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C O N S P E C T U S

By generating structural complexity in a single step from three or
more reactants, multicomponent reactions (MCRs) make it possi-

ble to synthesize target compounds with greater efficiency and atom
economy. The history of such reactions can be traced to the mid-19th
century when Strecker first produced R-aminonitriles from the conden-
sation of aldehydes with ammonia and hydrogen cyanide.

Recently, academic chemists have renewed their interest in MCRs.
In part, the pharmaceutical industry has fueled this resurgence because
of the growing need to assemble libraries of structurally complex sub-
stances for evaluation as lead compounds in drug discovery and devel-
opment programs. The application of MCRs to that increasingly
important objective remains limited by the relatively small number of
such reactions that can be broadly applied to prepare biologically rel-
evant or natural-product-like molecular frameworks.

We were interested in applying logic-based approaches, such as our single reactant replacement (SRR) approach, as a
way both to improve known MCRs and to design new multiple-component routes to bioactive structures. This Account pro-
vides several examples that illustrate the use of SRR with known MCRs as starting points for synthetic innovation in this
area.

As part of our working hypothesis, we initially explored strategies for engineering improvements into known MCRs, either
by increasing the dimensionalitysthat is, changing an n-component to an (n + 1)-component reactionsor broadening the
scope of useful input structures, or both. By exhaustively applying retrosynthetic analysis to the cognate MCR to identify
and exploit alternative entry points into the overall reaction manifold, we have devised several such re-engineered MCRs.
Serendipitous findings have also augmented the yield of useful developments from our logic-inspired approach. In some
cases, we have identified surprising links between different compound families that provide useful new entry points for chem-
ical library synthesis. In other cases, the same re-engineering logic made it possible (sometimes in unexpected ways) to trans-
form certain nonelementary two-component reactions into higher order MCRs.

While logic may also inspire the search for new MCRs, the design process requires added chemical creativity, which can-
not be reduced to a simple formula. The long-term goal of our research is to expand the useful repertoire of such reac-
tions, which are important as complexity-generating tools in both combinatorial and diversity-oriented synthesis.

Introduction
A multicomponent reaction (MCR) is generally

defined as any process in which three or more

reactants combine in one pot to form a product

that incorporates structural features of each

reagent.1 Besides generating structural complex-

ity in a single step, MCRs offer the advantage of

simplicity and synthetic efficiency over conven-

tional chemical reactions. The most useful MCRs

have the additional advantages of selectivity, syn-

thetic convergency, and atom-economy.2

MCRs represent the cornerstones of both com-

binatorial chemistry and diversity-oriented synthe-

sis and thus have played a central role in the

development of modern synthetic methodology
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for pharmaceutical and drug discovery research.3 Used in con-

junction with target-oriented synthesis, combinatorial chem-

istry approaches can be employed to introduce or broaden

structural variations in a lead compound of interest. Diversity-

oriented synthesis is helpful in exploring large areas of chem-

ical structure space in search of new bioactive small molecules

that might not be identified by conventional natural product

screening assays. While the two approaches are complemen-

tary, both benefit from the complexity-generating character-

istics of MCRs.

Despite the spectacular investment in, and organic growth

of, combinatorial chemistry as a platform technology within

the pharmaceutical industry during the 1980s and 1990s, few

new MCRs were discovered or developed by corporate

research laboratories. Most combinatorial libraries were

assembled using traditional, tried-and-true processes such as

the Biginelli (1891), Hantzsch (1882), Mannich (1912), Passe-

rini (1921), Strecker (1850), and Ugi (1959) reactions. How-

ever, judging from numerous recent reports,4-6 interest has

now intensified within academic laboratories in the develop-

ment of new MCRs as the basis for complexity-generating

strategies for the synthesis of small molecules.

