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Seminar Overview

« Introduction to Self-Replication of Stereocenters (SRS) Principle
» Reaction classes rendered stereoselective via SRS acetals

1. Enolate alkylation and stereochemical induction models
2. Aldol reactions
3. ao,B-Unsaturated substrates
a. Conjugate additions
b. Radical reactions
c. Diels-Alder cycloadditions
4. Acyliminium substrates

 Acetal hydrolysis: problems and solutions
« Other manifestations of the SRS principle
1. Alternative auxiliaries
2. Transition metal-induced planes of chirality

» Conclusions



Alkylation of Bicyclic Aminals

1.05 equiv. LDA, -78 °C;

» N~ 1 0 Seebach JACS 1983, 105, 5390

B 1.1 equiv. allyl bromide, H®™-—0

t-Bu -78 - -30°C ZBu
1 diastereomer
formed from 81%y
condensation with
t-BUCHO

« Alkylation is cis to the t-Bu group! l

Brevianamide B

Williams JACS 1988,110, 5927

Stereochemistry of Alkylation: Bicyclic Aminals

H
- gt-Bu . = gt-Bu
N/<O 1.05 equiv. LDA, -78 °C; N/<O

1.1 equiv. allyl bromide,

H b -78 - -30°C 0O
87%y
Re face Me Me
N
N Me

I T

OLi

« Deprotonation leads to an enolate in
which the pyramidalized N forces the rest
of the left ring below the enolate.

« Electrophilic addition is observed

X-ray data: Seebach HCA 1992, 75, 913 exclusively cis to the equatorial t-Bu
' T group, the enolate face which only has

one axial hydrogen.



Alkylation of Exocyclic Acetals

CHO CHO
ACOOCH; 1.0 equiv. LDA, -78 °C; COOCH;z

1 1
N >~ N e 68% y, >98% ds
t'Bu“"< 1.05 equiv. Mel t'Bu“"<
o)

¢ THF:HMPT 5:1

(from serine)

« This is the best result obtained; very few substrates gave above 50% v,
but all had excellent diastereoselectivity.

« Low yields due to B-elimination of the alkoxy-group in the enolate intermediate.

o Li~o 1.5 equiv. O~ St-Bu
|L 1.0 equiv. LDA, -78 °C , allylBr H
O~ ™St-Bu O F ~StBu — » P
t-Bu-—< ] 4:1 THRE:HMPT t_Bu..< eaum —
(e} (e} 0
(from glyceric acid)
* Note that alkylation has occurred cis to the t-Bu group. 63% Y, 93% ds
COOCH,
N~ 09T DA 78 C A
ph—( l -
e} Me Etl, 3:1 THF:DMPU e} Me
(from threonine) 91% y, >98% ds

« Sense of induction is controlled by 3-Me.

Seebach HCA 1987, 70, 1194

Stereochemistry of Alkylation: Exocyclic Acetals

Reactant Model of resulting enolate
Re face
CHO Hii, — L .
\ COOCH e, 10 L'\ * Planar enolate results in
Ne 3 H (e} = :
N electrophilic attack opposite
t'B“""< the t-Bu group.
OMe
o] Me, (o]
Me!
Me Re face

(e} « Puckering of ring causes
|L S t-Bu group to be equatorial.
O~ " StBu \ }rMe
t-Bu-—< e Me « Dioxolane ring and S-t-Bu
o shield bottom face of enolate
to give cis electrophilic attack.
Me Li\o
N COOCHs « Adjacent Me group controls
Ph—</ OMe electrophilic attack to the
o) " opposite face.
e

Re face

Seebach HCA 1987, 70, 1194



Aldol Reactions of Endocyclic Enolates

O
i o~ . o. O
1 equiv. LDA, -78 °C; o O 1 equiv. LDA, -78 °C; t-Bull'-<
t-Buti- T ® o “Me
1.5 equiv. EtCHO, 0™ “Ive 1 equiv. PhC(O)Me, N~oH
-78 - -20°C -78 - -20°C PR e
80% y, 60% ds 81%y, >93% ds

e Zimmermann-Traxler transition state diagrams
account for observed aldehyde face selectivity.

 t-Bu group controls enolate face selectivity.

