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ABSTRACT 

'The naturally occurring compound 3 ,6-b.:j..s- (5-chloro": 
/' /), 

2-piperidyl)-2,S-piperazinedione (1) is a,promising new 
, - 1 

antitumor drug. 'The mecnanisms bf action 'of ~titumor 
, , 

alkylating agents, particularly the nitroge~ m~stards and 

sesquiterpene lactonell, sugg;est possibjle modes of ,antitumo!) , . 
activity of' cqmpound !. A possible synthetic scheme for 

1 • 

1 

comp'ound 1 is' dey~loped by con.sideration of methods 'of 

synthes{s of piperidines, a-sub,sti tuted-a, S-un:satur~ted 

esters, and 8-amino alc?Vo1s. 
, '., \ 

\ ~ Il 

A synthesis of a-chloro-a, B-un'saturated esters from 

carbonyl compounds and t1bU~Yl'a-~hloro-a-trimethYISilYl 

acetate is developed.~nation of the termi~al ~OÜD~ 

bond of t-butyl~ 2-chloro-2 ,6':"heptadienoate _ occurs by epox-
;fl 

idation and reaction wi ~h an amine or azide ion ,and by 

osmium tetroxide catalyzed reaction with Chloramine T. Thè 
.' ". jI piperi~fne ring is formed by an internaI M~chael react~on - ~ 

of t-butyl 2-chloro-6-t-butyld±methyls/ilylo~y-7,-tosylaIl!ino-

2-heptenoate. The àmino acici (1-tosyl-5 -hy'droxy-2 -piperidyl) 

glycine is synthesized and found to be unstable to acidic 

'esterificàtion conditions. 
t 

1 

Strategies for overcoming the problems encountered ~n 

the synthesi~-àre diac~ssed. 

/' 
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/ SOMMAIRE 

Le cbmp~sé naturel bis(chloro-5 pipéridyl-2)-3,6-piper­

azineqio'he-2,5 (1) est une nouvelle drogue aux effets promet-
# 

teurs contr~ le cancer. Les méchanismes d'action des agents 

alkYlants an'ti tumeurs, particulièrement les ypérites' azotées 

et les lactones ~esqlliterpènes, suggèrent des modes possibles 

pour l' activi té du- composé 1., Un schéma synthétique .possible 

pour, p.réparer le composé 1 est développé pa,r considé,;Lation . 
des méthodes pour la synthèse des pipéridines, des esters 

a-substit~és-a7éthy1éniques, et qes alcoo1s a-aminés. 

, Une .synthèse des este~s a-chlorés-a.;-éthyléniques 

commençant avec les composés carbonylés "et l'a.-chloro-a.-

trimethylsily1acétate de t-buty1e est developpé. L'oxy­

amination de la double-liaison terminale du chloro-2 hepta-- (1 

dièno-2,6-oate de t:-buty,le a lietJ. par l' époxidat;i.on e\ * ... 
réaction âvec une amine ou i' ion azo'ture 'ou' par ;éact~\n 
avec la chlorami~e-T catalysée par l~ tétroxyde d'osmium. " 

L'anneau pipéridinique se- forme par une réaction de Michael . ' , 

~ inte(+le du cliloro\2 t-butyldim~thyisi.ly10xy-6 tosy1a.mino-7 

heptèn--2 ~até ~ de .!:.-l:>u,~yle '.1 L-' aml.l1o-acide (tosyl-,l 
1" 

pipéridyl-2).glycine est $'ynthetisé", mais Oh trouve 
1. 

est instable en mi1i€u acide. , 

hydroxy-S 

qu'il 

) 

Des stratégies pour surmonter les problèmes rencontrés 
\1 

\ 

pendant là synthèse ... · sont pré~entées. ' 
1 \ 1" l ' ,,,, 
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,~ CHAPTER l 

ALKYLATING AGENTS IN CN~CER CHEMOTHERAPY 

. ' 

Chemotherapy is an -established' method of càncer 
j 

treatmen:t, but it is .a field in which research' continues in 
p 

the search for new drugs and the study' of their mechanis'ffis . , 

of action. Cancer chemotherapy depends--üpori. the/ selective 

destruction of turnor cell~ with minimal effect ,on norrnai' 

cells. The primary difference between normal cells and 
. 

turnor cells is rate of growth, 50 Many an ti tumor __ ~drugs apt 
1 

by blocking l),those reactions wh~d\~ are Most imP9rtant" in 
, 

rapidly dividing ce~ls, primarily RNA s. \ 

When this is the only mechanlsm of specifi~'t 
. , \ 

rapidly gr0r.::'ing ce Ils, s uch as cells of ,y-e bo~e mar:,row and' 

the lirrlng of th~ gastrointestinal traG.,t~ ~re also 'st.tsceptible 

to the drug. ,,' Chemother~,py is u~Ted mostlY!~ the tre~tment of " ~ \ 
" 

disseminated cancers tthe hernatologic cance ~ and met~static 

) h ' h d' ff' l / b :z) d\" tumors w ~c are ~ ~cu t to treatl y surg r~ or ra \at~on, 

The kinetics of action of ~he antitumor ugs makes th~mo 

most effecti~e against a relat~vely,srnall turnor ce11 popu~ 
l " \, " - /1 

lation. Most chemothetapeutic'agents produce a f~rst 
o • 

or-der kinetic cell kill; that is, a fixed percentage of cells 

are'killed'per dose of drug, not a fixed ~umber peI' dose. 

This ·means that administration of ~he repeated doses which 
.. 

would be .necessary to eliminate a l aI' gel. t'umar mass might 
- J:: 

not be possible because of the toxiè effect~ of the drug. 
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"The main clas'ses of an ticanceI" drugs ,are the antimeta-

boli tes, alkaloids, an tibiotics" hormones', and alkylating 

agents. 2 The rkntimetaboli te9 include purine" and pyrimidine' 

