Syllabus

Tuesday, September 30, 2008

7:24PM

CHEMISTRY 144
M. E. Jung Fall 2008
Tu/Th 11am 1044 Young Hall

Practical and Theoretical Introductory Organic Synthesis

This course is divided into two parts: an 8-hour/week laboratory and a 2-hour/week lecture. The
grading of the course will be evenly divided between the two sections of the course. The laboratory
grade will be derived from a final report at quarter’s end (written in the style of a research publication)
on the projects investigated during the quarter, the amount and type of research accomplished, and the
evaluation of your laboratory proficiency by the Teaching Assistant.

The lecture grade will be derived from a mid-term examination on Tuesday, November 4th, and
the final examination on Thursday, December 11th (3-6 pm). Problem sets will be assigned at various
intervals during the quarter to help you determine your progress. On exams, students will be required to
propose syntheses of many compounds, including complex natural products, and will be graded on the
soundness, originality, and probable success of these proposals.

REQUIRED TEXT: None

OTHER BOOKS ON SYNTHESIS

1) “Organic Synthesis™ by Smith

2)  “Modern Organic Synthesis: Lecture Notes™ by Boger

2)  “Organic Synthesis: The Disconnection Approach™ by Warren

3) “Modern Synthetic Reactions™ by House

4)  “The Logic of Chemical Synthesis™ by Corey and Cheng

5)  “Stereoselective Synthesis™ (2nd Ed.) by Négradi

6)  “Organic Synthesis” (2nd Ed.) by Fuhrhop and Penzlin

7)  “Synthetic Approaches in Organic Chemistry™ by Bansal

8)  “Strategies and Tactics in Organic Synthesis™ by Lindberg (ed.) (3 volumes)
9)  “Total Synthesis of Natural Products: The Chiron Approach,” by Hanessian
10)  “Protective Groups in Organic Synthesis™ (3nd Ed.) by Wuts and Greene
11) “Organic Synthesis™ by Ireland

12) “Stereoelectronic Effects in Organic Chemistry™ by Deslongchamps

13) *“The Total Synthesis of Natural Products™ by ApSimon (ed.) (9 volumes)
14) *“*Some Modern Methods of Organic Synthesis™ (3rd Ed.) by Carruthers

15) “Reactions of Organic Compounds™ by Hickinbottom

16) “Organic Chemistry of Drug Synthesis™ by Lednicer and Mitscher (6 volumes)
17) *“Selected Organic Syntheses™ by Fleming

18) *“Carbanions in Organic Synthesis” by Stowell

19) “Stereoselectivity in Organic Synthesis™ by Procter

20) “Organic Synthesis: Theory and Applications™ (Vol. 5) by Hudlicky

21) *Classics in Total Synthesis,” Nicoloau and Sorenson, Eds.

22)  “Advanced Organic Chemistry™ by Carey and Sundberg

OTHER REFERENCE TEXTS

1)  “Comprehensive Organic Transformations™ by Larock (2™ Ed.)

2)  “Comprehensive Organic Synthesis,” (9 volumes) many authors (Pergamon Press)
3) “Compendium of Organic Synthetic Methods™ various authors (7 volumes)

4)  “Reagents for Organic Synthesis™ by Fieser and Fieser (17 volumes and counting)
5)  “Organic Reactions™ and “Organic Syntheses™

6) “Asymmetric Synthesis™ by Morrison (5 volumes)

7)  “Advanced Organic Chemistry™ (4th edition) by March

8)  “Survey of Organic Syntheses™ by Buehler and Pearson (2 volumes)

9)  “Synthetic Methods of Organic Chemistry™ by Theilheimer
10)  “Name Reactions & Reagents in Organic Synthesis™ by Mundy and Ellerd
11)  “Annual Reports in Organic Synthesis™ by various authors and others (annual)
12)  “Stereochemistry of Organic Compounds,” by Eliel
13)  “Encyclopedia of Reagents for Organic Synthesis,” by Paquette (ed.) (8 volumes)
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Chemistry 144
M. E. Jung Fall 2008

The following schedule for covering material in the course will be followed - more or less -
throughout the quarter.

WEEK DATES SUBJECT
1 9/25 General & Reduction
2 9/30 1072 Reduction & Oxidation
3 10/7  10/9 Oxidation
-+ 10/14 10/16 C-C Bond Formation: Alkylation
5 10/21 10/23 Alkylation & Condensation
6 10/28 10/30 Condensation & Alkenylation
7 1174 11/6 HOUR EXAM & Cycloadditions
8 11/11 11/13 Veterans Day Holiday - Cycloadditions
9 11/18 11/20 Organometallics & Protecting Groups
10 11/25 11/27 Rearrangements - Thanksgiving
11 12/2 12/4 Rearrangements & Catch-up
Final Exam Thursday, December 11th: 3:00 - 6:00 pm
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Notes09/25

Thursday, September 25, 2008

11:15AM

OrganicSynthesis

. . CoﬁH
1. Carbonframework j\ j

2. Stereochemistry

3. Functionality (ie oxidation state)
g2 ﬂ W

Definitions

HU o/-/

1. Conformation-any non-identicalarrangementin space of the atomsina molecule obtainable by
rotation about one ormore single binds
a. Antivsgauche

9
CHS CH ‘_\O
H W H ’ ‘il
Rah A9
C ' 2 H ‘S
Gnti 3auche

b. Axialvsequitorial
N -
P L,
H

2. Stereospecific- reactioninwhich stereoisomerically different starting materials giverise to
stereoisomerically different products

3. Stereoselectivereaction-reactionin which two (ormore) possible products, oneisformedin
preference (ofteningreat preference) to all others

4, StericEffects

a. StericHinderance - stericcrowdingis more severe in the transition state thanin the ground

state

o Axialvsequatorial energy difference

*
*
4
*
4

LinearAG®=0.2-0.5
DivalentAG°=0.5- 1.0
TetravalentAG®=1.1-2.0
Tetravalent1.74

Neversee tBuinaxial (only equatorial)

b. Acceleration-stericcrowdingis more severe inthe groud state thaninthe transition state
5. StericHinderence

a. Cahn-Ingold-Prelog(RS) {
Y Cl
H AN o
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a. Cahn-Ingold-Prelog(RS)

s M ;/;
I‘A'L’.a z ——‘> PL\ 7
¢ Ph Me
l 3
axis of symmedry
I—

b r‘mlolfr[' ho ,

[} | HOMEWORK:assign R/S

N Cl

Reductions->addition of Ha
1. CatalyticHydrogination

H. +Hv

2. Metal hydride

He + H®

3. Dissolving metalreduction

2¢” + Z2H*

4. Silane/stringacid reduction

H® then H®

1. CatalyticHydrogen
a. Heterogeneous catalysis

Pd/Pe = Ru /Rh/Tv/Ni
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4 Me

Me H, =
O e
~Me PJ/C ’:& Me
Syn addrtion
S-/-(,/e/os‘@ICC‘HVC - I6§5 Allnop@ffol

ef) 94@@0 ;(,/QUI-I v, 4
Me
H,

- — CHs
/ [~
Me /" \\C-!—J 2 PA /C
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Handout: Definitions
Thursday, September 25,2008

7:23PM

Chemistry 144
Organic Synthesis
M. E. Jung

Definitions

Conformation: Any non-identical arrangement in space of the atoms in a molecule obtainable by
rotation about one or more single bonds.

Conformational Analysis: An analysis of the physical and chemical properties of a compound in
terms of the conformation (or conformations) of the pertinent ground states, transition states, and (in
the case of spectra and photochemical reactions) excited states.

Stercospecific Reaction: Reaction in which stereoisomerically different starting materials give rise to
stereoisomerically different products.

Stereoselective Reaction: Reaction in which of two (or more) possible products, one is formed in
preference (often in great preference) to all others.

Stereoelectronic Factor: Any factor concerned with the position in space of the electrons involved in
bonding in the transition state of a given reaction.

Steric Effects:
Steric Hindrance: Steric crowding is more severe in the transition state than in the ground state.

Steric Acceleration: Steric crowding is more severe in the ground state than in the transition state.
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Handout: A Values

Thursday, September 25,2008

7:24PM

Chemistry 144

M. E. Jung
Organic Synthesis

A Values or Standard Free Energy Ditterences

E%,x

A value = - AG® = standard free energy difference

I

Table: Free-energy differences between equatorial and axial substituents on a cyclohexane ring

Group (X) Approx. - AG® (kcal/mol) Group (X) Approx. - AG® (kcal/mol)
HgCl -0.25 CHO 0.56-0.8
HgBr 0 COMe 1.02-1.21
HgOAc -0.3-0 COOEt 1.1-1.2
CN 0.20 COOMe 1.2-1.3
F 0.25-0.42 COOH 1.4

Cl 0.53-0.64 COO- 2.0
Br 0.48-0.67 NH> 1.23-1.7
I 0.47-0.61 NH;3* 1.7-2.0
CmCH 0.41-0.52 NHCOPh 1.6
N3 0.45-0.62 NMez 1.53-2.1
NC 0.20 NHMez* 2.4
NCO 0.44-0.51 PPh; 1.8
OH 0.60-1.04 CH=CH> 1.49-1.68
OTs 0.50 CHj3 1.74
OAc 0.68-0.87 CH>CH3 1.79
OMe 0.55-0.75 CH;CH>CH3 2.1
OBz 0.50 CH>C(CH3)3 2.0
OCO(pNO32)Ph 0.62 CH(CH3)2 2.21
OtBu 0.75 CH,CgHs 1.68
OSiMej3 0.74 CH;X (X = OH, Br, CN) 1.76-1.79
SH 1.21 CgH11 2.2
SPh 1.10-1.24 CeHs 2.8
SePh 1.0-1.2 CF;3 2.4-2.5
SOMe 1.2 C(CH3)3 4.7-4.9
SO;Me 2.5 SiMej3 2.5
NO2 1.1 SiCl3 0.61
N=CHCHMe; 0.75 SnMej3 1.0
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Handout: Equilibria and Free Energy Difference

Thursday, September 25,2008
7:25PM

Chemistry 144
Organic Synthesis
M. E. Jung

Equilibria and Free Energy Difference

Relationship between Percentage of More Stable Isomer at Equilibrium, Equilibrium
Constant K, and Standard Free-Energy Difference AG® at 25 °C and 80 °C for an

Equilibrium of Isomers: A 5 B

% More Stable AG® AG®,
Isomer K kcal/mole kcal/mole
50 1.00 0 0
55 1.22 0.119 0.141
60 1.50 0.240 0.285
65 1.86 0.367 0.434
70 2.33 0.502 0.595
75 3.00 0.651 0.771
80 4.00 0.821 0.973
85 5.67 1.028 1.217
90 9.00 1.302 1.542
95 19.00 1.744 2.066
98 49.00 2.306 2.731
99 99.99 2.722 3.224
99.9 999.9 4.092 4.846
99.99 9999 5.456 6.463
K
100—] 99.9
99) f”!}_l;—
90— —9.0
—5.7
80— 4.0
70— —3.0
223
1.86
60— 1.50
—1.22
50 - T T - -1.00
| 2 3 4
AG”® kealimole

Correlation between the free energy difference (AG®) and the equilibrium constant (K) for two
equilibrating species (conformers), also expressed as the percentage of the component in excess.

