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Brook Rearrangement

First observed in early 1950 by Henry Gilman
PhsSIK + Ph,CO ——> Ph3;SiOCHPh,

Suggested migration of Si group

Gillman, JACS, 1953, 75, 2935

Extensively developed in 1957 by Adrian G Brook

QL e o 5O
G @ 0

Proposed a nucleophilic attack of oxygen to
a-silicon atom ([1,2] Brook)

Brook et al, JACS, 1958, 80, 1886



[1,2] Brook Rearrangement

09\

Ph

—— B
—~————

CR,

Rssi)\

R = aryl, alkyl

@®BH
0 o A{O—SiPhg,
Ph iPhy === Ph—=
wei o

cat B:

R' = aryl, alkyl, hydrogen

Additive = Na-K, Na, NaH, RLi, EtoNH, R3N

O
OH — R3Si/ CHRZ'

O_Slph3

—> Ph

Ph

[1,2] involves retention of configuration at silicon

and inversion at carbinol carbon

Brook, Acc. Chem. Res. 1974, 7,77



Brook Rearrangement (kinetics)

Table I

Approximate Rates of Rearrangement of
Silylcarbinols in Me,SO by Et.NH at 36°

Carbinol Rate, 1. mol ! sec™*
Ph:SiCPh,OH 7.6
Ph;SiCMePhOH 6.7 X 10-3

> Ph;SiCHPhOH 5.7 X 103
Ph;SiC(CH.Ph)PhOH 1.1 X 10!
— Ph;SiCMe;OH Too slow to measure
— M ePh,SiCPh,OH 1.2
> MezPhSiCPhQOH 2 X 10t
— Me;SiCPh;OH 3.3 X 102

Anionic character is built up on carbinol carbon in

transition state

Brook, Acc. Chem. Res. 1974, 7,77



Brook Rearrangement (thermodynamics)

OH SiR, O SiRy R3SIO

+ B: + BH*

RSO H
BH* =
R EWG R EWG R EWG T R EWG

n-3 n-3 n-3 n-3

1 2 3 4

Weak base:
O-Si bond (120-130 kcal /mol)
C-Si bond (75-85 kcal /mol)
Stability of 1 vs 4

Strong base:
Basicity of carbanion and identity of counterion

Reactivity of alkoxide
Stability of 2 vs 3

Moser, Tetrahedron 2001, 57, 2065



[1,4] Brook Rearrangement

R3S oO'M* M OSiR;
F{“M - R“M
EWd R EWG A

O

R

R3Si l>\
3Si /

R“)\ v
M R'M
EWG / I — metallatik

M RSSI )\/l\
R“ RWZ
EnG h E\?V\ESM ENe 109 )

[1,4] Brook rearrangement can be initiated via
several different methods

Moser, Tetrahedron 2001, 57, 2065



Anion Relay Chemistry (ARC)

Anion Relay Chemistry

———

"Through-Bond" "Through-Space"
“A multi-component coupling |
protocol ...comprising the
transfer of negative charge” Typel Type |l

Smith et al, Chem. Commun., 2008, 5883



“Through-bond” ARC

Transfer of negative charge through 1-system

Essential example: enolate chemistry

o
0 0
0 0 1) NaH Vel

_—
—_—
EtOMOEt 2) O

ij CO,Et CO,Et

Smith et al, Chem. Commun., 2008, 5883



S)

O

“Through-space” ARC

Type I: Involves relaying of anion back to original
location after rearrangement

Brook

® .
O S - t OSIR E OSiR: E
SiR. R O SiR, rearrangemen 3 = 3
k 3 —Q /K)\ > )\/Q : o
ASG R ASG R ASG

