The Morita-Baylis—Hillman
reaction

Peakuna bannuca-
XunnnmaHa-MopuTbl



Kucropun

B naTteHTe oT 1972 roga 61510 onMcaHo CTpaHHOE, Ha NepPBhLIN B3rMsA, NpeBpalleHne: BHEAPEHME anbaerngHoro
ocTaTka no a-CH-cparmeHTy 4BONHOM aKTUBUPOBAHHOM 3M1EKTPOHOAKLENTOPHLIMM rpynnamm (kapOoHWUIbHas,
KapOOKCUbHas U NPOY.) CBA3M.

B yeM e 3akntoyaeTcs CTpaHHOCTb AaHHOW peakunn? Mbl NPUBLIKN cYUTaTb, YTO YCMELUHble B3aMMOaencTBuS
MOTYT NMPOUCXOAMNTb TONbKO MeXay Hykrneodunamm n anektpodunamm. OgHako, B 3TOM Cry4yae NpouCXoauT
coyeTaHue AByX anekTpodunos - anbaernaa v akuentopa Muxaans.

Peakuunsi COCTOUT N3 TPEX KUHETMYECKN pas3aenuMblx CTaann: NpucoeanHeHne TpeTuYHoro ammHa (DABCO) kak
HyKneodmna K ABOMHOM CONPSKEHHOW CBA3N C 06pa3zoBaHMeEM BMMNONSPHOro MHTepMeauaTa ; KapboHunbHas
rpynna - akTUBHbIV 3N1EKTPOhUI, NOSTOMY OHa C JIErKOCTbIO aTakyeTCs, 1 3aTeM NPOUCXOANT OTLLENNEHNE
aMnHa C BOCCTaHOBIIEHNEM €HOSbHOW CTPYKTYPbI.

OT0 npeBpaLlleHne HasbiBaeTcs peakuuen bennuca-XunnmaHa. NepeBoHavansHO NpUMeHAnca Tonbko DABCO,
AnaszobunumnknookTaH. Peakums Wwna npu KOMHaATHOM TeMnepaType, HO YePTOBCKM MeAnNeHHo. EANHCTBEHHbBIM
cnocobom yckopeHust BbIno yBeENUYeHne gaBreHns.

3a HeckonbKo AeCATMINETUI yaanoch CyLLECTBEHHO PaCLLUMPUTD FPaHNLIbl NPUMEHEHMS U HAUTU MHOXXECTBO
APYrX MHALMATOPOB peakuun. Hanpumep, Ans nonyyYyeHus SHaHTMOMEPHO YMCTbIX MPOAYKTOB NCMONb3YT
XvparbHble KaTannsaTopsbl.

HecMoTpsi Ha NPOCTOTY CTPYKTYpP NosyYatoLwmxcst NpoayKToB, TPYAHO NPEAIOXUTb UHbIE CNOCOOLI NONyYeHus!
nogo6Horo poaa NonuayHKUMOHaNbHbIX COeaUHEHWI, He TpebyoLLMe JOPOrMX MCXOAHbLIX peareHToB.

P.S. Peakuusa bennunca-XunnmaHa - ogMH u3 BUA0B KOHBEPreHTHOro CUHTe3a, rae, BMecTo
JINHENHOro nocrieaoBaTesibHOro YCINoXXHeHUs1 UCXO4HOWU MOJIEeKYNbl, UAYT HECKONbKO
napanneribHbIX NPoUeccoB, KOTOPbIe, B UTOre, NpMBOASAT K TOMY Xe puHarbHOMY BelecTBY.



UcTopua

B3aumopeuncrtemne anbaerngos ¢ HenpegenbHbIMU COeAUHEHUAMU B
NPUCYTCTBUN TPETUYHBIX POCHUHOB DbINIO ONNCAHO SIMOHCKNUM
xumnkom Moputa c coaBsTopamm B 1967 rogy. [aTbio rogamm nosxe
ABa aMmepuKkaHua: SHToHM bannuc n MenbgopH Xunnmax
onybnnkoBanu Knaccn4eckyro BapmaLuio peakumm ¢ TPETUYHbLIM
amnHoMm (JABLLO) B kayecTBe kaTanusatopa. Peakuua no3sonsiet
nonyyarb anfnnoBbie CNUPTbI U3 anbAerngoB U HEKOTOPbLIX KETOHOB
B3aUMOAENCTBMEM C aKTUBUPOBAHHLIMMN oriepuHamMun

KaTanuaatop
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R = H, Ankun, Apun.
R'=PhSO,, C(O)R", CN, COOR".



