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ABSTRACT

Carbon-carbon bond formation is one of the most fundamental
reactions in organic chemistry. The development of an efficient and highly
selective method for construction of C-C bond has been and continues to
be a challenging and exciting endeavour in organic synthesis. Baylis-Hillman
reaction refers to the construction of C-C bond at a-position of activated
a,B-unsaturated vinylic systems (o,B-unsaturated ketones, esters, nitriles,
etc.) via the coupling of activated alkenes with suitable electrophiles under
the influence of tertiary amines. This thesis deals with the development of
Baylis-Hillman reaction, i.e.,, the C-C bond forming reaction at c-position

of activated alkenes providing multifunctional molecules.

The thesis consists of three chapters (i) Introduction, (ii) Objectives,
Results and Discussion, (iii) Experimental. In the introduction chapter some
important literature methods for construction of C-C bonds at a-position of
a,B-unsaturated ketones and esters have been presented. The origin of Baylis-
Hillman reaction and literature reports on this reaction have also been des-

cribed in the introduction chapter.

The second chapter deals with our objectives, results and discussion.
When we started this work in 1985 only few reports were available in litera-
ture on this reaction. With this little available information, we envisioned
that Baylis-Hillman reaction will have tremendous synthetic potential. Accord-
ingly, we have undertaken a long range research project with the following

objectives:

(1) To study the generality of Baylis-Hillman reaction for various a,B-unsatu-
rated ketones, nitriles, sulfones, esters and amides for carbon-carbon

bond construction.



vi

(2) To study the applicability of various electrophiles such as aldehydes, o-keto

esters and other related molecules for Baylis-Hillman C-C bond formation.

(3) To study the applicability of various chiral tertiary amines as (chiral)

catalysts in the place of DABCO to construct carbon-carbon bond wherein

a chiral center is created.

(4) To investigate the applicability of various chiral acrylates for asymmetric
C-C bond construction leading to multifunctional molecules and to design

proper chiral (auxiliary) acrylate for high diastereoselective C-C bond

formation.

(5) To develop Baylis-Hillman reaction as a powerful synthetic tool for con-
struction of carbon-carbon bonds at a-position of activated olefins leading

to the asymmetric synthesis of multifunctional molecules.

With the above objectives in mind, we have developed a simple
methodology for the synthesis of a-methylene-B-hydroxyalkanones 75 via the
reaction of commercially available methyl vinyl ketone with a variety of alde-
hydes catalyzed by DABCO (15 mole %) (eq. 17). We have successfully utilized
acrylonitrile (eq.20) and phenyl vinyl sulfone (eq.22) for Baylis-Hillman C-C
bond forming reaction. We have demonstrated the applicability of aketo esters
for coupling with acrylonitrile and methyl acrylate to produce the multifunc-
tional molecules 87, 88 (ecq.24,25). All these reactions described till now are
generally slow reactions (2-7 days or even longer). During the course of our
work we have found that diethyl ketomalonate reacts faster with activated

olefins (eq.29).

DABCO also catalyzes the Michael type dimerization of a,B-unsatu-
rated ketones (eq.31) and acrylonitrile (eq.32) to produce the multifunctional

molecules 96 and 97, respectively.
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The development of carbon-carbon bond construction reaction,
wherein chiral molecules are produced in high enantiomeric purity, has been
a challenging as well as elusive endeavour. We have also directed our studies
toward the asymmetric C-C bond formation using Baylis-Hillman reaction.
We have followed two strategies for asymmetric C-C bond construction, (i)
Application of chiral tertiary amines in the place of DABCO, (ii) Utility of

chiral acrylates.

The chiral amines employed in the place of DABCO are (S)-N-benzyl-
prolinol (98), (S)-1-aza-4-oxabicyclo(4.3.0)nonane (99) and quinidine (100). The
reactions with 98 and 99 as chiral catalysts are not encouraging. Quinidine
catalyzed reactions are encouraging and the products are obtained in 4-20%
ee (Scheme 41 and eq. 36). Though quinidine did not offer high enantioselecti-
vities, it certainly tells that the design of a proper chiral (DABCO) (113-115)
amine would offer good enantioselectivities.

We have investigated the applicability of the three selected chiral
acrylates 116-118 for synthesis of optically active 2-(1-hydroxyalkyl) acrylates.
First, we have examined the coupling reaction of easily accessible (-)-menthyl
acrylate with various aldehydes (Scheme 43). We have prepared a representative
group of (-)-menthyl 2-(1-hydroxyalkyl)acrylates 119 and diasterecoselectivities
are found to be 7-20%. Next we have investigated the applicability of (S){N-
benzylpyrrolidin-2-yl)methyl acrylate (117), prepared from N-benzylprolinol

(98),(Scheme 45). The diastereoselectivities obtained are in the range of 4-16%.

Finally," we have selected the chiral acrylate 118 to achieve high
diastereoselectivities in Baylis-Hillman reaction. This chiral acrylate is prepared
by the action of (1S,2R,4R)-1-(diisopropylaminosulfonyl)methyl-7,7-dimethyl-
bicyclo(2.2.1)heptan-2-0l (126), which was synthesized from (+)-10-camphorsul-

fonic acid, on acryloyl chloride. We have carried out the coupling reaction



viii
(eq. 43, 44) with representative aldehydes and found that the diastereoselecti-
vities are in the range of 15-42%. All the products are solids and fractional

crystallization afforded the products with 100% diastereomeric excess.

The third chapter describes all the experimental procedures in detail
along with spectral data and physical constants (m.p., b.pand optical rotations).

Determination of ee and de of the products is also described in detail.



INTRODUCTION

Carbon-carbon bond formation is one of the most fundamental reac-
tions in organic chemistry. Construction of carbon-carbon bond, in fact, is
pivotal in bringing latitude to organic synthesis. Several important carbon-carbon

bond forming reactions such as Diels-Alder reactionl's, aldol reactionsl'ué,

1,6,7

organometallic reactions™’"’", etc. have been well studied and their applications

have been well documented.

One of the major objectives in organic synthesis has been the develop-
ment of synthetic strategies for stereoselective carbon-carbon bond construc-
tion. Several synthetic methods for a variety of enantioselective carbon-carbon
bond construction have been developed during the last ten years, thus adding
asymmetric synthesis to the arsenal of tools available to the organic chemists
for obtaining enantiomerically pure compcaunds.s’9 Construction of carbon-carbon
bonds, wherein multifunctional molecules are produced, has attracted the atten-

tion of synthetic organic chemists in recent years.

The o-alkoxyalkylation of a, B-unsaturated ketones, esters, nitriles,
etc. represents a simple, useful and 1mportant organic reaction for the construc-

tion of carbon-carbon bonds, wherein multifunctional molecules are produced

(eq.1).

rz R (1
| -

Z = COOR, COR, CN,etc.; R = aikyl or aryl; R' = H or alkyl



Applications of o -unsaturated ketones, esters, nitriles, etc. in
organic synthesis have been well demonstrated. Literature survey reveals that
most of the chemistry known for o, B-unsaturated ketones or esters is either
at B-position or at carbony!l function. But there is not much literature available

for reactions at a-position.

0 0
" \|
R I R
A
well known not much known

R = alkyl, alkoxy

Construction of carbon-carbon bond at o-position of activated alkenes,
1.e., @,B-unsaturated ketones, esters, nitriles, etc. represents a very useful
and 1mportant synthetic reaction because several naturally occuring biologically
active molecules possess these structural features. For example, methylenomycin

A (l)lo, sarkomycin(Z)“, pentenomycin (3)'2 are well known biologically active

molecules.
0 0 0
N OH
ity S. OH
(o)
3 z Y,
£ %ooH %00H OH
1 2 3

The recent review by l-loffmann13 and the recent publication by
Helquistm have highlighted the fact that acrylate unit features prominently

in a number of naturally occuring molecules that possess biological activity.



