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1. I!VlRODUCTlOh’ 

Tbe synthetic utility of acid amides and lactamr as aynthons and as terpam war not w&cd 
till the &velopuKwtt of their activated forma wbicb llow inoWe imiQfl obkridss, iminouters. 
iminoatbcn, lac8im ctbcn, hctim thioahen, ttiene S,N-amdad lactam amtab; of these acti- 
Vatodf~loctunoortalo~etbc~t~nPbd~~ts~~~. 

SiPotMacrweineral.‘afirst~oltbeprrgsrWioaottDa~d~~~ia 
1956’ ood.of thzir Mgh cbcmi4 reactivity in 1961,’ Q Iaqp amowrt of work bm baca reported 
demonstrating their great synthetic utility. Amongst the acetals of amides and lactams, N.N- 
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dimethytformamide acetals have been the most extensively studied, which possess a cent= for 
nuckophihc substitution. The higher amide ace&s and lactarn acetals possess in addition a reactive 
a-methykne group (relative to carbonyl) available for tlccvophilic substitution and are capable of 
undergoing both nucleophilic and ekctrophilic substitution reactions. This makes them amenable 
to mact with bifunctional and bipolar reagents to yield cycloaddition products and offer easy aa~~s 
to a variety of polycyclic hetcrocyclic and carbocyclic compounds. 

Though acetals of a variety of amides, vinylogous amides, ureas and lacmms (l-16, Chart I) 
have been reported,“* only DMF-acetals I and lactam acetals 1W have been studied extensively 
and explored for their chemistry and synthetic utility. The chemistry of DMF-ace&s has been 
reviewed’ in 1979. while chemistry of amide and lactam acetats was reviewed by Granit cr of.’ in 
1977. The development of their chemistry since then has ban cansidcrabk. This review is focused 
on the major types of reactions entered into by lactam and higher amide acetals. some more recent 
studies on DMF-acetals and highlights the possibilities offered for novel and convenient synthesis 
of hcterocyclic systems 

2. I. From immoniwn hrcrmtdicr~cs 
2. I. I. From a-afkoxyimmonium s&s. Ptqmration of amide and lactatn acetals fmm immoniutxt 

int.crme&atos, developed by Mcerwein ef af.’ still remains the most general and commonly used 
method for their synthesis (Scheme 1). This involves allrylatioa of the Iactams f? with tri- 
alkyloxonium tctra3wroboorte or dialhyl sulpbarc followed by treatment of the resulting cationic 
intcrmodiat.ea X8 with sodium &oxide in appropriate alcohol to form the lacmtn acetals IS. The 
immonium iotermediato 18 ~~W&CB be generated” by N-alkylation of lactim ethers 19 with dimethyl 
sulphau. 



A recent method” for the preparation of the immonium iotcrmediates involves the reaction of 

amides 20 with alkyldiphcnylsulphonium salts 21. These alkylatiog agents are somewhat less power- 

ful than oxonium salts; however, these are readily available and unlike oxonium salts. are crystalline 
and non-hygroscopic (Scheme 2). 

Scheme 2. 

The mode of reaction of the immonium intermediate with sodium ethoxide depends” on the 

nature of the substituent R* and the reaction may proceed in three different ways (Scheme 3); (a) 
simple counter-ion association to form the acetal U: (b) U cleavage of the immonium inter- 

mediate 23 in the presence of OEt to form dialkyl ether and starting amide (2!5); (c) abstraction 

of a proton available at /l-position to form the z-alkoxyenamine 26. The process (a) takes place 
most readily since it involves simple counter-ion association and the activation energy is significantly 

lower compared to the processes (b) and (c). However, in case of bulky R’ groups such as r-butyl 

or dichlorometbyl. the formation of stable molecules such as dicthyl ether and amide (2!T) is favoured 
via process (b). If R’ is relatively small and possesses a proton sufficiently activated to be abstracted 

by OEt. the formatioo of x-alkoxy enamine (26) takes place. 
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The pro<xss (c) has, in fact, been observed’ in the reaction of 2_ethoxy-3+thoxycarbooyl-I- 
methyltetrahydropyridinium fluoroborate (27) with sodium alloxide. which results in the formation 
of a-alkoxy-@namino ester t8 (Scheme 4). 

2. I .2. From imidbyl chlorider. Eilingsfeld er al.’ reported the synthesis of amide acetals 30 from 

imidoyl chlorides 2!J; the latter are prepared by the reactioo of tertiary amides with phosgeoe. 

thionyl chloride or phosphorus pentachloride (Scheme 5). 

$._ f’ 1 
R; ,OR' NR'R'. NMrl, NEcl 

-C A h-0' 
w2’ ‘” 

plprdlm. morphollrr 

R2’ ‘OR’ R’- alkyl. ualkyl. c~clcdwayl 

n E 

scheme 5. 

2. I .3. From a-dialkylaminoa-merhoxyacetonitriles. a-Dialkylamino-a-mcthoxyacetonitriles (31) 

didate’ into a cyanide ion and an immonium cation 32 which react with alkoxides to form amide 
acetals 33. Similarly bisdimethylaminoacetonitrile 34 forms the amide acetals 36 on its reaction with 

sodium alkoxides (Scheme 6). presumably via the immonium intermediate 35. 