Seebach Tetrahedron 1984, 40, 1313

1.05 equiv. LDA, -78 °C;

1.1 equiv. | N N / Ar Li
~ -,
Z H‘.-Lo QB o/
78 - -30° i tBU R/

70% y, 73% ds

Seebach JACS 1983, 105, 5390

Synthetic Applications of Aldol Addition

1st step in synthesis:

i-Pr
O OMe
t-BuI—< l LDA, 5 equiv. LiBr N A
N™ NcoocH,; > 0 or
( i-PrCHO, -78 °C Q
N
Ph >/ \_~Ph
9:1 cis:trans t-BuU t-Bu
« Steric clash between
CH, and i-Pr forces the
i-Pr (R,) to be axial.
Ph
13 steps (
< COOCH;3
Q Me
O 6
t-Buir < B M
- < e
- 9] OH
H' BH Me H
Lactacystin 77%y, >98% ds

Corey JACS 1992, 114, 10677



Reversal of Predicted Aldehyde Facial Selectivity

t-Bu
Me
1
Me H9 O//Li Ho, H
LDA, MeCHO G —Me
O Me 13
— = —_ e} Me
t-Bu 108 °C Me, / o
o H # minimized t'BU"<
o Mé Ay 3 strain 07N Me
More favorable
geometry 6:1 S:R at 013 )
52% y of desired S isomer
t-Bu
* Minimizing A 3 strain results in b
forcing Me (R,) away from the i-Pr o
group, endocyclic to the acetal ring. (¢} _Li
This is the opposite aldehyde Me~ o7y
face selectivity to what is normally > o CSA, PhH, A
preferred. Meu., /
H # minimized
Me A 3 strain
Less favorable
L geometry ]
013 gMe
HQ - t_Bu__< LMe
o™z Me
CO,H
62% y
Yamada Tetrahedron 1993, 49, 1571
Synthesis of a,3-Unsaturated Acetals
N NBS, AIBN B < DBU _— < 67%y
t-Bu I aMe o thu z NC(O)Ph 45%y
benzene
quant., 1 isomer
96% y
1 isomer 1 atm H,, 10% Pd/C, EtOAc
MeOZC
. ) . CO,Me
* The endocyclic serine-derived a,B-unsaturated ester A can also be formed
via the bromination/elimination methodology: Seebach Chem. Ber. 1989, 2365 t-Bun <
A
t—Bu t—Bu
t-Bu t-Bu
/'\ NBS AIBN 1 atm Hy, 10% Pd/C
O (0] > (0] o
M CCI4 EtsN, EtOH M
Me' (6] Me (@)
Made in 55% y B C 60% y

from R-3-hydroxybutanoic

acid and pivaldehyde 89% y

4:1B:.C
Seebach HCA 1987, 70, 1104



Stereoselective Acetal Conjugate Additions

1. 2.5 equiv. Cul,
MeO,C S equiv. BuLi MeO,C
coMe  EO,-78°C

N N

t-Bul < T tBuw <
ut ]/ 2. NH,CI tBut

o o

87% Yy, 1 isomer

_WCO,Me

n-Bu

Seebach Chem. Ber. 1989, 2365

1. 5equiv. )~y
MeO,C EtOH O MeO,C
co,Me  reflux ‘N _aCOyMe

\
N

t-BuI'--< ]/ > t-BuI'--<
S S

2. 5% tartaric acid

70% vy, 1 isomer

Seebach J. Chem. Soc. Perk. Trans. 1 1991, 2291

Stereoselective Conjugate Additions into Dioxinones

t-Bu t-Bu RMX Y
. 1.1 equiv. Cul
o) (o) 1. RMX, ERO -75°C Me— (@) (0] 2.2 equiv. PrLi 79%
M 2. NH4CI - "'M
. O i
S !
R  Re face 1 isomer
h t-Bu O
] X-ray crystal structure
Me. /o >/
Ox——_% o ME™ H ——