Type 2: Anion is relayed to a new position on the
molecule after rearrangement with the aid of o
transfer agent

| S |
SiRs Nu® O SiR Braok OSiR, OSiR; ¢

o 2 rearrangement o E®
ASG /)ﬁ/k/\se - (H/\ASG — = ASG
Nu Nu Nu

Smith et al, Chem. Commun., 2008, 5883



Type 1 ARC First Beginnings

0 OTMS
First exqmple Md’rsuda 1979: 7, | v 37 %
CN 1) LDA, DME
/‘\/K OTMS_
TMS 9 @) >
) A AR H? OTMS
= N (94%)
Matsuda et al, Perkin. Trans. 1, 1979, 26
C, symmetrical, 1994:
22e¢
(( 1 /4( q)
5 n-BulLi, THF (( THF, 12-crown-4 ((
5 — = S¢ ———= HO Sy OH (89%)
. 2)H,0 2
TMS TMS Li )\/K/\
3) NaF Tietze, et al Synlett, 1994, 511
ARC to form cyclopentanols _
T™MS ™S O OLi OTMS TMSO
MeS n-BuLi, THF Me37< L\/\OTOS — .
MeS MeS Li
MeS” | SMe OTos MeS” | SMe OTos | MeS
TMS Li MeS (80%)

) Schaumann et al, Angew. Chem. Int. Ed. Eng.—l 994, 33, 217



Solvent /Additive Dependence

a) t-BuLi, THF, HMPA (10%)
0 -78 °C.5min
m b) LA_OBn TBSQ “s'S OH

S. .S ()05 (12equv) sz
Y .78 °C, 1h
o

1 2 o
TBS ) a (+)-6 X' =X°=0Bn (26%)
4 PMBO T (15 equiy) (+)-88 X' =0Bn, X? = CH,OPMB (5%)
78°C -t 1h  (+)-8b X' = X? = CH,0OPMB (29%)

(+)-6 OBn OBn 26%
(+)-8a OBn CH,OPMB 5%
(+)-8b CH,OPMB CH,OPMB 29%

Lack of control of [1,4] onset leads to mixtures of products

Smith et al, J. Am. Chem. Soc., 1997, 119, 6925



Solvent /Additive Dependence

0

X X AT THE  TBSO x X 11,R=H,X=Cl (80%)

M 10 R 12, R=Me, X=CI (68%)
TBS

Li = : 2 /
] b) Mel, HMPA R CH, 13, R=Me, X=Br (60%)
tBu_ | Li tBuU_ | ,—n--Li-—--O . tBu\/I
P — s 9 PNMesy o N0 — | 0
7‘\)\ _ ) LI\\

Use of HMPA to “trigger” onset of [1,4] Brook
allows sequential addition of dissimilar components

Oshima et al, Tetrahedron, 1996, 52, 503



Solvent /Additive Dependence
Olasse, % \/\<>

N :

I b)snogﬁ‘\;? | BnO ras BMO
4 -78(2; -4(5 '°c?(1u|'1v) (+)-13 (+)-14
Yield 13 Yield 14

Entry Solvent Additive? (%) (%)

1 THF - 60 -

2 Et,O - 74 -

3 Et,O HMPA 9 56

4 Et,O DMPU 12 66

Use of HMPA or DMPU increases yield of [1,4]
Brook rearrangement product

Smith et al, J. Am. Chem. Soc., 1997, 119, 6925



Expansion of ARC Type 1

(" @ tBuli,E4O,-78 »-45°C, 1h
s._s DE’(lequi)ELO,78525°C,1h

¢) E,* (2 equiv), EL,0, HMPA (0.3 - 0.4 equiv)

TBS -78 5 0°C,1th->RT,1h
4
TBSQ Qs QH <\ 7850 Q
O TBSQ S°S : 8.5 71%
B"O\/\M/OTBS 56% Bno_ A ph 62% BNOM
(+)-18 \ﬁ‘o)k/ (+)-24
RS (S\s T TBSQ Qs j:ﬁji?((;\sk/o(/\ 9%
eno\AMoXOMe 74% s \/-\M 60% e oDMB
(+)-18 el

Expanded use of dissimilar epoxides with HMPA

allowed for unsymmetrical products
Smith et al, J. Am. Chem. Soc., 1997, 119, 6925



Applications of ARC Type 1
a) +-BuLi, Et,O (\ />

-78 —-45°C, 1h TBSQ ss OH OH s's” OTBS
0 P ; - OBn
[>_-0Bn (-)-13 (2.3 eq)
m Et,O; -78 —-25°C, 1h (+)12 (59%)
D ;
c) O e <\
188 >N HO “ss OTBS

