1enic compounds undergo 

cyclonddition to give 1,4-dihydroaromatic rlerivatives with 

vnrying aase; these 1, 4-dihydI'oaromn tic rlerivativos may in 

turn be used AR dienophiles themselves. The Diels-Alder 

ronctions of acetylenes have been reviewed ndequntely (28). 

In thin chflpter, the posnibility of using Diels-Alder 

reoctians with dimothyl llcetyJcnedicllrboxylate han been 

studied • 

Two p~ints, more particulllrly, seeme'd w~th to be 

considered : 

a) firnt, thfl p03sibili ty of obtnining the ilesired 

l,'il-dihydroRromntic c1el'ivatives in [;ood yield, 

b) secondly, the possibility of di:rf'erentinting be-

tween the two ester ~roupS'\ in the adduct • 

If ono could answer positivcly to these two points, one 

could thon devise a series of l'onctions leading ta H com­

pound (XXI), with a chain terminated by an a1cohol :function 

and having a leaving group in the proper places; in other 

words, one would have a way ta obtnin sorno attractive inter­

mediates nnnlogous to those the synthe sis of which has beon 

ottempted in the preceding chapter • 
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:'L OH 

~w",.\ 

"'''''t' 90 

'" '1 \u,,~~,\ ~'~\lt 

(>t.x., ) 

The two (1 i lmen ch08un fol' A modol s tudy wore 3-vinyl- 2-cy­

clohcxen-l-one (IV) und 3-vinyl- ?-cyclohexcn-l-ol (XXII). 

-
Qi (~1 S-}~J ,~~,-rE.Q f! t 1 Q.!.L\!.!.!h 3-v1.!:'.'ll-?- c:Y,c 1. ohoxe n: 1:_01 

J)) ~;YTl:U.1f' .. :l. ~_;)_,_Q.f..il-v 1 Q.Yl- 2-:-.s.~~) ohexe!.~-l::ol 

Aluminium l\Vd ride hAS boün used U~O, 30) to convert 

vn rj,OU3 \1llf1,') turn toc1 C'Ftrbonyl ~l'OUpS 1.0 the corrcsponcl ing 

uTlnnturnttJc1 nlcoho]:l. 'Thun, cinnamHl l1ehyde Ilnd ethyl cinnnmo­

tl'} could bo rcducod ,3moothly (29), in l)x'collont yield. 

l\~(' thyl phc\I1yl propio loto Wf\S convcrtü<l to phenylpropargyl 

olcohol. 

kt usoîul c'omporu 'li va st\tdy of (Ufferon t h.Ydrides has been 

donc (30); it hus boon found that aluminium hydridc, lithium 

tri-l-butoxyaluminium hydrirto nnd sodium borohydride reduce 

specif'icully tho carbonyl Rroup, the double bot:d, and both the 

) 

.. 
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(~Arbonyl group tlnd tho double bond rtHJpOe tively, of a conJu­

gn t.oc\ ('y~lopentenone • 

Wo round thnt Allf:j Wf\8 convoniont to conv~rt 3-vinyl-?-cy­

clohoxon-l-ono into :'-vinyl-2-cyclohoxon-l-ol. App1\ren tly, 

on1y one mn.lor proct\lct Wt.'\G obtninocl (1 opot on tho thin Inyor 

C'hl'oll11\ tOf~l'llph.y on rd lJ Cil gol of tho l'NW tion rnixturA). 

Aluminium hyrlri<lfl Wfln omployoll nfl p,OnOl'llt.N\ in rdtu, 

t'rom li thinn' aluminium l\yd't'irlo roll()wi.lIJ~ tllo ntoichlOtl1otry: 

~3 LiA1\{4 • Alr.la ....... 4A] il:} I-lLiGI • 

1 'l'ho C'on,ln.';fl tocJ , 1l1coho l (XXI T) cOlll cl bl~ onnily put'ifiod by 

pt'opl1t'ntj vu th in Inyor ChrOI1l.'l to,<;rnphy on nllicn [:01 • 

r 

.. 
o 

tL1l...Qi.~)1[~1<1()r .... !yo~'.!.ioIl-Qr_ :}:-.vir:yl-.:'l::~.L~l.Q.l!~l'l-l-ol (\nc1 

:11 mt) thYJ~~_ililonf'(l iJ:.0!,box.Yl~ 

1'ho Dioltl-Aldor Ildduct (XXI TI) of ;1-vinyl-2-

-cyclohflxon-l-ol (XXI J) nnn cl lmo thyl flcotylonod i0l\('boxyltlto 

WIlO obtflino(l by hcnting the two pOllp;entn, in 1) rntio 1:2, 

in n 30(\ 10<1 tubo, r(il:' l~ hO\lrn et 1100 -1100 t. 'rhin layer 
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chromotography on silie8 gol of the rel'lction mixture ahowed 

only one spot bcoiden the 5pOts correspoIlding to the otarting . 
materials. The yicld of isolated nddllct wos 60-65%. 'l'ho ro-

action condi tions wcre not fully invûsti,:atûd El t this n tnge . , 
nnd it in poosibly thnt milouI' conditions, lowcr tcmpernture 

fJnd shorter time, could be .rollnd. Such a study of the rü3C tion 

candi tions might br) u30ful in the en sc of' tho :~ynthcsin of' 

fi closely related onnloeue of batrachotoxinin A, ntarti~~ 

wi. th u <Hune more fragile thon 3-vinyl-2-cyclohexen-l-ol. 

OH 
H 

o 

6H\ 

on", 

('"ot\" 
o 

H" (')()(.\\l) 

Tho dctel'mination of: the sterüochcmiatry ot' tho 

two hydro,.r;en stoms Ha and Hb , in thn rvlduct (XXIII), "'RS 

nttempLed without succeDS. 

t t \'lMl îa] t that the knowledRc of this confieura tian 

mi~ht bo useful, nt th!'! stnge of 0 second Diels-Alder reoc­

tion uning (XXIII) os di.enophile, for the b~ldi ne of the 

Dring • 
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The nttcrnpt of de termina tian of the relative posi­

tions Ol' lhcse tv/a hydror~en ntoms conoisted basically in: 

(i) bu.rldin,G thc molccular models of' thc possible 

iuorners, cnlcultlting the one] c Ha -C-C-IIb and studying the 

Nr.:R spec tt'UIn of the obtnined compound. 

("li) preporinr; 0. derivative of (XXII) such as the 

llcctate, (loing the Diels-Alder reaction wi th this derivntive 

nnd dirncthyl ncety18ncdicarboxylnte, ond compal'ing the ad­

duct obtnincd with the corl'tJsponding del'ivative of (XXIII). 

'j'his s tud.y would bewe t~j ven '1n indication of" the f"octors 

nffectin,; the stcrcochcmistry of thé ref.\ction. Unfol'tunately, 

the att,~l!lpts to prepare various suitablc èeriv.'J.tives of 

3-vinyl-?-cyclohcx0n-l-ol were not Gurcessful. 

(i i i) com;;ar'inr, by vapor phase chromo toe'raphy the 

silyl dcrivl1tive of the adcluct (XXIII), and the l'eoction 
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t • 

mixturo of the Dials-Alder rea~tion of the corresponding 

volatilo derivative of the dienic ~lcohol (XXII) And di­

rnethyl ocetylenedicnrboxylate. This study by VPC wes not 

conclusive and the rennl ta obtained seem to indicato that 

tho voln tilo oet'iyA ti vo of (XXIII) unnergoes ~ rotro 

DioIs-AIder reaction undcr the conditions used • 

( 

'l'lH? furn;n ti on of [l 1ï vl~-m(mbcrcd lac tono froll the 

Di,'] :J-A 1 dnr adùuet O .. :UI"O EJOI:!":OÙ to be (ln n L trnr.i.ive po::mi­

bili ty. It ':m~ fe 1. L, in effcc t, UVJt j r nn f\ppI'l~ciF\hlo dif-

th!} ror,:l:inin,': u:d.cr /.l'UUp CUllld be s!1o\',n, une coulJ \l:3C [\ 

:lOl'j os of l'(!:\C ti.on~; to trmw Cot'll1 thia l::\c tonc ri ng into il 

lenvin;; group .uI1l1 Dn nleohol runc tian ln Llw proprlr pInces; 

8u<~h C\ ncrj CtJ of rOL.).C Li ons i G dt:Gcl'i beù in tho 1'ollo'\'/ing 

schema. 
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In this scheme, the first step, the oponing of the 

five-membered Inctone to eive the corresponJing kato nlcohol 

might bo donc \lsing 8 suitoble Griennrd rcaction (32). The 

usa of other org(tnometolllc rèog0nts cOllld be ulso connidered 

(33). 

The cyelisation of hydroxy esters lel::\1ine ta the 

formation of five membered lactones i8 knawn to occur under 

llc.îùic condi tions. The lac tonitw t:i on of the Diols-Al(Ier od-

duet (XXI rI) was lril~(l under v.'lriùus reae tion condi tions. 