antagonists which inhibit· nueleotid~ synthesis by blocking 

t.he active sites of enzymes oI", ,as ~ith}6-?hioguanine, by 

ineo!.'poration into the produet DN'A, 'maki:pg i t .dysfunctional. 3 

fblate antagoni~ts inhibit purine 'synthesis by bldeking the_ , 

enzyme .dihydrofolate reductase. The plant al-kaloids use d 
. - , , 

as anti turnor drug9 -aet as mi totic inhibi tor.s (colchicine 

derivatives, vincristine, and vinblastine), \ or by inhibi-
~~~. l, 

tion df DNA or RNA synthesis. The"antitumor antibiotics 

generally- bind non-covalently wi th DNA te bl.ôck RNA pI"oduc-
1 • \ 

1 •• , 

tion. However, ~tomyc~n C forros covalent bonds and ~~oss~ 

links DNA Istrands.~ 

Mi\tomycin - C 

\ 
\ 

1 
1 
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Alkylatin'g Ag,en ts, 

, The crosslinking of DNA is also the pd"mary mode of 

action of many ofo the alkylating agents. The alkylating 

agents which are in clinical use include nitrogen mustards, 

methanê'sulfonates, azirid'ines, and ni trosoureas. 5 (Figure 1) 

The ,compound commonly callee! ni trogen mus tard , methyl-bis-' 

(S-chloro~thyl)amine, was' first synthesized in 1935. 9 Other 
" 1 

.campounds of this c1as'S have bee~ developed to provide 

increased selecti vi ty and decreased toxi ci ty. 
, , 

Cyclophos-

ph ami de , which is inactiv~ until the ring structure is,,., 

~ metabolize;;d, was developed wi th the .thought that i t would be 

,abtivated .by phosphoramidases in tumor cells; however, acti­
\ 

vation has been found to occur in the liver. 7 The azirid~es 
\ 

and lIlethanesulfonates are not used clinically as much as the 

ni trogen mustards, though busulfan is used in :the treatmen t 
/ 

o~ chronic myelogenous leukemià. .The ni tr'osoureas have been 

de,veloped more recently; their lIlechanism of action is some-
, l ' ... 

what different from th~ older alkyIat:hng agents. They 

cross the blood-brain barrier more easily and are often 

activ~ against tumors resi\stant to other., alklylati~g agents. 

All the' alkylating agénts which are active as antitumor 
, 

drugs have two reactive groups which ,can react wi th nucleo-

phili c groups' in the cell. The ni trogen ~ mustards readily 

cyclize ta form an aziridinium\ion which is the active 

electroPhili~ Ispecies.'5 
, 

, 
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Nitrogen Mustards 

ClCH2CH2\ 

NCH3 
ClCH2CH21 

Nitrogen mustard 

Chlorambucil 

Melphalan 

Cyclophosphamide 

Methanesulfonates 

.., 

~. 'Busulfan 

/ 

Î 

1 

, 
Aziridines . 

Triethylenemelanine 

, 
~ Triethy,lenethiophosphoramide 

Ni trosoureas 

I,~ ?J . / 
C1C,H2CH2~-C-~CH2CH2CI' 

NO H" . 
bis-chloroethyl nitrosurea 

(BCNU) - ( 

. q 

(--<~hlor~ethY1 cyc10hexyl nitrosourea 
v (CCNU) 

( 

Figure 1 •. Alkylating Agents in., Clinical Use • 
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i~2CH2CI 
R-N , 

"cHf: H2C1 , \ 

They can 'react wi th a variety. of nucleophiles in the cell 

fncluding ph~spha te, amino, s ulfhydryl, hydlt'oxyl, carbdxyl,. 
, ' . 

> 
and imidazole .groups, but the mos t sus,ceptible si te is the 

7-posi tion o,f gfanine,' " 

\ 
When the two electrophilic groups of the ,drug react wi th two .. ' 

diffe~ept guanine re~id~es in DNA, ei ther intrastrand or 

interstrand bridges are formed. Interstrand bridges prevent~ 

• •• JI. 
separat~on and repl~cat~on of the DNA. Other cellular 

consti tuents are affe,èted Iby alkylating agents, but DNA is 

mos t s u.s cep tible at low c~nce~,trafiO~s.,'\ 
Since the main action of these drugs ~s disruption of 

DNA replication, cells are most sensitive' ;when in a phase 

where'DNA synthesis is oQcurrtng or is about to start. 
; 

ëells go through several phases b~tween mito~ié divisions. l 

G1 is a resting ]?hase following di vision in which RNA and 

protein pynthesis proceed normalljl, but no DNA s'ynthesis for 
.1;. 

,replication ocèurs, thougj1 sorne DNA repair takes I?~a€e. At 
f' \" 1 

the end of 0 G1 a burst of RNA f\ynthesis occu;;'s and the cell 

ent;rs G
4 

where DNA synthesis' stops and RNA and protein 

synthese,s contÏ1;lUe. During mi tosis RNA and prote in synthesis , , 

" • 

'" 

1 
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also stop. Another phase, GO' is an extended resting phase 

which may not be' al separate phase, but a prolongation of G1 ..:_, 
/' , 

:f.!le late G1 and S ,phases are the mos t sus deptible to alkylating 

agents, sinee damage done to DNA in other phases may b~ re­

paired before trans cription occurs. 
l 

Th~ two main _probletns in cancer chemotherapy are toxici ty 

and development of J!>esistance. Resistance of a turnor ta, a 

drug may de velop through decre ased permeabili ty of the bell' 
«7 _, ~ 

membrane to the drug, increased degradation of the àrug 
• 1 

wi thin t.he cell, or by' accelerated repair of damaged DNA. 9 

This resistance is sometirnes' specifie for the drug which has 

been used and sometimes extends to other compounds of the 

same class. 

Cyclophosl?hamide 

The problem of toxicity would be helped by-a p,rug which 
, , 

would be inactive untï'l metabolized by the turnor celI. 

The. presence of high phosphoramidase acti vi ty in sorne tumors 

prompte,d the synthesis o-f èyclophosphamide. It was found 
/ 

'7 that activation occurs in the li ver rather than the tumor, 

'D 

,-
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, , 0 H 1'" 

Cl' \\/N)\ 
Cl~\ Cyclophosphamide 

/ ' 

! liver, enzymes , 

cellular 
enzymes 

'1{ 

\ 

~ Cl~ ~\/NH2 
<- Ct~~-\~~H 

7 

H2C=CHCHO 

Qcroleln 

+ 

phosphoramide 
mustard 

Figure 2. Metabolism of Cyclophosphamide 
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It has a1so been shown that acro1ein and 

1 , 1 

8 

phosphôramide 

rnustard are formed from cyclophosphamide. The assumption i,s, 

- then, that after an initial oxidation' in the li ver to the 

4-hydroxy compound., enzymes in normal cells cause further 

oxidation to the inactive metaboli tes, but in tumor cel1s 
. q 

lacking the necessary enzymes acrolein and phosphamide 

mus tard are formed. 
, . 11 

Both th'etse compounds are cytotox+c; 

\ 

phosphamide mus tard a1kylate~ as a, typical ni trogen mustard. 

Acrolein can react wi th nucleophiles in the cell by a Michael 

addition to cause alkylation~ 

Pnti tumor Sesqui terpenes 

,/ 

/ The /" alkylati~n of ,c::n ular n ucleopniles by a Michael 

reaction has been shown to occur wi th -a group of compounds 

'which have antitumor aètivity, but are n,ot in clinical use. 12 )13 

, • 1 . 
The se compounds are sesquJ. terpenes whl.ch have, an a, S-

\unsaturated carbonyl group present as ei ther an a-methylene 

lactone or an,<l,S-unsaturated cyclopentenone. (Figure 3) 

The mechanism of cytotoxici ty of the sesq ui tE?rpenes is 
-1 

different from -that of the ni trogen mustards. They do not 

react wi th DNA, guanine, or adenine, but- they do inh~i t 

. ' 12 
DNA synthesl.s. Thé inhibition of several enzymes (DNA 

.: 
12 ' 14 0 Î 

pç>lymerase, phosphofructokinase, and glycogen synthe-

15 ' 
tase ) by me~ers of this group has been demonstrated. 

These enzymes all have sulfhydryl groups which are essential 
1 

to their acti vi 'ty, and in the case of phosphofructokinase ' 

) 

c' 

1 
1 

•. j 

" 
}, 

. , 
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Encelin 

OH 

HO 

<> 

Ridentin 
1 

Helenalin 

Plel10lin 

\ Figure 3. 
\ 
\ 
,\ 

OAc 

Xanthinin 

ArtegLisin-A 

Tenalin 

1 
Eupahys sopin 

b ---
Sesquiterpene Antitumor Agents. 

1 , 

9-
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it was shown that inhibition was related to reaction of th~ 

se~quiterpene with the -SR groups. The drugs hav~ been 

shown to react by a Michae l reaction wi th cysteine and -, ---., 

, 12 13 reduced glutàth~one. 0' 

o COOH 

~H2SC~2tHNH2' 

1 ------

,~ -- \ , 

The cytotoxic effect of, these compounds is due to enzyme 
. .]-< ~ 

" inhibi tion caused by' Michaei addition to sulfhydryl groups, 
\ 

rather than alkylation of DNA ae;; wi th the alkylating agents 

which react by substitution reactions./ 
~ 

A number of compoùnds with antitumor activity have shown 

a positive correlation between their pntitumor activity and 

inhibition of aerobic respiration in tumor cells. 17 Aerobic 

respiration is inhibi ted by sesqui terpenes which aiso have 
, 1 

antitumor activity and it is postulated that this may be __ _ 

caused by reaction with sulfides and sulfhydryl groups in 
!( 1Y. • 

,c>, 18 
cytochromes and Krebs cycle dehydrogenases. 

3,6-~is(5-chloro-2-Efperidyl)-2,5-piperazin~dione 

Recently a compound isolated'from the fermentation broth 

of a culture of Streptomyaes,griseoZuteus was identified as 

the first naturally occurring antitumor agent with a ,6-

c?loroamino group similar to that of the nitrogen mustards. 2J 
The report of i ts isolation gave onl,y i ts elemen tal analysis 

20 
and.inrrared spectrum. Later its structure was deduced 
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/ 
/ 

\ 

/ .-

,~ 

'''-, 

...... 
1-' 

o 

" 
:~ 
~ 
.~ 

1 
,~ 

i! 

~f ,'i; 
-J 

~'! 
,~ 
J 
" 

; 

t' 
i 
L 
! 
'j 

'1 

i 
'il: 
-{ 

! 
i 

." 

'J'.: 

.'·,vider rrmilliillli"<ii:!* mm mm .1111'* ~'''--~'''_Ii' .. œ·tetJ* m'Sd " ,.. ,'" _'"' _., ,_ ,~ , __ " -, r Ya:'1tâ17 .~ ~~""-'~_ ' .... ~~:,:.~w.M..~_."."'-.,.,,~ .. A~ ___ .... _ . ....t_d ... ,,~ __ ...... 4-... '_'_~_.~J.J'._ .. .::!10>.-,,~ 



" , 
1 
i 
! 
~ 
1 
" 

o 

12 

\. 

from the nmr spectrum and mass spectrum to be 3;6-bis(5-
. 

ch1oro-2-piperidy1)-2,5-piperazinedione Cl). This stru~ture 
,-

was subs-equently confirmed by x-ray crystal1ography. 21 

Cl 

Cl 

The elementa1 ana1ysis~ of the liydrochloride salt gave 
1 

an empirica1 formula of C7H120N2C12 br C7HliO~Cl ,for the 

free base. The IR showed peaks at 3070 cm -1, 3110 cm -1, ,,-

and 32'10 cm-1 (NH and/or OH); 2400-2700 cm-1 (NH+)'; and - , 

1685 cm-1 and 1665 ~m-1 Ccarbonyl). The nmr was rather 

comp1exj the variety of coup1ing constants and moderat~ f . 
1ine broadening of sorne signa1s surgest a cyc1ic structure. 

1 
Comparison pf This nmr wi th the nmr spectrum of 5-hydroxy' 1 

pipeco1i<? acid sho~e~ a marked similari ty, so the conclusion 

was drawn that the new compound was a 2,S-disubstituted 

piperidine wi th both sub$tituents equatorial. The simi1ari t'y 

of chemica1 shifts indicates that the substituents have 

simi1ar shie1qing effects to the' carboxyl ~d'hydroxy1 
, . 

groups. The doublet at 64.58 was shown by spin decoupling , 

experiment~ 'to be a proton on a carbon attached to 

position 2 of the piperidine ri~g. 
-! 1 

\ 

1 
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The mass spectrum of the compound had the highest m4ss 

peaJcs as a c1uster at 'mie 312'-315 in a pattern i&dicating 

o~e ch10rine atom. 
. ' 

~peak at mie 276 had no chlorine. , , 

Il -'" 
~as,s spectrum showed, then, that the empirica1 form~la 

. 
(Mtv 17,6) d~rived from the elementa1 analysis was not the 

1 

molecu1ar formula. Doub1ing the 'mo1ecu1ar weight given 

by the empirical '~ormula "gives ~ molecu1ar weight of. 348 

from which 108S or Hel wo~la give '312 and 108s of nlO Hel 

The 

wO,uld If!;i ve 276. This suggested the ~imer structure 1 which 
/ 

fits the IR spectrum and the remaining peaks in the mass 

spectrum. .. 
Il \, 

r ~ D-Cl 
H 

348 ns 

312 276 

!I 
1 
1 
1 

, 1 

\ -
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. ~The arguments fo(r<the structure.proposed were quite 
J- 2J 

c(;m vinc}ng, but cou Id not be considered' ;.uneq ui vocal, ' 

particularly in the abs~nce/of a molecular ion 'in the mass 
1 

spectrum. The structure was confirmed and the a;bsolute 
• 1 

,- • 1 21 ' 
cc:nfiguration determined by x-ray crystaIJJogr~phy. The 

, . 
sulfate ~al~ pentahydrate of the compound was used for the 

s'tudy-. o'f tfik 'six chiral centers the two c~rbons ofj the 

piperazinedione 'ring and the two carbons bearing the chlorines 

were S and'carbon-2 of each p~peridine ring was R. 
1 

Compound ~ is ~ssumed to bs'derived from the amino acid 

(S-chloro-2-piperidyl)glycine for which the trivial name 
, 21 

s.treptolutine was proposed. CQmpound 1 could then be 

called cyclo- (streptol utyl-streptolutyl )" 

It was theVanti tumor ac!ivi ty of 'this compound which 
1 

1 d "t . l' 19 e to l s lSO atlon. The anti turno'r aéti vi ty w'as first 

detected in the fermentation broth of a culture of 

strePtç:y~es,"griSeo~uteus with the human tumor-egg host 

system using human adenbcarcinoma #1 in~the ernbryonated 

egg. This sy~tem was used. to guide t~e isolation pr~cedur~. 
" 

The&lyophil~zed broth was first extrac~ed with absolute 

ethanol and th~ ethanol solution evaporated tq dryness . 
1", 1 

J 
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The residue after evaporation was disso1ved in water and 

extracted at pH 7.0 with butanol. Concentration of the 

butanol extract gave a cry~talline material which was 
IJ 

récrystal~ized from methanol. This crystalline compound 

had a-400-fold greâtér activity in the test system than 

the lyophilized broth. When the structure was eluc~~ated, 

i r was pres~med that the ,biological action" of This new 

compound would be similar to ,that of the nitrogen mustards. 21 

The mode of ac~ion of 3,6-bis(5-~h1oro-2-piperidyl)~ 
1 ) 

2,S-piperazi~edione has been investigated by in vitr~ 

studies. / Reaction "with 4-{p-nitrobenzyl)pyridine has been 

used as a test for al~ylati~g activity.22 The alkylating 

agent ~orms the pyridinium salt which, in an alkali~e medium, 

loses 

Both 

were 

Bath 

a proton to forro a blue colored compound.' 

.~. ~2 QŒ$ 
~ ... ~ 

-OH . 
RX CH2 ---:> CH CH2 ~ 

$. @.JI ~ c' , . 
. \ .. .... 

%' 

N R R 

compound and the bis-aziridine (2) prep?red from it 
r 

found23 ~ react ,âth 4':(~-tlitroben,~yl)pYridine. 

these comp0'èrds alsop reacted with diethylami~e •• 
;~" . 

-~.., ....... _-_-.. ............... -------

, 
,li 
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H 0 16 

CI~i-(}-CI 
Et2N~' , . H 0 H ',~ 

l Et2NH 
or ---:!> ONh 
~ H H . NEt2 

. \ ,ff1 , 

1 '" .,. 
In ce 11 culture s compound ~ was. found to inhibit DNA 

synthesis .and cell proliferation, but not RNA or protein 

". 24 25 
syn thes~s.' The bïs-aziridine 2 a1so inhibi ted DNA 

sYIilthesis, but its activity w~s lower. ,For the same , 

inhibi tory effect on ,DNA synthesis ten times as much bis~ 

aziridine was required as compound 1. This suggests that 

ei ther the chI oro-compound does not cyclize before alky,lation 

occurs or that i t also reacts in sorne oth.er way not open to 

the aziridine. In synchronous cell cultures compound l 
1 

caused chromosome aberrations in ,aIl c~lls in S phase and 

, . 25 ' 
42 % of cells in G2 phase. AlI these observations are 

indicative of a mechanism of action similar to that of the 

nitrogen mustard compounds'. 

In a study which correlated anti tumor activity and 

inhibition of aerobic respiration 17 it was shown that . , 
1 1 

c?mpound 1 inhibi ts 1 aerobic respirat~on in mi tochondrial 

preparations. 1'/>" rea1,ion causing" this inhibj.tion w:' 
not studied, however. ',In view of the findings,with the 

sesq.Ui terpene's' which were f9und to react with sulfhydryl 
" 

, l 
groups of enzy~es, 8 i t might be tempting to proposl a 

simi'lar reaction for compound 1. Opening o~ the piperidine 

ring wou1d gi ve·' a compound which could 

àddi tion. 
., 
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" 

17 
( 

Cl --~ CI~~CI, 
3 

This possib~li ty has not been studied, but 3 probably. 

woulà not be as reacti ve as the sesqui terpenes. The double 

bond in compound 3 would be less electrophilic than ei ther 
, \l -

an a.-methylene lactone or an Ct, 6-unsaturated cyclopen tenone. 

Also, it has been shown that substi t-ution on the exo cyclic 

carpon of a-methylene lactones decreases their anti tumor 

.-. 26 actl. Vl. ty . 

Animal studies showed, compound l to retard the growth, 

of Er1ich and Taper li ver as ci tes neoplasms and of Walker 

sarcoma 256 w~th sorne comp'lete remissrons seen. 27 It was 

also __ active aIgainst L12l0 mous~ leukeinia:, even those strairis 

~hich were resistant' ta cyc1ophosphamide or BCNU. 2 8 
• 

Clinical trials in humans have begun with SOrne encouraging 

, Th h b "h1uk' 2~)30 resJlvts. "e/greatest success as een Wl.t e em.J:as 

d Hodgkin' s disease. 31 Sorne respon~e has been seen wi th 
31 . ' \ 32 

n-Hodgkin t s lymphomas 'and metastatJ.c breast cancer. It 

has li effect in 'trials wi th mu1 tip}e myeloma~l ),3,3 

metas 
. . 34 

renal carcl.noma, or metastases of other solid 

tumors. 29,33 Generally hematopoetic tôxicity was the dose 
, , . 

limi ting factor wi th maximal effect 9n gran,ulocytes ·and 

l .30' 
platelets seen 2 f weeks after a dose. 

0' 
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The prornising resul tg of ~hese c'linicaI trials make 

3, 6-bis- CS", chloro-2-p~peridYl) -2 ,S-piperazinedionle an 

interesting target c for chemical synthesis. Also, _preparation 

of analogs. could aid in-the clarification of i ts mechanism of 
\, 

action. 
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CHAPTER IL 

METHGDS or PIPERIDINE SYNTHESIS 

\ .. f ...... -, . 
\ In considerin'g 3,6 -bis - (5 -chloro- 2 -;iperidYl) - 2 ,5-

,< 0 

piperazinedione from a synthe tic viewpoint the maj or features 

arE? the diketopiperazine ring and the piperidine ringt;;. 
'l'l ~ .. 

Dike,topiperazines, anh~dro-dimers ~f a.-amind acids, j have 

" 
been isolated from variaus natura1 sources, most common~y 

from cultures of yeast, lichens, and fungi. 35 ,Sorne of these 
1 

<> 

'are symmetrical, including rhodotorulic acid, cycloserine 
- ~ 

dimer, and cyclo-pl'\enyla1anyl-phenyalanyl; but most are more 

. complex unsymmetrical structures. (See Figure 5) The 

symmetrical diketopiperazin~s are most often synthesized by". 
1 

dimerization'/of the amine acid ester. This dimerization 
\ 

, l' l' 36 often occurs spontaneous y ~n so ut~on, 
1 1 

They can ,aIso be 
- 1 

prepared by heating the free amine acid in 
, 37 

ethyIene"" glycol. 
- 38 . . ~9 

S-naphthol, or phe!l0l. The unsymmetricai diketopipe'razines 
, . 

are usually synthesized from a dipeptide dt:ri vati ve. Unpro-, 
38 

tectéd dipeptidE?s can be cyclized by heating in B-naphthol 
\ 39 

or phenol, and dipeptide ester hydrochlorides cyclize on 

. h ,40,41 treatment Wlt ammonla. The latter method was used in 

"- the synthesis of a symmetrical diketopiperazine, rhod,otorulic 

'ct 42 aCl . 

• l.coupl.e 
. NH:2 2:HBr/MeOH 

1 
+ BzON(C H2)3CHCOOMe -> 

ls . 3. NH3 
\,-

\ 
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o ',1 H •. 

AN~N,? 1 

OH . O~N~~~ 
" H 0 

Rhodotorulic Acid 

Cyclo phenylalanyl­
phenylalanyl 

Echinulin 

a 
1 

, 

J 

N 1 H 

~
N-C3 

OH 
OH 

Gliotoxin 

20 

H H N0:XN:(O 2 l , 

, 'Û""" N ONH2 
H -

Cyclosèrine Dimer 

Albonoursin 

/ 

, 1 

Figure 5. , Nat~rally Occurring Dik'topiperazines 

J, 
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Since diketopiperazines, especia11y the synunetr~ic' com-

pounds, are usually synthesized from the component amino acids 

or!. derivatives thereof, the synthetic target becomes the 

amine acid. Th us , in the çase of 3,6-bis-(5-c,hloro-2: 

p~peridy1 )-2 ,5-piperazinedione, the obj~cti ve·\s (5-ch1,orp-

'2-piper~dyl)~lycine, and the piperidine ring becomes a major 

synthetic concern. 

Many methods of pipèridine ring formation are available 
1 

which can produce 'rings wi th various substi tution patterns. 

1 The method chosen, for this synthe:;lis will have to; give a 

2,5-disubstituted ring. 

o· Pypidine s 
, ! 

One of the commonest methods of piperidine ring syn thesis 

is the reduction of pyridines. This method haB been used in 
( 

the synthesis of several p.l.,peridine a1kaloi,ds, inc1uding 
1 _ , 

. . d' 43 : A 44-pl.nl l.ne and solenopsl.n- . 

Na 
--i> 
EtOH 

\ 

85% 

.. 

H/Ç~CH=CHCfiJ 
\ 

F'fnidlnè' 

/ 15'10 

Solenopsin·À 

.J 

\ 

" 

1 
1 
.) 

i 

J,.: 
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These alkaloids are 2 ,6-disubsti tuted piperidines and the 

cis isomers' (diequatorial) are more 'stable than t:1e trans 

isomers (axial-equatorial) sa reduction of pyridiries tends, , 

to give the cis isomers. This, method was less successful 

with'trisubstituted comp6unds such as carpamic acid,45- with 

three asymmetric centers. 

Piperidines which are 2 ,5-disubsti tute'd are more 

stable as the trans isomers than as the cis isomers. 

Reduction of 2,5-disubstituted pyridines generally gives 

a mixture of the 'cis and trans piperidines with the ratio 
, 

of isomers dependent upon the me/thod of reduction. For 
1 • 

" . 
example, catalytic hydrogenation of 2, 5-dimethyl pyridine 

1 
using 'Raney nickel gives a cis to trans ratio of 27:73.

46 
, ::; 

In an attempted synthesis of 3 ,6 .... bis (5-chloro:"2-piperidyl)-;­
) 

2 ,S-piperazinedione the amino acid C5-chloro-2-pyridyl)-

glycine was prepared as in scheme 1. 47 

,Hog 
Renal 

Cé-­

Acylase 

l, 

CI"rF)) _ 
l....Ç~OOH 

NHAc 

, 

H2NIÙl' , 
~~COOEt)2 

NHAc 

\ Ji-amYIONO 
CCI' ,4 

,1.NClOH CtW' \ 
.<- COOEt) 

"2. Hel 2 
NHAc 

Scheme 1. Synthesis of" C5-chloro-2-pyridyl) glycine 

.' 
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This pyri dine deri vati ve', proved not to be a use fuI interme,,:,! . 
l , 

diate sinee' aIl attempts at reduction of the pyridine ring 
" ! 

also cqused hydrogenolysis of the 5-chloro substituent. 

Pact~rl~~'pyridines have also been,used in the 
:'1i' -------- , t '\,~/'~~thesis of substi tuted pipeI;'idines, mostly by addition 
l~.? ____ \ 
.. 7, ________ ----

_~-- reaetions. A natural!y occurring piperidine, 5-hydroxy 
, l 

o 
.' 

pipecolic acid, has been syn thesized by hydroboration of a 

4,5-dehydropipecolic acid derivative. 48 
OH 
1 

~OOM. 
1.82H6 
~ 

2.H202- K2C03 
3.-0H 

HO-'(l. 
, \l~~OOH • ci (31 

8 COOH i 
28% 4: H2/Pd-C 

H 
,72°/. 

In this reaction the natural, and more stablé, tr,ans ,l.somer 

of the 2,S-disubstituted compound was the major product. This 

was not'the cas~ with other 4,5-dehydropiperidines, 

however. 49 

ÇlR 
Me 

HO~ 

~e 

(4 ) 

Hydroboration of l-methyl-2-alkyl~4,5-dehydropiperidines gave 

no trans-2 ,S-disubstituted product -and only a small amount of 
, \. ' 

the cis, disubsti tuted product. 

2-Piperidylmethyl'k~tones have been synthesized by the 

reaction of 'i,21dehYdropyridines and the complex of,magnesium 

methyl carbonate with a 50 methyl ketone., 

~O 
o 

f 

\. 

" ',.,.. __ ".,F'Ii'" Tl'" .ICI 

(5 ) 

J 

l 
~ 

t 

1 
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, 1 

Cyclization at Ni trogen 

Trie reactions discussed above have involved modifica~ 
tions of previously formed ring systems. Piperidines can 
\ 
also be formed from a'cyclic precursors. Perhaps the simplest 

.~ 

reaction of this' type is th~ cyclization 'of 5-haloamines, 

which'occurs spontaneously on neutralization of the acid 

salt of the amine. This cyclization was used in a synthesis 

of the alkaloid,coniine from lysine,51 

COOH 
i 

H2N-y-H . 
(CH2)4 

1 
NH2 

ÇOOH 

c1-é-H 0. (6) 
N . H 
H Ç~2 

C~2CH3 

S (+)Coniiné 

Similar cycli zations p're, the reacti~ns of l, 5-dihal,ides with 
1 \ .. "'i 

ammonia or amines and treatment of 5-nYdrOXyrmin.es wi th .HBr.~52 

Grignard reagents react wi th ô-chlorovaleroni trile to give .!' 

2" 3-dehydropiperidines .53 

( 7) 

'1 1 
The Hofmann-Loffler reaction, the cyclization of an N-' , 

haloamine, forms piperidines in small amountls, but the major 

product is a pyrrolidine. 54 This reactiort has been used in 

\ 
\ 

, 
j 
'! 

~ 
l 
î 
