UOSJoA|

uosuligoy

_mm_c_u_ _\/_ abesn a4 Kiosy aj14 ClIE]
eipado|oAous 83al) a8y} ‘eipadidipy wol4
6d[-euojooieg
sowen) oIdwA|O 2661 |[eqieyseg wea | weaiq:9|i4



i[euoIssajoad axed yjedy e se do[aAIp 03 PIau [[IM NoA puny
Y} A[3oex3 ‘S[ID[S SUnUIY) [9AJ] JIYSIY ISN 0} MOY NOA YoBd) [[IM SWI[qoId SISOYIUAS JA[0S 0) MOY FuruIed] ‘910J1Y [, jJudned Ayjeay Ajjeurdrio ay) o) paudddey
JeyM puB)SIIpUN 0) SPIBMYIe(q JI0M UdY) ,SISOUSRIP JO S, Y} WIed] [[IA NoL ‘SpIoM J3Y)0 uj ‘urege (Ayj[edy) 3je)s sunae)s I1dy) 03 yoeq way) 393
0} M0y pue Aem jey) 303 juanyed 3y) Moy puejsiopun pue A[dde ‘azAeue uay) ‘yuejzoduil 3ae ISAY) JO YIIYM IJBN[BAJ Jsnul NOA UdY) ‘swiojduiAs Jo suoneuIquIod
x3[durod snorrea Juasaad s judnjed y *Judanjed e dsouserp 0) pasu [[IA nok Sunjury) Jo dA) Joexd 3y} SI SIY I, “UO0I)IBAI [YIBd 10j Jonpoad 333110 3y} Jo1paad
NnoA dans dyewr 0) wisiueyddur Jo suipuejsrapun 1ok guiljdde Lqissod ‘sdewrpeoa anoA ysnoay) sunjury) Aq paAjoAulr suondedl dfqissod SuifzA[eue Aq s[eLIdjew
Sunuae)s 9y) 03 spremyPeq FuUnfIoM UdY) ‘SHIYY 10J Surjoo] YA J[MIJ[oux X3[durod € Jo uonen[eAd pI[Ie)dp 3Y) SIA[oAUI WI[qoId SISIYJUAS & SUIA[0S *SI I jey)
JI3sSe | 'noA 10j juejroduir 3q [[IM swd[qoad SISIYuAS SuLId)SeU JI SULIIPUOM I Aewl NOA 0S ‘suoissdjoad y)I[eay 3y) 03 papeay Ie noL Jo Jsow jey) puejsapun |

“I31BD IFI[[00 UMO AW urINp poyjdUI SIY) SUISN PIjae)s | JIJe Y U UBY) JIMO[ IPRIS B PIUIRI JIAU

[ "ApnjS 0] pouJIed[ | ABM 9Y) JNOQE PeAT 0] dI3Y JIIP ‘Apnjs 0) M0y Jnoge suonsanb Aue daey noA Ji ‘os[y ‘wdy) 03 A[JI3I1Ip 03 0) PIISI| S[00) AY) U0 IO UBd NOA
weIgeIp aAoqe 3y} uQ “1dppe[ 3y) dn dajs yoes adjsewr noA d[ay 03 S[00) PIJLAId dAeY IM “IYSLI AY) U0 UMOYS SV ‘d) HAAID LON Od ‘SUNUILIOSIP PUB JUIIJIP
S[995 sy} Aym Surure[dxa ‘a10j9q prureiAd Surured] Jo Awiouoxe) s,woo[g 3Y) Jo doj 3y} 03 Aem IY) [[& PISUI[BYD UII(Q JIAIU IABY NOA Jo Auew jey) APYI]

SI 3] *SunjuIy) JO S[PAJ] JIY}0 Y} JO [[B YIIM Suo[e AJIAIJLIID SIA[OUI YIIYM SISAYJUAS Ul urjeurua[nd ‘asay) Jo [[& Jo sso[eur AI)STUIYD JTUBSI() dIB I} IAIAq