The earliest MCRs were almost certainly discovered by

chance or serendipity. With the emergence of rational, well-

defined reaction mechanisms guided by the concepts of struc-

ture and bonding in organic chemistry, opportunities arose for

rational analysis and design of MCRs. For example, it seems

likely (although uncertain) that the discovery of the Ugi four-

component synthesis of R-amino acid diamides was based on

Ugi’s prior knowledge of the Passerini three-component syn-

thesis of O-acylated R-hydroxyamides (vide infra). That link

notwithstanding, the rational design (or improvement) of prac-

tical and versatile multicomponent reactions,- especially those

that form medicinal or natural product-like frameworks,

remained, until recently, a largely unmined area of chemical

research. This Account describes our laboratory’s efforts

toward that goal.

Improving and Inventing MCRs
Figure 1 depicts a general approach to improving known

MCRs that takes advantage of a detailed knowledge of reac-

tion mechanism. A typical four-component reaction of inter-

est in combinatorial synthesis would employ inputs A, B, C,

and D, each representing a family of compounds. The over-

all transformation might be visualized as a linear series of indi-

vidual bimolecular reactions successively producing the

symbolic intermediates A-D and A-D-C on the way to the

final MCR product, A-D-C-B. [Note: The progression from

line segment to triangle to pyramid is only meant to connote

increasing molecular complexity and is not meant to imply or

designate specific connectivity between inputs.]

Applying retrosynthetic analysis to intermediates A-D-C

and A-D might identify independent routes to those interme-

diates from X + Y or from Q + R + S, respectively, as indi-

cated. It follows that combining X + Y with B (and likewise

combining Q + R + S with C and B) would constitute new

three- and five-component routes, respectively, to the same

product of the cognate reaction of A + B + C + D but from a

more diverse set of reactants, thus broadening the potential

scope of chemical library synthesis. If Q, R, and S are readily

available commercial compounds, the enhanced dimension-

ality of the five-component route exponentially increases the

potential size of the synthetic library.

Thus, logical ways to reengineer (and thus improve) a

known MCR can be described. However, the notion that the

creative or serendipitous elements involved in inventing or

discovering new MCRs might also be guided, somehow, by a

rationally designed process seems far less obvious. Neverthe-

less, Figure 2 depicts a general strategy whereby mechanis-

tic insights into a known MCR might serve as an innovation

platform for finding new MCRs using a process nicknamed the

single reactant replacement (SRR) approach.

This approach begins with a systematic assessment of the

mechanistic or functional role of each reactant in a known

MCR. Based on the resulting chemical insights, one input (A,

in this case) is then replaced with a different input W that

FIGURE 1. Improving known MCRs by retrosynthetic analysis.

FIGURE 2. The single reactant replacement approach to finding
new MCRs.
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mimics the key chemical reactivity or property necessary for

condensation to occur with B and C. By embedding additional

reactivity or functionality (either explicit or latent) into W, the

resulting MCR might be directed to a different outcome, for

example, either a new structural framework or ring system.

Thus, the chemist‘s mechanistic insight into a known MCR can

serve as an innovation platform from which to design or cre-

ate imaginative SRR substitutions.

While the newly developed MCR might resemble the cog-

nate reaction, the SRR process is iterative and can be applied

again, this time replacing one of the other components in the

same fashion. After one or two SRR cycles, the new MCRs that

emerge are likely to be quite distinctive and bear little resem-

blance to their progenitors.

Early Examples of the SRR Approach
The Passerini reaction serves as a useful example (Scheme 1),

since it has been thoroughly studied over the past 80 years.7

According to the widely accepted mechanism, the key reac-

tivity element of the carbonyl component is its electrophilic-

ity, which is sufficiently enhanced by H-bonding to (or

protonation by) the carboxylic acid reactant to trigger nucleo-

philic attack by the isonitrile component. A subsequent O-to-O

rearrangement affords the final R-acyloxycarboxamide shown.

