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/  ABSTRACT

The naturally occurring compound 3 6-bis-(5-chloro-
. I
2- plperldyl) -2,5- plperaZLnedlone (L 1s a,promising new

/
antitumor drug. 'The mechanisms 6f action of antltumor

alkylating agents, particularly the nltrogen mqstards and

A}

sesqulterpene lactonesq, suggest pos51ble modes of antitumor

1

activity of”compound 1. A p0581ble synthetlc scheme for .

compound l is developed by conslderatlon of methods’ of
synthes1s of piperidines, a—substltuted-a,B-unsaturated

a \
; -

A synthesis of a-chloro-a,B-unsaturatéd esters from

AN
.

bugyl'a—chloro—a—trimethylsilyl

esters, and f-amino alcohols.

carbonyl compounds and

acetate is developed.

A

bond o? t-butyl 2-chloro-2 6—heptad1enoate occurs by epox-

amination of the terminal doﬁB%ﬁ

idation and reaction with an amine or azide ion and by
osmium tetroxide catalyzed reaction with Chloramine T.

] - ’ A
piperidine ring is formed by an internal Michael reaction

~

The

of t-Butyl 2-chloro-6-t-butyldimethylsilyloxy-7-tosylamino-

2-heptenoate. The amino acid (l-tosyl-s-hyaroxy-z-piperidyl)

glycine is synthesized and found to be unstable to acidic

esterification con?itions. .
. i
Strategies for overcoming the problems encountered in
bt Ty

" the synthesis are discussed.

-

-
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Le cbmpqsé naturel>£is(éhloro~5 pibéridyl—Z)—3,6-piper-
azinedione-2,5 (1) est une nouvelle drogue aux effets promet-
alkylants antitumeurs, particuliérement les ypérites’ azotées
et les lactones gesquiterpénes, suggérent des modes possibles -
pour l'activité& du composé& 1. Un schéma synthétique'possible
pour .préparer le composé 1 est dé%eloppé par considération
des mé&thodes pour la synthésé dés pipéridines, des esters
a—Substitués—avéthyléniques, et des alcools B-aminés. ..

L‘Une synthé&se des esters a-chlorés-a-&thyléniques ‘ ;

-

commengant avec les composé&s carbonylés -et 1'a-chloro-a-

¢

| trimethylsilylacétate de t-butyle est developpé. I'oxy-

amination de la double-liaison terminale du chloro-2 hepta-/

diéno-2,6-oate de t-butyle a lied par 1'époxidation et .

réaction avec une amine ou 1l'ion azoture ou par réaction ‘.
§ ‘ + L)

v

avec la chloramine-T cafaleée par le Eétroxyde d'osmium. -
L'anneau pipéridinique se- forme par'une réaction de Michael

intefﬁe du cHlbrd%Z Efbutyldiméthyisilyloxy—6 tosylamino-7

¢

hept&n-2 oate de t-butyle.| L'amino-acide (tosyl-1 hydroxy-5
i-.

%

pi%éridyl—ZLglycine est synthetisg&, mais on trouve qu'ilr

% : ' . /

est instable en milieu acide. . a

Des strat&gies pour surmonter les problé&mes rencontrés
Y . i
\ * . -
pendant la synthése, sont présentées. ’ ,
'& ! . .
- 1
I ' 5
."‘ 3 : !
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‘ . _ALKYLATING AGENTS IN CANCER CHEMOTHERAPY

13

Chemotherapy is an -established method of cancer .
treatment, but it is a fie%ﬁ in whic¢h research: continues in . '

the search for niew drugs and the étudy'of their mechanisms

of action. Cancer cﬁeﬁotherapy depends upon,the/selective

destruction of tumor cellg with minimal effect ,on normal’

v !

cells. The primary difference between normal cells and

,

tumor cells is rate of growth; so many antitumor .drugs apt .
1 ~ . &

by blocking‘%hose reactions whicﬁ'are most important in

S

8
G
3
E,
o
s
K-
o 3
oF

3 (T? rapidly growing cells, such as cells of the bone mé%row and- N
© the 1in{hg of the gastrointestinal tracty are also's&sceptible

|
to the drug.. Chemotherapy is uged mostly in' the treaFment of
. ' NI ,

e A e 2

. disseminated cancers (the hematologic cancers and me tastatic
tumors) which are difficult to treat) by Z;;ﬁggy or radﬁation. q
A

%

The kinetics of action of the antitumor ugs makes thému

- - most effectiWe against a relatively small tumor cell popu~
EEENA - !

' . . O .
lation. Most chemotherapeutic' agents produce a first

“

order kinetic Eell,kill; that ié, a fixed percentage o% cells
are killed per dose of drug, not a fixed number per dose. )
This means thaf administration‘of the repeated doses thch ‘
woﬁld be.ﬁécgssapy to eliminate a large' tumor mass might

not be possible because of the toxi¢ effectf of the drug.

-
A
\\ ' .
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) . The main classes of anticancer drugs .are the antimeta-
' bolites, alkaloids, antibiotics,: hormones, and alicﬂrlating
- ag‘em;s..2 The éntimetabolites include purine and pYrimidine" .
- antagonists which inhibit-nucleotidé synthesis by blocking
the active sites of enzymes or,\as yith/ﬁ-?hioguaniné, by
1 . incpyporation into the product DNA, ‘makipg it -dysfunctional.3
( Folate gntagonists inhibit purine:synthesis by bldcking the

enzyme . dihydrofolate reductase. The plant alkaloids used v

%
%
E
3
?, +
3
i
5
; ,,
3
L
P
?‘(
v
s .
%ﬁ

as antitumor drugs act as mitotic inhibitors (colchicine

derivatives, vincristine, and vinblastine),!or by inhibi-

tion Of DNA or RNA synthesis. The’antitumor antibiotics
generally bind non-covalently with DNA to block RNA produc-
( ; o
1 ‘ '
tion. However, mitomycin C forms covalent bonds and gross-

links DNA(strands.u

- Mitomycin-C i ‘

<
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. Alkylating Agents. ) , %

. The crosslinking of DNA is also the primary mode of \ %

’ B action of many of- the alkylating agents. The alkylating %

- &

i agents which are in clinical use include nitrogen mustards, 'E

e

R TR P R R R

e

methane€sul fonates, aziridines, and nitrosoureas.5 (Figure 1)

v

The .compound commonly called nitrogen mustard, methyl-bis—

1

(B-chloroethyl)amine, was first synthesized in 1935 .5 Other

e i

compounds of this class have been developed to provide

e .
R RN PR

increased selectivity and decreased toxicity. Cyclophos-

LN

phamide, which ig inactive until the ring structure is , ‘

" . metabolized, was developed with the thought that it would be 1

activated by phosphoramiEZSes in tumor cells; however, acti-
| .

vation has been found to occur in the liver.’ The aziridines

TR L S

¥ (:? T and methanesulfonates are not used clinically as much as the
& " nitrogen mustards, though busulfan is used in the treatment

/ . p
of chronic myelogenous leukemia. -The nitrosoureas have been
developed more recently; their mechanism of action is some- "
i i B . . N
v

what different from thé older alkylating agents. They

S

£

1324

. cross the blood-brain barrier more easily and are often.

active against tumors resistant to 5then,alkylatigg agents.
E ) All the alkylating agents which are active as antitgmor

drugs have two reactive groups which can react with nucleo-

4 ) philic groups' in the cell. The nitrogen mustards readily
E

cyclize to form an aziridinium:'ion which is the active

electrophilic gpeciesfs | ’

C/}“ \ “ o .-
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, Nitrogen Mus”&a’rds o - Aziridines
/ » CICHCHa, ‘ ' Y
' NCH , - &
. / 3 P ’N%N L
. , ClCHzCHZ _ . o /k\ LL
. Nitroéen mus tard IVN N N\?
’ : ‘ Tfiethylene{nelanine
H \ ° s +
, Cl¢ 2CH2\ | )
N CHZ)acDOH B . f ’
" CICHyCHY | , W ,
Chlorambucil . I:N‘?:S )
, | ClCHzCHz\ - f\lez - 'I:riethylér;ethiophoépﬁoramidg
) ’ N-@-CH CHCOOH "
CICHCH 2 . . .
’ ' , Melphalan Nitrosoureas
G CHiHy O e I 1 R
) _Cl \ - . ’
2 Z\J}D/N CquZCHZEOC S,CHZCHZCI a
- ClCHzCHz/ \O b bis-chloroethyi nitrosurea
Cyclophosphamide ’ , (BCNU) -
p (\\ | ﬂ
: {1 X o) , 1.
o . Meti'lanesulfona:ces . CiCHZCszJ“g—NO v
| | 4 “ I © - NO H ' |
o L ~.chloroethyl cyclohexyl nitrosourea .
[ '
CI-?—-%—O-(CHZ\)L—O:?-CH:; (conyy
0 0 “
/f‘Busulfan o l
C:) s Figure 1. . Alkylating Agénts inf.- Clinical Use.
T ‘ )
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They can-reacdt with a variety: of nucleophlles in the cell

1nclud1ng phosphate, amino, sulfhydryl hydroxyl, carboxyl,

,
s g e TR
o, 3ot TS

and 1m1dazole,groups, but the most susceptible site is the

r

7-position of %uanine. N

o Lo
ki

- T

= et
Y

\

When the two electrophilic groups of the drug react with two -

different guanine residyes in DNA, either intrastrand or

interstrand bridges are formed. Interstrand bridges prevent-~ |

. separation and replication of the DNA. Other éellular
‘constituents are affedted/by alkylating agents, but 5NA is
most susceptible at low conceqtrafions.sg |

’Sinee the main action of these drugs is disruption of :
DNA replication, cells are mest‘sensifive-yhen in a phase
where* DNA synthesis is oecurring or is about to’start.
Cells g0 through several phases between mltotlc divisions. 1
Gl is a restlng phase follow1ng lelSlon in which RNA and
protein synthesis proceed normally, but no DNA synthesis for

. . replication occurs, though some DNA repair takes plaee At

| _the end of Gl a burst of RNA éynthe51s occurs and the cell

\l enters G2 where DNA synthesis’ stops and RNA and protein

syntheses continue. During mitosis RNA and protein synthesis

............
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° also stop. Another phase, Gy > is an extended resting phase

which may hot be "a; separate phase} but a prc:longa’cion of Glif
The late Gl and S8 phases are the’ mos t susc’éptible to alkylating
agents, since da";nage done to DNA in other phases may bé re-
paired before transcription occurs. |

The two main problems in cancer chvemot}ierapy are toxicity
and development of resistance. Resistance of a tumor to a
Jdrug may develop through decreased permeability of theqéell‘
membrane to the drug, increased degradationhof the drug
within the cell, or by acéeler'ated repair of damaged DNA. °

This resistance is sometimes specific for the drug which has

been used and sometimes extends to other compounds of the

same class. > o

Cyclophospbhamide

The problem of toxicity would be helbed by "a drug which

would be iﬂactive un;;i“l metabolized by the tumor cell.
The presence of high phosphoramidase activity in some tumors

'  prompted the synthesis of cyclophosphamide. It was found

~

that activation occurs in the liver rather than the tumor,

v

but cyclophosphamide still has greatebr selectivity toward
tumor cells than most other nitrogen mustards. Its meta-
bolism has been studied and its suggested breakdown is

shown in Figure 2.\10 The acid derivative is the main meta-

bolite and the u4-keto derivatige has‘also been identified
i ' '
as a metabolite, but neither of these compounds is qytotoxic.

he

> o / / .

s

PPy
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i/liver‘ enzymes "
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£
1 Cl\/\ \\ 2 tumor
@ Cl/\/ c[/\/ P<O/\/CH0 —=> HoC=CHCHO
5 * acrolein
’ cellular , Clee \\ /NHZ
l' enzymes I Cl/\/N_P
\ \V .
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\

) C& . 'mustar:j
a Cl\/\ \\/N j Cha NO\\ /NH7 ' )

:
1
E Cl/\/ \O/\/COOH
/ /!
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; Figure 2. Metabolism of Cyclophosphamide
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' These enzymes all have sulfhydryl groups which are essential

gy Baepmiog

\unsaturated carbonyl group present as either an o-methylene

react with DNA,

T e s
;

- \ . Ve ‘
%. / | .
It has also been shown that acrolein apa phosphoramide

mustard are formed from cyclophosphamide. The assumption is;

then, that after an initial oxidation 'in the liver to the
b-hydroxy compound enzymes in normal cells cause further

oxidation to the inactive metabolites, but in tumor cells
. N .
lacking the necessary enzymes acrolein and phosphamide

11

mustard are formed. Both these compounds are cytotox;c,

phosphamlde mustard alkylates as a typical nltrogen mustard
Acrolein can react with nucleophiles in the cell by a Michael

addition to cause alkylation.

Antitumor Sesquiterpenes

/ The alkylatlon of cellular nucleophlles by a Michael

reaction has been shown to ocecur with a group of compounds
12,13 .

‘which have antitumor activity, but are not in clinical use. ? 3

» , o] .
These compounds are sesquiterpenes which have. an .a,B=-

a

lactone or an.a,B-unsaturated cyclopentenone. (Figure 3)

The mechanism of cytotoxicity of the sesquiterpenes is

-l J

different from that of the nitrogen mustards. They do not

guanine, or adenine, but they do inh#¥it _ ..

12

DNA synthesis. The' inhibition of several enzymes (DNA

1y - ’

, 1
pc;lymerase,12 phosphofructokipase, and glycogen synthe-

tasels) by n@qbers of this group has been demonstrated.

to their activity, and in the case of phosphofructokinase’

i

“
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. it was shown that inhibition was related to reaction of the

sesquiterpene with the -SH groups. The drugs have been .

\

shown to react by a Michael reaction with cysteine and __ _

reduced glutathione.lg’13

t

0 COOH COOH |

“ , , . HSCH2CHNH2 — ﬁ/CHZSCHzc*‘NHz S
1" - l’\.—» ' A

ﬁ‘ The cytotoxic effect of these compounds is due to enzyme i
Y, N & .

1nh1b1tlon caused by ‘Michael addition to sulfhydryl groups,

rather than alkylation of DNA as with the alkylating agents

which react by substitution reactions.,
»

A number of compounds with antitumor activity have shown

-
T O T

a positive correlation between their antitumor activity and

inhibition of aerobic respiration in tumor cells.17 Aerobic

respiration is inhibited by sesquiterpenes which alsc have
; .

antitumor activity and it is postulated that this ﬁay be. ___ . Q

s e

caused by reaction with sulfidesqand sulfhydryl groups in
@ .

cytochromes and Krebs cycle dehydrogenases.18 ’ 1

Eoap

Risighesus

3,6—bis(5—chloro-2—pgperidyl)-2,5-piperazinedione
; 4

- Recently a compound isolated from the fermentation broth

VI S

,of a culture of Streptomyces griseoluteus was identified as

the first naturally occurring antitumor agent with a B-
cploroamlno group similar to that of the nltrogen mustards.z,Q
The report of its isolation gave OnLy its elemental analysis

and infrared spectrum. Later its structure was deduced20

\
okt 2 i8a WAL it it e, £, RPN (T T A Y K LB Lt




oy
- -
\
—
@

1 i 2 5 NS SN [V SO WY
5 1400 1200 1000 800 €xcm™!
‘o .
. o —_— - — (]
- . . 5
)
- s34 i )
oW
- ]
~
) " ,
— /, []
3 , ,
0} r—bll(l
al .
. 4— o276 2
o PP W . l Y | -~ I
- v T T ] T T 14 T T 3
x ® W0 W Mo WO MO 200 20 240 200 PO U300 32 340 ‘
4
R Figure 4. Spectra of 3,6-bis-(5-chloro<2-piperidyl)-2,5-piperazinedione.
‘/
- .

TR
. P g

. o MRS

RIS ‘if‘m“‘f . -

.
—

e S W

-

"

P
PR T A A re Vo TP O T st AL T e AR S D VI

8

-

/

kst U SR e e

S 4 e i Ehw

bt

S d




. C K

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

chloro-2—piperidyl);2,5—piperazinedione (). This structuré; .

was subsequently confirmed by x-ray crystallography.21

Cl

The elemental analysi§ of the Hydrochloride salt gave

{
an empirical formula of C7h120N2012 or C7H110 Cl‘for the

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

and 3210 cm™' (NH and/or OH); 2400-2700 cm * (NH'); and

1

1685 cm ~ and 1665 cm—l (carbonyl). The nmr was rather

complex; the variety of coupling constants and moderate

line broadening of some signals suggest a cyclic structure.

[
Comparison of this nmr with the nmr spectrum of 5-hydroxy

/

pipecolic acid showed a marked similarity, so the conclusion‘
was drawn that the new compound was a 2 ,5-disubstituted
piperidine with both substituents equatorial. The similarity

of chemical shifts indicatgs that the substituents have

7

similar shieldiﬁg effects to the carboxyl and 'hydroxyl
groups, The doublet at 64.58 was shown by spin decoupling.\

experiments_to be a proton on a carben attached to
. . |

position 2 of the pipefidine ring. ’ ’

Py {
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The mass spectrum of the compound had the highest mdss
peaks as a cluster at'm/e 312-315 in a pattern imdicating

‘one chlorine atom. Agpeak at m/e 276 had no chlorine. The

- mass %pectrum showed, then, that the empirical formula

(MW 176) d&rived from the elemental analysis was not the
. [ - ) o ' :
molecular formula. Doubling th® molecular weight given

-

by the empirical*formulaﬂgives a molecular weight Qﬁ 3u8
fromwhich Loss of HCL would give 312 and loss of two HCL
would éive 276. T@is suggested the ‘dimer étructure 1 which
fits the IR spectr;m'and the remaining peaks in the mass

spectfum. Lt §‘
i

H
348 118 *
4
H 0 H‘ . + ) H H +
A0 - [oF0]
0/ H 0o’H

Zevihe mrctes v =

S At i 2

.V" A o .
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The arguments f%p~the structure proposed were quite

Y

conv1nC}ng, but could not be con51dered;nnequlvocal,

particularly in the absence- of a molecular ion 'in the mass
7

spectrum. The structure was confirmed and the absolute

s

1 - ’ | ’
configuration determined by x-ray crystallography. 21 The

¥

sulfate salt pentahydrate of the compound was used for the

study. Of tﬁe 'six chiral centers the two carbons of the '

piperazinedione ring and the two carbons bearing the chlorines

-

were S and ‘carbon-2 of each pireridine ring was R.
|

Cdmpound 1l is gssumed to ba'deriyed from the amino acid
(5~chlero-2—piperidyl)glycine for which the trivial name
streptolutine was pfoposed-_2l Compound 1 could then be
called gzgléf(streptolutyl—streptolutyl)ﬂ y

' It was thé;;ntitumor activity of this comgound which
led tg'its isolation.lg The antitumof aetivity was first
detected in the fermentation broth of a culﬁure of
Streptomyces griseoluteus with the human tumor-egg host
system using human adenbcarcinoﬁa #1 in, the\embryonated

egg. This system was used to guide the 1solatlon procedure.

Thé“lyophlluzed broth was first extracted with absolute

ethanol and the ethanol solution evaborated t? dryness.
Y " ’
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The residue after evaporation was dissolved in water and

A

extracted at pH 7.0 with butanol. Concentration of the

>

butanol extract gave a cry§talline material which was

récrystal;ized from methanol. This crystalliqe coﬁpound -
had a-400-fold greatér activity in the test system than
the l&oﬁhilized broth. , When the structure was elucidated,
iF was presumed that the biological ac?ioniof this new
compound'would be similar to that of the nitrogen mustards. 2%
The mode of action of 3,S—bis(5~éh%or9-2-piperidyl):
2 ,5-piperazinedione has been investigated by in vitrg
studigé.’ Reaction ‘with Q-(p—nitrobenzyl)pyridine has been

22

used as a test for alﬁylatiﬁg activity. The alkylating s

agent forms the pyridinium salt which, in an alkaline medium,\

)

loses a proton to form a blue colored compound.

, ' NO, | NO; \ o__\?l;.o ' ;
, | | ﬁ
‘ "OH
| X
CHy \ fi%> H — ’ .
A O e * f
o @ Q.
N R

Both compound and the bis-aziridine (3) prepared from it

were found23

o react with u;(p—ﬁitrohen;yl)bYridine.
’

-
-

Both these compounds also, reacted with diethylamine
‘A . S

fe
k3 i -
.
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In cell cultures compound 1 was. found to inhibit DNA
synthesis .and cell proliferation, but not RNA or protein
24,25

synthesis. The bis-aziridine 2 also inhibited DNA

synthesis, but its activity was lower. For the same
inhibitory effect on DNA synthesis ten times as much bis-

aziridine was required as compound l. This suggests that

either the chioro—compound does not cyclize before alkylation

occurs or that it also reacts in some other way not open to

the aziridine. In synchronous cell cultures compound 1
‘ |

\

[

|

. 42% of cells in G, phase.zs‘ All these observations are

indicative of a mechanism of action similar to that of the

,

A

nitrogen mustard compounds'.

In a study which correlated antitgmor activity gpd
inhibition of aerobic pespirgtionl7 it was shown that
compound 1 inhibits‘gerobic réspiratioﬂ in ﬁitochopdrial .
preparations. The readtion causing this inhibition wa;
. not studied, however. 'In view of the findings with the

sesquiterpenes which were found to react with sulfhydryl
\ 18

\

groups of enzyﬁes, it might be tempting to propose a

similar reaction for compound 1. Opening of the piperidine

ring would give® a compound which could und rgoﬂa Michael
A
addition. r

~
4
\ ~ /

caused chromosome aberrations in .all cells in S phase and @ -

[\

E
3
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Cl

1
i \ ! 3 i
— op
- 1‘ l
. This possibility has not been studied, but 3 probably | .
' 1 *  would not be as reactive as the seéquiterpenes. The double

bond in compound 3 would be less electrophilic than either
Q
AN an a-methylene lactone or an a,3-unsaturated cyclopentenone.

Also, it has been shown that substitutiaon on the exoccyclic

N I T LA

carbon of o-methylene lactones decreases their antitumor
26

=,

activity.

i Animal studies showed compound 1 to retard the gréwth\

i

A e, KA e Pt e AL T 8

‘(ﬁf of Erlich and Taper liver ascites neoplasms and of Walker
sarcoﬁxa,QSS with some complete remissions seen.27, It was

also_active against L1210 mouse leukemia, even those strains

which were resistant'to cyclophosphamide or BCNU.28

»

Clinical trials in humans have begun with some encouraging
‘ 29,30

. forine ot it IR,

results. - The,greatest success has been with leukemi'as

d Hodgkin's disease. 3! Some response has been seen with .
* . k j’
nbn-Hodgkin's lxmphomassl'and metastatic breast cancer.82 It ‘

has Fad no effect in trials with multipke myelomaa,l"3’3 .

- . 3y .
metastatic renal carcinoma, or metastases of other solid

28,33 Generally hematopoetic to’xicity was the dose

»

tumors.

limiting factor with maximal effect on granulocytes .and
30"

\

C) platelets seen 2 %‘-weeks after a dose.

N
\ ' s -
L]
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The promising results of these c¢linical trials make

A

3,6-bis- (Sich-lor*o—z—pifuericb;l )=2 ,S—piperazinedion‘e an

o

interesting target for chemical synthesis. Also, preparation

of analogs could aid in®the clarification of its mechanism of ™.

action.
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. . ' CHAPTER II
METHODS OF PIPERIDINE SYNTHESIS .

o
\
-~

‘  In cons:.derlng“r?: ,6-)315-(S-Chloro—z-plgerldyl)—Z 3 5=

piperazinedione from a synthetic viewpoint the major features
are the diketopiperazine ring and the piperidine rings.