R
. t-Bu
Si face
pyramidalization angle = 0.9°
H  tBu
Preferred chair product X
(@) (@)
¢ Seebach: Nucleophilic attack is observed from the "more hindered" side due to
development of stabilizing ng — 65y interaction and the inherent pyramidalization of Me” o
the B-carbon towards the acetal center. Alternative view: Attack occurs to give Br

stereoelectronically preferred chair conformation.
Seebach JACS 1988, 110, 4763



Synthetic Application of Dioxinone Conjugate Addition

OTBS OMOM oTBS
TBSO, :
TBSOU O O \(j OMOM t-Bu
— Y
Me o) .| N le) (o]
OMOM P NS
o)
o o OMOM
BrM
o)
Me,CulLi
Et,O

OH
HO\(j
- 7,
M o7

60% vy, 1 isomer

Tius JACS 1990, 112, 8188

Enolate Alkylation of Bicyclic Dioxinones

H
‘\\R

O. R © -
j“‘ 1.2 equiv. LDA, -78 °C; ( ﬁ
o > o H 93

1.5 equiv. allyl bromide
o | o t-Bu 57

[0
o
n

(exclusive product from
acetalization with t-BuCHO) 80%y Seebach HCA 1989, 72, 690

equatorial axial
-~ H >
addition 0 addition
« Face selectivity controlled by sterics in transition state.
R
H H
N i
o equatorial axial
R . o t-Bu
ﬂ-Buji addition 0 addltlon
g o ﬁ OLi

* Syn-pentane interaction in cis-fused system strongly
disfavors the usually preferrred equatorial trajectory.



Conjugate Addition to Bicyclic Dioxinones

O._ .wtBu 1. 3 equiv. Me,CuMgBr,

j 78 °C; NH,CI
o >
2. 1.1 equiv. BulLi;
o) 1.0 eq allyl bromide

axial attack preferred to

give chair transition state N H

H H

82%y, 1 isomer

Seebach HCA 1989, 72, 690

» Face selectivity controlled by
sterics in transition state for both
conjugate addition and enolate
alkylation.

H
Me — .
o) equatorial axial
] - -------- R
addition addition

1.0 equiv. t-Bu

i-Pr\/\n/o

(6] 0, 0
+BU OMe 78%y, >95 % ds

OAr

Me\
N o 1.5 equiv. LDA;
t-Bu-—< :/( -
N
/
BOC

1.3 equiv

* Lower yields and ds are seen with alkyl esters.

Seebach Liebigs Ann. Chem. 1992, 51

)Qr E._-H BoC LOE  H
tBu = liMe H /
N 7,\}5; H
P " -Bu Me—N -
N H i-Pr, t H
BOC™ OLi N N\ i-Pr
H i-Pr Lio \ BOC
Me t-Bu
H
Synclinal: possible Anitperiplanar: steric Synclinal: all steric
interaction between strain with i-Pr endocyclic interactions minimized
t-Bu and E




Radical Addition to a,3-Unsaturated Acetals

N7 0" R i ds
veun-{ I RI, BugSnH, AIBN e i/ t-Bu 70 >96%
N New, > N R
o=( o=(

c-hex 52 82%
oh oh c-hex 89 68%
(with c-hexHgH,
NaBH3CN)

« Only very bulky radicals gave moderate yields and Me 58 56%
diastereoselectivity, thus limiting the usefulness of
this methodology.

Beckwith J. Chem. Soc. Chem. Comm. 1995, 549

> ~

o A° TBSO o/ SePh TBSO o 7
t-Bull--< :E /\Q,""K BusSnH, AIBN /\Q,M
N + s =z FF - F F 0

o : CH, o) (e} 0 N

slow addition, ° PhOC/
oh benzene, reflux t-Bu
Me’ Me Me’ Me

86% Yy, 70% ds
Glycosidated alanine CF, analog

Motherwell J. Chem. Soc. Chem. Comm. 1997, 123

(0]
o] /
¢} rt, 3 days M O e}
t—BuI"-< + @ —_— O—( + )..\\t—Bu
07 ¢y, neat t-Bu 07 ™o
A B
86%y, 96:4 A:B
oli N CH, o Ha
t-BU\.< ~ VS. t-BU\.< iy N
N N
H o o) H o o) % poor 2° orbital overlap
A B
exo
sterically preferred endo

« Addition of Lewis acids (EtAICI,, TiCl,(i-PrO),) or heating to
140 °C results in poorer yield and diastereoselectivity.