CHEM 144 Page 8



Handout: Catalytic Dehydrogenation: Rate of Reduction

Thursday, September 25,2008
7:26 PM

Chemistry 144

M. E. Jung
Organic Synthesis

Approximate Decreasing Rate of Reduction in Catalytic Hydrogenation

Fast, selective
RCOCI

RNO,

ANH,
H

R

Slower but still useful

RCHO

RCH=CHR

R R
(0]

ROCHQAF
RNHCH,Ar

ArCOCH,R or
ArCH(OH)CH,R

\_
/
R R

RCH,OH
RCH,CH,R

R R

H OH

ROH + ArCH,

> RNH, + ArCH,

. ACHCH,R

RCN

Very slow, not very useful

RCOOR'

RCONHR'

RCOO" Na*

= RCH,NH,

RCH,OH + HOR'

RCH,NHR'

inert
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;H
< mainly cis

= RCHO Acid chloride ->aldehyde

Alkyne ->alkene

Aldehyde->alcohol
Ketone ->alcohol

Peroxides ->alcohol



Notes 09/30

Tuesday, September 30,2008
6:06 PM

1. Heterogeneous cat
I. PD/C+H;
II. Hydrogenolysis
lll. Alkyne->alkene

1. Cram'sHa, Pd/B\a:szj
e
AW

2. Lindlar
Pd/PbO/CeCOs3, H>

3. Wilkinson's catalysis

(PPLW)z RL‘C(

Hydride
a) NaBHs-weak. Aldehyde/ket only ->alcohol
b) LiAIH4 -strong. Everythingexceptolefin
c) DIBAL-ester(-78°C),CN, amide -> aldehyde.
d) LiBH4- ester, notacidto alcohol (BH3-THF +LiBH4)
e) REDAL- strong, ex CN and olefin
f) NaNCBHzor NaBH(OHz)s weak, ald ->alchol (not ketone to alcohol)
g) LiHBEt3-superhydride. Reduce ester butnot acid
h) KHB(sBu)s-Kselectride orLselectride.

Reducing Power
LAH > LiBHa, superhydride, selectride >NaBH4 > NaNCBHs

LiBH
0 m — //7 MU%'}'[&C not m"/

Hool cooMe hooc ChH ol

BH.-THF
) 31 //7
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Handout: Hydride Reagent Selectivity

Tuesday, September 30, 2008

7:27 PM

Brown, Aldrichimica Acta 1979, 12, 9.

Chemistry 144

M. E. Jung
Hydride Reagent Selectivity

Table Il. Summary of behavior of various functional groups toward the hydride reagents

NaBH, LI(O-- NaBH,+LICI NaBH,+AICl s:. “'g’.’" s-?nau Nl:;l, u(ommwu u:'lu. un,lmh
hAIH In In
-lh':nol B diglyme diglyme THF THF THF THF THF THF THF
Aldehyde + + + + + + + + + + +
Ketone + + + + - - + + + + +
Acidchioride R+ + + - = + ¢ + ot
Lactone - + + + + + + + + - +
Epoxide - + + + + % 7+ + + +
Ester - pe + + + - x - . + +
Acid - - - + + - + + + + -
Acid sait - - - — - — - + + + —
tert-Amide - - - - + + - + + + +
Nitrile - - - - + - * + M + +
Nitro - — - - - - - - + + t
Qletin - _ — — + + + - - = =
R = Reacts with solvent; reduced in nonhydroxylic solvent
Walker, Chem. Soc. Rev. 1976, 5, 23.
= €I
= % 3 & <
i) - [ <] — ™ ‘9‘: o
f.o0: ;38 8 %2 2% §%:,:%3;
Gowp 38 % =& ¥ © =2 § § 2 g £ I £ E
affected % & 4 3 N | Z Zz Z 3 & 49 &a = L =< L
RCHO Vv v v Vv v v v v v [t v Vv Vv v v
)= o] v v v v v v vy Vv v v v v v v Vv
RCOCI v v v v v « RCHO " x v %
Lactone V.slow x Vv v x Vv ® v v x Lactol / Lactol
‘& V.slow ® v v x J » J v N, « v
R'CO:R? V.slow * v v * % R?=Ph, / v b *® P v RCHO
—+RICHO
RCO:H % x ® ® ¢ x v v v % X Vv x
RCO:M X X b X X Vv v ® X v X
RCONZ x x % v % v v RCHO  RCHO
RCN b X ® v x X Vv v X ® v RCHO
RNO: b * x v x v % x x x
>=< x X x x x X x b Vv v Vv X x
alkyl:
RHal ® aryl : x v v v ® % x ®

* / indicates that the functional group is reduced, while X indicates that it is resistant to reduction. Where appropriate the structure of the reduction

1is ind

P

d in the Table.
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Handout: Acyclic Stereocontrol pt 1

Tuesday, September 30, 2008
7:27 PM

Chemistry 144

M. E. Jung
Organic Synthesis

Acyclic Stereocontrol

Kishi Epoxidation (Tetrahedron Lett. 1979, 4343, 4347; 1982, 23, 2719)

0OBn O Ar

R Me

R
or — — Bn. -H. 0O
VO(acac), WCHQOH - >§\_J<CH20H =] "™ o
H

CH,OH

Al3.strain Al-3.strain Me

favored
H OH

o R,CuLi
'R = Bno - : forR=H

ve " CHOH H Me

BnO 1 ) OH
H Me H R’
OH -,
good selectivity for both R = H and R = Me

Me R MCPBA H

: Me” \
: or
R%MOFF mVO(acac)g )g:<|:'

{BUOOH \ H CHZOR! HH
R =H, Me OR?

A'2.strain when R = Me
o)
H
— —R
Me

CH,OR!

A'3.strain when R = Me
but not bad when R =H

HMe R

. RZOMOH'

H O

good selectivity for R = Me
poor selectivity (3:2) for R = H

R=H,R'=
FIEDAL

R20 3 OH
H OH
1.3-diol 12-150 : 1

4 H Me R%H
R°;CuLi < 3

for R =H

OR!

but not bad when R=H
R?0
H CH,0OR'

H OH

favored when R = Me
but not when R =H

R=H,R'=
DIBAL

H Me H OH
R20

1.2-diol 3-13: 1
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Chemistry 144

M. E. Jung
Organic Synthesis

Cyclic and Acyclic Stereocontrol

Hydroxyl-Directed Hydrogenation

Stork, G.; et al. J. Am. Chem. Soc. 1983, 105, 1072.

Evans, D. A.; et al. J. Am. Chem. Soc. 1984, 106, 3866; Tetrahedron Lett. 1985, 26, 6005;
Tetrahedron Lett. 1984, 25, 4637.

Crabtree, R.: et al. J. Organomet. Chem. 1979, 168, 183: Organometallics 1983, 2, 681.

Schultz, A. G.; et al., J. Org. Chem. 1985, 50, 5905.

Review: Brown, J. M. Angew. Chem. Int. Ed. Eng. 1987, 26, 190.

Stork - cyclic Me OH Me OH Me QOH
- £y -
Ir(cod)pyr(PCya)* PFg +
o} Hz o} : o}
H H
96 4
M
M ;Me Me,,, I;Ae Me ye
OH Ir(cod)pyr(PCya)* PFg OH . OH
Hz
64% >100 1
. . HO HO HO
Evans - cyclic H H I H
Rh(NBD)(DIPHOS-4)* BF4 +
Hy 8% - .
Me Me* Me
19 : 1
Ircod)pyr(PCya)* PFg
H > 25 : 1
2
Evans - acyclic H
H\O/Hh-H OH H
Rh* ! . HON A
HQW S ' > R = ¥ Y
Me Me - —<wm H M Me  Me
H e Me e
Me OH 9y - 95:5
Me Rh* HON TN
HOIV\f ey = H
N W, Me Ve M
Me R M R
91:9
Schultz H _(CH2):CO-X Hy H _(CH»CO-X H _(CH2).CO-X
Ir(cod)pyr(PCya)* O’ O’
— +
PFo .
Me Me"H Me”’y
n=0X = N(CHa)s 130 : 1
n=0X=0Me 41 1
n=1X=N(CHay >100 : 1
but n=1X=0Me 1.2 .1
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Notes 10/02
Thursday, October 02, 2008
11:02 AM
Reduction
2) Hydride agents
a) NaBHi- weakselective
b) LiAlHs- strongnonselective
c) DIBALiBuzAIH-useful
d) LiBH4
e) REDALNa*H,Al(OCh2Ch2Ch4),
f) Na*NCBHsorNa*HB(OH2)3- very mild.. Reductiveamination
DIBAL 0°
RCoome —— RX(,) AhBy,
THE -2 =
8¢ b7 B
g) Li*HBEts- superhydride
L_-l- 5) — L-&Iaclf'ﬂ'c
K'+ HB(S v3 K—Qlcmlﬂdc
Resiose,lecﬁ-vc —  orientation Ho H
] N .
A 2
> N —
> C{ .
/‘ CC_ {/Z aJJl"t’OV\

Zl/C LIC MU&!‘/W‘ yao/ //ZIIJ/

o N R
LBk P e CC
H
_ H
H "%\ ' q aJJl'l")n
* L"/f\)H3 olee 14 odd
C l’\cmase,[ ed' v‘vf‘[‘y
Me Me Me
LiBY assile /7“‘ H
% Ml /7 ¥
‘ ctoH  CH,oH 6 0
HooC coome

e

NN N g %’\(H

BHy THE CHOt  Carme ~o N0
or B H,
Diostereoselech VH-\/
73 OH
+-Bu W —_— w +M
prevests Ting
Ry never
Nf,:,’-” NaBH,

CHEM 144 Page 14



73 OH
b W — w QLQ%
prevests 1ng

G e NatH,
LiAlH, fiz X
L,-s@u.,, H 7 93
4o # 1%’f,,o/-l
> ——«<
H\/ NaBH, 90:10
Li 't 5y J500

CVWM '§— Fc,lkm-AmL\- Hawk (s&e/L\“"JOU'f)

Look at stereocenteralphato ketone

M R
L/\YIZ C poss O m ] M/&MD
() \\Ht\ L ( I,: \ngclﬁq" 2‘ from C=0
S 0
4
favsred bo{.(mall diskivoced Fern medivm

6"”9”"‘”‘ {/4/”55() borane favord
LA, -
(H@) ", 2¢° ‘-‘

H—g—
|

baror\ l‘n‘/‘mc'/; .fﬂn’/ graup
EV\ arhh bselediva

Lesk ot 2 fcq?ov\{s (s‘a, L\N\/ou‘i’)
1) Alpfno bsrane. ~ R grp must be dfferent Hhan acetybin
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10/02

Thursday, October 02,2008
11:07 AM

M H
\N/ e H .