()14 (1.0 eq,) v IS AN I oen
6 (2.5 eq) HMPA (1.3 eq.), THF;
78 —>1t, 3 (+)15 (13%)

e .
ive-component synthesis of — QXQ O}(g M
Mycoticin (A & B) fragment oo A A N A X N _oms

Total of 8 steps, 5 fewer 6 o o o o1 O

W
72N

than previous method with @ o \/\8/0& =
. - N N Xy =
total yield of 17% " °
Mycoticin A (1) R=H

Mycoticin B (2) R = Me

(compqred fo 33%) Smith et al, Org. Lett. 1999, 1, 2001



Crossover Study

s * M/OB"
TES >< TBS

(+)-16 ()17

n-BuLi, Et,O/HMPA
-78°C > nt

%s OTES &ss OTBS

M A o _owe + M _A_oBn
H > H

(+)-18 (-)-19

No observed crossover product =2 Intramolecular!

Smith, et al Org. Lett. 1999, 1, 2001



Further Applications of ARC Type 1

7 Used in synthesis of frog toxin Alkaloid (-)-205B

a) +-BuLli, Et,0, -78 — -45°C, 1 h
b) OBPS

l\/\/\/\ (-)-27 (1 eq)

m O\“ i QBPS

SYS Etgo, '78 - '20 OC, 2 h

TBS C)
5 (1.2 o) >(ANTS (+)-47 (1.3 eq)

o 0

__/ -78 -0°C, 2h
solvents
yield (%)

solvents (+)-46 (+)-37
Et,O, HMPA (0.7 equiv) 6 56
THF, HMPA (0.4 equiv) 12 70
THF, DMPU (1 equiv) no desired product
THF 39 24 _
THF, DME (3.2 equiv) 53 31 Alkaloid (-)-205B (2)

Smith et al, J. Org. Chem., 2006, 71, 2547




ARC Type T Summary

Dependent on the [1,4] Brook intramolecular
rearrangement with a pentavalent silicon

Use of HMPA or DMPU to trigger [1,4] Brook

C, symmetrical molecules can easily be assembled
using 1,3 dithiane moiety, unsymmetrical with
careful control of [1,4] Brook

Successful use in natural product synthesis

Formed basis for ARC type 2



Type 2 ARC

O SR, & i i OSiR, OSiR; g

rearrangement = E®
ASG > ASG
N Nu

u

Type 2: Anion is relayed to a new position on
the molecule after rearrangement with the aid
of a transfer agent



Type 2 ARC Beginnings

H 1) MeLi, THF HaC HaC
0 -78°C,1h OSlMe3 OSiMe3
SiM63

, 2) EX, -78 °Cto rt
Cr(CO)s Cr(CO)3 Cr(CO)3

1 4a 4b-h
First example from Moser ., ex : S
in 2000 with Cr species: N A~ an(e)+aa
Prochiral face ) ©/\ ©/\£ o e Al
3 CHg;l CHj 4d (65) + 4a (15)
MelLi
0 Hz
Dy “=o0 H Li
\ . \\ ‘ \\
S|Me3 — < > ——5iMes .
| ' = SIMeg
Cr(CO)s Cr(CO)s &
MeLi Cr CO)3

Moser et al, J. Org. Chem., 2006, 71, 2547



Formal [3+2] Annulation with Cr

Symmetrical and H o
Y @o -------------- - @ﬁo

unsymmetric ester coydh SiMes T cor
enolates capable of 2 ¢
1 1 oLt
forming spiro - %OM cyclization
compounds ° MeO’
R 3
- L 1,4' iyl e3Si N
- Q hoo migr:;i}c;n M SQ"-. e
(CO)Ch SiMesR R (cock U 3
4 5 o

Qsm%

(CO)sCl

6e (n=1), 68%
6f (n=2), 639  Moser et al, Org. Lett. 2002, 4, 1981



Type 2 ARC Linchpins

1. t-BuLi, THF, =78 °C 1. n-BulLi, OH

" 2. p-MeOCgH,CHO, —78 °C i OH THF, -78°C_
™ ) - o] N
7‘/\ S 3. H;\?;PAC\:, tallyltbromlde, p-MeOCGH4)\H/\/\ p—MeOCsm/K”/\TMS 2. :xmbmide p-MeOCgH3
-78°Ctor.t. b ,
5 4. Acidic workup 9 D ; RZ?di CC \At/grLLp 9