Some of the important examples are the monoterpene dialdehyde & I3 (obtained
from Teucrium marum), the tremetone derivative 3 16 (from Ophryosporus
angustifolius), conocandin (6)l7 (fungistatic antibiotic from Hormococcus cono-
rum), and the fatty acid derivatives of B-alanine 7 18 (isolated from Red Seca

sponge Fasicospongia cavernosa).

»J"\cno HO o ./
CHo0H

%Ho we0®
A 5
[ 2
My 3 HyCICH,)nCH,CNH /\“fCOOH
H O0H n=13-17
6 7

The best known acrylate unit often encountered as an integral build-
ing block of many natural products is a-methylene-Yy-butyrolactone ring. Sim-
plest among these lactones is tulipalin B (8)19 (antibiotic isolated from compo-

sitae family plants). A number of sesquiterpene lactones such as vernolepin

20

(9)°", aromaticin (10)2’ (isolated from plant extracts) show tumor inhibiting

activity. Parthenin (ll)21 (from Parthenium hysterophoros) is a primary allergin.

3

In 1975 Griecozz, Gammill et al.2 and in 1986 Petragnani and co-workerszq

reviewed the synthesis of a-methylene-Yy-butyrolactones.
H

1
e

HOm 3
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In response to synthetic challenges a number of methods have been

developed to introduce acrylate units into the system using masked acrylates

and precursors containing activating group that must be removed subsequently.

Some important acrylic ester equivalents are listed below.

MQBSi/\"/Mg B

®  cooEt

an?.Y

1225

\'/coou

SePh

1527

q
(Et0) b\n/cooa

e 9
LnCuj'/COOEt
1325
Q COOMe
S
28,29
16
COOMe
193!

1426

Li
AN
(MeEN 0

K)\OMe

1714

ONN ookt

2032
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°
L “ﬁ'{/c“wmz RS/\T/ COOF PR\ clome);

O=P(OEt)2

21 33 223# 2335

COOH
Me35i/v

2436

Marino and Floyd37 reported the generation and alkylation reaction
of the copper reagent 25 which serves as an efficient synthon for the acrylate

anion (Scheme 1).

SCHEME I:

. Et0 : o
Cul+ CHL=CLi 0.2 CuC=CCHg :’;_;E.. L’iCH3Cu C=CC,Hg
25
Br COOEY Br
®
\ﬂ/ LicHge=c&u _ _cooer
_78° " Y 78 ’ COOE?

12

The vinylcuprate 13 was prepared by the conjugate addition of
mixed alkyl cuprates to ethyl propiolate and subsequent reaction with acid
chlorides of a, B-unsaturated acids led to the formation of a, a'—dienoneszs
(Scheme 2), which were further utilized as precursors to annulated cyclopente-

nones via Nazarov type cyclization.



SCHEME 2:

- —_©
(RCuMe)Li + HC=CcOOEt _E'20 | COOEt °
-8 = Li
Me CuR
13
0
cl
0
COOE!

R = CN

The synthetic utility of 2-bromoallyltrimethylsilane (26) as l-hydroxy-
methylvinyl anion equivalent has been reported by Itoh and co-workers26 to

produce the corresponding diols (Scheme 3), which are useful precursors to

a-methylene-y -lactones.

SCHEME 3:

Br . Bng
—_—

HeC2 :
MCPBA W\.M% 50,
— H



SCHEME 2:

_ —_e
(RCuMe)Li + HC=CCOOEt .5;20 . COOEt ®
- — Li
Me CuR
13
0
cl
0
COOE!

R = CN

The synthetic utility of 2-bromoallyltrimethylsilane (26) as l-hydroxy-
methylvinyl anion equivalent has been reported by Itoh and co-wctrlv:ers26 to

produce the corresponding diols (Scheme 3), which are useful precursors to

a-methylene-y -lactones.

SCHEME 3:

Br _ BrMg ] H5C2 .
Y\l”’a Mg \Ir\SlMea CUI . WSlM@B
——lly L4 H

26 14 HgC Lo

2

HC HeC
MCPBA 0 3 H,S0
—_— Wg 2% OH

OH
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2-Phenylselenopropionic acid (15) has been used as a masked acrylate

27 The dilithio derivative 27 obtained from

unit by Petragnani and Ferraz.
2-phenylselenopropionic acid (15) reacts with 3-bromocyclohexene giving the
corresponding alkylated derivative which inturn is converted into a-substituted

acrylic acid by selenoxide elimination (Scheme &).

SCHEME 4:
COOH co00® 1
2LDA Br COOH
¢ e 2H®
SePh | SePh 2Li SePh
15 27

H40 P
-_2-2_’ O\WCOOH H3 % @

Methyl 4-oxothiolane-3-carboxylate (16) anion has been employed

as synthetic equivalent of a-acrylate anion (Scheme 5) by Baraldi and co-wor-

l<ers.29

SCHEME 5:

COOMe

COOMe 0
Ph c
PhCH r K 5%NaO0H Me 00 \|/\Ph
T I |
S



The lithium enolate 17 of methyl 3-(dimethylamino)propionate

(28) has been shown to be a synthetic equivalent of the anion of acrylates

(Scheme 6) and has been applied to the synthesis of a-methylene-Y -butyro-

lactones. 14

SCHEME 6:

NCOOMe LDA

oy

28

Q,

HMPT, THF

<

DBN
Benzene,reflux

v

Kl,l

NOHC03
Hy0

/\Ji
Z b
po— N0
(CHIN OMe = (CHyN I\)\
s
OMe
17

COOMe COOMe
CHy!
—_—
I
KOH . HCI .
cooMe MeOH H0" COOH
H20
1
DBU . 0
0 Benzeneﬁ

Drewes and co-workers3® pave obtained 2-substituted-2-propenoic

acid esters 29 via a similar reaction of a masked acrylate ester with carbonyl

compounds such as aldehydes, ketones, a,B-unsaturated aldehydes (Scheme 7).



SCHEME 7:
M
\N/\/mo"“E LLDA, THF \N/\1/°°° ¢
7~ =76 s 7~ R-C-OH
28 2.RCOR R
e
LMCPBA - 7
2Alumina column 29

R = Ph, CH:CHZ, CH(CHB)Z; R' = H, CH3

They also extended their study to the synthesis of chiral 2-substituted
acrylic esters 30 by the reaction of aldehydes on masked acrylates, with
an internal chiral auxiliary (Scheme 8)3%The proline based derivative 31 has

been used as a masked acrylate unit and the optical purities are in the range

of 8-73%.
SCHEME 8
2LDA,THF
(j’\oH ' OASL"
N N Bu®
CH,CH,COOR FH2tH=CS0n
31
COOR
I.R‘CHO 1.MCPBA R %
2730.—, OH 2 ATumina column * HGOH
CHZ(i'.H COOR J
R

R = CH3, t-C“Hg; R' = Ph, p-O(:'IH3C6H“, p-N02C6Hq
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The o-alkoxyalkylation method developed by Benezra et al.30

involves
the conjugate addition of the thiolate anion to the a-methylenephosphonate
18 f{ollowed by the addition of acetoxyaldehydes, giving the formal Wittig-
Horner product. Subsequent oxidation to sulfoxide 32 {followed by the addition

of a thiophilic reagent yields the allylic alcohol via a Mislow-Evans rearrange-

ment (Scheme 9).