N~Me
’ﬁ L Me N4, NQO\IB O

NHE (M, P

Reductive amlnatlon HQ R

LT PACAN
Ly/J CH S JENER — rAmyf\K

CNBH, k// o N
é\/_{. ]prc‘;/m —30 g M redlbve 7‘49\/\ §7(n-/7</fl‘7 //”ﬂI/n 3417

EschweilerClarke:
React 2 amine

O (7] — o
HCO‘)H / C/
heedﬂ
! \ﬁv/
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Notes 10/07

Tuesday, October 07, 2008
10:58 AM
) Notes 1007
Reductions
Audio recording started: 10:59 AM Tuesday, October 07, 2008

Enantioselectivity
1) Alphaborane (will be ontestforsure)

5 ﬂ> (s) i Lof
R \\\ ! A‘\

ace Iym‘c Ln:“or\cvv\-, gaooA C‘) ~p/
Joqtj’-l- werk well  ptlge

2. Corey-Bakshi-Shibata (CBS) Reduction - Itsuno P} 0
' /\.\" 'Pl'\ /L BH} ‘—’-HF H \"‘OH
W . CII\J ><Pk P M T 2 g e
h/ Coold B\O (e )67‘/
pro line R fod'ahqﬁc amon T
can Lulf S

s chival /wfo@/nk

Deoxygenation

imo —— B,
R g’ ~H

) Wolf £ - Kishner
NH NH, /KoM /H"/\/o\/\ou [/~ a0
* very bosic sy cont have boe senchive

2) Clemmensor
Zn /;/j— Hcl /A
Sk Very aozo/lc (/cd;\] w:'//éz, Sc,,(ﬂljw/é W// and 257 h/ar"é)

3) NH,NHT; /ZtoH
) NH,NHT; ek

OH ' o7
» o~ Amehov/fy — R?— v OG5 kO Y 2
1 15” 2= M\ e NN #%/
Eﬁkiooa’i@
3. Dissolvingmetalrgduction 0'\/\
Birch Reduction Me. (R
i Li (N 7@14
d /..rud I\)Hg “
oMg
ML('L(AVIISM ome_ OM( OMQ I(_g S+A£I€ f

H o le” #
® __ﬁ}_H/B—J @L H— H
- otoH e (5]
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~

MCJ\AMISM oMe oM . oMe legs stable o
NH #ole #
5 _/3_9 H — H
- otoOH © )
_ OMe. 71
le” @@ %OH
G

R R
Om O XY
3 By
R =0M¢ MK, R [
O
\) éjooH J

R:C o0
CooH

OMe oM. @

0
L./NHs wld
g hot o A= /a d
< = R ¢ P
(V)]
@

" oMe o
i L /NH; " or s?’rfwj
) n > é
tol = o }
R I
CooH s L/ 60;1’”
S @ /éé/%l/l/of‘k
: Wechuans
"o 25 oM 2N
or/lu H
F
Enones K K_ H+ g
L:/NH; / o =
I;b Ceoh (N7 #idns
/ = &V
6 7 o ,Z a/é?/ﬁﬁ,” K
S N
o ’ ﬁ/f
r
Acetylenes _ NA/NH}) /2 o ﬁ ﬁ
S el
I‘Undeﬂo’ / Hl -;Lraﬂg
cat b £
2 R' R, BH
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cis R /S — N—(
~ 973 T \ge B H
i [3 .
G9.9:0. ]
crs
4. Silane Acid
Works foralkenes that give stable cations OTFA
5{ €t "
_ &S H @ N ~
\ I
s # 2 S0y or )(, S
CHcooh(TFA  /°

o’ 3° ﬁ.'co‘u’

w. - OH Hysﬁ‘(
s

Ci
OXIDATIONS
Looking by class of compounds
1) Alcohols
A) Cr*® .
H, S0y N
n
Repof —————> [FcHo] — RCooH

i) Collins CrOz x 2 pyr

II)PCC pyridinium dichlromate
4 €]
\ “H C( 0‘5 Cl
®

Pl
R oH ™ R clo

o= Cf”

ot
B) Mn**=>onlyallylic/benzylic/propargylic A o H
oft /Vln. 0z
f g

/
Ho

Mn 0,
Ph /</\0H Jk/\
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C) DMSO-based
i) Swern(mild!)

RCHoH + M, SO
bmso

R cHo

DMsp \/{/11 h"\j 0
06
g&)

Me ~ A M

o

G(&/CI

6

oxaly ! OLlormLc

-78°C

& g-'ésN

v

! cl
[ e d

——

ov

\L (c ’350)20

o

i) Corey-Kim oxidation

Me,S + NCS

or

Cle

iii) kornblum oxidation
DM<so

P}\/\gr

b@MZb’ lic or
ﬂb“lf lic
v

(NAHC03 _)

r’@s/

Plr\/lb H ]C;”z

2) Aldehydes
A) Cr*®

¢eo
RcHo 735/’ R
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B) Chlorite oxidation (mild)

—

mild /mse‘)

or
Cocll,

or
AC;O

&

/W‘z ‘5—"C/
ci”
NCS ™

— 7 > Ph-CHO

7

CcooH

Sodium chlsrte

CHO Nn.[/dl

N

>__ em Iol :mve,,w

c1? /uo
o N C

f?.—CHZ

@/\\/ CooH

CHEM 144 Page 20



Sodium chlgri e

CHO  NallO, @/\\/ CooH
@A/ >
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3) Ketones
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Notes 10/09

Thursday, October 09, 2008
11:01 AM

Notes 1009

Audio recording started: 11:01 AMThursday, October 09, 2008

1Istlab report
Due thurs 10/16/08
Homework due tues 10/14
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discussion

Tuesday, October 14, 2008
10:00AM
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Notes10/14

‘.'
Tuesday, October 14, 2008 -
10:58 AM

Notes 1014

Audio recording started: 11:00 AM Tuesday, October 14, 2008
Oxidations

Sharpless (allyicalcohols only) (guaranteed on exam)
1. Asymmetricepoxidation

Draw alcohol bottom and and tartrate comes from bottom
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Notes 10/16
Thursday, October 16, 2008
11:05AM

Notes 1016

Audio recording started: 11:05 AM Thursday, October 16, 2008

C-CBond formation ->trisolistituated alkenes s,
2 ZCR f;\
OH. wly
LA ~
nr ""ﬁe' Al tt o - H T H o ’ ‘/' #
| Na OM¢ N \5 r ~a1% o 2 ﬁ 25Culs /ol
4 A ih - | ; — =2
,\ F’ GH 2" Nag r- I Petenton R €’
N0 ’ A
Bl - M 4
I I
fu |
v} £
Reduction ->1,2-diols +1,3-diols © .
ANTI 1,2-diols ( H') He l} 7“9 av‘+'
o 2n(BH, ) Me P ' oH ./
_tHF Yo Me .. B
ML)JKL > " o (A Me/g/f”"
Ol N /QH 4 o, Iéﬂ
‘Zn. #
?h o
Syn1,2-diol ) ’l"BM
-5
AN 5
o (4] + #o ol
A (B —udrt = K A 2
Z 2 ]
Ho% 2 v " e Nnt Eadd e
Os',-_/_
/’4{
gH ‘f;l/uw{
Syn-1,3 - Diols ° i b By
Bu. B H
0 OBH Y m ,_/‘-o/——[\g/Bul —_ ——o..,.sl\ Ho b &
Me \ wo TN B > e
NA-B; plb BU\ ,'lt g [
M‘” 2n (KHV)Z t_aj(ra./ e .,/‘T/\
not f;vu!/ ,‘16
Cyan 15 indepmbit B p,
of 13-dwl rn e\gf
1 @o/- ~0
2 “\
n’ A
2B H; /(PhyP); RACI
”{l
. odivm) B
Anti-1,3-Diol (... belotion (cantvse “g 4 Ho
o MeN HEfoN) i o Hyg om AN — T
7 At > M He o e (O G
M s & ifr 7 iR 3
center dogsn %t i ~ 90: /0
atter net £ v;r(}
;Pr,f X
’ B
I"tV_%o/ He
oo

3 > HX;'OH

CHEM 144 Page 30
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Handout: Oxidations

Monday, October 20, 2008
3:44 PM

Chemistry 144
M. E. Jung

Oxidations

) Metal-Based

1)Cr

2) Mn

3) DMSO
4) Pb

5) Hg

IT) Peracids/Peroxides

1) MCPBA
2) tBuOOH

[IT) Other Oxidants

1) OsO4

2) NalOg4

3) SeO,

4) NaClO,

5) RuO4/TPAP

6) Dess-Martin Periodinane
7) H2O2

8) O3

9) Wacker

10) Dioxirane/Oxaziridine
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Handout: Acyclic Enantiocontrol pt 2

Monday, October 20, 2008
3:46 PM

Chemistry 144
M. E. Jung
Organic Synthesis

Acyclic Enantiocontrol

Sharpless Asymmetric Epoxidation and Kinetic Resolution
Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974; Rossiter, B. E.; Katsuki, T.;
Sharpless, K. B. J. Am. Chem. Soc. 1981, 103, 464.

RA_R'  tBUOOH nal _COOEt
Ti(OiPr
Cf_hcé‘* L-(+)-DET =

R3 20 ° >
20°C etooc” ROH

OH L-(+)-DET

ditto
————
D-(-)-DET 3
R
OH

Sharpless Kinetic Resolution
Sharpless, K. B.; et al. J. Am. Chem Soc. 1981, }03 6237.

R .
"Q,O H OH¢ COOQIiPr
L-(4)-DIPT " _
L-(+)-DIPT =
OH ™ fast OH ®)-
® ¥ 1 | >OH

B H iPro0OC

erythro 98:2  threo

R R R
1y,
L - (+) - DIPT O + e}
OH slow OH OH
G 4 1 1
H HR
erythro  38:62 threo
OH
H R (“ R H
H—®=C Ho  but H@:Q H>  worse than HH CHs
R
(S) OH (R oH

Therefore, when you epoxidize a racemic mixture of the secondary allylic alcohol at -20 °C using
only 0.5 equivalent of tBuOOH, all of the (S) enantiomer is epoxidized to give the erythro epoxy alcohol
while the (R) enantiomer remains unreacted. These two compounds can be easily separated by simple
chromatography. Therefore in this process you have kinetically resolved the racemic allylic alcohol
(resolved by a difference in the rates of reaction of the enantiomers)!

R 0.5eq R
tBuOOH |
Ti(OiPr)4 + OH
R H -20°C H R
L-()-DET g, erymro 50% (R)
. . OH

but cis-substituted H , ,
has steric problems | 'R H R
and gives low ee's ‘H vs. C/ R H H
in kinetic resolution OH S) ®)
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Chemistry 144

M. E. Jung
Organic Synthesis

Acyclic Enantiocontrol

Shi Asymmetric Epoxidation
Shi, Y.; etal. J. Am. Chem. Soc. 1997, 119, 11224; 2000, /22, 11551; Org. Lett. 2001, 3, 1929;
Synthesis 2000, 1979 (Review).