67%
83%

OH

Ph)\ﬂ/\/o\ Ph)\”/\/\/ OH
69% 63%

20: Ar=p-CIC¢H,; 599,

16 18
21: Ar = p-CH;C¢H, 49,
e OH OTMS
Ph
Ph Ph SPh Ph
- 60% 63%
19 o 31%

25

7 New linchpin capable of diverse reactions
Smith et al Synlett 2004, 8, 1363



Further Linchpin Design

i : A <\ TBS />
kss a) tBuLi or n-BuLi_ <\ S S

S

|I||O

S

S OH S S
AL b) (410 5 RS ¢ o X
Me~ "H conditions Me TBS Me H
11 (+)-12 (+)-13
Reaction
Entry Solvent temperature/time Yield 12 (%) Yield 13 (%)
1 Et,O —78te —20 °C 0 0
2 Et,O r.t./3 h 71 <5
3 THF —30 °C/20 min 47 24
4 THF/Et,O (1:3) —30 °C/20 min 87 <5

Solvent choice of THF/Et,O (1:3) allows completed
addition of first epoxide, avoiding mixture of products

upon addition of second epoxide

Smith et al, J. Am. Chem. Soc. 2006, 128, 66



Further Linchpin Design (continued)

a) n-BuLi i
&SS ) .. ©)Electrophile | '
)L b) (+)-10 HMPA
Me”, “H  THF/ERO (1:3)
-30 °C, 20 min
<S\S QTBSSSA <§S QTBSSSA
Me Me 3 2
(-)-20 (+)-22 I/\/\TBS
<\ <\ /) (+)-10
S's OTBSS'S 65 S's 0TBSS’S” OH 75
Mph WOB"
Me Me
(21 ; (+-23

-1 Three component systems with defined stereo centers
possible using ARC Type 2 linchpins Smith et al, J. Am. Chem. Soc. 2006, 128, 66



Further Linchpin Design (continued)

a) 80, THF b) Electrophile,
or THF, HMPA

Acidic Work-
Nucleophile 81,EtO CLhEd N up= Product

O TMS
Nucleophile Linchpin Product (yield %) |

S s il 80 OH
W
80
Wz 2 T™S
| 7 PN
s 83 OH
CN

81

85
(58%)

1 Linchpins with cation/anion synthon functionalities capable
of Iinkages, including Cu SpeCieS Smith et al, Org. Lett. 2007, 9, 3307



Group Problem

%o d }L (( A
S n-Buli, KO-t-Bu 4 O S

OMS s 7
h . 5 Chemical —
MeO L THF, -78 °C Meé Li Formula:
C43Hy60S,Si

< . c
O\/k/\w +  Chemical Chemical B —
TBS Formula: Formula:

MeO C7H14OSi C33H63OSS4Si2_



Group Problem

DR (| N <
Ckv/l\v/»\»/jis n-BuLi, KO-t-Bu Ckvli\v/A\v/j?s +

MeO THF, -78 °C

oo 4 N

@) S OTBSS S . o
MTMS Bra
Me

OH MeO

OIII

TMS

TMSO

Smith et al, Org. Lett. 2007, 9, 3307



Further Application of new linchpins

1) a) n-BuLi¥KO+Bu, THF
b) THF o| TMS

—
80 OH 3 ?AC
o) THF
107 Br A 109 Gorgonian Sesquiterpene (-)-111
108 (38% over 2 steps) (5 steps, 23% overall yield)

2) 0.5M H,SO,

Smith et al, Org. Lett. 2007, 9, 3307



Diastereoselective ARC linchpin

o SiMe; 1) NuLi (2 equiv.) OH (™%
" ph 2 HMPA NS >"pr
R 3) allyl bromide R
R = H, Me 4) HCI

o—L ANBr 0 :
O \/\/\/\ph

Mmlmlzat|on of A1:3 Strain

O SiMeg,
H : Ph
Me
(-)-6a

OH X

Bl
Me
(-)-18 (65%, d.r. >95:5)