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. 55 56 the synthesis of pyrrolidine' alkalOl.ds. ' 1 The reaction 

involves an intramolecular radical chlorination which 

general~y occurs at the 5-carbon. 

(8 ) 

When the hydrogen aDstraction occurs intermolecularly, the . / , \ 
\ 

/. . 
chlorination -occurs predominantly at the pos~t~on next to 

,the end ~f the alk~l chain,57 so piperidines are formed 

from ~-hexy~amines.58 

(9 ) 

A nwnber of piperidine alkaloids have been synthesize'd 

using another reaction of cyclization at the nitrogen. The 
, 

reçuctive cyclization of a ô-nitroketone was part of the 

. f d h ct' 59 . 1. d 60 d preparat~on 0 pseu o-con y r~ne, carpa~c ac~, an 

! •• • d '61 
ax~~c ac~ .' The ~ethod is general for the preparation 

of 3-hydroxypiperidines substïtuted at the 2 an~/or 6 

posi tl.ons': 

HO,.~ 

R,..J....NJ...R H 

+ 
HO~ 

R'ANAR 
H 

(10) 

The product always has the 2 and 6 substituents cis, bùt the 
l 

~-hydroxyl may be exclusively cis, ~xclusively tranp, or a 

mixture may be form,ed, depending upon the particular 
, 1 

, 

Î 

\ 



• 

() 

26 

" 

s ubsti tuents. Th~ reaction ,gave pseudoconhydrine with the 
" . 59 

natur:~ g~ometry excLusivel'y. 

7 HO-_('j' , 
~ l..~A . Pseudoconhydrin,e 

~ ,CH2CH2CH3 

socarpamic 

\ HeI·
Û 

. 
H3\ ~/~ H2)7C~OH 

-",' . " 
Carpamic Acid , 1 2 3-iso Carpamic ACld 

Azimic aci'd' was formed as, a mixture wi th 5 '-epi-azirnic ,acid. 61 

1 

HO"Tl 

H iA~AcCH2)~COOH 
35% S'-epi Azimic Acid 

In other comp.ounds cyclized in this manner, (Equation 10), 

where R was benzyl, R' =H gave mostly; ci,s hydroxyl, R' =methyl 

gave a mixture \of cis and ~~ans hydroxyl, kd 'R 1 =ethyl gave 

exclusi vely cis hydroxy1. ~n R was methyl, R' =rnethyl 

gave 1l10Stly: cis hydroxyl and R' ;;ethyl or n-propyl gave 

1 . l . 63 e xc us ~ ve y Cl S • \ 

J 

In a recent synthesis of solenopsih-A, a constiuent of 

fire an t venom, 44 'the piperidine ring was formed by an intra-
, , 

molecular aminomercuration of a double bond. 64 
1 

, ) 

H3~i9H2)9 
CH3 

Solenopsin -A 

11-/. 

+ D (11) 
H{ N (CH2)9 . 

HI., 
. CH~. 

" iso Solenopsin-A 
, 1 

43'/. 
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" 
The unnatural trans isomer was the major product, but sorne '\f the natural cis isomer was also torrned. 

\ ~ An as-ymmetric synthesis of the alkaloids 'seJamine and-
\\ . 

'allosed~ne was" recently reported6S in which an optically 

active pi~eridine derivativè was formed by an intramolecular~ 

Michael addition of an amide ion to an a,i3-unsaturated ester. 

l'~ KOtSu 
-> O~ H"'I 

1 OQM{) 
o r)--H. --;> -> ~7~H2COOMe' , 
Ph-~ C"-Me 

+ 
(12) 

CHOH 
,~ cÀ

H
: Ph 

H2 

/ 

Ph---C"-M~ 

~ \ 
1 Sedamine 
H 

AH osedami ne 

The lactam was hydrolyzed in removing the chiral directing 

group, but "la,s easily re-formed. This synthesis illustrates 

that ô-lactams can be precursors of piperidines. 
, 

1 

A synthesis of S-1~methy!-3-hydroxypipe~idine starting 

from arginine used lactam formation as the ring clos ure 

. 66 reactl0n. 
H v' 

O NH21.NOCI 
, --3> 

1 H OOH 2.Hil 
Ç=::N H 3. Ba(OH1 
NH 2 2 1 ,/*r 

H 

ct'OH 
-;:..~ 

NO' 
, H 

H 

d ,OH 

N '(13) 
- 1 • 
Me 

A lactam was a~so an intermediate in a synthesis of 

trans-2..:methyl-'S-hydroxypiperidine. 67 

.\ 

<~~ 
OH 9H 

~ .c;: LiAlH4 Q~ ~ --;> (14 ) 
NH2 '. r 

H3 r- ,H3_ CH3 

, 
JI 'llm"('Q(i~:W,' 11 if Ali III lIlfiiii 1'.,'11 • r-":flIJnJQlUf7m;'è'FiP~~~~.JfJ4~.&';Mv::r.)r' ... ~~ ~ ~.'l\.!1 .... 1 ~ t... 
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A lactarn was used in a recent synthesis of dihydro­

pinidipe to allow introduction of the n-propyl group by 
• cf 

68 N-acyl lactam rearrangêment. 

Lactam formation also occu'rs when \y-cyanoesters are 

catalytically.reduced. 69 

('(COOEt 1i2/~ 

CN COOEt 

Cycli zation at Carbon 

~ 

1 c:r:OOE
! (16) 

H 

/ . AlI the cyclizations disG:ussed above involve formation 

of a. carbon-ni t,rogen bond, but piperidines can also be 

formed by ring clos ure between \two 'carbon atoms of a 

secondary or tertiary amir\.e. The Dieckmann condensation 

was used in a stereospeci~ic syn:thesis of trans-S-

h d ' l' . d 70 Y roxyp~peco ~c ac~. '" 

Pr CODEt , COOEt 
~œ~, . -base On' . + 

~COOEt ~toocA~~OOEt 
~ (17) 

o~ l.aq HCI HO·.Oc 
N OOEt 2.Nc8H4 N OOH 
COPh H CO Ph COPh 

A similar condensation used cyano rather than e~t~r 

71 
group~ .... 

NH 

~)~~[ c(N] 
, . 

(16) 
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Transformation of Other Rings 

Piperidines can also be formed by transformation of 

other ring systems. Cyclopentanonel-can be transforntèd by 
1\ 

~ either 'the Beckman rearrangement or the Schmidt reaction 
l , 

to a lactam which can then bè reduced to the piperidine. 

(19) 

H 

Ct 
The catalytic hydrogenation of a ~xture of furfural and a 

primary amine gives a 3-hydroxypiperidine. 72 

,crOH 

,. N 1 
1 
R 

(20) 

Hydroxy:piperidines can aIse be 'formed by catalytic 1 

73 hydrogenation of a,y-lactone with y-azidomethyl group. 

(211 H0'Ç) 
H 

H0'Ç\ 
H 

Terti~ry cyclopen,tan'e azides when treated wi th acid 

give a-substituted, piperideines which can be reduced to­

piperidines. This reaction was used to synthesize 

coniine and dihydropinidine. 
[ 

\' 

----... - -_._--.-

1 

\. -

• 0 
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( 22l 

In the primary"synthetic target of this work,' CS-chlora-
I 
1 

2-pJperidyl)glycine, carbon-2 of the piperidine ring is 8 to 

the carbo~lic acid. This means that an intram~lecular\ 
& Michael-type cyc1ization simi1ar to that used in the syn-, 

~ 

thesis of sedamine65 (Equation 12) should be applicable to 

this synthesis. The acyclic precu~sor then~ should be a 

2~heptenoic acid derivative ~hich has, or will allow the 

introduction of, the chlorine at C-6 and the amino group 

at C-7. 

-> 
CII1' ,1 

. ,~~COOH 

.l!. N~2 
~ 

If group B'is not an amino group then the substitution at 

C-7 and the Michael addi,tion could possibly occur' at the 

same time. 
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'l' 

The stereochemistry of the substi tuen"t:s on the piperi-

dine ring in compound 1:. i8 trans, but i t i8 not ne cessary 

that this geometry be introduced in the cyclization.. Even 

if, the cis compound i5 formed in the cyclization l''eaction, 

when the qhloI"~ne i5 introduced, isomerization to the trans 

compound can occur. When 1~ethyl-2-chloromethyl pyrI"o1idine 
, \ 

" hydrochloridé i5, neutra1ized wi,th base to form the freE! amine, 
1 

. '148 
~ t spontaneously rearranges, through a bicyclic aziridinium 

ion ,149 to l-ethyl- 3-chloropiperidine. 

~Ct 
NaOH [ 0] a CI 
--;;:.. --~ 

Et ·Hel ~. C\- ~ 
Et Et 

\ " 

This same sort of aziridiniumo ion' formation would allow 

isome1l,'ization of a cis-2~~ubsti tuted-5-chlorop~pet'i,dine to th~ 

corresponding tran8 compound. 

, 
o 

Ct~~, 
l..N,,(R 

H 

--3> 'r-> 
Clo,u 

N R 
H 

The Trans diequatorial isomer 'wou1d 1)e more stable than a 

\ cis axial-equatorial isomer. 

\\ 1 
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CHAPTER III 

SYNTHESIS' OF o.-SUBSTITUTED-o.,S-UNSATURATED ESTE~ 

The Michael reactiorr is the'addition of a nucleophile 

to an alkene bearing an electron withdrawing substituent (4)' 

~ 

j-zZ~ [H·] ~ >=<z z 
A- + ---3> ---3> t*~. 

(1) 
y A Y 

The group, Z mus't be able to stabilize the interlediate 
, 

l 

carbanion. Ct, S-unsaturated eS,ters are fairly good Michael 

acceptors, though not as good as Ct, S-unsaturated ketones or 
\ ~' 

nitro c?mpounds .. The o.,{3-unsaturated esterlchosen for this 

'synthesis" must have an o.-substituent (y) which can become 

the amino group\. of the final product, but vlhich will not 

interfere with the Michaefreaction. Thus, Y cannot be the 

amino group sinee this would deacti vaté the douil le bond to 

nucleophilic attack. (Enamines generally react wi th electro-

philes at' the S-carbon.) 
, . 

Possibili ties for' Y would be an 

iminè (-N=C) or an acylated amino group (-NHCOR), whiçh would 
\ ,\ ~ ..: (' 

be less likely to interfere with the Mi,chael reaction,; or a 

ni tro Q group, azido group, or a halogen, wh~ch woulld increase 
, \ 

~ , 
the susceptibi,l~ty of the doubl'e bond to nucleophilic ,attack. 

\The substituent at the S-posi~~on of the o.,6-unsaturated 

erter should :ontain the remaining fooy.r carb~ns needed 'fo'r 

tJ,h~ piperidine ring and smtable functionali,ty at ,the 6 and 
" \ 

7-P?gi tions as disèussed in t,he previous chapter. 

.. 
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• 'ct ,S-unsaturated-a-amino Acids 

First, m~thods of forming 

" l' It _ 
\. 

ct, B-uns aturated-ct-siJubs ti tuted 
, " 

,/ 
esters wi 11 be considered. Two me thods a:r;'e availab\-e for the 

, 
, dire ct syn thesis of ct, e"unsaturated-a-amin.o acid deri vati ves 

, 75 
,from carfonYl C~mpO~dS. _ The Erlenmeyer azl:ctone '-

~ynthesis, a variation of the Perkin reaction, is the 
\", \'" 

reaction of an aromat;Lc aldéhyde wi th hippuric acid in the 

presence of acetic ,~bydride and sodium acetate. 

AC20 
ArCHO + PhCONHCH2COOH :::;;> 

NaOAc 
( 2 ) 

The reaction probaoly involves formation of the azlactone 

before condensation wi tp the aldehyde. Facts supporting , 
l ' 

this react'ion path are that the Erlenmeyer reaction occurs , , 

under milder conditions than the Perkin reaction, and that 
,-

benzoyl-N-methyl glycine (whi ch cannot form" an azlactone) 

" çondenseq w;i th aldehycies ll)uch less readi,ly than hippuric 
, , "-

-----
acid. 

, , 
The original reaction gi ves gopd yields only wi th 

aromatic 
- 76 

a+deh9'des, but Robinson e'xtended, the reaction 
o - , 

" to aliphatic al<:lehydes and ketones by doing the ~eaction 
, t 

in refluxing tet,rahydrofurÇiIl ~d using ,,lead acetate i~stead 

\ of sodium acetate. l, 

-

, ' 

1 
1 

\ 
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In the presence of base isocyanoacetic esters condense 

with carbonyl compounds and then rearrange to form a.,S-

unsaturated-a(formylamino )-esters. 77 

SuLi 
EtOOCCHiNC --?> 

R1R2CO 

, /C90Et 
R,R2C=C ' ~-

l 'NHCHO 

~ Rl~ 
COOEt ' ~ 

R1R~::J 
eé. H 
1 

- , COOEt 

[ 

R ~2 OH • ~~c 0 t/ 
, ., Il 1 ~ t, e ,: l ' 
F~H<: I~/H 

COOEt COOEt 

(3 ) 

Both aromatic and aliphatic aldehydes and ketones gi ve this 
J 

reaction. 
.; 

Knoevenagel Condens ation 

The Knoevenagel condensation can form cx,S-unsaturated 
1 

esters from cond,ens ation of compounds of the type ZCH 2 COOR 

wi th aldehyde s . 

base 
~ 

. ~OOEt 
1 

RCH=C 
"z 

l' 

Ni troacetic esters have beenuséd in this reaction 78,79 to 

(4) 

form cx-n~ tro-a, S':'unsaturated esters. Whem ethyl ni troacet~te 
~ 

reacted with an aldehyoe in the presence of sodi um acetate, 

the product isolated was t~e S-hydroxy-a-ni tro ester. 78 
" 

The unsaturêfted rs'ter was formed ~y acetylation of the 

hydroxyl group, followecÎ by treatment with sodium carbonate. 

" 
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3S 
, 1 

\ NaOAc 100E~ 0 COOEt COOEt 
1 / 

RCHO .02NCH2COOEt ---;;. RyH yH ~ 
OH N02 

RC~ CH ~ RCH=C 
l" l'C "-OAc N0

2
Na2 0 3 N02 

The Ct, S-unsaturated ester was produced directly whe'n t;!he 

reaction was carried out in the presence of ti tanium 

w • 79 
tetrachloride and a ,tertiary amlne. 

RC HO. 02Ne H2COOEt 
Ti CI,> 

~ 

, COOEt 
/ 

RCH=C 
'NO 2 

(6 ) 

When the aldehyde has an, a-hydrogen, i ts aldol ondens ation 

is a possible side reaction. 
r 

Organophosphorus Reactions 

A more gen€ral method of forrning carbort-carbon double 

bonds from carbony,l cO,mpound~ is the'· Wi ttig reaction,.aD 

, 
C=O 

./' 

.. 

1 1 
~'HRC=C 

" 
• ( 7 ) 

The phos,phorus serves both to stabilize the carbanion which 

attacks t,he carbonyl compound and to remove 1 the oxygen. The 

reaction is compatible wi th many: functional groups i~ ei ther 

" the/ylid or the carbonyl compound. The sUbstituents, R 

and RI, on the' ylid . carbon may .be hydrogen) alkyl,. aryl , 

halogen, -COR, -CHa, -CN, -COOR, or -OR. The ylid may not 
J\ 

contain ~ a-nitro group ~ however, as these compo,unds 
, 1 81 

de compose . 

(5) 

.. 

\ 

I,r ' 
III .1~.~-:-_"T7lQ~ 1 z;;ç IF mgr _ l .•• 11 ... 1 .1' .....,.~$It.t •• '''~lllttitt'J:ri. ,,,,~ 
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-\ • Ph3P, /H 

CN~ ( 8) + aq NoOH C 
Ph3PCH2Nq2 -> ~+ ---3> Ph3PO .. 

arE> 0° 
O~ 'OQ 

fulminate 
Ion 

/ 
"-

Wh th . \ 1 . . hd' b' en ere 18 an.e ectron w1t raw~ng,su st1tuent on the 

'ylid 
1 

carbon, the ylid is less reacti ve . The yI id in this 

case may react only wi th aldehydes and not wi th ketones. A 

variation of· the t.Jittig reaction, the Horner-Emmons reaction, 

can overcome this -problem. This -re~ction uses a phosphonatej 

carbanion rather than the phosphonium ylid of the Wi ttig 
1 • 

reaction . 

. 1 
~ )::0 R base 

>=<R' 
e 

(EtO)2 ~ C HRR' ~ (EtO)2 P- CRR' ---3> + (~tO)2 !b02 (9) 
Il Il 
0 0 

A phosphonate carbanion wi th an electron wit~drawing group 

on the carbon if:> more -nucleophili.c than thr corr:esponding 

phosphonium ylid, and reacts readiIy with ketones1as wéIl 

as aIdehydes., 82 

1 

These reactions have been used to prepare a, B-unsaturated­

a-halo esters. /l'he a-halo phosphoniu,m ylids can be formed 

el ther by halogenation and dehydrohalogenation of the 0.­

carbalkoxy yli'd 8 3 or by reaction of two equi valents of 

triphenyl phosphine wÏJth a trihaloacetate. 84 

Ph3 P=C HCOOEt 

X2 Ph3P=CHCOOEt -> 
:_100 

2Ph3P + X 3CCQOR 
1 

/COOEt 
,Ph3P=C,- 1 

" 'Cl \ 

,oqNaOH ;-COOEt 
Ph3P=C" ---;;> 

,r. t. J f X 1 

-> Ph3P~CXCOO R + 

(10) 

1 

(11) X =CLBr 
1 1 

" 

" \, 

Ph3PX2 (2) 



, , 

• 

() 

/ 
( 

37 

These ylids are not very reactive because of the stabilizing 

effect of the ester and halogen substi tuents, and have only 

b d ! . hl . d h ,een reporte tO'react Wl.t aromatl.C al e yde's. The method 

of genera.ting the ylid shown in eq-uatiop (12 ) 1 is operati.onally 
( 

very simple, but has the disadvantage of consumin'g' two moles 

of aldehyde for each mole of the desired produet formed 
1 

'\ sinee the Ph 3PX2 also reacts .~ith carbonyl,compounds. 

RGH=cxco6R + RCHX2 '+ 2 Ph'PO 
1 

(13 ) 

The formation of a~halo-a,B-unsaturated esters from a 

wide variety of carbonyl ccmpounds ~s made possible by the 
,', 

, . 82 
use of the Homer-Emmons reactl.on. In this 1 case the 

phosphonoaeet~te is halogenated ~imilarly to the reaction 

in equation (10) before reaction wi.th the carbonyl eom}:>ound. 

1. Na H [ 0 Br J ' 
2.Br Il 1 
~ (EtO)2P-CCOOEt 

3.NaH El 

A variation of th~ 1 Homer-Emmons reaction which also 
1 ' 85 

forms a-chloro-a.~6-unsaturated esters was reeently reported. 

Instead of halogenation of a phosphonoacetate, this .,thod 

involves introàuction of the ester group into diethyl tri-
\ 

chloromethanephosphonate. , ~ 

CICP{OEt)2 
1.nBuLil 
-> 

2.CICOOEt 

o Cl 
Il 1 

(EtO)2PiCOOEt 

Cl 

l.nBuLi 
~ 

~ '2. RCHO 

, 

RCH=CCICOOEt 

• j'PI! .. T.""*,olIr;tJ:.'C rAI!'M'M.=_Ilt .. 'tR'.~~rmp ......... ~~;'~!"' ... ~<:.J;F"~~-I:;:...--,..y ..... ~ ..... ,. .... "-~ ............. _ .... ,,, .......... --~-~ "'~-

(15 ) 

(' 
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Diethyl trichloromethanephosphonate undergoes lithium~ 

cp~orine exchange wi~h n-butyllithium, then the lithio 

~o~pound reacts, with ethyl chloroformate. The a.,8-

dichlorophospnonoacetate is then treated with another 

equi valent of n-butylli thium followed by an aldehyde, 

\ 

gi ving the a.-chloro-a, S-unsaturated ester. This reaction 

can be done all in one pot by \peating ,the trichloromethane­

phosphonate with two equivalents of n-butyllithium at -100° 

~ollowed by ethyl chloroformate, the~ warming to -60 0 bef6r.e 

addition of the aldehyde. Both àliphatic and aromatic 
ri 

aldehydes and strongly electrophilic ketones Ce. g. cyclo::."' 

hex~ne) undergo this'peaction at -60°. 

Another synthesis of a-chlorovinyl esters/has been 

reporte d 86 which also in vol ves an organophos'phorus compoun d, 

- but differs fram th~ Wi ttig reaction and i ts variations in 

that no yli-d is formed. The first step is te reaction of 
/ 1 .. 

tris-dimethyramino phosphine with a trichlor cetate. 

• , e 
~Me2N)3P + Cl3CCOOR -> (MJe2~,)3_PCI • CI2CCOOR 

. J R'c~o 
(M~N)3P , 
<E- ,RCH-CCI2COOR 

(fo 

\ 
\ (16) 

The andno phosphine removes a posit~ve chlorine fon from the 
, 

trichloro ester, forming an anion which reacts' directly with 
-

the aldehyde. In the presence of a second equi valent of 
" 

amine phosphiné elimination oceurs to give the -a,~-

unsaturated-a-chlbro ester. When only 'one-,~qui val,ent of 

-, . 
l 
': 
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( 

amine phosphine is present, however, the alkoxiae ion 

cyclizes wi th 10ss ,~f chloride ta gi ve .'he Ct ,S-epoxy-a­

chloro ester. In order to minimize epoxide formation the 
1 

. aldehyde is mixed wi th twp e.q ui valents of tris-dimethylami,no "-

phosphine and .the trichloroester is added .:to the mixture. 

Even using thïs procedure, only aromatic aldehydes were 

reported to gi ve good yields of the vinyl estér. 
\ ' 'i 

Organosilicon Reactions 

Though-the olefination of carbonyl compounds by the 
G 

Wi ttig reaction and i ts variations is very' widely used, 
, \ ' 

organoPhoSPhOrU\ co mpouri ds ar,e not unique in forming alkenes 

from carbonyl compounds. A more recentIy developed method 
1 

,is the reaction of carbonyl compounds wi th a-silyl carbanions. 

In this reaction the silicon atom performs an analogous 
• 

function to the phosphoru$ atom in stabiliz'ing the carbanion 

and promoting elimination of the oxygen. , 
( 

"­C=O 
/ 

daS~R 
1 1 3 " / 

-C-c- -> C=C 
1 1 '/" 

(17) 

This method of alkene formation was first described by 

87 Peterson. . It has proven to be particularly use fuI "in the 

. . ~ Il' d 88 preparat10n of str~ned alkenes, such as a ene OX1 es, 

Icyclopropenes,89 and bridgehead 90 alkenes, and h,etero-
> 91 

substi tuted alk;enes. ' 

J 

---_._-_._----_ .. ' 

/1 

l, 
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The elimination of R3SiO- from the adduct to form the 

alkene .is usually spontaneous, but in sorne cases, particularly 

terminal alkenes, the B-hydroxysilane can be isolated. When 

the elimination is not sp~ntaneous, ft can be brought about 
- 1 

d 'th . d' b' d" 92 un er'e~ er ac~ ~c or as~c con ~t~ons or by treatment 

with thionyb chloride or acetyl chloride. 93 

In general a-silyl carbanions are more reactive t'oward, 

carbonyl compounds. than the corresponding ldhosphonium 
" 

ylids and gire 'fewer side reactions than the phos,phpnate 

carbanions. The silicon method has been us,ed t,o prepare 
1 

1 - \ - 94 
a, S-unsaturated esters from both aldehydes and! ketones. , 

1 

LiNR 2 
-.:;> Mé3siCHCOOR 

1 
Li-

)=0 
-> )=CHCOOR 

(18 ) 

The reactivity of ~-silyl carbanions and their success in 
> , 

~orming- hetero-substi tuted alkenes made this an attractive 
, 

method for the synthesis of an Cl, 6-uns aturated, ester wi th 

an a-ni trogen funètionali ty. , 

Alk l , f GI' D' l , y at~on 0 yc~ne erlvat~ves 

There have been a numbeÎ> of recent reports of the . 
preparation of~amino acids from Schiff base derivatives of 

! 
glycine esters. These reactions usually involve ithe alkyla..: 

tian of the anion of the glycine' derivative with alkyl 

i0dides or benzyl or allyl br~rnides. If the anion wer~ to 

react wi th trimethylsilyl chloride instead "of an alkyl 
{ 1 

halide the silyl glycine could then be used in the olefination 

\ 

1 1 

. 1 

,. --------------. ... _--- -_.--- ----' .. - --_._---_._--'\-.-. - ~~---
Il '1 
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\ 
reaction to give an ~,B-Unsaturated amlnO acid deriv~tiv~. 

Various glycine Sch~:ff bases have been descriied which have 

somewhat different reactivities. 

An asymmetric amine acid synthesis has been reported 

using the 8chiff base formed from (lS ,28 ,5S)-2-hydroxypinan-
, 95 

3-one and glycine t-butyl ester. 

OH ' 

GrNCHCbdsu 
\ 1 

R 
. Jacid . 

H2Ny HCOOtBu, 

Li" 
OH <:>,0 

2 LDA ~NCH::( RX 
~ lX) . 'OtBu ~ 

(19 ) 

R 
Monoa1ky1at~on occurred with severa1 a1kylating agents,\but 

d~alkyation did not occur ,even when an exces,s of alkylating 
\ , 

agent was used .. 

A report by Stork appeared short1y after this one, which 

described the mono- and dialkylation 
1 

derivative of glycine ethy1 e'ster. 96 

1.LDA ~ 
PhCH=NCH2COOEt -> PhC H=NC HCOOEt 

2.RX 

of the benzy1idene . 

R 
1 

PhC H=NCCt:)OEt 
RI 

~+/H20 

Dialkylation could be carried out in two steps using two 
i 1 

. (20) 

different alky1 ha:l~des. In addition to react~ng with alkyl 

halides the anion gave Michael addition wi th ~,S-unsaturated 

esters and ketones. 

1.LOA 
---;:. \ 

2.-?'f0 

PhC H=NC HCOOEt 

~ ,( 21 ) 

R 

.. _~~----



i 

" 

o 

Bey and Vevert reported the alkylation of the benzyli­

dene derivktive of amino acid methyl esters other than 
97 '..,. " 

glycine. The results were si~r te ,those reported by 

Stork f.or the glycine "â.erivatives? ~t there was no mention 
, '\t 

or, Michael additions. \, ' 

A more stable Schiff base of glycin~ ethyl ester from 

condensation with benzophenone was also'reported to undergo 

lk 1 ,\ 98 . a ,Y at~0n, 

, 

(22 ) 

In this case anly monoalkylation occurred. In addition to 

alkylp.tion orthe anion UJl1.der the us ual anhydrous ,conditions 
• 

this alkylation could be carried out using phase transfer, 

catalysis at room temperature. 

/ 

Ph'2C= NT HCOOEt 

R 
(23) 

A preparation of amin6 acids ,similar to these methods 

is the alkylation of a formamidine.' deri vati ve of ~ ~no 
99 acid methyl ester. The amino acid derivatives were formed 

by refluxing the freeamino acid with dimethyl formamide 

dimethyl acetal, forming the ester and amidate 'at the same 

time. 

l ' 

\ 
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1.LDA 
,yH2COOMe ~. RCHCOOMe 

N=CHNMe2 2. RX 

RCHCOOH 
J 
NH2 

1 
N=CHNMe2 

tÂt/H20 
l, 

The alkyl,ation of th1ese compounds occurred j,ust as ,wi th the 

Schiff base deri vati ves. They also gave a Michael addi tiqn . - . 
, 

reac:tion similar ,to that reported by Stork" and reacted 

sluggishly wi th benzaldehyde. and not at aIl with ketones. 

The ease of the alkylation reaction with,benzylidene 
. . 

glycine ethyl ester made it seem a use fuI starting material 

for the silylation and olefination reactions which would 
\' ' 

produce an CL, B-unsaturated amino acid deri vati ve. Wi th ' 

this as a starting point, then, a possible ~cheme for the 

synthesis of CS-chloro-2-piperidyl) glycine was o~tlined. 

1.LDA 
PhCH=NCH2COOEt ~ PhCH=Ny HCOOEt 

. 2 .M~SiCI SiMe3 

HO ': 
Yl COOEt 
'!'!"Y . 

H NH2 ) , 

'. 

HO~COOEt SOC~ 
N t 
t~oe H BOe 

CI~ COOEt N . 
, ~oc HtBOC 

Schenie 2 

~o 
-> 

• 1 

, , 

~OOEt -
N=CHPh 

JmCPBA i 

1 
1 
;i 
f 
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4-Perrtenal 
/ 

The cat'bonyl compound chosen for the olefinat"ion-, 

,.reaetion was 4-pentenal sinee i ts terminal double bond would 

provide a handle for introduction of the chlorine and for­

mation of the piperidine ring. A seerningly straightforward 

means of preparing ~is aldehyde was the oxidation. of 4-

penten-l-ol. 

~OH 
, [0] 
-:;> ~o (2S) 

100 The oxidation oecurr ..J.) smoothly wi th Collins reagent 

(Cr0
3
-pyridine eomplex in methylene chJ\oride) indicated by 

. ' . 
the appearanee of a s:lgnal at ë 9. 7 in the nmr of the lPeaction 

, , 

mixture. However, isolation of the volatile aldehyde from 
1 

the larg'e amount of solvent needed in this reaction proveèl 

very difficul t. 
-

The use pf .polymer supported reagents .in many reaetions 