Me _ Me

o Me 0———&( Me
1) acetone 0 o 0 b
H+ "/ e
D-fructose ————= Oxone .
2)PCC R o  KHSOs A e}
i — o ~ 7/
Q I 9 T b
M )\" 0 )‘——o
e
Me A Me Me
_ Me. . -
0—  favored
H Oxone OoH R! H
N R? _catA o > ,Z/_ (0] R
_—
R! aq CHaCN J 0 RIH) [~ g
R®(H) 0 )L CH R? (H)
F“
Me l\az /7 R®=H ~90-98% ee
R3 (H) R® = alkyl 76 - 98% ee
- disfavored -

Sharpless Asymmetric Dihydroxylation
Sharpless, K. B.: et al. J. Org. Chem. 1992, 57, 2768: 1993, 58, 844. Corey, E. I. et al. J. Am. Chem.
Soc. 1993, 115, 3828.

cat. OH )
AD-mix B
A __KOsOx(OH)4
R AD-mix p R
KsFe(CN)s OH ‘
KoC O3 70-88% ee Rs R
cat QH AT
RPN COEl _KDS0AOH | AN _COE :
AD-mix o H |
K3F6(CN)5 OH .
KoC O3 95-06% ee AD-mix a
OH cat. cat. QH
Ph  Kz0sOo(OH)4 Ph  KOsO(OH), A~
—— —_—
Fh)\l/ AD-mix f Ph/\/ AD-mix o Fh H
OH KgFe(CN)g KgFe(CN)g OH
>09.5% ee KoC O3 KoC O3 >099.5% ee
Et Et
L N‘ Nt NN BN S @N_’j NN \
H 0 , el
N\ / M H \ 7/ H
MeO XN Z OMe MeO XN Vi OMe
— -~ A >~
N N N N
(DHQD),-PHAL (AD-mix B) (DHQ)-PHAL (AD-mix o)
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Notes 10/21

Tuesday, October 21, 2008
11:04 AM

Notes 10...
Carbon-carbo nbond formation
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C-Cbond formation - Condensations (see handout)
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Notes10/23

Thursday, October 23, 2008
10:55 AM

ForFun

Notes 1023

Audio recording started: 10:56 AM Thursday, October 23, 2008

l) kmn Oq

AN

Alde!
H e e /?9(

@]
mestyloxide G\(’J{
Acetone.

Hz Soy 7
D

o

Crossed Claisen 19
ofl
O na0Et é/K Ph
( > P

Ph J//oee
6]
no « Pra+on on 45k~

Knoevenagel Condensation
Has diactivated methylene

PhcHo Coott

~N

Ex _.CooE+

CHEM 144 Page 39



Pheto Coott

Ex (Co oE+ 5 A
T G
on " acm’/éﬂft
Cnﬁl 7

ey mild, werks becavse J:c“q/m/om"”l‘ Aas /2/4 AT bk s oloul/] ﬂr*""l”/

cooft
Reformatsky Reaction (M,HchUccnjaain‘) @an" (% Ho CnEE MS-C/
O« Z ) [N~ S
B — > L 0e > P a7
/ ~N ot ov § trong actd or éase
In
g:CodF
Michael Addition
£¢00 C> NsOEt /\O E
£e00C ) [
l]q Muﬁllo/\
T C=C ~ (Gokeal
C"C 50 éca.l
Hhig eneryy Arves /xn even 1‘Aau.74 pla i 4,714 (fess ,ﬁva/a,ll,)
Robinson Amulation (michael-aldol reaction)
M<
Cob
: £00Me 1 N,‘o/\/k J} :i :
MV ©
ﬂ,\j Bﬂdof,J Rala;hgan ﬂ.mulmL;m
I)SMI\ﬂ acid
z)cychie enone C’Sﬁm/ard 15 ma,a/lc &mw)
4|
Yo Fos
Aldol Reactions (stereochemistry of aldols) See handout —‘L\' +
LDA me | Refe hanolark
0 bolky g ¢ —> See handlavts
L] i , oy
/\/\l \/ . (na pretic S/Wlny
HoH AN

CHEM 144 Page 40



ForFun
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Review Discussion

Tuesday, October 28, 2008
9:36 AM

Rankingacidity

Lower pka, the more acidic.
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Notes10/28

Tuesday, October 28,2008
11:00 AM

P
WA

Notes 1028

Audio recording started: 11:00 AM Tuesday, October 28, 2008

Hourexamtues11/4

Practice exam posted on Voh

Today - 2nd homework due thurs
Merlick subs onthurs

2ndlab report due mon 11/10
Review mon 11/32pm in 3515 mol sci

Evans see handoutevans and corey

See handoutjungnon-aldol aldol process

Olefination
1) Wittig+Wittig-like

Uwi’}klv{llij 3/'#6
nermad con/ll‘ﬁdﬂS = 2 -a/ éﬂ‘t
el e ——

PheP + R, Be — PRPCH —p B B Zy-R

RP

SO-H 'FrU- cor\dl'hahj

. & G
& Ph Fhe=CH-R
PhofCH-P "0k = “sald e ylide
B
o
oSI (7
B /\/\/fﬂ\3
—_—_—
R cHY
5
\Br
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A
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Zimmerman-Traxler Aldol Condensation

Wednesday, October 29, 2008
6:41PM

Chemistry 144
Organic Synthesis
M. E. Jung

Zimmerman-Traxler Transition State for Aldol Condensation

Heathcock, C. H. Science 1981, 214, 395.
Relative Stereochemistry

Heathcock Me
Ve OTMS |y Me 2 OTMS  gchHo Li__,own
Mé Mo Me Me ;\H
Me
'cis' enolate Me OTMS
Me
O— H Me Me e I
o) R = )/ R Nalo, R
Li = 1Mso H,0 | HOC™
H O OH OH
Me "/ otms
Me ‘erythro’ syn
Me _ i
(0] OLi A /O\r/’fLMe
H r =
Me\/'\o LA, = 07 HoHo Li--© | —R
Me Me O\H
‘trans' enolate Ar
H
Me
fi‘aﬁ;lﬂe = 0 R mild hgle R
L= = A Y'Y Ton |Hoe Y
0\H O OH OH
Ar 'threo' anti
Evans/Masamune Me
OBBu, o e
Me\/,?\ BuBOTI Me. RCHO Bu_ / ol—/ gl —» /I\l/H
SPh EtN Sh—— % ﬁ/ B R
| H OH
H By SPh
‘cis' enolat
CIS enolate H
OBBuU, o Me
" J\ Bu,BOTH  H RCHO Bu._ / ol1-/ gV ~ R
e —_— - - - . gkt . :
StBu  EtgN StBu i ?/ HOzC/\l/
e | H OH
Bu StBu

'trans' enolate

CHEM 144 Page 44
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Evans Chiral N-Acyl Oxazolidinone Methodology

Wednesday, October 29, 2008
6:41PM

Chemistry 144
Organic Synthesis
M. E. Jung

Evans Chiral N-Acyl Oxazolidinone Methodology
Aldrichimica Acta 1982, 15, 23.

X

\/K /\ oA \%\ /\ AX_ )/j\ /J\ LiAIH, ME#OH
\ .-' or LIOOH = "H

o H |Pr H X =Hp, O

|Pr H R iF'f
X
% Note change in conformation about key C-N bond, due
l * presumably to interaction of the aldehyde with the lithium
Me enolate via the Zimmerman- Traxler transition state.

o _Liipr OH O

/ s H o H
Li- --0 R Me RCHO R

| A = , N "
’u H e

iPr.., N\fo ¥ X’O

il d rcHo  ©

o © oo
I\’Il‘c'“\/J\N/\O A Me%\N/\ RX MEVJ\ /'\ L‘A|H4 Me OH
A ‘H : f : i or LIOOH H "Fl
’ Ph Me X= H2. (0}
*

Me Ph R Me Ph
X
% Note change in conformation about key C-N bond, due
presumably to interaction of the aldehyde with the lithium
enolate via the Zimmerman-Traxler transition state.
Li
~~ Me OH O Me

'}

~__.Ph . Ph
_ N/w‘, RCHO g ; /w M e
e
Me /H \:—O (}-
RCHO o

Ph

However, Thornton and Crimmins both reported that then use of titanium salts reverses the 'normal' facial
selectivity for the aldol and provides the opposite diastereomeric syn isomers, presumably via the more
complexed chelated titanium transition state shown [Tet. Letts. 1986, 27, 897; JACS, 1997, 119, 7883].

o o
Me LDA
\)I\N/\o CIT|(O|Pr)3

Me\%\ /\ xan
PONEL

iPr H 2eqTiCl,

RCHO-. __ Xa

|Pr H
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Wednesday, October 29, 2008

Crimmins/Thorton and Heathcock variations of Evans
6:41 PM

Chemistry 144
Organic Synthesis
M. E. Jung
hcock Vari f Evans Chiral N-Acyl Oxazolidi
Tet. Lett. 1986, 27, 897; JACS, 1997, 119, 7883; Synlett 1995, 1213; JOC 1991, 56, 5747
X

lidinone Methodol
Tl.
0 “X
Me I, )K _LDATiCl,_ Me

rimmins/Thornton and H

X
) 0}
\%\ R — R/-\/J\ )k
or CITI(OIPY) ) Me
H“\_/ FlCIEIO » J—/ "
,pr |Pr iPr
X=0,8 syn non-Evans
0o o} BBUZ RCHO M /O\
Me\/J\N/\O _BupBOTY _ Me\%\ /\ Taca R N0
2 -
HA.—/_‘ Eth H H '\ a’ xs Bu,BOTt Me HA_._/
iPr LA RCHO TiCl, or “;_,r er
Me | SnCI_,
o

Me anti
’ R 0.
o OH o o} BuZB,o\%gH LA lLiOOH
BugBl’ H H/\:/'\N/J\O ! N H OH
c‘;-.\.h{N R ipr Me H / 0“\:()/'“ ___coon
OJ iPr (e} R :
via open transition state

syn non-Evans via open transition state
for small Lewis acis (Ti,Sn)

for large Lewis acis (Al, B)
CF,
Corey Syn and Anti Aldol Methodology
J. Am_ Chem. Soc. 1990, 112, 4976 A= §
Ph  Ph . OH CFs
L OB(RR) °
R—R MBVCO;gtBu /=< RCHO H/\ls/COQtBU TFA ﬁl&’/COOH
Arso, N N~soar BN Mg o
: anti
Br
Ph Ph OB(SS)*
5y 8 Me cOgBu  _ OB(S9) RCHO _ )\/cozuau TeA % COOH
arso, N N-goar BN mé oty gV
7 I
Br
. h
R —R Me COSPh Me  OB(RAY _RCHO _ /I\I/COSPh mild aL"’/COOH
~N___N~ iProNEt NaOH
ArSO; ™ g SO 2 SPh
Br
Ph. Ph OH
sy \S Me, COSPh ‘Me _ OB(SS mcho . AJLCOSPh mig v.l{COOH
_N N iProNEt z NaOH
ArSO,7 "~g~o TSO0LAr SPh syn Me
Br
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Jung non-Aldol Aldol Process