NaCh 

2.2. By transfer reaction from lower homologu4s 
2.2.1. Byrr cmrominarion. Lowerdialkylamidc acetab 1 undergo ttansamination reaction’on tnzatment 

with higher secondary amines to give the corresponding amide acetals 37. Similarly the reactioo” 

of dialkoxymcthylammonium salts 38 with secoodary amines gives the amide acetals 39 (Scheme 

7). 
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2.2.2. By rrcmtoceralizarion. Lower dialkoxy acetals I and 1Sa undergo unnsacetalizati00’~” 

reaction oo treatment with high boiling alcohols to give the corrtspooding aataks 40 and 41 

tespectively (Scheme 8). 

2.3. By anodic oxidation of heteroaromatics 
Aat& 4446 of unsatnated kactams can be prepared by anodic oxidation” of the parent 

htterocy&; a me&an&c solution d N-methytpyrrok 42 and 2$dhWhoxypySne 43, on ekctrc+ 
chanical oxidation gave the correspbndiog lactam acetals 4446 (!Schetne 9). 

!icknx 9. 

2.4. Miscellaneovr 
Amide aatalr have also been synthesized” from dichloramioe intermediates 49 which, in turn. 

were prepared by the reaction of dichlorocarbeoe 48 with dialkylamines. The dichloramioes on 
treatment with alkoxide give the amide acetals 50 (Scheme IO). 

CCI,C02No_ R20N4 
R\ ,OR' 

/ \ 
RI Cl 

,1 u_ ?! 

3. sTRucnJuE ANLI Rwm 

Lmam amak possess the unique property of reacting under mild conditions with both ouch 
philes and electrophiles. with the former at position C-2 and with the latter at C-3. This high and 
bifunctional reactivity of lactam aatals cannot be explained oo the basis of their ground state 
structure IS. The solutions of amide and lactam acetals have been shown to posseas cooductiog 
properties”’ and this phenomenoo can be explained assuming the dissociation of tbc acetals into 
irnmooiurn cation 51 and an alkoxide ion (Scheme I I). In a polarographic study.” Granik el of. 
have shown that a solution of lactam acetats in methanol contains up to 0.3% of the ambident cation 
51. Although the proportion of this species at equilibrium is small, but enough to initiate and 
promote reaction with nucleophiles and also lead to the formatioo of enamioe 52 resulting from 
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schcmc I I. 

proton abstraction by t& a&oxide ion. To obtain some dim cvidcact for the prcscnoc of these 

spacie& IR and ‘H NMR spectra of lactam acetals were studied.” NMR which has a much slower 

time scale as compared to IR could not detect these species. Tbc IR spectrum of the acetall* in 
anhydrous chloroform, however, displayed strong absorption band at 1675 and I730 cm - ’ and a 
group of weak bands around 2450 cm ’ indicating the prescncc of the enamine and immonium 

spazies respactively. Serial ‘H NMR spectra of the acetal 1% in CD,OD at ambient temperature 
and at -40” sbowad the presence of the deuterated derivative !50 even in spectra taken soon after 

mixing. indicating very fast exchange of 3-CH, by deuteriurn as well as replacement of OCH , by 

OCD, (Scheme 12). These results supported the suggested formation of the immonium intermediate 

51, the alkoxide ion and the eaamiae 52 in the solutions of lactam acetals. These reactive intermediate 
species enable the lactam acetals to undergo a variety of cbcmical reactions as shown in Scheme I I. 

The immonium cation 51 which would, in principle, be stabilized by the canonical forms 53 and SJ. 

possesses a ceatrc at C-2 for facile attack by aucleophiles to form 2-substituted derivatives 55. As 
the reactive intermediate in this reaction is the ambient catioaic imiao ether. it is sometimes 

advantageous to use the intermediate immoaium salt 18 prepared in&u for this reaction. particularly 
in cases when the lactam aatals are not reactive enough for a particular reaction (lot. cit.). &sides 
this, the t-alkoxy function in 51 is capable of undergoing U-alkyl bond fission to provide an alkyl 

cation which can alkylate suitable substratrs R’XH to give the alkylatcd products 57. The alkoxide 

ion can act as a ouclcophilc as in anhydride opening or as a base and abstract a proton depending 
on the nature of the substrate. The 2-alkoxyenamiaes 52 possess an clectrophilic substitution site at 
C-3 and oo reaction with elcctrophilcs can give 3-subsMuted lactams 56. The prrxna of reactive 

sires both at C-2 and C-3, makes the lactam aatals capable of reacting with bifuactional reagents 
possessing suitably disposed nucleophilic and elcztrophilic antres to form 2,3-annulated products. 
The reactivity of lactam acetals varies with the ring size; the order of reactivity appears lo be five- 

membered > six-membered > seven-membered as would be cxpccvd bccausc of the better overlap 

of the lone pair of electrons of nitrogen with the n-electrons in the cnaminc species in rhc five 
membered acctals due to greater planar character of the latter than that of six- and seven-memberal 
acctals. The differcna in reactivity of lactam acetals of different ring sizes leads to the formation of 
different products in their reaction with various nucleophiles and elcctrophilcs as described in the 

appropriate sections below. 
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Ltctam acotals possess a highly &ctrORhihc carbon at C-2 which enabks them to react with a 

variety of nuclcopbiks including N, C, 0, and phospfiorus nuclcopbilcs. The alkollidc ion available 

in the equiliirium mixture of tactam aatals can act as a base to abstract a proton from a substrate 

poting an activated proton and, in turn, generates an anion which can act as a powerful 

nucleophilc. 