Mattay Chem. Ber. 1989, 327



Synthetic Application of SRS Diels-Alder Reaction

OTBDPS

aMe

2 equiv. o 0
t-Bu-—< :E A
(e]

CH,
> 2 equiv A
o Cl,C=CHCI
120 °C, toluene, 20 h 195 °C
24-36 h

58% y from B

H Me;Si OMOM

Me3Si OMOM +

CO,H 8 steps OTBDPS
2 40-45% y

¢ Previous studies suggest
cycloadduct mix contained
93:7 exo:endo selectivity in
intermolecular DA.

chlorothricolide

25-30% y Z
Me;Si OMOM

Limitations of Acetal Diastereoselectivity

o o O 0 0 3 steps
rt, THF, 16 h t_Bu....< -
t-BuI"'< :E + N - L~ . Me o
N™ NcH, Me : N 2
4\ [e) Me
O N, Ph ,
Me i-Pr

O
» Above is the best selectivity seen

70% y in this kind of Michael addition.
66% ds

Pyne Tetrahedron 1995, 51, 5157

(0]
1
R OT 1. LIHMDS, THF/HMPA -90 °C ZHO,, Ph O
tBu™ Y o Phe N o § + t—Bu)j\Rl
R 2. ~ANsp N
O Ph

R' R? ds% y % ee % (major)
« Using the pinacolone acetal results in a
more stable enolate. H Me 82 69 94
» However, diastereoselectivity is still H i-Pr -71 59 97

highly variable depending on the imine used.
Me Me 92 87 92

Battaglia J. Org. Chem. 1999, 64, 4643



Nucleophilic Addition to Acyliminium Substrates

O . . O
eIectronS|s ) TiCly(Oi-Pr), )
i- Pr—< j\ |—Pr—<Nl |—Pr—<N/
OAc

COOH

/ . ]+
MeOZC AcOH; Et3N MeO,C /\/SIMeg MeO,C
H
}H
_\\ .
Meo H N O\ O
\n/ i-Pr—< j\/\
Me (6] /N x
MeO,C
Si face

80% y, 60% ds

« Cis product is the major diastereomer in all nucleophilic
additions to the acylimminium substrate.

« Nucleophilic attack from Si face avoids steric interference
with the 2 axial hydrogens on the ring.

« No selectivity is observed with t-Bu acetal, perhaps due to

difficulty in acheiving equatorial conformer with N-acyl group
twisted out of plane.

Seebach ACIEE 1986, 25, 843

Cycloadditions of Oxazolines

Me02C
MeOZC MeOZC MeOZC
m- CPBA 5 <
t ulne:
T | — MI ioH
Cl
A
50% y
Me
MeOZC MeOC o ) HO,
H HCBr3, NaOH No O\ -Br  Buli,-100°C; MeO,G MeBr
N
_—
t-Butie- < t-Butir- .
u I BnEt,NHCI oM acetone tBun o
H H,O/CH,Cl, H H
50% y 70%y, 1 isomer
 Performing epoxidation in alcoholic solvent (ROH) results in the _}FSEBU
trans product A with OR in place of benzoate ester.
» Aldehyde addition to lithiated bromocyclopropane occurs on the Meozc 0
endo face due to stabilization of the lithiated species by the ester
and acetal oxygen of the ring. ' 1Me
) . . ) t-Burn- < ‘y  Me
* In both cases, there is exclusive addition to the olefin face
opposite to the t-Bu group. H
76% y