SCHEME 9:

1]
to),P COOR e
Sl —_—
] c
CHO
18 1’
COOR COOR COOR
Phg . P(OMe),
0Ac ~ OAc OAc
phSO no
[
32 R R’
R = CH3’ Cij; R' = H, CHB' C2H5, i-C3H7, CSHll

During the efforts to understand the molecular aspects of allergic
control dermatitis, Benezra and Papag»eorgioul"0 synthesized the optically active
sensitizers of the type a-(hydroxyalkyl)acrylates 33. They prepared chiral
a-(hydroxyalkyl)acrylates in 75% ee by the action of chiral p-tolyl sulfoxides

34 on aldehydes followed by thermal elimination of sulfoxides (Scheme 10).
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SCHEME 10:

(1) 1.t BuMgBr R
2
2.RCHCHO LBuOOC)YC
OH

«S CH(CH3)CO0tBu
A Hy 3.A,CaCO3 4

Tol
34 33
R = CHJ, n-C4H9, n-CSH”

I have used thiolactic acid derivative as an acrylate

Scolastico et al.
equivalent in the preparation of syn a-methylene-B -hydroxy-vy-alkoxy esters

35. Diastereoselective synthesis of syn a-methylene-8-hydroxy- ¥y -alkoxy

esters was achieved by Lewis acid mediated addition of methyl a-methylthio

propionate silylketene acetal (36) to c-alkoxyaldehydes (Scheme 11)

SCHEME 11:

| Ph/\0 Ph/\ e SMe

Mg Brz

MeS I
>—< +
7 \cHo ~AcOH/H
Me oH
1Nal0,, MeOHH0 /\)'\toom + /YKCOOMe

2. dloxuno,reﬂux
35

Jl| =}

o

L4
|
nil]

COOMe
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Thev have also reportedqz that t-butyl y-(dimethylamino)propio-

nate (37), a synthetic equivalent of t-butyl acrylate, readily reacts with a-alko-

xyaldehydes to give anti o-methylene-B -hydroxy- y -alkoxy esters with high
selectivity (Scheme 12).

SCHEME 12:

QAO/\Ph
LDA,THF N
COO0t.Bu d > CHO ,
M'zNN TS
37
g/\o/\Ph .9:/'\0/\',,h
1.Mel COOtBu + /\g/kcoouau
2DBU =
OH OH
4:)
A possible a-hydroxyalkylation has been reported by Shono and co-
wt:)rkers31

via a one step joining of thiolate anions, activated olefins and car-
bonyl compounds (Scheme 13).

SCHEME 13:

>—CHO
00Me F’hs/\(coonwe .
PhSMgI + | <~

19

HO

1.Nal0; MeOH-H0
>
2.Tol
COOMe oluene, reflux

COOMe
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Oshima et al.u3 have also reported that l,4-addition of RzAlx to
o, 8-unsaturated carbonyl compounds gave the aluminium enolate 38, subsequent
aldol addition of the enolate with aldehydes followed by elimination of HX

provides a-substituted «a,B-unsaturated carbonyl compounds 39 (Scheme 14).

SCHEME 14:

/ ) post
e N /
c=0 f C—0AIR; ™ ~ x €=
Y v :
38 J_Hx
o
R~clyy
Se=¢
/ \
(i=0
39 Y
R = H, CH,, CH3(CH2)7, Ph; X - SPh; Y - CH,, 0C2H5
Intramolecular strategy:
0 0 OH 0 OH
OHC
Me, AISPh NtlIOA,l -
’ Silica gel '
Ph

During the synthesis of pentenomycin and dehydropentenomycins
Branca and Smith“‘ demonstrated that a-bromoketals hold considerable promise
as latent o-keto vinyl anion equivalents. The vinyl anion 40, generated by

the addition of n-BuLi to bromoketal, reacts with a variety of electrophilic
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reagents (Scheme 15) to yield the corresponding a-alkylated products.

SCHEME 15:

¥ 9 :

@-‘B' nBuli 69&9 HCHO @CHZOH
THF HROE

40

45

Depezay and Merrer © have also used protected a-bromoacrolein

to prepare a-(hydroxyalkyl)acroleins &1 . The strategy involves the addition

SCHEME 16:

CHZ=C CHIOCoHg), + N BuLi —— CHFZCCH(0CHg) + RCHO  ———>

Br L -70°
42
OH OH &
CHIOC,Hs), cHo °H A
R ' 0.25N H2501,, R l cﬁ%}r—
elher CHZC'Z >
41
CHO
— LAH OH
ether, reflux
R Cl
R = CHB’ CZH5' Ph, n-C5Hll
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of n-BuLi to the 2-bromoacrolein diethylacetal to give the corresponding
anion 42, subsequent treatment with aldehyde followed by deprotection provides
the 2-hydroxyalkylacrolein #41. These acrolein derivatives had been successfully

utilized for the stereoselective synthesis of trans olefins (Scheme 16).

Noyori et al,*6 have devised a procedure for a-alkoxyalkylation
of 0, B-unsaturated ketones (Scheme 17) via conjugate addition of phenyl silyl
selenide to o, B-unsaturated ketones and the aldol type reaction of enol silyl
ether 43 with acetals or orthoesters catalyzed by trimethylsilyl trifluoro-

methanesulfonate (TMSOT{), followed by the B-elimination.

SCHEME 17:

[ o-SilCHy)y T
0
Cat.TMSOTS Cat.TMSOT!
(CH3);SiSeCgHsg CH(0CH3);
43
— . — Hy OCH
0 0CH3 0 oc 3 0 3
OCH3 | H,0, OCH, OCH;
———mll m——
SECGHS SICGHS
b — o 6 -

9-(Phenylseleno)-9-borabicyclononane (4%) was employed by Leonard
and l.ivinghouse"l7 for the effective aldol type reaction at the a-carbon of

o, B-unsaturated ketones (Scheme 18).
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SCHEME 18:

0 ”~

AN
0 0 0 OH
RCHO R H R
., K 0 R, |
Py
R
2 .e(:GH5 R2
R = C6H5’ i-C3H7; Rl - CH3, C6H5,etc.; R2 = H, Cl-l3

New C-C bond forming rcactions via trialkylphosphine catalyzed coupling of

activated olefins with aldehydes:

In 1964 Oda et alf‘ls reported that the reaction of acrylonitrile with
benzaldehyde in the presence of equimolar quantities of triphenylphosphine
in alcoholic solvents at higher temperatures afforded the trans &4-phenyl-3-
butenenitrile (in low vyields) and triphenylphosphine oxide (eq.2). A similar

reaction with methy! acrylate gave trans methyl 4-phenyl-3-butenoate (eq.3).

Rh

PhyP + CHECHON  TPCI0y N N + PhyP=0
(3
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Ph
PhCHO
PhaP + CHpFCHCOOMe —u- — 00Me + Ph3P=0 (3)

Later on in 1968 Morita et :;\l."9 carried out the reaction of methyl
acrylate and acrylonitrile with various aldehydes in the presence of catalytic
amount of tricyclohexylphosphine to give 2-substituted acrylates and acrylo-

nitriles (eq.4).

OH
R (4)
RCHO + | >

R = alkyl, aryl; Z = CN, COOMe

Two possible mechanisms have been proposed by Morita and co-

workers for the above reaction (Scheme 19).