Wednesday, October 29, 2008
6:43PM

Chemistry 144
Organic Synthesis

M. E. Jung
Jung non-Aldol Aldol Process
J. Am. Chem. Soc. 1993, 115, 12208
Et0,C.__PO(OEY), TBS
\l/ (9] /
RCHO Me H/\\"K\OH D-(-)-DET R OH TBSOTf +O—)H
NaH; Me tBuOOH iPro-NEt | R OTBS
DIBAL or Ti(OiPr), Me
REDAL L-(+)-DET Me
tBUOOH 1
TIOPs 5 OTBS OTBS
RNy 1BSOTf 2 __cHo CHO
/\(\ iPr,NEt R X H)\l/
Me Me Me
EtOQC\(PO(OCHZCFa)z o OTES
RCHO Me RT ™ Me  -(+)-DET R Me tESOTY R)\/CHO
Slg’gfsri tBUOOH iProNEt :
REDAL OH  Ti(OiPr), OH Me
D-(-)-DET
tBuOOH <@ Me TESOT QTES
2
OH Me
Et0,C_ _PO(OEt EtO,C.__PO(OCH,CF
L (OEY); 1) PCI5/A L (OCHCF3),
Me 2) CF3CH,0H Me

TESOTf = E138I-O SOgC F3
TBSOTf = tBuMe,Si-OS0,CF4
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Olefinations

Wednesday, October 29, 2008
6:43PM

Chemistry 144
Organic Synthesis
M. E. Jung

Olefination Reactions - Stereoselectivity
1) Wittig and Wittig-Like reactions
Review: Topics Stereochem. 1994, 21, 1
1) Unstabilized Ylides

Normal Conditions give Z Disubsituted Alkenes

BulLi + = A R ! R
PhsP + RCH.Br —— Ph;F-'-CHQH Sut Ph4P-CHR m. Ne—/ + \—
B - 1
r ~34:1 R

Better Selectivity of Z Disubsituted Alkenes withSalt-Free Conditions (JACS 1982, 104, 5821)

+ NaNH PhH + — g R R' R
PhaP-CH,R fe ap PhPCHR PO N A
Br— NH3 -NaBr
'salt-free’ R'
>5:1

For E-Selective Wittigs:

a) Schlosser Modification (Annalen 1967, 708, 1; JACS 1970, 92, 226)

+
1) PhLi R B R H__PPh
oo DRCHO_ H PPha ol PPh L *koBu R
¥ e THF  _ THF  _ Et20 BwH .\
Br -78°C ~O"NX'H -30°C O \H HO™ \'H '
R' R' R' major
b) Cyclic Phosphines (Vedejs J. Or{; C.-"n.'m 1993, 58. 1985, 6509)
Ph-P, Ph-R
;b 1)RCHsl Ab _RCHO — 80:20 to 96:4
2)KHMDS .
H
2) Stabilized Ylides
Normal Conditions give E Di- and Trisubsituted Alkenes
COOMe COOMe + _ COOMme _, ' R
Br— PhaP_ pn P—< NaOMe  pnp— HACHO H\_i
R R COOMe
Wadsworth-Horner-Emmons R =H, Me, etc.
Rl
EI0OCCH,Br O~ E100C”P(OEY), %. —
Arbuzov- O ) COOEt
Me Michaelis
R Me
Etooc/l\f'(OEt)z. m— —
o 2) R'CHO COOEt
commercial
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Chemistry 144
Organic Synthesis
M. E. Jung

Olefination Reactions - Stereoselectivity
For Z-Selective Wittios

a) Still/Ando Process (Tet. Lert. 1983, 4405: JOC 2000, 65. 4745)

Me Me KHMDS
Py 1) PCls PN (18-C-6) _ "\ __ fCOOE‘
EtOOC” “P(OEl);  2)CFyCH,0H EtOOC™ "P(OR), —piois
6 or ArOH o Me
R = CH,CF4, Ar ~20-30:1
b) "Backwards" Wittig (JOC 1980, 45, 4260)
Me Me
+ H30+
0 - [ /_< —_— —
=S + PhyP-CHR CHOR 7=
RO

R”  CH,OH
~20-30:1 R=THP, TBS
2) Other Olefinations

1) Peterson Reaction (Silyl-Wittig

SiMe H+ or BF3
Mg o 0 (ant) CH,
Me;Si-CH,Cl ——> MegSi-CHM + o PR —
R a
U M = Li, MgCl e & KH (syn) "R
2) Tebbe/Petasis Olefination
CI O CH
MegAl X 2
cpstich, TeA cp,Ti{ Me: + )k — J_ x=ROR
R X
Ha
. o} CH,
CpsTicl, 2MeLL  op,Ti=CH, )‘\ . X =R, OR
R X
3) Takai Reaction
R
crcl RCHO —
HCX3 2= XCH(CICI,X), _\x mainly £
X=Cl Br, |
X=Cl, Br,|
4) Julia Olefination
1) NaH or R r 1 Rﬂsc(;}LIq;)r R
1) PhS — LDA c ase =, mainly E
RCH,X ————» RCH,SO,Ph ———= —_— T -
" 2)mcPBA/A P72 2)RCHO  ppgo, ‘oH 2 NaMg \r
One- Pol Procedures (Synletr 2000.365)
>= 1) NaH/RCH,X \>—SO 1) Base
2)MCPBAA 2

22T L \—=_  mainlyE
2z 2)RCHO - Y
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Practice Midterm Exam

Wednesday, October 29, 2008
6:44PM

Chemistry 144
Fall 2007
Hour Exam

November 6, 2007

M. E. Jung
Name
Problem Points Score
1 10
2 36
3 36
4 18
Total 100

Note: Place all of your answers on this exam. Scratch paper will be provided. but must not be
used for final answers. Use the backs of these pages as necessary.

CHEM 144 Page 50
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Chemistry 144 Hour Exam
M. E. Jung Page 2

1. (10 points) Explain briefly but fully (using three-dimensional structural drawings whenever
possible) why reduction of the ketone A with sodium borohydride affords the alcohols, B and
C,ina5: 1 ratio whereas reduction with di(cyclohexyl)borane (Cy,BH) gives a 1 : 8 ratio of

B and C.

0 _ HO, H H, OH
1Bu A e %__ 13"),)’\Ma N IBU%ME
H Me H Me H Me
A B c
NaBH,4 5 :1
(CgHy;):BH 18

Remember to explain the formation of both products!
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Chemistry 144
M. E. Jung

2. (36 points, 4 pts each) Predict the major product(s) of each of the following reactions,
showing stereochemistry whenever appropriate. If no reaction is expected, state No_

Reaction. Assume normal aqueous workup after all reactions.

a) COEt NagEt
EtOH;
COEt PACH,Br
b) 1) 03.DMS
———
2) KOH/MeOH
Me iPr A
c) Me
o 1) LDA
2) PrCHO
Me\)'\o 3) mild
NaOH

Me

I
Bu catalytic

CHEM 144 Page 52



Chemistry 144
M. E. Jung

2. (continued) Predict. ..

e)
1) HoOulH+
2) LiAIH,
3) MnO,

0 o 9 1) LDA:

iPr\)L N )KO VCI

E———
2) mild LIOOH

PrH

(2 1) n-BuLifTHF;
_ . CH4CH,CHg-Br
iPr——=—=— ) B,
3) EtCOOH/A

h) Mo ) MCPBA
B8O \ 2)DIBAL

Me H CH,0H

i) Me 0.5 equiv

1BUOOH
a L-(+)-DET
OH ——=
THOP™),

Me CHCls
A

CHEM 144 Page 53
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Chemistry 144 Hour Exam
M. E. Jung Page 5

3. (36 points, as indicated) Transform each of the given starting materials into the desired
products by a reasonable route, using any other readily available reagents.

@a 9 H, OH
iPr&El iPr /’k‘_(El
H “OH H "OH
just this sterecisomer

not a bad mixture

(5)b) MQ\O/CHzBr Me COOH

@) ) H" Me H, Me

E100C COOH

CHEM 144 Page 54



Hour Exam

Chemistry 144
Page 6

M. E. Jung

3. (continued) Transform. ..

#d H oH O H OH H _OH
M " MSMEI

Me Et
just this sterecisomer
not a bad mixture

(4)e)

Ucoou Vo
MeO MeO

@) H H
MeO,

MeO
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Chemistry 144 Hour Exam
M. E. Jung Page 7

3. (continued) Transform. ..
S)g) O 0 Me
Ph

(6) h) COOMe . N Me
: :F : :F

just this stereoisomer
not a bad mixture of
E and Zisomers
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Chemistry 144 Hour Exam
M. E. Jung Page 8

4. (I8 points, as indicated) Synthesize each of the following molecules by a reasonable route
beginning with readily available starting materials (i.e., commercially available or Org.
Synth. preps).
(5)a)
H., OH
Me Et

dl, but just this
sterecisomer

(6)b) OH

COOE!
tBu

OH

optically active, i.e.,
only this enantiomer

CHEM 144 Page 57



Chemistry 144 Hour Exam
M. E. Jung Page 9

4. (continued) Synthesize . ..

(7ye) ©OH

CHO
Et

Me

optically active, i.e.,
only this enantiomer
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Old practice exam

Wednesday, October 29, 2008
6:45PM

Chemistry 144
Fall 2006
Hour Exam
November 7, 2006

M. E. Jung

Name

Problem| Points | Score
1 10
2 36
3 34
4 20
Total 100

Note: Place all of your answers on this exam. Scratch paper will be provided, but must not be
used for final answers. Use the backs of these pages as necessary.
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Chemistry 144 Hour Exam
M. E. Jung Page 2

1. (10 points) Explain briefly but fully (using three-dimensional structural drawings whenever
possible)
1) Why the reaction of the ketone A with LDA in THF at -78 °C followed by addition
of 2-methylpropanal B gives, after treatment with sodium periodate, mainly the syn
product C rather than the anti product D (note that the products are racemic); and

i1) Why the ratio of C:D is higher for the reaction of the ketone A with dibutylboron
triflate and triethylamine followed by addition of 2-methylpropanal B and oxidative
workup.

1) LDA/THF/-78°C
2) iPrCHO Me Me

0 — S)NaE) —HDOC/\|/|Pr + HC:»OC’I\/I'Pr
4

Qe

Me\)%(oms OH ;
Me' Me 1) Bu,BOTHEN c 90 10 D
2) iPrCHO
A \ B . c o6 2 b
3) NalO,

Remember to explain the formation of both products!
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Chemistry 144 Hour Exam
M. E. Jung Page 3

2. (36 points, 4 pts each) Predict the major product(s) of each of the following reactions,

showing stereochemistry whenever appropriate. If no reaction is expected, state No
Reaction. Assume normal aqueous workup after all reactions.

iPr MeLi

—_— -
KOH/MeOH/A

BU catalytic
d) 1) O5DMS
Me 2)KOH
MeQOH
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Chemistry 144
M. E. Jung

2. (continued) Predict. ..

e) CO,Me NaOMg
MeOH;
CO,Me Mel

f)

CHO
EtNH,
—_—
NaCNBH,
pH 4
g) H
Lo 1) MCPBA
—_—
Bro” Ny Ny 2 DIBAL
H Me CH,0H
h 0.5 equiv
) Me | tBUOOH
dl OH ﬂ
TI(OPN),
Me CH.Cl,
A

CHEM 144 Page 62

Me
1) SeO,
IBUO\/\/J\MB 3 MO, -

Hour Exam
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Chemistry 144 Hour Exam
M. E. Jung Page 5

3. (34 points, as indicated) Transform each of the given starting materials into the desired
products by a reasonable route, using any other readily available reagents.