l ' 1 

has made work-up iind isolation of the product mu,eh easier 

than wi th one-phase reactions. A polymer s upported chromic . \ 

101 acid reagent has been reporte.d to oxidize alcohols ta 

ë\'-ldehydes and ketones. The reagent is formed by treatment 
l , \ 

o't an anion exchange resin wi th an aqueous solution of 
\ 

'chromium t:riôxide.- Th~~hol is then stirred with a sl.urry 

of the re~in in an appropriate s'olvent at r~flux. He~ane, 
, . 

benzene, chloroform, and tetrahydrofut'an were reported to 

be suitable solvents. 
\1 

,1 
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When 4-penten-l-ol was l stirred with thé Cr0
3
-resin in 

refluxing hexane, the ox~dation was complete after three 

hours (GLC showed d:i,sappearance of starting material and 
,. 

nmr showed a singlet at 69.1). The resin was fil tered off and 

the hexane solution was car~fully di,stiIled. NMR of the 

distillate showed that the aldehyde- had beeI11- carrieq over 

with the hexan·e (peak a:: 69.1). When ,the oxidation was , 

repeated i-n ether, the reaction was not compl[ete after 48 

hours and the resin bE7ads had broken up. Th~ use of trig1yrne 
e> 

as solvent with heating .at 80° also gave a very slow reaction. 

The 4-pentenal was, fi,nally, prepared by' the thermal 

Cl . 0 f l l . l h '102 a~sen rearrangement 0 a ly nny et er. Allyl vinyl 

ether was prepared by mercuric acetate' catalyzed viny1 

. ' , 103 
transetherificati n-butyl vlnyl ether and allyl alcohol. . -

Hg(OAc)2 . L>-.. /Oo~ + nBuOH ('26) 
-O~ ~ 3> '7""" :;or 

1 

The allyl vinyl ether ~O) was cont,inuously distilled 

out of the reaction mixture. 
/ 

The allyl vinyl ether was then heated ln l-methyl 
-" 

naphthalene and rearranged ta 4-pen tenal by a 3, 3-sigmatropic 
1 

shift proces s. 

\ ' (27) 

4.\ 
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The n\mr of the product showed the presen~e of th,e aldehy~e 
~ ,,' 

Ca one-proton triplet at 59".7) and the terminal double bond 
, 

Ca 1 one-proton multiplet ·at ô5. 8 and a two-proton multiplet at 

ô5.1), and the IR showed a strcmg carbonyl abso:g>tion at 

-1 0 ~ -l 
1720 cm and a weak C::: CYabsorption at 1640 cm . 

Silylation 'of Gly?ine Derivati1ves 

H'aving prepared the aldehyde needed for the olefination 

reaction, the silyl glycine had to l;>e prepared. Glycine 

ethyl' ester' was condense\:i wi th benz\!ldehyde to form the '$ 

\.""'~ 
b l 'd d' t' 96 

1 enzy ~ ene er~va ~ve. 

. " 
EtOOCCH2NH2-HCI + PhCHO 

, "\" 
/ 

(28 ) 

The, benzylidene glycine ethyl ester was tre,ated wi th one 
1 • 

equivalent of lithium diisopropy1amide in tetrahydrofuran 

at ':'7~o and, after stirI'ing 1/2 hourI, one equicva-len,t of 

t'rimet~y1chlor'osilanf1 was added', 
• , l 

The IIlJ. xt ure was all owe d 
\ 

1 

to warm to room temperature before work-up wit~ saturated 
, 

ammonium chloride and\ether, Solven,t removal lead to 

recovery of the' starting 'benzylidene glycine ethyl ester. 
o 

The formation of the anion was confirmed by adding , 
. 

n-b'utyl: bromide to the benzy~idene glycine ethyl ester-
" . , 

litl:tium diisopropylamide mixture -at -78°. Work-up of this 

reaction gavè the alkylated pr?duct as indicated b;y ~he 

appearance in the'nrnr of a multiplet at Ôl .. 6-ô~:9 and 

disap~earance of the singlet of the \ glycine methylene 'group 
l, \ 

at ô4. 3. 

\ o 

" 

. . 

, , 
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(29) 

Since ~t seems urilikely that trimethy~ctlorosilane 

would not have reacted wi th the anion, i t must be that the 
1 :~ 

product, ,formed was, not stable to thr conditions used for ~ 
, 1 

wo~k-up. Carbon-trimethylsilyl bonds are' generally stable 
1:1 {,I 

to these conditions, but oxygen-trimethylsilyl bond's are 

no:(. The most likely product to have, been formed in this 

reaction, then, is the O-silylated product, a ket~ne acetal. 

/OSiMe3. 
PhCH=NCH:-COEt + Me3SiCt -> PhCH=NCH=C + CIG (30) 

~I ~Et 

° \ 

àn wark-up this product would be hydrolyzed back ta the 

o .starting material. That this ,ç;oncl usian is rêasonable may 

be see~ by comparison "with results in related systems. 

N,N-bisCtrimethylsilyl)g1ycine esters have been 

repor~eàl04 to be alkylated" at the' 'carbon by. t:,eatment wj, th 

bas>e' ~d an alkyl halide or an aldehyde. However, when the 

anion reacted wi th trimethylchliot'osilë!?e ,_ O-silylation 

took place. 

base 
(Me3Si)2NCH2COOEt -> 

,1 

RX 
.r> 

RCHg.-
a 

(J 

"C '.~,-~ _____ ~ __ :... 

/ 
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- Similar resul ts were report~d by Rathke Ç1Rd Sulli'van 'W 

1 1'05 1 
on the silylation of lithium ester enolates. Silylation 

of methyl or ethyl acet-ate gave predominantly O-silylation 

and ethyl esters of higher acids gave 'almost exclusively 
~ 

'O-sily\àtion. Tert-butyl esters gave bette!' yields.,of the 
~ , 1 

C-silylaiJed products. t-butylacetate gave essentially only 

C-silylation and t-butyl butanoate gave 60% C-silylatiqm. 

1.LDA 
-> 
2.Me3SiCI 

~iMe3 
RCHCOOR' 

<# /OSiMe3 
RCH=C (32) 

'OR' 

It appears, then, that 5 ubsti tution in the alcohol part of 

the ester Ce. g. RI ::t-butyl) favors C-silylation and substi-

tution at the -carbon (R;iH)' favors O-silylation. 
. , 

Since a t-butyl ester would be more likeù.y than an ethyl 

ester to give C-silylation, benzylidene glycin~ t-butyl ester 

Unfortunately, this es !;er did not gi vè q-silyla-, was pl'epared. 
1 

tion ei ther, even when hexamethylphosphoramide was used as a 

'cosol ven t; only the starting material was recovered. 

" 

1. LDA 

,""",*-> 

SiMe3 , 
PhCH=NCHCOOtSu 1 

6 

, '(33) 

,--' ___ .. ____ lIl_ ... ~ ......... "'~ .... ~~_'~..:_~~~~~------.--<~·L- -_:, 
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a, 13- uns aturated-ex-si 1yl Esters \ 
One result which contr'adicts the trend set by the others 

is Rathke 1 s r~p~rtlO~ that t-but l trimethylsilyl acetate 
/ , 

could be silylated on the carbon a second time, gi ving t-
, , 

buty1 bis Ctrimethylsilyl) acetati' 

of the C-~ilylated product and 3p:'% 

The reaction gave 70% 

of the O-silylated 
" 

product. 

1. LDA /OSiMe3 
Me3SiCH2COOtSu '-?' (Me3$J)2CHCOOtSu + Me3SiCH=C'ot

su 
(34 ) 

, 2. Me3SICI 1 

70 0A 30°/. 

Tert-butyI bis C trimethylsily1.} aceta te has been used ta' 

106 prepare a,l3-unsaturated-a-silyl est~rs . 

, " 
l.LDA 

(Me3Si)2CHCOOtsu" -' -,:> 
1// 2.RRCO 
/ 

(35 ) 

1 ! 
Virlyl silanes readily unQ,~.rgo ele,?trophilic substitution 

resul ting in replacement of the silyl group by the ele,ctro-
o 

phI le. 10 7 Halogens/ are among ,the electrophiles which re'adily 
1 

1 

disPlac~ a vi~Y'l silyl group)' sa an a, a-uns aturated-a-silyl 

ester shollld be readily converted te an ex, S-unsaturated-a­

halo ester. The a-halogen wo~id allbw i~troducti9n of the 
, , 

Cl-amino group of the target compound by nucle,ophilic substi-
1 • . 

tution later in the synthesis. 
" , 

. Tert-butyl bisCtrimethYlsilyl) acetate was prepared and 
1 

treated at -78 0 with lithium diisopr'opylamiq~, then 4-pentenal 
,,' 4tIl 

was added. The reaction was worked up and the product was 

" 1 

\ 
-----...,,.. ... ""'m ....... 7.rIlli1E,.,.._ .. il).,,..,. .. ~.fI_,IlIIIIIIIIIII_.nllllllr.l.nril1_iIIIlliIIllll_IIIlioIIIId.If~,r.' •••• ill"ipr.1 __ ' ...... n--IIIIIJII" ........ ------;'- ~ ":~ " ···..,~-:1~~-~_·_· 
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\ 
purified' .by distillation (b.p. 52°,0.05 mm). 

l.lDA 
~ 

/SiMe3 
CH2=CHCH2CH2CH=C. t (36) 

2.~o 5 'C008u 
1-

IR' of the product shows the es'ter (1700 cm- l ) 

carbon-carbon double bonds (1640'" cm -1 and 16 05 

and two 

-1 cm ). GLC . ' 
/ 
1 

and nmr show the presence of the9 two different geometrical 
\ 

isomers at the 2,3-double bond. In the nmr there are two 

triplets (67,,0 and ô6.1) for the ~iny1 proton at C-3 and 

-q;.;o singlets<eacll for th~ t-bui:yl (61.6 d.l}d 151:.55) and 

trimethylsilyl (ÔO. 2 ~d cS 0 ~ 3) groups. 
" . ! 

The product" then,. 
\ 

is an almos t 'eq ual mixture of E and Z t-butyl 2-trimethyl-

silyl-2,6 -heptadienoate. . 
/ '--, \ 

The electrophi1ic substitution of a vinyl silyl, group 
• 

by chtolrine or bromine occurs by addition of the ha10gen 

to the double bond, foliowed ~y desilicohalogenation. 

With alkenylsilanes 'the reaction with bromine occups with 

, 108-110 
inversion of stereochemistry at the double/bond, 

presumablY,due to an~-addition of bromine across the douple 

bond~ follo~ed bylanti-elimination of brgmosilane. The 
---- 1 > 

l ,· , b ...-.-::::::---rîo b" f h e l.lD.1.nat1.on step, may e~-e-uus , ut" 0 ten t e 

----- ' dihalo compo~d---ealf'be isolated, apd elimina'tion occurs 

. ,'. 1 l h' t' t '1 110 on st~rr1.ng ~n a po aI' 50 vent, suc as ace' on~ l'~ e 

o.f dimethYISU~foxid~, 111\or -by treatment wi th base la 8 or 

fluoride ion, 

./ r 

\ 
---~ ________ ._rr.;-=~..t::::"'~ _-..." .. ____ .. _, ___ .. _.~. ___ .. ~~"_. ___ .. 
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\ 

5iMe3 X 

>=< + X 2 ~, -j--fsiMe 3 -> .>i x 
(37 ) 

'. Il' 

When t~butyl 2-trimethylsilyl-2,6-heptadienoate was treated 

with chlorine, the tetrachloro adduct was formed\ Elimina­

tion occurred on treatment with tetraethylammonium' fluoride. 
., , 

. CI CI . \ CI . cpOtBu 
,.....SrMe3 Cl, HSiMe Et" NF , .1..-. .1' 
~ t --=;:>' cootSu ~ (" "Y \.CI (38) 

COO Bu CI CI 
1. CI 6 1 

The tetrachloro compound (6) was not purified, but nmr of 

the crude product of the chlobination showed the presence . . 
of the trimethylsilyl group (ôO.l, singlet) and the absence 

~ "\' 1 

of vinyl protons. After desilicohalogenation the trimethyl­

silyl peak in the nmr had disappeared, and' 'the triplets 

for the vinyl proton a t C-3 had reappeared at 66.9 and ô6. 3 i 
A three proton multiplet at 53.?, indicated the protons on 

C-6 and ,C-7 where chlorine hÇid also' added. The IR showed 

the presence of ~he ester (l~20 cm- l ) and one carbon-carbon 

double' bond (1615 cm-1 ). 
/' 1 

Il This trichloro compbund 2. could, perhaps, react w~ th 

arnmQpiët or a pr:ima:ry amine, to gi ve both the piperidine ring ..... 

and the, a-amino group. 
l , 

\ 
Cl'Ç\; 

COOtSu 
Cl ' 

( 39) ~' 
'\ 

7 

.. 

, . 
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The reactiori of 'the tric1ti.oride 7 wi th anunonia was very 

sluggish, so benzylamine was used. \ A solution of 7 and ~wo 

equivaleqts of benzylamine in toluene was refluxed for 24 

hours, at which time glc showed no benzylarnine, but still 
1 • 

sorne 7 as weIl as a new peak. When an excessof benzyl-

amine was used, aIl the 2., reacted and\ the same pr,oduict peak 

appeafed in the glc. NMR of the product indicates the presence 

of three benzyl groups/ (a fifteen proton singlet at 67.3 and 

six proton broad singlet at ô 3. à), and no vinyl proton.· The 
• 

IR abs'orption for the carbon-carbon double' bond at 1615 crn- l 

had also disappeared. The product was not fully charac-

terized, but there are 

CI'Çyodeu 
7 Cl 

PhCH2NH2 
--~ 

In order to simplify the reaction 

" 

or 

terminal 9~uble bond of the vinylsilane i was epoxidized 

befor\ halogenation, as had been planned in the original 

synthetic plan (Scheme 2). 

t 1 

~COO Su mCP8A 
:? l "'-SiMe3 .;> 

l 5 ' ,,-

\ 
1 

~ _ jCootsu: + 

V~~iMe3 

8 9 

(40) 

a ; 
J 

1 
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The reaction of compound ~ with meta-chloroperbenzoid acid 

gave mostly the desired terminal epoxide. The nmr signaIs 

at ô5.8 and ô5.0 in 5 were not present in the spectrum of 

!' and the absorPti~~ at 1605 cm- l did not appear in the IR. 

A small amount of the diepoxide J!. was a,lso formed.· It 

showed no vinyl protons in the nrnr and no carbon-carbon 

double bonds ln the IR, the carbonyl. absorption 'shifted to ,1 

-1 1750 cm . 

\ The epoxide ! w,as then brominated wi th the expectation 

that debromosii;lation would gi ve the a-brdmo-~ ,f3-unsaturated 

ester. The dibromo adduct was obtained easily, but ~nt 

'with eith~r' tetraethylammonium fluoride or cesium fI uori de " 

led ta ~oss of the trïmethylsilyl group, but not regeneration 

9,f the !double bond. 
, t 

Br. COO Bu ' , COOtSu 
~ ~SiMe3 Et~Nt ~r 

Br :?"t
Sr 

{42}' 
----~, -----~ ----or-CsF'------~------- ~-T- - -, -~--y-'-,!---

10 Br 

The mIlr of the product showed no trimethylsilyl group and no 
. . -""\.1 

vinyl proton r IR showed the es,ter carbonyl (1750 cm ), but 

no capbon~carbon double bond an dl no'hydroxyl group. The 

highest peak in the mass spectrum was a clust~r at 300, 
, . 

302 and 3'04 indicating the presence of two ,bromine atoms . . 
Sin ce t-butyl.esters rarely ~ive a moleculav ion, but lose . , 
isobutylenelin a McLafferry rearrangement, it is assumed 

that the moleculat:' weight of the product is 355. This, would 

correspon'd to the trimethylsi\yl group' s being lost and a 

---___ - __ ._r--rm~--'-'_ .... T ........ J ... 'if("t""",t~ .......... """w..OOIOtfl!1 .... ·p .... lq..ulDlty .... 7# ... e~i<IO' _"'$1-' _._p' ..,..\.0.---- ~ - ~ -
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hydrogen added. The presence Rf the t-buty1 group'is evi-- , 

dent from the nmr; singlets at ~1.55 and ôl.S. In the mass 

spectrum there are peakf of equal intensity at ,mIe 207 and 

209, indicating ~he presence of one bromine. This fragment 

can resu1t from 10ss of isobutylene and -CH2Br'~ implying 

the presence of a bromomethyl group in the mo1ecule. 
J 

Probab1y the normal 1066 of bromide ion occurred, but it then 

attacked the epoxide, opening the.rirtg. The oxygen gave a 
li 

Michael ad4i tion to the double -bond producing a tet'rahydro:-

furan structure (11). 

Bir ' e 
~ ___ yçootSu F-
v............ l ''SiMe3 ----;> 

Br 
10 

/ 

-> ~ B ~ n j:OOtBu 
, ~o/-( , (43) 
. 'Br li 1 

Although vinyl silanes have been reportedl08 ,110 to react 
1 

---' ·~nt!t-i--odiij.e--to-gi ve-the corre-sponding-vinyl-- fodicresw~th - r,er-~ 

tention of configuration, when compound 8 was treated with 

iodine, no reaction occurred. 
1 

The reaction lof vinyl silanes with cyanogen bromide in 
. .. 

the presence o~ alunanum t~ichloride has been reported110 to 

give substit~tion of bromine 

retention 9f config~ration. 

\ 

for the silyl 
" 1 \-

H, ..... Br 
C=C 

0 'C2HS 

group with 

,. 

1 . \ _" '. ~ __ • _"._" ___ P. ____ " _".sr .... 10 ob." ( ... r _________ jlt ...... " ... ;1lt_.....;.. .. _ .............. _~ _iIIoO ... '" __ '--:--

(44) 
1 

\ 
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,~en compolUld ~ was treated with cyanogen bromide and alumi­

num tr~chlor~de, the trimethy1si1y1 group was ry.ot disp1acèd, 

but the t-butyl ester was hydrolyzed. 

"{Sr 
~/'\..cootSu 

~rSiMe3 
'If" ~COOH 

12 

(45 ) 

In the nmr of the product the peaks for the t-butyl group 

were not sean, but, there was à peak at ôO.1 for the trimethy1-

si1yl group and a broad singlet at ô11.2 for the carboxy1ic 
" 'W 

acid proton. The carbonyl absorption in the IR had shifted . 

to' 1680 cm -1 . 
, 

et ,8-unsaturated-a-halo Ester!? / 

,Since the electrophilic substitution o~ the vinyl 

. ,J 

~ 
-~-&s 303::-' lraan-e--eii ct not-----e:-i-ve-the de 6 i red~, -s-atuz'ate d- et--tr-ai-o--e-ster-, -----'1 

• 1:> 1 ~ 

other methods for the formation of this system were tried. 

The two methods which used a trichloroes ter and a phosphine, 
, 1. / 

'ei~her triphenylphosphine or tris (dimethylamino)phosphine, in . 
j: reaction wi th an aldehyde wezfe appe~J:ing for their _simplici ty. 

The method 86 using tris(di~ethYlamino)PhOS~h~ne was 

tried firs t . Tq a mixture of 4-penitenal and tJjo eq ui va1en ts 

of tris (dimet'hylarrdn"o)f>ho~phine in tetrahydrofuran at ... 20 0 

was added .one equivalent of, t-but;d,. trichlolf'oacetate. 

-POllowing the reaction by glc showed disappear~cè 
ri. 

the ester and the' aldehyde. 'te pro~uct isolc;i.ted ~ 

was, not the desired ~-chloro-a,S-uns~turated ester. 

1 

of both 

however, 
, 

The 

• 

. ~-----'-"PI-""' ... l,.I.I!IIiIIIiIII.l._L.r , ....... Z ____ IIlIS.'lIiIt·IIlIiIIiIIl ______________ .......,=---:- .... " ... ",-~ ... .,.... .... ' .. '.~' 
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expected vinyl p'roton tripl~t did notJ\appear in the nmr and 

the IR indicated a hydroxyl group (3470 cm -1). 

\ CI 
~ ~ J<-COOtSu 
-9"" Y ~CI 

1] , OH 

(46J 

Apparently the intermediate alkoxide, ion was not deoxygenated 

despi te the presence of a second eq'uiva1ent of phosphi.ne, 
1 

nor did it cyclize to the epoxide. The structure of this 

product was 'deduced from;its nmr and IR spectra, but it was 
/ 

not fully characteri~ed. The terminal double ,bond appears 

in the ,IR at 1645 cm- l and the vinyl protons are seen in the 

nmr. 
r 

The ester carbonyl absorbs at 1750 cm-l . When the 

reacti0!l was repeat,ed at room tel!lperature and at -40 0
, the 

same product was obtained. 

8l+ The tripheny1phosphine method was also ap~1ied to 

~~----,I.j.--"",pen.tenal-.- 1 -Tc a ~olution of two equiva1ents each of 4-

pe~tenal and triphenylphosphine in methylene chloride or 

tetrahydrofuran was added one equIvaIent of either benzyl 

\ 

, l ' 

or t-butyl trichloz:-oabetate. Following the reaction by glc 

showed disappearance of the acetate. When no acetate 
Il 

remained, thle' reaction was worked up, but the only product 

recovered was benzyl or t-butYf ch1oroacetate. 

1 !III. .r Iln.na.llI. fi i fIl IlfT.lrmli '1[ IIFIl i lUI. 1 rAlil]'"Tf., n_ . 

(41) 

\ 

• 0 

• 1 

• 

1 
,j 
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Any a~dehyde present in the crude produ-ct" would have been 

lost when the soJvent was, evaporated. The most likely expla-
1 .. 

nation of these results is that the ylid formed pr~ferred 

proton exchange with the enolizable a~ehyde to nucleophilic 

attack on the 
1 

+ a/CI 
Ph P-C 

3 'COOR 

~O 

carbonyl. 
Cl 

• 1 
Ph 3P-CCOOR , 1 

H 

e 
~O + ~o 

Since these methods using organophosphorus reagents 

(48] 

were unsuccessful in forming the desired a,8-unsaturated-a-

chloro est,~r, the' possibili t~es of the. silicon olefination 

reaction were further considered. If an a-chloro-a-

trimethy1si1yl aceta~e were prepared its anion should react 

wi,th 4-pentenal to gi'Ze the desired cCDrnpound. Twô possibi-

1ities for preparing t-buty1 a-ch1orQ-a-trirnethy1si1y1 
, , 

ace~ate were the chlorination' of t-buty1 trimethytsi1y1 
, \ , 

acetate or the si1ylation 'of t-buty1 chloro~c"êtate. 

/Tert-butYl t r imethylsily1:ac7tate was' chlorinat~~d, in 

ab~t 60% yie1d, by reaction of its anion with hexachloro-
112 acetone. 

1 . 

CI 
1.LDA 

C H ~coo tsu -> 
2.Me3SiCI 

• 1 

Me3SiCHCQotsu 
14 (49) 

~-- -i' 
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Despi te the difficul ties encauntered in the si,lylat~an, 

of the glycine q.eri vati ves, the C-silylation of t-butyl 

chloroacetate was successfuI~ 

1.LDA 
-> 

2.Me3SiCI 

SiMe3 
ClCHCOOtSu 

11. 

1 

( 50) 

Distillation of the crude product gave a 50 % yi1e,ld of t­

but yI trimethylsilyl-a-chloroacetate, and recavery of 30% 

of the' t-butyl chlaroacetate. Thus, both C-silylatian and 
, \ 

O-silylation must have accurred, but, a reasonable yield 'of 
\ 

the C-silylated praduct was abtained and the t-butyl chlara-, 
1 

acetate recavered could be recycleq. This methad of pre-

paring compound 1:;!. was prefer:red since _i t req uired only 'one 

\ . 
the preparat~on step rather than the 'two steps involved in 

( , 0 
, , 

and chlorination of the silylacetate., 
9 , 

The alefipation reaction of t-butyl trimethylsilylchloro-

acétate was first i~1vestigated using benzaldehyde. The 

acetate was added ta a solution ,of li'thium, diisopropylamide . , 
in tetrahydrofuran at -78 0 , 'and, afte.r 1/2 hour, one equivalen1;: 

1 

of benzaldehyde was added. After the reac~i9n mixture warmed 

'ta room temperature, it was worked up (saturate~ ammoniu~ 
\ ,-1' 

chloride sOlution/pentane). NMR (Figur:e 6) of the crude 
\ 

product showed a singl,et at ôO.1 indicating that the elimin'a-
: . 

tion: ef the trimethylsilyl group w~s not compl~te, but 
\ 

singlets at Ô7. a and ô 7.7 indicated that sorne of the desired 

.. 

'J 



~-

1 

o 

". 
product had been ~ormed. The ·IR of the crude product 

showed the presE\n, e of an -OH group <3380 
-1 cm ), also 

>,.- -

cating that elimination was not complete. 

~iMe3 
CICHCOOtSu 

, 14 

1.lDA 
----3> 

2.PhCHO 

/Cl 
PhCH=C , + 

'COQtSu 
1S 

1 

OH Cl 
1 1 

PhC H-C C ootBu 
1 
SiMe] 

16 \ 

59 

indi-

'(61) 

94a 
Rathke reported a sirnilar resul t when the reaction be-

tween li thio-t~butyl trimethylsilyl,acetate and cyclohexanone 

wa,s quenched at -\78°. 

-> '- ( 52 ) 

The, hydroxysilane was formed by pr'otonation of the inter-
... '-i. ,j" 

me'<il..ate adduct, and the vinyl ester Dy elimination of Me
3
SiOLi. 

LiCHCOotSu 

1 
[ W] OH SiMe3 l, l OU SiM"3 

lit 
SI Me] 1 1 r PhCH-CC1COO Bu, 

+ ~t PhCH-yCI 12 (53) 
codSu \.......:. "..-CI 

PhCHO 9> PhCH=C , 
"cootSu 

!§' 
, , 

In the preparation of terminal alkenes from trime thyl-
rI ) 1 

silylmethyllithium and a carbonyl compound.. the elimination 

was not spontaneous and the S-hydroxysilane was isolated. 93 

Elimination in this cage could be,brought about by tre~tment 
\ 

of the adduct in situ wi th thionyl chloride or aèetyl 

chloride. It is assumed that thionyl chloride reacts wi th 

the adduct l fOl;'ming in termediate II, which then undergoes 

, elimination. 
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1 

.\/ -\ 
1 1 , 50CB. '~Si.M.J ." / -C-C- --»~ C=C + Me3Si osoel (54) 1 1 560\ 

/ ,. "-

(!> SiMe3 1 
\ CI 

1 II 
II' , 

The reà,ction between li thio-t-butyl. trimethylsily1-
'" 
chloroê!-cetate' and "benzaldehyde was / repeated, but after the 

mixture was stirred- at -78 0 for 1/2 hour, it was warmed tn 

0° and two equi valents of, thiony1 ch10ride were added ~ 
, , 

The reaction was maintained at 0° for 1/2 hour 'and at t'oom 
, 

'temperature for, one hour, then wopked up. ' NMR (Figure 7) 

of the ,crude product showed no trimethylsilyl peak. The 

produêt was purified Dy thin layer 

OU Cl 
1 1 

He-CSi Me3 1 1 
Ph COOtSu 

SO~~ , \\ 
PhC y(SS) 

14 

The nmr showed two different""'vinyl proton 
o ~ • 

Ô 7. a) and two different t-butyl. singlets 

/ 

and, 

and ~lc showed two peaks of almost equal size. This indica~es 

that ~oth the E and Z isotners were ,formed. 

'l\h~ chemical shift of an olefinic proton Carl be esti-

mated
ll3 

by the equation ô = 5.25 + Z + Z. + Ztrans ". gem _ c~s 
\\ " 

where the Z faètors are sh'ielding valuès 'for 'the substi tuents - ~ H___.. ~R. 
C=C c~s . Using this equation the vinyl protons 

R'---· ---. R 
. gem trarts , 

, \ 
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of compound 15,arecalculated to have chemical shifts of 

67.94 for ,1the r isorner and ô 7 ',36 for the" E isorner. Al though 

'. 
these values alfe not exactly t1'10se obsèrved i t may be assumed 

• 
th'at the lower f;i.eld signal is indeoed that of the Z isorner. 

r;; 
Measurement of the relati:ve amount'S of the isomers from 0 

the glc or nrnr gave a Z;E rat,io of 56%:44%. 

This olefination reaction was applied to a variety of 
/' 

aldehydes and ke"tones (Tab~e 1), most of which gave good yields 

of the Cl-chloro-a, s-unsatuÀted ester~ Most of the ..t!'eactiOlls 
Q , 

showed,little stereoselectivity,' giving' al,most equal amounts 

of tqe Z and E isolfters. The greater stereoselecti vi ty was 
, l 

seen Wl!th those carbonyl compounds in which one substituent 

was cons:iderably bulkier than the oth.e,r; t1)e Z alkene pre-
, ' . /":' 
dominated in the product. The predominanoce of the Z isomers 

is confirmed by nmr in the reactions w~th al<iehydes by the 