In pnrticular, the nzpotropic distillntion with toiuene, 

wi. t.h p-tolupnesulfoni(~ .ncid ns cnt'llynt , seemed pl'omiDinP" 

fUld the 1:\c lone forln,'\ tian ""i th Lhè~Je COll, 11 tions \'I,\g followerl 

ey Lhin luypr chroma to[.~raph.y Oll silien glJl und int'1'.1-red 

spcctrO:3copy •. After 8 hours t the thln Inyür chrom,') Logrllr:hy 

of the rt~.'lction mixture ~3ho'Ned the prü3encc of only one new 

spot, the Rf of which was erenter thun Lhb Rf of the star­

ting œaterinl (XXIII). The infI'n-reù spcctrum of thlB reac-

tion mixture showed the presonr.e of n new bond corresponding 

to the expC'c ted lactone bAnd a] ~mg Vii th t.he es ter b~nd pre-

8en~ in the infra-red DpectI~um of the hydroxy ester (XXIII). 

The in"tollsi tics of thcse tv/o bonds wpre approxima ti valy in 

the ratio 3:5, respeclivcly. 

These nata stron~ly support the formation of the 
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1 

IActone (XXIV); (XXIV) however was pot separated st this ota-

ge. ' 

o 
ot'\c.. 

" 

Dicls-J\Jdcr Y'n(lcti.qn wi th 3-viml-2-cyclohexen-I-one 

j The DicIG-Ald,~r rcac tion wi th :3-vinyl-2-cyclohexen-

-] -one and (limcthyl Rec tylerw(1 icnrboxyln t.e \vos undertQken 

in ord9r to rt: L the eorresponding l, 4-dihyclroorom:.l tic 

fhlduct ,(XXV). \ This odduct is a t t't'oc ti ve since i t could bo 
( 

HSOn. in modi ficntionci'- of' the preceding scheme J one would 

condense the esh~r fllnction ,qnd a e;roup c1erived l'rom the 
, \ 

ke t 0 group t for exnmpio oximt~ or amine, to le ad to a fi ve or 

a :1ix-n:cmbered cyt~le. 'l'hl 5, wo~ll<1 r,reatly increllse the tJos­

sihili ty of t.1isting\.lishing bctwcen the two ester Groups in 

the DioIs-AIder odduct obtoinec1.; in effect, thio weuld mean 

te compnre the ref\ctivities of the five or si'x-m0mbered 
• 

cycle and the remniniI1g ester r,reup tewnrdR rea~onts such 

as Grignnrd reogents in the cnne Vlherc the epening of the 
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cycle is relativelY eas,ier, or reagents such as secondary 
,< 

amines in the other case • 

e~O 
1" one, 
c. 

o 

Il ---.• 
o t, 

'.,0 
t. 

.... on" 

on .. 

lxx", l 

However, the'niels-Alder reaction of 3-vinYl-2-cy­

clohexen-l-one (IV) and dimethyl acetylenedicarboxylate, 

led to the aromatlc compound (XXVI), the formation of 

which can be explained bYo aromatisation of the cyclo-
c 

adduct (XXV). (XXVI~ wes isolated on thin layer chroma­

tography on silica gel; the yield was 40%, after separa­

tion 

\ 

_ _ .. _ ........ ......&-. ...... ~-....... ' J_j_~ • .......-~ _____ tèw.;· .... B'_""''''''''''* t ........ z_._*' ........ ___ ri' 
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Hp.octiOT18 wi th dimeth,yl mnlel.c anhydride 

The possibility of intrnmolecular Diels-Alder reac-
J 

tions appJicable to the synthesis of analogues of bi.ltracho-

toxinin A wns considered. Intrnmolecular Diels-Alder reac-
.. 

tions coulc1 be very attractive ... The suitoble choice of the 

nWllber and type of' atoms bridginG the dicme end dicnophile 

moicties could f:ive n ruesns to control the stereochemistry 
1 

.!;Jf the reAction, and obtaining only the desired adduct. 'ltte 

üJVornble entropy fflC tOI' offereo by intrEllllOlecular processes 

cou td t'nei li late the l't"HlC tion; in ofree t, the low octi vation 

entropy vnlues obscrvort for DioIs-AIder renctLons support 

[\ lran~ü Lion stn te in v/hieh the dione anù dienophile are 

rnllwl' t'iGlllly oL'ien>~d wiLh l'l]:Jpect to one anotht;l' (35, 36, 

.1'7). 

~;C'vcr[)l CAses ot' i ntrnmolcculur Diels-Alder l'enctions have 

" bt~\~n reportC!d,. (3ü-4~~) .. An intcrestinp; sindy hns been done 

by II.O. House nnd T.H. Cronin (43), vtho. ntudicd the thermal 

e:(l'li;-.. ",iinn of trnns, trnns and cj[;, trnJln isomers of me­

tllyl 2,tJ,G-Il,)nntrienonte anci nt"' me Lhyl 2,7,9-ctccatrienoato 

Anoth'~r int('re~;tin[j C!.:I:~p. bas b(~en reported by D. Bilovic (44). 

B,y mi xing c,') leic anh.'«1l.'icie and (2-f'urfuryl) anilj no at room 

t':mper:-.1ture, ~ precipi tnte of' N, U-furfuT'.ylmnlealfilc acict. wss 

oblnined which by fur ther heating or b,y solution in ethanol 
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underwent an intrulliolecular reuction to cive the Diels-Ald~'t'. 

adùuct (0chcme I,b). 

Exumples of t'encfions possibly o.pplicublc to the 

syntheois Qf annlogues of batrachotoxinin A ure (1escribed 

belo\'!. 

It lT.ust be noticüd thnt the choice of the bridGe bct­

'.'l()cn thc dicne n!lCl the d iqnophilo parts mU~3t be condi tionl~d 

not only by the at01'eochemistl'y of' the DioIs-AIder l'J:1ction, 

but ulno by the fcasibili ty of furi-hct' ch:nvn(~0. of thin 

br'.ld[;e lC2.c'i.lllg to co'npour:,ùG amüogous of (XXI) of Chapter 

III. 

( )()(Xl) 

,. 
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.l~) ~ly of th!LQQ.fi...!1i.~9f dimeth,yl rnnleic nntwdride b~ 
!.:..:!n.e thyl a:!:1 ~!~o,l~!..!!2. 

To pt'epnre the compou,nd (XXX), one can use a sequen-

ce of renctions such as the one below. 

0 , 0 , 
OC)o + 

ItHL . ~O~ .. 01\ 
0\\ 

0 , . 
1) 

N~O~ 
~ ., 

0 
0 

'l'he f'irst stop involvc:3 the opening of the anhydri-

de l~r'oup by ~I-mcth.ylelhnnoltlmine. 'rhis,.'l'eaction wns thought, 

• for vnrious thcoreticnl rODsono, to hi pousibly more diffi-

cult thon the corrcs[iuhding opcning oi' mnleic anhydride. 

A moùal study to dctcrmine the conditions of this 

îirst stop VIns thus undcrtah.en, usine dirncthyl malcic anh,ydri-

de. 

Dirncthyl maleic anhyùride wo.s heated, usually for 

12 hours, in vllriou~ ~iolv()nts, with. an cxèess (4 to 6 fold) 

of tT-me! thy1e thanolF\mi 110 '. Aftor removal of the amine, a 

[Jolid compound, which precipitnted upon addition of anhy-
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drous ether to the renction mixture, was obtained in re1a­

tively low yield (10-15%). This compound wes hyeroscopic. 

Its physical data agreed wi th those of the monoacid (:XXXIV). 

For further identification, (XXXIV) was treated with 

scetie anhydride in pyridine~ ut room temperature, for 15 

hours. 'l'he resul ting compound, identified (?~1~, maas spee­

trometry, IR) as the cyclie compound (XXXV), \VilS obtained in 

good yield (70-80%). 

The yield und the mild conditions for lhe formation 

of this eight-mumbcred cyele were somehow surprising. 

(ii) Study of the opening of dimethyl maleic anhydride b,y 

the sodium snI t· of 3-vinyl- 2-~ye] ohexen-1-ol 

o 

» - ... - -+ 

o 

l ' "'-

l " 

\ 
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The opening of dimethyl mnleic anhydride by thè 

sodium salt of' 3-vinyl- 2-cyclohexen-l-ol waB attempted. 

Alter work-up, no monoacid coùld be isolated.~The po or re­

sul ts of this reaction mày be explained by the possibili ty 

for the monoacid to give back dimethyl maleic anhydride 

during the work-up. 

Heoting the reoction mixture, after addition of the 

sodium salt of 3-vinyl-2-cyclohexcn-l-ol, overnight failed 

to give the expected edduct. 

:.. 
',t 
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Tho mcl i:in::, pointa ~lC t'ù W;:cn on l..1. Gnllcn1r.amp 

mal ting poi nt npp:.ll':.l tus in open end crtj}11J m'y tul'cs and 

\'lere uncOî:rcctcd. 'ElC nn .. 'l..lyGin \'[oro C:1rr led ou t l)y Dr. 