4. I. Amino cornpow& 
Lactam and amide acctals 15 and 16 react readily under mild conditions with primary amina 

and amides to yield amidincs and acylamidincs (Ml) respectively, which constitutes a convenient 

method for their synthesis. Acid hydrazidcs react I6 in a similar fashion with lactam acctals to give 

the hydraroncs 62. Although lactam acetals IS did not react with ammonia, the immonium salt 18 

reacted with ammonia to form 2-iminopyrrobdint 63. The types of mane and bis-amides S-61 
synthesized by the reaction of lactam acctals with primary aliphatic, aromatic and hctcroaromatic 

c1 
n l-l: x 1 0.5 

R’ acyl 
R2 : NH2. @-pyvdyl 

chAn2 

Many of these amidincs exhibit interesting biological activities. Guanidinc derivative” 64 prc- 

pared from I -methyl-2-pyrrolidonc via the imino pyrrolidinc 63 have been found to possess marked 
hypoglyamic activity. Amidincs 65 prepared from pyrrolidone aatal 156 have been shown to 
be potential antianginal agents. ‘I 2-lminopyrrolidinc (63) reacted with aryl isocyanatcs to form 

pyrrolodinylidcne ureas 66 which arc a new class of agents acting on the antral nervous system 

(Chart 3). *’ 

,” ‘\ 

\ h’ -- pvrrolldrnyl. . ...’ mor~clllnyl 

NCONHAr 

Y 

R : CH2CH2C,n,(Ohc)2.1,r 

CH~CH2hdo14 .yI 

P 
kd ‘Ncod RI-C -NH- -R2 e 

63 
62 

. n. hk 
alkyl. aryl 
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DMF and I -methyl-2-pyrrotido aatals 1 and 15r have also betn used as N-protecting groupt~‘~ 
in nucleosidc synthesis. The N-methyl-2-pyrrolidinylidene group of N-protected oucleoside 67 was 
shown to be more stable towards acid catalyst! deptination than N-bcnzoyl derivative. It is easy 
to prepare and can be removed rapidly and quantitatively using etbylcnc d.ia’tin&phcnol. 

N-Acylamidincs 68 resulting from the condensation” of DMF-acetat I and amides, undergo 
facile hydrolysis leading to a new sflthcsis of diacylamincs 69. 

4.2. Sulphand, sulphonamides, urea and thiourea 
The amide and lactam aa%& rea~ted’~ with sulphamide and benznaulphonamidcs to form N- 

sulphonyl amidincs 70-72 (Chart 4). However, the products formed on reaction with urea and 
thiourca arc dependent on the ring size of the lactam (Scheme 13).” While pyrrolidom a&al 1% 
reacted with urea and tbiourta to form N-monosubstituted urea 73 and N.N’disubstituted thiourea 
74 respectively. the pip&done and caprolactam acctals (Mb and 15~) failed to react with urea. 
Reaction of pip&done acetal 15b with thiourea yielded a mixture of N-(I-methyl-2-pipcr- 
idinylidene)lhiourea 75 and a cyanamide derivative 76 (n = 2). which is an unpr#xdentd obscr- 
vation. The formation of 76 presumably occurs by S-alkylation of the monocondensation product 
75 by the immonium cation followed by elimination of a molecule of methyl mercapfan. This was 
supported by the formation of the cyanamide derivative 76 (n = I). in the reaction of lactam acctal 
1% with S-mcthylpscudothiourea. The reaction of caprolactam acetal MC with thiourca gave a 
mixture of monocondensation product 78 and the acyclic compound 79 which appears to be formed 
by hydrolytic ring opening of 78. Heating of thiourta with excess of caprolactam aoctal 15~ without 
any solvent yielded in addition to 78 and 79. the diamidine 77. 

WD 

4 n 4 

+ 

4.3. Carbanions 
Lactam acdals condense under very mild conditions with activatai methylcne compounds such 

as nitroalkana. ethyl cyanoacetate, ethyl acetoacttate, acetybcetaac, bcnzyl cyanide. malono- 
dinitrile, 2.4-dinitrotoluene. aatophcnoncs and other C-acctylbeteroaromatics, which provide a 
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coavmieot fo8tc to the syDtasis of j?-fumzUonf&2d enamine swh as cnamhtokztows, cnamiw 
esters, enaminonitriks and /I-nitrocnamincs l?O;26.‘F’o similarly, reaction of cycLc activated 
methyknc compoundsz” gives the corresponding condensation products 81 [Chart 51. The j?- 
functionabed cnamines DISCS an interesting constellation of reactive sites, and serve as useful 
synthons for the syathcsis of difTerent types of carbocyclic and heterocyclic systems, which is 
discussed later in this review. 

Similarly, the reacrion’ of amide acctak 16 with acetophcnoncs yields enaminonn 82 which arc, 
in fact, enamina of I ,3diketones, and on acid treatment gave good yields of tbc diketones 83, and 
this constitutes a useful method for their preparation (Scheme 14). 

o&r - 
n 

u_ 

!kbcme 14. 