Informed by such mechanistic knowledge, a clever chem-

ist (in this instance, Ivar Ugi) might recognize that replacing the

simple carbonyl component with an imine of comparable elec-

trophilicity could conceivably result in a mechanistically sim-

ilar condensation with a carboxylic acid and isonitrile, in this

instance, to afford an R-acylaminocarboxamide (Scheme 2).8

Although we cannot now know the extent to which logic,

and not serendipity, played a role in the discovery of the

famous Ugi four-component peptide synthesis, the authors of

his recent obituary9 noted that “Ugi studied both chemistry

and mathematics at Tübingen (1949-52), but later concen-

trated solely on chemistry. Nevertheless his love of mathe-

matics remained influential during his subsequent scientific

career.”

Following in Ugi’s footsteps and guided by the SRR

approach, we investigated the effect of replacing the carboxy-

lic acid component of the Passerini reaction with Lewis acids

that might also activate (by coordination instead of H-bond-

ing) simple carbonyl compounds toward nucleophilic addi-

tion of the isonitrile component. Using the Passerini

condensation of benzaldehyde 1 with morpholinoethylisoni-

trile 2 (Scheme 3) as a test reaction, we discovered that for-

mation of 3 was promoted by trimethylsilyltriflate, which could

be generated in situ by the combination of Zn(OTf)2 and

TMSCl. Under these mild conditions, isonitrile 2 formed

adducts with several representative carbonyl compounds.10

Interestingly, however, none of the corresponding conden-

sations occurred when 2 was replaced with a simple unfunc-

tionalized isonitrile such as cyclohexyl or n-butyl isonitrile,

suggesting that the morpholine ring in 2 contributed to the

stabilization of intermediate nitrilium ion 4 (e.g., as 5) prior to

hydrolytic workup. In support of that hypothesis, other isoni-

triles containing good donor groups, such as isocyanoacetate

6 or isocyanoacetamide 7 (Scheme 4) afforded the corre-

sponding ethoxy or morpholinooxazoles 8 in good yield.10

Substituted oxazoles are active pharmacophores and are also

SCHEME 1

SCHEME 2

SCHEME 3

SCHEME 4
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found in a variety of medicinally significant natural products.

A plausible mechanism invokes a similar neighboring group

effect, leading to stabilization of the initial nitrilium ion 9 as

oxonium ion 10.11 Deprotonation of 10 by N-ethylmorpho-

line led to 8.

Having shown that a single SRR operation (substituting a

Lewis acid for the Bronsted acid component in a Passerini

reaction) led to a new synthesis of biologically important het-

erocycles, we decided to test the iterative SRR approach by

subsequently replacing the carbonyl component 1 in the

oxazole-forming process (Scheme 4) with the corresponding

“iminium” species.12 In fact, premixing the carbonyl compo-

nent with either morpholine or dimethylamine in a range of

solvents (CH3OH, CH2Cl2, toluene) led to iminium analogs of

1 that reacted smoothly with isocyanoacetamides 7 (X ) mor-

pholino or NMe2) to afford bis-amino-oxazoles 11 (Scheme

5).13 In this instance, it turned out that no Lewis acid promoter

was necessary, although yields were significantly higher in the

presence of pyridine hydrochloride or triethylamine hydro-

chloride. An assortment of aldehydes and ketones, repre-

sented by some of the examples shown in Scheme 5,

successfully underwent this transformation.

Besides being amenable to iterative SRR, the oxazole-form-

ing process in Scheme 4 gave an unexpected result when

benzaldehyde was reacted with isocyanoamide 7. The antic-

ipated (and desired) adduct 12 (Scheme 6) was accompanied

by minor amounts of a 2:1 adduct, identified as 13, which

likely arose by a second condensation of benzaldehyde at the

4-position of the oxazole ring in 12. As expected, 13 became

the dominant product when 2 equiv of benzaldehyde was

used.