relati ve inten,si ties of the vinyl proton signaIs, but is 
, ' 
,/ , 

assumed fo~ the ketones on the basis of steric preference. 

'Wi th, the exception"1 o( t-butyl 2~chlo~o-3-phenylacrylate 

none of these compounds gave a mole culaI" ion in the mass 
1. + ~ 
,s'pectr~m, the highes~ roass iOI) being '[H - 56] from the 

. , 
Mc L'affe rt y neal'rangement of the t-butyl ester. The molecular 

o ~ 

'ions at mie 238 and 21+0 of t-butyl 2-chloro-3-phenyl-acl'ylat,e 

q,id appe~. 0 The base pe~ . lin 'aIl cases wa: ei thel' [M<) - 56]+' 

or mie '57. b 

fhe re~ction wi th 4-pentenal gave the' desi:red t-butyl 

'2-chloro:;,2,6-hePtadi~oate\ipf.49%. y'~eld. (b.p. 68-70 0 ,\ 

1, , 
1. 0 mm). 

1 
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TABLE I. Synthesis of a-chlorQ-a~S-unsaturated esters~ 

- ,Is61ated a Rat~g of 
Carbonyl Compound Prod~~t _ _~iel<.'l (\) isomerB (IlE) 

C6"SCHO C,"sC"",éCIC02-t-B,U' 55 ./' ,54 :46 

f 

,IR br and ir datad,e 

1.4 and 1.,6(8,9B), 7.1 
~nd ~.8(s,la), 7.3(s,5R), 
1720 

~--~------'-~ , 

OCHO OCH"CC1CO~ -t-Bu' 

)-cHO >-CH=CCIC02-t~BU 

~CHO ~CH=CClC02-t-BU 

0 '~CCIC~2-t-BU 

44 

25 

49 

44" 

s~u 

64.36 

66.:34 

1.6(.,9B), 1.3-1.8(b,11B), 
6.1 and 6.8(4,lH), 1715, 

"'-- 1725 

1.00 and 1.05(d,6R), 1.5 
(a,9H), 2.9C_,IH), 6.0 
and 6.7(d,lH), l720 f 1730 

1.6(8,9R'" 2.4(.,AH~, 5.1 
(m,2"), 5.8(.,lB), 6.3 
and 6.9(t,lB)1 1715. 1722 

1.5(8,9B), 1.6 (b,-6R1 , 2.5-
(~,4H), 1720 

o -(CClco2-t-8U. 
" 

17 82s11J 1.05(4,60), 1.5(8,9H),1.8 
(s,lB), 3.3(a,lB), 1715" 

01730 ' 

~ 

° Ph~ 

CCIC02-t-BU 55 
-1 

51:49 , 
1.0(a,3B), 1.S(.~9H),1.9 
and 2.1(s;38), 2.3(m,2H)" 

, 1715 

è 
1.5(a,9B), 1.8 ànd 1.95 

CCIco2-t;Bu 40 Jf 77123 (s, 3B) • < 3.8 (a,2H), ~.2 
(s,SR) J ,1715 ' 

Ph ' 

" 

./ 

Ca) 
Cb) 
(d) 

Isolatè'd,--yleld of, the pure product by distiflat~on or thin- Tayer-ciù'ômâtégr~ï1hy7--
Ratio of isomere estimated by GLC. " . - < • 1 

(e) 

lH nmr are reported in ô ppm in CC14 solution, IR spectra are repo~ted in cm~ 
as neat. -
The purity and molecular weight of each compound has been ascertained by Ge-MS. 

----l 

"-' 
F \0 

~ 
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\ 1.LDA 

"'2.~O 

Me3SiCHCOO~Bu > 
tl 3. SOCl2 

(56) 

14 

The nm;r indicated the presenc e of both isorners of the 

Il,S-unsaturated ester (triplets ,at 56.3 and 56.9). The, 

" terminal double bond gave signaIs at 55. 8 and 15 5.1 srd the 

t-butyl' es1;er appeared as a singlet at ô 1. 6. In the IR . 
there were carbony1 peaks at 1715 cm ~1 and 1722 cm- l and 

b 1 d al< 1 ' -1- 1 0 -1 ' JI carbon-car on doub e bon pe s at 630 cm and 64 cm , 

The base peak in the mass spectrum was mIe 57, and the highest 

rnass peak.was mIe 160 -with the chlorine isotope peaJe' ai 'mIe 
, 

162, this peak was loss rf isobutylene from t~e mo~ecular 
.\ 
l.on. 

The report' ot" the preparation of 'a, a-unsatu~atJd-ll-
, , 

chloroesters using dÏethyl trichloromethanephospho~ate 
\, . , . 

appeared after this work had been cornp1~ted. App1yin~ 
" l , 

this method to 4"pentenal gavE7 the rnethyl analogue of 

co~~ound 17,\methYl 2-chlo!o-2,6-heptadienoate • 

.0 . Ct 0 
~o ' Ct 

1 IL tnBuLi ,1 Il ~Coo~e Çl3CP(OEt)2 ~ MeOOC C-P( OEt)2 ; :> (51) 

2.MeO~CI li ' .l8 0 

~ 
As with the f?ilicon methoa,' both isoniers were formed _ as 

indicated by wo' peaks, of almost equal size ih the, 'glc and 
\ 
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/ 

two triplets' for the proton at C- 3, fn the nmr (ô6. 3 and 

66.9) .. ..Q:'his method 'offered no advantage over ~h~ ~~l~~r 

metho,d, and would no~ be aPI>licable to preparation of the 

,readi<J..y cleaved t-butyl ester sinee t-butyl ehlorofor~tQe 

is not sta~ie. ' 

The preparation of compound 17 provided a useful 
. \ 

1 interniediate for the synthe sis , however ~ i ts use wOlJld 

require the replacement ,of the chlorine by an amino group 

later in the synl:hesis'. A similar compound wi th a ni trog~n 
, 

funct~onali ty instead of the chlorine would pe:rhaps be a, 

more ~nvenient' interm~diate;' The preparation of t-butyl 
• • 1 • 

. aZldoacet~te, then', was lnvestlgated. First, t-butyl 
." . \ 

azidoacetate was prepared by the re~ction of t-putyl 

chloroacetate with .. so$lium azide. 11 1J. , 

acet-ol1e 

CICH2C6ot BU + NaN
3 

! 

! 1 > (58) 

Sily'lation: of t-butyl azidoacetate under the sarne condition's 

used for.t-D~ty~ chloroaceta~e was not successful. When 
, , 

the azidoacetate w~s added te the +ithium diisopropylamide ~ 
. . . 

solution, a dee,p purple color for-med/ whieh persisted' àfter 
/ 

1 

the addi tien of t'rirnethylchlorosilane. After work-up ;the 

'e;uh~ product l:loul~ not d:lstil1 and nIDr' showed only a; signal 

for the t-butyl group (151. 4) ~ , ,The ~ ~peetrum showed the 

az~dO ,group (2110 cm -1) and '1 estér ,group (1735 cm -1) to be 

present. 1 \ 

\ 
, , , , 

\ , 

;, 

,1 

• 
'~ 

'" , 
" 
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1. LDA SiMe3 Il> 

N 3CH2COOt.Bu 
1 (59 ) ... ~ N3CHCOOt Bu 

2. Me 3SiCl 

Since the anion appeared to be polymerizing despite the 

low temperature off the reaction mixture, the aziàoacetate 

and trimethylchlorosilane wére mixed together and the mixture 

added dropwise to the LDA s~l ution so the silylchlorl.de dould 

react wi th the aJCli9n' as soon as i t was formed. However, \ the 
" q 

same purple color appeared as before and none of the' desired, 

product was formed. The result was the same when the 

reaction was run -at -100 0 • 

The/two direct metho'ds of formation of! a,6-unsaturated­

a-am:i.no a-cid derivatives, the Erlenmeyer azlactone' synthesis 75,76 

and the reaction of a carbonyl compound wi th àn isocyano-
77 \ -

acetate, ' were also carried out with 4-pentenal. 

• 'Robertsor's modification
76 

of the E~lenmeyer azlactone 

synthesis was used. A mixture éf,hippur~ acid, 4-pentenàl, 

ace~ic anhydride, and leaa acetate reacted in refluxing 
--,. 

tetrahydrofuran. The disappearance of the aldehyde was 

'. moni tored by '~mr. 

~o 

\ 

~, AC20 
+ PhCNHCH2COOH . ---:> 

Pb(OAc)2 

-~. 19 

" 

1; 

(60) r 

-r 

.' i 
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1 The product, after chromatography on a silica gel column, 
,j 1 • 

1 

was a colorless oil and· gave one peak on glc. Only one 
1 

triplet (ô6.5) for the vinyl proton of the conjugated 

double bond appeared in the nmr. The IR spectrum showed the 

ca~bonyl at 1800 cm-l and the C=N at 167,0 tm- l . 

The azlactone.19 could be converted to the N-benzoyl 

ethyl es ter by sol vol'ysis in ethanol. 
" 

EtOH 
---a> 
Hel 

(6n 

19 20 

In following this reaction by glc the ,single prdtiuct lof the 

starting niaterial dis appeared and two new!.peaks 'appeared, . 

but, on further refl uxing, one of the new peaks decreased 
1 . " 

and the other ipcreased. The reaction was worked 4P when . \ 

glc showed only one peak. The'crude product was chromato­

graphed on si1ica gel and recrystallized from chloroforml 

'he~ane to give cOlorless·crys,tals, m.p. 99-100,°'. The nmr 

showed one triplet (ô6.7) for th~('vinyl proton of the a,8-
./ . 

unsaturated ester. The IR' indicated the N-H (33·10 cm-1 ) , 
/ 

ester carbonyl (1720 cm-l ), and ~de carbonyl (1650 cm- l ). 

The condensation of 4-pentenal wi th ethyl isocyano­

77 "-' . . t" d acetate was also ~nves ~gate . Fi~st, N-formyl gly~ine 

, 115 
ethyl ester was prepared fra,m ethyl glycinate and triethyl 

116 or-thoformate, then dehydrated wi th ,phosgene te gi ve ethyl_ 

isôcyanoacetate, b.p. ~3-55°, 2 mm. 

... 

, . 
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C12CO. 
HC1H2~CH2COOEt + HCCOEt)3 --~ EtOOCCH2NHCHO ~ 

_~t3N 

, .\ 

68 

EtOOCCH
2

N: C 

(62) 

Reaction of ethyl isocyartoacetate with buty11ithium and 4-
. 

pentenal gave, after.work-up with aqueous acetic acid/ether 
\ 

and chromatography, a co1orless oil. 

1. nBuLi HOAc 
C:NCH

2 
C~OE~ .. ~ 

2.~ 

21 

The product gave ·only one peak on glc, but nm!" showed the 

presence of both isomers in ~pproximately equal amounts. . { 

There were two triplets (ô7:0 and\ô6.~) for the vinyl 

proton of the a,8-unsaturated-ester and the e l h y1 group 

appeared as two over1~pping quartèts' '(:centered at ô4. 5 
, 

and 04.1) and two overlap'ping triplets (centered at 61. 3 
-1 . 

and 01:25). The IR spectrum showed the N-H (3300 cm ), 

1 -1 , ester carbonyl (1710 cm - '), and amide carbonyl (1685 cm ). 

1 

\ 

1 

j 
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CHAPTER IV , 1 \ 

SYNTHESIS OF B-AMINO ALCOHOLS AND FORMATION 

OF THE 'PIPERIIDINE RING 
l ' 

The synthesis of the cx75ubsti tuted-a,}-~saturated 
.,. 

esters .<compounFs 17, ,19, lQ." ~d g> provided intermediates' 

containing aIl the car\bon atoms of the taJ;'get compoWld, 8 
(5-chloro-2-piperid~1) glyci~e': \Th~ next consideration was 

\ 

'functionalization of t~,' terminal double bond to allow 
,./ . ~ \ 

introduction of the chloro 'substituent and formation of the , , 

piperidine ring. In view of the prob'lems em;!ountere.d wi th : 

the reaction of t-butyl 2',6, 7-trichloro-2-heptenoate 

(compound 7) wi th b~nzylamine, i t seemed that i t would be 

better to introdude the chlorine after the piperJdine ring 

ha\ been fo~ed., Since alcohols are readily converted. 'to 
, 

~ chlorides, method5 of forming 8-amino alcohols fro~ alkenes 
" 

were consid~r~d. 

a-amino Alcohols from Alkenes 
( 

A common synth~sis of a-amino i5 

the epoxidatiôn of th~ double bond followed by ring opening 

with ammonia or an·amine. ll? With unsymmetricai epoxides 

the amine attacks predominantly, sometimes exclusively, 

, at the lesJ suhsti tuted carb~n; tlvJ.~, te,rminal epoxides 

give the l-amdno-2-hydroxy compound. 
/ 

/ 

\ 
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" ~ OH ,/,g(-- RNH~ 1 

CHl~GtlR' RNH~H2CHR' 

Anhydrow.s ammonia react,s very po'or1y wi th epo~d'<les, but the 

presence of one equiva1ent of water great1y enhances the 

r~action.118 This sug~~sts that ~mmonia is not sufficient1y 

nucleophilic ,to open an unpratona~ed epoxide, but re'acts 

on1y after ·the e~oxide has~ been 
\ 

protonated (presumab1y 

by: ammonium ion) . 

OH + + ..... H 
'1\ A ~H~ A ~ 1 1 , 

H2NC- C-
, 1 1 

These reactions between epoxides and amines are genera11y 

carried out at e1evated temp~ratures and/or for long p~riods 

of time, 50 side reactions and decompositioIT are sometimes a 

problem. It has 119 . \ been ~ep~rted that the react10n occurs 

mu~ more readily in the presence of neutral alumina. In 

this procedure the amine is first adsorbed on the alumina as 

â slurry in ether, then-the epoxide is 'addect and the reaction 

occurs at th~ alumina surface. As in the uncata1yzed 

~eaction, attac~ on unsymmetrica1 epoxides is primari'ly at 

the less.substit~ted Icarbon. 
\ 

A less direct synthesis of' a-amino alcohols is' the 
9 '! 

reaction of epoxides witn sodium azide and subsequent 

treduction of t:tle azido a1cohoi,. usually by catalytic hydro­

genation or lithium aluminu~h;dride.120,121 
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( 

OH 
" 1 1 

NaN) ---3> -C-C-

~3 1 

Reduction, 
-> 

\ 
71 

OH 
1 1 

-C-C-
1 1 

NH2 

The regioselectivity is the same as in the reaction with 

,amines:, aZ~de a ttacks the 'le s s s ubs ti j:uted ~arbon ~ f , . 

unsymmetricat epoxides. This met~od, although it ~equires 
\ 

thè extra reduction step, offers the advantages that .. ~ 

sodium azide is easier to handle and more nucleophilîc than 

ammonia. The reaction has been carried out in refluxing 
- , 

aqueous dioxane 120 and at room'temperature under phase 

transfer conditions'using either tetrabutyl ammonium 

bromide or l8_Crown_6. 121 

Other methods for the oxyamination of alkenes 'do not 
1 1 

\, 

\ 

invo~ve intermediate epoxides. One method starts with the 

addition of iodine isocy~ate to a double bond;122 the 

iOdine, isoc~anate is generated in the presence of the àlkene 

from iodine and silver isocyanate. 

12 + AgNCO --3> INCO ~, 
Neo 

1 1 
-C-C':"" 

1 ~ 
J 

.:;:-
'Electron deficient ,alk~nes, such as a,a-unsatu/ated carbonyl 

compounds, do not r'7act wi th this' reagent. The reactio'n :is 
, 

regioselective with the iodine adding to the less substituted 
l' 1 Il " l ' , 

carbon of unsymmetrical alkenes. Thus 1, when I-hexene reacted 
1 1 1 r 

with iodine ~socyanate a ~xture of regioisomers was formed, 
1 

but l-iodo-2-'isocyari'ohexane wljlS the maj or product.· 

:î 
i 
! 

i 
1 
/" 
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" major minor 

1 

The f3-iodo is?cyanate can then' be trans formed into the 

.corresponding f3-hydroxy amine'. 

ROH 
~ 

, \ 

\ 
An a1kene can be activated te direct tunination by 

, 123 
formation of a pallidium rr-complex. After amination the 

\ 1 \ 

organopa11ad~um intermediate can be oxidized with 'lead 
• 1 124 

tetraacetate to a B-amino acetate. 

NRR' 
1 1 Pb(OAc), 

-C-C- -> 
lOAcNRR' 

1 1 
-C-C-

1 1 1 1 
-Pd- .' 

Regieselecti vi ty cif the re'action depends upon the amine 

used. With terminal a1kenes dimethylamine, methyl amine, 
1 

and ammonia 'add exclusively to C-2, diethyl, amine adds 
o 

.equa11y te C-l and C-2., and diisoprGpy1 amine ad,ds 

exc1usive1y 'to C-1., Th~ yie1ds with methyl amine and 
)' 

ammonia were significantly lower than with the dialkyl 

amines. 

\" 

~-~,---~--
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The !Ioxidation ofl alkenes to diols by osmium -tetroxide, 

used in eifher stoichiometric ~r catalytic amounts; is a 

weIl known reaction. In 1975 Sharpless reported125 that .. 
osmi um ,tetroxidEf would react wi th sorne, primary amines to gi ve 

imido derivatives, and that these osmium imido complounds 

react wi th alkenes to fOrnl' f3-amina" alcohols. 
\ 

o '-;. / Il \,=(", 

O=Os=NR /~ 
Il o 

NaHS03 or> 
LiAlHt. 

1 
-C-NHR 

1 
'-C-OH -

1 

The ,alkyl group of the amine had to be tertiary (t-butyl 

or t'-amyl), and the osmium~ rea~ent was used in a stpichiometric 

amount. The~ction ,with monosubstituted, gem-disubstituted, 
. . . 

and tri~ubsti tuted aU:enes was regiospecific wi t'h the ni tro-' 
,.,1'-

gen adding te the less substi tuted carbon. Sorne trisubsti-

tuted alkenes gave significant amounts of diol in" a<;ldi tion 

to th,e amino alcohol, and tetramethylethylene gave only diol. 
\ ' 

Cis and trans disubsti tuted alkenes gave < mixtures 'of 

regioisomers, the ratio dependent ùpon the alkene. If one 

carbon h,as an aryl substitu~nt th~ nitrogen tends to add \tq 
"<,) 

that carbon pr~dominant~y., 

1 " 

" 
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OH NHR NHR OH 
1 1 1 1 

CH3CH-CHPh + CH~H-GHPh. 

97 010 
, 

As wi th trisubsti tuted alkenes, these \ di s-J,lbsti tute~ alkenes 

also gi ve some diol, wi ~~ the cis alkeries having a $reater 
" 

tendency' to forro diol than the trans. alkenes. 

In 11976 a modification of th;is procedure was reported126 

+ 
wJ'tich used Chloramine-T (CH3-C6H4-S0

2
-N-SINa ) and a cata-

lytic amaunt of osmium tetroxide. l.t is assumed that the, 
, \ . 

reaction \involves a sulfonyl-imido----OSmiwn--intermedi,ate .which 

is regenerated under the -o,reaction" conditions. 

TsN~lNa+ -> 

o 
Il 

O=Os=NTs 
Il o 

)=( , r" H~Ts 9H 
-> -C-C­

l' 1 

This method has the advantages of using only â-' catalytic 

amount of osmium otetroxide and of introducing the ni trogen . . 
/.,/ 

bearing a/group which can b~/-subsequently removed: Mon 0-

substi ttited alkenes react quickly ~d give,O,pr7dominantly' 

the regioisomer wi th the ni trogen on the ~1es9 substi tuted 

c~bon.· Gem~bstÙ:~'~7(y~ikenes ;eact ~ore, Slowl'y, but 
. ,.,-/ ,1 " •• 

wi th similàr regiose-lé'cti vi tYD; cis' and traIÏs dis u~sti tuted 

alkenes are l~ss,regi~selective: ~isUb~tituted alkenes 
~, v 

react slowly, if at aIl, and gi ve Iowe!' yields. Nei t'hel' 
, 

tet:ramethylethylene nor dimethyl fuma!'ate reacts--with the 
1 

j 

reageIlt·. 
///. 

" 

, , 

1 
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An t, hO. t"'\, f th . t' t' 127 d o er var~a ~...n 0 e oxyanuna ~on reac ~on use 

N-chlorosodiocarbamates' instead of Chioramine-T, thus . . . 

"~L', 
allowingr• preparation" of eompounds with a' more easi1ly removed 

1 

,~roup ori the ,ni troge~. In this procedure the acti ve reage~t 
-

'in fOl'rning tne osmium compo'und is actually an N-chloro-,N-
1 

,a!'gentocarbamat~ which is' generated "'in 8itu by reactio~ ç'f 

the 'N-chlorosodiocarbamate wi th silyer ni tra'te. 

1 

o + AgN03 'G OS04 . Il 

[ 

-' 0 1 ] '-1 HO HNCodR 
r'\ 1 1 

ROOCN=Os=O 
o JI 

-:;> -'-C-C-
1 1 

ROOC N Cl Na -> " ROCC N CIAg" --?> 

o , 
~ 

This reagent gives bette!' regioselectivi ty wi th terminal 

,a:lkenes (ni trogen attack at the less psubsti tuted carbon) 

than do~s the Chloramine-T r~agent. -It reacts more :ffectively 

w;th tri~ubstituted alkenes. 
l " \ , . 

v 

" 

The regi?chemistry of the 8-amino alcohols formed by th~ , - ~ 

.metho<;is discussed shou11 be summarized with 7'espe,ct tO,terminal 

(monosubsti tuted) alkenes. The nitrogen adds to the 'less 

_ substi tùted carboJ in the nucleophi.1ic oPlening of epoxides, 
1 

whether by amiines or azide ion, anq in the bs~um j:etroXide 

_ ,mediated oxyaminations. The n~ trogen adds to the :more . \, 
, . ' 

·substi tuted carbon in the addition of iodine isp~yanat~o-
> ' 

alkenes. The regioselectivi ~y of thé addition o.f pmines to 

al~ene-palladium îomplexes' 'depenQs: ~,po~ the amine us~d. 

, 
" ' 
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The 'epoxide opening by ammonia or an amine appeared .rto' 

b1 the -simplest, most 3 method to use, and its use 

had peen planned when' th difficulties" wi th the âesilico-
", (~ 

'halogenation' reaction ed. The epoxidatJ.on of the 

terminal double ~ond of t-butyl 2-chloro-2, 6-heptadienoate 
l ' ' 

and subsequent react'ion w,~ th an amine could gi ve the 
l , 

piperidyl amino ester:' 

{I 
~ t ->, 

.. eDO,Su 
11 

~, 
~I 'V~I 

? 22 '-C ootSu 

Compound 17 was epoxidized wi'th m-chloropèrbenzoic acid 
1 

gi ving cle\a.nly the t:ermin'al epoxide wi th no reaction at thé 
o 

Ct, S-unsaturarted ester~ Th~ signals in ,the nrnr for the 
'1 ' 

vinyl protons of thé, terminal 'double 0 bond (ô 5.1 and -ô 5 .8) 

disappeared, but the other v~nyl prdtçn signaIs r~mained 

(ô6. 3 ~d ô6. 9) • / 

1 

When the epoxide g was Î'eacted \wi th b~nzYtamïne in .} 
1 • 

refluxing toluene, i complex mixtUre of products was obtained .. 

The result was essentially the sarne whether one equivalent,. 
l, - , " 

two equivalents, or i an exces~ of benzyl~ne ras us·ed, 
l' ,+" '. 

except tha~ wi th one equi valent sorne starting material re-

mained unrea'cted. There àre threej si te~ in the mol~cule 
e ~ • , , , • ' 

, ' 

which can :react w~th a nucIeophile,_ and in addition to 'the 
\ ' ' 

. benzylamine another 'nucleophile: is created wl1en the èpoxideo 

• • f 

.oISens. Several pr?ducts other than the one desired are 

possib+e, . 

'1 
• f 

',-, ... 

. , 'i". 
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or 

Aziridine Formation ' 0 J ' l' ~ 

, 
oThe complications in th~s reaction âid not invalidate 

the use of nucleophili~ 'opening of ~ epoxide by an amine for. 
" -

funcJionalizatiop of ,the terminal doub~e bond, but did calI 

for sorne change in strategy. The reâction might be s~mpli­

f:Led by reacting benzy'lamine wi th the diene" 17 and" then 
/ 

fo'rming the .e~oxide at the ter:ni,nal doubl~ bond. 
o ' , , 

rel ,2RNH2 (l 1 oQy" ~, 0 HOYi' 
~/\.COOt8u -"": ;~~"YCoot8U -:-"'" ~ 1 codeu --;,. , ,N codau 

17' H'k NHR ,Hk.NHR .R HR 

When the\ diene 17 was reacted wi,th benzylamine in re-

\ ' ,fluxing, toluene, the product formed had incorp,orat!=d only 
\ 
\ 

/ , , 

,one benzylamine group .. ' NMR of the cI'1fde p,I'oduct showed 
, , 

1 
peaks at &7.2 (s,SR) and ô4.6 ,(br.s.,2H) for the benzyl 

, " 

gI\OUP and' ô 1. 5 ,( s' ,\9R) for the t-butyl group; and' IR showed 
(J 0 ~ '\ ~ 

, , 
b " 

no N-H absorption. l,ThiS result was"obtained using either 

two .equivalents or an excess of b!!!nzylamine. The product was 
, , 

not fUlly characterized, but 'a searchl of the li terature made 

, it clear that the reaction was fonning an aziridine, and 
,. - , ~ f 

that it was unlikely that,this could be avoided. ·1 " 

'. 0/ 

r. 

\ 

, .. - 1 

. " 
... 

~~ L l t 

, ~;( -:.~~..., ~~-'J/' 
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Several groups 128-133 have s tudied the formation of, 
1 

aziridines by the reaction of primary" amines with ei ther 
~ 

a.,6-unsaturated-a-halo esters or et,6-dihalo esters. 

RCH=CXCOOR' 
or 

Re H-~ HCOOR' 
~ X 

+ R"NH2 ~ RCH-GHCOOR' 
\ / 

N 
R" 

, When equimolar a1nO~ts of amine and ester 'are, used, the 

, d t 132 . . ' fI' 1 f '. ~ d . pro uc ~s a m1xture a equa amounts 0 az~r~ ~ne ester 

and th~ Îtarting ~-halo-a,6-unsaturated es~~r. If two ot-
'-

'- more equi valents of amine are used the aziridine' is the sole 

·product. Thus ~ i t is .assumed that the reaction goes through 

an iritermediate aziridini~ lion. 

.' " 

RC'H-C H COOR' 
"/ { 

~N + R"NH+
3 
Xe . / 

- This is suppo~ted by thJ fact that if only one equivalent 

o,f primary amine reacts in the presence of triethY1?-mine, 

the result is the same as when two equivalents"of primary 

amine are us~d; no sta~ting material is recovered, 12 a 
'<, ., 
The tertiary amine takes the plalàe of a second mole of 

primary amine in converting the aziridinium ion, to the 
1 

free aziridine. 1 , . 
Th ' l b h . of : 1 . 12 9 1 t e. anoma' OUS· e aVlor an~ ~ne a 50 supp(;n:'1 s 

this 
• " . 1;' 1 1 

mechan±smi . Aniline :reaats wi th (lyB-unsatiIraif!d:"a-halo 
• ..,. 1 ~ _, ~ " <" (j 

l , 

esters'to give a,a-d~amino es~ers rath~~ than aziridines. 
\ 

\ 

,1 1: ~I ~, ~" 1 
't 1 

.r.' ! ,,'~ J, f ,- ~ 

.. ,~ .. .' ~t~~,~(_~;-" /,,' t~' 
,( 

-' 
; 

J \ 

)' \. ,~ 
, . , 

\ 
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, , 
2 o-NH2 + RCH=CXCOOR' -> 

RCH-CHCOOR" 
1 1 

HNPh NHPh 

The lo~er bacisity of aniline (pK 4.58) compared to other 

primary amines (p~ > 9) means that i t is not sufficiently 
" 

proton f\om the aziridinium lion, but basic to remove a 
\ 

nucleophile opening the aziridinium Ding. instead acts as a 

The use of ammonia or a'primary amine in this reaction 

will always gi ve an aziridin"e 'rat~e:r than a diamine, but 

az'iridines can be qpened to 'form diamines. However, unleqs 
! ' 

an activàting 'group is p,resent on the aziridine' nitrogen, , 
acid catalysis is required. 134 Activating substituents 

are 'those which can stabiliz~ the qeveioping negative charge 
, 

~n t~~ transition stat~ ,of ri~g opening. ~erefore, ~-acetyl 
1 l, 

aziridines and N,N-ethyleneurethanes react readily wi th 
. 135 

am~nes • \ 

--?>' CH2- CH2 

\ 
\ H r4'COR ~ HR' 

'\ 

,Aziridines with an ester, ketone, or cyano g~up on one 
, 

carbon and a phe~yl group on the other are cleaved to an 
\ 

. . . h' . h .. ' t\l 136 l.lllln,e and an anu.ne on eat~ng W~ t an anune:Ln e uene'. 
" 

These aziridi:nes are opened at th~ carhon-harbon bond on 

heat~hg at moderate temperatu~es. 

, ' , <J' ' . , 
~ 'f • 

i ' 
'".'/:: ~':,:; ;~"{'>:"",;- < ::, ,': "~"': , ,', 
'. -

, .' 

-. ~ '~:~~, :"i j ~ :,\ ..a F. ,:\,' 

, , 1'~ ,~ , 
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PhCH-CHY 
'NI 

1 
R 

D. 
-> <e:;-

.. 

el 
'PhCH C~Y 

~./ . 
'"N+ 

1 
R 

R'NH --;>2 
+~H2R' ca 

PhCH-N-CHY 
1 

80 

R. \ 

~ NHR' 
1 1 

Y ;COOR, COR, CN 

R'N=CHPh + 
<:;_ PhCH-~-èH2Y 

, { 

R 

, Without the ph~nyl group pI'eSieI}t this reaction does not 

occur: aziridines of the type çrY\ 
N 

do 
... 

not react wi th 
1 

r 

amines in refluxing toluene. R 