. Diketopiperazines, anhydro-dimers of a-aming acids, 'have
. . .

been isolated from various natural sources, most commonly

N from cultures of yeast lichens, and fungi.35' .Some of these

¢ ‘are symmetm.cal, J.ncludlng rhodotorullc acid, cycloserine

f
. - dimer, and cyclo-phenylalanyl-phenyalanyl; but most are more

\\ -complex unsymmetrical structu#ces. (See Figure 5) The

| symmetrical di‘ketopiperézinés are most often synthésized by
C} ) dimerization of the, amino acid ester. This dimerization

. often occurs spontar;eously in solutlon They can élso be

R

I
prepared by heating the free amino acid in ethylene;glycol 37

’ . B—naph‘chol,38 or ph'e;‘vol.39 The unsymmetrical diketopiperazines

are usually synthesized from a dipeptide derivative. Unpro- .

tected dipeptides can be cyclized by heating in B-naphthol38

\ v
or ph‘enol,3 and dipeptide ester hydrochlorides cyclize on

treatment with ammonia.w’“:L The latter method was used in
the synthesis of a symmetrical diketopiperazine, rhodotorulic
| ( acid. 2 o ‘ I

B | S jcoupe  BIOYE

° (CHN |
e NHZ Ny 2:HB/MeOH N0 :
‘ B2ON(CHHCHCOOH + BzON(CH,){CHCOOMe —= o [t

\ ¢
N\
N
—~
, 1

‘Rhodotorulic Acid

. it NH N (:H2)3NOBz
O e L Is : 3 . 3. N3 H 7%5
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N- ™~
H

' \ ‘ H t

Rhodotorulic Acid Cycloserine Dimer

r
!

/ \
H H T
PhHZCINf OIN /
0NN ““CHopF ' -
Cyclo phenylalanyl- ‘ <

phenylalanyl Albonoursin

| /" N-CH | /
) ' OH H 3 : o
OH

Gliotoxin

\ -
’

Figure 5. . Nat{.lrally Oceurring Dik‘gtopiperazines
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T

Since diketopiperazines, especially the symmetric com-
pounds, are usually synthesized from the component amino acids

r; derivatives thereof, the synthetic target becomes the

amino acid. Thus, in the case of 3,6-bis-—(5—c\hloro—2-:

piperidyl)-2,5-piperazinedione, the objective\is (S-chlorp-

-piperidyl)glycine, and the piperidine ring becomes a major
synthetic concern. ’ ;
Many methods of piperidine ring formation are available

which can produce rings with various substitution patterns.

'The method chosen for this synthesis will have to) give a

2,5~disubstituted ring.

Pzrldlnes

« !

One of the commonest methods of piperidine ring synthesis .

is the reduction of pyridines.
( .
the synthesis Pf several piperidine alkaloids, including

This method has been used in

)

pinidineu3 and solenops:‘Ln-A.uL+

O e, L2 == ) ~
HC- , HZCHCH3 Adams ¢ Bﬂ CH,CHCH3 ©H N CH=CHeH

Catalyst ‘ 3 .
“ % Ploidine

Na \ / |
Ty w7 el nslhemigon
HC CHylCHy  EIOH  HyC (CHCHy | HF CHzhoCH; -

j ,ssv. 4 15°/.

" Solenopsin-A i
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. , - These alkaloids are 2,6-disubstituted piperidines and the
™

cis isomers (diequatorial) are more stable than the trans

isomers (axial-equatorial) so reduction of pyridines tends.

to give the cis isomers. This method was less successful
5 - i
; with trisubstituted compounds such as carpamic acid,u5~with
&

/ zf: three asymmetric centers.
y HO
¢ \
¥ HCY NN (CH,)2COOH
; T W ORI :
Piperidines which are 2,5- dlsubstltuted are more

¥
¥
g,
5

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 isome/rs dependent upon the method of reduction. For
example, catalytic ﬁydregenation :)f 2 ,5-dimethyl pyridine
using Raney nickel gives a cis to ti*ans ratio of 27:73.%8

In an attempted synthesis of 3 6-bis(5-chloro-2-piperidyl)-

/
2,5-piperazinedione the amino acid (5- CthI‘O 2~ pyrldyl)-

glycine was prepared as in scheme 1.47

0N AcNHC HICOOEY . H ‘
Y . 1 NaH (COOEt)Z Pd/C COOEt)Z

' / | | . |i-amyloNO

) . / CC'L

| . Renal Cl O 1NaOH Cl
mom S P m
Acylase NHAC 2 Ct NHAC
Scheme 1.

Synthesis of, (5-chloro=-2 -pyridyl)glycine

> [ NG P B v, R Tt Bt A R B B T 0 20
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This pyridine derivative proved not to be a useful interme=

- 1 '[
- }
( .

diate since all attempts at reduction of the pyridine rlng
!
also caused hydrogenolysis of the 5-chloro substltuent

- /

’,fgnrlaily’féaaggd pyridines have also been used in the

\'r,////g;hthesis of substituted piperidines, mostly by addition
reactions. A naturally occurring piperidine, S5-hydroxy

pipecolic acid, has been synthesized by hydroboration of a
48 '

4,5~dehydropipecolic ac1d derivative. OH
- : 1-BZH6 HO’\q Q\
— \ .
‘(sz COOMe ;-_*82:2*2“)3 E“ 00H COOH.
i Hy/Pd-C T2% 28°/o

In this reaction the natural, and more stablé, trans isomer

of the 2,5~-disubstituted compound was the major product. This

however.

was pot‘the case with other H,S-dehydropiperidines,
b9
OH OoH . _
Z 1.82H6 ! HO
S * i A (4)
N“R 2.H207-K7C03 1 \ n ,
Me ) Me Me Me j
Hydroboration of l-methyl-2-alkyl-4,5-dehydropiperidines gave
no trans—Z,S-disubsti?uted product -and only a small amount of
the cis disubstituted product. - N
2-Piperidylmethyl ketones have been synthesized by the

reaction of 1, 2§dehydropyridines and the complex of‘magnesium

methyl carbonate with a methyl ketone.

Q (5)
RCCH (CH OCO) M ,{1 q 1]
3 3 2 9 . ﬁ HaCR ‘

i

AN ‘ " ‘
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ol
Cyclization at Nitrogen

‘ I
The reactions discussed above have involved modifica-

tions of previously formed ring systems. Piperidines can

N\

also be formed from acyclic precursors. Perhaps the simplest
, : - .

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

which occurs spontaneously on neutralization of the acid

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

of the alkaloid coniine from lysine.Sl

COOH . GOOH |

e e My
(c;qu, :jzc(‘) N \(<;;H2),, Ef C00H - N ‘9::2
NH ! NH, HCI CHaCHy :

S(+)Coniiné

’ ’

Similar cyclizations Fre the reactions of 1,5~dihalides with e
, ! ' ed

"
ammonia or amines and treatment of 5-h§droxy?mines with ﬁBr.SZ

-
v

3

Grignard reagents react with d-chlorovaleronitrile to give

2,,3~-dehydr‘opiperidines.53
. ' \\\ /J}" - !
] . t ;
. ‘ | ' i
CI(CHp)CN + RMgX —=> Q<NR s ()\ (7) ~
Co Cl SNMgX NR
' | /
The Hofm

ann-Loffler reaction, the cyclization of an N--
! ‘

haloamine, forms piperidines in small amountg, but the major

product is a pyrrolidine.sq

This reaction has been used in

HGRTR RAGH o A IV 0 1ot L A ARSI P 508 U e sewneia ek AN



R 4

o

. NS iy
oot oy M B B TR TR e g g R S IR I R e A R S I SR M

H
1

- : 25

the synthesis of pyrrolidine'alkaloids.ss’ss/ The reaction

generally occurs at the 5-carbon.

involves an intramolecular radical chlorination which '
R~ ‘ R'¢
H L > —> R(CH

Y / 1
+NER "l RH3 ‘ ¢l *NHR R
When the hydrogen abstraction occurs infermolecularly, the

chlorination .occurs predominantly at the poéition next to

.the end of the alk§l chain,57 so piperidines are formed

from n~hexylamines.>8

: . Feso, - ‘ (9)
CH3(CH2)5NHR » (GH4 )ZNCl -_ N .
HyS0, R M3 |

A number of piperidine alkaloids have been synthesized

using another reaction ofﬂcyclizatioh at the nitrogen. The
reducfive cyclization of a G-nitfoketone was part of the
preparation of pseudo—conhydrine,59 carpamic abid,so and'
aximic acidrsl‘ The method is general for the preparation
of 3-hydroxypiperidines substituted at the 2 apﬁ/or 6

i~

positions. - )

HO Hy/Pd-C  HO.. . HO
T G o -

{ < 'y

RPNopR 1 . RNTR RATR 4
The product always has the 2 and 6 substituents cis, but the

. 3 ‘ .
3-hydroxyl may be exclusively cis, ®xclusively trans, or a
mixture may be formed, depending upon the particular

‘(

>
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substltuents. The reaction ,gave pseudoconhydrine with the

naturai/j;?§§’geometry exclus1vely 59 \
— G

- Pseudoconhydrine
C HZCHZC My

—

;3.}"9 P

2 3-|so Carpamic Acid

b B Carpamic acid was formed as a mixture with 3- socaépamic |
'% acid.60 . \
?; ~HO J\/j\
;L H3CHCH2)7COOH H3C H2)7C00H

. g;; | qupamlc Acid 1 ’ :

Sy . . ., 61
Azimic acid was formed as.a mixture with S'~epi-azimic acid

N K HO

(‘ H3Cm(CH2)5COOH H3d/]\/j\<c++2) COOH

. Azimic Acid 5% . 35% 65- epl Azimic Acid
In other compounds cyclized in this manner, (Equation 10),
!

J
where R was benzyl, R'=H gave mostlx,cig hydroxyl, R'=methyl

\\
{

gave a mixture of cis and trans hydroxyl %nd'R'=ethyl gave

exclusively cis hydr@iyifﬁg“‘Wﬁen R was methyl, R’:methYI

gave mostly cis hydroxyl and R'=ethyl or n-propyl gave (S

exclusively cis.63 )

h '
E R, In a recent synthesis ®f solenop51n A a constluent of

fire ant venom,uu ‘the piperidine rlng was formed by an intra-

' molecular aminomercuration of a double bond 64

. 1.Hg(0AC )2 _ 7
. HAC X —> /Ifil + ,i:«]\ ()
3 , 3 H, CHz)4CH3 ‘121 NaBH,,. H3C H ’(?Hz)g H C (CH2)9 .

, i Solenopsin-A "iso Solenopsip-A\

\ 1% 1A

!
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i
i
i
i
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. X The unnatural trans isomer was the major product, but some
\if the natural cis isomer was also formed.v

/‘ ‘ \%’ An astmetr%c synthesis of the\alkaloids'sedaﬁ@ng and-

‘allosedamine was-recently mported65 in w_hich an optically

’active piperidine derivative was formed by an in't:r‘amolecu.'!.arv

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

. : Ko‘Bu Q (\,L'H Hi . -
0P K —=—> NN , (12)
) et l - 0OMe 1~ H2COOMe - H CHzéH h -
I!J q ) H Sedamine Ql—l/(,)\H
- o H C g Ph

Allosedamine

J (‘&‘ YA

o

The lactam was hydrolyzed in removing the chiral directing

L LU AR S

group, but was easily re-formed. This synthesis illustrates e
y i - ‘ A - ’
(i? that d-lactams can be precursors of piperidines.
’ !

A synthesis of S-l-methyi-3-hydroxypiperidine starting

s St e B

g\\. from arginine used lactam formation as the rihg closure
55 .

S

reaction.

? \ H ¥’ » H ;
. OOH COO@ l 3
Hoy ,

2.H0

1

P ¢=NH  3.Baom),

[ \ NH2 ! Wa'a b
: A lactam was also an intermediate in a synthesis of -

trans-2-methyl-5-hydroxypiperidine. 67

L 3

| | COOMe oH L0
f OH A 0 LIALH, - Ml
s ) H3 - ' N ‘H3 CH3

(“_‘g) v | - ’ | - ‘ / |
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. A lactam was used in a recent synthesis of dihydro-
.+ pinidine to allow introduction of the n-propyl group by

3 N—acyl lactam rearrangement.68 )

Q L 5 QL IOV
—-a» \ :
‘ iiC Ll f
% 0 H4C C3H- HyC CyHy 2
N ' COC3H7 : %
§ Lactam formation also occurs when .y-cyanoesters are P

g catalytically~reduced.69 ) g

g . ﬁ k¢

A byt

COOEt  H,/Ni r COOEt - | ’
CN COOEt ‘ i N 0 : ,

\ .o ' ’ //“"j

Cyclization at Carbon

s L X S e, P Ve
H

PLALY

=

3

‘ /// All the cyclizations discussed above involve formatlon
‘of a, carbon-nitrogen bond, but piperidines can alsc be
formed by ring closure between 'two 'carbon atomé of a
secondary or tertiary amiﬁe.‘ The Dieckmann condensation

was used in a stereospecific synthesis of trans-5-

[/) -
{3

‘hydroxypipecolic acid.7ob ' ) ) c
3 cooer COOEt
CQEt base m qu HCl HO.. (j\c ) 5
a7 i
COOEY EtOOCnCOOEt N oot NGB H N“cooH P
Coph CoPh COPh :

A similar condensation used cyano rather than ester

'\
groups,7l'

CN _CN— N ' - CN
[ —_ —_ : (18)
N © NN, ‘

. 1 ) '?‘ l
= - R ‘- R R -

i
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’. Transformation of Other Rings
1 Piperidines can also be formed by trans formation of
% other ring systems Cyclopentanone|can be transforméd by
o .« y either 'the Beckmanfrearrangement or the Schmidt reactlon

'i‘; . [

?l to a lactam which can then bé reduced to the plperldlne.

: NHOH \

h | NH20>H PClg C*jj/O :
) § 7 ' (19)
H
‘ HN3

0 o
) ‘ , ' |
{ ' The catalytic hydrogenation of a mixture of furfural and a

pfimary amine gives a 3—hydroxy§iperidine.72

| Hy/Ni OH
[N+ RNHp 2> U
~07\CHO . ANY

I Hydroxypiperidines can alsdo be formed by catalytic

| (20)

o T

[/
hydrogenation of a y-lactone with y-azidomethyl group.73

: LiAlH,  HO g
N.H-C 0 HZ/Pd-C HO 4 \(j
N3 —> (21)
\ \(j N N

H H ‘
Tertiary cyclopentane azides when treated with acid
give a-substituted piperideines which can be reduced to-

piperidines. . This reaction was used to synthesize

coniine and dihydropinidine. “ : ‘ ,
. l ) ] R

= i e bt e b - e e - g cm b vt A7 T
; [y
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C o~ . HS0 H/Pd - C
S e S O
N7NA N

\ (22)

QN ”ZS"‘ - Oy e IL |
. _ * . d—>
HIESNZ T e SN Hal HCHLHg

e

In the'primary'synthetic target of this work, (5-chloro—

2-piperidyl)glycine, carbon-2 of the piperidine ring lS 8 to

This means that an 1ntramolecula£\\

;, Michael-type cyclization similar to that used in the syn-
%
5 (Equation 12) should be applicable to

the carboxy}ic acid.

thesis of sedamine8

this synthesis. The acyclic precursor then, should be a

v

-heptenoic acid derivative which has, or will allow the

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

at C-7.

-
¥
A

Cla~ .
> .
i QCOOR : terOOH

¥ Y NH>

&~ TZ

. |
If group B is not an amino group then the substitution at

N

C-7 and the Michael addition could possibly occur’ at the \
same time.

'
v B
5

A NH2R A
—""> \ ’ s
COOR \ENj\‘/COOR
[}
Y ‘ : R Y

e R
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The stereochemistry of the substituents on the piperi-
dine ring in compound ;Ais trans, but it is not necessary

that this geometry be introduced in the cyclization. Even

\ if the cis compound is formed in the cyclization reaction,
when the c¢hlorine is introduced, isomerization to the trans
compound can occur. When lrethy;-Q—chloromethyl pyrrolidine
hydrochloride is neutralized with base to!form the free amine,
it spontaneously r;eanf'::nsmges,lu8 through a bicyclic aziridinium
ion,lug to l-ethyl-3-chloropiperidine.

NaOH Cl
: Q/Cl —> @ ol — (\/j/ -
& -HCL N e , N

; Et -

This same sort of aziridinium’ ion formation would allow
isomerization of a cis-2-substituted-5-chloropiperidine to the
corresponding trans compound. |
* ~
) Sl L
e — N L —
N - R N
. H R C Sy H R
o '

~
o

* The trans diequatorial isomer would be more stable than a

lecis axial-equatorial isomer. 1

i
| .
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CHAPTER III .

|\ SYNTHESIS' OF o-SUBSTITUTED-q.,R-UNSATURATED ESTERS“-~¥mn\__ﬂ

»

|

o>

The Michael reactionm is the  addition of a nucleophile

to an alkene bearing an electron withdrawing substituent (3).

%

p A-*»>=<: — A;'{Z“ W] 9—@“ .

. Y A Y’ 4

The group Z must be able to stablllze the intermediate

carbanion. o, B unsaturated esters are fairly good Mlchael

PR, ST -

acceptors, though not as good as a,B-unsaturated ketones or
! !

, ‘ nitro compounds.  The a,B-unsaturated ester chosen for this

'synthesis,must have an a-substituent (Y) which can become

(;} the amino group of the final product, but which will not

interfere with the Michael reaction. Thus, Y cannot be the

amino group since this would deactivaté the double bond to

nucleophilic attack. (Enamines generally react with electro-

PR

philes at the B-carbon.) Possibilities for Y would be an
imine (-N=C) or an acylated amino group (-NHCOR) , whicgh would
be less llkely to 1nterfere w1th the Mlchael reactlon, or a
nltrOagrogp, éZldO group, or a halogen, which wotld increase
fhe susceptibiléty of the double bond to nucleophilic\at%ack.
] . +The substituent at the B-po;ition of the a,B-unsaturated
Tter should contaln the remalnlng four carbons needed for

3 tbe plperldlne ring and suitable functlonallty at the 6 and

i

* (, . -p%;ltlons as dlscussed in the’prev1ous chapter.
g \

'
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‘a,B-unsaturated-a-amino Acids M {

methods of forming a,B—unsaturated~a7ﬁubstituted

First,

esters will be considered. Two methods are availaﬁie for the

direct synthesis of a;Béunsaturated—a-aminp acid derivatives

from éarfonyl compounds. The Erlenmeyer azlactone7§,
N .
N .
°synthe81s, a Varlatlon of the Perkln reactlon, lS the
N

reaction of an aromat;c aldehyde w1th hlppurlc acid in the

presence of acetic anhydride and sodium acetate.

o
A il

v ACgO ArCH\C
ArCHO » PhCONHCHZCOOH —> (2)
- NaOAc :

h

The reaction probably involves formation of the azlactone

before condensation with the aldehyde. Facts supporting -

Iy ! .
this reaction path are that the Erlenmeyer reaction occurs

/

under milder conditions than the Perkin reaction, and that

benzoyl-N-methyl glyéine (which cannot form-an azlactone)
gondenses with aldehydes puch lessureadiiy than hippuric
acid. u / “‘WC’

The origiﬁal reaction gives good yields‘only with

aromatic aldehydes, but Robihsqn76 extended the reaction

tooaliphatic aldehydes and ketones byﬂdoing the \reaction

in refluxing tetrahydrofuran and using lead acetate iﬁstead

t

, of sodium acetate. v 9

\

. ) . }}
\ . st - L
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" reaction. , ‘ !

3y

3

In the presence of base isocyanocacetic esters condense

with carbonyl compounds and then rearrange to form a,B-

unsaturated—a(formylamino)-esters. 77 ]
' Buli RiRC—0P Ry
Et00CCH;NC —> P2y — Ly . 3
RiR,CO HC-NC H" (3)
' COOEt - CO0EE N\
R1R C
' )
, : C/ H
/ : \ \ 00Et
. RZ W
y . A T R C O /
— < noel
T2 \NHCHO haW o
COOEL COOE

Both aromatic ’and aliphatic aldehydes and ketones give this

1

”
Knoevenagel Condensation

-~ -

The Knoevenagel condensation can form a,B8-unsaturated
i

esters from condensation of compounds of the type ZCH CbOR

2
with aldehydes.

" Yookt !

base / ‘
-RCHO + ZCH,COOR —_— RCH=(C (4)
. N
. ) /‘

Nitroacetic esters have been used in this r'eaction78’79 to

form a—niotro-a,s—'unsaturated esters. When ethyl nitroacete}te

reacted with an aldehyde in the presence of sodium acetate,

the product isolated was the B-hydroxy-a-nitro ester.78

IAN

The unsaturgted fs'ter was formed by acetylation of the

hydroxyl group, followec{ by treatment with sodium carbonate.

3
T N e
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Organophosphorus Reactions
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N NaOA COoEL, COOEY _COOEE -
RCHO + O,NCH,COOEt — RCH CH 0 RCH CH —> RCH=C_
OH NO, OAc o203 NO2.

1

The «,B~unsaturated ester was produced directly when the

reaction was carried out in the presence of titanium \

“

tetrachloride and a ‘tertiafy aunine.79

i

!

Tict COOE! |
RCHO » OoNCH,COOE! —%  ReH=c (6)

@ “NO,

When the aldehyde h,as an a-hydrogen, its aldol condensation

P

is a possible side reaction. ;

!

A more general method of forming carborn-carbon double

bonds from carbonyl cqmpowudé is the Wittig reaction.—80

+ O ' | / . .
Ph3P—CRR' + C-O —= RR' C-C- -——>'~RRC=C\ + PhaP=0 ° (7)
r ~ /PhBP 09 )

The phosphorus serves both to stabilize the carbanion which

I

attacks the carbonyl compound and to remove 'the oxygen. The *

reaction is compatible with many 'functional groups in either
‘ %«
the ylid or the carbonyl compound. The substituents, R

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

halogen, -COR, -CHO -CN, -COOR, or -OR. The ylid may not
‘ A
contain an a-nitro group ,\however, as these compo/unds

de compose. 81 ’ . \
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PhyPCH,NO, 24 NEH i, —=> PhPO- CNGP (8)
B 0° /N\ fulminate
S 0o P ~ ion

N 14
¢

N

When there isxén.electron‘withdrawing,substituent on the

. | ) .
ylid carbon, the ylid is less reactive. The ylid in this

case may react only with aldehydes and not with ketones. A

variation of the Wittig reaction, the Horner-Emmons reaction,

can overcome this problem. This reaction uses a phosphonate,

carbanion rather than the phosphonium ylid of the Wittig

reaction.

| . base @ , FO R . ®
(E10,PCHRR > (Et0),P-CRR —> o+ €0,P0;,  (9)
0 0 |

Ed

A phosphonate carbanion with an electron withdrawing group
on the carbon is more mnucleophilic than th? corfesponding

phosphonium ylid, and reacts readily with ketones/as wéll

as aldehydes:-82

1

These reactions have been used to prepare a,B-unsaturated-
a-halo esters. [The a-halo phosphonium ylids can be formed
. !

either by halogenation and dehydrohalogenation of the oa-

H

carbalkoxy yli'd8 or by reaction of‘twolequivalents of

triphenyl phosphine with a ’cr'ihal.oacetate.SL+

" EtoN ~COOEt (10)
PhyP=CHCOOEt 2> PhaP=C__, N
Ct2‘ ) " Cl

; Xy . agNaOH __/COOEY
PhaP=CHCOOEt —=» ~— Ph3P=C_

x=ciBr (M)
=70t

/ by

2PhsP + XLC00R  —> ° PhgP=CXCOOR +  PhyPX, (12)

i

1
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These ylids are not very reactive because of the stabilizing
effect of the ester and halogen substituents, and have only
been reported to'react/ with/ aromatic aldehydes. The method

of{ generating the ylid shown in equation (12)’'is operationally
very simple, but has the disadvantage of consuming two moles
of aldehyde for eacH mole of the desired product formed

since the Ph,PX, also reacts with carbonyl compounds.