SCHEME 19:

Mechanism 1I:

® Z RCHO
RP + CH=CHZ — RyP —_—

09

OH
H Z
R z——-)R l
]

PRy
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Mechanism 2:

Z
® 74 R
R3P/\e/ RCHO
P®
R | R
H 2 OH R
R R Z
02-FR,

Z = CN, COOMe

These workers have also suggested that if triphenylphosphine is
used for the reaction, the Zwitterion 45 can isomerize to Ylide 46 by a
proton transfer which then undergoes irriversible reaction with aldehydes to
produce Wittig type product and triphenylphosphine oxide (eq.5). Actually,
oligomers of acrylonitrile have been prepared by the reaction of acrylonitrile

with catalytic amount of tertiary phosphines in the presence of proton donor.s

(< 1=
phaﬁcﬂzgﬂm ——= PhPCHCH,CN RCHO RCH=CHCH,CN  (5)

45 46

An interesting report5 ! has appeared for the synthesis of 2-(1-hydroxy-
alkylacrylonitriles 47 from acrylonitrile and aliphatic aldehydes by cocata-
lysis of tributylphosphine and triethylaluminium (Scheme 20). Similar mechanism

as in Scheme 19 has been suggested for this reaction also.



SCHEME 20:

BU3P +

0©
CH2=CHCN + RCHO —m» R CN

®
PBu3

OH

CN
47
- n-C Hg, n- C9 19° c-CGH“, C6H5

Baylis-Hillman Reaction:

In

1972 Baylis and Hillmans2

19

in a German patent reported that

activated alkenes such as o, B-unsaturated esters, nitriles, amides and ketones

can be coupled to aldehydes catalyzed by bicyclic tertiary amines to produce

the o-substituted activated alkenes 48

(eq. 6). This is entirely new type of

reaction for the construction of carbon-carbon bond wherein multifunctional

molecules are obtained. The amines, used by them, are l,4-diazabicyclo(2.2.2)

octane (DABCO) (49), pyrrocoline (50), quinuchdine (51).

RCHO

J

49

OH

Z Z
+ f Catalyst R (6)

48

Z = COR, COOR, CN, CONR

S RN
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As the reaction conditions are very mild, carbanion generated in
this reaction would be expected to react with aldehyde or related substrates
to give the corresponding products without unwanted side reactions. However,

very little or no attention was paid to this patented reaction for almost a

decade.

In 1982 Drewes and Emslie used this reaction in connection with
their work on synthesis of necic acid precurscars.:'3 Afterwards a number of
publications appeared describing the synthetic potential of these tertiary amines
catalyzed reaction and it is sure that this reaction will emerge as a powerful
synthetic tool in organic synthesis. Since Baylis and Hillman are the originators
or founders of this useful reaction, it is appropriate to name this reaction

as Baylis-Hillman reaction.su

In 1983 Hoffmann and Rabe” reported that acrylic esters can be
coupled with a variety of aldehydes under the influence of catalytic amount
of DABCO at room temperature (eq.7) to produce the multifunctional molecu-

les 52.

cOooR’ o (Cat C M
RCHO + m DABCO {Ca , R , al “SOR
RT

52

R = alkyl, aryl; R' = CH3, CZHS’ t-C4H9

They also noticed that furfural and 3-nicotinaldehyde react much
faster. The reaction was reported to be remarkably clean. The resulting

o-methylene-B -hydroxy esters 52 are highly versatile intermediates offering
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1]
three electrophilic sites for further bond Iormations,E' i.e., al, a3, a3 components

(using Seebach nome:nclature).57 Hoffmann and Rabe have demonstrated the
applicability of these intermediates to a simple synthesis of mikanecic acid58(53)
utilizing t-butyl 2-(1-hydroxyethyl)acrylate (52a) (Scheme 21). The a-methylene-
B-hydroxy ester 52a underwent allylic rearrangement when treated with N-
bromosuccinimide (NBS)ldimethylsuliide59 to cleanly afford the Z-alkene 54,

Subsequent treatment with potassium t-butoxide in t-BuOH provided the t-butyl
2-methylene-3-butenoate (55) which dimerized insitu to the dit-butyl  ester

of mikanecic acid.

SCHEME 21:

OH

C00tBu / 00tBu B4 0K COOtBu
NBS, Mezs — tBu
—_— tBuOH | // \<

52a 54 55

HCOOH
’ M
cO0tBu COOH
(¥ C
u°° wo°
53

The synthetic transformations of 2-(hydroxyalkyl)-2-propenoic esters

56 have been demonstrated in the following Scheme.5 6,60 (Scheme 22).
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SCHEME 22:

AcC

ODNE COOMe COOMe
/_{  NBS/Mes R cu3coc1
56
LiBEt3H LiBEt3H
COOMe COOMe
0 R
6 59
R = alkyl

This scheme clearly demonstrates the convenient and stereocontrolled
synthesis of trisubstituted alkenes, i.e., (E)-2-methyl-2-alkenoic esters 59 and
a simple synthesis of 2-methylenealkanoic esters 60. Trisubstituted olefin
procedure was applied for the synthesis of 59a, a key intermediate, for the

terpene 61. (Scheme 23).

SCHEME 23:

0
00Me CE;COC'; Q/\‘/U\coom LiBEt3H
Ry _—

OH OAc

o)(/\/'\ f
/
cooMe — >
59a el
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Another useful transformation of the a-bromoalkylacrylate 57
to allylsnlanes6 has been described by Hoffmann. Treatment of the bromo-
compound 57 with trichlorosilane and copper iodide produces the unstable
trichlorosilyl intermediate which on quenching with excess MelLi, affords the

desired allylsilane 62 (Scheme 24).

SCHEME 24:

OH
COOMe  NBS/ MeS /C00Me HSiClq
R Br
% 57
OH
00Me excess Meli
— >
62

These allylsilanes are useful intermediates. Hoffmann and co-workers
prepared the allylsilane 62a, a key precursor for the synthesis of dehydro-

norzizaenfe60 (63) (eq.8).

L
OH Slt'-
F
g,\/l;r L .
OH

62a 63
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Alternatively, a-hydroxyalkylacrylates 56 on treatment with HBr-

61

stou undergoes brominative allylic rearrangement to afford the allyl bro-

mide 57 (eq.9). The configuration of this intermediate is confirmed by X-ray

crystallography.62

OH COOMe

coome B/ HpSO, /._..__<_ (9)
R Br

R
57

6 R = alkyl

a-Hydroxyalkylacrylate undergoes iodinative or chlorinative rearrange-

ment stereoselecnvely.63

With Hl-conc. H3P0h iodination takes place conve-
niently at the vinylic carbon (eq.10) where as with hexachloroacetone (HCA)-

Ph3P affords both normal and rearranged products in 1:l ratio (eq.11).

OH
OOEt HI-H;PO, COOE!t (10)
R at
R I
64
o cl
COOE?
COOEt HCA-Ph.P OOEt
R 3 — R (1)
l -
R —~Cl
65
R = CH,, Ph
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a-Hydroxymethylacrylates and the corresponding bromomethyl
derivatives are known to be important synthetic mtermedlatessq and their
application in the synthesis of bicyclicﬁj and spirocyclic66 ring formation
have been reported in literature. Several synthetic reports have appeared for
the preparation of a-hydroxymethyl acrylate (66) and the corresponding bromo-
methyl derivative 67. Recently Drewes and co-worker567 have demonstrated
that formaldehyde can couple with methyl acrylate under the catalytic influence
of DABCO to produce 66, contaminated with the ether 68. However, trecat-
ment of the mixture 66 and 68 with HBr-stOQ provides clean 67 in good

yield (Scheme 25).