Seebach Chem. Ber. 1989, 2377



The SRS Principle

R? R*

Base;
.1 ICOOH )-\-ICOOH
H)\ A Rz

OH R2X OH

Step 1: Form temporary stereogenic center

Step 2: Remove original stereogenic center RL

1
LG B Step 3: Perform reaction at newly created R2 B

trigonal center stereoselectively via control by
temporary stereogenic center

R3CHO Step 4: Remove temporary stereogenic center _
to give desired chiral product Hydrolysis

3
R .~\H -LG .~\H R 22 . N
A — R % A% —> R& A% R R>*<A/
LG>i/B /7</B R? B
trigonal center

« Can have a cation, radical, anion, or T-system at the trigonal carbon

o o
R o o
Jocoon —2eo Y e
H™ Yon H* 0™ g 0™ "R
R yield (%) cis:trans
Me 93 4:1
Bn 87 5:1
Ph 82 20:1

« t-Bu acetal is chosen for most applications due to its steric bulk (enabling high ds/ee),
reasonable cost, being inert to reaction at the a carbon, and favorable physical properties.

» Pure cis or trans isomer is isolated by crystallization. Dioxolane acetal diastereoselectivity is

typical of acid-catalyzed method of formation for the N,O heterocyclic variants: HCA 1985, 68,
H

1243
oH
« Cis isomer is preferred under thermodynamic conditions due to favorable placement of +Bu Oﬂ
(o) R

substituents in equatorial positions on 5-membered ring.

Seebach Tetrahedron 1984, 40, 1313



Acyliminium Intermediates: Diels-Alder Reaction

MeO,C
MeO c 2
€02 NC._ _CN it N H ON
Bui- < :[ I e t—Bull--< * no hv involved
NC” “CN CH,Cl, 0
96%
- TiCl,
MeOZC o CN MeOZC |
TiCly
. - Vel —— | o <
rBur < :[ toluene
Me -40 °C
Me Me
A 65% y
 Trans ring fusion in hetero-Diels-Alder suggests cycloaddition is stepwise.
1. NaOMe,
« Greater stability of the iminium ion A over the oxonium ion alternative MeOH
directs the first attack trans to the t-Bu group to give the observed stereochemistry. 2. HCI
MeOQ MeO,C
N N N\F ; NS COoM
i T|C|4, ~ 2Me
t—BU|"'< L t_Bu|||-<
O
CO,Me CH,Cl,, -78 °C
Me” \e
Seebach Chem. Ber. 1989, 2377
94% y
Reality Check: Acetal Hydrolysis
* No yields or experimentals given
”Me
Me, Me
tBun- < Bn anhyd. HCI/MeOH Bn _ N
> = Some acetals cleaved only by basic conditions,
o reflux, 1 week HOOC sH which eroded ee.
H Me
82% ee 80-95% y
79% ee
CHO
£OOCHs 6N HCl Me>i OH
Me _—
tBut- < | reflux, 1.5 h; HOOC NH,
Dowex resin
93%y « Conditions "in some cases leave a lot to be
desired." --D. Seebach
Me
O 1 52
N 6N HCI R
t-BuIl--< ’ > B
n—\ R 180 °C sealed tube; HOOC”™ “NH,
R Dowex resin
BOC 95% y

Seebach ACIEE 1996, 35. 2708



Acetal Hydrolysis in Synthesis

Williams' synthesis of Brevianamide B

M‘304<i>_/NHLi E/Il )

o

THF

88%y
Brevianamide B

Williams JACS 1988, 110, 5927

Corey's synthesis of Lactacystin

4 eq TfOH, MeOH

COCHy

N e
6
vaun-{ MMe 80°C,6.5h
o H

H O

91%y Lactacystin

Corey JACS 1992, 114, 10677

BOC-BDI: One Solution to the Hydrolysis Problem

MezOBF, Ly
NP CH,Cl, Ne/OM® 1. LDA, -78°C N OMe
t—Bu-—< :/l/ B — t—Bu-—< j - t-Bu—-<Nj(
N N 2. Mel, -78 °C I Me
BOC BOC 3. BuLi, - 78 °C BOC
92% y
BOC-BDI: (S) tert-Butyl Br
2-tert-butyl-4-methoxy-2,5-

dihydroimidazole-1-carboxylate

N OMe
1. IN TFA/CH,CI
- oy
HNT SCo,Me 2. 2N TFAH,0 h MEL
BOC

79% y

* TFA hydrolysis conditions allow for a wider scope of acid-sensitive
electrophiles to be incorporated into amino acid derivatives.