~

2

! N

, 2 RCHO : . ‘
Ph3P=CXCOOR + PhyPX; —= RCH=CXCOOR + RCHX; + 2PhPO  (13)
, ,

!

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

wide variety of carbonyl compounds -is made possible by the

82

use of the Horner-Emmons reaction. In this:case the

phosphonoacetate is halogenated éimilarly to the reaction

in equation (10 ) before reaction with the carbonyl compound.

v

. (14)

% - 12.20H (I? ?r . ):b .
.Br:

(EtO)ZPCl-’ZCOOEt 3?% (EtO)zP-éCOOEt S >=CBrCOOEt »(EtO)ZPOZ
NG .

¥

A variation of thé/Horner—Emmons reaction which also
1

‘ ' B 85
forms a-chloro-a.,B-unsaturated esters was recently reported.

Instead of halogenation of a phosphonocacetate, this @ethod /

involves‘intro&uction of the ester group into diethyl tri-
. .
chloromethanephosphonate. . ‘ |

. 0 , ~
1.nBuli ) G 1\ nBuLi (15)
ClCP(OEt)z — (EtO)ZP—CCOOEt —_— RCH=CCICOOE}t
2.CICOOEt él ."2.RCHO

RSN S S Sty Fvian
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Diethyl trichloromethanephosphonate undergoes lithium- /
chlorine exchange with n-butyllithium, then the lithio
c’o}[ppound reacts with ethyl chloroformate. The «,8-
dichlorophosphonoacetate is then t‘reated with anather
equivalent of ‘n—butyllithium followed by :an aldehyde,
giving the a-chloro-a,B-unsaturated ester. This reaction
can be done all in one pot by fg;?eating the ’t'richloromethahe—
phosphonate with two equivalents of n—butyllithiﬁm at —1D0°l
followed by ethyl chloroforﬁlate, then warming to -60° before
addition of the(aldehyde. Both aliphati§ and aromatic

( .

aldehydes and strongly electrophilic ketones (e.g. cyclo—\“‘“

heane) undergo this reaction at -60°. C e ,

.
T

Another synthesis of a-chlorovinyl esters has been
:r'epor"ced86 which also involves an organophosphorus compound,

"but differs from the Wittig reaction and its variations in

i - B

that no ylid is formed. l'I‘h{e first step is “he reaction of

tris—dimethyl’amino phosphine with a trichlordacetate. .
N ’f . @ .
(MeZN)BP + CI3CCOOR —> (MezN)3PCl + CICCOOR l (16)
) ' - \LR'cHo
, | (Me,;N)P | , N
‘ | RCH=CCI{COOR <— . R?H——CCIZCOOR ——=> RCH-CCICOOR
- ¥ e ' |

The amino phosphine removes a positive chlorine ion from the
trichloro ester, forming an anion which reacts directly with

*. the aldehyde. In the presence of a second equivalent of
amino phosphine elimination occurs to give the o,8-

unsaturated-a-chloro ester. When only 'onei-gquival‘ent of

. | ) . i
! , '

a
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amino phosphine is present, however, the alkoxide ion

cyclizes with loss of chloride to give\{he a,B-epoxy~-a-

[

chloro ester. In order to miwindze epoxide formation the
-aldehyde is mixed with two equivalents of tris-dimethylamino _
phosphine and the trichlorocester is added to the mixture.

Even using this procedure, only aromatic aldehydes were y
reported to give good yields of the winyl ester.
v : $ ‘

—. Organosilicon Reactions

Though—the olefination of carbonyl compounds by the
a \ .
Wittig reaction and its variations is very widely used,
organophoéphorug\compoﬁﬁds are not unique in forming alkenes

from carbonyl compounds. A more recently developed method
[

'is the reaction of carbonyl compounds with a-silyl carbanions.

In this reaction the silicon atom performs an analogous

*

function to the phosphorus atom in stabilizing the carbanion

and promoting elimination of the oxygen.
{

[ [ . | .
© 075iR;

s

\_ \__ . e __\_/ N '(17)
/C--O - /C SIR3 —_— (i: F—- >/C—C\ ’* R3$|0 .

. , f
This method of alkene formation was first described by

Peterson.87 "It has proven to be particularly useful 'in the

A
' preparation of strained alkenes, such as allene oxides,88

80

'cyclopropenes,89 and bridgehead alkenes, and hetero- /

substituted alkéhes.gl‘ . ,

ey
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\. The elimination of R3Si0_ from the adduct to form the

alkene is usually spontaneous, but in some cases; particularly -

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

the elimination is not spdntaneous, it can be brought about

RN

s
b

8

B4,
T

S
=P
TF s Vg 8

under-either acidic or basic conditions92

23
rd

or by treatment

The silicon method has been used to prepare

¥ with thionyl: chloride or a?etyl chloride.g3

% ' In genegal &—silyl carbanions are more reactive toward
g carbonyl compounds-thaﬂ the corresponging phésphonium

%N ylids and give fewer side reactions than the phosphonate

? carbanions. ‘

r o
a,B-unsaturated esters from both aldehydes and;ketones.94
LINRS 0
Me,SiCH,C00R —3* Me3SiCHCOOR -)-=-_> Y=CHCOOR
: . 3 2 ,
%' (ﬁ} h . ' H | . ) “?)
wr . »

K [)
The reactivity of a-silyl carbanions and their success in

A

forming hetero-substituted alkenes made this an attractive

1
method for the synthesis of an a,B-unsaturated ester with
an a-nitrogen functionality.

Alkylation of Glycine Derivgtives

14

There have been a number of recent reports of the

preparation of amino acids from Schiff base derivatives of

[
glycine esters. These reactions usually involve the alkyla-

tion of the anion of the glycine' derivative with alkyl

iedides or benzyl or allyi bromides. If the anion were to

react with trlmethy151lyl chlorlde 1nstead of an alkyl

(7) halide the silyl glyc1ne could then be used in the oleflnatlon

- ‘ \ A\
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reaction to give an o,B-unsaturated amino acid derivative,.

t

Various glycine Schiff bases have been descriﬁed which have

somewhat different reactivities.

An asymmetric amino acid synthesis has been reported
using the Schiff‘base formed from (15,28,5S8)-2-hydroxypinan-
3-one and giycine t;butyl ester.gs_

. | Li* :
OH OH ™ o0 OH Lt
4 t y =~ RX NCHCOO Bu
NCH,CO0'Bu 2 LDA @ﬁNCH oty @o ¢
, . oo (19)
| ‘ $omd .
| H,NCHC0d'BY

R
Monoalkyldation occurred with several alkylating agents,\but

dialkyation d}d not occur even when an excess of alkylating

1

agent was used. '’

A report by Stork appeared shortly after this one. which
described the mono- and dialkylation‘of the benzylidene

P
derivative of glycine ethyl estep. 96

. R R
1.LDA 1. !
PhCH=NCH,CO0Et —= PhCH=NéHCOOEt i%%gi PhCH=N$C®OEt

2.RX : L |
| (20
_ R ZH IHy0
. H,NCCOOE?
; .

Dialkylation could be carried out in two steps using two

5 A i .
different alkyl halides. 1In addition to reacting with alkyl

hélides the anion gave Michael addition with a,B;unéaturated

esters and ketones. ‘ !

LLDA ppcH=NCH “
PhCH=NCHCO0Et —> | i (21)
2.0 k_//\ :

R
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. . Bey and Vevert reported the alkylation of the benzyli=-

dene derivative of amino acid methyl esters other than
" .
glycine.97 ‘The results were siml\ar to those reported by

Stork for the glycine derivatives, Byt there was no mention

of .Michael additions. f X\

A more stable Schiff base of glyciﬁé ethyl ester from

i
18
Ve
R
‘o
o
fm
&
i
o
bl
X
o
Fe
i L

-

condensation with benzophenone was also reported to undergo
98

FETet

. alkylation.

3

\ 1.LDA -
Ph2C=NCH2QOOE~t~ 2—5 Ph2C=N(|ZHCOOEt — HZNC‘:HCOOEt (22)
: : R R

L oeae me
g o N e v N

In this case only ﬁonoalkylation occurred. In addition to
alkylation of-the anion under the usual anhydrous .conditions
L]

'(w} this alkylation could be carried out using phase transfer

catalysis at room temperature.

: nBu, N* HSOY
PhyC=NCH,COOEt + RX = ——> Ph,C=NCHCOOEt  (23)
| 10*/:NaOH/CHyCly R

,
/

o

A preparation of amind acids similar to these methods
is the alkylation of a formamidine derivative of an aﬁino
acid methyl ester.99 The amino acid derivatives were formed

by refluxing the free 'amino acid with dimethyl formamide

dimethyl acetal, forming the ester and amidate at the same

time .

foas v ¢
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NM 1.LDA
HNCHCOOH 2  CH)COOMe ., RCHCOOMe |
‘ N=CHNMe, 2.RX r~:—c1~n\n~4\r_a2 (24)
//H‘/Ho
REHCOOH 2
NHy -

7

3
P

The alkylation of thpse‘compounds occurred jﬁét\agawith the ‘
Schiff base derivatives. They gléo gave a Michael addition
reaction similar to that\reported by Stork., and reacted
slugglshly with benzaldehyde- and not at all with ketones.
The ease of the alkylatlon reaction with benzylldene
glycine ethyl ester made it seem a useful starting material
for the 51ly1atlon and olefination reactlons which would
! produce an a,B-unsaturated amino acid derivative. Wlth

this as a starting point, then, a possible scheme for the

AR L ST G BT O o e T

;(:E A synthesis of (5-chloro-2-piperidyl) glycine was outlined.
1.LDA 20 (01873
PhCH—NCHZCOOEt —_— PhCH‘—‘N?HCOOEt —> MCN: CHPh
2 MeSiCl :
S|M93
] o \LmCPBA ;
& ) i
b
»' HO o on, HO PhCH,NH \ ;
\ 2 A A
| COOEt <— x COOEt : O0Et ;
s N ' S XN=cHPh |
' H NH, PhCH, N=CHPh - =
¢ " | |
- ; LN
N OO = A SO \@cooe:
N
tdoc NH'BOC E';oc H'BoC - H NH,
. * ( 3
Scheme 2 by
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. 4-Pentenal ‘ )

\ The carbonyl compound chgsén for the olefination
ﬁ_reaction was Uu-pentenal since its terminal double bond would

provide a handle for introduction of the chlorine and for-

mation of the piperidine ring. A seemingly straightforward

means of preparing this aldehyde was the oxidation, of 4-

penten-l-ol.
- [0
MOH _[__]> MO (25)

The oxidation occurr J smo'othly with Collins reagen’c100

>

(Crog—pyr’idine complex in methylene chloride) indicated by

4 o
mixture. However, isplation of the volatile aldehyde from

the large amount of solvent needed in this reaction proved
\ L \
very difficult. .

-
i

The use of polymer suplibrted reagents .in many reactions

-, I » l -
has made work-up and isolation of the product much easier

than with one-phase reactions, A polymer supported chromic
101

acid reagent has been reported to oxidize alcohols to
L 5

r aldehydes and ketones. The reagent is formed by treatment
\

of an anion exchange tesin with an aqueous solution of

4 -

‘chromi.um trioxide. The alcohol is then stirred with a slurry
of the resin in an appropriate solvent at re flux. Hexane,

beniene, chloroform, and tetrahydrofuran were reported to

v
W

be suitable solwvents.

@ | t ‘ { \
. ‘ , L

the appearance of a signal 4t §9.7 in the nmr of the reaction

SO it & Skn F
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When 4-penten-l-ol was stirred with thé Cr0,-resin in
refluxing hexane, the oxidation was complete after three

hours (GLC showed disappearance of starting material and

nmr showed a“singlet at 69.1). The resin was filtered off and

F 4

the hexane solution was carefully distilled. NMR of the

distillate showed that the aldehyde had been carried ovef

("«\\:

i adne - s . N\ _
ks B e n e g \.\Qa T

with the hexane (peak at 69.1). When ‘the oxidation was

repeated in ether, the reaction was not complete after U8

hours and the resin beads had broken up. The use of triglyme
&

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

The Y-pentenal was, finally, prepared by the thermal ;

Claisen rearrangement of allyl vinyl ether. 02 Allyl vinyl

ether was prepared by mercuric acetate'catalyzed vinyl

transetherificatipn of n-butyl vinyl ether and allyl a‘l’cohal.:LO3

(26)

. nBUOH
0N S A~z v nBu

LBl

The allyl vinyl ether ( 8'°) was continuously distilled

out of the reaction mixture. .

The allyl vinyl ether was then heated in l-methyl
N

naphthalene and rearranged to 4-pentenal by a 3,3-sigmatrépic

shift process.

‘;Om B @ ¥ “(27)’
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'Lt‘s

.\ ° . ) \ \}

nmr of the product showed the presence of the aldehyde

The
(a oneibroton triplet at §9“.7) and the-terminal double bond
(afor}e—proton mul'tdiplfet -at 65.8 and a two—pmiaton‘m;.lltiplet at
65.1), and the IR showed a strong carbonyl absoxption at

1720 <:m-:L and a weak C=Csabsorption at 1640 cm—l.

N

Silylation of Glycine Derivati'ves ‘, '

I-faving prepared the aldehyde needed for the olefination

reaction, the silyl glycine had to be prepared. Glycine

|

ethyl ester was condensed with benzhldehyde to form the
! kS

{ Sy
benzylidene derivative.>° . , ' .
. “ EtaN | )
EtOOCCH)NH,HCl + PhCHO -—> EtOOCCH2N=CHPh «= (28)
| N MgS0, }j >
v CH2C12 s .

The -benzylidene glycine ethyl ester was treated with one ’
equiv‘alent of lithium diisopropylamide in tetrahydrofuran
at =78° and, after stirring 1/2 hour|, one equivadent of

t“rimeth‘ylchlorvosil ane was added. The ‘mixture ‘was allowe\d'
\ |

to warm to room temperature before work-up with saturated

M

ammonium chloride and\ether. Solvent remowval lead to

f‘écovery of the‘s\tarting benzylidene glycine ethyl ester.\
Thev formation of the anion was confirmed b\yo adding
n-butyl bromide to the benzylidene glycine ethyl ester-’
lithium diiasopr'opylamide mixture "at -;78°. Work-up of this
reaction gave the alkylated product as indicated by t‘he \
éppearance in the ' nmr of a multiple;t at 61.'6-69.‘9 and
disappearance éf the singlet‘of the | glycine meir'hylene ‘group
at 64.3. \‘ ST : | -

\
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. | 1.LDA - (IEH?_CHZC HpCH3
, PRCH=NCH,COOEt —_— PhCH=NCHCOOE (29)

2.nBuBr

" . . A

<

e \ ' ’\/ ce : -
j Since it seems unlikely that trimethylc}xlorosilane

would not have reacted with the anion, it must be that the

»
I J

product formed was:[ not stable to the conditions used for ™~

work-up. Carbon—trimethylsilyl bonds are generally stable

2 (r’

to these condltlons, but oxygen-trimethylsilyl bonds are

no;t"_. The mo‘st likely product to have, heen formed in this

reaction, then, is the O-silylated product, a ketene acetal.

X ) PhCH=NCH-COEt » Me3SiCl —>> PRCH=NCH=(C + CI7 (30) /
g = “NoEt

O ° -
} ) \ v ” .
t . \ “ i 2

 On wark-up this product would be hydrolyzed back to the ' !

" starting material. That this gonclusion is réasonable may

be seen by comparison- w1th results in related systems. -

g N N-bis (trlmethylsz.lyl)glycn.ne esters have been

) \ .
reporw‘:edlm‘t to be alkylated at the carbon by, treatment with »
base” and an alkyl halide or an aldehyde. However, when the |

anion reacted with trimethylchliorosilane, O-silylation

¢

took place. |
‘ ' : R

| J RX ' (Me3Si),NCHCOOEt :

B v ’ /__.> 93 | 2

, R base  “pemg. o LT |

| (Me3S|)2NCH2COOEt —_— ——% (Me4Si);NCHCOOET (31)

= . OE
, G (Me3SipNCH=C )
C : ) Me;SiCl | €321 " IN0SiMes ( ]

°
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GO . "Similar results were reported by Rathke and Sullivan M
By . ' |

on the silylation of lithium ester enolates.105

Silyl atic‘m

LT RS

of methyl or ethyl acetate gave predominantly O-silylation
and ethyl esters of higher acids gave ‘almost exclusively

N ‘ :
~O—sily§.étion. Tert-butyl esters gave better yields. of the

: o . I
C-silyla‘t;eod products. t-butylacetate gave essentially only

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

)

oA PMe ©_0SiMe; |
RCHpCO0R® ——=>  RCHCOOR « RCH=C (32)
o [ 2MegSiCl “ “OR' J :

It appears, then, that substitution in the alcohol part of

the ester (e.g. R'=t-butyl) favors C-silylation and substi-

-y 3

tution at the =~carbon (R¥H) favors O-silylation.

Since a t-butyl ester would be more likely than an ethyl

4

ester to give C-silylation, benzylidene glycine t-butyl ester

was prepared. Unfortunately, this ester did not give Q-silyla-
} ‘ ' : )

tion either, even when hexaméthylphosphoramide was used as a

'cosolvent; only the starting material was recovered.

: 1.LDA SiMes 5
. PRCH=NCH,CO0Bu ~ —%¢—>  PhCH=NCHCOOMBuU | (3
" 2.Me5SiCl ’
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o,B-unsaturated-a~silyl Esters | \

the trend set by the others S

One result which contradicts

is Rathke's report10§ that t-butyl trimethylsilyl acetate ‘ -

could be silylated on the carbon|a second time, giving t-

Spsa el

. The reaction gave 70%

i

butyl bis(trimethylsilyl) acetatz

of the C-silylated product and 3

)% of the O-silylated -4
= , ) H
product. , g
S ¢ 1.LDA /0SiMe,
Me§SiCH,CO0'BU | —>  (Me;S{1,CHCO0BU + Me3SICH=C (34)
: 2. MesSicl / NotBu

70% 30%

Tert-butyl bis(trimethylsilyl) acetate has been used to

prepare a,B-~unsaturated-a-silyl esters.l06

‘ 1.LDA SiMeg :
(Me4Si),CHCOO!BY -~ ——>  RRC= ¢ (35)
: .~ 2.RRCO ~C00'BU - |

) C /
Vinyl silanes readily undergo electrophilic substitution

resulting in replacement of the silyl group by the electro-

phgle.lo7 Halogens, are among the electrophiles which readily

displace a viqyl silyl group,‘so an a,B-unsaturated-o~silyl
ester should be readily converted to an a,B8-unsaturated—a-
halo ester. The a-halogen would allbw iﬁtroductipn of the

. ] .
a-amino group of the target compound by nucleophilic substi-
! . ‘ |

tution later in the synthesis.
Tert-but&l bis(trimethyléilyl) acetate was prepared and
‘ ‘ - |
treated at -78° with lithium diisopropylamide, then 4-pentenal
o ‘ t

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

o ’

[
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. | | \
purified by distillation (b.p. 52°, 0.05 mm).

1.LDA ~SiMe,

(Me,Si),CHCOOBY . —= . CH,=CHCH,CH-CH=C (36)
312 o 2 22 it
2. o~ . “CO0Bu

/ ‘ 5

=
IR" of the product shows the ester (1700 cm"l) and two

carbon-carbon double bonds (1640 g:m_l and 1605 cm_l). GLC

f
and nmr show the presence of the® two different geometrical

isomers\at the 2,3-double bond. In the nmr there are two
‘triplets (87.0 and §6.1) for the vinyl proton at C-3 and
two singlets each for the t-butyl (§1.6 and 81.55) and

/- trimethylsilyl (60.2 ‘alnd‘ §0.3) groups. The product,,thenr,.

\is an almost equal mixture of E \and Z t~butqu2-tr*imethyl-—

\ ' silyl-2,6-heptadiencate. = " \ I

.() : The electrophilic substitution of a vinyl silyl group
by chlorine or bromine occurs by addition of the halogen

p to the double bond, followed by desilicohalogenation.

-

With alkenylsilanes the reaction with bromine occurs with

inversion of stereochemistry at the double}bond,los—uo

'presumably@ue to anti-addition of bromine across the double

" - bond, followed by la.nti-elimination of bromosilane. The

T 1

elimination step may beyj:afwofs,/n/o but often the |

T N . N
, dihalo compound -ean be isolated, and elimination occurs

on stirring in a polar solvent, such as acetonitrilell?

of dimethylsulfoxide,lll\or -by treatment with basel08 or

fluoride ion.




X w
F Xy —= %—{—sx iMe; —> H (37)

X
: I
When t-butyl 2-trimethylsilyl-2,6-heptadiencate was treated
with chlorine, the tetrachloro adduct was formed! Elimina-

tion occurred on treatment with tetraethylammonium’fluoride.

o's
r’s'Me3 T sime Et NF CP u(38)
4’“\«’\w¢7lcoot coolguy —>

3

The tetrachloro compound (6) was not purified, but nmr of
the crude prqdugt of the chlorination showed the presence

of the trimethylsilyl group ($0.1, siqglet) and the absence
of vinyl protons. AfterWdesilicohalogenation the trimethyl-
silyl peak in the nmr had disappeared, and 'the trlplets

for the vinyl proton at C-3 had neappeared at 66 9 and §6. 3!
A three proton multiplet aﬁ 63.7 1ndlcatedlthe protons on
C-6 and C-7 where chlorine had alsco added. The IR showed
the presence of the ester (£390 cm—l) and one carbon-carbon
double: bond (1615 cm +). ' )

/' This trichloro compbund’l could, perhaps, react with

\\
ammonpia or a primary amine to give both the piperidine ring ™

and the}a-amino group.

\

Cl RNH, . | Cl : .
\Ckfcootsu —\—'?' fl’/'cootsu (39)
a ‘ '

7 | | NHR

0-Z
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The reaction of the tricRloride 7 with ammonia was very -

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

!

equivalents of benzylamine in toluene was refluxed for 2u
hours, at which time glc showed no benzylamine, but still .
some 7 as &ell as a new peak. When an excess of benzyl-

amine was used, all the 7 reacted and\the same produjct peak
appeafed in the glc. NMR of the proddct indicates the presence
of three benzyl groups; (a fifteen proton sinélet at 67.3 and &

six proton broad singlgt at 8§3.8), and no vinyl proton. - The
IR absorption for the carbon-carbon double bond at 1615 cm_l
had also disappeared. The product was not fully charac-

terized, but there are several possibilities.
" HNCHyPh €00'Bu

NHCH>Ph

“ s N '
Cl PhC HoNH : ]r HNCHyPh  CH- Ph .
mw‘% T [ ] codey o TN SR < o)

! t

In order to simplify the reaction possibilities the

I

terminal double bond\of the vinylsilane 5 was epoxidized
beforg\halogenation, as had been plahned in the original

synthetic plan (Scheme 2).
| ! cootay

t
/ﬁ\/ﬁ\/fCOOBu mCPBA 8>\¢A\/{;0dgu’ 8>\JA\<§~SWEB

| [ /\‘SIM93 iMeq
.-5- 4

3
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The reaction of compound 5 with meta—chloroperbenzoié acid

% gave mostly the desired terminal epoxide. The nmr signals

é at 65.8 and 85.0 in § were not present in the spectrum of

: 8, and the absorptié% at 1605 cm ' did not appear in the IR.
A small amount 6f the diepoxide 9 was also formed. It

showed no vinyl protons in the nmr and no carbon-carbon ,
| '

: double bonds §in the IR, the carbonyl absorption shifted to.

1750 em T, “
v \\ ‘ The epoxide 8 was then brominated with the expectation 5
/

ester. The dibromo adduct was obtained easily, but txeétgsif
" with eitﬁer‘tetraethylammonium fluoride or cesium fluoride

3

. that debromosilylation would give the a-br&mo-&,B-unéaturated f
i

i

;

led to %pss of the trimethylsilyl group, but not regeneration ¢

i

of the double bond.