SCHEMLE 25:

0 0 0
—
66 68
HBr-H,S0,
0
67

The allyl bromide 67a has been employed for the synthesis of
a- methylene-vy-butyrolactones. Bravo and co-worl«:rs68 recently have employed
this intermediate in the synthesis of chiral a-methylene- y-butyrolactones

69 (Scheme 26).
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SCHEME 26:

AL \§ 0
/59 R paA OH Nal/(CF;Cal,
o ot -? c.”' -
BrCH,C.COOLi A"
CHy R (7 PTol
67a
0
0
CHs
Me,0BF, OH|  tBuOK
— <6 —>
%, POl “wR
R ° BF; t’:‘)‘ll

R - H, CH3, n"C3H7' i"cqug C6H5

The (2Z)-2-bromomethyl-2-alkenoic esters have been well known
useful synthetic intermediates for the preparation of a-methylene- y-butyro-
lactones. Drewes et al.(’9 have demonstrated the utility of the allyl bromide
57a  for the preparation of cis-4,5-dihydro-4,5-dimethyl-3-methylene-2-(3H)

furanone (70) (Scheme 27).

SCHEME 27:

Br
— 1.CrCl3/ LAH )'k
\_‘<‘ af > MeCH cooMe —>
COOMe 2-MeCHO HOH
70

=0

z—

e
57a
Drewes and co-\.vorkersy0 synthesized (Z)-retronecic acid (71) and

related compounds via zinc mediated coupling of (Z)-2-bromomethyl-2-alkenoate

esters (Scheme 28).
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SCHEME 28:

\_Car o><o Zn COOMe
— + \j —
COOMe
OOMe Me0OC
R Me &

57

71 COOH COOH

Nucleophilic diastereoselective addition of benzylamine to 2-substi-
tuted propenoates 56a was studied by Perlmutter and 'l'abt:me'.7l Highest
diastereoselectivity (20:]1) was observed when benzylamine was added to the

corresponding sily! derivative 72 in methanol (Scheme 29).

SCHEME 29:

COOCH;, COOCH,4
TBDMSCL,Et3N PhCHZNHZ
’ MeOH
OH OTBDMS
56a 72
COOMe COOMe
s E
Ph/\ﬁ + Ph/\ﬂ/\,___/
0TBDMS 0TBDMS

20 . 1
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Perlmutter and ‘!'eo72 have extended the same reaction of acrylates
with imines in the presence of catalytic amount of DABCO. Tosylamines of
aromatic aldehydes readily reacts with ethyl acry.late to produce the corres-
ponding multifunctional molecules which are known to be precursors to B-

lactams (eq.12).

COOEt COOEt

Nos NHTos
) r _DABCO _ w2

Drewes and Roosja have studied the reaction of acrylates with

a, B-unsaturated aldechydes and noted that 1,2-addition takes place in all these

cases (eq.13).

0 OH 0
ABCO
0Me+ RCH=CHCHO —D——) RCH=CH OMe (13)
R = CH3, Ph, 2-furyl

They have also extended the strategy to the chiral ::lldehydf:s73
in order to study diastereoselectivities. Chiral a-alkoxyaldehydes have been

employed for their study and reasonable diastereofacial selectivity (anti :

syn = 70:30) was observed (eq.14).
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70:30

Stereoselective formation of a-substituted-B-hydroxy esters has
been a challenging synthetic effort because of their wide spread applicability
in synthesis of natural products. Brown and Cuttingn have studied the possible
applications of 2-(I1-hydroxyalkyl)acrylates obtained from Baylis-Hillman reac-
tion, for stereoselective formation of @-substituted-B -hydroxyesters. All rhodium
catalyzed hydrogenations of 2-(1-hydroxyalkyl)acrylates have been found to
be highly antiselective (eq.15). This provides an equivalent to an anti-selective
aldol condensation. Brown and Cutting have also studied the possible kinetic
resolution in the asymmetric hydrogenation of 2-(l-hydroxyalkyl)acrylates

with dipamp-Rh catalyst.

OH OH OH
00Me X 00Me H COOMe
p H/MeOH S Ph/Yc N Ph/\s-/ (15)
Rh Cat. =
>99 ’4

The 2-substituted propenoate 56a has been successfully converted
into optically active a-methyl-B-hydroxyalkanoates 73, 74 via asymmetric

hydrogenation75 (scheme.30)
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SCHEME 30:

OH %H 0
COOCH3 HzllSM H 00CH3 IJ\/COOCH3
| —_—
56a

I Phy o..-—I-L
R-1

Recently an interesting report appeared from Matsuda's rescarch
group76, for introduction of an electrophile to 5p2-hybridized o-position of

a ,B -unsaturated ketone catalyzed by Rh(1) hydride complex (eq.16).

0 OH ¢ 0 0
. R HRh(PPh3), g’ R R/tv\"/l-l\n (16)
RCHO + || | +
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They speculated that the mechanism involves the Michael type
addition of catalyst to enone followed by aldol type C-C bond formation.

(Scheme 31).

SCHEME 31I:

HeHo / [ \

R\~ R\ .=~ R

OH
“NRh) N®h)
H(Rh) -/
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OBJECTIVES, RESULTS AND DISCUSSION

Baylis-Hillman Reaction : Background

Baylis and Hillman, in 1972, in their German p::m=.-nt5“2 reported

that a, B-unsaturated ketones, esters, nitriles and amides can be coupled with
aldehydes under the catalytic influence of tertiary amines to produce the
multifunctional molecules (eq.6). Catalysts, used, are l,4-diazabicyclo(2.2.2)

octane (DABCO) (49), pyrrocoline (50) and quinuclidine (51).

74
Cat. R
RCHC’""(Z —_— (6)

Z = COOR, COR, CN, CONR2

Though this reaction has the obvious potential of creating carbon-
carbon bonds at o-position of activated olefins, very little attention was paid

for this reaction for almost ten years.

A D O

49 sl

In 1983, Hoffmann and Rabe55 reported the coupling of acrylic
esters with a variety of aldehydes catalyzed by DABCO and the same reaction

has been used for the synthesis of necic acids.”® It is believed that this reaction
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involves a Michael type addition of DABCO to a,8-unsaturated esters, followed
by nucleophilic attack on aldehydes and subsequent elimination of DABCO

to provide the corresponding 2-substituted acrylates 52 (Scheme 32).

e
5 oj 0
Rﬁ‘H OMe R OMe

Ijo OMe
3}3&— 0y —
Sy

Hoffmann and Rabe have also speculated the two possible conforma-

SCHEME 32:

tions A and B for Zwitterionic intermediate.

e
R'C?H H

H H H H
H COOR Rooc EH R
NS nN® O
A —
—_>
N N
A B

The conformation A is favoured due to less unfavourable gauche

interactions. However, there is no proof for these mechanistic speculations.
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Objectives

With this available information, starting in 1985, we envisioned
that Baylis-Hillman reaction will be a powerful synthetic tool for carbon-carbon
bond forming reaction at o-position of the activated olefins such as a,B-unsatu-
rated ketones, nitriles, esters, sulfones, etc., thus providing multifunctional
molecules for possible use in the synthesis of natural products. Accordingly,
we have undertaken a long range research programme with the following main

objectives.

(1) To study the generality of Baylis-Hillman reaction for various a, B-unsatu-
rated ketones, nitriles, sulfones, esters and amides for carbon-carbon bond

construction.

(2) To study the applicability of various electrophiles such as aldehydes, a-keto

esters and other related molecules for Baylis-Hillman C-C bond formation.

Applications to asymmetric synthesis

(3) To study the applicability of various chiral tertiary amines as (chiral)
catalysts in the place of DABCO to construct carbon-carbon bond wherein
a chiral center is created and to design a suitable catalyst for 100% enantio-

selective C-C bond formation.
(4) To investigate the applicability of various chiral acrylates for asymmetric

C-C bond construction leading to multifunctional molecules and to design

proper chiral (auxiliary) acrylate for high diastereoselective C-C bond
formation.