Ar 

The stereochemistry of the cnaminoncs formed by tbc reaction of lactam/amide ace&k with 
reactive methykne compounds has been studicd~” wing Lanthanide shift reagents and in most of 
the caxs cxclu6ivc formation of the Gisomcr was obscrvai. 

Enaminoncs 82 undergo facik transamination reaction on treatment with primary and saxndary 
amines, thus providing a convenient method for obtaining a variety of enaminonu from a common 
intermediate (Scheme 14). The product 84 obtainod by reaction with scuxdary amirKahadthc5axrK 
stereochemistry as the starting cnaminooc 82. Wtb primary amines. however, the product 85 
obtained had the Z-stereochemistry, very likely due to tbc stabitising effect of intramolecular 
H-bonding in tbc Z-isomer. 
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end up io the formatioo of the C-alkylated product %8 and regtaetrtioo of tbe original bctam 

(sebane 15). 

4.4. Grignard reagenrr 

Reaction of pyrrolidooc acetal 158 with methylrnagn&um iodide led” to the fonnatioo of 2- 
(l-methyl-2-pyrrolidinytideoe)methyleoe-I-methyl-A’-pyrrolinium iodide 89. while mactioo with 

ethylmagnesium iodide resulted in the formation of 2tthylpyrroLioium salt 90. Tbc probable mech- 

anism for the formation of linear and angular immonium salts 89 aod 90 involves the nucleophik 

attack of the Grignard reagent oo C-2 of the lactam acetal. The resulting intermediate 1 may form 
an enamine with an exocyclic (II) or endocydic (m) double bood which f&r macts with a second 

molecule of lactam acetal to form the immonium salts via the intermediate Iv or V (Scheme 16). 

The reaction of Grignard magents with DMF-acetal and Otkceu& bowever. formed” the 
aklchyde 91 and tertiary amine 92. Tbe cyclic aatal93 formal the Jdobyde 91 and amine 94 in 
its reaction with Grignard rtageots. wbik 2-(t.rimethylatnmoaium)-&Wyl-l.Mioxane (9!Q 

reacted with pbenylrmgnesium bromide to give 5.5dimethyl-2-pbanyL 1,3_dkxane 96 (Scheme 17). 
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R2U&X a2 - CHO 2 
. k2 mYcH2cn2ctl~2 

,r m - 

4.5. Phosphomr nucleophiles 

Rcactioo with P-nuclcophiks has oot been studied at great length. A recent report” describes 
the reaction of sodium salt of bcnxophosphine (m with immooium salt #I which gives rise to 

1.2~bisdimcthyiamiooalkybdcncphoq&nobanznc 99. However, Lbe P-&y&d derintint 1.0 of 
bcnxophosphinc matted with cquimolar amount of itnmonitun salt Q8 to form I .3-~hoap~le 
101 (Scheme lg). 

5. REACllONS Wllli ELECIROPHXLET 

An important and recently explotbd facet of’tbe char&~ of lactam aatals is their reaction 
with ckctrophilic reagenta to give Esubatitutad lactams. 

5. I. Michael accepprors 

Lactam acetals condense very readily with Michael aaqton. Wing to the formation of 3- 
substituted lactarns. Pyrrolidone aatal Ma rea~ts”~‘~ with acrylonitrile, methyl acrylatc and methyl 
vinyl ketone furnishing 3-monosubstituted lactams 103 while pip&done acctal 15) furnished 3.3 

disubstituted derivatives 104 of tbc lactams. Similarty the diethyl aatal(102. n = I) of 1,3dimethyl- 
2-pyrrolidononc did not react with metbyl acrylate, the aoetal (102. n = 2) of l,34imetbyl-2- 
pip&done yielded 3.3disubstituted product 1M in this don. Reaction” be- caprolactam 
acctal 1st and acrylonitile furnished 2-alkoxyc~mir~ 1Y and a bicyclic product W (Scbemc 19). 

Reaction of Z,Zdimethoxy-I-methylpyrrotidfae with dimethyl axodicarboxyhtc led to the 
formatioo of 3-substituted product 106.” 

React&t d W-methyl-tpyrrolidooe aaul15 with dimethyi aa+ncdia&qWein r&ruing 
dioxanc and baxxene gave a different act of compounds in the two cuts; indolisaa &tivc 109. 
isomcxicpyrroMiaona 1lOaod 111mndtetmou)omstborpy- l,MutMylpyrrotiocsn~obuinai 
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NO RCACTION 

CN 
n. 5 K 4x 

I 
l?‘:ti 

-9 
.CN 

x : 

L’*R’ II 

IaJ I’ cn, 

CN. COCH ,. C02Cn, 

bi) 

lob - 

scbmx 19. 

when the reaction was caked out in rtfhxing dioxane. while I : I adduct 113 was found to be the 
main product in the CXMC of bemme (Chart 6):’ 

Cbn 6. 

5.2. Alkyl and acyl hali&s 
In contrast to tbe reaction with acqlonitrik, pipcridonc acetal ISb react&” with bcnzyl chloride 

to yield monosubatitutcd lactam derivative 114. This reaction ha, been cxplaincd by the ability of 
the intermediary immonium salt A (Scheme 20) to undergo 0-alkyi cleavage by the chloride ion 

formed. 