Aziridines other than these two particular cases 
f 134 

react with àmin~s 'on1y in the presence o~ proton or , 
, . 137 . ' 
LeW1S , ac~ds. 

y, R'NH [9] CH2-CH2 
\ 

---::;:>2 
-'--:> 1 1 

h H~ " H/ ~ NRR NHR' 
• 1 

\ 

This re action has not been reported with aziridinyl es ters, 
1 • 

but it is likely that, und~r the conditions necessary· for 
, -l, 

ring' ope~ing, the ester w~ld be converted to an amide. 
1 • • 

In at least one case, 128 d'uring the ,formation of an ' 

. aziridine 'from an a,e-dibromoester, sorne of the, ester 

was converted to the amide. 

BrC H21...C HCCOMe PhC~NH2 -> , r 
. Sr 

, " 

.' . 

\ 
This reaction would be expected to increase in the presence '1 

of an acid catalyst. 

\ 

1 
\ 1 

\ 
; " 

- , , 

, , 
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rt oid not seem likely that the diàmine 23 coul'd, be 

formed from the diene 17. 

/ 

The problem o~ aziridine 'formation could, perhaps, be 

avdideéI if epoxide g were opened' wi th ---a-z.ide ion. 

'~00a, 
OH . 

CI 
22 

~coolsu. 
H Cl 

: 

The epoxide \2,2 was treated wi th sodium azide in refluxing, "--, "\ 
aque"o~ dioxane" F01lôwing the reaction by glc showed the 

, 
l , ' 

two peaks ~of th~ 9tar'ting mat~ria1 disappear and one new 
i 

peak appear. The IR of' the product shows a peak for the 
\ 

-1 \ , azide at 2100 cm ,but the peak, for the 'carbon-carbon 
f : 1 

double bond- (at 1630 cm-1 in the epox~de) had disappeared ~nd 

the ~ster 9~I'bonyl' abso;ption '(at l7~ 0 ,cm ï l i~ 1 the epoxide)' 
-1 . , 

had moved to 1735 cm ' The nmr shows no viny1 protons. 
, 1 1 

The base peak in ~he chemiça1 icnization mass spectrum is 

at mie +63 with the chlcrine isctope peqk at 165, and the 
/ 1 

highest mass peak is at mie 2~8 ~d 250. If it is assùmed 

that the addition cr N 3':: , and H.~,hfts occurred in the reaction 
. 

,then the molecular w~ighi of the prod~ct would be 275. The~ 

peak: at mie 248"wou1'd result from/loss cf N2 , and the peak 

\1 at ~/e 163 from le5s ~f th~, ~':-b~ty:l group (57) an~ CH2~3' ~S6)' 

" "'1 

, '1 
" , . . ., 
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The product, then is probably a tetrahydrofu'ran structure 

resulting from attack by the oxygeF on the doub~e bond after 

the opening of the epoxide. 

"-
\ 

This structu~e for the /product is supported by the falct that 

when the, diene 17 was subjected ta the "'sarne reaction ~ndi tions, 
, . 

no react10n occu~red. 

No Reaction 

c -, 
Thus, it is unlikely that the azide ion added to the double 

bond of the epoxide,l: ,.The Michael addition of azide {on te 

the a,S-unsaturated' ester was also tried in dimethyIforma­

roide, dimethylsulfoxide, and he~amethylphesphora~de, but-
, i 

no reaction occurred in any of these solvents. 

The problems of aziridine. and tetrahyd~ofuran formation 
\ , 

, - . 
'led to the investigation qf 

for the 9xyamination of the 

methods other.than epoxide opening 

terminal double bond of compounlct' 

17. The Chloramine-T and osmi,um tetroxide method should --
prodhcé predominantly th~ regioi$omer with the n~trogen 

• -, f • 

~~ the te~mirlal carbon :which is the 9n~, Je~ded in this 

se~ectively, at the terminal do~ble pond, but! the general 
\ ~ .,~ . 

l ' '\. ~,' 

~endenQy or the reagent to react mo~ rapidly with Mono-. , ' 

substi tute'd than wi:th 'trisubsti tuted a~kenes or wi th' 

. e~ectron,-defi.cient alkenes :makes ,thi,s . selecti vi ty 
, ,- " t ~" - \ ' 

, probable. Il' 

" . ~ ,,'. 

, 1 
" , 

,seeIl\. 

,.1., . 

\ 
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'~OOt8U G J • 0s04 O~ < 

'l' cootSu' ~ Cl + Ts N CI Na ---:> 
AgN03 1 \ "'t.C1 

11 Ts H 
24 

., 

Compound 1.7 was stirred with 1. 25 equivalents of 

Chloramine-T, 0.01 equ~valent of osmium tetroxide, and 
.. , ,. f 

1. 25 equi vale,pts of\ sil ver ni tfate (ta precipi tate 
( , l 

the chloride ion formed) in t-butanol at 60 0 • The reaction 

was followed by glc and was complete afte~ four 'hours. 

confirmed that the reaction had occurred at the terminal 

NMR 

\ 

doub+e bond (the signals,at 65.1 and 65.8 were not present 

in thf product) an~ that, the a,S-uns'aturated ester wa~~ 

not affected' (vinyl proton triplet at ô6. 9). The tosy1 
; \1 

group appeared as a quartet (4H) at 67.5 and a singlet (3H) . 
1 

at ô2.4. The IR ,of, the" product showed O-H (3505 cm- l ) 

1 -1'-1 
N-H 0290 cin - ) '1 este~ carbony1 (1720 cm ), C:C(l~ 30 cm ), 

r -1 and the aromatic ring (1600 cm ). It was not apparent from, 

the nrnr whether o'ne or bath regioisomers "had been- formed; 

the 'mass spectrum 'indicated the presence!' of both wi th peaks 

~t mIe 163 an~ 16,'5 and m/è 316 and ~18. The molecular ion 

,did not appear in the mass' spectrum, the highest mass 

'peaks were mIe 347 and 3~9 wi th' ele otron impact and mie 
-

3~8 ,and 350 with oh~mi_cal ionization-. 
é 

\ 
~. 

'~ 

:1' 
\ 1 

-l'~ 

l' 
& 

l ' 
, ., ~ 

;" , 1 

. ! .,. 1" IlL 
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~OH: 'codsu '[H~rs 9H ;c,~OH]+' 
HN . // -:> ~'CI ~ 

l '" Cl ' Ts . [ 

r l j+' HO COOH 

\~HC~CH2CH=( 
'ct 

,mie 163 & 165 . 

mIe 347 & 349 

NHrs .. COOtSu • [ -_ ïHT~ jCOOH 1+" 
'HO~ '--3> HO, ........... -....."... ~I -> 

• _ CI , _ ___ _ ' 
, 1 

Thin layer, ch:t;omatogra\hY of the produc,t· gave only one 

spot in sever'al solyen.t syptems, 50 the ratio of regio­
\ 

isomers was not,determined. The y.ield of the mixture of 
1 

, \ 

The variation of t~is reaction using N-chlorosodio 

t-but;l c~rbamate 1 wlas also
l 

apPlied. to compound 17 and 
f ' 

gave .oxyamination of the te-rminal double bond. First the 
1 \ _-u 

,N-chloro-N-sodio' car?amate was prepared by treatm~nt of 

t-butyl carbamate wi'th t,-?utyl hypochlorite and sodium 
• • ,,1 

" 
hydroxide. 

JJ 1.tBuOCI t ".é 
tSuOqCNi12 >" BuoOCN'CtNa+ 

- l.NoOH 

. . 
N-chlorosodio t-butyl car,bamate was stirred wi th sil ver 

ni trate in acetoni'trile, then water, osll!Ïum' jtetroxide) and 
• l , 

" \ cqmpound 11. were added. r • F9llowin~ the· reaTtion by glc 
, , 

'f s~o~ed it to be, esse~.tiallY complete, aft~r nine hours.· 

. : 1 

. ! 
\ 

\ 

. , 

~, . 

r 

\, 
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'Preparative' tIc of the crude product gave primari1y the 
1 

\ oxya~,nation product wi th sma11 amounts of starting 
\1 

materia1 and t-buty1 carbamate. 

t _ , (COO Bu 1 

~~Cl 1 ~ 

.17 

OH' COotBu 

~Cl 
HNCOotBu 2S 1 

As before, the peaks for the viny~ protons at ,ô 5 .. 1 and ô 5.8 
\ 

were not seen in the nmr of the product,'~ut th~re were 

triplets at 66.9 and 66',3 for th~ remainipg viny1 proton. 

-1 The IR showed a very broad peak at 3380 cm for the O-H and 
1) '1 -1 

N-H and a broad carbony1 peak\at 1710 cm \ T~e mass 

spect~um indicated 'greater regiose1ectivity than 'in the 

Ch10ramine-T reaction. The highest mass peak was at mIe 
[ 

237 and 239 which resul ted from the 10ss of two mo1ecules' 
l , 1 

0~ty1ene from the molecular ion (349 and 35·1). 'There 
Il , 

was a lq,rge peak at mie 163 and 165 which could resu1 t' from 

~he 10ss of CH,2NHCOO~, a10ng wi th the two isobutyl'enes. If 

there were a terminal hydroxyl group a peak for the 10ss of 
ri, 

CH
2

0H would pe expected, as was" seen 'in th~ product of the 
'\ 1 

Ch'10ramine-T reaction. However, there was on'ly: a very 

smaii peak 'at mIe 206 ~d, 208, indicatin'g that 1i~t1e of the 

undesired isomer was formed. The, b~se peak in the spectrum 
, \, + 1 

was mie 75 which could be [CH2NHC(OH)2] , ~~so . 

that the nitrQgeh had addéd to the' terminal c 

/ 

.. 
/ 

1 . 
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Since this method oxyamination was successful with 
, 

the a-chloro-a,8-unsaturated ester compound 17, it was also 
\ , 

tried on the' a,8-unsaturated esters with a-nitrogen substi-

tuents. When the oxazol~dine compound 19, was treated with 
1\ • 

Chloramine-T, osmium tetroX2de, and\silver nitrate, only 

the starting material and p-toluene sulfonamide wer~ r~covered. 
\ \ 

~
O, 

r , 0 OsO!. ,\ « 

?' ,A Ch-l ::>. T No Reaction 
, ' . Ph- oramme-

19 ' 

There was also rio reaction with the a-formamino-a~8-
\ 

unsaturated ester compound 21. 

" COOEt OS04 
f _> 

~NHCHO 'Chloramine-T 
No Reaction 

21 • '-
~, 

The\oxyamination reaotion was also tried'with the N-benzoyl 

ethyl ester derived from the oxazolid~ne~'compound 20, When 
, , 

this reaction was barrie-d out" as w~ th' othe other compounds, \ 

for tw~nty-fb.ur hours using o.ol eqùivalent of osmium', 
\ 

tetroxideo' only startin.g matérial was recoverel=i. The 

reaction\, waa, repeated using 0.03 equivale't of osmium 
, \ ,. 

~ tetroxide "and heating to,60 0 for three days. ~LC of the 

'crude produa~ gavè mostly starting material and a small 

'~ount of ,a. ,more polar comp'ounq. The nmr ~h~we-d, only ~ne 
~ " . ,.~ ~ " .' 

~i~y 1 p~,oton (t~ip let ô 6 ~ 6) ~d t~e presence of the tosyl 

group, (aromatic protons at. 67.5 and' a 'thr"ee proton triplet 
1. 1 \ '1 :, ' , , ." \ 

\ .t,,'~'.~)' This. seemed to he the desired product', but the 

, 1 

1 

:- ' 

. ,.~ \ 

\ , 

,,' 

1 \, 

,i. 1 

, \ 
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COOEt 

~NHCOPh 
20 

Os 04 
-> 

Chloramine-T 

"" 

/ OH taOEt 

~NHCOPh 
NHTs 

87 

Since i t seemed 1 t~ 'only greatly increàsing th~ amo~t of 

o~mi um 'tetroxide would increase the yield, this reaction 
, ' , 

was not pursued further. 

," Ring Closu~e 

.. ,\ 

-' il, 

The'oxyamination of t-butyl 2-chloro-2,6~heptadienoate 
. , \ 

provided compound 24 from which'the piperidirre ring could 

'" be formed by an i~tramolecular Michael-type ~action. 

H0y"J , ~se 
~'~O~tBU -> 

T5' fi CI 
\ 

24 

H0'Çy 
N ootSu 
l, 
Ts Cl 

j 
, 

The relative facility of ring closures have been 

discussed and a set of rules was fprmulated. 138 The factors 
, ' 

considered in the rules.were wheth~r t~e bond broken in the 

reaction' is exocycJic, or endocyclic ~o the 'ring formed, the 

size of the ril}g formed, ~d the hybrid~zation of the carbon 

atqm LÎndergoing the,èyclization rèactxon. 
1 

n ;, tXO n 
Xe '\ -> .' x-" - yS 

or 

n tAdo ()', 
~ C?~ 

-> 
X ..... C/y~ 

\ 

71 

1 

\ 
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The rules wel'e classified by lJ,ybl'idization of the carbon 
v', 

atom involved . 
. 

Rule 1. 

a) 
, 

b) 

Rule 2. 

a) 

b) 

Rule 3. 

a) 

b) 

, 
Tetl'ahedral systems: 

3 to 7-éxo-tet are aIl favol'ed, 

5 and 6 endo~tet are disfavorèd. 

Tri,gonlal syst~ms ': <L' 

, 
3 to 7-éxo-t~ig are all'favored, 

3 to 5-endo-trig are dtsfavored, 

6 and 7 "-endo-trig ai'e favored. , 

Digonal systems\:" 
~ , 

3 and 4-exo-dig are disfavore~, 

5 to 7-exo-dig are favored, 
1 

• b ' 

3 to 7"'endo-dig are favored. 
o Q" , 

These rules Ç,re an expression Qf the stereochemical 
1 , , 

requirements of the transition states for the reactions. 

In the favared ri?g closu~es the ohain linking the two 
, 

~acting ,groups ,allows them te ~ssume' th.e req,UÏ:red ',1=rël!lsi-
1 

tion state,seometry. In: the di~favored cases àe~ere dis-
\ " 

tortions o~, bond angles or lengt~s would be requireffor 
- ... 

ring closure to 6ccur. \ 
1 . 

By these l'ules the proposed'ring closure in compound 

24 would be classif;ied as 6-exo-trig, wh±ch is ?- favored - ' ;\ ,) 
closurè. 

" .. 

, ' 

, 1\ 

. \ 
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,In the first report of the(,Chloramine-T oxyamination 

.- 126 
reactl0n severa1 'trans formations of the oxyamination 

product of cycp10gexene were presented. Notab1y, i t was' 
, 

reported that the acidity of the sulfonamide hydrogen 

was sufficient to al10w selecti ve deri vati Ziation of the 

ni trogen. 

CX
OH 

NHTs 
((

OH 

~Ts 
CH3 

, 
Thus, it seemed reasonable to expect that treatment of 

compound 24 wi th base would. gi ve the piperidine ring. 

The product from the Chioramine-T oxyamination of compound 

17,' a mixture- of 24 with the other regioisomer, was t:reated -. -

wi th one equi valent of sodium hydride in tetrahydrofuran. 
, 

NMR of th.e product showed th,at cyclization had o'ccurred: 

the vinyl proto~ had dis appeared. IR, however, s ugges ted 
, 

that the cycliz~tior ~ad occurred,through the oxyg~n 
, 

l ' 

rather than the ni trogen. This cyc1ization would be classi-

138 fied as 5-exo-trig in Balq.win' s sys tem, which is a \ 

favored, process. The' peak at 3505 cm-1 in the IR of the 
1/ 1 

starting mateI"lial was not present in the product, but the 

peak at 3290 cm -1 r~mained: The ester carbony1 peak 

- shifted to 1740 cm- l because of. 10S8 of conjugation. The' 
1 

product, then, was probably the :t~trahydrofuran 26. 

\ 

/ ' 
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~: 
< 

(1 

HO~ i 

, lN b,.rcootsu 

T~ 8 "'-CI 

24 

~ 

NaH n _ t 
~> TSHN~O~COO Bu 

CI 

I>' 
This stru9ture is supported by the mass spectrum, The 

90 

, - / 
molecular ion (4013)- does 'not appear, _but there is a large 

peak at ml ~ ~ 84 tiCh COUldb~ rc~2NHTS] + . ; 

[H~lcootBJr -?> [TS~:4CHr or [H~ootBuJ + 

401" 219 

There is also a s'maller peak at ml e 219 wi th the chlorine 

isotope peak at 221. 

In order to pr~vent formation of the tetrahydrofuran 

the hydroxyl group ras protected as i ts t-bl,ltyldimethylsilyl 

e~her, Compound 24 was reacted wi th one equival,ent of t-
,,~ 

,butyldimethylsilyl chloride and two equivalents of imidazole 

l'n d' th If "d 139 lme y ormanu e, 

imidazole 
--:> 
OMF'· 

NMR of the product showed the presence of the t-butyl­

dimethylsilyl--' group, a nine' proton slng-let at 80,9 &nd a 
\ . 

six proton singlet at 00,0._ In the IR the peak at 3505 cm 

), 
(0 H) h d d ' d b t th ak at 3290 cm-l (N-H) was - a lsappeare, u e pe 

1 

still present, The yield was 80 %. 1 

/ , 

-l-~ 

/ 
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) 

Compound 27 was then trèated with one equivalent of 

sodium hydride in tetr~hydrofuran. The c~ud~ pDOduct, 

""" a ye llow ail, formed crystals on standing, The crys ta.ls 

were recrys,tallized from hexane to give colorless crystals, 

m.p. 147-150°. NMR showed disappearance of the viny1 

proton. IR showed disappearance of the N-H peak and the 

-1 -1 carbon-carbon qouble bond (3290 cm and 1630 cr in 

-1 27) and shift of the ester carbonyl peak to 1730 cm .' 

27 

'OSiMeisu , 

U.COd8~· 
rS'H ~CI 

NaH 
-> 

, 

OSiMe2Cl 

~cootBU 
1 Ts Cl 28 

" The' mass spectrum showed an extremely weak molecular ion 

(mie 51't and 519); the largeS't high mass peaks were those 
-

from 16~s of isobutylene from the 'ester, (mie 461 an dt 4'63) , 

loss of the. t-qutyl group from the silicon Cm/e 460 an\ 462), 

and 10ss of both these groups (ml e 404 and 406). 

-
~hen the mother liquor, ~~om the first crop of crystals 

was tri turated wi th hexane and co<hed, more "crystals formed. 

'This crop, after r'ecrystallization from hexane, mel ted at 
, 

106-108°,. The nrnr, IR, and mass spectrum of this product, 

however, were identical to,those of the higher mel~ing 

compound, so they may j'ust be different diastereomers. The 
• 

yield of the crystalline product~ was 53%'. 

The oil residuEi'!, which could not be induced to form 
/ , 

more crystals, gave almost identical nmr and IR spectra 

to the crystalline product. The mass spectrum indicâtes 

1 
r li 

t 

'1 , 
< 
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that this oil contains the pyrrolfdine formed from the 

other regioiso'mèr of the oxyamination product. 

92 

The mass spectrum of this compound is qui te simila!' 'te, that 
, el 

of compound ~, but has peaks at mie 316 anCl 318 which are 

not present in the spectrum of the crystalline compound. 

.... [
, ÇlyCOOH ]'+ 

Ts Ct 

316 & 318 
~ \ 

The silylation and cyclization reactions w~re also. 
\ ' 

carried out wi th the- t-butyl carbamate oxyamination product, 
r '1 

compound~. The si1ylation occurred just as with ~e N-

tosyl compound,. 

OH cootSu 
J.. -- 1"" + tSuMe2SiCI ~ (. . '" t "-?' 'c 1 

NHCOOBu 

• SiMe2tSu 
o ~ t .l. ....... jeOO SUI 

('V". 'v'~CI 
NHCodBu / ' 

25 
30 " 

'J 

The nrer showed incorpor~tion of the t-butyldimethylsilyl 
/ -- - ~ ----------

\ 

group, a nine proton singlet at 60.8 and a six proton 

singlet at ôO.O. 

/ 
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This compound was then treated with sodium hydride 
• 

ln THr, but, ~hen ;th,e reaction was worke,d up, only starting 

. materiàl, compound lQ." was recovered. 
. -

The cyclization was 
/' 

also Iitried using lithium diisopropylamide ,as base, but the 

resul t was the same: compound lQ. was recovered. This 

. l'es ul t demons t:rates, the les8er nucleophilici ty -of the 

,urethane nitrogen compared ta the sulfonamide nitrogen 

of compound E.... 

'1 

\ 

1 

1 

! 
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CHAPTER V' 

AMINO ACID FORMÀTION AND DlMERIZf.TI~ c~ 

:Replacement of Chlorine 
/ 

94 

The next problem after the succèssful formation of the 

pi"peridine ring was the replacement of the chlo,rine alpha te' 
J 

the- ester with an amino group. The preparation of ex-amino 

esters in gOO? yields by reaction of a-bro~o,esters with 
, " 

sodium a~ide under pbase transfer conditions and subsequent 

140 reduction of the azi~~ was recently reported. 

, 
1 RCHCOOR' 

~3 
RCH-COOR • NaN3 ,Bu"NBr 

1 -> 
Br or 

18-crown-6 

Glycine methyl ester, alanin'e ethyl ester) and ethyl (1-' 

amino butyr~te were' synthesized by ,this method. ~ 
, 

Compound ~'was dissolved in chloroform and an excess 
~ , 

of sodium azide in water and 5 mole ~ of cety'l trimet,hyl 

amm~:m'ium -bromide were added. .The mixture was stirred at 

,room temperature for twenty"::'four hours, çut ,no reaction 

occurred; the starting mgterial was recoveretl. The reaction 
" , 

was rep:ated.;,using acetoni tr~le an'd IB-crown-6, but still no 

reaction occu'i'-red. 1 

OSiMelBu o CdOtBu + 
~~"'( . 

Ts Cl 

28 

C~ty1Me3NBr 
NaN3 '-> 

or 
18-crown-6 

; , 

No Reaction 

·1 
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""",~~"","", ... ~nts (aquè~us \~oxp.ne) , 

dimethylsulfoxiàe, and hexamethylphosphoramide) were tr"ed 
\'r- ..... 

without phase 'transfer catalysts, both at room 'temperat 

and at 60 0 , but no reaction occl.\rred. When the reactio 

temperature was rais1d to 90° with HMPA the starting 

material decomposed. 

This l''eaction w~u~d be expécted to occur by .,~ SN2 

mechanism since the eleetronic e~feêt of thè ester group 

would make lOSE; of the ehlorine te, form a carbonium ion­

urlfavorable.' .~e SN2 path is not particularly" ~avorable 

in this case) howÈwer) sinee the secondary carbon at whi c , . 
the reactio"n wo.ui~ occur i"S sterically hinde:ved J Also, , 

• the report of this reaction described, the use ,of ex-bromo' 

esters and an a-chloro este,I" would be. less reacti ve. 
v " 

A classical m~thod for the synthesis, of a-amino, aeid 
/ 

is the reaction of the a-haîo acid with ,aqueous' ammonia. . . , 

This reaction ~s more successful with acids thàn with 

esters. An acid can aid the reaction by neighbor;:;ing 

group particïpê1tion, forming an ex-lactone. 

. ' 

, 

t 
,RCHCOOH 

1 
NH2 

tJ 

" 

, ' 

~til~ slow ~ ev:en wi th aclds .. , For examp'le ~ 

iri the synthesis of phen~lanine? a-bromo-oS-phenyl propioniè 

,The reaction is 

1 • 1 

acid was treated wi th aqueous 
. \ , ' 

ammon~a at room tempe~ature - . 
" " . 141 

for seven days. 
" 

Compound' ~ w'as treated wi th trifluoro-' 

acetic acid to cleave the ester. The~ester,was cleaved, 
1 

/1 
.. 

1 . , 
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but~the silyl ether was also cleaved: 

, .. -

TFA , 
-> - '~' 

1\ 

" 

\ 

Ha c 

'il COOH 
'~A( 
, Ts CI" < ( 

~ 31 

\ . 
- ..... 

'. 

The nrnr of'the product 1acked th~ peaks for the t-butyl 
\, 

\ 
\ 

,ester group (01.5) and the :t-b,utYtildimethylsilyl group (60.9 

and 60.0). nie IR showed peaks at S440 cm- 1 and 171J:0 cm-1 
.... . 

In ,an e.ffort to hydrolyze the ester wi thout cleaving 

the ~ilYl ether compoundll! :aJ treated ~ith glacial./)acetic , ' 

acid. Even after heating at 65° overnight, the stardng 
~ 

material was recove~ed. Since acetic acid (pK 4.76) was not . , 

strong enough, formic acid '(-pK 3. 7 7) '~as -tried. This had 
\ ' 1 \\ 

\ . 
~ 

the same '.resul t as trifluroacetic acid, D'Oth the ester ànd , , 

silyl èther were cleaved. 
1 

, . 
'\ 

The two/different \ batches of Compoun"a 2 8 with different 

melting points were hydrolyzed separately, each giving a, 
~ 

cô1orles~ crystalline ,product whiéh had id'entica1 spectra. 
, 

The acid' (compound 31a) from the ester of mel ting point . ,--' 

147-150° had a melting point of 175-177°, and the acid 

(compound 31b) from the ester of me1ting point 106-108° had 

a me1ting point of 196-1980. \ 
'il. \ 

Compound 3la was stirred wi th à. large excess of 

aqùeous ammonia at room temper:ature for "four days. The 

ammonif and water/~ere 
1 

~hose IR showed a very 

d . . Il remove g~v~ng a g assy 

-1 broad peak at, 3200 cm 

solid ,. 

and a peak 

, 
'.' 

• l, 
1 

'1 
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at 1600 -1 cm The product was dissalved in w-ater and ?-cid-

ified with la % Hel. On acidification a precipi tate' formed 

which gave nmr and IR identical to c.ompound 31. The amino 

acid had not been formed. 

- ~ 

H0'Ç\ NH3/HZO 
COOH -> 

'N Rm.lemp. 
1 l' 

310 Ts. 

Compound 3la was again dissolved in aqueous"ammQnia 

,and the solution was sealed in a thick-walled Pyrex tube 

and heated to 90°. After four days the ammonia qnd water 

were' evaporated to give a white solid. The'nmr and IR 

spectra ~ere 'similar, but not identica1, ta those of. the 

product of the room temperature reactïon.' When this 
f 

product was' d'issolve~i in water and acidified',' i t remained 
\ 

, in solution. The IR of the acidified product was distinctly 

differept, from that of)the acidified ~roduct of the room 

temperature reaction .. In addi 'don ta the peak's at 3420 

cm-1 and 1'740 cm-l, there are peaks at 3150 cm- l and 1410 

-1 L 
cm which q,id not' appear in tne IR of compound Q. 

\ 

H0Y'î \ 
,,~~COOH 

T5 Cl 
/ 

310 -,. 
,,. 

The product gave on1y one .?pot on thin layer chroma-· " 

tography (butanol:acetic acid:water or chloroformcmethano1: 

aqueous ammonia) and 'was nin~rin positive. It did not 
\ 

1 
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mel t but decomposed at about 180 0 • The 'chemical ionization 
':;' 

+ • 
mass spectrum' showed ~ small [,M+l] peak at q29 and a \ 

large pea~ at 312 for 10ss of ammonia. The 10S8 of ammonia ~ 

is often seen in the chemiqa1 ionizationmass spectra of 

'" . d 142 anuno aCl s. This fragmentation is favored when a 

par~icularly stable ion is formed, as with methionine. 
, , 

CH3 COOH 
1 1 
S CH NH3+ 
\ 1 
CH2-CH2 

The hydroxyl group of compound 32 could participate in an 

analogous way. 

H0'Qy 
COOH 

N + fs NH3 

Dimerization 
1'< 

1 

With·t~e amine acid formed the sulfona~de protecting 

group on the piperidine nitrogen could be removed. Since 

a~ky1 h~lides are not stable to t'he 'reducti ve methods. for 
\ y 

cleavage of" sulfonamide.s, this had \ to be done beforè the 
Il \ P Q 

hy'dr:'oxyl group was replaced by'êch10rine. The mos t con-

venient m~thod ,of reductive cleavag~ of sulfonamides,uses 

sodium naphthp,-lene in l, 2-dimethoxyethane .14 3 Compound 32 'L 

w~s added, to a" soluti9n of twenty Equivalents of sodium 

naphthalene in 1,2-dimethoxyethane. When the reaction 
1 G 

mixture was worked up after 1.5 hours, the starting 
, 

material was recovered. 

J 

) 
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HO~ _ C OOH + Na _ Naphthalene *> 
~~~ 