Ponb MopuTb! 1 KTOo ObIN1 XunnmaH

* The Baylis—Hillman reaction is a carbon-carbon bond forming reaction
between the a-position of an activated alkene and an aldehyde, or
generally a carbon electrophile. Employing a nucleophilic catalyst, such as
tertiary amine and phosphine, this reaction provides a densely
functionalized product (e.g. functionalized allyl alcohol in the case of
aldehyde as the electrophile).l!!?] This reaction is also known as the
Morita—Baylis—Hillman reaction or MBH reaction.®! It is named for the
Japanese chemist Ken-ichi Morita, the British chemist Anthony B. Baylis

and the German chemist Melville E. D. Hillman.
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MexaHu3m peakuun

MexaHnam peakuum npegnonaraet
obpatnmoe npncoegnHeHne amnHa
(dbocdomHa) No ABOMHOW CBA3M C
obpasoBaHMeM LUBUTTEPUOHA 2.
LiBUTTEPUOH 2 pearnpyeT c

anbaerngamm obpasysi LBUTTEPUOH 3.

Mo BO3OEenCTBMEM OCHOBAHUMN 3TOT
LBUTTEPUOH NpeTepneBaeT aHTU-E2-
anMMuHuposaHue. [NpoaykT
nosiyyaeTcs B pesyrsrate
nocrenyroLero NnpoToOHNPOBaAHUA.
AnbTepHATMBHBIV NYyTb peakLmny,
npegnosiaraet BHyTPEHHUW NepeHocC
NPOTOHa ¢ 06pa3oBaHNEM
LBUTTEPUOHA 4, KOTOPbIN

npetepnesaet E1cB annmuHupoBaHue

BeayLlee K npoagyktam peakuum. Oba

nyTn peakumm MoryT peasyin3oBaTbCH B

3aBNCMMOCTM OT PacTBOPUTENS U
AaBrneHus.
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Ewe oanH mexaHnsm

TpGTI/I‘-IHbIVI dMWH NMPUCOEOUNHAETCA K

O
aKTUBMPOBAHHOMY ankeHy 2, C 19
=Y
0bpa3oBaHMeMm LiBUTTEP-VOHHOTO eHoNATa 4. g P R - y
Takum 06pa3omM TUMUYHBIN ANEKTPOGUST \ ) o |
CTaHOBUTCA HyKNeodunom (cp. c N ) RaN~

OEH30MHOBOW KOHOEHCALIMEN N peaKLen
LTeTTepa). EHONAT 4 npucoeanHAeTcs K
anbpervngy 1 (4-->5), npyuBoga nocne
NPOTOHMUPOBAHUSA K COEQNHEHMIO 6, KOTOpPOE
OTLLEeNAEeT KaTann3aTop (TPETUYHbLIA aMUH) OH O OH O
n obpasyet annusbHbIA CNUPT 3. -
B cooTBeTCTBUM C COBPEMEHHLIMM .
nccrnegoBaHNAMUM KUHETUKN peakumn ans 3 6 ®
HEeKOTopbIX CybCTpaTOB UMEET MECTO o T

HEeCKOnbKO MHOM mexaHn3m. ! -

NHTepmeauar 5 pearnpyet co BTOpOm
MOnekynoun anbaernga npmBoas K o ?\
NHTEpMeanaTy 7, KOTOPbIN Nocne nepeHoca i RVS0 ©
NpOTOHa AaeT MHTepMeanar 8, KOTOPbIl R
pasnaraeTcsi Ha UICXO4HbIN KaTanusaTop u R

RZ
coeagunHeHmne 9, nocrie oTLwenneHns N (" NHR;

anbaernga 1 npueoasiiee K annuibHoMmy 9 8 L©®
cnmpTy 3.