) ’ 3 . t
CO0'Bu ' C00'Bu
coo'Bu Br, !
= SiMeq Et,NF f
' wSiMe3 WBr 3 ‘5%‘> M\Br (42)
. . —— L "7 orCsF .. Br AL
8 10 Br , '

The nmr of the producf showed no trimethylsilyl group and no

; . vinyl proton} IR showed the ester carbonyl (1750 cm ), but
E ' no carbon-carbon double borid and’no hydroxyl group. The %
] | hlghest peak in the mass spectrum was a cluster at 300,

302 and 304 indicating the presence of two bromine atoms.
Sihce t-butyl.esters rarely give a moleculapr ion, but lose

isobutyienelin a McLafferty rearrangement , it is assumed

that the molecular weight of the product is 356. This would

TR
«

correspond to the trimethylsfiyl group's being lost and a

T YRR T R TTREA e o
4
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[ 7

/ l. hydrogeh added. The presence gf‘the t-butyl group'is evi-

[ ‘ dent from the nmr; singlets at 81.55 and 81.5. In the mass

spectrum there are peaks of equal intensity at m/e 207 and

il

e

209, indicating the presence of one bromine. This fragment

WL s

57

can result ffqm loss of isobutylene and ~CH28r~; implying

[y

the presence of a bromomethyl group in the molecule.

N e
AT S

Probably the normal loss of bromide ion occurred, but it then

attacked the epoxide, opening Fhe-ring.
, i
Michael addition to the double bond producing a tetrahydro-

The oxygen gave a

% furan structure (11l).
Br 4+ @ BP ‘ -
t I :
. CO0BU F o G CO0Bu _ _ ~ 00'Bu
| Br . Br o 0 C(43)
10 . Br

‘ 1
T ,
i . 108,110
Although vinyl silanes have been reported to react
-§—~«-f-»~—~~4~f5ﬁ1%h~iodine"t0bgive‘the corresponding vinyl iodides with Ter

I

tention of configuration, when compound 8 was treated with

iodine, no reaction occurred.

——

{ L
The reaction/of vinyl silanes with cyanogen bromide in

. -
the presence of aluminum trichloride has been reportedl10 to

give substitution of bromine fgr the silyl group with

‘ r
retention of configdration. 3 :
: |
LN ) ASiMey, BrCN - - H ABr
- c=C Vs Ne=C

44
. O’ NCpHg  AlCly O’ NC,Hg (44), N\
f » f

A e £ 1 A2
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— ———silane-did not-give thedesiredu;B-unsaturated=o-halo ester;

WWen compound‘g was tréated with cyanogen bromide and alumi-
num trichloride, the trimethylsilyl group was not displaced
but the t-butyl ester was hydrolyzed.

‘ -¢Br

. SiMey /K= AP cootsy
/”\/*\/}

+ BrCN .AlCl
Z “\¢co0o'By 3

, . rSiMes
5 : : /W “cooH

(45) .4

12

Loy
In the nmr of the prbduct the peaks for the t—butyl group
were not seen, but there was a peak at 60.1 for the trimethyl-

silyl group and a broad singlet at 611.2 for the carboxylic

\ . \ e
acid proton. The carbonyl absorption in the IR had shifted -

to 1680 em L.

a,B-unsaturated-o-halo Esters 4

. Since the electrophilic substitution of the vinyl

-

l
other methods for the formation of this system were tried

The two methods which used a trichloroester and a phosphine,

7
either triphenylphosphine or tris(dimethylaminc)phosphine, in

I

)

reaction with an aldehyde were apPeallng for their s1mpllclty.

The method86 using trls(dlpethylamlno)phosphlne was

tried first. To a mixture of 4-pentenal and two equivalents

of tris(dimethylaﬁidb)phoéphine in tetrahydrofuran at ~20°

- i

was added.one equivalent of t-butyl, trichloroacetate.

- Following the reaction by glc showed disappearance of both

the ester and the aldehyde. TPe product 1solated however, f

was not the deslred u-chloro—& yB-unsaturated ester. \The

‘ f
8 :
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expected vinyl proton triplet did notHappear in the nmr and

the IR indicated a hydroxyl group (3470 em by,

|
C15CC00'Bu

, oo
A0 ¢ AMNP /\/\rkféfo Bu (46
: 3 OH

o—

Apparently the intermediate alkoxide.ion was not deoxygenated

despite the presence of a second equivalent of phosphine,

| )
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 appeaﬁs

in the ‘IR at 1645 cm © and the vinyl protons are seen in the
[ 4

nmr. The ester carbonyl absorbs at 1750 cm_l. Wheg the
reaction was repeated at room temperature and at -40°, the

same product was obtained. N

The triphenylphosphine methodsl‘L was alsc applied to

h-pentenal. . To a solution of two equivalents each of 4-

pentenal and triphenylphosphine in methylene chloride or

k4

tetrahydrofuran was added one equivalent of either benzyl

|
or t-butyl trichlopoabetate. Following the reaction by glc

showed disappearance of the acetate. When no acetate

l
R PN . . {
~remained, thle reaction was worked up, but the only product

recovered was benzyl or t;bﬁty} chloroacetate.
C13CCOO0R
2/\/\/0 \2\Ph3P -——> CICH,COO0R (47)

|
é
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Any aLdehyde ppesent in the crude product“would have been

lost when the solvent was evaporated. The most likely‘expla— |
nation of these results is that ghe ylld formed preferred
proton exchange with the enolizable ahgehyde to nucleophilic

attack on the carbonyl.

l cl é
pha” PhaP-CCOOR ’
- PhaP O » CICH,COOR ;

¥ coor U Hyo . 2 X

\ > : — (8] 4

y a N 0 - :
A0 P Y M §

Since these methods using organophosphorus reagents
ware unsuccessful in forming the desired a«,B8- unsaturated-a;
chloro ester, the p0351b111t1es of the silicon oleflnatlon
reaction were further considered. If an o-chloro-o-

trimethylsilyl acetate were prepared its anion should react

with 4-pentenal to give the desired compound. Two possibi-

lities for preparing %-butyl a-chlorg-a-trimethylsilyl

acetate were the chlorination of t-butyl trimethylsilyl
N : ‘

acetate or the silylation 'of t-butyl chloroacdgtate.

Tert-butyl trimethylsilylacetate was‘chlorinatéd, in

abojut 60% yield, by reaction of its anion with hexachlcro-

-2

acetone.ll2 ! o
* cl
1.LDA .
1.LDA ) N
CHyCO0!BL ——>  MegSICHCO0BU  —> . Me3SiCHCOO' B
" 2. Me,SiCl 6 2.Cl3CﬁCCk3 1% (49)

-
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| | :
" Despife the difficulties encountered in thehs;lylation, > !
of the glycine derivatives, the C-silylation of t-butyl L
» . !
/ chloroacetate was successful, j
; . Vs
;x - SIMG 3
¢ 1.LDA 3 : j
CICH,COOtBU > CICHC00tBY (50) 3
X 2.MegSiCl ' 4, ‘ \

Distillation of the crude product gave a 50% yiéld of t-

S "
O el b A et e b

butyl trimethylsilyl-a-chlorodcetate, and recovery of 30%

of the t-butyl chloroacetate. Thus, both C-silylation and

> l?’:}‘s‘k et

. . - ! :
O-silylation Pust have occurred, but a reasonable yield of

the C-silylated product was obtained and the t-butyl chloro-

acetate recovered could be recycled. Thié method of pre-

! ! .
paring compound l4 was preferred since .it required only one

. \ , |
( } step Tather than the ‘two steps involved in the preparation
. { * o

Al

| and chlorination of the silylacetate..
p i .
| The olefination reaction of t-butyl trimethylsilylchloro-

acetate was first investigated using benzaldehyde. The ‘

acetate was added to a solution of lithium diisopropylamide

S

in tetrahydrofuran at -78°, and,‘afterll/z hour, one equivalent

of benzaldehyde was added. After the reaction mixture warmed

‘to room temperature it was worked up (saturated ammonium

f v chloride s&lution/pen%ane). NMR\(Figure 6) of the crude
product showed a singlet at §0.1 indicating that the ellnuna-

tlon‘af the trlmethy151lyl group was not complete, but

|
| singlets at ¢7.0 and §7.7 indicated that some of the desired
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product had beed&formed. The -IR of the crude product
showed the presgggf of an -OH group (3380 cm_l), also indi-~

A

cating that elimination was not complete.
!

t . / N | { t ‘. \51
cxc HCOO'Bu ~—>  PhCH=C PhCH—C CO0'Bu (51)
2.PhCHO ~oo'Bu dives

14 15 16 |

| " :
Rathke reportedgua a similar result when the reaction be- g
tween lithio-thutyl trimethylsilylacetate and cyclohexanone j
was quenched at -78°.

LiICHCO0'BuY 9 ' CHCOO'Bu  HO_ CHCoo'BU
I : _ _(52)
Sﬂwe3 . (

The hydroxysilane was formed by protonation of the inter-

~ -
mediate adduct, and the vinyl ester By elimination of Me ,Si0Li.

/

LicHC00'BY - (W OH SiMeg
SiMe; - OLi SiMe3 /—e» PhCH—CClCOOtBu
. —=, PhCH—CCl | . (53)

COQtBU \._._> PhCH'_C ~Cl

PhCHO
5. Nco0'By . |

In the bfeparati7n of terminal alkenes from trimethyl-

Izl

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

Elimination in this case could be brought about by treatment
, 1
of the adduct in situ with thionyl chloride or acetyl
chloride. It is assumed that thionyl chloride reacts with ' |

the adduct I forming intermediate II, which then undergoes
| R
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-g—?—- \§9ﬂ; *<2%¥§M93 '“%>°/cfc\ * Me3Si0SOCL (54)
(F)SIM93 |S~o \ . ‘\ :

N Cl a

r S '

The reaction between lithio—t—butyi.trimefhylsilyl-

o

chlofoacetatepand\benzaldehyde was/repeated, but after the
mixture was stirred at -78° for 1/2 hour, it was warmed fo

0° and two equivalents of thionyl chloridelwere added .
The[peactionuwas maintained at 0° for 1/2 hour ‘and at room
temperature for one hour, then Qopke& up. ' NMR (figure 7)
of the crude product showed no trimetﬁylsilyl peak. The

i

product was purified by thin layer chromatog}aphy.

“1.LpA QU \
t : A
Me3S|CHCOO Bu —= H?—CS! Me; 0% PhCH=
& 2.PhCHO & dootau
w .- .

§7.8) and two different t-butyl singlets (&l.u
and glec showed two peaks of almost equal size. This indicates
that poth the E and Z isomers were formed.

The chemical shift of an olefinic proton can be esti-

113 . } ‘ ’
mated by the equation ¢ = 5.25 + Zg m + 2 cis T Ztrans

N

where the Z factors are shleldlng values for the substltuents

H

:::: C= C::::: cis . U51ng this equation the vinyl protons
R R
Jgenm trans o

Fo ’

$ >
L
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of compound 15 are ‘calculated to have chemical shifts of

§7.94 for -the % isomer and §7.36 for ;:)he- E isomer. Althoogh

these values are not exactly those obsérved it may be assumed
4

that the lower field signal is indeed that of the Z isomer.

®

m . Measurement of the relative amounts of Cfthe isomers from -
the glc or nmr gave a 7.:E ratio of 56%:44%.

This olefination reaction was applled to a varlety of/
aldehydes and ketones (Table 1), most of which gave good yields
of the u—chloro—a,ﬁ—unsatuﬁ&a:ed estersh Most of the @eactlons
& showed little stereoselectivity, giving‘ almost equal amounts
of the Z and E Jj.somers. The great;r stereoselectivity was
xséen with those carbonyl compox;nds in which one subs‘t:':tlLlent
;ras cons'idebably bulkier than the otﬁe,p; the Z alkene pre-
odominnated‘ in the pr'odoct. The predominance of the Z isomers
is confirmed by Amr in the reactions w\:/i,th ‘aldehydes by the (
relative intensities of the vinyl proton signals, but is
assumed for the ketones on tho basis of steric prefe/rence‘.

With the exception’of t-butyl 240hl§fo-3-phenylacrylate
none of these compounds gave a molecular ion in the mass
n,spectr'um, the hlghest mass ion being- [M - 561 from 'the
McLafferty rearrangement of the t-butyl ester. The molecular

%
‘ions at m/e 238 and 240 of t butyl 2~ chloro 3-phenyl-acrylate -

did appear.. The base peak i;.n ‘all cases was either [M - 56]

or m/e 57. . ‘

The reaction with Lt-pen"t:enal gave the desired t-butyl
f2-chloro-;2,G—heptadi?poate\iﬁ,ug%- yield. (b.p. 68-70°,
1.0 mm). . ‘ ’ .
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TABLE I. Synthesis of a—chiora~axﬁ-unsaturated esters #

- 4

- . IsSlated Ratig 1 . a,e
Carbonyl Compound ._Product yield (%) isomersP(3%:E) “H nmr and ir data™’
CgHCHO CGHSCH=db1C02-t-Bu - 5§ -~ 54346 1.4 and 1.6(s,9H), 7.1

! . and 7.8(s,1H), 7. 3(3,58);
_ 1720
] ] 1.6(!,9ﬂ), 1.3-1.8(b,11H),
<::>>—CH0 - <:::>—CH=CC1C02-t—Bu 44 Sk:44 “ :;%5‘“d 6.8(a,1m; 1715,
' - - 1.00 and 1.05(d,6H); 1.5
>—CHO )—cu=cc1coz-taau 25 __ 64136 (s,9H), 2.9(m,1H), 6.0

and 6.7(d,1H); 1720, 1730

NCHO W\CH=CC1C02'- t-Bu

49

. 1.6(8,9H), 2.4(m,4H}, 5.1
t 6633‘ (H,ZH), s.a(m.ln)' 6-3
‘ and 6.9(t,1RH) 3 1715, 1722

14

- ) 1.5(s,9H), 1.6(b,6R), 2.5 -
(m' ‘Hl 1 1720

- C>m ~O=cc1coz—t-au
o _kccmoz—t-au '

17

82:18 1.05(d,6H), 1.5(s,9H),1.8 .
: (s,3H), 3.3(m,1H); 1715,
1730

\V/ﬁ\ 2T=cc1c02—t—au

4

55

. 1.0¢(m,3H); 1.5(s,9H),1.9
51:49 and 2.1(8,3H), 2.3(m,2H);’
to- T 1718

Y

h

o
Ph\)‘\ - kcclcoz-to—au
: P

40

" 1.5(s,9H), 1.8 and 1.95
< 77:23 (s,3H), 3.8(s,2H), 7.2
(s,5H); 1715 .

as neat.

©

(a) Isolated yleld of the pure product b
(b) Ratio of isomers estimated by GLC.

(d) 1H nmr are reported in 6§ ppm in CCly solution, IR spectra are reported 1n cm -1

\

y dlstlllatlon or thin layer chromatograyhy.

(e) The purity and molecular weight of each compound has been ascertained by GC-MS.

‘M?ﬁs&&ﬁ:&‘&?;&#’iw obaien (i

.
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\ 1.LDA .

: C2.ANN0 - (Cl
' MegSiCHCOO!BU ~ —> PNNA et (56)

, coo'Buy

& 3.S0Cl,

, 17

i 17

!

The nmpr indicated the presence of both isomers of the
a,B—unsaturated ester (triplets at 66.3 and 66.9). The .
terminal double bond gave signals at §5.8 and §5.1 aInd the

t-butyl ester appeared as a singlet at 81.6. In the IR

@

there were carbonyl peaks at 1715 cm* and “1722 em 1 and

1

carbon-carbon double bond peaks at 1630 cm ¥ and 1640 em

The base peak in the mass spectrum was m/e 57, and the highest

mass peak.was m/e 160 with the chlorine isotope peak at m/e
162, this peak was loss ”of isobufylene from the molecular
ion. R ' ;

The report of the prepara‘clon of a B unsaturatéd—u—

chloroesters using die thyltri chlorome thanephosphon,ate
.-

appeared after this work had been completed. Applylng
l

this method to uwpentenal gave the methyl analogue of

compound 17 \methyl 2- chloro-2 6~ heptadlenoate.

.0 ) €l o ,

It 1nBuL| 4l . . |
Cl3CP(OEt)y; —> MeOOCC'—'P(OEt)Z '—» /\/\) A\ 00Me (57)
’ ZMEOﬁCl d’ ,,

1

- I ) .

As wrth the s:Ll:.con method, both isomers were formed as

N

1nd1cated by two peaks of almost equal size in the glc and

ey




two triplets for the proton at C-3 }n the nmr (66.3 and

66.9). . -This method offered no advantage over the silic?n
+ * \A

method, and would not be applicable to preparation of the

'readily cleaved t-butyl ester since t-butyl chloroformggg

-

s vy
Y.

s

TIRA

is not stable.

—- The preparation of compound 17 provided a useful

\ ° N

intgrmediate for the synthesis, howeveri\its use would

S

require the replacementrof the chlorine by\an amino group 4
later in the synthesié. A similar compound with a nitrogen E
functlonallty 1nstead of the chlorine would perhaps be a 1
\\ more eonvenlent 1ntermed1ate, The preparation of t- butyl %

,azldoacetate, then, was 1nvest1gated. Pirst t-butyl :

\

a21doacetate was prepared by the reactlon of t-butyl

chloroacetate with. sodium a21de.llu : ° :
) |
| - ‘ acetoqe g
. . ClCH C&)Ot u + NaN3 -J—————e> N3CH2COOtBu (58) . 3
- ] H.O '
° p'4

[ . : . .
N Silylation;of t-butyl azidoacet;te under the same conditions
used for -t-butyl chloréaceta;e was not successful. When . 8

the azidoacetate was added to.the lithium diisopropylamide

" ' sqlutién;/a deeptpurple color~fcrmed/whichepersisted°after

!
the addition of trimethylchlorosilane. After work—up/the

-]

cruhe product would not distill and nmr showed only a.s1gna1

)

for the t-butyl group (81, Q). The I§ spectpum showed the

- azido group (2110 cm ) and| estér group (1735 cm ) to be

A

present. . ( ‘ )
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% . N4CH,CO0tBy —+——"r> N3CHCOOtBu (59)

g S . 2. MegSicCl

; R J Since the anion appeared to be polymerizing despite the

: low temperature of the reaction mixture, the azidoacetate

3 and trimethylchlorosilane were mixed together and the mixture ”
4 p

§ added dropwise to the LDA solution so the silylchloride dould

react with the anion’'as soon as it was formed. However, the
- * ‘

same purple color éppeared\as before and none of the " desired,

T T

product was formed. The result was the‘sane when the

reaction was run-at -100°.

The!two direct methods of formation ofza,B—unsaturated—

‘ /

i a-amino acid derivatives, the Erlenmeyer azlac:tone‘syn'thesisfls"’6

“~

{ SR

"and the reaction of a carbonyl compound with ‘an isocyano-
acetate,7? were also carried out with u;peﬁtenal.
. "Robertson's modification ® of the Erlenmeyer azlactone
. “’gyﬁthesis was used. A mixture of hippur%? acid, 4-pentenal,
acetic anh&dride, and lead acetaté reacted in refluxing
tetrahydrdfﬁran. The disappearance.of the a}dehyde was
" monitored by nmr.

l

. o N
) 8 AC20 o , \
A~~20 ¢ PhCNHCH COOH ~ —=>  CHp=CHCHCHpCH=C_ | | (60) .
. Pb(0Ac),
, | Ph
- ) - Se— , 19




. The product, after chromatography on a silica gel column,

I
was a colorless oil and. gave one peak on glc. Only one
. I A
triplet (86.5) for the vinyl proton of the conjugated ' .

¢ double bond appeared in the nmr. The IR spectrum showed the
1 1

t

carbonyl at 1800 em™~ and the C=N at 1670 em”
The azlactone 19 could be converted to the N-benzoyl

|

ethyl ester by solQol&sis in ethanol.

_ . !

. / ‘ 0 .

. A Eton | ~ SOOE |
CH2=CHCHZCHZCH=C\N’;( | ——>  CHp=CHCHyCHCH=C] (61)

. Ol | NHCOPh -

' 19 ! 20

. s
E e
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In following this reaction by glc the .single pr&duct'of the
starting ﬂaterial disappeared and two new,peaks -appeared, . :
but, on further refluxing, one of the new peaks decreased :

{ &

. : ) and the other increased. The rgaction was woiked up when :

glc showed only one peak. The crude product was chromato=

.

graphed on silica gel and recrystallized from chloroform/
~  “hexane to give colorless crystals, m.p. 99-100?. The nmr

showed one triplet (8§6.7) for tﬁéwvinyl proton of the a,B-
- ‘ \ ' _

unsaturated ester. The IR indicated the N-H (3310 cm*l),

1

ester carbonyl (1720 cm-l), and amide carbonyl (1650 cm ~).

\ The condensation of 4-pentenal with ethyl isoc&ano-

acetate’! was also investigated. Fipst, N-formyl glycine

ethyl esferl15

was preparedlfrom ethyl glycinate and triethyl
! orthoformate, then dehydratedll6 with phosgene to give ethyl.

isdcyancacetate, b.p. 53-55°, 2 mm. " g - &
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‘ \éster carbonyl (1710 bm—l), and amide carbonyl (1685 crn_l

C1,c0. |
,NHCHO ——% Et00CCH.N=C

HClHZNCHZCOOBt + HC(OEt)3 —> EtOOCCH 2

EtgN (62)

|

Reaction’of ethyl isocyaroacetate with butyllithium and u-

pentenal gave, after .work-up with aqueous acetic acid/ether

H

and chromatography, a colorless oil. ) )

e ’
‘ 1. nBuli HOAc COOE+
C:NCHQCOOEt SN > CH,CHCH,CH cu=c” (63)
B H 0 2 \\NHCHO
) s A 9
. 21 ;

The product gave -only one peak on glc, but nmr showed the

o . { Py
presence of both isomers in approximately equal amounts.
g , )

There were two triplets (§7.0 and §6.4) for the vinyl

proton of the a,B-unsaturated-ester and the ethyl group
. appeared as two overlgpping quarté%g'fcéﬁ}ebed at §u4.5

and §4.1) and two overlaﬁping triplets (centered at §1.3
and 61.25).

The IR spectrum showed the N-H (3300 em 1y,

).

!

!
’

!



) J.ﬁ,,ﬁ.%‘,‘ 5
A N
SRS

W

o,

e

5

o S

B Gt T TR, TR

* with ammonia or an-amine.ll?

69
CHAPTER IV } \
SYNTHESIS OF B~AMINO ALCOHOLS AND FORMATION !
' OF THE PIPERIDINE RING l
The synthesis of the a;substituted-azé-unsaturated '%?
) :

esters (compoun?s 17, 18, 20, and 21) provided intermediates’ .

coﬁiaining all the carbon atoms of the target compound,

(5-chloro-2-piperidyl)glycine. \The next consideration was
N

functionalization of the, terminal double bond to allow
. e '

~

-

introduction of the chlofo'substitﬁent and formation of the
piperidine ring. 1In view of the problems encountered wi1;hz
the reaction of t-butyl 2,6,7-trichloro~2-heptenoate
(compound 7) with bgnzylamine, it seemed that it would be

'
better to introduce the chlorine after the piperidine ring
had\been formed.. Since aicﬁhols are readily converted.to

~ chlorides, methods of forming B-amino a;cohols from alkenes

were consideréd.