(5) Finally, to develop Baylis-Hillman reaction as a useful synthetic tool for
construction of C-C bonds at a-position of activated olefins leading to

asymmetric synthesis of multifunctional molecules.
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Results and Discussion

Coupling of methyl vinyl ketone with aldchydes

With the above mentioned objectives in mind, we f{irst selected
the easily and commercially available methyl vinyl ketone for Baylis-Hillman
reaction. We have carried out the reaction of methyl vinyl ketone with decyl-
aldehyde under neat conditions with 15 mole % of DABCO. We found that
the reaction is not clean. The best results were obtained when the reaction

was carried out in THF 2M solution (eq.17) though the reaction takes longer

0 OH o
RCHO + DABCO R (17)
THF
75a-h
R = alkyl, aryl

time, i.e., 10 days. Thus, the desired product, i.e., 4-hydroxy-3-methylenetri-
decan-2-one (75a) was obtained in 62% yield as a colorless liquid. The structure
of this molecule was confirmed by IR, 'H NMR (Fig.1), >°C NMR (Fig.2)

spectral data and elemental analysis.

Representative examples 75 a-h of a-methylene-B-hydroxy alkanones

were prepared from various aldehydes and methyl vinyl ketone (Table 1).

From our results, it appears that the rate of the reaction decreases
as the number of carbon atoms increase in the alkyl chain of aliphatic aldehydes.
It was also found that propionaldehyde and 2-furaldehyde did not give clean
products under these conditions. We have also studied the applicability of
various tertiary amines such as 1,8-diazabicyclo[5.4.0}undec-7-ene (DBU) and

diisopropylethylamine. DABCO proved to be the best catalyst for its remarkably
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Table 1 : Preparation of c-methylene- 8-hydroxyalkanones from methy! vinyl

ketone and aldehydes catalyzed by DABCO in THF as solvent.

a,b

R-CHO Product Reaction time b.p. /mm Yield (%)°
"CgH, oCHO 75a 10 days 117-120/0.5 62
"C,H, ,CHO 75b 100 h 119-122/3 63
nC6H 13CHO 75¢ 80 h 80-85/0.5 73
"CgH, CHO 75d 72 h 74-77/0.5 65
'c,HyCHO 75e 72 h 76-79/1.5 51
CgH;CHO 75% 9 days 118-120/1 51
C¢HsCH,CH,CHO? 75¢ 85 h 136-138/1.2 65
", sH;,CHO® 75h 15 days 146-148/0.3 51¢

a) All reactions were carried out on 20 mM scale in 2 M THF solution.

b) The products are identified spectroscopically by IR,

1

H NMR and

C NMR.

c) Yields of the pure products after purifying by column chromatography

followed by distillation.

d) This reaction was carried out on 10 mM scale.

e) Only 70% reaction was complete. Percentage of yield was calculated

accordingly.
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clean reaction and for better yields of the products. This procedure represents
a simple, one-pot synthesis of a-methylene-B -hydroxyalkanones 75. In this
reaction a carbon- carbon bond is constructed at a-position of methyl vinyl

ketone thus providing multifunctional molecules.

In our laboratory,n studies were also carried out towards the applica-
bility of various a, B-unsaturated ketones for Baylis-Hillman reaction in order
to generalize the reaction. Three o,B -unsaturated ketones of varying steric
requirements, i.e., ethyl vinyl ketone (76), 5- methylhex-1-en-3-one (77) and

4-methylpent-1-en-3-one (78) were selected. The Baylis-Hillman coupling of

76 77 78

these alkenones 76-78 was carried out with variety of aldehydes (eq.18) to

produce the multifunctional molecules 79a-j in 20-60% yields.

o OH
R R
RcHo + || R _DABCO (18)
79a-j
R=CHy; R'=CH; () R=i-CHy R' = n-C3H, (791)
R=C,Hy R'=nCgH, (%)  R= i-C,Hg R' = i-C,H, (79g)
R=CHg R'= i-C4H, (79¢) R = i-C4H, R' = C,H, (79h)
R = Cz“.s R'= CH; (9 R=i-CHy R' = n-C3H, (79i)
R =i-CHy R'= C,Hs (79e) R = i-C4H, R' = i-C4H, (79j)
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The results from these studies indicate that the rate of reaction

decreases as the steric bulk of alkyl vinyl ketone increases, also the yields

of the products fall down considerably.

Attempted coupling reactions of cyclic enones such as 2-cyclohexen
-1-one, 2-cyclopenten-l-one with various aldehydes (benzaldehyde, 2-furaldehyde,

propionaldehyde) under variety of experimental conditions, even with excess

of DABCO were unsuccessiul.

0

4+ RCHO .D—-ABS—O—- No reaction
0

4+ RCHO _..%.B.E-o-—p No reaction

Synthetic applications of a-methylene- B-hydroxyalkanones

The multifunctional molecules prepared by us as in (eq.l17) have
already found applications in synthetic organic chemistry. Utaka and co-workers’ S
successfully prepared chiral 4-hydroxy—B-methy!alkan-Z— ones (syn : anti =

1:1-2) via asymmetric reduction of 4-hydroxy-3-methylene-2-alkanones (eq.19).

R baker's yeast g Y + R ¥ (19)
98% ee 69-98%ee

R = alkyl
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Hoffmann et :-.1!?9

have applied the &4-hydroxy-3-methylenealkan-
2-ones 75 for the preparation of functionalized 1,4-diacetylcyclohexenes

80 (Scheme 33).

SCHEME 33:

OH
R R
= MsCl, DABCO -
0 DMAP o
75
R
R
R
Spontaneous _
dimerization ~ 0
80
R = alkyl

Hoffmann and co-worker580 have also used &4-hydroxy-3-methylenc-

alkan-2-ones 75 for the preparation of functionalized 6,8-dioxabicyclo(3.2.1)

SCHEME 34:

R
HO 0
HO +
0
75
N 0
0
81 R

D - albal
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octanes 81 (Scheme 34), which constitute the basic frame work of number

of pheromones such as frontalin, brevicomin and o-multistriatin.

More recently Hoffmann and co-wc:rl':ers81 described that the dehydra-
tion of 3-hydroxy-2-methylenealkanoic esters 56 generates (E)-2-methylene
-3-alkenoic acid esters which dimerize spontaneously to give 4-[(E)-1-alkenyl]

-3-alkyl-1-cyclohexene-1,4-dicarboxylic acid esters (Scheme 35).

SCHEME 35:

OH
R R
= I T
COOMe DMAP 00Me
56
R R
Me0OC © Me0OC =
we 1
S T
00Me O0Me
R R

R = alkyl, phenyl

Synthesis of 2-(1-hydroxyalkyl)acrylonitriles

After achieving success in the utilization of o B -unsaturated ketones
for Baylis-Hillman carbon-carbon bond forming reaction, our attention was
directed towards the utilization of acrylonitrile, abundantly available @, B-unsatu-
rated nitrile, for Baylis-Hillman reaction. Accordingly, we examined the reaction
of acrylonitrile with propionaldehyde under neat conditions using 15 mole %
of DABCO. The reaction was clean and complete in 40h providing 2-cyano-

pent-1-en-3-ol (47a) in 80% yield as a colorless liquid (eq.20). The structure
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of this product was confirmed by IR, 'H NMR (Fig.3), }C NMR (Fig.4) spectral
data and elemental analysis. We also tried the applicability of other tertiary
amine catalysts such as 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU) and diisopropyl-
ethylamine under various experimental conditions. It was found that DABCO

offers much cleaner reaction than the other two amines and ylelds are also

superior.