Il~f'~"" l ""')" l'" t -! ,'-~ 1 l'" 1'('1"")'" '01 ,,~-, --)7 01:7 
A ....... 4rr;c ~'':' ,;c·;r,. \,crû .:~ .. \.... 0, '. . J •• IL'·" .. I~ • .J , ~.J 

• c"Lh2.nol Unft ])cni.'1nc on a. 1~eclüîrn'l. E~-l rccOTrli,l1G G~)(~etro-

c:;:rbonc 'Lr:iJ':lC1'lol'l(10, (,:llol:ofOJ:'l:l-(ll'['t~; ::,olvcnt.'1 • 

'flün layc:t' pln.tN1 (~O)~~() CIl) for In·';p1.1''"lt.i.'iC ~;(,p:l.:r"l-

tlorm Y/cre T,lad!] t't'OB 1,'crc~( :Jil1c:1 ~cl G, m1 2)4, and 

\':cro 0.75 ml1 thi.c]:-. Qn.'J.li t.:l.UVC t.l.o. \'.'D8 ucut~lly 

cP.j·ricd ou t on niCl'08COpe ~)l:Ulcs cO.').bH.l ta a 'lhickr.r::!J:3 

oro ~ 50 nll:l ; 

(l'ho f'ollowin:::: IIblœlwill ti onD hilve büen used in the descrip-

tion of' the npectrü : w.: v:eAk ln.: mediuTll; str.: 

3trone; oh.: shnrp; br.: brcud • 

, 
\ 
\ 
\ 

l 
1 
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CyclohOX81w-l,3:.<.lio.llQ.: 'rhe product :fro:;, Aldrich compuny 

(:3tllbilizod with 3% sodium chlorido, 07%), wes dissolvcd 

in benzene; tho solution WO,:3 fil tcrl.1d nnd. concentra tcd. 

Cyclohoxune-l,3-àione precipi tn ted rcadily Ilnd WI1S roc['iu­

tllllized from bcn7.ehe. It Wlla ::mbl irncd when neccusllry gi-

vinR fi white solide 

3-EthoxY-~:-SLc::..19hc.:xcn-l-onc: From Aldrich coml,ony (gg~~), 

nnd <} is lillcd bût'orû use J 

or : Prepnred Ilccol'ùing ta the proccdlll'e givun in rl]fe-rt~nctJ 

(B), with similur rû8ults (yield: C5-75%, b.p. 

Il mm). 'flle obtoincft product WflS compnl'cd by NMR Bnù IH 

"Ni th an nllt.hentic unmpl0. 

3-Viny~~J.-e'ycloJ!cxpn-l-on~ DV): Ta 8 ml of' 11 uolution ~~.<J M 

vinyl lithium in ttJtrnhydl'oful'nn, 2.71 g of 3-cthoxy-2-cye/lo-

hexon-l-one in 5 17l] Ilnhyt1ro11s ethtJr \'nln n<1<led, ùropwi.38, 

with vi,ol'on:1 stirrill[: nt oDe, \uHlor ni.tcor;en. ltfter süm­

dinr; st room tClllpC'rntlll'e (~Oh., the mlxturn W!)[J l'I?fluxed for 

2 1/2 h.. The 1'10 ~k wau thon coolcd w il h i (~e-J:ü t on(t '1 \;\1 --
distilleù 'linter W'1B H(lciccl dropwiG8; th!;n nt eOe-IOoe, 5 ml 

of on RqUI..!O\lS flO 1 u tiun 01' olllfuric ::lcid (1 vohune concentrated 

sulfuric "cid-2 vülumefl woter) Vins 1l(1'lC(1 clropwi.se. The two 

phAse 8 \Vero mixcd vi:!orousl.y for ~~ h •• 'l'he nquùous phûse wos 
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Sepn1'3 t(Hl ~:md extr:-~c Led once "Ti th 15 Pll 0 f ether. 

~eh{~ c()~bi nco ether p}:ocen wcre WHGhcd thrc8 tilf,e:..> \'Ii th 

7 ml 5/~ .'1qUCOU3 30di\.:n cnrbon,'\tü" four timcn \'Ii th 7 ml 

dis tlllcd V!Clter. Ether was cvopo}'ntcd under vacuum, 3iving 
'v 

3.7 f!, oî n ye] low liquid. 

Tht~ produC'!t WD.G ser.n.L'ü.t..:ù on colurnn chromatogt:'89h.ï (alu­

mina ncti'iity. II) or' on prep3r~tivc t.l.c. t'or sù1!\ller 

quantitias (silicD gel, solvent : CHC1 3-Et20 70:30). 

3-Vinyl- 2-cyclohe:ccn-l-one \'JaR obt:üned as a colorless li-

quid (yield : r5-aO~); it hod ta he kc~t in an ctherul GO­

lu tian, \111,121' oOe, protected from direc t 1 1Gh t. Ot.her­

·\·;i.:w, i t dtJCOr.lposod, t~l.Vlnl_~ l.I yellow SOlld.1 

N1:1( (CDCla) t':r() qnnrl-,ûtn: J: 6.6 (1 H), ~: 5.7 (:3 H) 

( 1 ' . . u) 1 l t . ] ~ t i- l (3 2 1 (6 Il) o C J l :11 Cl. , an\. n nu l po ... no: • (- • r 1. 

UV À: ~:\-:'5 !:t!.l. , t",,16 000 • 
• \ ... ~~ 1 

IR (liquid fiLr~) y: 20:30, 2S:30, 1670 (ah. nt IG75 em- l ), 

10~O, 1~05, 1120 cm-l. 

A i_~C:li2.t']_~l __ : __ '~~r!_L (~b_r -;: ~~.J i.~)_0_·:: i. ~,~c,YC l or~~0~;IJ..s-l, 8-:(' iq,tl~ c~nd 

l!.~' . _ '...b~c· _~ ;_ ~!,:~':!) -t fi 1:!i-~ ';~):) ce n ti ~_~VI ~ a L htl~~L ~ VI LJ?l : 

To a S'JIu tion of 261 ne of formalin in 15 nI 95~v ethanol, was 

addccl ~ mixtu:re of 753 mg of n-nethy1ethano1~lline and 2.5 ml of 

hydrochloric acid , and then l~ 05 g of cyc1ohexane-l,3-dione • 

After standing at room temperature for 14 h~, thp. mixture was re­

fluxed :for 2 llh.. The flask was then cooled and kept under cPc 
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overnight; 275 mg of white cristals (55%) (VII a) were 

co11ecfcd. The solution weB wBshed with ether, neutralized 

to p~8, with an aqueous 15% ammonium hydroxide solution. 

The solution wns extractcd with chloroform. By' conce~rating 
the solution, 56 mg of whiie cd stals (VII b) were obtained, 

which could be crista11izcd from ether (12%). 
o . Q 

(VII A); m.p.: 123-128 C ( rn.p. for the adduct cyclohe-

xnne-1,3-dionc-formn1~ellyde reportcd to be: l320 C (14).)' 

NIw:R (CDC1 3 ): & :~.8 (2 H), singlct. 

IH 

mans 

. . 
:2.6-1.8 (12 il), multiplet. 

V : 1GOO ( c=o ),1575 'cm-l( C==c ). 

Dpectromctry: mie: ~~8G (w+), 124 (possibly (ét:~t-). 

.(VII b): ID. p.: 146-150· C, nf ter two recristallizations 

rro!.1 ether,' ffi. p. : • IGO-162 C. 

IH : 

rn/e : 

S: 3.0 (2'1), sinclet. 

2.6-1.8 (12 H), multiplet. ~ 

V: 1600 ( C=Q ), 1C25 cm-l( c=c ). 

t-
218 (rvl ) • 

These c1n ta SU!~f;est tha t (VII b) is l, 8-dioxo octnhydro­

xnnthennj (VII b) wes thcn compnred (mixcd m.p.: lGO-2·C) 

with an authentic nnmple prcpared according to the procedure 

given in refcrence (68) • 



• 

• 

3-Methy1 oX8zo1idine (VIII) : WllS 'pre',arcd 8ceoI'dil1f~ to 

the procûdUJ;'c gi ven in reference (69), by inte roc tion of 

N-methy1othanolamine and formaldehyde • 

The purity of the liquid (b.p.:lOO-4oC, litt. b.r. ~iOOo8 ) 

was confirmen by NI~m ( r :4.3 (2rl) )sinr~lot, N-CH')-Oj f:3.r.7 
-<.J 

(2H), triplet, -O-c!l:~-crr2-N ; d:2.97 (2H), trip1et,-N-C212-CH2-j 

d:2.5 (~3iI) t N-C!.!3 ) und by Vi-C • 
, , 

QX) from eyclohexDne-1,3..,d.i,me llnd 3-meU)Y1 oxuzol idino_=-
l''J 

To 872 mg of 3~motl~1 oXBzolidine (10- 6 mole), distillod bcfore 

use, in .'30 ml nnhydrou8 lJenzenc, W[\8 .'lclcled in severnl pOT'tions, 

w~th stil'rinp., r,35 m~ (7.:).410-3rr.ole) of nublilJlcrl cyc1ohcxHno­

-l, 3-dione. The mixture won rofluxed t'or nbout l h., snel 

bccame (olclen y,;llow. 'Che t;O Illtion ','lOS \.!vapoI'n t.:d. A GOU d 

(1.3 G) WBS obtnined which W,'18 W[lf-;hcn ','111 h 10 TIl] petroleum 

ether. The solid vms purified by S('V(>I'lÜ ~reci~'i tntion:1 l'rom 

benzenej ()14 m~ of 3 white yellow solid (IX) W!lS obtainarl (80J». 