4)a) H Me H Me

HOOC COOEt

o @]
@b Q HE!
Me)‘>{'Pr - Me>>,'/lpr
H® OH HY "OH
just this stereoisomer
not a bad mixture
@e)  Q 7 e

Ph

Y
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Chemistry 144 Hour Exam
M. E. Jung Page 6

3. (continued) Transform . ..

(4)d) O HO H HO, H HO H

iP()I\)\Me B iPr>\)\Me

just this sterecisomer
not a bad mixture

(4) e) H H
iPr—————>~-H - —
iPr Et

just this sterecisomer
not a bad mixture

CH.Br COOMe
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Chemistry 144 Hour Exam
M. E. Jung Page 7

3. (continued) Transform . ..

©9 h Ph COOH
\/\OH > 7

H Me

optically active, i.e.,
only this enantiomer

Y

5)h COOoM
“}Cr © O/\/

Me

just this sterecisomer

not a bad mixture

CHEM 144 Page 65



Chemistry 144
M. E. Jung

Hour Exam
Page 8
4.

(20 points, as indicated) Synthesize each of the following molecules by a reasonable route
beginning with readily available starting materials (i.e., commercially available or Org.
Synth. preps).

(5)2) oH

et
=ar

H

dl, but just this
stereoisomer

(7)b) OH
> COOEt
P N
OH
optically active, i.e.,
only this enantiomer

CHEM 144 Page 66



Chemistry 144 Hour Exam
Page 9

M. E. Jung
4. (continued) Synthesize . ..
(8)¢) OH OH

Pr
Me

optically active, i.e.,
only this enantiomer
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Old practice key

Wednesday, October 29, 2008

6:49 PM

Chemistry 144
Fall 2006
Hour Exam
November 7, 2006
M. E. Jung
Name %{WFR %\/
Problem| Points | Score

1 10
2 36
3 34
4 20
Total 100

meedge S5
Hish 45

Low 125

Note: Place all of your answers on this exam. Scratch paper will be provided, but must not be
used for final answers. Use the backs of these pages as necessary.
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Chemistry 144 Hour Exam
M. E. Jung Page 2

1. (10 points) Explain briefly but fully (using three-dimensional structural drawings whenever
possible)
1) Why the reaction of the ketone A with LDA in THF at -78 °C followed by addition
of 2-methylpropanal B gives, after treatment with sodium periodate, mainly the syn
product C rather than the anti product D (note that the products are racemic); and

ii) Why the ratio of C:D is higher for the reaction of the ketone A with dibutylboron
triflate and triethylamine followed by addition of 2-methylpropanal B and oxidative

workup.
1) LDA/THF/-78°C
2) iPrCHO Me Me
2 iPr )\/
- HO +  HOO iPr
o — 3)Nalo, H OC/'\( ooc 5
Me OTMS OH &
" Mo 1) BuBOTH/EtN c 90 :10 D
2) iPrCHO
" \ B s c - "
3) NalO,

Remember to explain the formation of both products!

ao{'t(« Oceeés vrq_'nuz 'ds'dw% @l e “Tva x. Mlzé
/‘\?Z&p W&PM' le 155 AwWJMMN C’sz)‘lzﬁdf‘awc,

ma_, m-ll[m -—WWGMD@‘::’W’ "
.—»yav’L/'

f r Mﬁf = W"Y b ”’4«”
. v Or
:{\-T //'m" Wél:x i //~”"" D
4 wy :
N B, BOTE Prsie = w2 dlhpfeinol fpgoseropn b
i) ?:W%Mew 2{7::4 ;:30;2 s I;V Mﬂz f{;éw;““f
N C i Asw , -Z 00 Ot vie )
C 0\4@ > ) )uf» O\%ﬁ; ﬁ }l‘ﬂ" Py
\5/ oxl: W’S/ g -2L > ypc!~
7, A I V7 4
5« M5 e u ) D

i /. )
ahhH ey
aFra
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Chemistry 144

Hour Exam
M. E. Jung

Page 3

2. (36 points, 4 pts each) Predict the major product(s) of each of the following reactions,

showing stereochemistry whenever appropriate. If no reaction is expected, state No_
Reaction. Assume normal aqueous workup after all reactions.

P i), 0

a)
MeLi ﬁ— - noﬁ/ﬂ =
N
H Me H
wz W

}:dhz««/hk

A i, sl B,

KOHIMeOH/A

c)
oMpn /0 o =
upn  _BHaTHF

b\z‘kt(“})
catalytnc 7‘, V&eu
CBS leductin

1) OsDMs _ CHC W W{\/Mé eé,
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Chemistry 144 Hour Exam
M. E. Jung Page 4

2. (continued) Predict .

S0,Me  NeOMe @M w% keel g 'quu/(’ml
CO,Me Me
B \
f) EtNHz oj j/a w 6 3 ;‘]/ %
NaCNBHs

An k ,teliz
13
W S MoPBA Z(j}/a; _,gim%g

2)DIBAL 4
Me  CH,OH

h 0.5 equiv
] e tBUOOH
i | o _L-DIPT
TI(OIPr);
Me CH2C12
A

1) 3902 W
. Me 2yMnO, W e
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Chemistry 144 Hour Exam
M. E. Jung Page 5

3. (34 points, as indicated) Transform each of the given starting materials into the desired
products by a reasonable route, using any other readily available reagents.

(4) a) H Me H Me

HOOC COOEt
y @ 0”0

! z I’ﬂ’/A ’

@b 9 He W

Me)‘>{"" - Me)%g/iPr
H® OH ~ n” “oH
just tht:)s gt;r;tt)lijsrgmer
not a ba
M 9"'%(?
P 4 . /ai THF
il 1r
0ﬂ+
@o 9

é 0. %’:MM;_, Ph C
s

(mfur) \)% . Zﬁ__>

Ph e -
(6r k1) > \)\,w TOTTTTTT T el
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Chemistry 144 Hour Exam
M. E. Jung Page 6

3. (continued) Transform . ..

@9 o o u Bz(; B//M"C ,") agﬂf((f of&/tf/{q.)&_ HO H HO H
iPrM Me . o iPr Me
ol (pq’ P)} E[‘&/ 5 ﬁ} just this stereoisomer

not a bad mixture

H H

- T jusir trhis stereEitsomer
VRS S

not a bad mixture

o PAPh0 Lo,
e

affg}' & oM/

@1 CDg CD;
©:0H23r ~ (:[/\cooma
”(ZOZC Lk %>O . 13( \/CK \j bma
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Chemistry 144 Hour Exam
M. E. Jung Page 7

3. (continued) Transform. ..

(5)9)
i T W . Ph >/COOH
J/TM terty g, \Lv i
A 50@3
p‘\/‘b’@( ,—_.) ’ Y] ) IO "‘z)'o
lch'llDS

P‘l

(5) h) O/COOMe . : N Me

ML B K b e
L l/ Dl’] (' 28 —2 st tua/#‘;
M . .

/“‘”}’ o"%

Pl { Gy g
2)0‘1"‘ Wa: ’ ", /. ﬂ": | ‘4/«»\[ “?"w “4 ¥ "
/-?{ /’m".? E Pp"_] 0
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Chemistry 144

Hour Exam
M. E. Jung

Page 8

4. (20 points, as indicated) Synthesize each of the following molecules by a reasonable route

beginning with readily available starting materials (i.e., commercially available or Org.
Synth. preps).

@ 7,
) a) on Selolpy ) TP

Uy
+ e # g‘/
o “Et f?k(ﬂéb)ﬁnf{w#])j m /I:/(/a
Aty w: Nner

e Fudd o™
Ve O¥ il I_/?ﬁgé |
wer” @Ayw = e

P o5l

ot 530503@”) d )
(b)  OH P MDnayy
PO M W MO “

optically active, i.e., M‘Z 77 3 z/
only this enantiomer @
' ﬂ 4; %/dz“ =g fW)z l
27 b ta HMDS
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Chemistry 144 Hour Exam
M. E. Jung

]/‘W”(f Page 9
DIAR [P

4. (continued) Synthesize . ..

(8)c) QH OH

<
Pr

Me

oy
< Mg 0Oy
optically active, i.e., \ ﬂ r

only this enantuomer

%
:Z% TEs ity
Moy Possihle frswe s \
d y 3
i ﬂvzcl’/l’olﬂaiv,)?/ ,@ »;m D( >DéT
Kttmds
7.
o]

”‘Wz
%CT”YMZ -~ 20%c
/f ,Vvso;(f N yq\/gyf- b/ U
% A/L 2) Bhrs ,4424%4& ’%, =
Hor 0

£ b

&, 367? :
0 S
.5 Ay
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Older practice key

Wednesday, October 29, 2008
6:50 PM

Chemistry 144

Fall 2005
Hour Exam

November 10, 2005

Faswee K&y

Name

M. E. Jung

Points | Score 7?7/572 e e %1'2 /

Problem
1 10 /_F (617 % ?
2 36
3 33 // oW ?
4 21 '

Total 100

Note: Place all of your answers on this exam. Scraich paper will be provided, but must not be used
for final answers. Use the backs of these pages as necessary.
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Chemistry 144 Hour Exam
M. E. Jung Page 2

1. (10 points) Explain briefly but fully (using three-dimensional structural drawings whenever
possible) why reduction of the ketone 1 with sodium borohydride affords the alcohols 2 and
3inas 21 ratio whereas reduction with di(cyclohexyl)borane [(CgH11),BH] givesal:8
ratio of 2 and 3.

Remember to explain the formation of both products.

H OH HO H
tBu reducmg tBu X + tBu X
4 Me 4 Me
Me H Me H
3

NaBH, 5 : 1
(CgH14)2BH 8

o W@ il

Vf‘t she ThaTs 2
o ou_f o M\Tﬁ,@%‘& -AS’ \'
M

myj ;
“ \HQH) %,5 g:}%? Ao %ofn
I v Ay .?»T Wﬂa«ﬁ/ f7j

n Mo o
‘;,,

il < Gy B mm%w‘mmm § coplene. 10
+G 6‘:’)1((:-4_} Q7 Beeend
’ ffzt}w - o Maéogénu@,?g,&e
v & pw“'\- k\ ?*«PW}*MEJM‘%

[‘?gﬁ% ,.ﬂ.f&d“ﬂ A, H_/g(% wlge, Mo Suc

"ﬁ TV
‘.1
G, = ;fﬁ( Ao
o “ 7
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Chemistry 144 Hour Exam
M. E. Jung Page 3

2. (36 points, 4 pts each) Predict the major product(s) of each of the following reactions, showing
stereochemistry whenever appropriate. If no reaction is expected, state No Reaction. Assume
normal aqueous workup after all reactions.