A

B-amino Alcohols from Alkenes

A common synthesis of B~amino al

the epoxidation of the double bond followed by ring opening

With unsymmetricai epoxides |
the amine attacks predominantly, sometimes exclusively,

at the less Ssubstituted carbén; thus, terminal epoxides
| . f

give the l-amino-2-hydroxy compound. ’

t
4




ey

\ " ";/
. e -
o 9L RNy o
? ' CHf{i%R' —= RNH9H2CHR

{x‘ o

A
-

Anhydrous‘ammonia reacts very poorly with epoxides, but the

. presence of one equivalent of water greatly enhances the

‘ )f re_action.l18 This suggests that ammonia is not sufficiently
[T 4 ’

nucleophilic to open an unprotonated epoxide, but reacts
only after - the eqoxide has' been protonaxedxlpresumably

by ammonium ion).

NH I ?Hf
) —4 HzN(E"'(l:—

. !

G SORRESRLE B S i
Eo
ﬁo
\
I

(zi . These reactions between epoxides and amines are generally
carried out at elevated temperatures and/or for long periods

of time, so side reactions and decomposition’ are sometimes a
°

119 that the reaction occurs\

AR

pfoblem. It has been ?ep?rted
i much more readilf in the presence of neutral alumina. In
' this procedure the amine is first adsorbed on the alumina as
a slurry in ether, then-the epoxidéiié'added and the reaction
occurs at thé alumina surface. As in the uncatalyzed

reaction, attack on unsymmetrical epoxides is primarily at

the less,substitpted|Carbcn.

A less direct synthesis of‘B-amino aleohols is' the
reaction of epoxides witp sodium azide and subsgquent
|reduction of the azido alcohol, usually by catalytic hydro-‘

genation or lithium aluminumfhydride.lzo’121

/7

3
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The regioselectivity is the same as in the reaction with

amines: az&de attacks the less substlyuted carbon of

unsymmetrlcal epoxides. This method, although it ﬁpqufres
|

the extra reduction step, qffers the advantages that
sodlum azide is easier to handle and more nucleOphlllc than

ammonia. The reactipn has beeh carried out in refluxing

120

aqueous dioxane and at room'temperature under phase

transfer conditions using either tetrabutyl ammonlum

bromide or lB-Crown--G.121

Other methods for the oxyamination of alkenes ‘do not

involve intermediate epoxides. One method starts with the

addition of iodine isocyanate to a double bond;122 the
iodine isocyanate is generated in the presence of the alkene

. . o » A
from iodine and silver isocyanate.

. - NCO

S = 1]
I+ AGNCO —> INCO > —C—C-
' \ . 1

7

[ o~

S

‘Electron deficient alkeneé such as a, B-unsaturated carbonyl

compounds, do not react with this reagent. The reaction ‘is
regloselectlve with the 1od1ne addlng to the less substituted
cargon of unsymmetrlcal alkenes. Thus|, whenllthexene reacted
with iodine isocyanate a m%xture of regioisomers was formed,

but l-iodo-2<isocyariohexane was the major product.

b4
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INCO heo i
CHySCH(CH)3CHy  —=  T1CH;—CH(CHZ)3CH3 + OCNCH y— CHICH,)3CH

* major minor

[
The B-iodo isocyanate can then be transformed into the

.corresponding B-hydroxy amine.
: I

. A o~ oH® OH
QH \ a
e B (L= (o = (X
“ NCO “NHCOOR N NHz
>‘ \ .

?

toa

’ |
An alkene can be activated to direct amination by

formation of a pallidium w-complex.123 After amination the

- |
organopalladium intermediate can be oxidized with 'lead

2 )
tetraacetate to a B-amino acetate.12|+
{

\ OACNR R

e V]

| | e

Regioselectivity of the reaction depends upon the amine

. N Pb(OAC)l.
(PACN)PACL, » C=C —

used. With terminal alkenes dimethylamine, methyl amine,
‘and am;onia‘add exclusively to C-2, diethyl amine adds
_qually‘to C-1 and C-2, and diisopropyl amine adds
exclusively to C-1.. The yields with methyl amine and

ammohia were significantly lower than wifﬁ the dialkyl )

amines. =2, .

T
s

P RN
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The joxidation of, alkenes to diols by osmium tetroxide,

used in eiit:her stoichiometric or catalytic amounts, is a

125

well known reaction. In 1975 Sharpless reported that
' >

osmium tetroxide would react with some. primary amines to give

imido derivatives, and that these osmium imido compounds

. . |
react with alkenes to form B-amino alcohols.
\ . .
R \
0 N /v !
o Je=C, - P NaHSO; ~G~NHR
“F~0" Yo LiAlHy !

N

\

i

The alkyl group of the amine had to be tertiary (t-butyl

or t—amyl), and the osmium reagent was used in a stoichiometric

¥

‘amount. The reaction with monosubstituted, gem-disubstituted,
. : . Co
and trisubstituted alkenes was regiospecific with the nitro-

gen adding to the less substituted carbon. Some trisubsti-
¥

tuted alkenes gave significant amounts of diol in addition

to the amino alcohol, and tetrametl'tylethylene gave only diol.

<
\

Me\c C/Mc-.' . ?H ?H
Me”  “Me

\

Cis and trans disubstituted alkenes gave mixtures of
’regioisomers, the ratio dependeﬁt upon the alkene. If one

carbon has an aryl substituent the nitrogen tends to' add.tgQ
: I R - - AN
that carbon predominantly.. \ Co-

'

0s03NR  — MeyC—CMe, - : .

A

ki AEAOLS,

.

St

BE Toni
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CH3  _Ph  0s0;NR OH NHR R QH
K, > CH3CH CHPh - CHyCH~CHPh
o : 97% - 3%
N . . \

As with trisubstituted alicenes, these disubstituted'alkenes

A%
also give some diol, with the cis alkenes having a greater

tendency to form diol than the trans. alkenes. o
In 1976 a modification of this procedure was repor'1:ed]'26
- +

which used Chloramine-T (CH -C.H,~-S0,-N-ClNa ) and a cata-
/

64 2

lytlc amount of osmium tetroxide. It is assumed that the.

{ _—

reaction involves a sulfonyl-imido osmium intermediate .which

is regenerated under the reaction conditions.

N

]
TsNSCINa® 0050‘ —_— Q=RS=NTS —_—

o .

This method has the advantages of using only ai"cai'talytic‘

1l

amount of osmium -tetroxide and of introducing the nitrogen

bearing a’group which can Pg/s{ﬁ;equently removed." Mono-

substituted alkenes react quickly a;'xd giveo prédominantly'

the regioisomer w:Lth the nitrogen on the less substltuted

ubstlftute alkenes react mozl*e .slowly, but
7

with similar regloseiectlwty, cis and trans dlsubstltuted

alkenes are less regloselectlve

carbon . Gem—

Trlsubstltuted alkenes

react slowly, J.f at all, and give lower yields. Ne:.ther

N

tetramethylethylene nor dimethyl fumarate reacts with the

reage,;;:t . : ' ’ v
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) Another vam.at:x.\.n of the oxyamnatlon reactlon127 uLsed
N-chlorosodlocarbama‘tes instead of Chlorambne T, thus .
allowing- preparation- of eompounds wit‘h a\%nz:re easily removed
" Broup or 1;he anitrogerf. In this procedure the active re'ager}t
"in —fomming the osﬁium compound is actually an N-chloro-N-
,argentocarbamate which is gene\r\ated in 8itu by reactlon of

the N—chlorosodlocarba.mate with s:leer nitrate. .

4

' : ‘ - 0 HO HNCOOR
Q@ . AgNO5. Q@ . 0sQ \ i =_ 1 o0
v - ROOCNCING —>" ROOCN(ClAg —=> ROOCN=85=O —_— -?*(13—
' - , 0

i
“
. ! “ %

This reagent gives better regioselectivity with terminal

.dlkenes (nitrogen attack at the less’substituted carbon)

than does the Chloramine-T reagent. It reacts more effectively

with tridubstituted alkenes. \% . s °

) < e N [

- The r-egi"ochemistr'y of the B-amine alcohols formed by the
methods dlscussed shoulq:l be summarlzed with respect 'to termlnal
"(monosubstituted) alkenes, The nltrogen adds to the less

~substituted cqrbcrt in the nucleophilic op:ening of epoxides,
s ! v s
whether by amines or azide ion, and in the osmium tetroxide
5 s . . S },‘

medLated oxyaminations. The nitrogen adds to the more

@

substltuted carbon in the addition of mdine lsoeyanaté%o

-

"'+ alkenes. The regloselectln‘cy of the adclltlon of am:.nes to

alkene-palladlum cﬁomplexes depends upon the am:Lne use;,d

o
iy R

s
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> ’ The 'epoxide opening Dy ammonia or an amine appeared <to-

be% the -simplest, most direct method to use, and its use

" had been planned when th difflicultiesuwith the desilico-

"halogenation’ reaction ed. The epoxidation of the

Ty Vg te®

terminal double wond of t-butyl 2-chlor'o-2,S-heptadieﬁoqte
N l \.
. and subsequent reaction with an aminge could give the

a pPiperidyl amino ester.

HO

cl | ' ﬂ
d ' ) f mf “ \(j\( t
NANF —. | - —_— COO'Bu
T ooty 2 ¢l N

. C 7 ‘ i 22 oot R NHR

EPRERC A LR O e RN

Comﬁound 17 was epoxidized wi'th m-¢hloroperbenzoic acid
giving cle\anly the termlnal epoxide with no reaction at the

o,R- unsaturalted eSter. The s:.gnals in the nmr for the
}

vinyl protons of the terminal ‘double’bond (85.1 and -65.8)
disappeared, but the other vinyl proton signals remained

(§6.34and §6.9). ‘ ’

N ]
When the epoxide 22 was rehacted \v\nith benzylamine in )
I 4 l .
refluxing toluene, a complex mixture of products was obtained.

-

The result was essen’tially the same whether one equivalent,
\\}
two equ:.valents, or' an excess of benzylaanlne yas used,

except that wlth one equivalent some starting ma‘cemal re-

mained unreacted.‘ _There ape three sites in the molecule

which can react with a nucleophile, and in addition to 'the
- \\“ N :
'beénzylamine another nucleophile’ is created when the epoxide’ |

o ) -opens. Sevéral products other than the ocne desired are
¢ posstnle. .
A A . - B ﬂ

]" . . . [
. , R re o,
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2

coo'Bu OH"  coo'sy

\r ., OH .
- ] ' or  coot
g MKNHCHZ% A crgen ™A covee

HNCH,Ph NHCHzPh "HNCH,Ph I NHCH,Ph
\ CHZP }
] |
Aziridine Formation . * !|° " | o
v - The complications in this reaction did not invalidate

the use of nucleophilic opening of én epoxide by anﬂ amine for .
functlonallzatlop of ‘the terminal double bond but did call
for some change 1n strategy. The redction mlght be simpli- -
fled by reactlng benzylamlne with the diene: 17 and. then

. formlng the epoxide at the ter'mlnal double bond

: al
L W\/(\COOtBu — U/l(cootsu —_ @Ycoo‘au -
17

NHR -NHR

‘\(;) ‘ \ o When the diene H was rgacted with benzylamine in re-
“ ) fluxing.toluene,“ the lproduct formed had incorporated only
| | .one be:nzylamixie group." NMR of the crude product showed
| peaks at §7.2 (s,5H) and 6'4.‘6 (br.s.,2H) for the bénzyl
_group and’ 61.5 “(s}@H) for the Jc-butyl group; and IR showed
no N-H absorption. | This result was, obtained using’ either
. two -equivalents or an excess of benz’ylamine. The product was
<«\ not fully charactem.zed but ‘a sear'chI of the llteratur:e made -

11: clear that the reactlon was forming an aziridine, and

that it was unlikely that.-this could be ayoided.

S | o PhCHNHy , - fod'Bu
S /\/\Xcoda; rg \'W\qf .
. K . . '
\ ' CHPh - .

13
‘ ‘ — “
5 . ] |
€ - . —
\ .
.
i
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. S Several group‘slzg"133 have studied the formation of-

aziridines by the reaction of primary- aminés with either
N 7 ;
a,B-unsaturated-a~halo esters or ao,B-dihalo esters.

RCH=CXCOOR' N |
or | . R"NH RC\H-;CHCOOR !
RCH~CHCOOR
| Rll
X X , .

' When equimolar ahopﬁtq of amine and ester-are, used, the
nproductlaz is a mixture c;f equal amounts of a:ziri‘.dine ester
- and the garting &-halo-a,B-unsaturated es;:er. If two ob
- more equivale'nts( of amine are used the aziricliine\\is the sole

; -product. Thus, it is assumed that the reaction goes through
[ an intermediate aziridinium ion. "
, ! '

. —| NH hant
() | RCH—CXCOOR *RNHZ IRCkH CHCOOR R 47, RCH CHCOOR

W/
- % v R RN

L4 <]

B - This 1is supported by thé fact that if only one equivalent
of primary amine reacts in the presence of triethylamine,

the result is the same as when two equivalents®of primeiry

amine are used; no starting material is f*ecovered.l28

The tertlary amine takes the pla’ce of a second mole of -
pm.mary amine in convertlng the az:.md:.n:.um ion-to the

free az:.rld:.ne' .

2 o | . {

The, anomalous. behavior of am-'.line129 also sﬁpports :
L.
this mechanlsm. Anlllne ‘reacts with ayB unsaturated-d’—halo

o esters: to give a,B dJ.am:Lno esters rather* than az:Lmdlnes.




, X
. , \ o R(l',H—(I:HCOOR"
2 @—NHZ + RGH=CXCOOR " HNPh NHPh

. ,

[
Q

The lower bacisity of aniline (pK 4.58) compared to other

primary amines (pK > 9) means that it is not sufficiently
. basic to remove a proton fggm the aziridinium’ion, but

! - ' . \ ‘l . - 3 J »
. instead acts as a nucleophile opening the aziridinium ring.
i ‘

The use of ammonia or a primary amine in this reaction
will always give an aziridine rather than a diamine, but
aziridines can be qgpened to 'form diamines. However, unlesgs

’ a - / » - . \\- .
an activating group is present on the aziridine nitrogen,

134 Activating substituents

acid cafalysis is required.
(i) ,' are ‘those which can stabilize the developing negative charge
- 'in the transitioﬁ state of ring opening. Therefore, N-acetyl
. I I . 0 ' \
aziridines and N,N-ethyleneurethanes react readily with
. \ T N «
, _amines.lss ) N \ \

. . ' “ - é’ - ; a
CHy~CH,  R'NH D CHy-NHR' .
N2 S| Rece ] —s fHrCH2

\CHZ : HNCOR NHR
=0 ' ) . \\‘ .

s

D-Or-Z

Aziridines with an ester, kétone, or cyano ghgup on one

carbon and a phenyl group on the other are cleaved to an

N
B R . A

imine and an amine on heating with an amine in‘te“luenea.136
These aziridines are opened at the carbon-karbon bond on

\ b

) . ‘ : ,
& heating at moderate temperatures. | .
& u ; ~ . . N




e

o) . * '
PhCH—CHY 2. "PhcH CHY RNHp  NFR
HoLHY = ST PhCH-N-CHY
v . N |
R ‘ R R\‘\
- ’ * '
Y:COOR, COR, CN _ L | NHR
' PhCH-N—CHoY
© RN=CHPh + RNHCHY <— I CHy

Wlthout the phenyl group present this reaction does not

oceur: azTrldlnes of the type § / f\ do ndt react with

: R
amines in refluxing toluene. ;

Aziridines other than these two particular cases

) e
react with amines only in the presence of protonlsu of

¢

Lewislg7 acids.

\

'NH - . - .
A R
i R H R z NFIR NHR

.
l

This reaction has not been rqported with a;iridinyi esters,
but it is likely that, und#r the conditions necessary. for
ring'opeﬁiné, the ester wolld be converted to an amide.
In at least one case,128 during the .formation of‘an,

aziridine from an o,B~dibromoester, some of the ester

was converted to the amide.

: OOMe _CONHCHoPh
BrCH;-GHO0OMe EEC_QN”Z W4 AW 2zt

|
. &r : CHzPh/ . CHyPh \ ,
\\ N

" This reaction would be expected to increase in the presence -

‘of an aéid catalyst. _' -




avdlded if epoxide 22 were opened w1th-as;de ion.
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: It did not seem likely that the diimine 23 could be

formed from the diene 17.

| coo'Bu
4, sz NHCH,Ph
NHC HyPh
23 CHy

-~

1

The problem of a21r1d1ne formatlon could, perhaps, be

AL @ ol OH OH ‘
| O:I/I(:oo‘tau ER ~m[’oot8u s N‘ ooty —> mcootsua .
Cl ' 3 L ~H (. H  Cl '

i

The epoxide %g was treated with sodlum az1de in refluxing.

i

agu€oul dloxane Follow1ng the reactlon by glc showed the
two peaks pf the startlng materlal dlsappear and one new

peak appear. The IR of the product shows a peak for the

-1

azide at 2}00 cm T, but\the peak for the'earbon-carbon

3

double bond (at 1630 cm’l in the epoxide) had dlsappeared and

the ester carbonyl absorptlon (at 1720 cmfl 1d|the epox1de)'

l. The nmr shows no vinyl protohs.
| oy

had moved to 1735 cm

- The base peak in the clemical ionization mass $pectrum is

at m/e 163 with the chlorine lsotope peak at 165, and the
hlghest mass peak is at m/e 248 and 250 If it is assumed

that the addltlon of N .. and H has occurred in the reactlon

" then the molecular weight of the product would be 275. The,, .

peak at m/e 248 .would result from - loss of Ny, and the peak
‘at m/e 163 from loss of the t»butyl group (57) and CH,N 3 (586).

\

:
. v
1 - ' . h
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The product, then is probably a tétrahydrofﬁraﬁ sfructure
resulting from attack by the oxygen on the double bond after

the opéning of the epoxide.

- |

: "

\ COoo'Bu ‘
N N3 ’ 0 ' \ ' -

\ Cl

This structure for the!product is supported by the falt that
when the.diene 17 was subjected to the same reaction ébnditions,

no reaction occurred.

t ) '
[ 00BL dioxane o
NN + NaNs -}-"—? No Reaction .
| 2
17

¢ —
¢ ‘ ' 1

1 Thus, it is unlikely that the azide ion added to the double

bond of the epoxidef;,Ihe’Michael addition of azide Ebh to
the a,B-unsaturated ester was also tried in dime#hylfOrma—
mide, dimethyléulfoxide, and ﬁexamefhylphosphoraﬁidg,“but‘
no reaction occurred in any of these solvents. |

The problems of a21r1d1ne and tetrahydrofuran formatlon

' \

'led to the investigation of methods other _than epoxide openlng -

for the oxyamlnatlon of the terminal double bond of compounﬁ

i

17. The Chloramine-T and osmium tetroxide method should

produce predominantly the reglolsomer with the nltrogen

on the tegmlnal carbon which is the one, Aeeded ln thls \

1

case. It is less” clear whether the reactlon would oceur

.

selectively at the termmnal double bond but the general

voal” -

’teﬁdency of the reagent to react more rapldly w1th mono-

substituted than wirh‘trisubstitufgd alkenes or with'

.electron-deficient alkenes ‘makes this selectivity seem

. probable. T ‘W e .




. . J 0 ’
00'By o, 0s0, Lo
/\/\)fa + TsNCINa —=> | o CO0Bu -

17 . Ts H
‘ ' 24

Compound\kl was stirred with 1.25 equivalents of
Ch;oramine;T; 0.01 equivalent of osmium tetroxide, and
1.25 equivalents of%sileer nitrate (to precipitate
the chloride ion forme&) in t-butanol at §0°. The reaction

was followed by glc and was complete after four hours. NMR
AN

4

confirmed that the reaction had occurred at the terminal
double bond (the signals.at §5.1 and 5.8 were not present
in the product) and that the o, B-unsaturated ester wasq

not affected (v1ny1 proton trlplet at 66.9). The tosyl

N
group appeared as a quartet (4H) at &7.5 and a singlet (3H) -
-1
) e

l) Y

’

at 62.&. The IR of the product showed 0-H (3505 cm

| ’ 1
s N-H (3290 cm ),‘esten carbonyl (1720 cm -1

L and ‘the aromatic ring (1600 cmbl). It was not apparent from |

)y c=c<1530 em

\3\ . the nmr whether one or both regioisomersahad been_fofmedgu :
the'mass‘speetﬁum‘indicated the presencé of both with peaks
at m/e 163 and 165 and m/e 316 and 318. The molecular ion
.did not appear in the mass spectrum, the highest mass " ‘ é
peaks were m/e 347 and 349 with electron impact and m/e

348 .and 350 with chémical jonization-
I n’ —I | . . \ KL"
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Faaateatide

N\ L
- 0 : + P |
OH' apat }* OH ~
C00Bu HNTs O0H HO COOH
/
H?JMC[ - \/‘\/\/Q:Cl — \CHCH2CH2CH=C
Ts . . ‘bl
’ ‘m/e 163& 165
= 403 & 405 " m/e 347 & 349
. ) ! i + +
NHTs  coolBy - NHTs  COOH TsNH | COOH

‘ /
HOAAL, HO~ A~ A —= | cHeHy HZCH=C\C

1

o m/e 316 & 318

Thin layer chromatograg?y of the product gave only one
spot in several solvent systems, so the ratlo\of regio-

isomers was not .determined. The yield of the mixture of
{ .

isomers was.93%.
The vapiation of this reaction using N-chlorosodio
. |

t-butyl car'bainate‘w‘as also aﬁpli’ed. to compound 17 and
f L] g
gave oxyamination of the terminal double bond. First the

‘N—chloro—N-sodlo carbamate was prepared by treatment of

-butyl carbamate w1$h t-butyl hypochlorlte and sodium

4

hydroxide.
S/ tsuocx e
f BuogeNk, —> ' 'euodeeing' S
- 2.NaOH .

B

ok

N-chlor'osodlo t~butyl carbamate was st:.rred with silver
nltrate in acetonltrlle, then water, osmium itetr'oxa.de, and
N compound 17 were added Pollow:.ng the: rea:rtz.on by glc
& showed it to be essentzally complete after nine hours.

\

| | | R IR

l

-
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‘ ‘Preparative tlc of the crude product gavé primarily the

‘oxya@ination pfoduct with small amounts oflftarting

material and t-butyl carbamate.

: : OH °  cod'Bu

t
CO0'Bu o AgNO /\/\/S
T ¢ d + 3
‘ /\/\)\ , % "BUuOOCNTCINa A\
. Cl 050, 04 cl
5

1 t
17 Hp0'«  HNCOOBu
As before, the peaks for the vinyl protons at §5.1 and §5.8

1

were not seen in the nmr of the product,'Qut there were
triplets at 6.9 and 66.3 for the remaining vinyl proton.

The IR showed a very broad peak at 3380 cm -1 for the 0-H and

. ‘ P |
N-H and a broad carbenyl peak\at 1710 cm l.‘ The mass

spe ctrum indicated'greater regioselectivity than 'in the

N Chloramine~-T reaction The hlghest mass peak was at m/e
\ [

237 and 239 which resulted from t?e loss of two molecules

§1*¢gbutylene from the molecular ion (3&9 and 351) There
|
was a large peak at m/e 163 and 165 whlch could result from

the loss of CHZNHCOO§ along with the two isobutylenes. If

H

there were a termlnal hydroxyl group a peak for the loss of

CH20H would be expected as was’ Feen ‘in thq product of the

Chloramine-T reaction. However, there was only a very

small peak at m/e 206 and 208, indicating that little of the

undesired isomeﬁ‘was formed. The base peak in the spectrum
|

was m/e 75 which could be [CH NHC(OH) 1* s alsz/;adfza¥§eg
Co '
' that the nxtrogeﬁ had added to the terminal carbon.
s ‘ . . ) ' |

\
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Since this method oxyamination was successful with

\

M .
the a-chloro-a,B-unsaturated ester compound 17, it was also

tried on the a,B-unsaturated esters with a-nitrogen subéti-

[ -

tuents. When the oxazolidine compound 19, was treated with
. 1 - » - -
Chloramine-T, osmium tetroxide, and silver nitrate, only

the starting material and p-toluene sulfonamide were, recovered.
v Iy N

. o e \
\ O OSOA . \ f
/ ' —— N R t. ' ‘ ‘
'./\/\X_:/AP}T Chioramine-T o Reaction
19 . | |

1
A

There was also no reaction with the a-forhamino-aaﬂ—
, | )
unsaturated ester compound 21.