(I:\) : m.tH (CDC1
3

) . I: 3.8 (2H) , triplet . • 

d: 3.15, sinr:10 tj ,. : ~,.O , multiç'lct ( totnl :5H) 

'$: '2.16, sinv,lot, ~ : 2.5, Inulti"lct ( total : 16 H). 

\ ... ~, 
lN "\t:" 258 ~ , t v.:31 000. 

IR V : 3:1:50 (hros(1)', 1600 cm-1(sharp) • 

. , 



• 

mass spcc tror:letry : r:/ e 
1 -

N, 4. GO. 

founn: C, 61.71; H, 7 .. 98; N, 4.35. , 

Conrir;n'~.t.ion of tl!.~-.f_tF\!ctu"C.!L . ..o.lJl.:;.<l-=_ .\ ;:~,)Jlltion \Va::} 'l'lflde 

by düwolving 168 li'.g of (IX) in lb ml G'-110:,of"or-,l. 'l'Lin 

solution was 'Nnshcd wi th 1 ml 0.1 N hyè.rochloric acid Golu-' ... 
ttilon, th(!n with distillec1 vmter. The or:-,mic solution \'Inti 

driûrl over sodiu,r:l nulfa ta ~md CV[1POY'[l tcJ ; wb i_ te cri~; tfll.3 (08!"!l.g) 

o:f (VII n) \'Icre obtaü:.ed {yiel<} of the O~~(~!."'a:-'ion: '1?~n .. , 

~., 15 (2 lI), bro:Hl sint;)c+. 

2 • 0 (:2 H), 3 i ne l ü t 

2.G-1.8 (12 H), mu1.ti.plct. 

l!-Tll0 tttfJ-L ~; -l-r...::~- ~:..lX.\ l W l ? _ 3-:l ~i i no_?-cy (1 (': 10>;':' n =-1::.9 l '!2.._IT l ) 

and N ,o-r~ts (2-Qc:_l.o~,-_ :<'?D::l-')nc·-3.::.Y.1. __ 1:':,-:,:~ tl!y'1e thnno l~\~ri ne ~ XII) 

l 1 .--~ )1,.. .... ) . _- u'udo. .,,\.~ 

rcfluxed in .'30 ml .înh,'1:dro\lS chlorof'orill for 20 h. v:îth L'C-

aqucous Jodium bicnrtonate sdlution, t~cn ~ith 1istilled 

W:1tcr .. The or~anlc solution · .. .'os dricè O"/tH' ü:.3:;nC!3iU1:1 su1ü.1 te .::lml 



• 

, 

. ..-; ... 

-4'---

J' 
evaporated, and 1.02 r, of residue wes obtained. One part . 
of this residue (300 me) was separated by thin,layer chro-

mato:I'Flphy (silice ~el HF 254+36(" solvent: CHC13-r.:eOI-t 15: 2) J 

Dnd (XI)-(19R mg, ?Op) W3S obtained as a colorless Iiquid, 

alon~ Vii th Il small quonti ty of (XII) (34 mg, 15%) which wes 

obtuined as a colorIees elasa • 

(XI): NMR (CDeln) 

uv 
IR v 

mIe : 

, : 5.2 (UI), singlet (olefinic proton) 

:4;4 (lH), broad signal (-oy) 

3.65 (4H), qunrtet () N-CH2-:.CH2-O) 

3.05 (3H), sinelet ( N-C!.f3) 

2.8-1.8 (6E), multiplet {CH./s of . -", 

the ring) 

ÀIûf': 297 m~ 't:.V\ 2.1 x 104 
,u~ 1 • 

3300 (br.), 1540 cm-l(with nhouldc; st 

1580 cm-l, str., ah., ennminoketone system). 

109 (M+), 138, 125, 121, 95 • 

,lA possible brenkage is 8Ll;~f;ested be1ml(, 

o 

1 ~H~ 

"s'/ 
/ p.t 13. t 

Analy~_ds: CalCl~lQt(:;d for C, \s-0.l.N:C, G3.B8; H, 8.g4; N, E).28" • 

Founc1 : C, C3.29; !i,8.08; N, 8.10 • 



• 

(XII): NMR (CDC13 ): r: 5.4 (lH), sinclet, Dnd 5.25 (IH), 

sinr,let (olefjnic protons). 

lN 

3.9 (4U), qUlœtet (= N-CH2-CH;;-0) 

3.06 (3H), sin~le t (N-CH3). 

2.8-1.8 (121I),multiplet (C!!2's of the ring). 

À;!. 249 rT'f- E.: 1.69 • 104 

(eno1 ether system) 

and X-r 296 m~ 
ttow 1 

f,: 2.92 • 104 

(enDmine system) 

IR V: 3300 (br.), Ib20 (str., sh., with 

shoulder), 1550, 1130 cm-l. 

Pre'pnY'ation ot' 3-( ~ -bt'omocthoxy.)-2-cyclghexcn-l-onc {XIII): 

Cyc1ohex~ne-l,3-dione and 2-bromocthano1, in a ratio 1:1.1 , 

werc refluxcn in bem~c'ne wi th a cn talytic amount of p-to1ueno-

sulfonic AC in, for 20 h., '.'!i th removal of the wn ter, formen. 

'l'he solution \Vas w.ashCt\ wi th a sodium bicorbonate solution, 

thon wi th c1isti lIed water. rrhe organie phnse W8S driod over 

rr.l1i,nesium sulfate nnc1 concentrat0d. Aftel' .purification by thin 

18yür chromuto~rflphy on silicl\ .cel, 3-( p -bromoethoxy)-2-cyclo­

hexen-l-onc (XTTI) wns obtained Ml a coloriess liquid (yip.ld: 82<.t). 
1 

~ : 5.4 (IH) , sinRlet ( olofinic proton) 

4.27 (2H), triplet 

3.G7 (2Il), triplet 

~.7 - 1.9 (6H), multiplet. 



uv 

ln 

-~-

" 

. 4 ~. 2.4 x 10 

v: 3350, 2865, 1710 ( str., sh., with should~r 

.'1 t 1650 ), Ion) cm -1. 

AnAlysis : Calculnted for C8~1102Bp : C, 43.88; 

H, 5.06 i Dr, 36.48. ( 

Pound: C, 44.01; H, 5.11; Br, 36.12 • 

.9.::Jr:ethylwuino)-2-cyclohexen-l-one (XIV) frœn 

3-( ~ -bromoethoxy)-2-cyclohexsm-l-one Bl)d rr.eth,ylnmine 

• 
I.:e thy1or.1i ne ltydrochlol'idc (['i40 mg. 8 m:noles) W11S added 

to 3- ( ~ -broInnethoxy )-~~-cycl ohexE!n-l-on,1 (307 I\lf":. 1.4 mmoles) 

in ~O ml nbAolute etllllnol. ~\ ~.>.t turnte.l sodium bicr:rbon3te 

Golution Wllfl od:~ed at l'oom tlmrerotur .. ' to mqke the Holution 

bO~lic, on(l the mix turc "'Fl8 ke !',t at room temçern Lure, wi th 

[1 t i r'ring, ovorni,O'ht. The mix Lure Wtlfl concentrntod end ex-

trncted wiLh chloroform. The op,nnie phnne wns.dried ovûr 

nnhydrou!3 n;':::nesium 8ul1',~Lc Ho1 (W~rorntüd. 

T!1tJ residue \'!HG GepElrAted by t tün la.J',~r -.chro;n:1tü/~1'l::lphy 

(siltcG n~1 !IF 254+ 3CG, so]vcnt.: CHC1,î-r,"PCT{ 70:1:)), and 

(XIV) (11't li\1~, t.)~/tJ) W'J:J obtrd nf)d as n r,olor]ess 1iquid and 

co:npArod (tIc, Nr.:U) wi th (1 st\mrl~ prepnl'pd llccording td 

the prorcdu~c given in reference (71) • 
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• 

Ni.:n (CDC13 ) . . 
~ r: 5.~2 (lH), singlct (ol:fi~ic H) 

3.02 (3H), Ginr~le t (:;-C~8) 

?r;.. 1.8 (GE), of tr.e ring.) 