(-)-18 (60%, d.r. >95:5)

Me OH © X
SW
L83 Ph

23 (81%, d.r. 2.3:1)

23 (76%, d.r. 1.8:1)
AL X

Phenyl containing linchpin able to introduce diastereoselective
to ARC Type 2 when adjacent to a stereocenter

Smith et al, Org. Lett. 2010, 12, 1260



Thiophenes and Furans (Br-Li exchange)

Si = TMS

1

Br

R

R
O-Li -
s~si 2RCHO Se~si I epmpu () £

Et,0 s g
sp? carbanion source with a
stabilizing group in the ring

I

l

a_ o
/'“\JL
O H™ TR
Lo
b ¢
/‘;\HM
®
14 ;
X\ G\P_/ E*
i-P
/ \ / \
OH sb (T4%) OH5J 50%)
OTMS OTBS
/ \ i-Pr / \ Ph
OH 5m (60%) H 51 (80%)

Xian et al, Org. Lett. 2007, 9, 4655 & 2009, 11, 1861



Thiophenes and Furans Couplings

fo

o) - Lo T
H RL R
/N / \
X TBS X TBS
2 . 6 :
a)X=0 R = alkyl or aryl
b)X=8
S\ Et = i-Pr-CHO
T Bu
- OTBS
74 ph [ O\
O - gh (82%)
of (620/0) Bu
S\ OCHj
= /
OH 3 o~ ~TBS
™ s 9i (85%)
O b HMPA:EL,O (1:1)
9q {65%)

migration

/ \

TBSO 1 7880
R £t R
/ / \
X © X
7 | 8

Ph
QTBS
OTBS 7 \  Ph
. S
~Pr OH

OH 15e (77%)

159 (76%) SN

——

Bu
<__i‘OTBS a OTBS
7\ Ph
CHs /A

S

15h (45%) OH

DMPU:THF (1:1)  15f (76%)

Xian et al, Org. Lett. 2009, 11, 1861



Thiophenes and Furans Cyclizations

1 Use of enolates to

form bicyclics

OTBS

o)
H
/
TBS

2) HMPA or DMPU

1) O
R

X
2
a)X=0
b}X=85
Enolate Product(yield)
a O b
OTBS TBSQ OMe
OLi
\fJ\OMe / A\
S O 0
18a (69%) 19a (52%)
O C
OTBS 4 TBSG OMe
OLi
@\ OMe / [\
S O O
18b (88%) 19b (57%

Xian et al,

rg. Lett. 2009, 11, 1861



Ortho-TMS-benzaldehye

1 a) n-Buli
b) Cul, HMPA:THF (1:1),
O 0 °C - RT, 30 min OH Bu
c) Electrophile, 2 h
Bu O
2) TBAF, THF, 30 min
™S > R o
Electrophile R Product Yield [%]
= 2
B " uzll/\/ 6a 69
B~ “Ph % “Ph 6b 55
Br/\\\ '71,7/\\'\ Gc 58[a]
PhS-SPh g 6e 71
SnB
Bu,SnCl e 6f 65
0]
Br\)J\ 7 50!
OEt
Br/\ "LLL/\ 6g 56!c]

1 Linchpin enables sp? carbon additions and cyclilizations
Smith et al, Angew. Chem. Int. Ed., 2008, 47, 7082



Different ARC Type 2 Pathway

B Me, Me ]
O  SiMes ©0  SiMes 0—Si-Me MesSiO
1. nBulLi Brook &
H — | nBu nBu nBu
Type I
ARC L )
1 3 5 E@ l5
Me 3. Hydrolysis
O—=Si-Me 1. MeLi l OH E
nBu this work nBu
2 6
Me Electrophile E yield
| .
— g 1. NuLi OH E
O3 Me 5 LimParcul 19a _~_Br _~x  6a66%
nBu 319ad Y 19b ph" OBr PR ¥~ 6e, 74%
2 +Rel 6a-d 19¢ Me—I Me-$- 6c, 78%
19d Ph—I* Ph-¢- 6d, 65%

Pre-coordinated Si-O bond can act as a means to achieve [1,4] like rearrangements
Smith et al, Angew. Chem. Int. Ed., 2011, 50, 8904