XupanbHble KaTanu3aTtopbl

* [pn ncnonb3oBaHUM XMpanbHbIX
KaTanuM3aTopoB, CTAHOBUTCH BO3MOXXHbIM
nostydeHne onTUYECKN aKTUBHBIX MPOoayKTOB. !
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O ponun KBaHTOBOU XMMUU B
YyCTAaHOBNEHUN MEXaHU3MOB

e XMMMKM YacTo npuderaroT K MeToaam
KOMMbIOTEPHOro MoAesrIMpoBaHUA ANA TOro, YTooObI
npeackKkasatb MeXaHU3M XUMUYECKON peakunm —
3Hepruo BO3IMOXHbIX MHTepMeanaToB U
nepexoaHbIX COCTOSAHUN. TeM He MeHee, Y
HEeKOTOpbIX nuccrneagoBarterien BO3HUKaeT BONPoOC —
HACKOJIbKO Norie3Hbl Takue Mmoaenwu, BeAb B psaae
criy4aeB BMeCTO TOro, YTobbl MPOACHUTbL CUTYaLUIO
C N3y4yaemMoun peakuMoOHHON CUCTEMOU, OHU
BbI3bIBAlOT TOSNILKO FOJIOBHYIO O0Nb.

 Pe3ynbraTbl HOBOIro AeTaribHOro KOMMNbLKTEPHOro
uccriegoBaHuUsA NOo3BONAKOT caenaThb BbIBOO O TOM,
YTO BO MHOIMX Crly4dasaX Nosib3y KOMMbOTEPHOro
MoAeriupoBaHNA MOXHO Ha3BaTb OYEHb
COMHMTENbHOM.



* ABTOpbI paboThbl [J. Am. Chem. Soc. 2015,
DOI: 10.1021/ja5111392] roBOPAT O TOM, YTO
MHOIrmMe mexaHm3ambl MHOIrOCTaaMUHbIX
peakuuin, KoTopble ObINK NpeacKkasaHbl B
pes3ynerarte rogos paboThbl crneymanncToB
MO KOMMNbLTEPHOMY MOAENNPOBAHMUIO,
coaep)kaT Takoe Konm4yecTBO HemnpaBUIbHO
onpeneneHHbIX CTPYKTYpP, YTO Ha3bIiBaTb UX
OLLUMOOYHbIMUN — CKOpee aenaTb UM
KOMMIUMEHT.



Energy, kcal/mol

PacyeT u akcnepumMeHT

Reaction progress

» Ha duaezpamme npedcmaesrieHbl

3Hepauu UHmMepmeouamos u
rnepexoOHbIX cOCMOosHUU
peakuyuu Mopumei-baurnuca-
XurnnmaHa, orpeoerieHHbIX 8
psi0e meopemuyeckux
uccriedosaHul (Kaxxooe
uccriedosaHue 0bo3Ha4eHo
ceoum ysemom). Takxe
npuseodeHbl 0aHHbIE,
oripeoesieHHbIE
3KcrepumMeHmarbHO (YepHas
HerpepbigHas fuHUs). Hyneesas
3Hepausi 0bo3HavyeHa YepHou
nyHKmMupHou nuHueu. (PucyHok
u3J. Am. Chem. Soc. 2015, DOI:
10.1021/ja5111392)



* WccnepoBaHue, npoBegeHHoe Opukom nara (R. Erik Plata) n [laHnanom
CuHINTOHOM (Daniel A. Singleton), 6610 NOCBsLLEHO peakunm MopuTbi-
bannuca-Xunnwvaxa [Morita-Baylis-Hillman (MBH)], B kOTOpOW
3NEKTPOHOHEA0CTATOYHbIN ONePUH 1 anbaerns B NpuUCyTCTBUN
HYKNeoguIbHOro katanuaatopa obpa3sytoT annunoBbIv CrMpT.

NccnepooBarenu npoBenu Lenbin psig 9KCNepMMeEHTOB, BNepBble ONpeaenme ee
MeXaHN3M 1 3HepreTnyecknm npodusib npotecca.

« Kak otmevatoT Nnata n CUHIMTOH, pesynsTaTbl pac4eToB CKOpPEe BENU B
HUKyQa, YeM OKa3sblBanu Kakyt-To NoMoLLb. Mccrnegosatenun 4ob6asnsatoT, UTo
OHW MPOCTO HE UMEIDT NpeacTaBieHNs O TOM, Kak aKCnepuMeHTanbHble
OaHHble MOTyT ObITb COOTHECEHLI C pe3ynbTaTtamMu, NoyYeHHbIMU C MOMOLLbLO
KOMMNbKOTEPHbIX pacyeToB. Hanbdornee NHTEpPECHbIN TEOPETUHECKNIN NPOTrHO3
3aknto4ancsa B TOM, YTO B COOTBETCTBUM C OOQHOW U3 KOMMNbLIOTEPHbLIX MOAENEN
Ha KoopAuHaTe peakuun npenckasbiBaniach peanusauma npespalleHnd
«4YeSTHOYHbIN NepeHocC NPoToHa» («proton-shuttle» pathway), HO 3KCNEPUMEHTHI
nokasanu, 4To peakuma ABnAeTCA NPOCTbIM KNCITOTHO-OCHOBHbIM
B3aMOOENCTBUNEM.