UV: ~: ;:;.01 x 104 • 

moisturc, \':O!'C pl.qc;(l 15.:~p, of n-i;~cth~'~ .t:--, roJD.:\in,~ (0.2 mole) 

The mixture 1,'::10 nllo':cù to ":nrm 11~~ to l'î:',:": tC~î-cr'ntul'C, 1'0-

rl'1l'~ T'(>'1,~1;'~'1 '·l····t".,.,~ ',~.' ~t\"."tll_, .. C\.~ '''(~ .... -. ,...l·.·~)l·,·~IJ.~ (l.·L,"'Ll'llr-c· ,.. .... __ ........ , ........ ,l. ._~ .... J'-V~~\ .. I..~~.J.( .... \..'''', .. .t._ l".L~v __ ~_ ~.) _ 

:\;;.~I~ (C 1;(;1
3

) ~ n ') 
l ..... (~ (lE) 

.: ,75 (Il') '- .... ~" 1 .. ,~.Jr_ .... .3J r'n~ l - (-C-H) .. 

8.05 ( .. '!Il), ;:.:1-+. ipl ct ( 'T ,T- 'T 0) -::l'i-l .. ~~,, -v .l')-
<. ~ 

3.05 und '" '1 ,) • J., , ( ta t~t l '31!) .) \, , (', ~ Ll( : l:~ ts , 

( l\l C' ) "',,,- :::....J • 

. 
IR . V . 8200 (~tr. , sh.), 2~O ~ (,";. , sh.), 16GO . . 

(str.,nh., c'œbonyl st.retchir.: ~libr;}tion), 1090 
-1 

C;'l • 

'L'he purj ty of the 1 i.<luid so obhüned V:·-, -; ,\!hec~ed by '[pe 

(carbo','mx 2mr colu:-'n, t: 230oC). 
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.. 

l~epf.lration of 3-( N-me~hyl, N-'formyl"'( r -amino)ethoxy)­

-2-cyclohexE.'n .... l-onc (XV) : 

In a f1Ask protected from moisture, were p1ncod 1.03 g 

(9.18 mmoles) of cyc1ohexnne-l,3-dione, 930 mg (9.08 mmoles) 

of N-formy1, N-methylethano1amine and 150 me of p-toluonesul­

fonic Rcid monohydrote in 40 ml anhydrous benzene. Tho mixture' 

wos t'efluxed for 12 hours with removnl of the water formed. 

The mixture was Allowed te cool to room tempcrature nnd was 
.' 

Wl1Bhcd twice wj thü ml 2 N sodium carbonate solution, then 

wi th din tillcd \·mtcr. The orglmic phnse won dricd ovcr rnagne­

sium 9u1fnte, evnporated, tlnd 1.78 g of residuo were obtained. 

ACter se~nrfltion by thin lnyer chrornntoernrhy (silics ~el fIr' 

254 .. 3C6, solvent: ClfC13-~.:eOH 80:10), 452 Il\,'; (~5'h) of (XV) 

wcre oblnined 8S Il co1or1ess liquid • 

N1I.KT~ (CDC1:): S 8.23 (Il!), sine1et (-C~H) 

o 

lN: 

In 

5.47 (III), singlet (olefinic proton) 

3.f:O (4H), muI tip1et ( 0-C!i2-Ci.!e-N( ) 

3.05 llnd 3.15 (totn1: 3H), 2 singlets 

( rr-c113 ) 
, 

2.85-1.65 (6H), multiplet (CH
2
's of 

the ring) 

, 4 t: 2.5 x 10 

11: 3350 t 2870, 1715 (!) tr., sh. t wi th shonlder 

nt 1050), 16CO cm-1 (str.,. oh.) 

• 



• 
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" 

\ 

t r .0 P') Pt) t !.<2Tl .0.(_.:!--:.(J} 1 }{:.,.q!~ l.h.yJ '-'mi 110 ) -.?,,:"_c..YCJ. Lel} ltJlf .. !Ul-l :..0.1)Q. -.U;.YIJ (70 2. :~ 
-2 ln fln:'k rrnt..'I'I.~d 1'1'11111 rnnÎnblPP \Vl'I'C pJF\c('(l 4~4n p, (''\olO molo) 

VI\('1II111l W'I.'\ di:'lJnlvf~d in Lh) ml chlol'ol\H'm. Th,~ n.otutlnn wn:J wn:1hoc1 

J\ft(,t' r.'\: ol':d iOll und«'I' V'I('Il\lIll, fi.'/l) r: ot' l'f':\llltll' WAO ob­

tninc,'. A P.'ll't (::J~) nr tlll;] l'c;Ji.du<<) wrw !,u['if'icd b,y (~olumn 

('hru;, \ 1 ()!~l':q'h'y (Il 1 Il';1 i n:\ "'II' 1 i{v i ty 1 J 1, nolvPli tn : ehloy'ornrm-

mplhllllol} fI\),1 l.!'~ I~. ~~IL,,) (Je (XVI) wnn· .. oot:\tnI111 H:3 '1 co­

J(1I'I('::[1 11(;lli,1, t\I'Pll""'I1I'\lll:; (lll 1111,\ 11"\,\"'1' ("llT'v,n'ltO!~rf\l)hy p)llto. 

~: :1.1:1 (Ilf), :lÏll':lcl (ol(~l'inic Il) 

:3.:3,) ('li!), 1\1ltH't~ t (il-Cll~-CH:1) 

':.\ !)_l.r/!) (t:,[I), tlntlt.i.plot (C!l/~ of 

\ 
\ 

\ 

( 
i 
• 
t' 
1 

1 

1 

i 
f 

1 

l 
1 
! 
f 
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uv ~: 2.0 x 10
4 

IR V: 3310 (br.), 1545 ( wilh ohoulder et 1580), 1135 cm 

~XVII) froln the r:nnnich t'onction of 3-(N,N-diethylamino)­

-2-cycl ohox~m ... l-q!le and N-ruo thanolnrnine : 

In e 100 ml f1ask protectod t'rom moisture and fi tted wi th 

a condenser and fl i1\1lp,nctic sUrrer, 4P6 ml; (6.5 mmoles) 

of N-mf)thylcthol1o]nmine flnd 484 me (5.8 mmolea) of 4Ü'X for-

mnlctchy(10 301\1t; ü}), in fi ml nhnolute ethA.nol Vlt)re l'.ldncd to 

935 me ([S.G mmoles) of 3-(N,N-diethylnmino)-2-c'ycrohexen-l~ 

-one :in 10 ml abnolute elhnnol. The mixture wns rcfluxcd 101' 

two dnys, the rerH'tion teint; fo11owcd by thin layer chromato­

graphy. 'l'he mixtuN' was evnporated under vacuum nnd 1.G3 g of 

residne (liqnid) v;ere o'ot[\ino<l. This residue 'lias dis:Jolvcd jl1-

" . . 
>, 

to CO ml of chlol'ot'orm; t.his Gal utiün WA.3 w,'l3hod wi th 15 ml dis-

ti lIed wn ter. 'l'he f\queouD ;'11:-130 wns cxtr~acted wi th the seme vo-

lœne of chloroform. 'l.'11O ore,'mic phaGe:) WOl'e combined, ùrü~d over 

,'HlhydroufJ TIll1gnosiu-,":l sulfnte ond evnpot'ated, giving 1.3 e of' 

l'C01.<luc • A part( ü50 ,n[~) of this renidue wes separotecl uy 

thin Inyer. ctlromntùgrAphy ( ~..: tlicn r,el !IF 251 + 36G, solvent 

--1 
• 



• 
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CfIC1
3

-fv:eOH ,~O:15), flnd 533 mg of' (XVII) were obtained 8S 

fi colorless liquid (75~). 

Nlv.H (CDel:): 

v 

~ 

% 

5.22 (TH) , singlet (olofinic Il) 

3.G8 (~;fI) , quaI' te t (J:::: ;). b IIz), (-C1i2-O-) 

3.50 (Ill) , broad signal 

3.33 (2;[) , qUArtot (J:::: 5.6 Hz) , (~N-CI.!2-) 

2. 9-~~ ( tota l' IfJii), mul tirlet wi th 

sinele t 1\ t. 2.4 ppm. 

1.27 (G(I). t['i~lot (J= 5.C Hz), triplet 

( N-CH{~-l~1{3)· 

:3300 (br., OH stl'otching), 2lJ~OI(sh.,m.), 

~!000 (m. ,sil.), 1bOO (str., sh.) und 1540 

(0 tr., sh.») (en~ninokotone uyn tom), 118:) cm-1 

(m., oh.). 

rn/e : ( '. t) 
lu t ua, 1:~5, 110, 108, 107, 138 • 

A possiblo bl'On}(flf:c pottol'n i~l ùescribcd bclow : 
o 

Anf\lY8i_~ __ ..!. Calcula Lod for C HON 
lit ~ }... 1-

F'otmd: C, (6.03 II, 10.14 • 

C, C6.10 Il, 10.30 



• 11reroratton of the ~ynnohyc;'!rin of ettwJ._ 2-oxoc'yclopentAne-c~­
boxylo 10: 'rhe cyflnohydrin of e thy1 2-oxocyclopentane-carboxylato \ 

wn3 rropfu'cà nccor'\ ling to the IJl"'Ocedurfl ri. ven in referenco (24). 