Pd Crosscoupling ARC Type 2

O—Si—
R-Li B | XN
1 =
ARC
_ P
®Li 0—Si-R
| a
OH\Si/ n-BulLi l
R Takeda 1\| R
®Li® sif
5
R')\@
R L —
P 2 (R' = n-Bu)
] 2 n-BuLior 2a(R'=H)
OH Si K,CO3
Hiyama
6

11 Attempt to access ARC products via Pd coupling route
Smith et al, J. Am. Chem. Soc. 2012, 134, 4533

Pathway A fiMo Sl 0 E
ARC Alkylation
E-X > n-Bu
Pathway B 3
ARC CCR
Ar, Cul, Pd(PPhy), MezSiNg
R = alkyl
HMPA co-solvent n-Bu
R = vinyl/aryl 4
no HMPA
Pathway C Y
Intermolecular CCR «, p Ar
[Pd], Cul, Ar-| /—/_
Rll + 7 I
this work O—Si—

n-Bu
1



Pd Crosscoupling ARC Type 2

—Si—O
Nu—Li (13) (1.5 equiv)
n-Bu
THF, —78 °C to rt,
OMe 1 1h ,
/©/ (1.8 equiv) (via cannula)
E—X (9)
I PdCl, (3 mol%) ) th
% w-dica (& oty — 1T (0equv) My M Nk Nu-Li = Ph-Li
+Cul (10 moI%)  rt, 30 min 14 U-LI — -LlI
Nu-Li E-X Product Yielda Ar-X Yield2 Ar-X Yielda
Li CeHyq = OMe MeO,C
/@( CaHliinng, ° ”V\@L - /@( 96% ? D 76%
9j g
MeO ity j i OMe L (10a) K s (10d)
= Br
CsHy™ ™ //\©\ CN
13a gﬁ H11Cs OMe 84% /©/ 92% | S 85%
1% i (10b) e (10e)
X gg
OsHii ™) 9a 14b 82%
13¢ U ﬁ I -
~ 95% - 0
_ VL aen | NSt aog)
13a /\/C 79% A
9l OMe
14c

Smith et al, J. Am. Chem. Soc. 2012, 134, 4533



Stereoselective ARC

SiPh, R
O + chU'tBUOCU + R3X S Rz\)ﬁ/OSiPhs
2 R 3 4 1 R

R' = Ph (2a), PhCH,CH, (2b), Cy (2¢)
R2 = Me (3a), iPr (3b), TMSCH, (3¢), vinyl (3d), Ph (3e), tBu (3f)
R® = H,C=CMeCH, (4a), H,C=CHCH, (4b), PhCH, (4c), Me (4d),

R? \/S/OCU—>R2 "0 _a , R \)\(OSiPm
5 6 R
Ph,Si H Cu
RZA/R‘] ———————————— ///Z ----------- - Rz\/‘\rR‘l
8 OCu OSiPh,

Can achieve complete
stereoselectivity through
closed transition state

| 85
X _-OSiPh, (100:0)

Ph 1a
0SiPh
MesS'A/g o (100 0)
Ph 1c
79
Ph \/¢)Siph3 (0:100)
Ph 1e

N OS|Ph3
80 (0:100)
. OSiPh,
91 (100:0)

Takeda et al, Angew. Chem. Int. Ed., 2010, 49, 7089



Silyl group as anion stabilizer

11 Use of silyl groups to stabilize anion formation,

OH
instead Of_ phenyl, dithianes _ Et,5i7 XY “n-Bu 5f 81 100(65:35)0
SO L Si  OLi 1,4-Brook OSi
_ It _ ’ . ‘f B SPh
Si H Si Nu Si L'\‘ Nu
I y OH
2 3 4 Me,SiT XY N8y 59 82 100(100:0)0
Ph [oFr = 59:41]
. @azn 7Y E oOsi regioselectivity [oor y-
E SNy or o addition]? OH
= . Si Nu ¥ OH
Pl stereoselectivity [E or Z N
ags M S
5 6 for y-addition]? T 5m 58 100(91:9)0
1 Nearly all E addition et Ph
OH
Et;Si O _ Sj M
n-BuLi, THF, HVMPA/TMEDA / . %.,Nu _.Et33i e
Et;Si Me  BnBr,-78 to -15 °C,then H* e, Nu 413 H i
50%
7 . . 4-exo 4-endo 8
completed yE selectivily . . covorable) (favorable) (#E addition)