« Cneumanuct no teopetnyveckon xummnmn KeHgann Xyk (Kendall
N. Houk) n3 YHusepcuteta KanndopHuu (Jloc-AHxenec)
OTMeyaeT, 4YTo ctaTbs [nata n CUHIMTOHA COAePXXNT MHOIO
rnmy0boKMX aHaNUTUYECKNX OLEHOK, C PSAOM U3 KOTOPLIX,
npaBsga, XMMUKU-TEOPETUKM YXKe 3HAKOMbI, Hanpumep, To
00CTOATENLCTBO, YTO HEBO3MOXHO MUCMOSIb30BaTb
TpaguUMOHHbIE MeToAbl AN MOA4ENUPOBaHUA peakumi,
NpoTEeKaLWnNX B pacTBoOpax.

« XYK MOOQYEPKUBAET, YTO CIIOXHEE BCEro AeNn0 00CTOUT C
N3yyeHmnem peakumnm, NpoTeKkarLmx B MHOrOKOMIMOHEHTHbIX
cuctemax. OH BnosiHe gornyckaeTt BO3MOXHOCTb TOr0, YTO
pacyeTbl HE CMOryT CMOAENMpPOBaTb CBOUCTBA CUCTEMDI, B
KOTOpPOW B pacTBopuTerne 0gHOBPEMEHHO HaXoOUTCS
HeCKOJbKO BellecTB (ana peakumn Moputbl-bannuca-
XunnmaHa — B pacTBOpe COOEPXKUTCS YEThIPE BELLECTBA).



 BbiIBOOOM CcTaTbU ABNAETCA TO, YTO
«meopemu4yeckKue uccrie0o8aHUs CII0XKHbIX
MHO20MOJIEKYITAPHbIX MOJIAPHbIX peakyuu 8
pacmeopax criedyem rnposooums U
UHMeprnpemuposams C UCK/THOYUMesibHOU
OCMOPOXHOCMbIO», XOTA cneayeT ocobo
NoOOYEPKHYTb, YTO TAKOWN BEPAUKT BbIHOCUTCH
Ha OCHOBAHWM COOTHECEHUSA
9KCNEPUMEHTASIbHOIO U TEOPETUYECKOTO
nccnegoBaHms TONMbKO OAHOW peakumnm —
peakunn Moputbl-bannuca-XmnnmaHa.
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Scheme 26. Mechanism of Baylis—Hillman reaction of methyl acrylate (2a) and aldehydes 4a,b
catalyzed by DABCO (1a). The protonated species expected to be intercepted and structurally
characterized by ESI(+)—-MS/MS, with their respective m/z ratios.
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MexaHu3M peakuunm (N)j

. Hoffmann first proposed a mechanism for the MBH reaction.” The first reaction step involves 1,4-addition of the catalytic
tertiary amine to the activated alkene to generate the zwitterionic aza-enolate. In the second step, this enolate adds to an
aldehyde via an aldol addition. The third step involves intramolecular proton shift, which subsequently generates the final
MBH adduct and releases the catalyst via E2 or Elcb elimination in the last step. Hill and Isaacs performed kinetic
experiments to probe the mechanistic details.!*” The rate of reaction between acrylonitrile and acetaldehyde was first order
in concentrations of acrylonitrile, acetaldehyde, and DABCO. Hill and Isaacs proposed that the aldol addition step, which
involves all three reactants, thus is the rate determining step. That they did not observe kinetic isotope effect using
a-deutrated acrylonitrile also supported this statement.

o
0 H OMe O OMe OH 0
CoMe ~— J)\OMe — o)jg\w—’ o)j/kﬂ' ‘T»R‘ OMe
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. DABCO is the acronym for the organic compound 1,4-diazabicyclo[2.2.2]octane, with the formula NZ(C2H4)3. This colorless
solid is a highly basic amine, which is used as a catalyst and reagent in polymerization and organic synthesis.