• 

(b.p,,) 9Yo-'" : l05·-110o
C), 

Analysis : Cn1cu1ntc~ ~or C9H1303N 

N, 7.65, 

C, 59, 00; H, 7.15; 

l<'ounrl: . C, sa. 00; Il, 7, 14; N, 7. b1, 

i)rcp.'ll'Ht ion 0 f 2-<:'y!~ 1~~y('1 0.Lclltüne.::l ,,:,('~!,_~ox . .YIic acid 

ctLt..Yl_~8tel.:~VITln) : In a dry fI{\~3k protected from mois ture, 

\Vn~~ pInceel n g of the cYi:nobyrlrin of c Lhyl 2-oxocyc1opontane-

cnrboxy1l1lè, l'1'o[1111y d13tiIleù, in 200 ;n1 of (~ry l'lyridine. 

Tho mixture "1'10 coolùl ','Ii th :m lee-salt bath flDd thi.onyl 

nt 1'0011 tom"crDturc ovnI'night. After evnporation of the 

:':,Ttdine, the rcai(l\1c W[\S tlintillcd unl]r)l' vacU\un, und (XVIII Il) 

\'l.'1:~ oht:::d.nc,l AS n co10r1(,38 liqui.d ('1.7 g, (,5%), (b,p'lo" .. :108-

111 r\-:) • 
<\\, 

;In~ (CDC1
3 

) ~ : 4.1-1 ( ::n) , qllnrtct ( ::r: 7Hz) 

~~ • ~~8 (2H), I.rLplot 

~.~5 (lHI) , tri ,ln t 

. ) ./l:l (:~ r f) , Lt'iplet ( .:T : 6Hz) . 

\ 
\ 
\ 

\ 



• 
IR (liquid film) : v: 2680 (m.), 2325 (w., sh., C~N), 

1700 (str., ah., with shou1der nt 1605, C=O), 1245, 1110 cu. 

Ann1ysis : calculated. for CgH1102N 

N, 8.48 • 

C, 65.43; H, 6.71; 
., 

Found C, 65.47; H, 6.69; N, 8.52 • 

At tempted Die1s-Al,}cr rc,':\ct ion of ~-cyano-l-cyclopontp.ne-

-l-carboxylJc aci\1 et>yl os ter and ~3-vinyl-2-c'y.clohexen-

-l-one: 3-Vinyl-2-cyclohexen-l-one nnd 2-cyano-l-cyclopen-

"t.ene-l-cnrboxylic acid etllyl ester (XVlIIa) (in il rn.Uo 1:1.3) 

were hented in 1:1 seoled tnue, fi t IGO-1750C for ~ù hours. 

The rosiclue tha t '.'Ina 'obtnined wa~3 :3epl1rnted by thin 10yor chro-

mato,~r[1phy on si licn i~el (yield': a.fter t1E'poration), 

and fi colorleGs ~las9 was oGtnined. 

Nlffi- : 5.6 (110, singlct 

3.4 (lH), sil1P,lel 

1.5-2.6 (l'IR) , multiplet. 

uv A"": 242 mp, f. "" 12500. 
~I\ 1 

TH V : 2930, 2C30, 1670 ( 8houldor nt 1{)?.:», 1 620, 

1120 cm-l. 

Ana1ysis : Calcu1~ted ror C16H2002 : C, 78.62; II, 8.25 • 

Pound : C, 77" 96; Il, 8.35 • 



• 

• 
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3-V~nyl-2-~lohexen~1-ol (XXII): In El dry 500 ml round-

bottom flnsk fitted with a maenetic stirrer, wes placed, 

under nitror,en, 532 rr~ of lithium alurninium hydride in 120 ml 

of dry ether. The f'lask was cooled in an ice bath flnù 540 mg 

of' aluminium chloridc was adùed Slovl~y. 'l'he mixture wes 

warmed to room tempcrature, und 1.2 g of 3-vinyl-2-cyc1o­

hexen-1-one in 25 ml of dry ether was then added •. The reaction 

was allowed to proceed at room tempernture for 30 min. The 

mixh're wu:) then cooled and vmtcr (or mothanol) \'faS ndded slow-

ly. Tho or{~f\nic( phtu,c was fil "Lcred and dried over sodium 

sulfate. After evaporation of the solvent, 456 mg of residue 

Wf1S obtninccl. 'l'he rnsidue WD.S separated by thin layer chro­

m!) toCr.'1phy on silien gel, anù 297 mg (25~b) of (XXIII) WDS 

obtnined. 

NI. TI : (~DC13) t'so fltlnrte tn: ,: 6.2 FIDO I: 5.5 (totnl: 

'1 II), tole r inic H). 

IR 

3.05 C'll) , rbullii)let. 

1 • <> :'~ .? ( 61!) • 

~030, 1610 (with shoulder at It:50)j 

lC05, 1120 • 

mie 124, 100 • 



• 
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iXJTTll-Lt'.2.!!l.Jl::"'.Y...1 . ..!Xyl- 2-.C]LÇl9.h1:'.:~~~.l::.oJ_!ln,1..!li~.!l\Y..L.0.~~.!!­

J~dic,'u'~O).<.YJll~e: A mixture of a-Vlnyt 2-cyclohcxp.n-l-ol 

(125 mg) !'Inti dimot.hyl 1'\('0 tylClltHlic.'\rboxyln Le (8~\? mg) 

o 0 hl'lüC'tl, in '\ ~)unl\)\l lubll, for 1~~ hour/\ ~t ] 10 -1-10 C. 

1'110 rN,idwl ohtninod wnn dio~olvod in ehloroform. '['ho 

lion wf1~) v:n:-:lhcl1 wi th (li:ltil,lC(l wntor, nnd ,1ril!l1 over rnl\~:nn­

flltl'n ~HllCl\le. Aftet' ovnpOl"'ut1üH ot' tl\t~ flolvent, :3f)G me of 

l'n:lidut.1 \'11\:3 obtninpd. ACter :HJ{llH'!1UOn by thin ln:;<,r chro­

ll\:d.o,~t'(\~.h'y on ~ll.ll(,f\ gP.l., tho Dil"lH-Al\hH' odduct (XXITI) 

(l'l~) nl1:, :,'<l~;), \':.'\:: ohtnincd lW fl colorloos liquide 

~).t) (lll), nirwlt't (olnCinic proton) .. 

. ol! 
3.~1 (ll!), t'1\lltli'l.'t (-C~lI ) 

~3. ,\)~) u:n), :)) ni: Il) t. (-C~:) 

3.1D (:'10, ~lil1f~let 

~'.-1-1 •. 1!) (t>II), '~llltip1ct. 

~~470 (hl'., m.), ;:~):j(), :~~',~)(), l'/2~) (:.Jtt'., f1h., 

-1 1 
, nllOuldoI' nt II ~".) cm ), 1'140, 1110 cm- • 

la/o 

1.1'l, 17:3, 1fi:~ • 
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• Possible breakage patterns are described below = 

o 

~ 

J ).b/;, !)..:\'t 

0 0 

l.o" ..... l..OM. 

,,4 1\ -& 0 0 ") 0 

i 
).a ~ 

'l.'\l,.. d 

• 
~ 

'-'lJ:> .)..\ 1( 

~ 0 



• 

• 

• 

l/:!.ctoniRnti.on of the :)i..cl_s-Aldr~r nddnct ('(~IIT) 01:'" 

3-~1 inyl::-J.-c.'yclohexcn-: 1.-0 ~~nd 1.1l]Tlcthyl :wotylünûrl i..::. 

c~)o'-":Ylatc: Thé Dic1::-Alder oc1l1uct (XXIll) (32 m[~) 

\'trlS dissolvcd in onh.ydrous tolunnc (30 ml) cont1.1ining a 

E:lm~ll 1111l0unt (V\ 3 mg) of p-toluencsulfonic acid J nnd the 

solution i' .. ns nubmi t tell to. nzeo tl'Op1.C cU stillation till 

tho volUL",t) '.'/[\9 nbOLl t 10 ml; tol\lcne was 3ddcd, nnd the 

pl'OV10U3 op::! ru 'lion \':,')~j repen teJ four times. 'l'lv:! no lu tion 

W3S then rcflu.:<:od, vlith removal of the \'{:1tcr 1'orme<l. for 

8 hours. As expluincd p.?8-29, the f'orra:ltion of the ex-

pcc Led lue ti'ne wns il\dicnteà by thin In~'tn' chromo tography 

and by Lhe 
-1 

1733 cm ); however, the lactone was not 8ep~ated • 

(}3,) Hl,:) ;:;:-1<1 (!imet~wl [1c:~t:,.lcn,\\H('nr~)œ(yln te (~78 mg) 

hoa ted, j n ft ~1e[lle~1 tube t l'or 13 hours .:lt l~lOo -l'l0oC. 

il colorle3~ liquiJ • 

\'las 

(CDCJ:3) : ~: 8.30-~J •• '3!1 (2 I) lt' l t ( t' ( ~ " lllU .l~_ 2· arO(Ii.:l l.C 

proton-.» • 

3.83 (Cl), siot:lel (-o"':CliJ ) 

---

ç- ) 
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: 3 • .13 (2H), tri.plot (- C!l2 -8-1 
2.73-2.15, (~II) multiplot. 

