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W RO E (JE30) : The regioselective nucleophilic addition reaction of amines to
3-silylbenzynes and Diels—Alder reaction of 3-borylbenzynes, both of which are generated
under mild conditions, have been developed. These new reactions can be regarded as the
synthetic methods of broad multi-substituted aromatic compounds because silicon and
boron substituents on aromatic ring can be converted to various functional groups.

SRR
(GARHRr < 1)
e BERL R &
2009 & )& 2,200, 000 M 660, 000 M 2, 860, 000 M
2010 &% 1, 200, 000 M 360, 000 M 1, 560, 000 M
o
o
I
woEr 3,400, 000 M 1, 020, 000 M 4,420, 000 M

WFFE4 8 EHRIRE

BHFE D F - fE  AbSRIEFE

F—U— R RV A . RNue UK, A BILEW. BERLSFELAY. MLEERIE,
Diels-Alder i, sREZAII G

1. BIRBBANOHER WSS 2 R, HEFR RS A D
NUPA E, BRI SEEAEEER | OSEREEERRECH D,
NI T 5 B D G T AT b — G, BEEEIE RUPA D3I

., KT RKLE¥—D LUMO ZH LTS TAREREELBEATLHZLICLY, 2O
DEERI O EE T, T OFRREIERITE < ERINEDNKIBICHEEIND Z 2P 50
5% < OWFFEEICIER S, WHFZE0k I Wie (X 1), bbb, A FEERE

TN T& 7z, £70EF, RMRSEET (tert-butyldimethylsilyl = TBDMS) % H 3"
TRUPA U EFEIEDFENEARIN, HRUH A 1 ETT 2 LD
SO0 B M NS FHAFIE 28 & B ICTR R I T Diels—Alder SJGAMEEIRINANZEITT 5 2
N5E o tz, LinL, RUTA UiRE EERHL, RUWA URUSZE T HALE %




WEDOMBEZMRILT D 2D FIELZHET
HZEITRB LIz, Bz, ok 3
o TBDMS #:%27 V) —/Li~LEH#+ 5
HFEAERTAZLICbIL, BT U —
NHEREART D HEE LTHEL TV
% (Angew. Chem. Int. Ed. 2008, 47, 7673), =+
7o, AT TS KE, RURERS T A
ZARIO T2 2 LITARBI L, F D)7 E 3
R Diels—Alder it BH%E L 7= (2007~2008
AR — T v T EREE),

TBDMS TBDMS

~
‘ . o _ R34> O@ — Biaryls (1)
R’ R2 R{ R3
1 2 3 R?

AFRBEMFIECTlE, 7 A BOR U REBEHILIC
X 2HEEFICRB Y, XU A ok
KA EG=e Diels—Alder Bt O B SR M
arha—L35, BT, KiExLERR
BRI EWERRIEE LTHRET 5,

2. HRODEW

BT, BRARSEH TRV TR A %
FHAEZDFEDN, RSN KEREAZED
TWb, IMEBIE, ZvFES AL oTR
VWA U5 BERAEIE DL A UHIBRK 4
ZRFEL GN2). MmO TRMARSLMETICE
WTRUYP A U EREIEDLZ LIRS L
7= (Kobayashi, H. et al. Chem. Lett. 1983, 1211),
AR 4 3B STk, R Wa o
LWIGA R 2 LB S, BIETHZ DL
FAWFZE B A TAT DI TN D,

e
(R'=H, Me, OMe)

@[OTf
T™S
4 5

Fluoride ion

R!

— 78T Knochel 1303 A U HITERIA 6
B L. IKIRICTIPrMgCl 225 Z & C
BRSNS v TERESED D
L xwAHEL L7z (303) (Knochel, P. et al.
Angew. Chem. Int. Ed. 2004, 43, 4364), AHiBKX
K61, 4 Ll U CHREICIRTIZ2 &M T
ICBWTARTES720, HIZEL DERE
XU NFFE D ENTED, Lo
L. BRSNSk A 2 7 %5
TTEDITH0b LT, RIBRAE6 2DV T
IFFEERIH SN T I o Te, T, v
WA DD — AR BRI T H
HIENKRERBRTHL EEZDBND,

OSOzAr iPrMgClI
(L o
1 (R?= CO,Me, NO,, CN, I)