Seebach Eur. J. Org. Chem. 1998, 1337



Extension of BDI Methodology Into the Aldol Reaction

N M 1. LDA, -78°C Ne /M€ 6N HCI, reflux HOQ H
t-Bu——< j - t.Bu-< OH __ '~ _ HooC o
;\l 2. PhCHO, -100 °C IN Dowex resin W "'NHZ
BOC 3. NH4CI, -100 °C sod H Ph
B
88%y, 82% ds 92% y

 Addition of aldehyde at -78 °C gives bicyclic N OMe
derivative A which hydrolyzes to B under the t-Bul—< ~
same conditions. H

N
)\ “11Ph
0?0

A
Compare BOC-BMI and BOC-BDI stereochemistry

BOC-BMI BOC-BDI
t-Bu Me OMe
T \ R
Me N Li
_ N y—B0OC t-Bun.< \\N’ \
LI\O A —_— VS. '} ~ H —_—
\ \ Rg BOC/N \\R
e} ) s
R o N\ t Rg
e t-Bu Me R

Seebach Eur. J. Org. Chem. 1998, 1337

o)
Me,, OH 10 mol% HCl H
+ - = Me o 78%y
o)
o) OH
o o
LDA, THF, -78 °C;
allyl bromide LDA, THF, -78 °C;
acrolein
[o)
Me O Me 0
= HL=",
%5 HO 95
H
o o 0 o)
95% y, 92% ds - - 94%y, 1 isomer

« Electrophiles explored thus far includes BnBr, alkyl halides, and simple aldehydes.

« Hydrolysis of ketals with CSA/MeOH gives the chiral a-hydroxy acids.

Ley Tetrahedron 1994, 50, 7157



Borane-Amines as Temporary Stereogenic Center

Ne 0.95 equiv. BHz*SMe, By ?';'3_
g N~ - COMe > "N___-CO,Me
Z Me =
e hexane, 24 h, rt VR
(from alanine Me ester)
90% ds

78% y major isomer

1.1 equiv. LDA, -78 °C;
1.5 equiv. BrCH,CO,Me,
HMPA, toluene

Bn
OMe
Me I\I/Ie
OLi
HaB Me _N._CO,Me
Z Bn D
Y
\
CO,Me
RX

829y, 80% ee

¢ The temporary stereogenic center is the borane-amine, which is removed under the alkylation conditions.
« Authors suggest Felkin type transition state to predict the observed stereochemistry as the electrophile
adds opposite to the large Bn group.

Mioskowski ACIEE 1996, 35, 430

Self-Regenerating Planes of Chirality

OH T™MS
~ 1. Cr(CO)g, n-Buy0, THF, A BuLi, -60 °C; ‘O
: \\ OMe _— A

OMe
OMe 2. HSiEtg, CF3C02H OMe‘\ TMSCL 0°C OM\e\\
e Cr(CO), Cr(CO);
4%y 98% y
BuLi, THF/HMPT, -60 °C;
Mel, -40 °C
HaCa _Me Oxy-Me
TMS
Me 5 steps TMS s-BulLi, -65 °C;
- L
- ‘\ OMe
oH <, “OMe MeCOCl, -25 °C Me OMe\\C o)
Me OMe ntO)s
Me OH \CI'(CO)3
cis-7,8-Dihydroxy-11,12- 4%y 95% y
dehydrocalamenene

* Cr(CO)3 creates a plane of chirality which functions as the temporary
stereogenic center in the previous reactions.

« Steric shielding of the bottom face of the tetralin ring by Cr(CO); allows for
completely diastereoselective alkylation and acylation at benzylic positions.