IR (liquid film) : V : ~070, l'll~ (str.,br.), 

It' c,'.')' ("'t b ) 'l'v7r:: -1 ( 0 'r., r. ; €. V cm • 

mIe 21b, 122. 

\'1 

.~!, tempt0.d :!.rcning_ç.C.~0 rn~) th.'!l IN11.p.i~~!.!)Y~Ti~.L_~}.:.~_sollillm 

!w.li--2i-0_-V i n.1l- (!-cye lQl\t!~I-nl ~ III a dry 100 ml round­

-uottOIU .fltwk, fitLed with El rr.1\1,~netic ntirror, "mG p1nccd, 

tlI1diJ1' ni,Lro.'~t]n, 02 m~ of sodium hydricto, whlch V,'F\:-l wl.lohed ' 
..... 

thl'\~0. tim("~\ wi-th dT.'Y rwntf\llé. Th0n, 30 TU] of dry loluone, , 

nn(l 1:10 mg 0 r 3-vinyl- !"!-c,Yc1ol10.::on-l-ol in 2 ml of àry 

to Lllc n~, '.';') 1'0 nddt'cl. 'l'ho mix turc Y/ns kt1pt a t room temperD turo 

fot' onu hOllt', A solution of <~bO mg of di,math,yI mu Leie 

nnhydridn "'i~l 6 ml of dr.y tol;.uen~J 1'//1/1 thon H.rldeù u1owly, anù 

o 

t1w r:ri..xtur'~' \'1'\3 l'L'fhl\.Td l'or l~ hourn, The 1'IJ<flC tion WllS t'ollo'NOÙ 

by~ tLin J nyer chrom!1tol~rt:l.phy; [lO new product could bo ùe tect0..d. 

Ïf/nt.cr (2 !Ill) \'I[W I"I.l\lon. "lI) the [l,ix.turc, in flm,~11 ~ortl?ns. 

'l'he ot'l~nn 11.: phf\3e w',s dried ov~r sodil.uu 8ulfntc. The solvant 

ovapol':\ Led Elnd :.>10 nlH 

c()ve: reJ .. ,(0 

\ 

Î 
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Prepnrn tion Of--H-methyl, N- ~r--h"ydroxyethylJ-pyrocinchonamic , 

ncid (XXXIV) :: To 400 ~ (3.2 mmoles) -o-r--d.ry c1imethyl maleic 

Ilnhydrille in .... 12 ml anhy(lrOU8 chloroforrn, was üùded 1.02 g 

(13.6 ~!Ilolos) 0[' N-methylothanolamine. Tho mixturo, pro-

tec tao. from moiRture (calcium chlorido tube, ni trol~en 

otmosphero), was rofluxed overnieht. The rcact:ion mixture 

wns Al] oVied ,to cool d~f1 to l'oom tempera ture, and 80 ml of 
,\' 

chloroform vms added. The solution wos WOBhod twice \Vi th 

20 ml ~ oqueous llydrochloric nci d solution, then wi th 

di:JItillüd wuter, dried ovel' magncsium sulfate and :fj"l tered. 

Upon aùdj t.ian of dry 0 ther, 400 mg of N-methyl, N-(r-hyclroxy­

-othyI)-pyrocinchonamic acic1 (XXXTV) (62%) vms obttd ned, os 

a white, hYr:roscoPi~~roci.Pitate, (m.p.= 58-62"OC). 

Nr.J{ ( CDC l3"~ : 

IH • . " 

~: 4.3 (2H:, multiple t (C!!2-Q-H) F 

~ 3.70 (Ill), ~rond sigrml 

3.62 (2H) , mnI tiplo t (CH -N'::") -2 . 2 .. 70, broad niennl nr..do 2.33, singlet, . 
( Lotnl : 3B) (N- cH:)? 

1.05 (6H) , singlct ( ).==a < , 
t~l c..!.'l 

. :3800 (8tr~. , br.) , 2970, 2~00t 1580 . 
(str., br., with shoulder nt 1630),1300 cm-l. 

I!. 

o 



• 
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Anolynis: ColculnLcd for C'JHIGN04 

°FounCl : C, 53.21; If, '/.60 • 

" 

Il, 7.51 • 

mie ~()l 0'-+), l~)a, If3, If'~~, Hn, 1G1, ·lC~, ].')2, 137, 1:36, 

124, 117 • 

A pO~1!1ibln brcoktll3c iD f3U!~ge8 teù below : 

(~~) rr<)Il) t!1c-E~J_ifJlltion_g[, t~-m~l~l, N- ~~-hy(lroxycth.Y..1.1.::. 

,:-~O('il.l~h~n9m:i2., Fl~id (xxxryL.!.. Acetic 1!nhydT'l(lù (1.42C, 

J:l.9 Ir.molofl) w.qs nd(led dl'opw1.:1C tc :H~l ml: (1.9 wmo1es) .of 

Î':-1Il0 th,yl , ~:- (~-hyd roxyc thy1) -p~;'l'ocinc hOT1nmic ne itl (XXX r V) 

:i I} 6 ml f\llh.y<1 ro\w PY r'idirw, il t C-!J oC, in n n [wk lwotcC ted 

. t't'cm moi:) tUl'C • 'l'he mixture VinS nti.rt'e(l nt l'oom tempcrnturo 

overnirht. A fter cvnpol'u ti.on Slf the p,yridine, the rcsidll/1 ','l1lfJ 

W::lShÉHl vIi th (h'y e thcr- nlltl ~l<' pli !~n ted by thin ] nyc r chrorr'l to-

{"rnphy (nU:icn r:nl ifF ?'b'l t- :kti, nolvent : CHC]~3-r,.o(;H 70:10); 

(XXXV) wns ohlllinocl "tH" n co10r1888 lj([lIid (?l5 mr,', 70%) • 

, 

, , 



• 

\ 

,f 

o 2.9, multiplet, and r: 2.,33 , singlet 

(total: 3' H) (/ N-CH3~ 

: 2.16, singlet, and 4: 1.03, singlet 

( to tal : 6 Il) ( '>====l ). 
Co"" ~. 

IR V 2960, 1720 ( str., ah., ester), 1600 ( str., 
, 

sh., amide), 1580, 1280 • 

mie :" + 183 (M ), 182, 153, 140, 130, 138, 124 • 

---;-" \ 



BIBLIOGRAPHY 

da! 

t . 

• 

, 

<1 

1 .. ' __ ~~~~ __ ~~~~~i~h"_'_'.' __ èa - ", Sr, tnt". 'P ' f} t' Ht! t » Or ., f 



'. 

e 

-GlQ-

(1) F.l,'l1r1ci and TI.Wltkop, Exporlcnt:1.11 12, 239 (1963). 

(2) J.W.Duly, TI.':atlcop, P.Bor:.mel" and K.l3ierna.nn, ,T. J\m. 

r.h('T.I. Soc. [',7, 1?4 (19G5). 

(3) J.','I.JXtly and C.W.i.'ycrfl, S0i.ence 11)6, 970 (19()7). 

(4) T. T()ku~1 runn, J. \'le fu1y, n. \'/1. tkop, T."G. Kn.rlc, .T. K'Ul"lc , 

,T. Alil. Chom. 00C. ~, 19,({ (19G8). 

(5) O.V:illtorGtolncl' and r:.!'OOl'C, ,J. Am. Chem. Soc. §2, 

(6 ) 

(7 ) 

(~~ ) 

«(J) 

(10 ) 

(11 ) 

(1~? ) 

- -lU) 

(lit) 

(15 ) 

,T. II. 2aUlH1oro, Orge Syn • .1.Q., 14 (1960). 

".S.!Tc\'mnn, .J. Aill. ChOlll. Soc. 75, 4740 (1953). 

Yi.P.G:1nnOl1 and IT.O.Honcc, O1.'{~, 8yn. 40, 14 (1960). 