I- 

Lacuun amab met with bcnzoyl chlorides ro form a number of products 1 IS-1 19 arising from 
C-. N- and 0-acylationr (Chart 7).‘*” 

Similar eactbrP of ~ylmwamide aceti 2 with methyl acrylatr, acqloniuiJc, methyl vinyl 
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ketone, bcnzyl chloride and bcnzoyl chloride resulted in the introductioo of substitueots at jI- 
position of the amide group. 

5.3. Aryl isocyanarw ad aryl tiothiocyanates 
&tarn acetals 13 react” with aryl isocyaoatcs and aryl isothiocyanatcs to form 3-N-aryl- 

carbamoyl lactams.l#) and/or az.acycloalkano[2.3-d]pyrimidioes 121 depending upon the riog size 
of the lactam and the reaction cooditioos (Scheme 21). N-Methylpyrrotidooc acetal (1%) reacted 
with both isocyanatcs and isothiocyanatcs to form pyrrolo[2.34pyrimidinc3 (121). as the only 
product ; reaction of b and 7-membered acctali (IS and MC) with aryl i+othiocyanates fumishad 
a mixture of 3-N-aqlthiocarbamoyl lactams 128&l pyrido- and azpino 12.3~djpyrimidincs 121. 
but rcactioo with aryl isocyanatt, yielded only the 3-N--rrykarbamoyl lactams. However, when the 
reaction of phcnyl iwanate was tied out with immonium salts (la and MC) in an- 
hydrous dichlorowthnne in the pnsena of sodium hydride, the corrupooding fused pyrimidincs 
121 were formed in fair yield. The wtion very likely proceeds by generation of 2-methoxycnaminc 
which in situ reacts with two mokcuks of aryl isocyanatc to give the fused pyrimidioc derivatives. 

The difference in the nature of the products formad in the reaction of lactam aatals 15 with aryl 
isocypnatcs and aryl i~thiocyrmrta auq be explained by dificrena in the stability of the iater- 
mediate zwittcrionic speck (A. Scb 2l).foun4 kadiog citbcr to the fwod pyrimidincdioocs/ 
dithiones or to the 3-arylaubamoyl/thioca.rba~noyI derivativu. la the thi~zwittcrionic species, 
which would be rclatiAy more stab& than the oxo-analogucs bazalrw of the d-orbital pa&i- 
pation, charge neutralization oo the thiocarbamoyl nitrogen would tie place by both the 
routes. the preferred course being the a~uvoliutioa with the ebouophilic carbon of a accond 
mokcuk of ArNCS, as evident from greater yick! of the products thus f-cd. Whik in the ox+ 
zwitterionic species tbc char6 is preferably ncutraliA by protonation apparently arising from 
the methanol liberated dtiog the don. However, on excluding the formation of methanol by 
using mcthosulphav salts Mb and l& and sodium hydride, tbc charge is 0autAizd by the second 
mokcuk of aql isocyaoate. 

. ArNvC:X 

Ar cbH,.C‘H,ap). 

Cb t4,-Flp) 
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5.4. Aral&hy&s 
Lactam aatal 1% nactad under mild conditions with araldehydcs to form”*” dioxinepyrrole 

122, the txnzylhydro& 123 and/or 1U and the bcmykku 125 (S&me 22). The poduas fonnad 
were dependent on the substitucnt pattern of the araldchydc and ru~~tioa conditions; o-substituted 

araldehydcs. in general. yielded dioxinopyrroks 122 and (IPRo)-bcnzhydrol derivatives 123 while 
araldehydcs without o-substitucnt formed E-bcnylidene lacums 125 as the major product along 
with (R.S*)-bcnzhydrol dcrivativa 1U as the minor product. 

With a view to rtudy the course of the traction. ‘H NMR study of the rraction mixture was 
carried” out to identify the pouiblc intenncdiatu l&in8 to the formation of different producta in 
the two cases. Ibe results of this study indicate that in case of esutitutcd araldehydcs di- 

oxinopyrrole 122 is the first product fonnad which is gradually hydrolyscd to (ReRo)-benzhydrol 
123, which dehydrate only under drastic caadition using 500% sulphuric acid to bcnzylideoe 12!!, 
while in the GI.YC of amldehydu without esubstitumt only one mok of aldchyde ir condensed to 
first form (R*P)-benzhydrol 124 which undergoes facik dehydration to form the betuylidcne 

derivative 125. How-r. the reaction of eaniseldehyde with lactam acctal wm very slow and carrhrl 
work-up of the reaction mixture yield4 a mixture of dioxinopyrrok 122. (PR’)- and (R.!P)- 
benzhydrols 123 and 1U and benzylidene derivative 12!3. 

Although the precise reason for this effect of o-substituent is difficult to delineate at this ctage. 

it appears that the esubstitucnt exerts a buttressing effect which does not allow the formation of 
the transition state nazesary for the formation of the R*P-bcnzhydrol or the dehydrated product. 
However, the fact that the electron withdrawing substituent in epsition gives exclusively the 

dioxinopyrrole and thus the R*R”-bcnzhydrol. while cFanisaldchyde yields all the possible products 
viz. dioxinopyrrole. R*R”- and R*P-bcnzhydrols and bcnzylidene derivative, suggats that the 
reactivity of the aldehyde may also play some role in the outcome of the reaction. 