Schmalz ACIEE 1994, 33, 109



Palladium-mediated Allylic Substitution

Me P PdCl, Mes_ " 2equiv.NaCH(COMe), Mo X -P"
: —_— - :
OAc PdCl, 2 equiv. PPhg, benzene  veo,c”” >co,Me
A (ee of A = 82%)
86% Yy, 79% ee
NaCH(COMe), 4 equiv. PhMgBr +
ﬂ 2 equiv. PPhy, EL,O | (€€ of A=70%)
Me._ = Ph
Me
Phi., /:/‘ﬁ‘H Me\‘/\/Ph Me0,C~ “CO,Me
H Ph .
i A\Ph 5%y, ee not determined

94%y, 57% ee

» Reaction is the first use of an optically active Pd complex to determine stereochemistry
of nucleophilic addition to Pd-allyl substrates.

» Product stereochemistry indicates reaction controlled by selective binding of PdCI,
to allyl face opposite the OAc leaving group.

Hayashi J. Chem. Soc. Chem. Comm. 1984, 107

Conclusions

1. Alkylations (single or double) can be performed on a variety of heterocyclic acetals
a. If the resultant alkylated product is not acid sensitive, BOC-BMI methodology
is the most widely used to date.
b. If the product is acid-sensitive, the use of BOC-BDI methodolgy is recommended.
c. Exocyclic and bicyclic enolates can be alkylated in good yield and diastereoselectivity.
Resultant stereochemistry is often opposite to that seen in mono-endocyclic cases.

2. Conjugate additions proceed with complete ds in good to excellent yields
for a variety of donor-acceptor motifs.

Radical reactions proceed with good yield and selectivity only for bulky radicals.
Diels-Alder reactions proceed in good yield with high exo selectivity.

The vast majority of these reactions occur on the acetal side trans to the t-Bu group.

o a0 M

The SRS principle can be applied to other temporary stereogenic centers besides acetals.



Control of Imidazolidinone Formation

R yield ds

Me
! o
N Me  96%  90%
t—BuI'--<
(PhCO),0 N~ g Ph  79% 95%
o) ~0)2
R ] 135 °C o:<
R /] t-BUCHO /k.\\c\NHMe / .
O — > H7X
NHMe
"N A )I\ Me,
t-Bu H \ N O Me 85%  71%
t—BuI—< :/I/
1. HCI/MeOH, rt N~ g Bn 88%  80%
2. PhCOCI, EtzN o
i-Pr  78%  95%
Ph trans

» More stable cis isomer arises from thermodynamic control, while the trans isomer is
formed under kinetic control.

« Both diastereomers can be purified by crystallization to >95:5 ds.

Seebach HCA 1985, 68, 135

Alkylation of a-Substituted Heterocyclic Substrates

o ° 1.0 equiv. LDA, -78 °C; o P
t.Bu....< :/I/ - t_Bu,,,,< i 81%y, 96% ds
Bn
. -

0™ “I\e 1.5 equiv. BnBr, -78 - -20 °C ¥
e
Seebach Tetrahedron 1984, 40, 1313
o] 6]
O 1.05 equiv. LDA, -80°C; o
t-BU“"< - t-Bu""< R RX =Mel 85%y, 60% ds
S Me ) S RX = BnBr 90% y, >95% ds
P 1.5 equiv. RX, -80 - -20 °C L
H Me l\:/Ie Me

Kellogg Tetrahedron 1987, 43, 5039

« Dioxolane alkylations with other aliphatic halides gave comparable yields and selectivities to above
example; however, these enolates are less stable than their imidazolinone counterparts.

» Use of N,O or N,N variants leads to synthesis of non-natural amino acid derivatives
with useful biological applications.

* O,S acetal allowed for first enantioselective synthesis of tertiary thiols after acidic hydrolysis.