6)

Og; 1
Oyt eE e O o
2’:1233;& N~ 4D W

b) H, Me ‘t F ~

v M
2) He/h A >
EtO,C COH ~

d:me 2 OTMS 1) LiNiPr, g /}L‘f ke
\)Y swcro > /L .al’ 20~ = Lol L = -1
Me Me 3) NalO, g } ’/' Wy

H:0 | A Z(‘ f g
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Chemistry 144

Hour Exam
M. E. Jung Page 4
2. (continued) Predict. ..
o g
| L o _DCXDET_ M ¥ V
T(OIP[}4
Me CHzC|2 ] r{)’u wio 4 96
) OMe ‘{"“46 wld P
1) Na/NHs '/ — \_r;'
2) mild Hy0* = Hy \
I hs e

1) MCPBA — _ 2
gL et e
o aqwol‘kup 7 h? e
oW Me (O _1)MCPBA /——6:0 ~ 2 /m?
BnO\)\/AD 2) REDAL Dé &‘M
H

D = deuterium = 2H

C e /ka‘“”*@
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Chemistry 144 Hour Exam
M. E. Jung Page 5

3. (33 points, as indicated) Transform each of the given starting materials into the desired
products by a reasonable route, using any other readily available reagents.

(4) a;J| j\(,iPr _Z,L(' 6“1{\ 2 :E{H}(ipr

H OH (TN H OH

A el sy

’ (Y %,
hw%\ 4 ﬁ p"/y\/\'ﬂcg

4)c) g 2 H -@W é(/ F C i
(4)c) E: c:'.:JCJ\_—_____i“;ﬁ%w @?:ra? ; \E$Et
|59 e Lo \ﬁv

et 28 ,&

e, e g
O Me
0 [COnJabh M °
X — e 50
VN
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Chemistry 144 Hour Exam
M. E. Jung Page 6

3. (continued) Transform . ..

tBuOCH,CH, Me

(4)€) tBUOCH,CH,—C=C-H > ==
H H

mainly (>95%) Z, not

b a mixture of Eand Z
'gu )'Il'ﬁl{(/\/:/!“’e C“a:p;'

s

W Az I
& b i g

Yy 5-)"’“«,{

Cartly 57

©)) CH,0H B b‘,‘ /('f
Q . @ Q——j{ 7

Me
bt mmmm e
Wy 1 /‘\5\) 2 £
Je ?ﬂ s \sal o % j\/a
T R " 407," «

f 47/@ Snta
Sk —\%) H NS4 by

Et CH,OH
M9 o cecon - =
Me H

| Bk Cecoiug oo e

- DA
s o A 5t G-
lews /TNp REY
EATIN
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Chemistry 144 Hour Exam
M. E. Jung Page 7

4. (21 points, as indicated) Synthesize each of the following molecules by a reasonable route

beginning with readily available starting materials (i.e., commercially available or Org. Synth.
preps).

) a} OH Q/{‘Oﬁ (O%j % 4@ )!'z? &/

Mt::j oﬁ%ﬂﬂﬁlﬂk&ﬁﬁlf 5ﬁ}f;: _0
dl, not optically active 'P) ﬁ.; M 7 !—/-;/

=g ""O/““’ e A

oej{‘ )
Mb)  HO_H - Y3 o)
O)ycoom #DM B ——'&féi( ZOYA

HO H 23

optically active, i.e., @P{ QD)Z p [ ﬁ’fz

just this enantiomer

—

e h‘?j?'{

- Cﬁ‘;,() —_ NZW lay
/ o
Pec . o
fh P\/f_?%qk [T
/"
/PPhs
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Chemistry 144 Hour Exam
M. E. Jung Page 8

4. (continued) Synthesize . ..

(8)c) HO H

Et “SoH

Me H
optically active, i.e.,
just this enantiomer %

T

A, MY
[’Iiv ‘w_ﬂ:

h }_(M S0l
\ P
#Hoonk X s
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Notes 10/30
Thursday, October 30, 2008
11:00 AM

Notes 1030

Audio recording started: 11:01 AM Thursday, October 30, 2008

Alkene Synthesis - Olefination
Concept: 7 0
m I)J\H )
e s g/‘K( £ E/t'\ oz
G om

4

2 points:
1. ZvsE product
2. Functional groups

Wity Phe?t

Be _3 @ Buli e 8 o - : I..... e
AT e Y P E VIR Py AV
.pkpspk-mum \1/ll‘€
salt I ethy Zralkert
P=0
F/\B :/\ fll:.r/‘uﬂ- n)ﬂA
F}"I"'M'Y
If you want E form. Schlosser Modification. Protenate the intermediate
/% PhLy /\Ai —___5”6/ /\/2/ 'f-OH -lm-sdm
[ A - 5 d
P{\? At OH o
3 PPhy
Eﬂ.”ul\b
Vedejs used cyclicphosphines
Fh'f?‘ﬂll\l- )
0 PhsFi B® o Al P 9} dcHo
- \
B A o&L swe Pkﬁ’\/lkOEé — AP })\Oéf _’_’N oFt
> /sr, ecter EliG E~alten
Aogt rexorme Sthd. ylide

Group that stabilizes ylide negative charge through resonance favors Ealkene

phesphite

(£0). p: ? o Mt o
(EO) P e oo Ao
7

o
(M pez p 2 N, Dcho !
o A A/\/\ oFt

* Wittigisusually Zselective, resonancestabilizing groups make it E selective

o still/Ando (Zselective wittigs). Change R groups on phosphorous o )
KHMDS —( _oEt
9 <l Jol 240 Y | L -
l) P S 3 o—P oLk > 2

(Eﬂ) P%OE-G Z)CF vnH CF: /\0/ >"dlo Z’a/ktl‘b

* OtherOlefinations
1) Peterson Reaction (silyl-wittig) Uhfklf

) >J\ 0@
Me,Siy 0t > MeSi\ MCl
39N/ % y "\ Site; —
2* Lf - "h Sf\/""l
+Lc)
2) Tebbe/Petasis
= Tebbe: H
4-)\ 1omo Al VAL — .
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CH;
@\T/" MesAl c,,lT;\/CH?;Al/*tt — G, Ti=cH,

&

Cpe iCle;——" Cp,_Tf\/ML ,,A_, Cp. Ti =CHK,
Mo

o
Gou T =CH,
+ E— CPz'T’-;:O
reogesct
(@]
CP;'R:‘CHZ + Oé _— @
lackre

v}
sz—l_f qHz + N\/Ikoff — N\)koff

ster kaJ off but CPLTI-":C”,_ doesn'+

* Petasis

|
v\""’)“d— o o °
iag — Fﬁl—oa - A

’
= Takai Reaction (viny! halides) ,C I
2 o/ O/\N
-
Her, &ty T LCeaT (rveHo M N
3 C —_—
AN T £ alkone major
H CrClT
= Julia-important. Same outcome as Schlosser but doesn't need EWG. Used more often than Schlosser.
R 1
R-cHo , Y _
wLu‘:, B s hot WG
s
0
HcPBA L _ph Buli
e LA
Phs AN Ns-ph > /\/\3 o T

/\/\I Nz > s,,lﬁ"l‘.

svtfone

f& ~33

Modificationstojuliain less steps on merlick's handout.
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Notes

Thursday, October 30, 2008
6:23 PM
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Notes 11/06

Thursday, November 06, 2008
10:55 AM

L)
whia

Notes 1106

Audio recording started: 11:00 AM Thursday, November 06, 2008

Exam
Average 58
High 90
Low 13

2ndlab report due mon 11/10 1pm in mol sci 3221

Cycloadditions:
o DielsAlderReaction

1. Retainstereochemistry of the dienophile and diene

(13
E TEK cootst

, // COOEé [VAH (Oof-é
g L cool ¥
2

Reactionis concerted

’ o° L;‘{-‘

PAH {
>

" C60 &0

CooEE

4 handouts.
1withrates of reaction. Reference only and won'treally be quizzed on

2. RulesforDienophile (see handout)
o Electron withdrawing groups makes better dienophile

Z
[f CFRs6; > Cocl >>§OZP/\>C0PI\ 2CN > cHo

NO, coMe cooR
COOH

NO,

/[( which e wing?

MegC

p—=-R mc@/mcs work few, httle less peactive byt still works well

R
L

o Transvscis
¢ Transalways more reactive in alkenes, cis/trans have identical reactivity with acetylines

T oved
2o 4 overap //0 Flp
0 = >
w0, Yo’
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2 T ovedda O a

E TIPS GRS ST

il —_—

aR 72

H o O>\OF oMe
o Lo bay’

+fran s

e Mustbe coplanar, trans allows thisin alkenes. Can be coplanar

o Alkyl substitution on the dienophile retards the reaction
¢ How to make good good dienophile (jung'srule)
& Foreveryone modeste donor (alkyl) need agood acceptor substituent

o Otherbonds can be used as dienophiles

D1
- N
@ Ly \N-PL\

0
h Hyo* 1)
SIOZP SUZ#\ _’f) ﬁ}
C + A Wkt
l 4
N
6]
Il
Zo /\" — Zjﬁ\,\,
oz
N\l/ \(Coom
0
6+ — KJ
Singlet exygom
¢ RulesforDienesin Diels-Alder (see handout)
o More electronrich, the better
gi‘ﬁw\o(a\rd qu,{f a.'d-ﬂf‘
RO
o =0
N
N CN N
é B fIOL\ e_ rx:o( "
diers boahile
inverge electa  dond diek alder
e
‘ ( j A X
CooMe £ '\O \j
- Coop
€ poor e-rich
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won't werk yth L)a#\ ,ricl'\ or poor

/’”‘: 4 {J
oMe

e rdh

D Mo BXN

=
E‘ ¢ {LNOz ? NO RXN

¢ P’

o Mustbe cis and coplanar

z
Z2
oMe
oMe
Mk Vi
—_—
Base -
Z So
’ J
Danishefsky's diene works very well
o Aromaticdienesare generally notvery good
= Noneonbenzene, pyridine, thiophene
= Furanworks okay. Pyrole (with specificR groups such as ester).
= Anthracene, centerringressonancenottoo strong:
v <N
(N
/1 K
>~
o
o DielsAlderisReversible (notin handout but need to know). Alder-Ricket Reaction
/
:\‘R $oo ';
lass melts
3
/
R
200 -4oo'C @ + 7/\
e ——
R
A - PR
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| ,
C om0

P £

g CooIVk joo-fSeC
o /// e ﬂ@

2h ( F’Fn;);'\ C 00/‘4{
or H" ar K R
A,
/ h r\“”/é £

Furansynthe5|s
A—/\e
e
> ML LD P

o

o]
o, c- = — Cook C°\+
/N ; —
E fo) B L\D—‘- k €

R
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Notes11/13

Thursday, November 13, 2008
11:03 AM

Notes 1113

Audio recording started: 11:03 AM Thursday, November 13, 2008

Diels-Alder Reaction
1) Stereochemistry of dienophile +diene retained
2) Rulesfordiene
3) Rulesfordienophile
4) Reversible ->furans

M oft og 0¥ 2 or
S P o Th ‘o @ D = OF”
cHo ;H‘ N m o W " W,
M or A, v
3 C ohe .
\—~ heo S‘f‘z‘l 9 0L A, % £
ot /A # :’ %—\’a e ')/2’0—7- </\_§>(Cﬂ(
oM M " Ny wht, Drels alh
(& position favered
oM (Bech red) e
c) Inverse-electrondemand diels alder /"l(O N/Mﬁ
Mo oMe A % ctoH /]
+ > / # >
ct cl
e rich ct° ¢l H
Ct Cl

reacts both e rich/poor

# 3- carbo nannulation

6) Stereochemistry
i. AlderendoTSrules (see stereochemistry of diels-alder reaction andout)

Lo TS

Ho")o diere

Lumo o"vall'7e

orbital over/ap
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{
# Expm,
ohc ohc

o — ofc
PAH 1 <
o+ > ) Z \H
>~ A 1 e A4
Ph— u P 2 b
OAC 0 4
(¢} 0 ~
é-hdb

Draw diene inflatplane, draw dienophile underit. Most activating group goes underneath as endo

Ractice 0 Mo
re Y n e
Z ¢ oy, s L — — > L OV
S owe b SR
Me " 1 My /"ie.
ga@mﬂ MK

e \(f e bl dimible
[

Concerted - when bonds form they form at exactly the same time
Nonsynchronous - happen at different times (though very close timeinterval) and no chance of 2nd not

happening
So concered nonsynchronous is an oxymoron but s used to describe this

7) Regiochemistry (see handout regiochemistry (orientation) of diels-alder reaction

The most stable diradical predicts major product. The unstable ones have Hsubstituents whichisleast
stable forradicals.

v j F———ﬁ}\//\/'

TS TmSOo

Possible_radicals N _rhs\o B¢ -cN ’

r"l N
N &)
M 4 % Pe ’/ \\ o
TS h

2 Not really radical or cation/anions being formed though this nmeunic device allows for good prediction
of product. Really by orbital overlap and not anion/cation or radical process.