Ts NH2 
32 ., 
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MOYl -
~~A(COOH 

H NH2 

The removal of the s ulfonyl group wa,s not pursued further 
1 

at -t:his point, but f9rmation of the pipeI"'a'z~nedione was 

considered. 
r 

As discuS~d in Chapter II, amino ac~d esters readily' 

dimerize in solution, this being the usuaI method of pre-
1 __ ~ 

paring s;mmetrical pipera~inediones. 36 The preparation of 

_the me'fhyl lester of compound 32 was considered. The 

esterification reagen,ts used were methanol-anhydrous HCl, 

m~thanol-,thioriYl chloride ~ and 2, ?-dimethoxypropane-

144 . 
aqueàus HC1~ The thionyl cnloride-methanol reaction 

would be expected to cause replacement of the hydroxyl 

group by chlorine as weIl as esterification. 

HOYl " ' 
, '-~,;y-00H 

Ts NH2 

~ 

MeOH 
--:> 
SOCI2 

CI ' 

~COOMe 
Ts NH2 

Howe veIl-, this reaction gave a mixture of products which 

were not identified. 

"/ 

The methanol-HCI and 2,2-dimethoxypropane-HCl. reactions 
\ 

~hould give only.esterification. 

\ 
\ 
\ 

/ ' 
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o 

HOIl .-
\ ,,~~OOH 

Ts NH2 

-> 
o \\ 

32 

f \ 

HO ' -

WOOMe 
Ts NH2 

100 

Application of ei ther of these methods to compound 32 gave 

the same product. NMR confirmed the' p"resence of a methyl 
... \ r' ~ 

1 ~ , 

ester, a sing1et at ê 3.8 .. IR showed the ester carbonyl at 
• 
. -1 

1755 cm , but no O-H DI' N-H absorption appeared . This 

. colorless crysta1line product·- was s'Ü1ub1e in chloroform and 
~ 

'me l ted ai: 149-15 J,~. \ The 

spect:6'um was mie 325 and 

product has probab1y been formed by n,ucleophi1ic dis,placement" 

of ammonia by the hydroxyl oxygen. 

HOIl" 

'~AyCOOH 
Ts NH2 

32 

H+ 
--;::.. 
MeOH . 

Th us , the amine ester must be unst~b1e to the acid condi-' 

tions lof the esterification reaction ançi the cyclic ether 

33 formed. 
, 1 

The formation of the cyclic,ether indicates that the 

sub~ti tuen1;:s on the piperidine ring are cis. There a're 

four Possible, ppirs of enantiomers of compound E, t:;vo 

with cis ring sub~ti tution and two wi"th trans substitution 
\ 

(Figure ~). The trans" diequatorial would be expected to be 
l ,< 
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'Figure 80 ~somers of (1-tosyl-S-hydroxy-2-piperidyl) glycine. 
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the most stable. The stability of the ois isomer with the 

hydroxyl in the axial position woüld be inéreas,ed by 

hydrogen bonding wi th"' the ,ring ni trogen. However the 
i 

,geometry of ,the ring s'ubsti tuents was determined in the 
. 

cyclization reaotion when the hydroxyl group was protected 

as its t-buty1àimethylsilyl ether~ 50 no hydrogen bonding 

could occur. ]he geometrY,of the ring subs~itu~nts 15 

deteî"mined by the geometry of the transition state of the 
! 1 

cyclization reaotion. In the Mickael reaction the nucleo-
, 

phile pre fers ~o approach the carbon-carbon double bond 

150 perpendicularly for maximum orbital oVèrlap . 

-~ 

This transition state -geometry fo,rces the ~rmation of a' 

ring with the C-2 substituent in the axial position. The 

C-5 substituent, however, is free to adopt the less crawded 
1 

equatoria1. configuration.. 'rheref'ore, a cis' (axia~-
( 

equatorial) 2,5-disubstituted piperidine ring is 

preferentially formed. 
\ , , 

Because of the formation af the,cyclic ether 33 in the 

acidic esterification reactions, the use of diazomethane 
o 

for esterification was considered. Since diazomethane 

would be unlikely to react wi th 'the zwi tterion form of the 
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ami;lO acid, protection of the aminè wi th the t-butyloxycar­

'bO~Yl group was first oarried out. Compound ~ ~eacted 
l' ' ,- /' 

Wi:Jh 2-t-butoxycarbonY1S?.;yimino-2-Phe,nylacetoni trile14? in 

the\ presence of triethylamine. \ 

H0'Qy~ '1 0 eN 
, t Il 1 Et3N 
N COOH + Bu,O,rO N=C Ph ~ 

+s NH,2 

H0'Ç\ 
N COOH 
l 't 

Ts NHCOO Bu 
32 

p 

NMR of the product showed the prese'nce of a t-butyl group, 

a singlet at' 61. 4. Thrs product was not purifie'd, but was 

treated wi th an excess of diclzomethane. The product of the 

methylation reaction, showed no t-butyl gro'up in the nmr. 
/ 

Its nmr, IR, and mass spectra were essentially idéntical 

to the cyclic. ether, compound 33. 