A.E~l('h('nmoso1', ,T.Schre-LllC'l" and S.A.Julin, JTelvo 2.§., 

C'.~·'.':OOdD anù T.\'!.'I'Llc'~cr, .J. !\r.1. Chorr .• Soc.,7,O,. 2174 (1<)·1R) 

',',' • ~''.r;. annnn ~ nd Ir. O. ITou !:"' 0 , Or,';. ~:ln. 10, 41 (1960) ~ 

C.:':1.,lllic}l and \7 .r~)'oc(~h(), Arch. 1'1l~3.rm., 250, 647 (1912) • 
. . 

r" \1 1 "1 '" T' l l ' (!] "'" ,'-)6, l-;;L~)_, (lnr:;'3). \.._1 \_ ~,-~._ 0.1Iu 1-.,1.0 m )'1C,;:, .10!'1. .Cl'., _. ')./ 

----~ 

').-~j l ntci n, :7., ')::~; 7., ~-"J7~-•. :-------,~------------

~).F:llncrn, r .• 1\ •. TaI;'\cn, rn.hu'e 20::, ::92 (1064) • ... _ ... -



c. e (19) J.K.SLi11e and R.F.rtz, .J., Amor Chem. Soc. lli?(4), ()61 
\ 

(1964 ). 

(20) H. O.JTouse, U!'oclern Synthcttc Rr.D.cttons", Second EcU tt6n, 

p. 625; W.A.:1onjrunin, rcnlo P,ark, Ca1irornia (197?). 

E.\'/interfol([ and II.heuRs, Chem. Bor. 99,450'(1966). 
, -

Gonüchi, P.TCuls3, K.O[ÇasuVI.3.ra and R.T,.Roouti, J. Am.' 

(?3) g.8.[;ml::::':;f.I:tn, J.T.Suh, "~.Oxm:1.n and R.Dtl.nic1s, J. ful1~ 

Cheuh Soc 0 n~, ] 040 (1962). 

(24) S.C. Sen' Gupta, J. Ind. Chem. Soc. 17, 183 (1940). 
-

(25) \'1. R. Vaughn.n, C.T'.GoctGchcl ruül C.L.Warren, J. Am. Chem., 

Soc. 0.2,_~2G2 (1963). 

(26) D.C i nGLmrg l '". À.1 tmun and- ~. Tln.b:J Il, 'rctt'n.hc OTan .2.1., 975 

(1 <JGn ) • 

t':'.7) l).Ginfll.lltrc;,.T. Al i1î1an ::1.l1d D.:r~ccl{cr, TetrClhcdron J,et tors, 

7'57, (19G7~. 

(?F3 ) 

DckiÎcr, Fc\'{ York (J069). 

(?9) rf. T 0 Dt]lin(~ :I~d ~.A.rlepyG, ChCr.l. CO~lJ'1" lC)G9, 437 • 

(30) E.C.~1rown nlld H.r.Ecctl, .T. Orge ·0,hem. ::1, ;:'::'O() (lfJG9J. 

(3J ) 

( ~/.' ) ~t:_ 

(33 ) 

r. J •• Torr,cnson, rre tl':l.hcdron T,citera, 5'jtj, (196?).. 

H.(l'~lll'a n~H1 r.rll::1.l:nhn~llli, J. (lrC':. ,CherI., J1., 7'2 (197?).' 

.T.;)('lllt.Ldltn anii ~.\';QttGtci,n, Rclv. ~6, ~!?99 (19()3). 

Soc. r7" ~, 

D 

.' 



" 

-(:,1.-
" 

\.~ 

(35)'R~n.i:!oo(1\I[ù'd and T.S.T~:'1t~, Tetl'nhecb.'on 2' 70 (1959)\\ 

(36) J.A.11crson and A.RéJ.1rl.n1ck, J. ,'J,I. Chom. Soc. ê2,. 4947 

(1961.).-

(',7) C!.\;:::tllinr; and IT.J.Sc}Ju:~ur, ,T .. l\m. Chom. Soc.' ,92" 607 

(196)"). 
-

(~[\) ~\.Aldor and !CFetmlKl.Ck, Chem. ner.'f16, 13J2 (J/Y'J3). 

(39) J~:.~l.r:cnce, .r.O.Stoffer :lnd JI.Po l1r::l.ond1ill, J. Am. Chen. 

~ Gll (1962). . 
"' 

cT" Ch('r;,. ;~OO. ,2597 (1~)64). 

(4~) J).lJf>vaprnbl1:ù'::I.rn, r..(~ .Cn:rdcn:u.l nnd P.D.('.:11'dncr, J. Am. 

r!lV'Il. Soc. Q2, 1555 (1<]63) • 
. . \ 

F.O.Ponne ~ll(l T.It.Cronin, ,T. Or[l;. Chom • .22(4), 1061 (1<)65). 

f;C; ï fî) c • - - - - ----------- -------------

(4~) C.D.Wcla , J. Ol't.::. ChCll.~, 74 (J.9G3) • 

(~G) K.Al(lûr :1..11(1 ;(.n.~~:.:tClcc;1t101'f, r:h{~r'. "or. '11, ~199 (1938). 

(,17) F.P.~opov rl..1d V.S.rïl,;:l~~;llCVGk:l.y::l., Zhu!'. Obollchei f{h1111. 

: Ci ~ ) 914 (19:;(,); CA ~1: '1 ~lr;n ,1. • 
-~ -

(43) 0. Di.clL) :lll(i K.Alder, ,\.nn. i7.Q., 137 (1<)".)0); 4.9~, ,)36 

(1<)")1). 

('~9) J.S~,-uc[', Ani,,(m. Che':l. Inter. }~d. ,2., 211 (1966). 

(50) J.S,C).ucr, An:;cw. Chcrn. Tntcr. 'Rd. §.,16 (1967). 

,1 



: .• 

(51) F.G.Vielle, "~homi.r:try of ncctyJnnes", po515; l'aroc1 De~(ker, 

~rCV7 York (1.069). 

(5~) Yu L\. Tj tov, HUflfl. Chem. T?ev. Enl';J. Trn.l101. 11., ;:67 (19G2). 

(53) B.G.Katndv, ~:.B.I:n.t'l:ovn, llchonyc Z'.l.p1.c1d ~([l.7.an. Gosuda-

l'Dt. ['lUV. iu. V.l. T11':'":J.llovnTcninn, '11J.m • .ll!2., (2), ~l 

'(1955); CA:5~:: 19G'/ b. 

(54) ,T. S.l,'eck, n. 'll.Poon, R. T .?'Cl'-L'OW and S.J .Cri otol, \J. Am. 

Chcm. Soc. 7ft, ?( (;') (1~)5~). 

](Jl(j7 • 

(56) I!olJ. };:l..rt'clt flnd (~. ~Ylchi., .T. AJlI~ Chcm. Soc. /19, 5(;65 

(1967). 

(57) JoA.~::J.r::~ll.l.Ll iU1Ù :.'.rl'oI':t!\"8, J. Crr;. (!hPFl o TI, 434 (19GC). 

(5B) (!.HoHcrrLhc()t~lc-n.nd 'P.H o KoIJy, 'Potl':l.hec1l'on 24, 3753 (1968). 

(59) TI. ,r. nUl/la:,j and :1.G. Tn\'lton, J. Âm. Chem. Soc, 23, 2G75 

(1.971). 
.' 

(GO) ,T~/;11';~!'111 ,'1nd 'r .. ;'. \7'1XH\)I'Tf'-.T fT.Ol'~lmm.-~ 178 (1971). 

(61) r.C.T,ln:: :'l:d r.n,i(~t·"fJd, ,T~ 1\.11, nhcrl. Soc. <)'">, G019 (J970)~ 

(62) r,,:I101'\.n(1 :lnd K.t'i ,,'c·cher., He]v. 0,1111(10 t\cta .::l, 2?15 (19~O), 

(66 ) 

(G7 ) 

(196())~ 

1 G P . l' 1""1. ]'11'1., 01_3 (106°',. ':1.llr r.,'. Il, l~:1.)"n _, l '1)('Ti1. ,_ _ u 

C" .)00. , 44~G (1055). 

l' T'lt"'11i 1'" 1-,' ,1"1-,, )'1 "llc' 'r "'.-.lr·,ll'j H rl"'ll T 1'" """)_J \.;. , 1.". .1 '- ... " (1. Cl. ,.1 r,. Il ~ lr.~ ~ (J (, .... ,{ , t • Am. Chem. Soo. 

-' 

... 



\ 

" 

(68) D.Vor1tlnder and F.Kalkow, Ann. 309, 359 (1899) • 

(69) L.Knorr And H.Matthcs, Cham. Ber., 34, 3488 (1901) 

('/0) D.Vor1~nder llnd F .!:alkow, Cham. 13er., ~, 1802 (1807). 

(71) l'>Zymalkowski nnd J. Himek, NatuI"\'IissenschDften 47, 

83 (~9GO); CA: 54: 15;385 e. 
(72) S.Dunishefoky and H. Cunninp;ham, .J. Orge Chcm. 30, 

3670 (Ir/55) • 

(73) F.HohlmHnn and a.Schmidt, Chem. l~er. 2Q, IG~2 (lg66). 

(74) S.HÜ~ip, ana H.Knhflnok, Chem. Ber. Q.Q, 238 (1957) • 

(75) F.floff'rnann-Ln Hoche & Co, A:-G. CCP. 614,195 June 

19:1r>; CA: 29: P 59953 • 