Reaction of pyrrolidonc acetal 1% with eaminobcnzaldehyde gave a mixture of tet.ra- 

hydroquinolinol 124 and dihydropyrroloquinolinc 127. thus providing a useful one-step synthks 
of pyrroloquinolincs. In contrast. reduction of the enitrobcnzhydrol 123 (R = NO1) furnished the 
corresponding aminobcnzhydroll23 (R = NH ,) which did not cyclize to dihydropyrroloquinoline 
127, thus ¶hOwing that the amino bcruhydrol 123 (R - NH& does not possess the stereochemistry 
suitable for cyclization. Reaction of pynolidone acetal 1% with phthalaldchyde led to the formation 

of hcmiacctal 128 (Chart 8). 
la contrast to lactam acetals, amide acetals (16) reacted” with araldehydcs with or without 

esubstituents, to give cinnamamide derivatives It9 as the only isolable products possessing 

E-geometry. 
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h]qtinoliaes 131 (n = I. R’ = H. Cl) along with the bydroxy iotcnncdiatc 130 (n - I. RI = H). 
Tnrtmcntof~(a= I.R’= H)or131(/n- I,R’- y)withakx4tokicykkkdtbctidlM 
which doafb&atcd w to ;Lk&bydrop~b[U+qtkAk lZ7. a p&w om by tbc 
reaction of pyrrolidone l cctal 1% with cm.minobsnzak@k. Tbb fati of PiperiQot wxN& 1s) 
with N-rarytisatins was sluggish and gave only poor yield ( - 10%) of the tetmbydropyrido(2.3- 

b]quinoliocs 131 (n = 2. RJ = H. Cl) wbik uprolactam oatal 1Sc noted to #ive an intruUbk 
mixture (Scbemc 23) 
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annulated lactams 130 and 131 in the twtction of lactam acetal with isatins could be the cleavage of 
the NX bond of isatin owing to nuclcophilic attack of the methoxide ion availabk in the solution 
of lactam acetal on C-2 position of isatin, very likely leading to the formation of the intermediate 
135. 2-Methoxyenatnioc 52 which would be generated from irnmonium cation. would attack pre 
fercntially on ester carbonyl of the iotcrmcdiate 135 (R’ = H) because acarbonyl (relative to 
aromatic ring) would be kss reactive due to its conjugation with the lone pair of the nitrogen, 
leading to the formation of 3-substituted lactams 132 and 133. 

chart &. 

In case of six- and seven-membered lactam acetats preferential formation of N-methylisatin may 
be due to the apparently low reactivity of tbe corresponding 2-mcthoxyenamiaes and hence its 
failure to attack the ester carbonyl of the intermediate 135. Altcnr~tivcly, tbe pr&md route in 
tbce case appun to be N-mcthylation 8Ud nxyclizatioa of the intctmaUate 135 to fotm 
IV-WtbyliSatitI. 

However, in the &on of lectam aatals with PI-acety[isatim. the 2-metiioxyctuunine spa&s 
would attack prefirrcntially oa the rerbonyl of the iatermcdi~te 135 (R’ = COCH,), followed 
by intfamokcular cyclizationI0 form 1% and 131. 

5.6. Elcctrophik mbsritmrbu through wmwcctalizarion reaction 
Ability of lactam aoctals to undergo transaatalizatioa reaction has been uxd to iotrodure 

substitucats at C-3 via Claisen rearrangement. Ally1 alcohols 136 reacted with lactam acetals resulting 
in the formation” of 3-allyllactams 137 via intermediary enarnine A (Scheme 24). Pyrrolidone acetal 
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1% reacted with 2mol(138) to furairh conjugated lactam I39 whik caprolac&utI ooetal We 
furnished 3-alkttyl,dQ(rrtivc Ia. 3substitutcd Warn 1U has bea formad h tbs~~&~a of ncctal 
1% with alknyl alcohol 141. Elacvophilic substitution products 14S~ot’mride eoetals 143 were 
obta&d in their ra&&‘wi!b ~Uyl akobols 1U (Scheme 25). 
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(. USE M ALcYlAlloN AND -AnoN aE4crloNs 

Lactam/amide aatals, due to their ability to undergo C-alkoxy and 0-alkyl bond fission, are 
very useful reagents for N-. 0- and S-alkylations and ester&cations. C-Alkylation of tnalonic acid 
and csterification of bcnzoic acid by lactam acetals have bctn described by Granik ef al.” In mote 
extensive study of the use of lactam aatals for alkylatioa and esterification, it has been observed 
that N-methylation of 3-formylindok, 3-aatyhndole. pyrazinopyridonindoks and imidazole could 
be achievedbO~” by reaction with Z.Zdimethoxy- I-methylpyrrolidine 158, while dirnethoxy aatal of 
N-methyl caprolactam, 15~ was found to be an effective reagent for N-methylatioo of isatin. 
Similarly. pyrrolidont acetal15r could be used for N-alkylation” of hindered -SOrNH in a I ,2,5- 
trisubstituted imidazole where conventional methods failed to alkylate (Table I). 