However, this initial mechanistic proposal had been criticized because of several points. The rate of MBH reaction
was accelerated by the build-up of product (autocatalytic effect), which could not be rationalized by the mechanism.
Also the formation of a considerable amount of ‘unusual’ dioxanone byproduct in the MBH reaction of aryl
aldehydes with acrylates was not expected.

McQuade et al. and Aggarwal et al. have reevaluated the MBH mechanism using both kinetics and theoretical
studies, focusing on the proton-transfer step.***2l According to McQuade, the MBH reaction between methyl
acrylate and p-nitrobenzaldehyde is second order relative to the aldehyde and shows a significant kinetic isotope
effect at the a-position of the acrylate (5.2 in DMSO). Interestingly, regardless of the solvents the KIE were found to
be greater than 2, indicating the relevance of proton abstraction in the rate-determining step. Based on these new
data, McQuade proposed a new mechanism, suggesting that the proton transfer step is the RDS. First and second
steps are not changed, but after the first aldol addition the second addition of aldehyde occurs to form a hemiacetal
alkoxide. Then the rate-determining proton transfer step via six-membered transition state releases the adduct A,
which further reacts to produce MBH product B or dioxanone byproduct C. This mechanism accounts for the
formation of dioxanone byproduct.

Aggarwal focused on the autocatalytic effect and observed that the catalytic quantities of MBH product or methanol
removed this effect. Thus he proposed that at early stage of the reaction non-alcohol catalyzed mechanism,
equivalent to McQuade's proposal, operates, while after 20% conversion alcohol-catalyzed mechanism dominates. In
this later stage, alcohol R'OH assists the rate-determining proton transfer step via six membered transition state.
Aggarwal and Harvey modeled the two pathways using density functional theory calculations and showed that the
computed energy profile matches well with the experimental kinetic isotope effect and observed rate of reaction.**!
Also they showed that the overall enthalpic barrier of the alcohol-catalyzed pathway is slightly smaller than that of
the non-alcohol-catalyzed pathway, rationalizing that as the alcohol (MBH product) concentration increases the
alcohol-catalyzed pathway starts to dominate, exhibiting the autocatalysis.
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While McQuade's and Aggarwal's studies are receiving much attention recently, there are a
number of issues not resolved yet. First, McQuade's proposal for the role of the intermediate A is
not clearly proven. Because A could be formed simply by addition of B to an aldehyde, formation
of A and C could be happening outside of the MBH mechanism. McQuade asserts that the rate
determining step involves two molecules of aldehyde because the reaction rate is second order in
aldehyde, but does not explain why Hill and Isaac observed first order for their substrates. Indeed
the enormous variability of substrates for MBH reaction is a constraint for probing the general
mechanism of MBH reaction in a unified manner. Also, Aggarwal previously suggested that RDS of
the reaction changes from proton transfer to aldol addition over the course of the reaction, based
on the fact that primary kinetic isotope effect disappears after 20% conversion,*? but the
subsequent computational studies concluded that the proton transfer step still has the highest
barrier in the late stage of reaction. The discrepancy between kinetic and computational results
implies that there still are mechanistic aspects of MBH reaction not understood well.

Recently, Coelho and Eberlin et al. have used ESI-MS data to provide experimental data to support
the dualistic nature of the reaction's proton transfer step, thus granting the first structural
evidence[ffl)]r both McQuade's and Aggarwal's mechanistic propositions for this RDS step of the
reaction.



MBH reaction has several advantages as a useful synthetic method:
1) It is an atom-economic coupling of easily prepared starting materials.

2) Reaction of a pro-chiral electrophile generates a chiral center, therefore
an asymmetric synthesis is possible.

3) Reaction products usually contain multiple functionalities in a proximity
so that a variety of further transformations are possible.

4) It can employ a nucleophilic organo-catalytic system without the use of
heavy metal under mild conditions.