17'4$C| z 2 A
Y A
4/\: s T

Z'\C’ Z:f/k.bm's

No, lcHO
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. M Ve Zarvs
( + \Q _é)@"coo/qe_ —_— rdvet

Coo/%

* Howw about cis 2 HW = Hhnk adout

8) Enantioselective Diels Alders (see handout enantioselective diels-alder reactions) 2
1) Chiral Auxilaries 9714:/ |\ 7, 0'4/
0 o 0 &
EVANS R Nn/‘/ /VL A gsz/CI o /?/o
Wy o M o s
N/ Bull o o .
. inr /'
|Pr &Ml 5:[.2,,1 /(K/
[
Lioot!
Won'ttestoppolzerand palomo.
—>

J x Coaty
Y +
cool
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Notes11/18

Tuesday, November 18,2008
11:04 AM

Notes 1118

Audio recording started: 11:04 AM Tuesday, November 18, 2008

Enantioselective Diels Alders
1) Chiral auxilaries

o
o
(A
a) Evans > W o
Twsa® oa 2 N—
und(’
2)*
S,
K 0/ bF
a) Oppolzer
b) Helchman
2) Enantioselective Catalysis
a) Corey
Ar
H Ar e
< = cHo
® CHO /
/N\B/a —_—> Me
H e H
Me.
< -
£
o
IntramolecularD|eIsAIder 03 R/v
'r(a/{ag o >
n
g e ) /e
'6/5 f [
L —
E—nﬂ"’f
wm+s sn‘r”‘
3
£
Z

e 1,3-diPolarcycloaddition
1) Nitrones

a) formation

CH C‘HO Q
/,v NaB CAJ
i )us f’ ;_CHS

(%
@N

&,

indramelec E2"
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b) Regiochemiistry

A R
Ph /H | T \e_re FPh 3
[ s
@N t K /P‘\ ; nN— g
e A 9
Hipolocophie S sub. @mqjor

ﬁ'grwp fn‘l’oﬂc‘h% Sr/tm'csl Lu’ky#% more S syb

ex H
. OQ & + i > Cf/ycooﬂq
N—O CoofMe Ay o

. m "o, % zH,otf H ool

o, * (S

(gxo, see s‘t‘WC”WI"\ l’el““’)
dl'SUL with cgdona:hrg ﬂan_’gP“f X S,xs £EDg
and % w:'fb'p{raw-ny grp™ Y pos ¥ 9,3 os EWG

3) Stereochemistry->ExoTSfavored

Ohs " 4 Sog L of
Ni C)9 C?\ /; g m R

”\‘fik Neo

xo exXo
: US’eS H' H

IMT R
ﬁ 2) er-/ﬁt-l m
(:’: = N

D) ”z /eat or Hz  p
Zr\./Cl W
2 n o

/l 3 ‘o.mfm?a/(o Ao /

2) Nitrile Oxide

a) Formation 2PhN=C=0
EtzN @
e R-CHy-no, — R—C =N
H  AHoH U /ucS o%¢
- R 2 3 @
_— éz?N _ e
¥ A

CHEM 144 Page 96



e ;]
or L

b) regiochemistry S sub '&v:uep’

@ 2—/—5’/“’ £
K-C=N —Oe > /3 (
Z/I/\O £}
I
R’/\\/ﬂl f’SO){aZD/C
both ﬂg"“f" Samt
v g' ) Hy, Ni(Ry) e

K
/\H !
]f . R

c) Stereochemistry
o0 Nostereochemistry. Noendo orexo

> %)

ZJMI' Il A’? 04 >/

¢ Special Organometallic Chemistry (see palladium cat cross coupling reactions handout)
o Pd-catCrossed Coupling Reactions

PA(pPhy),

ﬂ - K ! ( (ej(/\‘}lor\ d‘F
Confy 3 vradion
L fls  R-M
M-X+ Pl —
7/ N
! PPhs

CHEM 144 Page 97

X=l, Br, Otf
Xcannotbe F, usually not Cl

R=sp2 character (alkenyl, aryl, allyl)
Rcannot be alkyl

R'-M
R==alkenyl,allyl, aryl, alkynyl, (alkyl)
M =ZnX, SnRs, B(OH)2, Cu, SiRs, MgX



Notes11/20

Thursday, November 20, 2008
11:07 AM
Notes 1120

Audio recording started: 11:07 AM Thursday, November 20, 2008

Cross-coupling reactions
1

Negishi . _
Buls ZACl y AT
> ﬂanC ! pdD

ABe — Acli > Ar-A

Sonogashira V/ » (PP“T) :L/X '
“X\/\I + 9%—;,/% S AN Takai HX-CHO
Cu

HI\J;PF \% /
- - #OH
Cu_LI /Pf‘ K/\\\ 2
sille ¢ 0-9,(F oM Pd(PPhs)y /IOH P .
N = ) 4 Me /‘\(/ L5 Me N—=/
A - 5 bus
LA o Ce
THo Ej
Suzuki-Miyaura ¢ P/u
@/0 Ne, LDA tso* CoNER K Poy e
g Eloc) — A OR
oMe \o/_/_ %
g 4 4 ! e o <o R \~
—c=¢- . oy 25 N
N R #ykg\o > M\ ploH), s
PN / /)-sz Ve I
H_g\o 2)k H) \=/l
nversion

L\cv\l W\'\ﬁe V”“f} Loddy

r o D),

Protecting groups ( see handout)

o
R (¢} OH OH o
Ae T e
—~ [
[¢] V]
Hz0"
- R CooH iH_L&‘_a RcooMe
KoH
1. Acetals
a) Tetrahydropyranal (THP)
_0. H? ro M oo
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b)

c)

d)

f)

8)

KOH 4 1f — Y]
—— \

ot ~N—
DHP th R-OtHP
MOoM Base
goH + 1 Nome . > ROCH ~ome
gz ot RoMoM

Methoxyethoxymethyl (MEM)

ANWAVZLLS
Botl ¢ 1N A s 0V (eamen)
BOM (eventhough acid unstable, can remove by Hy/cat or Li/NHs

Rase
ROH  + C(/\osur._) .ZOCHZ_OBU, (ROBOND

A r

Hz/,_—._{- of l-I/NH‘5

MTM
RSH = mercaptans
base
ROH +Cl Dple — 7 fao/\és/m (EoMW\)
R
N —
HQC(Z /CH;CN/HZU
FG
" AN Sifes 55 pna S
Ro+ (17 u/\v 8 s p NI oiles
r_\_d-/
TRAF
Ethoxyethyl (EE)

THP'solderbrotherand used very little

2. SilylEthers

a)

b)

<)

d)

e)

Trimethylsilys (TMS)
0 Stable to cat hydrogenation and heat, everything else takes off

Y'IOII
RoH + ML3 Sicl —PL—M> RO SiMe~ (r&o‘ﬂ"\f)

u e
H,6 g 0H prace w'ol—l
7

Triethylsilyl (TES)
0 More stable than TMS because sterics

. Pyrding _
Rol* EeSicl ——5  ROSte; (kyTes
i lod B %or ok® ) yf\"d usa»

TBDMS (TBS) L Si/*C | , ;Evo:r[; oM s,"’
ol + \ ot A
TIPS e 1fes STl > RoTIB
N e R otBDPS
78S e
N NPA /
~_ e

7\EAF/)"QO of Hquf
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3. Ethers

a) methyl
Nalf,MeI
s oMe
Rm’,{\ TMST or BBry : MIJ TmsT
R-0-o' —>  3Yalyl/benzyl >Pe>(°>7
) MeySi-I =TmsT b0 S
oc Brs vy 0
EoMe — E—(f)/—é\‘/le. — > RotMSs 5 RoY
~ +
b) Benzyl (BN) U Pheioc \Ie MeT
gop  _Nat ThCRCl g AN e,y o P Mz oH
OV —
Hz/ad' or Li/NH3
0 TMST
c) Trityl (Tr)

Bigbrotherof benzyl, don'tneed NaH because cationisso stable

Ron P k’,__CCl/P'g RoTlr

Hz /CA-"’
67

Li/ntty
6r

Hiot

d) Dimethoxyltrityl

Rot +

A\ / (KODMT")

@ @ />/20/ “~pn

’\\//«J
L cHcooH

Cly
DcA

*Asside DNA synthesis using Dimethoxyltrityl:

on

e) Allyl

B B-Ad
Th

Ho w G = ° ; DME Dea H 6
o [4
Y \Q — o ’\Q}

\Cu/j )
. — 7
oy _-w o J  _o#

pmlr-C! Py N__©° <7

(PsPlyprct o' g
—D

QO
M"-O\/\\Q'/U\o!"\z @
Mdi’g\//“”‘ B more stable
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f) t-butyl

Valll e
poh —> Ro—Lr  (gotbu)
A me
Bt (ne H.0)

or CF3CooH, TFA
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Notes 12/02
uesday, December 02, 2008
11:00 AM

1. Thurs12/11/08 3-6pm FINAL
Wed 12/10/08 Review Session 3440 Mol Sci 1pm
Final labs due Mon 12/15/08 10AM to TA

wN

Rearrangements:
1) Cope
2) Oxy-cope
R
P s-coo R
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BSC S TSis eclipsed with Li-O bond so when HMPA is employed there is no Li -O and so chair
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Notes 12/04

Thursday, December 04, 2008
11:05 AM
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1)
2)
3)
4)

5)

Final Exam

Thursday, December 04, 2008
11:35 AM

Explain: 2-3 probs
3
Predict: A ——> fP

~
Transformlots: A ——> C

> C

BONUS: ~\0ks .. Ward

Synthesizelots 7
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