Song et al, Org. Lett. 2012, 14, 158



Cyclizations with ARC and Benzyne

1 Application of previous o-TMS-benzaldehye

©) Nu
(0] R Nu R OTMS
O TMS 1. a) Nucleophile
b) Arynophile :_>
OTf
34 (R=H) 34a (R=H)
35 (R =CHj) 35a (R = CHy)
l Nucleophile T Arynophile
Nu © Nu Nu
R (o) ,) R OTMS R OTMS
T™MS Brook % Elimination
rearrangement
oTf ch

Smith et al Proc. Natl. Acad. Sci. USA, 2011, 108, 6782



Cyclizations with ARC and Benzyne

1. a) MelLi, Et,0, — 78 °C, 5 min

HO HO
N3 //Ph
N N,
- \/N + //N
THF, — 78 °C, 2 min N N

c) 1IN HCl, rt, 10 min

40 Ph 41
67%
o regioisomeric ratio 3.3:1
1.a) 1
2\ /
O 56 ¢) Et,0 (0.005 M), o]
t-BuLi, Et,0, -78 °C, d) KOt-Bu in THF, =78 °Ctort, 2 h
T™S 30 min, rt, 5 min e) TBAF, 30 min, THF Ow
o P)=78°C, 10 min, 2. PCC, CHyCly, 1t, 1 h
Et,O (0.1M)
34 33% over 2 steps 55

b) Et,0 (0.1 M) Cycloaddition,
c) Et,0 (0.005 M) Desilylation
then Oxidation

b\
LiO I \ TMSO I o
d) KOt-Bu in THF 4

—
=
(2]
Y

37 Smith et ol Proc. Natl. Acad. Sci. USA, 2011, 108, 6782



Carbon-Carbon ARC

1 Novel C-C forming SiMe:Ph 5 equivtBuLli P
5 THF, HMPA, -78 °C ™ v

reaction using ARC " al Me,Ph

48, 5-108.4 ppm

. . Me
rinciples
T e (S TS - O
SiMe,Ph Kie, Ve,
49 50 51
(j\)k/n'su dk/Y\
Y Y t-Bu o
53 SiMe; 4% SSiMe; OF 70% e o @/OM
% W (o 67%
SiMe;
30 Sitles ° 36 SiMe; O
OH
_— 75% 72%

31 37 SiMe3

Schreiner, Harmata et al. Eur. J. Org. Chem., 2011, 5255



[1,5] Brook Rearrangement & ARC

1 Expansion of [1,4] Brook ARC work
AN AN

S'S S'S
Base (1.1 eq.
TMS)K/\(Bu ase (1.1 eq.) H)K/\(Bu
;  OH THF 10 OTMS
[1,5]-Brook rearrangement
entry base temp time yield of 10
1 -Buli or n-BulLi rt overnight <30%
2 LHMDS rt overnight 40%
3 NaHMDS 0°C 30 min 88%
4 KHMDS 0°C 30 min 92%
5 -BuOK/n-BulLi 0°C 60 min 89%
b a) n-BuLi (1.05 eq) &
gS _78 °C _ ) Allyl bromide _ SRS
TMS>K/\| b) t-BuOK (1.1 eq.) d) Acidic = Bu
20 O -30°Cto-20°C work-up 19  OH

62%
Smith et al, J. Am. Chem. Soc. 2006, 128, 12368



Aza-Brook ARC
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Viable method for synthesis of oxazoles
Moser, Tetrahedron 2001, 57, 2065



ARC Type 2 Conclusions

Solvent and additives important in controlling of
[1,4] Brook onset in addition of dissimilar
electrophiles

Synthesis of unsymmetrical carbon backbones
Diverse set of linchpins

Broad cyclization scope

Stereoselective variants

Potential for use in Pd coupling

Extensions to non C-Si-O Brook

Limited to Brook rearrangement