Several reviews have been written.#BIEI71(E]
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Tummanapalli Satyanarayana Chem. Rev., 2003, 103 (3), pp 811-892 2003 (Article) d0i:10.1021/cr010043d

Jump up A Masson, G., Housseman, C. and Zhu, J. (2007), The Enantioselective Morita—Baylis—Hillman Reaction and Its Aza
Counterpart. Angewandte Chemie International Edition, 46: 4614-4628. doi:10.1002/anie.200604366

Jump up ? aza-Baylis—Hillman Reaction Valerie Declerck, Jean Martinez and Frederic Lamaty Chem. Rev., 2009, 109 (1), pp
1-48, 2009 (Review) doi:10.1021/cr068057¢

Jump up M Recent Contributions from the Baylis—Hillman Reaction to Organic Chemistry Deevi Basavaiah, Bhavanam Sekhara
Reddy and Satpal Singh Badsara Chemical Reviews 2010 110 (9), 5447-5674 d0i:10.1021/cr900291g

Jump up A The Baylis—Hillman reaction: a novel concept for creativity in chemistry Deevi Basavaiah and Gorre
Veeraraghavaiah Chem. Soc. Rev., 2012, Advance Article doi:10.1039/C1CS15174F




Implications on Asymmetric Catalysis[edit]

Nonetheless, the Aggarwal model shed light on the asymmetric catalysis of the MBH
reaction. It suggested that all four diastereomers of the intermediate alkoxide are
formed in the reaction, but only one has the hydrogen-bond donor suitably
positioned to allow fast proton transfer, while the other diastereomers revert to
starting materials. These mechanistic studies directed attention to the proton-donor
ability (Bronsted acid) of the catalyst. If either the Bronsted acid or the Lewis base
could be appropriately positioned on a chiral molecule, the Lewis base would react
with the substrate (Michael addition), while the acid in an asymmetric environment
would allow the chiral proton transfer. The Bronsted acid remains hydrogen-bonded
to the resulting enolate in the enolate-addition step to the aldehyde, and finally
ensures efficient proton transfer in the rate-determining proton abstraction step. The
action of the Bronsted co-catalysts, which are often employed in MBH reaction, is
not limited to a role in proton transfer step. It rather promotes conjugate addition by
binding to the zwitterionic enolate, and stabilizing these intermediates.
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* Sila-MBH reaction is a MBH variant that couples a-silylated vinyl aryl
ketones with aldehydes in the presence of catalytic TTMPP (Scheme 5).12%
The zwitterionic enolate, produced upon addition of nucleophilic catalyst
to enone, would undergo an addition to the carbonyl group of aldehyde
to generate an alkoxide. This alkoxide undergoes a subsequent 1,3-Brook
rearrangement and elimination cascade to afford a siloxy-methylene
enone and release the catalyst. This reaction allows for the synthesis of
syloxy-methylene aryl enones, the class which was unavailable via a
traditional MBH reaction. Importantly, this reaction overcomes the
double MBH addition problem of aryl vinyl ketones.




Rauhut-Currier reaction
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Rauhut-Currier reaction is a reaction of activated alkene and a Michael acceptor, not
an aldehyde or an imine. It is also called a vinylogous MBH reaction. Because
Rauhut-Currier reaction often couple two activated alkenes, there have been
problems with selectivity. Intramolecular Rauhut-Currier reaction has been
employed by the virtue of improved reactivity and selectivity. For example,
Rauhut-Currier cyclization of a,B-unsaturated aldehydes can be performed in the
presence of proline derivative and acetic acid, affording enantioenriched products




Tandem reaction / Multicomponent
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 Multicomponent reaction strategy is attractive for its
atom-economical virtue. MBH reaction can be employed for
three-component coupling of aldehydes, amines, and
activated alkenes to afford aza-MBH adducts. For example,
reactions of aryl aldehydes, diphenylphosphinamide, and
methyl vinyl ketone, in the presence of TiCl
triphenylphosphine, and triethylamine, give the
corresponding aza-MBH adducts.
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* |[n addition, activated acetylenes can be added to
electrophiles following a Michael addition.
Trimethylsilyl iodide as the Michael donor can
perform three-component reaction, while tandem
cyclization is also possible via Michael attack of a
moiety in the MBH electrophile.!??!