Such unexpected findings can represent useful opportuni-

ties for further exploration. In this instance, formation of the

side product 13, which was general with aromatic aldehydes,

provided a key insight into the elevated reactivity at C-4 of

5-aminooxazoles, which could be exploited in the form of a

new, one-pot, four-component condensation of aldehydes,

silyltriflates, isocyanoacetamides and acid chlorides to afford

2,4,5-trisubstituted oxazoles 14 (Scheme 7).14 The process

was compatible with a range of aliphatic and aromatic acid

chlorides, including crotonyl, cinnamoyl, phenoxyacetyl, and

phenacyl chlorides.

Re-engineering and Improving Known
MCRs
We decided to illustrate the approach depicted in Figure 1 by

applying it to Ugi’s well-known four-component diamide syn-

thesis, whose genesis is suggested in Scheme 2. As indicated

in Figure 1, the pool of available products from MCRs can be

expanded by increasing the number of reacting components

-- a notion that was perhaps first implemented by the devel-

opment, in Ugi’s laboratory, of a five-component route to ami-

dourethanes such as 15 (Scheme 8).15 Ugi recognized that

one class of carboxylic acids, monoalkylcarbonic acids, could

be prepared independently by the reversible reaction of CO2

with alcohols and subsequently function as the acid compo-

nent in Ugi condensations. Although the reaction was limited

to low MW liquid alcohols, the result nicely illustrated the con-

cept of increasing the dimensionality of MCRs.

After a comprehensive review of all the known reactive

intermediates implicated in the Ugi reaction, retrosynthetic

SCHEME 5 SCHEME 6

SCHEME 7

SCHEME 8
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analysis of the first-formed imine 18 (Scheme 9) identified an

alternative approach to this intermediate based on the addi-

tion of organometallic reagents to nitriles. In principle, two

complementary combinations of nitriles with either Grignard

or organolithium reagents might provide a direct four-com-

ponent route to N-unsubstituted ketimines 17 (usually diffi-

cult to prepare by condensations of ketones with ammonia) by

in situ protonation of the corresponding metalloimines 16.

Besides implementing this route to N-unsubstituted diamides

19 (R3 ) H), we further demonstrated that imine 17 under-

went amine/imine exchange with primary amines R3NH2 to

afford N-substituted imines 18, thus facilitating a one-pot, five-

component Ugi reaction that formed N-substituted R-amino

acid diamides 19.16

Ugi’s contributions, as well as those from our laboratory at

Cornell and elsewhere, showed that boosting the dimension-

ality of MCRs could generate larger, more diverse chemical

libraries. However, as has already been noted, relatively few

useful (i.e., widely adopted) MCRs are known, making it appar-

ent that the re-engineering approach would encounter cer-

tain natural limitations. Absent a more general pool of new

MCRs with which to tinker, opportunities for improvement

would soon be depleted.

Since multicomponent reactions are defined as processes

involving a minimum of three reactants, the possibility of

enhancing the dimensionality of nonelementary two-compo-

nent (A + B f C) chemical reactions looked like an attractive

prospect, especially when such processes involved one or

more intermediates that could be subjected to retrosynthetic

analysis. For example, the well-known Fischer indole reac-

tion (Scheme 10) involves an initial condensation of arylhy-

drazines with enolizable ketones to form hydrazone 20,

followed by a series of acid-catalyzed tautomerizations, rear-

rangements, and eliminations, leading to substituted indoles

25. A detailed mechanistic analysis reveals no fewer than five

discreet intermediates (20-24, Scheme 10) that might be tar-

geted for independent synthesis, of which the initial arylhy-

drazone 20 was a particularly attractive candidate.

We reasoned that the same condensation of nitriles with

Grignard or organolithium reagents that previously furnished

a route to N-unsubstituted imines 17 (after protonation) for the

Ugi reaction might also be adapted to a three-component Fis-

cher indole synthesis (Scheme 11). Thus, imine 17 should

react rapidly with arylhydrazines to form hydrazones 20,

which, after rearrangement into the corresponding indoles 25,

would incorporate structural diversity from three, instead of

two, reactants.