HOIl COOH 

~~~ 
Ts NH2 ~ 

32 

Boc-gN CH~2 

Et3N· 

COOM~ 

It is not clear exactly when the cyclization occurred. 

It may ~ave been during the'acid work-up of the t-butyloxy­

ca'rb9nylation reaction, and the t-butyl peak in the nmr was 
, 

an impuri ty rather than being from th'e presence of compound 

34. This amine-protection and ~sterification sequence was 

not studied further, s~~ce the t-butyloxycarbonyl group is 

removèd by à:cid~ . Even ,if a milder ~ork-up gave compoun~ ~i ' 

and the 'ethY'lation were successful, the acidic conditions 
~ 

which would then be used to unbloek the amine would probably 

lead to the fOl'mation of compound ~ again. 
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• 
This' work terminates with the 'synthesis of (l-p-tolu-

" 

enesu1fonyl-5-hydroxy-2-piperidyl)glycine and the observation 
1 

of 'fts instabili ty to acidic esterification conditions. It 
/ . 

is presumed that thls final product, which /was formed in 

10.5% overal1 yield from t-buty1 chloroacetate, has the, 

substi tuents on the piperidine i>ing in t,he cis geometry. 

The synthetic sequence which lead to Cl-p-toluenesulfonyl-

5-hydroxy-2-piperidyl)glycine is shown in, Scheme 3. 

t 
'1. LDA ~iMe3 t 

CICH COO B' :> CICHCOO Bu 
2 u 2.Me3SiCI 

~I ~aH 
ts cootSu 
28 

1 TFA 
'il , 

HOn N COOH 
1 . 
T5 1 

31 

14 

Scheme 3. 

) 

1.LDA 
-> 
2~o . , 

3.S0C12 

OsO" 
1 Chloramine-T \ 

VI AgN03 

OH COOtBu 

~CI 
NHTs 

24 

H0Y'! ,,1 

I...~~OOH 
Ts NH2 

32 

1 ! 

/ 
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( 

The use of ~1-p-toluenesu1fonyl-5-hydroxy-2-piperidyl) 

glycine as a precursor of 3', 6-bis (5-chloro-2 -piperidyU-2 ,5-

piperazinedione is, a possibili ty if the prob1ems of the . 
\ 

cycli~ ether formation and removal of the tosyl protecting 
) 

group can be solved. 

An answer to the problem of cleavage of the sulfonamide 

may be found in the recent obpervation that sorne sulfonamides 

can be cleaved photo1ytically.l~6 Beizylsulfonamid~s and 

binzenesulfonamides were cleaved by photo1ysis in methanot 

or isopropano1 to give good yields of the free amines. 

hu 
or 

Par.{--toluenesulfonamides were not, discussed, but would be 

expected to behave similarly. If the tosyl group did give 

problems ih. the photolysis it should be possible to use a 

benzenesulfonyl group instead. It has beên reported that 

Chloramine-B (PhS0
2

NCINa) can replace Chloramine-T in the 
, 1 

,osrni um tetroxide catalyzed oxfamination reaction .147 The 
., . 

photo1ytic method of deprotection of the piperidine nitrogen 

could be used after the ch10rine had baen introduced at the , 
( 

5-posi tion. 
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The cyclic ether formation could be prevented by 
" ( 

avoiding acidic conditions until after the piperazinedione 

has been formed. A possible reaction sequence leaà~ng to 

3,6-bisCS-chloro-2-piperidyl)-2,S-piperazinedione is shown 

in Scheme 4. 1 

A drawback of the Sy~thesis developed for compound ~ . 
is the oxyamination reaction which is regioselective, bùt 

not regiospecific, thus lowering the overall yield. It 
'" 

might be possible~ however, that the regioisomer with~the 

terminal hydroxyl could also be used as an inter!lledilate in 

the synthe~is of 3,6-bis(S-chloro~2-piperidyl)-2,5-piperazine-
<> \ 

dione. ( 
, 
When l-ethyl-2-chloromethyl pyrrolidine hydrochloride 

" , 
is neutralized with base,to form the free amin~ it sponta-

1 

l 114 8 b . l . .. d" . 149 neous y rearranges, through,a ~cyc ~c az~r~ ~n~urn lon, 

to l-ethyl-3-chloropiperidine. 

~CI 
l'Hel Et 

NoOH 
~ ct 

1 
Et 

If the pyrrolidine compound ~ were carried through the 
, 

synthe~c sequence this ring enlargemen~ would probably 

occur when~the ch~orine was introduced and the sulfonamiàe 
f 

cleaved. 

{ , 
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HO 

~, 
OOH 

T5 NHCOOCH2 Ph 

! C'H~N2· '. --, 

HO 

COOMe .> 

ICI 

• 

Q Scheme 4. Possible Route to Compound 1:,. 
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The p1rrolidine co~pound 29 has not been carried through 

the reaction sequence to give the amino acid analogous to 

compound~, so its sensitivity to,acid is not known. 

HOJ?\OOH N 
1s H2 

29 

o 
',hv'-COOR 
(NY , 

1 
Ts 

Fu~ther work rnay lead to the synthesis of'3,6-bis(S-, 

chloro-2-pipe r.idyl )-2, 5-piperazinedione 'starting wi th the' 

synthe sis of ,O-p.t.toluenesulf,onyl-5-hydroxy-2-piperidyl) 

glyéine developed in this \york. ' 
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CHAPTER VII 

EXPERIHENTAL 

*'v-_' Cornmon chemicals were obtained from conunercial sources 
1 ?, 

and were purif~ed as necessaFy. Melting points were obtained 

on a Gallenkamp melting point apparatus and were not cor-

rected. 

Nuclear mp.gnetic res'op.ance spectra (NMR) were recorded 
, 
" 

, on Varian Associates T-60 or T-6 DA spectrometèrs. 

Infrared spectra (IR) were r;corded on pe1kin-Elmer 

Model 257 or Model 297 grating infrared spectrometers. 
-1 - ... 

Spectra were calibrated with the 1602 cm band of poly-

styrene film. 
1 

Mass spectra were recorded on a ~4A or LK~ 9000 

mass spectrometer.' GC-MS used, a 2m' column ~f 5 % \OV-IOI 
l...y) 

on chromosorb 750. Ion source energy was 70 ev. Chemical 

ionization used iso-butylene or m~thane as ionizing gas. 

Gas chromatograms were performed on a F & M Model 

, 571SA Research Chromatograph. Two 6ft by 1/8 in stainless 
1 

steel columns were used: 5% OV-IOI on chromosorb 750, or ,.. 

SE-3~ UltraPhas{.0r&0sorb Il. 10% 

Elemental analyses,were performed by Galbraith 

~ 

Laboratories, Inc., Knoxville, Tennessee or Guelph Chemical 

Laboratories Ltd., Guelph, Ontario. 
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AlI 
\~ ,}r 

A solution 0 5 g mercuric acetate in 130 ml (100 g, l 

mole) ~butyl viny1 ether and 70 ml (60 g, 1.04 mole) a11yl 
\ 

alcohol.in a 300 ml round-bottomed flask fitted fo~ fractional 
\ . 

distillation .was sllowly heated un"till allyl vinyl ether began 

to distil out of the reaction" mixture (65-70°). Slow" 
\ , , ) 

, 

distillation was continue~ fo~ 24 hours. The crude product 

was redistilled from sodium hydride, b.p. 67-68,0. Yield: 
il 

58 g (69%). 

ô4. 0 (m,4H)". 

NMR; 66. 3 (d 0 f d, lH), 65: 8 (m, If!), 65. 2 (m, 2 H) , 
f 

Lit. 103 b.p.66-67° - ... 
4-Pentenal 

In à 3-neck 100 ml flask fitted with a reflux condenser, 

\ the rmometer, and dropping funnel 50 ml I-methyl, n'aphthalene 
'\ , 1 1 

was heated to 140°, 20 g allyl vinyl ether was aàded with 
, 

stirring over 30 mih. After addition the temperatur~ was 

110°. The solution was refluxed overnight and the tempera,ture 

rose to 130 0
• The mixture was ~stilled r~pidly with dis-

tillate up to 200° collected. The product was redistilled 

'to give 16 g.4-pentenal, b.p. ~01-103~ . Yield: 16 g (80%). 

NMR: 69.7 (t,lH), 65.8 (m,lH), 65.1 (m,2H), 152.4 (m,4H). 

-1 -1 1 • 102 . 0 
IR: 1720 cm (S), 1640 cm. (W). Lit. b.p. 102 • 

1 • 
Benzylidene Glycine Ethyl Ester 

In a 250 ml flask were placed 10.1 g (0.0725 mole) 

glycine ethyl ester hydrochloride, 20 ml (0.145 mole) tri-
li 

ethyl amine, 6 g magnesium sulfate, and 150 ml methyl~ne 

chlo~ide. The suspension was stirred at room temperature 

while' 7.7\ g (0.072 5 mole) benzaldehyde was added dropwise. 

i 
1 \ 

I~ 
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T,he residu~ was taken up(!m ether an'd the solution washed 

with saturated salt solution. The organic phase was dried . 
and concentrated to give a slightly yellow oil, benzylidene 

glycine ethyl ester. Yield: 9.6 g (70%). NMR: 8.0 (S,lH), 

7 • 3 ( m , 5 H),. 4 . 2 5 ( S , 2 H) , 4 • l( q , 2 H) , 1. 2 ( t" 3H). 

IR: 111'40 cm-l (S), 1650 cm-l (m). 

t~butyl Azidoacetate 

In a 300 ml flask with a reflux condenser were placeà 
p 

30 g (0.2 mole) t-buty1 chloro~cetate, 24 g (0.,37 mole) 

sodium azide, and 90 ffil of 60% (V/V) acetone-water. 

The mixture was rQfluxed on a steam bath for 18 hrs., then 

the acetone was evaporated off and 15 ml water ?dded. The 

layers were separated and the aqueous layeF extracted twice 

~ with ether. The ether extracts were added to the original 

organic layer and the solution was dried. After evaporation 

of the e'ther the product was distilled, giving t-butyl 

azidoacetate, b.p. 42-44° (1.7 mm). Yield: 23 g (,73%). 

NMR: 03.6 (S,2H), 01.5 (S,9H). IR: 2110 cm- l (S), 1740 
- , 

-1 
cm' (S). / Lit. 114 b.p.33-410 (1 1'l'.m) 

Glycine t-butil Ester, Phosphite Salt 
~ 

A solFion of 19.4- g (0.12 mole) t'-but yI azidoacetate 

in 100 ml kethanol was 'Placed in a 300 ml f1ask and 0.5 g 

5% palladium on carbon was added. The solution was stirred 

under a hyd~ogen atmcsphere for 10 hrs., then the cata1yst 

\ Wjs. fil tereJ off. Tc the {il trate was added 10 g phosphcrous 

acid, and th~ mixture warmed to dissolve the acid. Af~~r 
" 
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cooling tc room temperature'lOD ml ether was aaded and the 

precipitated.glycine t-butyl ester phosphite was filtered 

off. M.P. ~48-l50b ldec.) Yield: 13.2 g (52%). Lit. 114m.p.144-1470. 

Benzylidene Glycine t-butyl Ester 
, ' 

This reaction was . carriE~d out just as' for the ethyl 

ester, using 4.26 g CO.02 mole) glycine t-butyl ester 

phosphi te. Benzylidene glycine t-butyl es~er Yield:~' 3.5 g 

( 8 0 % ) NMR : ô 8 . 0 ( t , 1 H-l, ô 7 . 4 Cm', 5 H), ô 4 • 1 ( d , 2 H), ô 1. 4 ( s , 9 H..<.. . 

-1 -1 IR: 1740 cm (s), 1645 cm (m). 

Silylation of Be;zylidene glycine Este~s 

In a 50 ml three-necked flask under nitrogen_li~hium 
\ 

diisopropylamide 'was farmed by adding 0.625 ml of 2.4 M n­

but yI lithium in hexane (1.5 mmole) to a solution of 0.152 

g 0.5' mmole) diisopropy1 amine in '25 ml THF at 00. 

Thé mixture was then cooled to -78 0 and 0.5 ml HMPA was 

added. Benzylidène glycine ethyl ester, 0.286 g (1.5 
, 

mmole), was added dropwise and the mixture stirred at -78 0 

1 

for 1/2 hr. Chl?rotr~methylsilane, 0.163 g (1.5 mmoler was 

added, t~en the mixture was, a110wed to'warm to?room te~pera­

ture and stirred for 1 hr. The mixture was \poured into 

saturated aqueous ammonium chloride and extracted with ether. 

The organic extract was dried and\~he ether, removed to give 

0.21
0

g of a yellow oil shown by nmr to be,benzylidène 

glycine ethyl ester. The same"procedure was used w;th the 

t-butyl ester which was also recovered unchanged. 
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Ethyl a-Benzylimino Hexanoate 

As in the previous experiment benzylidene glycine ethyl 

ester was added to lithium diisopl'opylamide at 078°. Then 

0.205 g n.5 mInole) l-bromo-butane was added and the mixture ""'-., 
1 j\ 

allowed .Jtp waI"m to l''oom tempeI"atur,e. The same WOI"k~up gave· 
l "" 

a yeI10w oil. Yield: 0.31 g (84%). Ethyl a-benzylamino 

hexanoate'". NMR: ô8. 0 (s ,lB); &7.3 (m',5H») &4.2 , (t ,1J:I,.), 

&4.1 (q,2H), &1.6-0.9 (m,12H). 

t-Butyl Trimethylsilyl ~cetate 
1 

A 300 ml three-necked f1ask, flushed with nitI"ogen and 

cooled in an ice bath, was charged with ~1.6 ml (100 mmole) 

of 2.4 M n-BuLi in hexane. Then 14.0 ml (100 mmole) 

diisopI"Opy1amine was added dropwise with stlrl'ing. When 

addi tion was completk, thé hexane "was removed under ~educed 

pressure, and the'lithium diisopropylamide was dissolved in 

100 ml THF. The solution was cooled tO,-'78° and 13.5 ml 
, 

(100 rnmole) t-butyl acetate was added dropwise and the 

mixture was sti:t>red ,for 1/2 hr. Then 10.8 g (100 mmole) 

chlorotrimethylsilane was added1dropwise, and the mixtuI"e 
1 

was allowed to wal'm tO,l'oom temp~rature, The rèact{on 

mixture was poured into saturated aqueous ammonium chloride< 

and extracted with ~ther. The organic layer was washed with 

wàter and saturated salt solution and dried. Removal of 

the ether gave t-butyl trimethylsilyl acetate, 16.7 g (89%). 

-1 
NMR : ô 1. 7 (s, 2 H), ô l • 4 (s) 9 H), ô 0 • 1 (s, 9 H) • IR: 1710 cm ( s ) . 

Lit. IOS b.p. 67° (13 rr~). 
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t-Butyl Bis(Trimethylsilyl) Acetate 

The se~ond silylation was carr±ed out just as the first i 
) 

using 18.8 g (100 mmole) of t-butyl trimethy1silyla~etate. 
, 

The product was distilled to give t-butyl bisCtrimethylsilyl)-
\' 106 ü 0 ,v 

acetate, b.p. 57-59 0 (0.3 mm). Yield 10.3 g (40%).Lit bp.6l (.4mm 

NMR: en. 5 (s, l H), 61. 4 (s, 9 H), 00. l (s, 18R) . IR: 1710 cm- I 

t-Butyl-2-trimethylsi1yl-2,6-heptadienoate (§.) 

Lithium diiSOprOPYl~id (25 
o . ,/; \ 

above, was dissolved in ml THF 

rnmole), prepared as 

and cooled to -78 0 under 

nitrogen. Then -6.25 g (25· mmole) (Me~S~}2CHCOOt-Bu was 
\ 

added dropwise and the solution stirred at -78 0 for l hr. 

before 2.1 ~5 mmole) of 4-pentenal was added. The mixture 

, was allowed to wal"m to room temperature, then poured into 

saturated aqueous ammonium chloride and extracted with 

.'" p~ntane. The organic extract was 'dl"ied over anhydrous 
-. 

potassium carbonate and the solvent removed. The product 

-,\was T distilled gi ving t-butyl-2-trimethylsilyl-2 ,6-heptadi~noate, 

~
P' 52-55°"(0.05 mm). Yield 3.8 g (60%). NMR: ô7.0~ Ct) 

, 1 • 
+ cS6.1 (t) (;LH), 65.8 (m,lH), ô5.0 (m,2H), ô2.3 (m,'+H)~ 

61.,6' (s) + 61.55 (s)(9H), ôO.3 (s) + ôO.2 (s)(9H). IR: 

\ -l' ,-1 -1 
1700 cm (sI), 1640 cm (w), 1.605 cm (w). 

t-But - ,6\,7-tri'chloro-2-he tenoate (7) 

In a 25 ml thl"ee-necked flask 2.54 g (10 nuno1e) of 5 

was dissolved in Hl ml chloroform. The flask was cooled 

in an ice bath and chlo1','ine was bubbled into the solu'tion 

for 1 1/2 hrs. The ch::'oroform was evaporated and the 

u 
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/ 

residue. Was dissolved in 35 'ml acetonitrile. To the 

acet'onitritè \\SOl~tion was 'addecl. 1. 49 g (la mmole) tetra- " 

ethylammoniumo fluoride C and the mixture stirred at room 

temperature for 2 hrs. The reaction inixture was parti tioned 

between e~her and water, the ether layer dri~d and con­

centrated. The crude product was chromatographed on' a 
• 1 

- . 
colu~ of. 30 g silica gel using chlorof0.rm. The purified, 

preduct was a pale yellow oil, t-butyl-2,6,7-triohloro-2-.... 

heptenoate. Yield 2.1 g (73%). NMR: 156.9 (t) + 156.3 (t) (lH), 
() 

ô~.7 (m,3H), 62.3, (m,4H), 151.6 (s) + 61.5 (s}(9H). IR: 

-1 -1 
1720 cm (s ), 1615 cm (w) • 

Reaction of 7 wi th ,Benzylamine 

In a 25 ml flask' were placeq. 0.7 S, (2.5 mmole) 

compound'!.., 0.6 ml (5, mmole) benZYlamine', and la m( toluene, 
< 

and the solution was refluxed for 24 hrs. The solvent was 

evaporated and the crude product was purified by ,cO-l-umn 

chromatography on pilica gel using chloroform as eluent . 
, 

Sorne compound 7 (0.2 g) was recovered as weIl as the product - " 

(0.75 g) which had incorporated~three benzyl groups. 

NMR: ô 7 . 3 (s, 15 H), ô 4 . 8 (d ) lH), ô 3 • 8 ( br , 6 H), ô 2 • 4 (b r , 4 H) , 

61.7 (br,4H), 61.45 (s) + 61.4- (s) + 61.35 (s) (9h). 
~ 

-1 0-1 
IR: 3290 cm (brJ, 1715 cm (s). 

/ 

t- Butyl-6 , 7-epoxy-2 -trimethylsilyl-2-heptenoate (8) 

In a 25 ml flask'~~re·placed 2.0 g ,(7.9 mmole) t-buty~-
• a J \ 1 \ 

2-trime~hylsilyl-2,6~heptadienoate, 1.9 g (9.3 mmole) of 85% 

m-chlorope.rbenz~c acid, and 15 ml me~~ylene chloride, and 

the solution was stirred at 1 room temperature o~vernight. The 

whi te precipi tate which' formed was fil tered off and 'the 

i' 
1 
1 
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filtrate washed with 5% sodium sulfite and 5% sodium 
, ~ ~ 

i 
carbonate. The organic sol utioQ was dried and <evaparated. 
\, ' 

<l'h~ c):'ude product was purified by' preparati ve tlc usiilg 
.... , 1 ~ ,f" 

toluene to give t-buty1-6,7-epoxy-2-trimethylsilyl-2-
. ~ ~ 

h'eptenoate. Yie1d: 1.8 g d36%) . .NMR 06.9 (t) + 66.1 (t) OH), .</ 

82.5 (m,sH), 81.7 (m,2H), 61.4 (s) + 61..45 (s) (9H), 

'ÔO • 2 (s ) + ô 0.1 (s) (9 H). IR: 1720' cm -1 (s), 16/20' cm -,1 (w). 

t-Butyl a-bromo-a-(5-bromome~hyl-2-tetrahrdrofuranyl)acetatel(11) 

In 'a 25 ml' flask 0.27 g Cl mmole) compound 8 was disso1ved 

in 5 ml methy1ene chloride and 0.16 g (1 mmole) bromine in 5 

ml methylene chloride was' added dropwise with stirring. After 
< ~ 

stirrin~ 1 1/2 hI' at room temperature the color of the bromine 

had disappeared and the solvent was evaporated. The residue 

was dissol ved in 10 ml acetoni trile and o. is g (1 nunole) 

tetraethylammonium fll!-l9rid~ was added. The mixture was 

stirred for 1 hI', then ~artitioned between ether and water. 

The organic layer was dried and concentrated, and the crude 

ptoduct'was purified by preparative tIc using toluene t~ 

giv~ t-butyl a-bromo-a- (S-bromomethyl-2-tetrahydrofuranyl)-. 
'\ ~ 

acétate. 'yield 0.25 g (70%). NMR: 01+.2-3.3 (m,SH), 02.2-2.0 , 
-1 

( m , 4 H ).' 15 1. 5 5 (s) + é 1. 5 ( s) ( 9 H) • IR: l 7 5 0 cm ( s ) . 

2-Trimethylsilyl-2,6~heptadienoic Acid (12) 

In a 25 ml flask 0.106 g (1 mmole) cyanogen bromide 

and 0.134 g Cl mmole) fr~phly 8>ub~imed aluminum trichloride 

were dissolved in 9 ml methylene cltloride and cooled ta 0° . 

. A ~lution of t-butyl-2-trimethylsi1yl-2,ç-heptadienoate 
1 

" 

~ 
1 

< ' 

\ 
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/ 
1 

(0 : 251+ g, l mmole) in l ml methylene chloride was adde d 

dropwise and the mixture stirred at 0° for 1 hr. The reaction 

mixture was poured into water and extracted wi th ether, and 

the .organic extract was dried and evaporated, giving 2-

trimethylsilyl-2,6-heptadienoic acid. Yield 0.19 g (96%). 

'. NMR: 11.2 (br,lH), 67/.1 (t.) + 06.1 (t) (lH), 65.5 (m,IH), 

04.8 (m,2H), 62.4-1.9 (m,4H), 60.1 (s,9H). -1 IR: 1680 cm 

-1 1 -1 ( s ), 16 40 cm ( w), 16 0 5 cm ( Yi) • 

t-Butyl-2,2-dichloro-3-hydroxy-6-heptenoate (13) 

In a 25 ml three-necke<;l flask- 0.084 g (1 mmole) .4-

pentenal was dissolved in 4 ml THF a~ cooled to -20 0 under' , 

nitrogen, then 0.326 g'(~ mmole) trisCdimethylamino) 

phosphine in 3 ml THF was added. After la min. 0.22 g 

. (l mmole) t-butyl 1;richloroàcetate in 3 ml THF was added, 
1 • 

. and the mixture stirred at -20 0 for 1/2 hr., then allowed 

to warm to room temperature. Thè reaction mixture was 

poured into water and extracted with ether. The organic 

extract was dried and evaporated and tQe crude product was 
\ 

1 1 
purified by preparative tIc using hexane-~oroform (4:1), 

giving t-butYl-2,2-di\hlorO-3-hYdroXy-6-hep~enoate. Yield 

0.12 g (45%). 

01.6(s ,9H) . 

NMR : Ô 5 . 9 ( m , lH), ô 5 . 2 (m, 2 H), ô 2 . l (m, 6 H) , ~ / 
~ 

IR: 3470 ~m-l (br), 1750 cm- 1 (s), 1645 cm-1 (w). 

. Attempted Reattion of 4-Pentenal, t-Butyl Trichloroacetate 

and Triphenylphosphine. 
i 

In a 25 ml three-necked flask flu$hed with nitrogen 

0.168 g (2 mmole) 4-pentenal and 0.524 g (2 mmole) triphenyl-
• 

phosphine were dissolved in 5 ml THF and 0.22 g Cl mmole) 
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t-buty1 trichloroacetate in 5 ml THF ~vas added dropwise . 

The mixture refluxed for two days, then the THF was evaporated - , 

off. The residue was extrllcted with hexane, and, after 

remova1 of the soivent, gave t-buty1 ch1oroacetate. Yield 

0.llg(73%). 

(s). 

NMR: CI 3 • 8 (s, 2 H), ô 1. 4 (s, 9 H) . 

1 

t-ButY1-a-ch1oro-a-trimethy1si1ylacetate (14) 
~ 

IR: 1760 -1 cm 

a) 
\ 

In a 50 ml three necked f1ask flushed wi th ni'trogen 

20 mmo1e of lithium diisopropylamîde _was prepared fro~ 

2.82 ml diisopropylamine and' 9.1 ml of ~,'. 2 M n-butyl li ~hi um. 

After removal of the hexane the base was dissol ved in 20 ml 

THF and the 'solution cooled to -78°. Then 3'.76 g (20 mmole) 

of' t-buty1 trimethy1silylacetate was added, followed after 

1/2 hr by 5.28 g (20 mmole) hexachloroacetone. After the 

mixture warmed to room ttemperature i t was poured into 
. 

saturated aqueous ammonium ch10ride and extracted with 

ether. The ether extract was dried and concentrated. Tlie 

crude product was dist~lled,giving t-butyl-a~chloro-a-

trimethy'lsilyl ac'etate, b.p. 48-50° <0.8 mm). Yield 2.71 g 

(61%) NMR: 03.6 ,(s,lH), 01.\5 (s,9H), 80.1- (s,~H). 

lI)u l' ' 
IR: l 7 4 5 cm - ( s) . \ 

1 

b) The same product could be obtained by a-similar reaction 
, 1 

using 3.0 g t-buty1 ch1oroacetate and 2.56 ml trimethy1ch1oro­

silane. Distillation gave t-butyl-a-chloro-a-trimethy1-

silylacetate. Yie1d 2.2 g (50%). 

1 

1 
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-
t-Butyl-2-ch1oro-2,6-heptadienoate (17) 

In a 100 ml three-necked'flask f1ushed with nitrogen 
. 

20 mmole lithium diisopropylamide was prepared and dissolv~d 

in 20 ml THF. The solution was cooled to -78 0 and 4.46 g 

(20 mmole) t-butyl-a-chloro-a-trimethylsilyl acetate was 
1 • 

added dropwise. After 15 mi~ 1.68 g (20 mmole) 4-pent~nal 

was added. The mixture was stirred at -78,0 for 1/2 hour, 

then allowed to warm to 0°, and 3.0 ml (40 mmole) thionyl 

chloride was added. The·reaction mixture was stirred at 

0° for 1/2 hr., thep warmed to room temperature, poured 

into water, and extracted with pèntane. Distillation 
1 

'1 

of the o;ganic pha~e gave t-butyl-2-chloro-2,6-heptadienoate, 
1 

b.p. 68-70° (1'.0 mm). Yield 2.1 g (49%) NMR: 66.9 Ct) + 

66 . 3 ( t ) ( lH') , ô 5 . 8 (m, IH), 65. 1 (m, 2 H), ô 2 . 4 (m, 4 H) , 

6 1 . 6 (s, 9 H) . IR: 17 2 2 cm - 1 (s), l 715 cm -1 ( s ) . 

The same reaçtion was carried out on a 1 mmole sca1e 

with other carbonyl compounds, and the products purified 

by tIc .using hexane-chloroform (4:1). 

From 0.112 g cyclohexy1aldehyde, t-butyl-2-ch1,oro-'3-
1 . 1 

cyc1ohexy1 propenoate (0.106 g, 44%). NMR : 6 6 . 8 ( d) + 

66 . 1 (d) ( 1H), 01. 3 -1 . 8 (b r ,1lH) , 61. 6 ( s , 9 H) . IR: 1725 

cm- 1 (s), 1715 cm- l (s). 

From 0.106 g benzaldshyde, t-butyl-2-chloro-3-pheny1 
1 t1 

propenoate (0.131 g, 55%). NMR: 0/.3 fS,SH), 67.8"(s) + 

67.1 (s) (,IH) , ·ô1.6 (s) + 61.4 (s) (9H), IR: 1720 cm") (s). 

1= • 
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From 0.072 g isobutyraldehyde, t-butyl-2-chlor6-4-

methyl-2-pentenoate (0.05 g, 25%). NMR: â6.7 (d) + 156.0 (d') 

(lH), 152.9 (m,IR), 01.5 (s,9H), 81.05 (d) + 01.00 (d) (6R). 

~ R : 17 30 cm -1 (s'), l 7 2 0 cm -1 (s). 

From 0.098 g cyclohexano,ne, l-chloro-l-carboxy t-butyl 

methylenecyclohexane (0.10 g, 44%1' NMR: 02.5 (m,4H), 

51.6 (br,6H), 01.5 ,(s,9in. IR: l~cm-l (s). 

1 From o. a 86 g methyf isobuty1 ketone, t-butylr-2 -chloro-
1 ~ 

3,4-pi'methyl-2-pentenoate (0.037 g, 17%1. NMR: 0,3.3 (m,lH), 

151.8 (s,3H), 81.5 (s~9H), 81.05 (d,6H). 

'-1 

-1 IR: 1 7 30 cm ( s ) , 

1715 cm (s). 

From 0.072 g methy1 ethy1 ketone, t~butyl-2-ch1oro-3-

methyl-2-pentenoate (0.1l1 g, 55%). NMR:, 02.3 (m,2H), 

01.9 (s) + 152.1 (s) (3H), 01.5r(s,9H), 01.0 (m",3H) . 

IR: 1715 cm- 1 
(s). 

From 0.134 g PhenY1aCe;O;e J t~butY1,-2-Ch1oro- 3-methyl-

4-phenyl-2-butenoate, (0,105 g, 40%). NMR: 07.2 (s,SH), 

,03.8 (s,2H), 61.95 (s) + 5l.8 (s) OH), 1.5 (s,9HL 

'-1 
IR: 1715 cm ( s ) . 

MéthYl-2-Ch~ro-2,6-hePtadienoate (18) 

In a 300 ml three-necked f1ask flushed with nitrogen were 

placed 2 a ml THF, 25 ml ether, and 6.4 g (25 rrunole) diethyl­

trichloromethahe phosphonate, and the f1ask
i
wap cooled to 

-105°. Then 50 rrunole of n-buty1 lithium (l.6 Min' hexane) 
! 

was adàed drbpwise. During this addition the temperature 

of the reaction mixture rose to -85t.~d wis he1d at this 

temperature for '15 min., then coo1ed to -120°. During 

',t 
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dropwise addition of 2,36 g (25 mmole) methyl chloroformate 

in 10 ml ether the tempe rature rose to -100 0 ', The mixture 
1 

was warmed to -60 0 and 2.1 g (25 mmole) 4-pentenal in 10' ml 
r, 

ether was added. The reaction mixture was stirred at room 

temperature for. 1 hr., then cooléd to -20 0 ~d hydrolyzed 

with 25 ml 2N sulfuric acid. The mixture was extracted 

with ether, and the organic' extract was washed with saturated 

salt solution and dried. Distillation gave methyl-2-chloro-

2,6-heptadienoate, b.p. 55-58 0 (0.08 mm). Yield 1.8 g (41%). 

NMR: ô 6 . 9 (t) + <56. 3 (t) (lH), ô 5 . 7 (m, IH), 05.0 (m, 2 H,) , 

63.7 (s,3H), 62.3 (m,4H). IR: 174G cm- l (s), 1725 cm- 1 
(s). 

Attempted Silylation of t-butyl Azidoacetate 
1 

In a 50 ml three-necked flask flushed wi tr ni trogen 
1 

2,0 mmole lithium diisopropylamide was prepared and dissolved 

in 20 ml THF. The solution' was cooled to -78 0 (or -100 0 ) , 

a mixture of 3.14 g (2 0 mmo~e) _ct"'butY,l azidoacetat; and; 2.6 

ml (20 mmole) trimethylchlorosilane was added and stirred ~ 
, 

--l ' 

for l 1/2 hI', then warmed to room ternperature. The 'reacti':ôn 

was worked up with ammonium chloride solution and ether, and 

the organic layer was dried. The product, a da-tik"" red >'oil , 
1 

• -i ' could not be distilled. NMR: 01.4 (s). IR: 2110 cm (m), 

1735 cm1 (s). 
1 

2-Phenyl-4C4-pentenal)-S-oxazolone (19) 

A mixture of 1.79 g OO.mmole) hippuric acid, '1.0'1 g 

(12 mmole) 4-pentenal, 1.39 ml (30 mmo1e) acetic anhydride, 

'" and 1.6 g C 5 mmole) lead acetate in 20; ml THF was ref1uxed 

for 3 hI'. The reaction mixture was taken up in ether and 

Î , 
1 

" 

î 
·1 
~ 

1 
1 

1 
1 
i 



\ 

( 

1 

i' 1 J 

r., -r .~~, , ... " ~,. - ',;.!0f'7~II':~ l 'Th":'~ Il ~r-.:v-'l.: .', lt; t,;...t~",.',-~:ti~·~,:,·" t~~~"t r~~~~;.1*·fft~1(~"-';!1~~ ... V~.tr""~'-'f"""",; .. r, ........ ..,,_~ 
1 

r 122 

\ 

washed with 10% sodium carbonate solution. The organic 

layer was dried 'and the solvent evaporated. Purification 
., 

of the crude product by chromatography on a silica gel 

column uS'ing he~-chloroform, (2: 1) gave: Yield 1. 8 g 09 %) • \ 

/ 
NMR : 8 7 • 6 ( ID , 5 H), 0 6 . 5 ( t , 1 H), 8 5 . 8 ( m , 1 H), 8 5 • 0 ( m , 2 H) , 

62.5 (m,4H). IR: 1800 cm- l (s), 1670 cm- 1 (m), 1640 CfIl-l (w). 

Ethyl 2-Benzoy~amino-2,6-heptadienoate (~) 

To a solution of 0.10 g (O. 4~ mmole) compound 19 in 10 
'I 

ml absolute ethanol was added 8 drops concentrated hydro-

chloric acid,. and the ,mixture was 'refluxed for 18 hrs. 

The ethanol was evaporated and the residue was taken up in 

ether and washed with 5% aqueous sodium bicarbonate: The 

ether solution was dried and the solvent evaporated. The 

crude product crystallized on standing and was rec~ystallized 

from carbon tetrachloride,to give ethyl-2-benzoylamino-2,6-

" heptadieno~te, m.p. 99-100°. Yie1d 0.078 g (65%). NMR: 
\ 

07 .6 (m,6H), 8 6 . 7 , (t , IR) , 85.7 (m, IR) , 05. a (m,2H), 

3310 cm-l " 04.1 (q,2H), 82.3 (m,4H), 81. 3 (t, 3H) . IR: (br), 

1720 
~l 

(s) , 1650 -1 (s) , 1600 cm -1 (w). cm cm 

Ethyl Isocyanoacetate 

A solution of 6.4 g (64' mmole) phosgene in ,55 ml 

methylene chloride,was added dropwise ta a refluxing 

solution of 7.94 g (60 mmole) N-formyl glycine ethyl ester 
1 

in 19.4 ml triethyl~ine and 30 ml methylene chloride. 
1 
1 

When the addition was complete, the reaction mixture was 

concentrated under reduced pressure and 15 ml benzene was 

\ 
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added.' The mixture was fil tered and the precipi tate 

washed with b~nzene. The filtrate was distilled giv{ng 

ethyl isocyanoacetate, b.p. 53-55°, Yield: 4.6 g (68%L 
1 

NM~: 64.2 (s,2H), 154.2 (q,2H), ?1.3 (t,3H). IR: 2150 cm-l 

, -1 d 

(m), 1740 cm (sn Lit. 116 b.p. 53-550. ' 

l' 

1 

Ethyl-2-f,0rmylamino-2,6-heptadienoate (21) 

To a sol~tian' afl 1.13 g (10 nunole") ethyl isocyanoacetate 

in 10 ml THF cooled.to -78° under nitrogen' was added·6.5 ml 
~ 

ÇlO mmole) 1.6 M n-butyl lithium in h~xane. Then a solution 

of 0.84 g (10 rnmole) 4-pehtenal in 5 ml THf was added, and 

the reac~on m~xture allowed to warm to room temperature. 

The THF was rernoved under reduced pressure and the re~idue 

treated with 15 ml of l M acetic acid. The acid solution 

was extracted with ether, and the organic extract dried and 

the solvent evaporated. Column chfomatography on silica gel 

wi tp ether gave ethyl-2-formylamino-2, 6-hep~adien'oate. Yield: 

1 • ~ g (61 %) • NMR: ô 8 • 0 (d, IH), ô 7 • 0 ( t) + ô 6 • 4 (t) ( IH) , 

ô 5 . 7 (m , IH), ô 4 . 9 ( m J 2 H) ~ô-4~-S -(--q) + ô 4.1 ( q) (2 H) , 

152.2 (m,4H),~ôJ..3 Ct) + 61.25 (t) (3H). IR: 3300 cm-1 

(br), '1710 cm- l (s), 1685 cm-1 (8). 

t-Butyl-5,7-epoxy-2-chloro-2-heptenoate (22) 

To a ~olution of 2.1 g (10 rrunole) t-butyl-2-chloro-2,6-

heptadienoate in 20 ml'methylene! chloride was added 2.3 g' 

(11 mmole) 85% m-chloroperbenzoic acid., The ,mixture was 
, ' 

stirred for 14 hr. at room temperature and then fi1tered. 

The-filtrate was washed"with 5% aqueous sodium sulfite and 
1 

5% aqueous sodium carbonate, then dried and evaporated to 
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give t-butyl-6, 7-epoxy-2~ch1oro-2-heptenoate. ,Yield 1. 8 g 

(78% ) . NMR: cS 5 . 8 (t) + cS 6 • 2 (t) OH), 02. 4 (m, 7 H), cS 1. 3 

(s , 9 H) . - IR: l 7 2 0 cm - l (s), 16 3 0 cm -1 ( w) • 

Reaction of t-Butyl-~-chloro-~,6-heptadienoate with Benzylamine 

A solution of 0.22 g (1 mmole) t-butyl-2-chloro-2,6-

heptad~enoate and 0.21 g (2 mmol~) benzylamine in 10 ml\ 
/ 

. toluene was refluxed for 18 hI'. 'The reaction mixture was 

taken up iA' ether and washed with water. The organic-

layer was dried and ev~porated to gi ve, probably, t-but'yl­
\ 

2,3-(N-benzylaziridJnyl)-6-heptenoate. Yield 0.23 g (80%). 

NMR: 07.2 (s,5H), 05.6 (m,lH), 05,0 (m,2H), 84.6 (s,2H), 

83.5 (br,2H)', 82.3 (m,4H), 81.5 (s,9H). IR: 1726 cm- l (5). 

t-Butyl-Ct-ch1o',!,o-cx (5'-azidomethyl":2-tetrahydrofuranyl) Acetate 

In a 10 ml flask 0.27 g (1.2 mmole). t-\butyl-2-;:-chloro-

6,7-epoxy-2-heptenoate was dissolved in 5 ml 4ioxane. The 

solution was heated to reflux and 0.13 g (2 mmole) sodium 

azide was added dropwise. The mixture was refluxed for 
r' 

9 hr., at this time two layers had formed in the reaction 

mixture. The layers were separated and tha aqueous layer 

was extracted wi th ether" The ether extracts were combined 
\ 

• • 1 

wi th the origin~l organlc layer, drled, and concentrated\. 

Thè product was a slightly yellow oil, t-butyl-cx-chloro­

cx(5-azièlometbyl-2-tetrahydrofuranyl) acetate. Yield ,0.24 g 

. ( 87% ) • NMR: 84. 3 (m,3H), ô3.3 (br d,2H), 82.0 (m,4H), 
,-

6,1'.5 (8,9H). IR: 
-1 . ')-1 

21 0 0 cm ( ( s) , \ 1 7 35 cm ( s ) . 
/ 
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t-But 1-2-chloro-6-h 

In. a 100 ml flask 1. 0 8 g (.5 
, 

2,6-he,ptadienoate was dissol ved in 50 ml t-butyl alcoh'o:1., and 
• 1 

1.76 g (.6.25 mmole) Chloramine-T trihydrate, 13 mg osmium 
, , \ 

tetroxide, and 1.06 g (6\25 mmole) si1ver nitrate were added. ' 

The reaction mixture was stirred and heated at 60° for 4 hI'. 

Then 20 ml of 2.5 % aq ueous sodium bisu.1fi te was added ~d 

the mixture was refluxed for 1 hr. The silve~ ch10ride was 

fil tered qff 'and the butanol evaporated. The resid'ue was 

taken up in rnethylene ch10ride and washed\ wi th 1% sodium 

hydroxide in saturated sa1~ solution and with water. 'Th~ 

organic layer was dried ahd evaporated to give t-butyl-
\ .. \ .' 

2-chloro-6-hydroxy-7-tosylam~no-2-heptenoate. Yie1d: 1.86 g 

( 9 3 % ). NMR : <57,' 5 (q , 4 H), ô 6 . 9 ( t , lH), <53. 6 ( rn, 2 H), 52. 9 

(m,iH), 62.4 (s,3H), 82.3 (br,lfn, 51.6 (br,2H), 61.5 (s,9H). 

-1 -1 -1 IR: 3505 cm (br), 3290 cm (br), 1720 cm (s),1630 

'-1 -1 
cm ( w); 16 0 0 cm ( w) • 

'L.... ' 

t-Butyl-2-chloro-6-hydro~y-7-t-butoxycarbonylarnirto-2-

héptenoate (~) 

In a 250 ml flask 2.59 g (15 mmole) N-chlorosodio 

t-butyl carbamate and 5.1 g (30 mmOle) silver nitrate were 
\ 

l , , 
dissol ved in 100 ml acetoni trile and after aDout 10 min a 

yellow suspension deve1oped. To this suspension was added 

0.81 ml (4S'mmo1e) water, 2.17 g ttbutyl-?-chloro-2,6-

heptadienoate, and 25 mg (0.1 mmo1e) osmium tetroxide, and 

the mixture was stirred at rqorn temperature for 14 hI'. 
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Then 21.5 ml saturated sodium ch10ride solution was added and 
, 

the precipitated silver chloride wai filtered off. The 

1 filtrate was refluxed with ~o ml of 2.5% aqueous sodium ~i-

sultite for 1 hI'. The mixture was concentrated and the 

aqueous residue was extracted l.-JÏth methy1ene chloride. The 

organic extract was dried and evaporated and the crude product 

was chromatographed on a silica gel ca1umn using ch1araform 

ta give t-butyl-2-chloro-6-hydro~y-7~t-butoxycarbonylamino-. 

2-heptenoate. Yield 2.8 g (80%). NMR: 66.9 Ct), + 66.3 (t~,1 

~1H), 65.1 (br,lH), 63.3 (m,~H), 62.5 (lI).,4H'), 01.5 (s,9H), 

ô 1. 4 ( s , 9 H) . IR: 3 3 80 cm -1 ( br), '17 IO cm -1 ( s ) " 16 30 cm - l ( w ) . 

t-Butyl-a-chloro-aC5-tosY1aminamèthyl-2-tetrahydrofuranyl) 
'\ 

Acetate (26) 
1 

Ta a solution of 0.08 g (0.2 mmole) compound 24 in 10 ml 

THF was added 8.6 mg (0.2 mmole) of 56% sodium hydride'. The 

mixture was stirred at room temperature under nitrogen for 

3.5 hl'. The reaction mixture was taken up in ether and 

washed with wate~. The organic phase was dried and evaporated 

to give t-buty1-a-chloro-aC5-tosylaminomethyl-2-tetrahydro-

furanyl) acetate. Yie1d 75 mg (94%). NMR: 07.5 (q,4H), 
. 

154.2 (m,4H) , 63.1 (m, IH) , 62.5 (s,3H), 82.0 (m,4H) , 81. 5 

(s,9H). IR: 3290 
-1 (br) , 1740 cm -1 

(s) , 1600 -1 (w). cm cm 

t-Buty1 2-Chloro-6-(t-buty1dimethylsily1oxy)-7-~osylamino-

2-heptenoate, (27) , -
A' solution of 2: 7 g (6.7 mmole) compound ~, 1. a g , 

, \ 

(6.7 mmo1e) t-buty1dimethylsi1yl chloride, and 0.91 g 

(13.4 mmo1e) imidazole in 10 ml dimethy1formamide was stirred 

-_'.-.-_., --" _ ...... ~_ .......... _-~" .. ~ _ .. ~ ~ .. ~ """" ~,. 

" 
" 
; 

f 

, 
',! 
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at 50 ° for 21 hI'. The reaction mixture was taken up in 

ether and washed ~ith water. The organic phase was dried 

and evaporated. The crude product was chromatographed on 

a silica· gel column using chloroform to gi ve compound 27. 

Yield 2.8 ~ (80%). NMR: 6 7 . 45 ( q , 4 H) , 66 . 8 ç t ) + 0 5 . 3 ( t) (lH), \ 

03.6 (m,2H), 02.8 (m,2H), 02.4 (5,3H), 02.2 (m,lHO, 81.7 

( m , 2 H), 6 1. 5 ( s , 9 H), ô a • 9 (s, 9 H») ô 0 • 0 (s, 6 H) . IR: ~ 2 9 0 cm - 1 

(br) , 
, -1 

1120 cm (s) , 1630 cm -1 (w), 1600 cm- 1 (w). , , 

t-Butyl a-Chloro-a-(5-t-buty1dimethylsilyloxy-l-~Qsyl-

2.-:eipei-idyl) Acetate (~) j .. -..,--' 

To a solution o~ \ 5 .2 g (10 mmole) cOJf1pound '!J.. in \100 
, \ 1 

ml THF was added 0.41 g 00 mmole) of 56% sodium\hydride 
, ~ , " 

and the mixture was stirred at room Temperature for 3 hI'. 

The reaction, mixture was partitioned between,ether and water, 

~d the org~ic layer was dr~ed and 'evapora,teg. The crude 

product formed crystals on standing which were recrystallized 

from hexane giving compound 28, m.p. 148-150°. Yi~1d: 2.1 g 
':~ -

(40%). When the mother liquor was concentrated and a110wed 

to stand in the cold with a'small amount of hexane added, 
o 

more crystals fo;trmed, also compound ~, but ,m.p. 106,108°. , 

Yie1d 0.7 g (13%). Total yield 2.8 g (53%). NMR: 07.6 

(q,4H), 84.4 (br s'fÎt), 83 .. 8-2.8 ,('m,4H), 82.5 (s,3HO, ô2.3-1.7 

(m,4H), 81.5 (s,9H), 80.9 (s,9H), 60.0 (s,6H). IR: 1730 cm- l 

(s), 1600 cm- l (w). For C24oH4005CINSiS' Calculated: C,55.62; 

'H,7.80; N,2.70. Found C, 55.93; H, 8.07; N, 2.61. 

\ . 
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Attempted Reaction of Compound II wi th Sodi um Azi~_/ 

a) A solution of 0.1 g (0.2 mmole) compound--28 in 5 ml 
-\ 

chloroform and a solution of 0.065 g Cl mmole) sodium azide 

in 2 ml water were stirred with 5 mg cet yi trimethyl ammonium 

bromide at rodm temperature overnight. The reaction ,mixture ' 
. 1 

wàs extracted Ithree times wi th ether. Drying and evaporation 

of the organic layer gave compou~d ~. 

b) A mixture of 0.065 g sodium azide and 10 mg 18-crown-6 

in 10 ml 'acetonitrile was stirred for 1/2 hI' then 0.1 g 

compound 28 was added. The mixture was refluxed overnight, 
\ 

then the acetonitrile was evaporated. The residue was taken 

up in ether and washed wi th water. 'Drying and evaporation 
~ 

of the organic layer gave compound 2,8. -, 

a-Ch16ro-a<l-tosyl-5-hydroxy-2-piperidyl) Acetic Acid (31) 
[ 

p: solution of 1. 5 g (2. 9 mmole) compoU?d ~ (m. p. \ 
" 

147-150°)\ in 3 ml trifluoroacetic acid w'as -stirred at room 

temperature for 45 min. The excess trifluoroacetic acid 

was evaporated under reduced pressure, and the residue was 
'f 

taken up in ether and washed wi th water. Drying and evapo~a­

tion of the ether layer anq recrystalli~tion. of the crude 

pToduct from chloroform-hexane gave a-chloro-aCl-tosyl-S-

hydroxy-2 -piperidy1) ·acetic acid, m.p. 175-177°., Yie1d 0.98 
\ \ 

g (98'%). 

When compour:d' ~ (m.p. 106-10 ab) was hydrolyze.d in the 

same way the product had ,m.p."'" 196-198°. NMR: ô 7.6 (q, 4H) , 

J' 

, . , 
.' 
" 
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i 

j 

\ 



'~; ,1-: 

• 

( 

! , 
1. , 
i 
1 J 

1 
1 

,/--

( ) , 

0, 

( 1 129 

Ô 4 . Ô ' (s , lH) , 1 64 . 5 ( br, IH); Ô 4 . 0-2 '. 7 ( ID , 4 H), q 2 . 5 ( s, 3 H) , \ 

ç1.8 (m,4H). IR: 3.440 cm- l (br), 1740 cm- l (s), 1600 cm-~ 

FO~-Cl4H1805NSCl Calculated, C, 48.34; H, 5.22; N, 4.03. 1 (w). 

Found: C, 48.56; H, 5.40; N, 3"._98, Il 

_.1'!l1 & .." " 
(l-Tosrl-5-hydroxy-2-piperidyl) Glycine (32). ~ 

A solution df 1.05 g (3 rnrn:ole) compound 31--in 15 ml 
~ 

30% aqueous ,ammonia was sealed in a thick walled Pyrex tube 

and heated at 90°· for@four days. 
(\ ' 

The tube was o~ened and the 

excess ammonia, an,d water were evaporated. The crude product 

was ll'ecrystal1ized from metha~o1 gi ving (1-tosyl-5-hydroxy-

2-piperidy1) glycine, m.p. -180° (d).c Yie1d 0.89 g (90%). 

~ NMR: 07.6 (qo,4H)"ô4.6 (br,2H), 64.0-3.0 (m,4H), 62.5 (s,3H), 

'01. 7 (m,4H). ,IR: 3000 ·cm- l (very br), 1590, cm- l (s ,br). 
\ 

After acidification: 342d crrir1 Jbr), 3150' cm-1 (br), 

1740 cm- l (s). 

For Cl4H20N20SS Ca1culated: C, 51.20; 'H, 6.15; N, 8.53. 

Found: C, 50.47; H, 6.25; N, 8.80. 

Attemp1;ed Reaction of Compound 11. wi th Sodium Naphtha1ene 
, b.. 

In a 25 ml three-necked flask flushed with nitrogen 

0.25 g (2 mmole) naphthalene and 50 mg ,(2 mmole) sodium 
"<-

in 5 ml l ;2-dimethoxyethane were s,tirred at room temperature 

, 

for 1 1/2 hl' unti1 ~ dark green color deve1oped./ Then 40 mg 

(0.12 mmole) compound ~ was added and the mixture stirred for 

2 hr. The reacti~n, mixture. was poured into water and 

extra,c1;ed wi th pentane. The aqueous phase was neutralized 
" 

wi'th 10~ HCI and evaporated. Th~ residue was recrysta1lized 

f~om water giving compound 32. 

~ 

1 

1 

\ 
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,( 2-Tosyl-.8-carboxymethyl )-2-aza-7 -oxabicyclo- (2,2, L'-) oètane (33) 

a) To la ml rr1ethanol saturated· wi th anhydrous HeL was 

added 50 mg (1-tosyl-5-hydroxy-2-piperidy1) glycine and the 

,so'lution refluxed for 14 hI'. The methanol was evaporated 

\ and the residue was partitioned between e'ther an,d,; waterj. ,The , ~' 

ether layer was dried and evap~ra1=ed gi ving compound 11, m.p .. 
\ 

149-151° , Yield 45 mg (90%). 

b) A mixture of 50 mg compouhd 32, 4 ml 2,2 -dimethoxy­

propane, 4 ml methanol, and 5 drops cOIlcentrated Hel was 

refluxed for 1/2 hI', then stirred at room temperature'for 

8 hI'. The sol vents were evaporated and the residue 

taken up in water and neutralized with sodium bicarbonate. 

1 The neutral mixt\lre was extracted wi th chlore fo'rm gi ving 

'..Qompound H, m.p. 149-151°. Yielâ 42 mg (84%). 

NMR: 07.5 :(q,4h), 04.2 (br,2H), 04.1 (m,lH), 63.8 (s,3H), 

é 3 . 5 ( m, 2 H), é 2 . 5 (s, 3 H) " é 1. 8 ( m , 4 H) . IR: 1 7 5 5 cm- l 
~ 

. -1 
(s) , 1600 cm ,( w) • 

Reaction of Compound 32 with 2-t-ButyloxycarbonyloxyinUno-

'J 

{ 
) 
l , 
J 

~ 

2-phenYlaceto~i trile and ~6methane , g 
1 

Tc a solution of 0.164 g (0.5' mmole) compound 32 and 0.105 1 

ml, (0 ~ 75 mmo1e) triethylamine in 3 ml wat~r was added 0.14 g 
\ l ' 

\ '. 1 • 

(O.5S'mmo1e) 2-t-buty10xycprbonyloxyimino- 2-phenylaceto-
~ 1 

nitrile in 2 ,'ml dioxane. 
, ., 1 h . 

The ffiJ.xture became omogeneous ~<i\ 

~ 

\1,2 hI' and was stirred for 8 hI'. 
Q' 

After addi tio:p of water and 
. ) 

et~ acetate the aqueous layer was separated, washed with 
1 

1 

ethyl acetate. The extract was dried and evaporated and 

) 

/ 

:1>' 
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( 

the residue was disso1ved in ether. The ether solution 

was added ta a solution of 0.2 g (5 mmole)" diazomethane in 

e;ther at 00 • The solution was stirred at 0 0 for 1 hr. 

The excess diazomethane .. was, destroyed by addition of acetic 

acid j u~t until the color was discharged. 

of the s'olvents gave compound 33. 

l, 

Evaporation 

l, 
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STATEMENT OF ORIGINAL CONTRIBUTIONS TO KNOWLEDGE 

A new synthesis of a-chloro-a,S-unsaturated esters from 

carbonyl compounds and ~-butyl a-chloro-a-trimethylsilyl 

acetate was developed. This method was shown to be ,applicable 

to a variety of carbonyl compounds. 

The osmium tetroxide catalyzed reactions with Chloramine-T 

and N-chlorosodio t-butyl carbamate were used to selectively 

oxyaminate one double bond of a diene. 

Several new compounds were synthesized and characterized, 
1 

including (1-tosyl-S-hydroxy-2-piperidyl-glycine and (2-tosy1-

8-carboxymethyl)-2-aza-7-oxabicyclo-(2,2,2)-octane. 

Part of ûhis work ·has been published: 
o 

"The Synthesis of Alkenes from Carbonyl C9mpounds and 

Carb~ions alpha to Si~icon. VII. A Synthesis of a-chloro-

CL, S-unsaturated ,Esters. 11 

T.H. Chan and M. Moreland. Tetrahedron Letters, 515 (1978). 
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