Asymmetric MBH reaction

Oppolzer’s sultam can be used as a chiral auxiliary for an asymmetric MBH reaction.
When an acrylate substituted with the Oppolzer’s sultam reacted with various
aldehydes in the presence of DABCO catalyst, optically pure 1,3-dioxan-4-ones were
afforded with cleavage of the auxiliary (67-98% yield, >99% ee) The cyclic products
could be converted into desired MBH products by use of CSA and methanol.??
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A related hydrazide auxiliary can also be used for similar DABCO-catalyzed MBH
reaction. The chiral acronthydra2|de can react with aldehydes
diastereoselectively.?*! Interestingly, both diastereomers could be obtained from the
same reactants by the different choice of solvents (DMSO vyielded one diastereomer,
while THF/H20 yielded the other one), suggesting that the transition structure
conformation is solvent-dependent.
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e Chiral allenes and imines can be employed for an
asymmetric DABCO-catalyzed aza-MBH reaction.!?®

Optically active 10-phenylsulfonylisobornyl
buta-2,3-dienoate reacts with aryl imine to afford
a-allenylamine in a diastereoselective manner (37-57%

yield).



Chiral Lewis base catalyst
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Chiral tertiary amine catalysts are employed for enantioselective MBH reactions.
B-ICD, a cinchona alkaloid derivative, is famous among the quinidine
framework-based catalysts in this sense. Initial reports demonstrated that
1,1,1,3,3,3,-hexafluoroisopropyl acrylate as an activated alkene and various
aldehydes undergo MBH reaction in the presence of 3-ICD and DMF as a solvent,
affording enantioenriched adducts (31-58% yield, 91-99% ee).?”) Other common
ester moieties can also be employed successfully. The phenolic oxygen of B-ICD was
shown to be important in the reaction, implying the function of Bronsted acid
moiety. 3-ICD and its related versions are effective catalysts for various other
substrates
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* Simple diamine molecules can also be employed as MBH
catalysts. Methyl vinyl ketone and various substituted
benzaldehydes were found to undergo asymmetric MBH
reaction. The chiral pyrrolidine catalyst was effective for
ortho- and para-substituted electron-deficient
benzaldehydes (75-99% vield, 8-73% ee).[?°]



Chiral phosphine MBH catalysts
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Chiral phosphine MBH catalysts often contain Bronsted acid moiety in their
chiral backbones, employing a multifunctional strategy. For example, chiral
phosphines containing a Lewis base, a Bronsted acid, and an acid-activated
Bronsted base were developed for an asymmetric aza-MBH reaction
(86-96% yield, 79-92% ee). The Bronsted acid and base moieties were
proposed to be involved in the stabilization of zwitterionic species in a
stereoselective manner.

BINOL-derived chiral phosphine catalyst is also effective for an asymmetric
aza-MBH reaction of N-tosyl i |m|nes with activated alkenes such as methyl
vinyl ketone and phenyl acrylate.!
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* In addition, a distinct class of chiral
phosphine-sqguaramide KBagpaTtHaa Kncnorta
molecules could effectively catalyze an
intramolecular asymmetric MBH reaction.
w-formylenones reacted to afford
enantioenriched cyclic products at ambient
temperature (64-98% yield, 88-93% ee).!3?]




Chiral Lewis acid catalyst

CH,Cl,

Chiral Lewis acid catalysts have been given interests as they could activate
the electron-withdrawing group in an enantioselective manner. Chiral
cationic oxazaborolidinium catalysts were shown to be effective in the
three-component coupling of a,3-acetylenic esters, aldehydes, and
trimethylsilyl iodide (50-99% vield, 62-94% ee). Both enantiomeric
products could be obtained by using different enantiomers of the
catalyst.!33!
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Complex of metal salt and chiral ligand is a viable strategy, too. La(OTf)
and camphor-derived chiral ligands could induce enantioselectivity in 3
DABCO-catalyzed MBH reaction of various aldehydes and acrylates
(25-97% yield, 6-95% ee). For these cases, multidentate ligands were
usually employed to chelate with the metal which activates both the
zwitterionic enolate and the aldehyde.3%



Chiral Bronsted acid cocatalyst
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A variety of chiral thiourea catalysts are under investigation for asymmetric
MBH reactions. Chiral thiourea and bis(thiourea) catalysts can be effective in
DABCO-catalyzed MBH and aza-MBH reactions.3”!138! Jacobsen's thiourea
catalyst performs an enantioselective aza-MBH reaction, for example
(25-49% vield, 87-99% ee
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* While simple thiourea requires a nucleophilic catalyst
in conjunction, bifunctional catalysts such as
phosphine-thioureas can be used alone for asymmetric
MBH reactions. For example, various acrylates and
aromatic aldehydes react in the presence of these
catalysts to afford either enantiomeric MBH adducts
(32-96% vield, 9-77% ee).!3°]



Applications in Organic Synthesis
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