In the event, the new three-component Fischer synthesis

formed indoles as efficiently as the traditional two-compo-

nent route.17 Of particular interest was the use of arylhydra-

zine hydrochloride salts instead of the free arylhydrazines, first

reported by Dave,18 to transform the initial metalloimines 16
into 17 while also liberating the hydrazine component that

transformed 17 into 20. Besides replacing air- and light-sen-

sitive arylhydrazines with stable crystalline hydrazine precur-

sors, the Dave variation also made it possible to circumvent

the use of higher temperatures and more corrosive Lewis acid

catalysts simply by employing 2.1 equiv of the arylhydrazine

hydrochloride salt in glacial acetic acid (90 °C) to promote

indole formation.

A related three-component variant of Fischer’s method was

also reduced to practice by taking advantage of Henry Gil-

man’s 1933 discovery that ketones resulted from the reac-

tion of carboxylic acids with organolithium reagents (2 equiv)

SCHEME 9 SCHEME 10

SCHEME 11
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in ether.19 Two complementary routes to the intermediate

dialkoxides 26 were possible (Scheme 12). Protonation of 26,

hydrazone formation, and transformation to the product

indoles 25 could be accomplished in one pot using 3.1 equiv

of ArNHNH2 · HCl.

Our success in devising three-component indole synthe-

ses from nitriles and carboxylic acids via metalloimines 16
and dialkoxides 26, respectively, led us to consider other pre-

cursors to the key arylhydrazones 20, which, having two con-

tiguous heteroatoms connected by three strategic bonds,

invited extensive retrosynthetic analysis. As an example, Buch-

wald’s group at MIT used Pd-catalyzed cross-coupling of ben-

zophenone hydrazones with aryl bromides to prepare

arylhydrazones and thence indoles in excellent yield.20

While searching for other functional groups that might be

transformed into arylhydrazones by N/N interchange, we

became particularly interested in nitroalkanes, which can be

converted into aldehydes or ketones by treatment with base,

then strong acid. In this process, known as the Nef reaction

(Scheme 13), the initially formed nitronate anion 27 is proto-

nated first to the aci-nitro species 28 and then to the iminium

species 29, which undergoes hydrolysis to the carbonyl prod-

uct. In principle, any of the intermediates 27-29 might be

capable of arylhydrazone formation.

In fact, several cases have been reported of nitronates 27
reacting with thiols to form thiolhydroxamate esters.21

Although the same process could not be achieved using phe-

nylhydrazine, it was possible to react nitroalkanes with a mix-

ture of arylhydrazine and sodium methoxide, whereupon mild

acidification and heating of the mixture afforded substituted

indoles in good yield (Scheme 14).22 Control experiments

demonstrated that the mechanism almost certainly involved

the simultaneous convergent transformation of aci-nitro com-

pound 27, as well as the corresponding ketone and oxime

intermediates, into arylhydrazone and thence to indole. Such

multiplex channeling of products, together with the ease of

assembling substituted nitroalkanes by well-known alkyla-

tion or conjugate addition strategies, provided another ave-

nue to medicinally important indoles.

Evolution of MCRs by SRR
Of particular interest in expanding the repertoire of useful

MCRs has been the goal of developing practical, atom-eco-

nomical ways to assemble new molecular frameworks that

might display biological activity. As a rule-of-thumb guide,

such frameworks typically embody all the complexity and

functional group density found in bioactive natural products.

Recent efforts in our laboratory have focused on the use of the

SRR paradigm to discover such MCRs by the stepwise evolu-

tion of new processes using a known MCR as the starting point

for innovation.

Despite 80-odd years since its discovery, little is known

about the scope of carbonyl-type electrophiles that undergo

the Passerini reaction. The reaction works well with aldehydes

and (to a lesser extent) ketones. At one end of the reactivity

scale, carboxylic esters are inert, whereas at the other, acid

halides react rapidly and independently with the isonitrile

component. However, the effect of embedding nearby reac-

tive groups within the carbonyl component has not been

investigated. Mindful of the effect that even small functional

changes might engender (simply substituting an imine for the

carbonyl led to the Ugi reaction), we set out to vary the car-

bonyl component using the SRR approach.