OH

CN DABCO o CN
RCHO + | —_— (20)

47a-g
R = alkyl, aryl

Representative examples of 2-(1-hydroxyalkyl)acrylonitriles 47a-g
(eq.20) were prepared from various aldehydes and acrylonitrile catalyzed by

DABCO (15 mole %) (Table 2).

Here also it was observed that the rate of the reaction decreases
as the number of carbon at;.:ms increase in the alkyl chain of aldehydes, con-
sistent with our earlier observation in the case of methyl vinyl ketone. About
the same time, Amri and Villieras82 have also reported similar work on Baylis-
Hillman coupling of methyl vinyl ketone, acrylonitrile and methyl acrylate

with aldehydes (eq.21).

OH

z
DABCO R 21
RCHO + |

R = alkyl, aryl

7 = CN, COOMe, COMe
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Table 2 : Preparation of 2-(1-hydroxyalkyl)acrylonitriles from acrylonitrile

and aldehydes catalyzed by DABCO.2P

RCHO Product® Time b.p./mm° Yield (%)°
CH,CH,CHO 47a 40 h 64-65/1 gof
(CH,),CHCHO 47b 40 h 70-71/1 66!
(CH,),CHCH,CHO 47c 40 h 76/0.8 69!
CH,4(CH,),CHO 47d 3 days 88-90/1 878
CH,4(CH,)gCHO 47e 7 days 130-132/0.5 845
(120/0.15)°
C¢H,CHO 471 40 h 120-124/2 70f
(110/0.95)°}
{
C¢H4CH,CH,CHO u7g 50 h 130/1 76

a) All reactions were carried out on 10 mM scale.

1 13

H NMR and "“C NMR.

b) All products were identified spectroscopically by IR,

c) The products 47a and 47f are 100% pure and the rest are 97% pure by GC

analysis on a SE-30 column.
d) Literature values are given in parenthesis.
e) Yields of the pure distilled products.
f) Reaction was carried out with 15 mole per cent of DABCO.

g) Reaction was carried out with 30 mole per cent of DABCO.
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Synthesis of 3-hydroxy-2-(phenylsulfonyl)-1-butene : Use of phenyl vinyl sulfone

We next examined the possible application of phenyl vinyl sulfone
for Baylis-Hillman carbon-carbon bond forming reaction. First, we carried
out the reaction of acetaldehyde with phenyl vinyl sulfone using 15 mole %
of DABCO. The reaction is very slow taking 20 days for completion to provide
the desired 3-hydroxy-2 -(phenylsulfonyl)-1-butene (82) in 80% yield (eq.22).
The structure of the compound 82 was in full agreement with spectral data

IR, 'H NMR (Fig.5) and !2C NMR (Fig.6) and elemental analysis.

0 oH o
S S
DN 1
CHyCHO + ||/0 Ph _DABCO, |07
82

While our work on phenyl vinyl sulfone was in progress, two interesting
papers from the research group of Ncarman'c83 appeared, describing the preparation
and application of 3-alkyl-3-hydroxy-2-(phenylsulfonyl)propenes (Scheme 36).

Therefore, we did not proceed with our work further on phenyl vinyl sulfone.

SCHEME 36:

OH
SO0.Ph

S0P pasco . 2
RCHO + | —

R = alkyl, phenyl
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S0,Ph S0,Ph
OAc Nu
A0 Nu® N
_—_—
/_  BF,0Et R
SO,Ph 372 R
OH

& S0,Ph S0,Ph

Br Nu
NBS/ Me,S ~ NS
> R

Our attempts in exploring the possibility of phenyl vinyl sulfoxide

as a substrate for Baylis-Hillman reaction were unsuccessful.

0
1
WS\Ph + RCHO DABCO a No reaction

We also tried the possibility of applying acrylamides 83, 84 for
Baylis-Hillman carbon-carbon bond forming reaction. All our attempts at diffe-

rent conditions using different aldehydes met with failure.

| N(Me), ﬁ/\ph

|

83 84

a-Keto esters in Baylis-Hillman Reaction

Till now we have only utilized aldehydes as possible substrates

for Baylis-Hillman carbon-carbon bond forming reactions leading to multifunctional
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molecules. It occured to us that a-keto esters might also couple with activated
olefins to provide the multifunctional molecules. Accordingly, we have seclected
four a-keto esters, i.e.,ethyl phenylglyoxylate (85). ethyl p-tolylglyoxylate
(86), ethyl pyruvate and methyl pyruvate. Ethyl phenylglyoxylate (85) and ethyl

p-tolylglyoxylate (86) were prepared according to the literature method (eq.23).8“

Y

RMgBr + COOEt /U\n/OEt
—_— R
COOEt (23)

0
85,86

R = C6H 5 p-Tolyl

The reaction of acrylonitrile and ethyl phenylglyoxylate (85) was
carried out with DABCO as catalyst. The best results were obtained when
the reaction was carried out under neat conditions using ethyl phenylglyoxylate
and acrylonitrile in the ratio 1:2 with 30 mole % of DABCO at room tempera-
ture (eq. 24) providing ethyl 3-cyano-2-hydroxy-2-phenylbut-3-enoate (87a)
in 65% vyield as a colorles;s oil. The structure of the molecule was confirmsd

by spectral data IR, 4 NMR (Fig.7), 13c NMR (Fig.8) and elemental analysis.

OH
CN

0 CN
DABCO R 2%
R/LKCOOR' + ( —— ) (24)

ROOC
87a-d

R = CH p-Tolyl; R' = CH3, C H

CeHsr
A representative group of multifunctional molecules 87a-d, 88a,b
was prepared via the coupling of o-keto esters with acrylonitrile (eq.24) and

methyl acrylate (eq.25) (Table 3).
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Table 3 : Preparation of 2-[l-carboalkoxy-1-hydroxyalkyllacrylonitriles (from

cketo esters and acrylonitrile) and 2-[1-carboalkoxy-1-hydroxyalky!]

acrylates (from aketo esters and methyl acrylate).a’b
00 N\ Reacti
R " eaction  b.p./mm . c
R-C-COR /Rt_R Product  p; o | or m.p. Yield(%)
"= .
R' = CZH 5
R = -phenyl CN 87a 5 days 164-166/4 65
= -p-tolyl CN 87b 7 days 162-164/1 74
R = CH3
R'=-CH, CN 87cd 24 h 98-100/5 38
R' =-C,Hs CN 87d9 24 h 84-86/2 41
R' = -CZH 5
R = -phenyl COOCH3 88a 7 days 154-155/1.5 49
(mp. 54-56)
R = -p-tolyl COOCH, 88b 9 days m.p. 87-89 41

a) All reactions were carried out on 10 mM scale (a-keto esters) using 30 mole %
DABCO at room temperature.

b) All products were identified spectroscopically by IR, lH NMR and ”’C NMR.

c) Yields of the compounds purified by column chromatography followed by

distillation or crystallization.

d) The reaction of acrylonitcile (20
not clean. Therefore, pyruvates (10

mM) with these pyruvates (10 mM) is
mM) were added slowly to acrylonitrile

(100 mM) containing DABCO (1.5 mM).
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OH
COOMe COOMe
/lk r Dbasco R (25)
COOR + Rooc
88a,b
R = CH,, p-Tolyl; R' = C oHs

The reaction of acrylonitrile (20 mM) and methyl pyruvate (10
mM) with 30 mole % DABCO as catalyst did not give clean reaction. However,
best results were obtained when pyruvate (10 mM) was added slowly to acrylo-
nitrile (100mM) containing DABCO (1.5 mM). The desired mzthyl 3-cyano-2-
-hydroxy-2-methylbut-3-enoate (87c) was obtained in 38% yield. A similar
reaction of ethyl pyruvate provided 87d in 41% yield. This methodology repre-

sents a simple synthesis of 2-(1-carboalkoxy-1-hydroxyalkyl)acrylonitriles and

acrylates.