Simultaneous esterification and alkylation has been observed” in the reaction of pyrrolidone 
acetal 1% with isatoic anhydride which led to the formation of methyl N-methylanthmnilate along 
with small amount of methyl anthmnilate. Similar reaction of 1% with homophthalic, phthahc. 
makicand sucdnic anhydrides formed the cotresponding dicsters in fair yields. Table 1 gives some 
ilbtstmtive examples of alkylation and @terification reactions of various substrates using lactam 
WXUilS. 

T&k I. A’-. O- rad S-tiyirtion~ rod atcrifiatxxu of orgruc sutzunta wirb 2.2d1- 
amholy-I -aKthylpyrroli&oe (1%) 

slutiqrl.daid 

3-Formylindok 
EAafyliodok 
IntIll* 
lmibzok 
lsAKnc ulhydride 
suonnw Mbydride 
M&ic rnhydridc 
Pblh4iculhydridc 
Homophblic anhydride 
pNitropbmol 
Ruopbewl 
pAaumbdothiophcnol 
Cyclobcx~~~- I .3dione 

Rodw Ykld 
-- I_- 

I-Methyl-3-formyliodok 38.0 
I -Methyl-3-&xtylindolc 42.0 
I-MCthytinrill 71.5 
I-hlcthyhmlduok 40.0 
Methyl N-methylaothmnilatc 61.2 
Diautbyl llJaTiMLc 65. I 
Dimelllyl mak8rc 29.7 
Dimethyl phIhake 77.3 
Dimethyl bomophttitc 39.0 
pNiuwlt 660 
Thiouwok 80.0 
pAamaudolhrorabok 73.2 
I-Mclhoxycyclobuco-&out 35.6 

81.0 

61.0 

7.lJsElN COfWlRUCllON OF CARNXYCUC AND HEITiROCYCllC SysIIcMs 

7.1. By cyclocon&uarim 

Lactam ~tals. by providing two reactive sites of opposite polrrrity, condense readily with 
molecuks/rcactanu incorporating suitably dispogd auckophilic and ekctrophilic centru 2.3 or 4 
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atoms apart to form cyclic structures across the C-2 and C-3 sites and arc thus of coosiderabk 
utility for the synthesis of hcterocyclic aod carbocyclic systems. Chart 9 illustrates the types of 
condensations studied and the different classes of compounds thus synthesized are listed in Table 
2. Reactants studied possessing condensing sites 2 atoms apart include acrylonitrik. dimethyl 
acetylenaiicarboxyiate. acctophenoncs. C-acetylhetcroaromatia aod indolc. As discussed in Section 
5.1. acrylonitrik macts with five- and six-membered lactam acetals (Ma and Mb) to furnish 3- 
monosubstitutai 103 (x = CN) and 3.3disubstituted lactams 104 (x = CN) rcspaztively. However, 
reactioo of acrylonitrile with caprolactam acetal 15~ gave rise to 2cthoxy-3-flcyanocthyl cnamioe 
106 and the cyclobutenc adduct 107, the latter obviously resulting from (2 +2) condensation. 
Condensation of 1% with dimctbyl acetylcmdicahoxylate ramhed in tk formation of 2.3- 
dihydroindole 109 by a (2+2+2)cyclocondensation and the 3-substituted products 11&113. An 
ekgaot and convenient one-pot synthesis of tetrahydrobcnzodipyrrole 148 WM achi~ved’~ by 
[2+ 2+2]cyclocondcnretioo of acetophenone or C-aatylhctcroaromatic 146 with excess of 
pyrrolidooe aottal 1%; 148 could also be prepared io a stepwise squcoa by reacting cquimolar 
amounts of 1% and aatophenooe to furnish the enamioooe 147 which oo further condensation 
with lactam acctal 1% gave rise to bcnzodipyrrok 14& Q&condensation of lactam aard 1% with 
indole (149) provided a convenient one-pot synthesis ” of tctmhydrodipyrroiocarbazole 151, which 
could also be prepared from 3-pyrrolidinylidcneindole 150 obtained by coodeosation of cquimolar 
amounts of 151 aod indole, followed by reaction of 1SO with lactam acetal. Lactam ~tals IS 
underwcot (2 + 2 + 2)cyclocondcnsation with o-substituted araldehydcs and aryl iso&anatcs/ 
isothiocyanatcs to form dioxinopyrroks 122 and azacycloalkaoo[2,3~pyrimidina 121 n~pcc- 
tively (Sections 5.3. 5.4). The only example reported of cyclcxzondcnsatioo with 3 atom units. 
is the synthesis6’ of bcnzofuran 153 by the cyclocondcnsatioo of lactam aatal with pbenro- 
quinooc. Formation of a six-membered riog by cyclocoodcnsation of lactam acetal with 4 atom 
units is well studied and the ‘variety of hcterocycks thus synthesized art listed in Table 2. 
Enamioonc M, generated from amide aatal reacted with 158 to furnish” 2.3dihydroindolc 154 
while hydrogenated derivatives of indole. quinolinc and bmznzepine 156 were prepared’* by reaction 
of aads l* with cnaminocster 156. Reaction between pyrrolidooe acetal 1Sa nod dimethyl 
homophthalatc (157) kd to a convenient synthesis” of bcnz(/)iodolc l58. Building up of a pyridioe 
ring across C-2 and C-3 of lactam aatals 1S-c by [2 + 4)cyclocondcnsation include their reaction 
with /3-substituted cnamioes 159. 161. 163 and methyl ester of jI-alanioc 16S to form aza- 
cycloalkanopyridioc 160,164 and 166. ‘2.6b ” A coo&cot one-pot synthesis of 7dcazapurine 168 
was achieved” by (2+4]cyclocondensation of pyrrolidooc acetal 1Sa with N-aatylthiourca 167. 