We turned our attention first to acyl cyanides, which are

comparable to aldehydes and ketones in their reactivity

toward nucleophiles. Besides being shelf-stable and readily

prepared from acid chlorides, acyl cyanides 30 (Scheme 15)

contain an embedded reactivity element (the asterisked fea-

ture in Figure 2) that we hoped to exploit in several different

ways.

SCHEME 12

SCHEME 13

SCHEME 14

SCHEME 15
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A careful review of the literature turned up a single exam-

ple of an acyl cyanide, pyruvonitrile (30, R1 ) CH3), that had

been subjected to Passerini conditions (formic acid, cyclohexy-

lisonitrile), forming the corresponding R-acyloxy-R-cyanoam-

ide 31 (R R1 ) CH3, R2 ) H, R3 ) cyclohexyl) in 58% yield.23

In fact, the reaction proved to be general for aliphatic and ali-

cyclic acyl cyanides and worked well using a broad range of

carboxylic acids and isonitriles, including N-protected R-amino

acids and R-isocyanocarboxylic esters.24 Of particular inter-

est was the fact that reactions could be run neat, whereupon

the products usually crystallized directly.

Without further purification of the initial product, it proved

possible to “activate” the embedded nitrile functionality in 30
by a simple catalytic hydrogenation, whereupon the nucleo-

philic amine group released in 33 triggered a rearrangement

leading to �-amino acid diamides 34 (Scheme 16). The hydro-

genation was best accomplished under acidic conditions (H2,

10% Pd/C, CH3OH, 5 equiv of HCl) to suppress any amine/

imine exchange reactions of intermediate 32 during the nitrile

reduction; however, simple hydrogenation of 30 in THF or

EtOAc without acid also gave diamide 34, albeit in somewhat

lower yield.

Overall, acyl cyanides could be transformed to �-amino

acid diamides in a one-pot, two-stage process. With R-amino

acid-derived carboxylic acids and isonitriles, it also proved

possible to synthesize the heterogeneous R/�/R tripeptide

motif, examples of which have recently demonstrated antimi-

crobial properties and which can be used to mimic turn ele-

ments in proteins. Moreover, by judicious choice of N- or

C-protecting groups in the building blocks for the multicom-

ponent reaction, the methodology can be used to incorpo-

rate the R/�/R motif into larger peptides by suitable coupling

to either the N- or C-terminal.25 For example, Passerini prod-

uct 35 (Scheme 17), prepared from pyruvonitrile, Boc-Phe, and

the valine-derived isonitrile CNCH(i-Pr)CO2Bn in 40% yield,

could be selectively debenzylated to acid 36 (96%), where-

upon coupling with alanine methyl ester using a standard pep-

tide methodology furnished 37 in 71% yield. Hydrogenation

of the embedded nitrile group in 37 using palladium-activated

Raney nickel26 triggered the expected acyl shift, leading to

R/�/R//R/ tetrapeptide 38 in 30% yield.

The embedded nitrile group in Passerini products of sim-

ple acyl cyanides like 31 can be further modified to gener-

ate new oxazole rings, a heterocycle that is widely distributed

in natural products and has attracted interest as a pharma-

cophore in medicinal chemistry. For example, the rhodium

acetate-catalyzed reaction of dimethyl diazomalonate with 31
afforded highly substituted oxazoles 39 (Scheme 18) in good

yield.27

We also explored the cycloaddition of azides to 31 using

Sharpless’s “click-chemistry” methodology, with the hope of

preparing tetrazoles corresponding to 39, but without success.

It did, however, prove possible to reverse the sequence of

steps and synthesize densely functionalized tetrazoles 41 by

successful Passerini condensations of acyl tetrazoles 40
(Scheme 19), which themselves were prepared by azide

cycloadditions of acyl cyanides 30.