S COOEt = 0sQ, :
/A\/,\V,ﬁ _ No Reaction
Z ZVNHCHO . chioramine-T
2 . ‘ . . ' "
. o o % 3
The \oxyamination reaction was also tried\with the N-benzoyl . i

. ethyl ester derived from the oxazoln.d:Lne,g compound 20. When

thls reaction was carrled out, as with -the other compounds,

for twenty-four hours using 0.01 equivalent of osmlum
tetroxlde, only starting materlal was recovered. The |, |
reactlon1was repeated using 0.03 equlvaleﬁt of osmium .
' tetroxide -and heatfng to 60° for three days. TLC of the |
‘crude product gave mostly start?ng material and a small
A;mount of a more polar compound. The nmr éhowed only one
vinyl proton (trlplet 68 6) and the presence of the tosyl

group (aromatlc protons at,§7.5 and a ‘three proton triplet

| at. 62 4) Thl& seemed to be.the desired product but the

yleld was only about 8%




COOEt - © OH COOEt
0501'1 S L
4 NHCOPh . = NHCOPh ~
Chloramine-T < NHTs
20 ' 8% .
20 | .

* s
Since it seemed\th t only greatly increasing the amount of
* osmium tetroxide would increase the yield, this reaction
was not pﬁrsued further. \ s -

Ring Closure

The*®oxyamination of t-butyl 2—chloro;2,SJheptédienoate
« N .
provided compound 24 from which the piperidine ring could
N -

be formed by an intramolecular Michael-type ;éactionf

HO o bese HO -

N oolgy —> N C00'Bu -
/ .

. \Tsh Cl o‘ 1‘-5 cl

% y

The relative facility of ring closures have been

138

discussed and a set of rules was formulated. The factors

considered in the rules were wheéther the bond broken in the ‘\
reaction is exocycllc or endocyclic to the * rlng formed the

\ sxze of the ring fcrmed and the hybrld*zatlon of the carbon

atom underg01ng the(Cycllzatlon reaction.

o p& Lo QC\ ‘
' ‘ Yo . . o

\ or o \ “ 1 \ \
| 4 | . J \ i \
! ¢
. m endo> 0
. \
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The rules were classified by hybridization of the carbon
) N s o
k- . atom involved. . oL . ’ 1
Rule 1. Tetrahedral systems :

a) 3 to 7-exo-tet are all favored,

ﬁ) 5 and q endo-tet are disfavored.

4 . Rule 2. Trigonkl éysgémsb&

a) 3 to 7-evxo’-t?ig are all!“favo.red,

b) 3 to 5-endo-trig are disfavored,
\6 and 7 :-endo~trig‘ arye favorea.

. ’ Rule 3. Digonal systems:

a) 3 and E:exo?dig are disfavored,

5 to 7-exo-dig are favored,
T

b) 3bto'7~§ndojdig are favored.

¢

(i} , - . These rules are an expression of the stere€ochemical

. | requirements of the transition states for the reactions.

In the favored ring closures the chain linkingn%he two

reacting - groups allows them to assume the required-:.transi-

1 t ¢

- - | » .
' tion state-geometry. In' the disfavored cases sevére dis-

v N
¥

{ tortions of,bond angles or lengths would be requiregAfor

- ' , - . N .

1 ‘ ring closure to occur. : \ ,
| ' ‘i /— . ® ‘ “ ' * -
By these rules the proposed ring closure in compound
’ v ‘ : ! - ) ' hd
. 24 would be classified as 6-exo-trig, which is a favored
] g closure. . | ‘ ’ e
| - T N . .
l ~ . ¢
ﬁ\ ’ > . Q\ ] € -
- \ o , IR
' ' i |
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. In the first report of thffﬁhloramine—T oxyamination .

reaction126 several transformations of the oxyamination
product of cyg¢lohexene were presented.‘ Notably, it was’
repor%ed that the acidity of the sulfonamide hydrogen

was sufficient to allow selective derivatization of the

.

nitrogen. |

w OH  CHyl OH
K e X
. ~ NHTs RO® NTs B

- CHy

b

B
Thus, it seemed reasonable to expect that treatment of

compound 24 with base would give the piperidine ring.
The product from the Chioramine-T oxyamination of éompound
17, a mixture of 24 with the other regioisomer, was treated

with one equivalent of sodium hydride in tetrahydrofuran.

*

NMR of the product showed that cyclization had occurred:
the vinyl proton had disappeared. IR, however, suggested

that the cyclization had occurred through the oxygen

rather than the nitrogen. This cyclization would be classi-

fied as 5-exo-trig in Baldwin's system,138 which is a '
favored process. The peak at 3505 em ' in the IR of the .

¥ i

starting material was not present in the product, but the
peak at 3290 cm™t remained. The ester carbonyl peak

-shifted to 1740 cm"1 because of. loss of conjugation. The"
7
product, then, was probably the tetrahydrofuran 26.

!
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HO f NaH ¢

' N CootBy | —> TSHN\/<;>\<COO Bu

. Bl o Cl
4

1

26

—_— fo=iig \ s

B S

B

P
A

' * ¥ f
This structure is supported by the mass spectrum. The
&

e WHT A B

molecular ion (4083) does not appear,:bu{ there is a lar-geh

t

!

g

e -2
peak at m/e 184 which could be [CH NHTs1'.

™ - A} ~ v I
L e ’ ' + I
Ts |

+
o — t
H;h\,(;)\(coofau‘ > [TsNHCHZ] or | Woo Bu

: | c 184 o

403 | o 219

e e

There is also a smaller peak at m/e 219 with the chlorine

-, ' isotope peak at 221. ’
( .E In order to prevent formation of the tetrahydrofuran ’
] \ ~the hydroxyl group was protected as its t-bytyldimethylsilyl
1 ether. Compound 24 was reacted with one equivalent of t-

A}

Jbutyldimethylsilyl chloride and two equivalents of imidazole

in "dimethylforma;mide . 138 . o l !
| : OH . 0SiMeJBu ‘
. Y\L, : , imidazole m ‘
i ! > 1 >
| \ N \(C00'BL BuMepSiCl o2 N aootsu
/
By < \ %) l
B 24 27

NMR of the product showed the presence of the t-butyl-

dimethylsilyl»'group, a nine proton singiet at 0.9 and a

y .

six proton singlet at 60.0. Im the IR the peak at 3505 cm
1

l»\

(‘ l (0-H) had disappeared, but the peak at 3290 cm
1 X
still present. The yield was 80%.

(N~H) was

i

TRt 15

.
kK
d
%
3
e,
,
&N
%
&
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Compound 27 was then treated with one equivalent of

o

sodium hydride in tetraghydrofuran. The crude pnod;ct,

< g

a yellow oil, formed crystals on standing. The crystals
m.p. 147-150°. NMR showed disappearance of the vinyl
proton. IR showed disappearance of the N-H peak and the

carbon-carbon double bond (3290 cm > and 1630 C{n-l in

\

27) and shift of the ester carbonyl peak to 1730 cm-lﬁ
0SiMe;Bu 0SiMesCl
) - NaH ’
/ codBu” — > Co0'Bu
2 X N
27 Toy , Ts Cl 28

The mass sﬁectfum showed an extremely weak molecular‘fbn
(m/e 517 and 519); the largest high mass peaks were thosé

from 1oés of isobutylene from the estery (m/e 46l andCQSB),

loss of the t-butyl group from the silicon (m/e 460 ajh 462),

and loss of both these groups (m/e 404 and 406).

were recrystallized from hexane to give colorless crystdls,
£ . 14

When the mother liquor, ftom the first crop of crystals

was triturated with hexane and coéled, more “crystals formed.

This crop, after recrystallization from hexane, melted at

106-108%, The nmr, IR, and mass spectrum of this producf,

however, were identical to.those of the higher melting

4

compound, so they may just be different diastereomers. The

4

yield of the crystalline products was 53%.
The oil residue), which could not be induced to form

- - / 3 A

more crystals, gave almost identical nmr and IR spectra

to the crystalline product. The mass spectrum indicates

»
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that this oil contains the pyrrolidine formed from the

! ot -

other regioiso'mér of the oxyamin'ation product.

] t : tg, Na o t
] ‘. BuMeZS|O\/QK,COO Bu *>tsuMezs.o\/[D\(Cb° Bu

o / 3
-4 X K s
- ‘ ) . s Z-g ‘
' The mass spectrum of this compound is quite similar ‘te.that
y ; ' o A
‘; of compound 28, but has peaks at m/e 316 and 318 which are
: not present in the spectrum of the crystalline compound.
§ | "
i /
o ' T+ K
N ~ (oo

p 36 & 318

.;‘ ] - ) ¢ B \ -
( N . The silylation and cyclization reactions were also.
o . . ' ‘ : B
/ " S carried out with the t-butyl carbamate oxyamination product,

1

\ . - s
compound 25. The silylation cccurred just as with }i\e N-

) ‘
I3

B it o AL e

tosyl compoﬁnd. / -
L o L giMeztBU .
’ t
OH cootBy t \ \ [COO Bu,
; l + BuMeSiCl —> Cl
NHCoo'Bu - \ NHCOO'BU ~ ; ’
2_5 ) ' - 3—-0 { \\
D /} The nmr showed incorporation of the t-bt?cyldimethylsilyl )
group, a nine proton singlet at 0.8 \a.nd a six proton
/é T singlet at §0.0. !
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This compound was then treated with sodium hydride

in THF, but, when the reactlon was worked up, only starting

compound 30, was recovered. THe cyclization was -

alsoﬂ%ried using lithium diisopropylamide‘as base, but the

result was the same: compound 30 was pecovered. This

' result demonstrates. the lesder nucleophilicity -of the

-

urethane nitrogen compared to the sulfonamide nitrogen

i
“

of compound 27. ) ) ‘

N

»
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° CHAPTER V' '~ 1

AMING ACID FORMATION AND DIMERIZATIQN . .-

. o ~
‘Replacement of Chlorine . y . :
2 ‘ x
The next problem after the successful formation of the %
‘ . ) i
piperidine ring was the replacement of the chlorine alpha to %

o

.room temperature for twenty- four hours, but no reactlon 1

o
the ester with an amino group. The preparation of a-amino

esters in good yieios by reaction of a-bromo. esters with

PR T N

sodium azide under phase transfer conditions and subsequent
140

reduction of the azide was recently reported.

N

RCHCOOR « NaNg BYNBr | RCHCOOR' Hp_ RCHCOUR'
“or N o NH : \
Br ' 18-crown-6 3o Pd-C 2 .

®
+

Glycine methyl ester, alanine ethyl ester, and ethyl o~

¢ \\ {
o . 3

amino butyrate were synthesized by this method.

.,

Compound 28 was dissolved in chloroform and an excess .

of sodlum azide in water and 5 mole gzof cetyl trimethyl ‘ %
ammoﬁium‘bromide were added. The mixture was stlrred at’ 1
A

OCcurred; the startlng material was recovered. The reaction

v L . e . T,
was repeated.using acetonitrile and 18-crown-6, but still no
.- ; x
reaction occurred. . )

. t h"' »
03 Mez B CetylMeNBr
. chIBU +  NaNy " —= No Reaction
N Or ° [ ) - '
%S Cl ’ B 18-crown-6 '
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material decomposed. .

the reactioh wo,uiﬁl occur is sterically hindered. Also, \

Yents (aqueous iiioxane, dimethylformam

‘

dimethylsulfoxide, and hgxamethylphosphoramidé) were tr

.

and at 60°, but no reaction occurred. When the reactio

temperature was raisgd to 80° with HMPA the starting

This reaction would be expected to occur by an SN2
- e =

mechanism since the electronic effect of the ester group

would make loss of the chlorine to form a carbonium ion-
urifavorable.”  The 5,2 path is not particularly favorable

in this cade, however, since the se¢ondary carbon at which

o

the réport of this reaction described the use of aj-br'omo’ ’ .

. N 5\

N

v ¢

esters and an a-chloro ester would be less reactive.

A classical method for the synthesis of oa-amino acid
\ Ve

is the reaction of the a-halo acid with aqueous ammonia.

This reaqtion is more successful with acids than with'

esters. An acid can aid the reaction by neighboring

group participation, forming an a-lactone. . L

RCHCOOH AN 'RCHCOOH
)'(. + NH3/H0 > [RCH‘—C/O] —_— [1“-[2

e s -

The reaction is still slow, even with acids. For examp‘le%\/—\

in the synthesis of phenyMalanine, a-bromo-B8-phenyl propionic
) a I
. . \
acid was treated with aqueous ammonia at room temperature -

for seven days. Compound” 28 was treated with trifluoro-

The<.ester_ was cleaved,

/

, /

acetic acid to cleave the ester.

L
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but the silyl ether was also cleaved: o -
-3 ‘ t o v ] o |
0SiMe,B ’ T
254 HQ o
TFA .
- codsu - — COOH : y
o) ’ ¥ N
Ts Ct ¢ . 4 . Ts Cl» - ' .
) #j 2_8 “ - ]\ ~§l é‘ . T

The nmr of the product lackeﬂ thé& peaks for the t-butyl

.ester group (61.5) and the t-butyldimethylsilyl group (S0.9

1

and §0.0). THe IR showed peaks at 3440 cm T and 1740 cm *

-~ e

In.an effort to hydrolyze the ester without cleaving

~

the silyl ether compouna)gg_wag treated with glacial,acetic
7 .

acid. Even after heating at 65° overnight, the starting

material was recovered. Since acetic acid (pK 4.76) was not

strong enough, formic acid (pK 3.77)‘Qas—tried. This had -

A
: 2
the same.result as triflurocacetic acid, ‘both the ester and

3 ,‘ 4
silyl ether were cleaved.

The two, different . batches of Cémpouﬁ% 28 with different

melting points were hydroclyzed separately, eac& giving a.
éSlorless crystalline product which had i&éntical spectra.
The acid (compopnd 3la) from the ester oflmelting point
147-150° héd a melting point of 175-177°, and the aci@
(compound 31b) from the ester of melting pdint 106-108° had

a melting point of 196-1989 .
2} ot i .
Compound 3la was stirred with a large excess of

—_. . | .

aqueous ammonia at room temperature for ‘four days. The

. .. \ . .
ammonlé and water were removed giving a glassy solid :

, -
yhése IR showed a very broad peak at 3200 cm-l and a peak

PR

&
4
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at 1600 cm_l The product was dissolved in water and acid-

On acidification a precipitate formed

Wy

ified with 10% HC1.

which gave nmr and IR identical to compound 31. The amino

-~

acid had not been formed.

-

- HO NH3/H,0 - HO |
COOH —=> CoNH,
l Rm.Temp. \
Naq Ts ‘ v '_ Ts b Y i

Compound 3la was again dissoclved in aqueous® ammonia

and the solution was sealed in a thick-walled Pyrex tube

and heated to 90°. After four days the ammeonia and water

were evaporated to give a white solid. The' nmr and IR

i “

spectra were 'similar, but not identical, to those of the

product of the room temperature reaction.' When this

product was 61550%vey in water and acidifiedy it remained
in solution. The IR of the aéidified product was distinctly
different, from that oflthe acidified proéuct of the room
temperature reaction. . In addit%on to'the peaks a@ 3420

em™t and 1740 om™t, there are peaks at 3150 em™t

!

and 1410

- L
cm 1 which did not appear in the IR of compound 31.:

\ Ve
HO \ . HO :
COOH NH7/H50 | B
‘I;;l( 9;°>3 . ﬁ COOH )
Ts Cl . Ts NH
3la | 7,
The product gave only one spot on thin layer chroma-
tography (butanol:acetic acid:water or chloroformimethanol:
aqueous ammonia) and ‘was ninkygrin positive. It did not N

<
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!
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melt but decomposed at about 180°. The ‘chemical ionization

mass spectrum showed a small EM+1]+' peak at 329 and a .

—

large peak at 312 for loss of ammonia. The loss of ammonia A

.1s often seen in the chemical ionization mass spectra of

142

amino acids. This fragmentation is favored when a

5
particularly stable ion is formed, as with methionine.

0

- - GH3 cooH - %M cooH ,
S CHNHy 5 *5TCH s .9
CHy=CH, CHy—CH, N

The hydroxyl group of compound 32 could participate in an I

analogous way.

HO : B s+ COOH \ l
COOH — . - {
| N v
1s NH3 .
\
, Ts

Dimerization

\ X )
With the amino acid formed the sulfonamide protecting

¢
[

A ke nTs

alkyl halides are not stable to the reductive methods for
\ O

cleavage of: sulfonamides, this had.to be done beforé the

hydroxyl groﬁp was replaced byﬁhhlorine. The most con-

CRNE TIPS T W)

venient method ,of reductive cleavagg of sulfonamides uses
sodium naphth@lené in l,2—<:1:Lmetl’10xyethane.lu3 Compound 32 ._
was added{tb—a'solutipn o{ twenty equivalents of sodium
naphthalene ih_l,Z—gimetgoxyethané. When the reaction

mixture was worked up after 1.5 hours, the startihg

material was recovered. : - .
. .
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) HO l HO | .— R
\[;;liCOOH + Na - Naphthalene %= \[;;L(COOH o .
Ts N T NH, K

The removal of the sulfonyl group was not pursued further
at this point, but fqrmation of the pipera%&nedione was
consid;red. Ce \ g

As discus§ed in Chapter II, amino acid esters feadgly'

i

dimerize in solution, this being the usual method of pre-

paring symmetrical pipera};inediones.36 The preparation of
° 'd

the methyl jester of compoundlgg was considered. The N

esterification reagents used were methanol-anhydrous HC1,
: . ,

methanol-thionyl chloride{ and 2,2-dimethoxypropane~

!
aqueous HCl:luu

The thionyl chloride-methanol reaction
would be expected to cause replacement of the hydroxyl

group by chlorine as well as esterification. “

HO " MeOH Cl :
g .
| le(COOH s0Cl; I/Nl(coom
|
T NH; s NH> o
32 g

Howeven, this féaction gave a mixture of products whicﬁ

were not fdentified. . )
The methanol-HCl and 2,2-dimethoxypropane-HCl. reactions

should give onlyqestepifica%ion.

°

+
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Application of either of these methods to compound 32 gave

. the same product. NMR confirmed the'pfesence of a methyl

ester3 a singlet at §3.8. IR showed the ester carbonyl at

1755 cm—l, but no 0-H .or N-H absorption appeared. This i

. colorlegs crystalline product-was soluble in chloroform and

w

melted at 149-151°. !The highest mass peak in the mass

spectfum was m/e 325 and the next highest was m/e 266. This

product has probably been formed by nucleophilic displacement

5~ ¥

} ‘ of ammonia by the hydroxyl oxygen.
HO 0t 0 * COOMe
::’ \
N COOH MeOH ‘
s NHy ‘ -
32 : T
2 33 s

| —_—

Thus, the amino ester must be unstable to the acid céndi-'
tions of the esterification reaction and the cyclic ether
33 formed.

The formation of the cyclic,ether %ﬁdicates!that the
substitueﬁts on the piperidine ring are cis. There are
four possible pairs of enantiomers of compound 32, two
with cis ring substitution and two with trans substitution

(Figure §). The trans>die4uatorial would be expected to be




.
:
/ . .
Ly a

e g T PO (R SO I 15

% ! 101
; * ’ g’ ‘
- ‘ °
| ( o } !
o . _ COBH  ~. COOH
¢ ' |
COOH . COOH (
(|:/NH2 *
N H ‘
\TS Y i h
|  OH
' © - coow, . WO o N
| ] H-C*‘NH2 H2N ¢~
g _ o | ) ;
. § . t |
§ | \ |
P HO \Ts
_COOH COOH
A r\{Ts R
. ! '
' " OH ’ L
| | Figure 8. Isomers of (l-otosyl—S-hydroxy-Z-piperidyl) glyeine.
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the most stable. The stability of the cis isomer with the -

hydroxyl in the axial position would be increased by

) hydrogen bonding with“theNPing nitrogen. However the

1

| |
geometry of -the ring substituents was determined in the '

eyclization reaction when the hydroxyl group was.protected
4 P

as its t-butyldimethylsilyl ether, so no hydrogen bonding

. - , could occur. The geometry,of the ring substituents is

determined by the geometry of the transition state of the
EP ' / 0
cyclization reaction. In the Miclael reaction the nucleo-

phile prefers to approach the cgrbon—éarbon double bond

; . perpendicularly for maximum orbital overlap.150

.

- . e

tBuMe;SiO —> 'BuMe,Sio
No
( / +5 t - Ts y t
. Ct COOBu CHCICOO'Bu
! . This tyanéition state ‘geometry forces the f%rmation of a

Py ¢

ring with the C~2 substituent in the axial position. The

C-5 substituent, however, is free to adopt the less crowded

13

equatoriaﬁ configuration. Therefore, a cis' (axial-

. r
equatorial) 2,5-disubstituted piperidine ring is
preferentially formed.
A . -

Because of the formation of the,cyclic ether 33 in thej

acidic esterification reactions, the use of diazomethane

7
]

for esterification was considered. Since diazomethane

I

- ' " would be\unlikel§ to react with the zwitterion form of the

o
- & : \I

—— "
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fx c amino acid, protection of the amin® with the t-butyloxycar-
% »‘bo*yl group was first carried out. Compound 32 reacted b
. - £
;
;
{

3 F 1] . - 3
with 2—t-butoxycarbonylgxylmlno—Z—phenylacetonltrlleluF in
\\C) .

the| presence of triethylamine. : ’ )
. w » , O N ' -
HO \ , i ? Et3N HO u
, , N COOH BuDEON=CPh —_ N COOH
g | ,
’ L ' Ts NHCOoo'By
: 3 7 | -
i ! . E

I

NMR of the product showed the presence of a t-butyl group,
a singlet at’ 61.4. Thi¥s product was not purified, but was

; . treated with an excess of diazomethane. The product of the

¢ methylation reaction showed no t-butyl group in the nmr.

= onads

¥
5 . . Its nmr, IR, and mass spectra were essentially idéentical o ;
g (:% N to the cyclic ether, compound 33. ga
{ HO g COOMe :
f f'\l Et3N- i §
Ts NHZ * .
& ‘ N
! 32 \
— ' ‘ (,_3_3. . Ts ?
- It is not clear exactly when the cyclization occurred. %
“ ) 3
It may have been during the acid work-up of the t-butyloxy- 5
carbonylation reaction, and the t-butyl peak in the nmr was

S

. an impurity rather than being from the presence of compaund

34. This amine-protection and esterification sequence was

not studied further, since the t-butyloxycarbonyl group is

' removéd by qﬁid, .Even if a milder work-up gave éompoung 34y,
E («} and the ﬁéthylation werehsuccessf;l, the acidic conditions
which wogld then bz used to unblock the amine Qould probaﬁly

lead to the formation of compound 33 again. . -

/
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((E | This' work terminates with thé ‘synthesis of (l—p:tolu—
eneéulfonyl—s—hydroxy—2—piperidy1)glycine and the observation
of its instabili‘;:y to acidic esterification conditions. It
is presuméd that this final product, which was formed in
10.5% overall yield from t—ﬁﬁtyl chloroacetate, has the-
substituents on the piperidine }ing in the cis  geometry.

The synthetic sequence which lead to (l-p-toluenesulfonyl- |

S-hydroxy-2-piperidyl)glycine is shown in Scheme 3.

/ - t
—=> CICHCOO'BY —>
- : =~ ,  3s0Ch o o
OSOL ¢
Chloramine-T \
v AgNO3
g M-t 0SiMe,'Bu : ‘
L QU2B RO teuMesict T (C00'Bu
‘ m(‘?l = G, S MCI
0 S
| T ¢oo'Bu Kl COOBy % ,
! 28 , 27 - -
[ TFA
vV . .