An interesting paper85 appeared from Hoffmann's research group
recently. They have reported that the reaction of methyl acrylate with methyl
pyruvate under the catalytic influence of DABCO provides dimzthyl 3-hydroxy
-3-methyl-2-mzthylenesuccinate (89) which was further converted into dimethyl

2,3-dimethylenebutanedioate (90), an important diene for Diels- Alder reaction

(Scheme 37).

SCHEME 37:

o OH
icooue
A \cooMe  + /U\cooMe _DABCO
COOMe
89

MsCl , DABCO, DMAP _ NG
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In 1988, Yamamoto and ('.'4:.':-\1\;:::rl<t=:r586 have reported that DABCO
also catalyzes the coupling of methyl acrylate with benzylidenecarbamates
(eq.26). They also found that these reactions are much faster than that with
common aldehydes. This reaction is complete overnight at room temperature.
The resulting mathyl 2-( a-methoxycarbonylamino)benzylacrylates are important

synthons.

NHCOOMe

COOMe COOMe
DABCO PH

PhCH=NCOOMe + | —_— (26)

Diethyl ketomalonate: Fast reacting substrate for Baylis-Hillman Reaction

Now, it has been well documented that DABCO catalyzes the coupling
of o B-unsaturated esters, nitriles and ketones with aldehydes and a-keto esters
to provide the corresponding multifunctional molecules. All these are generally
slow reactions (4-7 days or even longer). Rate acceleration of these molecules

at high pressure has been demonstrated by Hill and Isaacs>*58 (eq.27). They

0 y4
—
R‘/U\Rz + m 5K bar (27)
R! - H, CH,, CHgetcs R = H, CHy, CyH,
Z = CN, COOMe, COMe, CONHZ; R3N = DABCO, N(CZH 5)3
have also reported that ketones will also add to these activated olefins at

high pressure to provide the corresponding 2-propen-1-ols. Even triethylamine

catalyzes the coupling of acrolein with aldehydes at high pressure.
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Drewes & t:o-\a\.fc.;rkers89

found that 3-hydroxyquinuclidine increases
the rate via hydrogen bonding (eq.28). When they used 3-acetoxyquinuclidine
the reaction takes longer time indicating the involvement of hydrogen bonding

for faster reaction.

0
'/cooue oH }:
| + LN — > 3 5 (28

K—?L
OMe
Hydrogen bonding

We are interested in finding a suitable substrate which can react
faster with these activated o, B-unsaturated systems. We found that diethyl
ketomalonate reacts faster with methyl acrylate (eq.29). The reaction is complete
in 4h even in one molar THF solution with 10 mole % of DABCO to provide
ethyl 2-carboethoxy-3-carbomethoxy-2-hydroxybut-3-enoate (91a) in 77% yield.
The structure of this molecule was confirmed by elemental analysis and spectral
data IR, 'H NMR (Fig.9) and '>C NMR (Fig.10). A similar reaction of methyl
acrylate with aldehydes normally takes longer time (18h-7 days) under neat
conditions. Diethyl ketomalonate reacts with methyl vinyl ketone in 30 minu-

tes in one molar THF solution even with 5 mole % of DABCO at room tempera-

ture.

OH
Et00C 7

z
0 ( DABCO
—DABEL 5 gr00C (29)
EtOOC)J\COOEt + | THF

9la-c

Z = COOMe, COOEt, COOt-Bu, CN, COMe
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We have also carried out the reactions with acrylonitrile, ethyl
acrylate, t-butyl acrylate and found that all these reactions are faster, pro-

viding the desired multifunctional molecules in high yields (Table 4).
Attempted Reactions : (i) with other Electrophiles

After successful utilization of aldehydes and a-keto esters for
Baylis-Hillman reaction we tried the possibilities of applying other electrophiles
such as triethyl formate, l-hexene oxide, diethyl carbonate, diethyl oxalate

at various experimental conditions. But all these reactions were unsuccessful.

CN
( + X ._Pﬁgc_o_p No reaction
0
x = £\ HC(OEt; , COOEt , OCIOEt)
H
C¢Hg COOE!

ii) with substituted acrylates

All attempted coupling experiments of methyl crotonate and methyl

methacrylate with various aldehydes failed.

0OMe _DABCO .
No reaction

COOMe
Y [}\ DABCO No reaction
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Table 4 : Reaction products of diethyl ketomalonate with activated

Vinylic t:c:'mpaunds.a’b'C

éz=\z Product Time Yieldd
COOMe 9la 4 h 77%
COOEt 91b 6 h 73¢
COOt.Bu 9lc 36 h 67¢
CN 91d 3h 80°

f

COMe 9le 0.5 h 74

a) All the reactions were carried out on 5> mM scale.

b) All products were identified spectroscopically by IR, lH NMR
and l:,'C NMR.

¢) Reactions were carried out in IM THF solution.

d) Yields of the column purified products. All these are obtained
as colorless liquids.

e) Reaction was carried out with 10 mole % of DABCO.

f) Reaction was carried out with 5 mole % of DABCO.
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More recently Tsuboi et al.g0 described that reaction of ethyl
2,3-butadienocate (92) with aldehydes in the presence of 14 mole % of DABCO
gave 2-(l-hydroxyalkyl)-2,3-butadienoates 93 (eq.30) in 40-50% yield.

H
R
RCHO + /.Acooez DABX , j:) (30)
- 7 cooet
7 9

92 3

R = CHs CHy 3

This success of allenic esters and the failure of methyl crotonate,
methyl methacrylate, 2-cyclohexen-l-one, 2-cyclopenten-1-one for Baylis-
Hillman carbon-carbon bond forming reactions with aldehydes, will certainly
throw some light on the mechanism of the reaction as speculated by Hoffmann
and Rabe (Scheme 32). However, more study is nccessary to have a clear

idea on the mechanism of this reaction.

Michael type DABCO catalyzed dimerization of o B8 -unsaturated kectones and

nitriles

We have so far described the coupling reaction of activated a, B-un-
saturated systems with electrophiles such as aldehydes and a-keto esters
under the catalytic influence of DABCO. The speculated mechanism of this
reaction is believed to involve the conjugate addition of DABCO to o, B-unsatu-
rated system followed by the coupling reaction with aldehydes, with subsequent
elimination of DABCO thus providing multifunctional molecules (Scheme 32).
It appeared to us that if the same reaction is carried out without aldehydes

or a-keto esters, o, B-unsaturated ketones or nitriles would dimerize in the
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presence of DABCO. Accordingly, the required phenyl vinyl ketone (94) and

p-tolyl vinyl ketone (95) were prepared according to the known method” !

(Scheme 38).

SCHEME 38:

0 o
®
Il . H
HCHO 4 SNHCL + ArCCHy —> Ar/u\/\ﬁ/ Ly A
B\ I
c®
94,95

Ar = C6H5' p-Tolyl

We first carried out the dimerization of p-tolyl vinyl ketone (95)
in the presence of 15 mole % of DABCO. The dimerization is indeed complete
at room temperature (35°C) in one hour (eq. 31) providing the Michael type
product, 1,5-di(p-tolyl)-2-methylene-1,