Tabk 2. Hamoqdic r)lra syntldzd from Lcum wxhla 

5993 

0-J ‘I 
H 

Ik 

IO - 

/ 0 

0 Lr I)w 

CH, 

M, 

Ar 

bb 

b7 

Ar . 
O I -3- 
n2 R 

Ac \ d PHIN 
!+!? 

bt 

m 

b9 

00 
4.3 ClXNhWd 



5994 N. ANAJUJ and 1. SINOH 
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7.2. By use of reactive inrermediares prepared from hctam aceralr 

As discussai in the reactions with nuckophiks (Section 4.1-4.3). lactam acttals offer an easy 
access to B-functionalized enamines such as cnamioones, B_nitrocoamines and N-substituted amid- 
ines which by themselves possess suitably positioned reactive centres and synthetic utility. The 
reactions of enamioones prepared from lactam acetals with second molecule of lactam acetals to 
form various 2.3.annulated heterocycks and carbocycks has been discussad in Section 7.1. The 
cnaminones 169 also mact” readily with dimcthyl acetyknedicarboxylate to form Qsubstituted 6.7. 
dicarbomcthoxy-2,3dihydrol-methylindok 170 presumably via the intermediates 171 and 172 
(Table 3). Similar reaction of the cyclic enaminonc 177 with dimcthykneacetylene dicarboxylate 
led”’ to the formation of pyrrolophenanthrene 178. Acryloyl chloride reacted with eoaminonc 169 
to furnish” hydrogenated derivatives 173 of indoles, quinolines and benxaxepines, while reaction 
between /I-substituti enamine 175 with DMF-acttal 1 formed7’U7’ I-azacycloalkanopyridones 176. 
Bifunctional nuckophiks such as hydrazine hydrate and hydroxylaminc hydrochloride reacted with 
enaminooes 168 and ln to form pyraxole and isooxazole derivatives 174 and 181 resulting from 
ring cleavage of the lactam ring. The ring cleavage of the lactam ring has also been observed” in 
the reaction of the cyclic enaminonc 177 with chloroketene which resulted in the formation of 
naphthopyranone 178. while Spiro derivative 180 was formed in its reaction with sulphene. The 
adduct 183 formed by the reacrion of /?-nitroenamine 182 with benzoyl isothiocyanate furnisha!‘0 
the thiophene derivative 184 when reacted with phcnacyl bromide. Phenacyl bromide also 
reactad with mono and bis-amidines 75 and 74 to form the thiaxok derivatives 187 and 186 TC 
spcctivcly. The nitroenamioe 182 possessing /V-ethoxycarbonylmetyl group furnished” 1,4- 
diarabicyclo[4.3.0]nonan-3.one 185 on hydrogenation. N-&ruoylamidine 188 reacted with pyrroli- 
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done acetal 1% to form t-bcnzoylimino- 1 -methyl-3-( 1 -methyl-2-pyrrolidinylidene)pyrroli- 
dine 189 which fumishai” tttrahydrodipyrrolo [2,3-b: 2’3’~d]-pyridiac 190, on intramokcular 
cyclization with phosphorus oxychlotide. A facile and convenient synthesis” of oxodiazok 192 was 
achieved by the reaction of caprolactam acetal 15~ with IV-hydroxyarnidine 191, while intramol- 
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axlar cyctitetion of tbt aatal 193 when beat& in &-&OH I& to the formation of the dihydro- 
pyrridone 194. 

Facile substitution of position 2 and/or 3 of lactams through accti forma&n provides good 
scope for the synthesis of Mvious natural produor~ such as pyrrobdinc, pip&dine, indole and 
quinotinc alkaloids. A camnimt ad short syMcsis of a pyrrotidinc rlkaloid hygrine I97 has, in 
fact. been achieved” by sckctive rcductioa of the enamine 1% geocreted either by the reaction of 
the pyrrolidoae ace& 151 with acetone or decarbocthoxylation of the condensation product (i95) 
of 158 and ethyl aatoacetate (Scheme 26). Earlier synthesis of hygrinc’* (197) involved muhistcps 
starting from a-pyrrylmagnesium bromide. 

I% - 191 

!kbmx 26. 

8. CONCLAJSION 

The foregoing review describes that in lactams and amides greatly enha& reactivity towards 
auclcophilcs and eiectrophilcs at p&ions 2 and 3 nzspccGvc!y can be achieved through acztal 
formation, which provides vast scope for pnpatatioa of2 and/or 3-suWtutcd hetmxqcks and for 
building 2,3- and 1,2-annulatcd carbocy& and bcurrocyclic rings on t&m. W aoetals arc also 
useful reagents for N,S,O-alkylation reactions and for diutttifiattion of anhydrides under almost 
neutral conditions. 
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