1 "P3ydealI dae Suneard pue uneniead ‘surisAfeue ‘guidjdde ‘Surpuejsiopun ‘Surures| 19ys3iy 0) prureiid 3y) dn sdsouwr 3uo SY (,, SULIIGUIdWIY ,, ) UOT)BZLIOWIIUX
aand SIA[oAUI SUTULIEI] JO [IAI] ISIMO] YY) ‘SuruLIBI[ JO AUIOUOXE) S, W00[{ 0} SUIPI0IIY *Supjury) J9p1o I3Y31y saambaa 31 snedaq JNOYJIP St A1STuaYD d1uesiQ

Keq oY) Jo sy SUONIULJIP “AINJBPUIWIOU ‘SJUITLAT (26p apmons )
‘sdnoas [euonounj ‘Surpuoq ‘saanOnag — ONIYISWINIY
SoSeq “Sproe “S9[IydoII9d (uorsuayR o)

(SUOIIIID ) AIB AIMA &

“SITAOS[NN , SS[MIS[OIN JO SaTNEI0STIad,

ONIONVLSH3ANN

SIUSWR ONSIURYOoW §; UL,  SWISTUBYIRA & Oz____-_>. u.._. m____ m.(.
sdewpeoy — suonoedy < ONISATVYNY
SIELH™MT  sponpoad uondeas SurziuSodsy <& OZ.-F(:JQ A |

sud[qoad sisajuis Suiajog <

Sunyury)

_ 8
:pa9oons noA day 1ao) 12ystH Y

0] PaYBAId 9M S[OO], soJeuy AISmuay)) duesi( suruIed | Jo Awouoxe], s, woog



Enolates as nucleophiles

A) Enolates are resonance stabilized, with a partial negative charge on carbon and oxygen.

B) Enolates are nucleophiles, so they could react at either the carbon atom or oxygen atom. The
partial negative charges give them the opportunity to react at either the carbon or oxygen.

C) Reaction at the carbon atom gives the final product a C=0 bond, while reaction at the oxygen atom
gives the final product a C=C bond. However, C=0 bonds are stronger than C=C bonds, so the
motive is to react at the carbon atom with most electrophiles.



Beta-dicarbonyls have alpha-hydrogens that are extra
acidic
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Extra Acidic T

The C-H hydrogen atoms between two carbonyl groups are aven more acidic than normal a
hydrogens because the resulting anion is double resonance stabilized. The above electrostatic
potential surface shows how the negative charge (red color) is spread over all three atoms as
predicted by the three resonance contributing structures.
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Conjugate Addition

Nucleophiles
react here via
conjugate
addition

A) Alkenes adjacent to a carbonyl are conjugated and are therefore electrophilic.

B) These species are called o, unsaturated carbonyl compounds.

C) o, unsaturated carbonyl compounds are conjugated, in that the pi electrons of the C=C
and C=0 bonds can delocalize over all four atoms. This lends some degree of extra
stabilization to these species, because pi electrons prefer to delocalize.

D) Nucleophiles can, however, react at the [ carbon atom in a process called conjugate

addition.

E) Conjugate addition is favorable because the intermediate formed is a resonance

stabilized enolate, thus relatively low energy.
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tautomerization

Michael Reaction
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Final Products
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(Chemist opens flask
and adds a mild acid)
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Robinson Annulation Part 1 - Michael Reaction Steps
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Robinson Annulation Part 2 - Aldol and Dehydration Steps

:0—H

Heat

Michael Reaction Product

Aldol Reaction Product
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/ Spontaneous
dehydration - multiple steps

,  You are not responsible for
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Claisen Condensation —>
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B-Substituted
aldehydes,
nitriles, ketones,
or esters

Aldehydes

p-Ketoaldehyde

Substituted aldehyde

a,p-Unsaturated, nitriles,
ketones, or esters

p-Keto esters

a,p-Unsaturated aldehydes

Acid Chlorides
p-Hydroxy aldehydes

Ketones Carboxylic esters

B-Diketone Carboxylic acids

Substituted ketone B-Diester
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