Synthetic Applications of SRS Alkylation

alkylation of the appropriate heterocyclic

) Me
0—_»sMe 1.2 equiv. LDA, -78 °C; o >\\
t-Bu-—< :\( > t-Bu——< 10! Br » Either product enantiomer is available from
o .
o 25equiv. J]\/ 0" o precursor.
Br Br 74%y, 98% ds

-78 - -70°C ¢
ey |
0
- Q
-
BnO OH
O 10101
Me Boeckman JACS 1991, 113, 9682
Me
Me Me R= 11
\N 0 1 equiv. LDA, \ o HOOC P—onH
-78 °C; N .1Me OH
t-Bu\"< - t_Bu||--< " — X H
N AN e — || NH

| 1.5 equiv. Mel,

N
- \
o ~ 78 . 23°C o=( R T N
Ph OBn ) N~
Ph Metabotropic glutamate
receptor inhibitors ~~COOH
OBn

92% y, 1 isomer Ma J. Chem. Soc. Perk. Trans. 1 1997, 3493

BOC-BMI: Even Better than SRS Methodology

Synthesis of BOC-BMI (BMI = 2-tert-butyl-3-methyl-1,3-imidazolidin-4-one):

Me crystallization with Me, Me
4 steps N 0 (S)-mandelic acid o P o P
N7 NCOOH T tBu— :/I/ > tBum :/[/ + e :/[/
N N7 N7
H Ho Hy
racemic mixture (mandelate salts)
70%y 30%y 23%y
1. NaOH
) ) ) 2. Bocy0,

» Use of these substrates in alkylations does not involve Et;N, DMAP
the SRS principle since the stereochemistry of t-Bu group 4%y
is not dependent upon a stereocenter on glycine.
« Above resolution method is far superior to synthetic or
amino acid degradation routes, which give comparable Me
overall yields but are longer and less amenable to scale up. Me\ o \ o

N N
« Degussa has scaled resolution method to kilogram levels, t-Bu-—-< :/( . t_Bu“,,< :/r
both enantiomers are now commercially available (Aldrich: N N
1g = $84.90). h !

BOC BOC

« 3-benzyl imidazolidinones (BBI) are less crystalline but have
been used successfully in alkylations. . .
Overall yield from glycine: 12-15 %

Seebach Tetrahedron 1988, 44, 5277



Alkylation with BOC-BMI: Improved Flexibility

Application to unnatural amino acid derivatives:

1. 1.0 equiv. LDA

2. 1.05 equiv. |
Me
27 )
Me, MeO 70% y
\ . !
N:/l/o A OMe tBu Ao 1 isomer
t-Bum=— S - ]
N 3. 1.05 equiv. BuLi BOC OMe
/ B 4. 1.1 equiv.
BOC |
c (j/\ OMe
1. 1.1 equiv. LDA
2. 1.1 equiv. « All 4 steps done in situ.
1. 1.0 equiv. LDA
c c 2. 1.05 equiv. " y
— e — e
3. 10 equiv. TFA BrCD>CeDs \N o}
4. NaHCOj3
Y t’B“’< :/l/ D 3. 2 equiv. t-BU"<
Me ,N e, BulLi |
N 0 BOC N BOC
D D
t—Bu—< :/|/ 4. D,O
N,
D D
48% 'y, 96% ds L D _

) 90%y, 1i
* Products are hydrolyzed to their oy, L I1somer

free amino acid counterparts. A and B: Seebach Liebigs Ann. Chem. 1989, 1215
C: Najera Tet. Asymm. 1997, 8, 1855

Stereochemistry of Alkylation: Monocyclic Acetals

Monocyclic acetal alkylation X-ray structure data supports observed facial selectivity
O 0 O 0
t-BU-—< t-Bu-—<
O™ “Me © Ph
LDA
O tBu
ot )J\ /k
° ph”” SN “n—Me
t—Bu-—< | —
O
Me Me OTBS
BnBr Q .
si face
0 0 X-ray data: Seebach HCA 1992, 75, 913
t-Bu—< 81% y, 96% ds
“IBN « Bulky t-Bu group blocks the top face of the enolate
0 so that alkylation occurs trans to the acetal substituent.
Me

« This sense of induction observed for all electrophilic additions to
monocyclic acetals of N,N; N,O; O,0; O,S with endocyclic

enolates.
Seebach Tetrahedron 1984, 40, 1313