Besides functioning well as surrogates for simple carbonyl

compounds in the Passerini reaction, acyl cyanides offered

several additional reactivity elements (e.g., masked nucleo-

phile, dipolarophile) that were successfully exploited in the

construction of new �-peptide and heterocyclic frameworks.

Having by no means exhausted the synthetic possibilities of

the embedded nitrile group in 30 and its congeners, we none-

theless redirected our focus to the use of several other fami-

lies of R-substituted ketones as carbonyl replacements, with

the hope of uncovering, either intentionally or serendipitously,

convergent, one-pot pathways to novel molecular skeletons.

We were particularly interested in MCRs involving R-diaz-

oketones 42 because of the potential for the diazo group in

the derived condensation product to undergo a broad range

of insertion reactions. Moreover, R-diazoketones are readily

accessible by the reaction of acid chlorides with diaz-

omethane. To our surprise, however, mixtures of R-diazoke-

tones with isonitriles and carboxylic acids (Passerini conditions)

or with amines, isonitriles, and carboxylic acids (Ugi condi-

tions) proved unreactive, even when heated to 60-70 °C, an

outcome we attributed to the enhanced resonance stabiliza-

tion of the diazocarbonyl system.

In an alternative approach, we decided first to “disarm” the

diazo group, while retaining a high level of electrophilic reac-

tivity in alternative functionality, by taking advantage of the

known insertion reaction of diazoketones with sulfonic acids

to form �-ketotosylates 43 or ketomesylates 44 (Scheme

20).28 In fact, Passerini reactions of 43 and 44 successfully

produced the corresponding MCR products 45 and 46. Such

SCHEME 16
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compounds were easily transformed into substituted acyloxy-

�-lactams 47 following a procedure developed for cyclizations

of the corresponding chloro compounds.29

Four-component Ugi reactions of sulfonyloxyketones 43
and 44 provided an unexpected entry into substituted 2-ox-

azolines 49 (Scheme 21), a key structural subunit in several

novel classes of bioactive natural products. Condensation of

either 43 or 44 with ammonia as the amine component fur-

nished 49 by way of the intermediate diamides 48.30 Substi-

tuted oxazoline amides of type 49 are important

pharmacophores in numerous bioactive natural products such

as the cytotoxic agent brasilibactin 50,31 the antitumor agents

B32030A and B32030D 51,32 and the recently discovered

T-cell antigen didehydroxymycobactin 52.33

We also devised two-stage, one-pot, four-component con-

densations of diazoketones 42 that could be used to assem-

ble a broad range of di-O-acylglyceric acid diamide structures

possessing amphiphilic properties.34 After an initial metal-cat-

alyzed insertion of 42 into a carboxylic acid, the first-formed

R-acyloxyketone 53 (Scheme 22) then underwent an in situ
Passerini condensation to furnish the desired glyceramide 54.

This MCR approach represented an efficient and convergent

route to novel synthetic and facially amphiphilic compounds.

By contrast, the more traditional stepwise acylation approach

SCHEME 17

SCHEME 18

SCHEME 19

SCHEME 20

SCHEME 21
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to glycerides usually resulted in ester interchange by O/O acyl

migration reactions, thus complicating product purification.

Conclusion
As was noted in the Introduction, the origins of multicompo-

nent reaction chemistry can be traced to the mid-19th cen-

tury. Its evolution since then, which continues in numerous

laboratories,35 has involved both chance and serendipity, as

well as more systematic approaches such as rational design or

combinatorial strategies. As has already been amply demon-

strated with retrosynthetic analysis in complex total synthe-

sis, it is currently possible to deploy logic-based or computer-

assisted approaches that enable chemists to design organic

reactions36 and optimize their use of known multicomponent

reactions in streamlining solutions to synthetic problems.37 We

believe it is reasonable to investigate whether similar heuristic-

based approaches can help define, identify, and develop new

(or improved) MCRs that will expand the useful repertoire of

such transformations for both the academic and industrial sci-

entific communities.
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