NHa/H~0 HO '
352 TNj\(coor-l
[}

Ts NH2
32

Scheme 3.
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: CHAPTER VI

SUGGESTIONS FOR FURTHER WORK

The use of (l-p-toluenesulfonyl-5-hydroxy-2-piperidyl)
glycine as a precursor of 3,6-bis(5-chloro-2-piperidyl)-2,5-

piperazinedione is a possibility if the problems of the
k ‘

cyclig ether formation and removal of the tosyl protecting

b
~ group can be solved. ,

S

An answer to the problem of cleavage of the sulfonamide
may be found in the recent observation that some sulfonamides

can be cleaved photoly‘tically.lHB

Benzylsulfonamides and
bqnzenesulfonamides were cleaved by photolysis in methanol

or isopropanol to give good yields of the free amines.

PhCH,SO,NHR
/ 2772 hv /
or — HQNR '
PhSO2NHR

Para-toluenesulfonamides were not. discusseq, but would be
expected to behave similaély. If the tosyl group did g;ve
problems in. the photolysis it should be possible to use a
benzenesulfonyl group insteéd. It has beén reported that
\ Chloramine-B (PhSOZNClNg) ca% replace Chloramine-T in the

147

osmium tetroxide catalyzed ox&amination reaction. The

photolytic method of deprotection of the piperidine nitrogen

could be used after the chlorine had been introduced at the

(
S5-position.

b :

& e o LTSRS
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RPN,

. ' The cyclic ether formation could be prevented by
1 - e ° . /

avoiding acidic conditions until after the piperazinedione

RS

A possible reaction sequence leading to

!

3,6~bis(5~-chloro-2-piperidyl)-2,5-piperazinedione is shown
| *

‘ has been formed.

in Scheme U4,
A drawback of the sy&thesis déveloped for compound 32
is the oxyamination reaction which 1is regiosefective, but
ﬁot regiospecific, thus low§ring the overall yield. It
might be possible, however, that the regioisomer with the

—_—

terminal hydroxyl could also be used as an intermedijate in

JE N ™)

theaéyntheéis of 3,6-bis(5-chloro-2-piperidyl)-2,5-piperazine~-

ERI PSS LA

dione.

.

- When l-ethyl-2-chloromethyl pyrrolidine hydrochloride

is neutralized with base to form the free aminew, it sponta-

‘ 148 e .. 149
. neously rearranges, aziridinium ion, o
. to l-ethyl-3-chlaropiperidine.

I ’ Ct .
, ' Q\/Cl (N\/r -
|
"HCl Et \

e

through .a bicyclic

NaOH

—_—

If the pyrrolidine compound 29 were carried through the .

o ez,

SRR el Sardetin Sy S50ty Sbinis 4 RS e e e~ e

synthe®ic sequence this ring enlargement would probably

oceur whenathe chlorine was introduced and the sulfonamide

- |
cleavédd. '

w .
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0

HO
-y O00H
& NHCOOCH,Ph

l CHoNy -

HO

':j COOMe ~

Ts NHCOOCH,Ph

R
PO ~

Fos w3 Yo

Possible Route to Compound 1.

¢
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( t . Cl "
' -g . . BuMe;Si0 N —> —= HO
: , . 1, coo'Bu .
0
CI\IMH H L s
, H HN N ) j
| 3 w('\(]v‘?' Ei §
0 : :
't I 0 \ i
v i
B |
: ;
i The pyrrolidine compound gg has not been carried through é
! !(‘“ | the reaction sequence to give the amino acid analogous to Co J .
! i compound 32, so its sensitivity to.acid is not known. 5
3 1 .
S, N too H’ 0 4
; - HO\/[N_X{:OOH —=> ',@*COOR E |
¢ \ ] ! ' -
1s NH2 N ;
l 29 . Ts f
F% ! Further work may lead to the synthesis of "3,6-bié(5- g; -
% ‘ chloro-?-piper,idyl)—Z,5-piperazinedione‘star‘ting with the - §
;; synthesis of (l-p2toluenesulfonyl-5-hydroxy-2-piperidyl) g
]
1 .
glycine developed in this work. ' i
j
i
- ‘ ' f
3' AN
0 o f ;
5 ' |
|
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. . EXPERIMENTAL
LA , Common chen%cals were obtained from commercial sources
N 2

and wepe purified as necessary. Melting points were obtained

on a Gallenkamp melting point apparatus and wére not cor-
‘ L \

rected. ‘ R f (

\
W

Nuclear magnetic res@ngnce spectra (NMR) were recorded

‘\on Varian Associates T-So‘gr T-60A spect?ometéfs.

Infrared spectra (IR) were re;orded on Pegkin—Elmer b
Model 257 or Model 297 grating infrared speptrometers.

Spectra were calibrated with the 1602 em ! Band of1;ol§-

Styrene film. ' ' #
|

Mass spectra were recorded on al P 5984A or LKB 9000
mass spectrometer.. GC-MS used a 2m column'wmf 5%:.0V-101

on chromosorb 750. Ion source energy.was 70 ev. Chemical

ionization used iso-butylene or methane as ionizing gas.

Gas chromatograms were performed on a F g M Model

; 571FA Research éhromatograph. Two 6ft by 1/8 in stainless

steel columns were used: 5% 0V-101 on chromosorb 750, or
10% SE-3& ultraphasg;p?ﬁgggghosorb W.

Elemental analyses\we;e performed by Galbraith
Laboratories, Inc., Knoxville,‘Tennéssee or Guelph Chemical

e

- Laboratories Ltd., Guelph, Ontario.

o
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Allyl V%%Ai\ﬁther

. |

A solutlon 5 g mercuric acetate in 130 ml (100 g, 1

) mole) butyl vinyl ether and 70 ml (60 g, l 04 mole) allyl
alcohol ‘in a 300 ml round-bottomed flask fltted foq fractional

s . . L
distillation was slowly heated untillallyl vinyl ether began

to di§ti1 out of the reaction mixture (65-70°). Slow

. .
distillation was continued for 24 hours. The crude product
was redistilled from sodlum hydride, b.p. 67- 68,. Yield:
58 g (69%). NMR; 66.3 (d of d,1H), 65.8(m,1H), 65 2(m,2H),
S4.0(m,4HY.  1it.193 p.p.66-67°.

7

L-Pentenal

In a 3-neck 100 ml flask fitted with a reflux condenser,

thermometer, and dropping funnel 50 ml l—methyl naphthalene
was heated to 140°, 20 g allyl vinyl ether was added with

stirring over 30 min. After addition the temperature was

110°. The solution was refluxed overnight and the temperature

rose to 130°. The mixture was qistilled rapidly with dis-

tillate up to 200° collected. The product was redistilled

“to give 16 g 4-pentenal, b.p. 101-103°. Yield: 16 g (80%).

NMR: §9.7 (t,1H), 65.8 (m,1H), 5.1 (m,2H), 82.4% (m,4H)
N o1 ‘ .
IR: 1720 cm * (S), 1640 em > (W). rLit.102 b.p. 102°

Benzylidene Glycine Ethyi Ester

)

In a 250 ml flask were placed 10.1 g (0f0725 mole)
glycine ethyl ester hydrochloride, 20 ml (0.145 mole) tri-
ethyl amine, 6 g magnesium sulfaté, and 150 ml methylene
chloride. The suspension yas stirred at room temperature

while 7.7 g (0.0725 mole) benzaldehyde was added dropwise.

. .
o 2 AN TR g O R e S BT L SIORT Ry YM"MAWWT”‘WW’&”W*MVW —

e s e o

e e o akn



a

e e e S ) P £ Sk A e RN i TR SR | g

d \
.
. \

N

. : - \ lll

‘<: The resiaug was taken up(%h ether and 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,1H),

/ . 7.3 (m,5H),  4.25 (S,2H), 4.1(q,2H), 1.2 (t,3H).

IR: 1740 em™ 1 (S), 1650 cm

t-butyl Azidoacetate

1

(m).

AN

In a 300 ml flask with a reflux condenser were placed

30 g (0.2 mole) t-butyl chloroacetate, 24 g (0.37 mole)

godium azide, and 90 ml of 60% (V/V) acetone-water.

- The mixture was refluxed on a steam bath for 18 hrs., then

-

the acetone was evaporated off and 15 ml water added. The

layers were separated and the aqueous layepr extracted twice

: (: ¥ with ether. The ether extracts were added to the original

organic layer and the solution was dried. After evaporation

of the ether the product was distilled, giving t-butyl

-1

; azidoacetate, b.p. 42-44° (1.7 mm). Yield: 23 g (73%).
f : NMR: 63.6 (S,2H), 61.5 (S,9H). IR: 2110 cm * (S), 1740

“emT (8). Lit. 114 b.p.33-41° (1 mm)

S in 100 ml

’

Glycine t-butyl Ester, Phosphite Salt

A so%:%ion of 18.4 g (0.12 mole) t-butyl azidoacetate
ethanol was placed in a 300 ml flask and 0.5 g

; : ’ 5% palladium on carbon was added. The solution was stirred

Vi

under a hydgpogen atmosphere for 10 hrs., then the catalyst

‘w shfilteve3 off.

To the filtrate was added 10 g phosphorous

N

N

acid, and the mixture warmed to dissolve the acid. After

S

-

2,

R ¥

-

SN T
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3
/ . cooling to room temperature'100 ml ether was added and the i
§ t: precipitated. glycine t-butyl ester phosphite was filtered %

| © off. M.P. 148-150° (dec.) Yield: 13.2 g (52%). Lit. 1 %n.p.144-147%,

Benzylidene Glycine t-butyl Ester ‘ 2
This reaction was;capriéd out just as' for the e£hyl
ester, using M.ZE g (0.02 mole) glycine t-butyl ester
phosphite. Benzylidene gl&cine t-butyl ester Yield: 3.5 g
(80%) NMR: 88.0 (t,lH), &7.4% (m,5H), &4.1 (d,2H), 61.u4 (s,91.

1 1

. IR: 1740 cm ~ (s), 1645 cm ~ (m). .

Attempted Silylation of Beﬁéylidene glycine Esters

In a 50 ml three-necked flask under nitrogen‘li&hium
? \ i
diisopropylamide '‘was farmed by adding 0.625 ml of 2.4 M n- d

butyl lithium in hexane (1.5 mmole) to a solution of 0.152

!

[ . \ .. . Y
\{“ g (1.5 mmole) diisopropyl amine in 25 ml THF at 0°.
The mixture was then cooled to -78° and 0.5 ml HMPA was

} added. Benzylidene glycine ethyl ester, 0.286 g-(l.S ;

mmole), was added dropwise and the mixture stirred at -78° :
i 3

for 1/2 hr. Chlorotrimethylsilane, 0.163 g (1.5 mmole) was

added, then fhe mixture was allowed to ‘warm to” room tembera—

ture and stirred for 1 hr. The mixture was poured into

4 saturated aqueous ammonium chloride and extracted with ether.‘ -
% \ The organic extraét was dried and! the ether. removed to give
E _ 0.21°g of a yellow o0il shown by nmr to be benzylidene -
| glycine efhyl ester. The s&ﬁe”procedure was used WLﬁh the
o t-butyl ester which was also recovered unchanged. )
. o
\/C} 'y |
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Ethyl a-Benzylimino Hexanoate

As in the previous experiment benzylidene glycine ethyl

ester was added to lithium diisopropylamide at 078°. Then

0.205 g (}<5 mmole) l-bromo-butane was added and the mixture .

“io warm to room temperature. The s?me work;up gave-

allowed
a yellow oil. Yield: 0.31 g (84%). Ethyl oa-benzylamino
hexanoate. NMR: §8.0 (s,1H); 67.3 (m,5H), &4.2 (t,1H),

§4.1 (q,2H), 61.6-0.9 (m,12H). N

t-Butyl Trimethylsilyl Acetate n

A 300 ml three;néckéd flask, flushed with nitrogen and
cooled in an ice bath, was chargéd with ¥1.6 ml (100 mmole)
of 2.4 M n-BuLi in hexane.‘ Then 14.0 ml (100 mmole)
diisopropylamine waé added dropwise with stirring. When
addition was complet%, the hexane was removed under éeduced
pressure, and the lithium diisopropylamide was dissolved in
100 ml THF. The solution was cooled to,-78° and 13.5 ml
(160 ﬁmole) t-butyl acetaté was added dropwise and the :
mixture was stifreélfor 172 hr. Then 10.8 g (100 mmole)
chlorotrimet?ylsilane was added'dropwise, and the mixture
was allowed to warm to.room temperature. The reaction
mixture was poured into saturatea aqueous ammonium chloride
and extraéted with ether. The organic layer was washed with
water and saturated salt solution and dried. Reﬁo&al of
the ether gave t-butyl trimethylsilyl acetate, 16.7 g (89%).

NMR: §1.7 (s,2H), 61.4 (s,9H), 80.1 (s,9H). IR: 1710 cm * (s).

1

Lit. 1% p.p. 67° (13 mm).
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~for 1 1/2 hrs.
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t-Butyl Bis(Trimethylsilyl) Acetate , °

The second silylation was carried out just as the first | :
. \ VA

using 18.8 g (100 mmole) of t-butyl trimethylsilylacetate.

N

The product was distilled to give t-butyl bis(trimethylsilyl)- -

, B A\« “ il

acetate, b.p. 57-59° (0.3 mm). Yield 10.3 g (HO%).LitIOGbp.Glo(Amm
1 o

NMR: 61.5 (s,1H), §1.4 (s,9H), §0.1 (s,18H). IR: 17106 cm .
t-Butyl-2-trimethylsilyl-2,6-heptadiencate (§) ‘
Lithium diisoprépyg_y (25 mmole), prepared as
ml THl; and cooled to -78° under

above, was dissolved in
nitrogen. Then '6.25 g (25 mmole) (Me S}AQQCHCOOt-Bu was ”
added dropwise and the solution sti\.rred at -78° for 1 hr.

before/ 2.l\g?L;5 mmole) of UL-pentenal was added. The mixture !

was allowed to warm to room temperature, then poured into

saturated aqueous ammonium chloride and extracted with

pentane. The organic extract was dried over anhydrous
potassium carbonate and the solvent relﬁkoved_. The product % -
NMR: 67.0 (t)

.p. 52-55%(0.05 mm). Yield 3.8 g (60%).

A86.1 (1) (iH), §5.8 (m,1H), 85.0 (m,2H), §2.3 (m,4H); ‘ .
S1)6° (s) + 61.55 ()(9H), 60.3 (s) + 60.2 (s)C9H). IR: f
1705 omt (ép, 1640 cm © (w), 1605 cm b (w). : . -
‘t-Bug\L—\z ,657-trichloro-2-heptencate (7) ; . . '

In a/25 ml three~-necked flask 2.54 g (10 mmole) of §
was dissolved in 10 ml chloroform. The flask was cooled
in an ice bath and chlorine was bubbled into the solution

The chlioroform was evaporated and the
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residue. was dissclved in 35 ml acetonitrile. To the
acefonitrifé“solﬁfion was ‘added 1.49 g (10 mmole) tetra- h
ethylammonium fluoride ‘and the mixture stirred at room

® : .

temperatufe for 2 hrs. The reaction mixture was partitioned
between ether and water, the ether layer dried and con-
centrated. The crude product was chromatogéaphed on"a e
column 03130 g silicé gel‘usigg chloroform. The purified
preduct was a pale yellow oil, t—butyl-2,6,7-t§}thord—2—
heptenoate. Yield 2.1 g (73%). NMR: as.é (t) + 66.3 (t)—(lH),
§3.7 (m,3H), 62.3 (m,4H), 61.6 (s) + 61.5 (s)(9H). IR:

1 1

1720 cm

(s), 1615 cm — (w).

Reaction of 7 with Benzylamine

AN
In a 25 ml flask were placed 0.7 g (2.5 mmole)

compound 7, 0.6 ml (5 mmole) benzylamine, and 10 ml toluene,
and the solution was refluxed for 24 hrs. The solvent was
evaporated and the cggdé product was purifiedﬁby—polumn_ -
. chromatography on silica gel using chloroform as eluent.
Some compound 7 (0.2 g) was recovered as well as the product
(Ol75 g) whicﬁ had incorporated*three benzyl groups. .

NMR: §7.3 (s,15H), &4.8 (d,l1H), 83.8 (bp,6H), 82.4 (br,uH),
61.7 (br,4H), 81.45 (s) + 61.4 (s) + 61.35 }s) (gh).

1 1

IR: 3290 cm & (br), 1715 cm © (s). ’

s/

t-Butyl-6,7-epoxy~-2~trimethylsilyl-2-heptenocate (8) L

In a 25 ml flask were placed 2.0 g.(7.9 mmole)_t-butyl-
2—trime;hylsilyl;2,%vheﬁtaéienoa%e, 1.9 g (9.3 mmole) of 85%
m—chloropqrbenzq}c acid, and 15 ml metpylené chloride, and
the solution was stirred at,room.temperétﬁre qurnight. The

white precipitate which formed was filtered off and ‘the

R . *
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»

filtrate washed with 5% sodium sulfite apd 5% sodium

/ -
carbonate. The organic solution was dried and -evaparated.

\, * .
The cprude product was purified by preparative tlc using
sy ‘ N r

toluene to give f-butyl-s,7-epoxy—2—trimethylsilyl—2-
heptendate. Yield: 1.8 g (86%). MNMR 66.9 (t) + 86.1 (1) (1H),
2.5 (m,5H), 861.7 (m,2H), 81.4% (s) + 61.u5 gs) (gH),

1

80.2 (s) + §0.1 (s) (9H). IR: 1720 em™ L (s), 1620° em™t (w).

t-Butyl a—bromo—a—(S—Bromomethyl-2-tétrahydrofuraqyl)acetatef(;l)

In a 25 ml-flask 0.27 g (1 mmole) compound 8 was dissolved

'in 5 ml methylene chloride and 0.16 g (1 mmole) bromine in §

ml methylene chloride was added dropwise with stirring. After
stirring 1 1/2 hr at room temperature the color o% %he bromine
had disappeared and the solvent was evaporated. The residue
was dissolved in 10 mI acetonitrile and 0.15 g (1 mmole)
tetraethylammonium flueride was added. The mixture was
stirred_for 1 hr. then partitioned between ether and water.
The organic layer was dried and concentrated, and the crude
proauct‘was pﬁrified by preparative tlc using toluene to

give t-butyl a—bromo:a-(Sibromomethyl—2—tetrahyd€ofuranyl)<
acétate.u Yield o.Zs\g (70%). NMR: §4.2-3.3 (m,5H), 62.2-2.0
}m,HH], §1.55 () + 61.5 (s) (3H). IR: 1750 em™® (s).

2;Trimethylsilyl—2,6~heptadienoic Acid (lg)

In a 25 ml flask 0.106 g (1 mmole) cyanogen briomide
and 0.13% g (1 mmole) freshly sublimed aluminum trichloride

were dissolved in 9 ml methylene chloride and cooled to 0°. ,

A %olution of t-butyl-2-trimethylsilyl-2,6~heptadienocate

l

.
- ' i
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. 4
. /
(0.254 g, 1L mmole) in 1 ml methylene chloride was added

t
¥ T S P v e R B 1N R

I wygpten iyt

dropwise and the mixture stirred at 0° for 1 hr. The reaction

mixture was boured into water and extracted with ether, and

the .organic extract was dried and evaporated, giving 2-

Atrimethylsilyl-?,S-heptadienoic acid. Yield 0.19 g (96%).

NMR: 11.2 (br,1H), 67.1 (t) + 86.1 (t) (1H), §5.5 (m,1H),
S4.8 (m,2H), 62.4-1.9 (m,4H), 80.1 (s,9H). IR: 1680 em b

(s), 1640 — (w),/lsos em T (w).

.

£-Butyl-2,2-dichloro-3-hydroxy-6-heptencate (13)

In a 25 ml three-necked flask 0.084 g (1 mmole) 4-

pentenal was dlssolved in 4 ml THT agd gooled to -20° under

nitrogen, then 0.326 g (2, mmole) trls(dlmethylamlno)

phosphine in 3 ml THF was added. After 10 min. 0.22 g

"(1 mmole) t-butyl grichloroécetate in 3 ml THF was added,

[

. and the mixture stirred at -20° for 1/2 hr., then allowed

+o warm to room temperature. The reaction mixture was
poured into water and extracted with ether. The organic
extract was dried and evaporated and the crude product was

purified by preparatlve tlc using hexane-q%woroform (4 1)
giving t-butyl- 2 2~ di%hloro—3 -hydroxy-6-heptenoate. Yield
0.12 g (45%). NMR: 65.9(m,lH), §5.2(m,2H), §2.1(m,8H),

§1.6(s,9H). TIR: 3470 em™L (bp), 1750 em > (s), 1645 cm*

, Attempted Reattion of 4-Pentenal, t-Butyl Trichloroacetate

4
and Triphenylphosphine.

In a‘25 ml three-necked flask flushed with nitrogen

0.168 g (2 mmole) 4-pentenal and 0.524 g (2 mmole) triphenyl-

phosphine were dissolved in 5 ml THF ahd 0.22 g (1 mmole)

/
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. t-butyl trichlorocacetate in 5 ml THF was added dropwise.
The mixture refluxed for two days, then the THF was evaporated
o off. The residue was extrdoted with hexane, and, after

removal of the solvent, gave t-butyl chloroacetate. Yield

0.11 g (73%). NMR: 8§3.8 (s,2H), 81.4 (s,9H). 1IR: 1760 cm—l

(s). |

. J
t-Butyl-o-chloro-a-trimethylsilylacetate (1W4) '

a) In a 50 ﬁl three necked flask flﬁshed with nitrogen

20 mmole of 1lithium diisopropylamide was prepared from ‘ ¢
. 2.82 ml diisopropylamine and 9.1 ml of 2.2 M n-butyl lithium.
,é After removal of.the hexane the base was dissolved in 20 ml
THF and the 'solution cooled to -78°. Then 3.76 g (20 mmole)
} u of t-butyl trimethylsilylacetate was added, followed after

( 1/2 hf by 5.28 g (20 mmole) hexachlorocacetone. After the

F

M

mixture warmed to room temperature it was poured into
saturated aqueous ammonium chloride and extracted with
ether. The ether extractwas dried and concentrated. The
crude product was distilled . giving t-butyl-o-chloro-a-

: trimethylsilyl acetate, b.p. 48-50° (0.8 mm). Yield 2.71 g

(él%) NMR: 63.6 (s,l1H), 61.5 (s,9H), §0.1- (s,3H).

1 (JS). \» ) B
! ' : ;

b) The same product could be obtained by a-similar reaction
st

using 3.0 g t-butyl chloroacetate and 2.56 ml trimethylchloro-

- -
IR: 1745 cm

silane. Distillation gave t-butyl-a-chloro-o-trimethyl-
14

silylacetate. Yield 2.2 g (50%).
[

.( } | ‘ ;
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t-Butyl-2-chloro-2,6-heptadiencate (17)

o cm (s), 1715 cm

In a 100 ml three-necked' flask flushed w1th nltrogen

20 mmole llthlum diisopropylamide was prepared and dissolved
ln 20 m1 THF. The solution was cooled to ~78° and 4.u6 g
(20 mmole) t-butyl~a-chloro-o-trimethylsilyl acetate was ‘ ,
added dropwise. After 15 miq\l.68 g (20 mmole) 4-pentenal

was added. The mixture was stirred at -78° for 1/2 hour,

T s e B

then allowed to warm to 0°, and 3.0 ml (40 mmole) thionylI
chloride was added. The.reaction mixture waé stirred at

0° for 1/2 hr., then warﬁed to room temperature, poured . ;
into water, and extracted with pentane. Distillation - é
of the ofganic phaée‘gave t-butyl-2-chloro:2,6-heptadienoate,

b.p. 68-70° (1.0 mm). Yield 2.1 g (49%) NMR: 66.9 () +

s ek e st ol

66.3 (t) (1H), 65.8 (m,1H), 65.1 (m,2H), 62.4% (m, 4H), |

§1.6 (s,9H). IR: 1722 em =~ (s), 1715 cm™* (s).

The same reaction was carried out on a 1 mmole scale

-

AT -

with other carbonyl compounds, and the products purified

e

by tlc using hexane~chloroform (4:1).

From 0.112 g cyclohexylaldehyde, t-butyl-2-chloro-3-
/

AN,

cyclohexyl propencate (0.106 é, 4buy%). NMR: 86.8 (d4) + !

o

66.1 (d) (1H), 61.3-1.8 (br,l1H), 61.6 (s,9H). IR: 1725 5

—1 -l (S). { &

From 0.106 g benzaldghyde, t-butyl-2-chloro-3-phenyl
g a

propencate (0.131 g, 55%). NMR: &7.3 §s,5H), §7.8" (s) +

§7.1 (s) (1H), $1.6 (s) + &1.4 (s) (9H), IR: 1720 em# (s). ,
¥ {

l2
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1 61.9 (s) + 62.1 (s) (3H), 861.5(s,9H), 61.0 (m,3H).
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From 0.072 g isobutyraldehyde, t-butyl-2-chlorg-i-
methyl-2-pentenocate (0.05 g, 25%). NMR: 86.7 (d) + 66.0 (d)

(1H), §2.9 (m,1H), 8§1.5 (s,9H), 81.05 (d) + §1.00 (d) (6H).

-1 -1

IR: 1730 en (s), 1720 cm * (s).

From 0.098 g cyclohexanone, l-chloro-l-carboxy t-butyl
-1
m

§1.6 (br,8H), 8§1.5 (s,94). IR: 17

methylenecyclohexane (0.10 g, 4#9) NMR: 62.5 (m,4H),
QQQ (s).

'From 0.086 g methyl isobutyl ketone, t-butyl-2-chloro-
I .

 3,4-dimethyl-2-pentenoate (0.037 g, 17%». NMR: &3.3 (m,lH),

(S)’-\gﬁ

§1.8 (s,3H), 61.5 (s,9H), 61.05 (d,6H). IR: 1730 cm -

-1

1715 cm (s).

From 0.072 g methyl ethyl ketone, t-butyl-2-chloro-3-

methyl-2-pentenoate (0.111 g, 55%). NMR: 62.3 (m,2H),

-1 '

IR: 1715 cm (s).

g

From 0.134 g phenylacetone,Yt-buty172—chloro—3-methyl—

4-phenyl-2-butenoate . (0.105 g, 40%). NMR: §7.2 (s,5H),

§3.8 (s,2H), 61.95 (s) + 81.8 (s) (3H), 1.5 (s,9H).

-1

IR: 1715 cm (s).

Nethyl-2- ch@pro 2,6-heptadiencate (18)

In a 300 ml three-necked flask flushed with nltrogen were
placed 20 ml THF, 25 ml ether, and 6.4 g (25 mmole) diethyl-
trichlorometha%e phosphonate, and the flasklwas cooled to
-105°., Then 50 mmole of n-butyl lithium (1.6 M in hexane)
was added drbbwise. Durihg/this addition the temperature
of the reaction mixture rose to -85¢ and w?s held at this

temperature for 15 min., then cooled to -120°. During

-
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dropwise addition of 2.36 g (25 mmole) methyl chloroformate
in 10 ml ether the temperature rose to -100°, The mixture

r
was warmed to -60° and 2.1 g (25 mmole) u-pentenal in 10 ml

™ \

ether was added. The reaction mixture wés stirred at room
temperature for 1 hr., then cooled to -20° qu hydrolyzed
with 25 ml 2N sulfuric acid. The mixture was extracted

with ether, and the organic‘extfact was washed with saturated
salt solution and dried. Distillation gave methyl-2-chlore—'
Z,S-heptadienane, b.p. §5-58° (0.08 mm). Yield 1.8 g (41%).
NMR: 686.9 (t) +\66.3 (t) (1H), 65.7 (m,1H), &65.0 (m,2H),

1 1

§3.7 (s,3H), 82.3 (m,4H). 1IR: 1740 cm ~ (s), 1725 em ~ (s).

Attempted Silylation of t-butyl Azidoacetate

In a 50 ml three-necked flask flushed wit? nitrogen

t

20 mmole lithium diisopropylamide was prepared and dissolved

\

in 20 ml THF. The solution-was cooled to -78° (or -100°),
a mixture of 3.14 g (20 mmole)-t-butyl azidoacetate and, 2.6

ml (20 mmole) trimethylchlorosilane~was added and stirred -

-~
for 1 1I/2 hr, then warmed to room temperature. The reactidn

was worked up with ammonium chloride solution and ether, and

the organic layer was dried. The product, a dark red-oil,
' 1

could not be distilledt NMR: 61.% (s). IR: 2110 cm“l (m),
]

1735 ol (s).

2-Phenyl-4(4-pentenal)-5-oxazolone (19)

A mixture of 1.79 g (10 mmole) hippuric acid, 1.01 g
(12 mmole) W-pentenal, 1.39 ml (30 mmole) acetic anhydride,
and 1.6 g (5 mmole) lead acetate in 20 ml THF was refluxed

for 3 hr. The reaction mixture was taken up in ether and
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washed with 10% sodium carbonate solution. The organic
layer was dried ‘and the solvent evaporated. Purification

of the crude product by chromatogrephy on a silica gel

column using hegige—chloroform'(Q:l) gave: Yield 1.8 g (79%).:
NMR: §7.8 (m,SH), 66.5 (t,1H), 65.8 (m,lH), 65.0 (m,2f),

1 -1

§2.5 (m,4H). IR: 1800 cm = (s), 1670 cm = (m), 1640 cm * (w).

Ethyl 2—Benzoylamino—2,G-heptadienoate (20)

To asolution of 0.10 g (0. hu mmole) compound 19 in 10
ml absolute ethanol was added g drops concentrated hydro-
chloric acid,, and the wmixture was refluxed for 18 hrs.
The ethanol was evaporated and the residue was taken up in
ether and washed with 5% aqueous sodium bicarhonate: The
ether solution was dried and the solvent evaporated The
crude product crystallized on standlng and was recrystalllzed
from carbon tetrachloride to glve ethyl-2-benzoylamino-2,6-
hept;dienoete, m.p. 99-100°. Yield 0.078 g (65%). NMR:
§7.6 (m,6H), §6.7 (t,1H), §5.7 (m,1H), §5.0 (m,2H),
S4.1 (q,2H), 62.3 (m,4H), 61.3 (t,38). IR: 3310 cm * (br), -
1720 em b (s), 1650 em L (s), 1600 em L (w).

Ethyl Isocyanoacetate

A solution of 6.4 g (6% mmole) phosgene in 55 ml
methylene chloride .was added dropwise‘to a refluxing
solution of 7.94 g (60 mmole) N formyl glycine ethyl ester
in 19.4 ml tglethylamine and 30 ml methylene chloride.

When the addition was complete, the reactlon plxture was

concentrated under reduced pressure and 15 ml benzene was

N\
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added. The mixture was filtered and the precipitate

washed with benzene. The filtrate‘was distilled giving
_ethyl isocyanocacetate, b.p. 53-55°, Yield: 4.6 g (68%)-

NMR: ah;z (s, 2H) §4.2 (q,2H), 61.3 (t,3H). IR: 2150 cm!

(m), 1740 Cm (S)]- Li 116 b. P. 53— 55

Ethyl-2-~ formylamlno 2 6-heptadienoate (21) )

To a solqtlon-ofll.l3 g (10 mmole) ethyl isocyanocacetate
in 10 ml THF cooled .to -78° under nitrogen’ was added®6.5 ml
(10 meTZ?“l.s M n-butyl lithium in héxane. Then a solution
of 0.84 g (10 mmole) Y-penhtenal in 5 ml THF was added, and
the react%on m%xture allowed to warm to room temperature.
The THF was removed under reduced pressure and the residue
treated with 15 ml of 1 M acetic acid. The acid solution
was extracted with ether, and the organic extract dried and
?the solvent evaporated. Column chromatggraphy on silica gel
with ether gave ethyl—Z-formylamino-?,G—hep?adienoate. Yield:
1.2 g (61%). NMR: §8.0 (d,1H), 67.0 (t) + 86.4% (t) (1H),
8§5.7 (m,1H), 64.9 (m;ZH):\6#715 {g) + 64.1 (q) (2H),

§2.2 (m,4H),*61.3 (£) + §1.25 (t) (3H). IR: 3300 cm

(br), 1710 em © (s), 1685 cm ' (s).

\

t-Butyl-6,7-epoxy-2-chloro-2-heptencate (22)

To a Eolution of 2.1 g (10 mmole) t-butyl-2-chloro-2,6-
heptadienocate in 20 ml‘methylene}chloride was added 2.3 g
(12 mmole) 85% m—chlofoperbenzoic acid.. fhe mixture was
stirred for 14 hr. at room temperéture‘and then filtereé.
The -filtrate was washed with 5% aqueous sodium sulfite and

. ‘ l ~
5% aqueous sodium carbonate, then dried and evaporated to
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.J give t-butyl-6, 7-epoxy-2~chloro-2-heptenocate. -Yield 1.8 g

(78%). NMR: 86.8 (t) + 66.2 (t) (1H), 62.4 (m,7H), 61.3

1 1

N (s,9H).” IR: 1720 cm =~ (s), 1630 em ~ (w).

Reaction of t-Butyl-2-chloro-2,6-heptadiencate with Benzylamine

»

A solution of 0.22 g (1 mmole) t-butyl-2-chloro-2,6-
heptadlenoate and 0.21 g (2 mmolg) benzylamlne in 10 ml'!
toluene was refluxed for 18 hr. 'The reaction mixture was
taken up in ether and washed with water. The organic
layer was d?ied andvevaporated to give, probably, t-butyl-
2,3-(N-benzylaziridinyl)-6-heptenocate. Yield 0.23 g (80%).
NMR: 7.2 (s,5H), 65.6 (m,1H), 65.0 (m,2H), 8L.6 (s,2H),
63.5 (br,2H)y 82.3 (m,u4H), 61?5 (s,9H). IR: 1720 cm™t (s).

t-Butyl—a—chldro—a(SLazidomethy142-tetrahydrofuranyl) Acetate

(i In a 10 ml flask 0.27 g (1.2 mmole). t-butyl-2-chloro-

“ é,7—epoxy—2—heptenoate was disso%ved in 5 ml dioxane. The
K\ solution was heated to reflux and\O.lS g (2 mmole) sodium
\ azide was aﬁded dropwise. The mixture was refluxed for [
9 hr., at this time two layers had formed in the reaction
mixture. The layers were separated and the aqueous layer
was extraqted'with ether. The e%her extracts were combined
with the originil organic layer, dried, and concentr;tedv

The product was a élightly yvellow oil, t-butyl-a-chloro; N
a(5—§zidomethyl-2-£etrahydrofuran;l) acetate. VYield 0.24 g
(87%). NMR: &8u.3 (m,éH), §3.3 (br d,2§), 62.0 (m,4H),

8§1.5 (s,9H). IR: 2100‘cm-% (s),'1735 em™ T (s). )
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t-Butyl-2-chloro-6-hydroxy-7-tosylagino-2-heptenocate (24)

s In a 100 ml flask 1.08 g (5 mmgﬁe)‘t—butyl—Z—chloro—

2,6—heptadienoaté was dissolved in 50 ml t-butyl alcohol, and
1.76 g (6.25 mmole) Chloramine-T trihydrate, 13 mg(osﬁium
tetroxide, and 1.06 g (6}25 mggle) silver ¥itrate were adaed.t
The reaction mixture was sti;red and heated at 60° for 4 hr.
Then 20 ml of 2.5% aqueous sodium bisulfite was added and
the mixture was refluxed for 1 ﬁr. The silver chloride was
filtered gff 'and the butanol evaporated:v The residue was
7taken up in methylene chloride and washed' with 1% sodium
hydroxide in saturated salt solution and with water. 'The
organic layer was dried and evapovatéd to give t-butyl-
2—chloro;%-h§droxy-7—tosylamino—Z-heptenoate. Yield: 1.86 g
(33%). NMR: §7.5 (q,4H), 66.9 (t,1H), 63.6 (m,2H), &§2.9
(m,3H), 62.4 (s,3H), 82.3 (br,1H), §1.6 (br,2H), 1.5 (s,9H). .
* ! 1 (sy, 1630

(br), 3290 cm — (br), 1720 cm

emt (w), 1600 em t (w).

IR: 3505 cm

t—Butyl—Z-chloro-6-hydroxy-7ff-butoxycarbdnylamino-2-

heptenoate (25)
In a 250 ml flask 2.59 g (15 mmole) N-chlorosodio

t-butyl carbamate anq 5.1 g (30 mmO0le) silver nitrate were
dissolved in 100 ml aéetonitrii;'andlafter about 10 min a
yellow suspension developed. To this suspension was added
0.81 ml (45°mmole) water, 2.17 g ttbutyl-2-chloro-2,6-

heptadienoate, and 25 mg (0.1 mmole) osmium tetroxide, and

the mixture was stirred at room temperature for 14 hr.
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Then 2.5 ml saturated sodium chloride solution was added and

N
RSN e SRR

the precipitated silver chloride was filtered off. The

4 filtrate was refluxed with 40 ml of 2.5% agueous sodium i~
sulfite for 1 hr. The mixture was concentrated and the
aqueous residue was extracted with methylene chloride. The
organic extract was dried and evaporated and the crude proauct
was chromatographed on\a silica gel column using chloroform

, to give t-butyl-2~chloro-6-hydroxy-7~-t-butoxycarbonylamino-,
2-heptenoate. Yield 2.8 g (80%). NMR: 66.9 (f) + 66.3 (t)°
(1H), 85.1 (br,1H), 6§3.3 (m,4H), 62.5 (m,4H), 81.5 (s,9H),

81.% (s,9H). TIR: 3380 em L (br), 1710 cm * (s), 1630 em © (w).

t-Butyl-o-chloro-a(5-tosylaminomethyl=-2-tetrahydrofuranyl)

3 &

Acetate (26)

. ¢ § i
/ ' '
To 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 hr. The reaction mixture was taken up in ether and ?
Qashed with water. The orgaﬁic phase was dried and evapcorated i
to give t—butyl-a~chloro—a(5—tqsylaminomethyl-Z—tetrahydro—. %
furanyl) acetate. Yield 75 mg (9u4%). NMR: §87.5 (q,4H),
§L .2 (m,uH); §3.1 (m;lH), §2.5 (s,3H), §82.0 (m,4H), 81.5

1 1

(S,QH):‘ IR: 3290 — (br), 1740 em — (g), 1600 cm ~ (w).

+-Butyl 2-Chloro-6-(t-butyldimethylsilyloxy)-7~tosylamino-

2-heptenoate. (27)

\
A solution of 2.7 g (6.7 mmole) compound 24, 1.0 g -

(6.7 mmole) t-butyldimethylsilyl‘chloride, and 0.91 g

(13.4 mmole) imidazole in 10 ml dimethylformamide was stirred

:
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at 50° for 21 hr. The reaction mixture was taken up in
ether and washed with water. The organic phase was dried
and evaporated. The crude product was chromatographed on

a silica gel column using chloroform to give compound 27.

Yield 2.8 g (80%). NMR: 87.45 (g,4H),86.8 (t) + 65.3 (t) (1H),

63.6 (m,2H), 82.8 (m,2H), 82.4 (s,3H), 62.2 (m,1HO0, 81.7

(m,2H), 61.5 (s,9H), 80.9 (s,9H), 60.0 (s,6H). IR: 3290 em I

(br), 1720 em™® (s), 1630 em™* (w), 1600 et (w). A

t-Butyl oa-Chloro-a-(5-t- butyldlmethy1511yloxy l-tosyl-

valperldyl) Acetate (28) e
\

To a solutlon of '5.2 g (10 mmole) compound 27 1n\100

ml THF was added o.uﬂ g (lg)mmole) of 56% sodium'hydride
and'the mixture was stirred at room temperéture for 3 hr.

The reaction, mixture was partitioned between ether aﬁd water,
and the organic layer was dried and‘evapérateg. The crude
product formed crystals on standing which‘were recrystalli?éd
from hexane giving compound 28, m.p. 148-150°. Yield:IQ.l g
(40%). When the mother liquor was concentrated and allowed
to stand in the cold with a-small amount of hexane added,
more c;ystals formed, also compound 28, but m.p. 106-108°.
Yield 0.7 g (13%). Total yield 2.8 g (53%). NMR: §7.6
(q,4H), &u4.4 (br s,}ﬁ), 63h8—2.8‘0m,uH), §2.5 (s,3H0, 62.3-1.7

(m,4H), 81.5 (s,9H), 60.9 (s,9H), 8§0.0 (s,6H). 1IR: 1730 cm-l ’

1

, (s), 1600 em ~ (w). For C,, H O CINSiS Calculated: C,55.62;

24740

'H,7.80; N,2.70. Found C, 55.93; H, 8.07; N, 2.61. \
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Attempted Reaction of Compound 28 with Sodium Azide
- S

a) A solution of 0.1 g (0.2 mmole) compoundwgg in 5 ml
chloroform and a solution of 0.065 g (1 mmole) sodium~a;ide
in 2 ml water were stirred with 5 mg cetyl trimethyl ammonium
bromide at ro!m temperature ovgrnight. The reaction .mixture
was extrac}ed/three times with ether. Drying and evaporation
of the organic layer gave compound 28.

b) A mixture of 0.065 g sodium azide and 10 mg l8-crown-6
in 10 ml '‘acetonitrile was gtirred for 1/2 hr then D.l‘g
compound 28 was added. The mixture was ref}ﬁxed ;vernight,
then the acetonitrile was evaporated. The residue was taken
up in ether and washed‘@ith water. Dryiﬁg and evaporation

of the organic layer gave compou;d g&.

a—Chléro-a(l-tosy1—5—hydroxy—2-piperidyl) Acetic Acid (31)

¢’ A'solution of 1.5 g (2.9 mmole) compound gﬁt(m.p.\
147—156°)\in 3 ml trifluoroacetic acid was stirred at room
temperature for 45 min. The excess trifluorcacetic acid
was egaporated under reduced pressure, and the residue was

taken up in ether and washed with water. Drying and evapora-

tion of the ether layer and recrystallization. of the crude

. product from chloroform-hexane gave a-chloro-a(l-tosyl-5-

\hydroxy-Z-piperidyl)‘acetic acid, m.p. 175-177°.. Yield 0.98
\
g (98%). \ .

When compound-28 (m.p. 106~108°) was hydrolyzed in the

same‘way the product had m.p &~ 196-198°. NMR: &7.6 (q,4H),

\
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S4.6.(s,1H), 64.5 (br,1H), 64.0-2.7 (m,4H), 62.5 (s, 3H),

§1.8 (m,4H). TIR: 3440 em* (br), 1740 em™* (s), 1600 cm i
a y - e

(w). For Cy H O NSCl Calculated: C, 48.34; H, 5.22; N, 4.03. |
Found: C, 48.56; H, §5.40; N, 3.98. .

. vl
(l-Tosyl-S—hydroxy—Z-piperidyl) Glycine (32).

Mo ahderie T

A iflution of 1.05 g (3 mmole) compound 31-in 15 ml

1 )

30% aqueous.amﬁonia was sealed in a thick walled Pyrex tube

LY

. \ ‘
and heated at 90°- for four days. The tube was dﬁened and the

il R ey

excess ammonia.and water were evaporated. The crude product
was recrystallized from methanol giving (l-tosyl-5-hydroxy-

2-piperidyl) glycine, m.p. 180° (d). Yield 0.89 g (30%). S B

* NMR: §7.6 (q,4H), 84.6 (br,2H), §4.0-3.0 (m,uH), 62.5 (s,3H), 37
§1.7 (m,4H). IR: 3000 ‘em™’ (very br), 1590 em™ (s,br).

After acidification: 3420 cﬁbl {br), SiSO c.m-1 (br),

1

1740 em ~ (s).

., For C,yHygN,0:S Calculated: C, 51.203 H, 6.15; N, 8.53.
Found: C, 50.47; H, 6.25; N, 8.80.

Attempted Reaction of Compound 32 with Sodium Naphthalene

- ] -
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 1;j2-dimethoxyethane were stirred at room temperature

)

for 1 1/2 hr until a dark green color developed.” Then 40 mg

(0.12 mmole) compound 32 was added and the mixture stirred for

©

2 hr. The reaction mixture was poured into water and

N

extracted with pentane. The aqﬁeous phase was neutralized

a

with 10%>HC1 and evaporated. The residue was recrystallized

I
from water giving compound 32.

D
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(2-Tosyl-8-carboxymethyl)-2-aza-7-oxabicyelo-(2,2,%)odtane (33)

ToilO ml metHanol saturated with anhydrous HCL was
added 50 mg (l-tosyl-5-hydroxy-2-piperidyl) glycine and t
.solution refluxed for 1% hr., The methanol was evaporated
\ and the residue was partltloned between ether and water)
ether layer was drled and evaporated giving éoﬁpound 33,
N 1u9-151°, Yield 45 mg (90%). |
'b) A mixture of 50 mg compound 32, % ml 2,2-dimethoxy-
" propane, 4 ml methanol, and 5 drops concentrated HC1l was
refluxed for 1/2 hr, then €tirred at room temperafure/for
/ 8 hr. The solvents were evaporated and the residue .
taken up in water and neutralized with sodlum blcarbonate

'The neutral mlxture was extracted with chloroform giving

gompound 33, m.p.

149-151°.

Yield 42 mg (84%).

he

. The

m.p.

e

NMR: 67.5 (q,%h), 64.2 (br,2H), 64.1 (m,1H), 63.8 (s,3H),
. §3.5 (m,2H), 62.5 (s,3H), 61.8 (m,4H). TR: 1755 om ~*
. ° I,
(s), 1600 cm-l‘(w).

. A-’

Reaction of Compound 32 with 2-t-Butyloxycarbonyloxyimino-

2-phenylacetonitrile and Dggg%methane

Al

To a solution of 0.164 g (0.5 mmole) compound 32 and 0.105

ml- (0:75 mmole) trlethylamlne 1n 3 ml water was added 0. 14 g
\
(0.55° mmole) 2-t=- butyloxycarbonyloxylmlno-2-phenylaceto—

/ .
_nitrile in 2-ml dloxane. The mikture became homogeneous ia

-

- ‘s &
\2 hr and was stirred for 8 hr. After additiop of water and

: 4 .
ethal acetate/the aqueous layer was separated, washed with

v .

ethyl acetate. The extract was dried and evaporated and

1524 ] IR R g e A e
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the residue was dissolved in ether. The ether solution
was added to avsolution of 0.2 g (5 mmole). diazomethane in
ether at 0°. The solution was stirred at 0° for 1 hr.

The excess diazomethane.,was‘ destroyed by addition of acetic
acid just until the color was discharged. Evaporation

of the solvents gave compound 33.
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STATEMENT OF ORIGINAL CONTRIBUTIONS TO KNOWLEDGE
\ .

A new synthesis of a-chloro-a,B-unsaturated esters from
carbonyl compounds and t-butyl a-chloro-a-trimethylsilyl
acetate was developed. This method was shown to be .applicable
to a variety of carbonyl compounds. f

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,
. . . . . i
including (1-tosyl-5-hydroxy-2-piperidyl-glycine and (2-tosyl-
8-carboxymethyl)-2-aza-7-oxabicyclo-(2,2,2)~occtane. \

}

Part of this work has been published:

"The Synthesis of Alkenes from Carbonyl Compounds and
Carbanions alpha to Silicon. VII. A Synthesis of a-chloro-
a,B~unsaturated Esters."
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