R? R?
6 (Ar = 4-CIPh) 7

ARREEMTZE TIE, B2 TICTRAES
BT ARRBB T RN A 2 2 (E R
RBOSIZIGH L, SRk ERAZ AT 0%
ERGEBEICAMOAREZRET D &

A ET D,

3. IRDAE

HEEE DL, 2007 A5 2008 41T
TR BB S T, A BRR Y
FERELIEMLETHER T T LD
EERAY Diels—Alder )& DBAFEIZHALEN LT
W% (301) (Silicon: Angew. Chem. Int. Ed.
2008, 47, 7673. Boron: 2007~2008 4£ /% A Z —
F7 oy PRRHEE), L L, JERIETIL,
RPN R AV EREIELT-DICK
JeaE DO RR ¥ T &V nBuLi <2 tBuLi & L T
Wiz, 22 CET, BRELFEEED LT
O, BRREHTFICBWTRAIEDL XA 5
B A U RTASC AR U R EHR
A ERFT 5,

BWNT, BREEZAT LI U A Tk n
T Diels-Alder s 0RAEZAT NG O (B 188
PRMEZT D, FrlC, A REHESHA
IZOWTIET 2 v & OREMIR G, &Y #H
BN A NZONWTITIER T T LD
Diels-Alder S IZ DWW CREMNIHRFTT 5,

4. IRAER

ARl Fx T U VERSCY A 0K T
FEBN YA BB TRAES
. I D OMLERINN e S % 32 &
2 & o T, ZEBTERACA WA L% B%E
T 5,

V)7 A FBEHRAS T A DAL NEIRAK
BZATIMBS

R A OREM MBS TR S &< »
LHILENDRXUY A URIEDOEDTHD
. FOMEIRIRMEICE L TR, A Mo
RMBD TSI EWVEREFED A X AT
HZENRMLNTWARERETHD, —FH., &
JV MR SRAEZATINT 2 KOs 1358 £ #t
HEINTEHT, Meyers 51255 3ALICAF
BV EATHRUY A KT T T
U F 0 L ORI DI ME— DT B
b, PEEFEIL, 7oRBT =4 EHWTRAE
STV I AR A DA MLIRIRE
T I VURREMITAZ EE2 R L,

9. WEROFIBRA 8a Ik L TCTF AT
JUTFER, 7TV F U LEMATIZE 2 A,
T X UM AZALNTBAN SR IE 13a
DMLEERINAIZ AR L7 (Table 1, Entry 1),
Wiz, BiEiEZ 9a 1AW L, 7vHFE AT
WX o TRUP A U RAESETZLE DA, i
D CHBRBEWZ LI A FDOA NV MLIZT
FNAT I UNEAINT, 12a ZiRIRICE
Z.7= (Entries 2-5), 7¢k, ABISTEEZ T
FH1F EBIRVEN A9 523, —78 °C TIEUX
RNET 95 (Entries 2-5and 8), F7=. X
VYA U ERAESELEDO T v BRITIK
BRMEITRB T 2O R D7), CsF %



KF XV TBAF B WE5H 4 5.2 7= (Entries
5-7), 5E->T. LABEDK)EIZ-40 °C T TBAF
ERAWCKIGEITY ZIC Lz, B, 7
RUREELRT I U OGEITIT SRR X
EAERB LD o7,

Table 1. Optimization of reaction conditions.

SiMe;
NHnBu

SiMes SiMes 4 },
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OTf nBuNH, (10a) [ Me 12a
_ | HNnBu S
i vie:
Me X nBulLi [for 8a]  |pe v 10a }\ 3

Bu,NF (TBAF)

8aX=Br [for9a] Ma b
9a X = SiMey THF Me NHnBu
13a

Entry  Precursor T[?,g']p TEE]'e 12a: 13a [T,EI[Q]
1lal 8a -78 0.5 1.0:>50 45
2[b] 9a 60 0.5 20: 10 91
30l 9a 25 0.5 27: 1.0 89
4lb] 9a 0 1.0 37: 10 88
5lbl 9a -40 5 77: 1.0 92
gl % -40 48 65: 1.0 171
7lbal % -40 48 86: 1.0 16!
gl % -78 12 10 : 1.0 310

[a] Reaction Conditions: 1.0 equiv of 8a, 3.0 equiv of 10a, 5.0 equiv of
nBulLi at —78 °C in THF (0.20 M) under nitrogen atmosphere. [b] Reaction
Conditions: 1.0 equiv of 9a, 3.0 equiv of 10a, 2.0 equiv of TBAF in THF
(0.10 M) under nitrogen atmosphere. [c] Determined by 500 MHz "H NMR
data for a crude reaction mixture and also by the isolated yield. [d] Total
isolated yield of 12a and 13a. [e] KF and 18-crown-6 were used instead of
TBAF. [f] Total 'H NMR yield of 12a and 13a. [g] CsF in MeCN was used
instead of TBAF in THF.
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Table 2. Regioselective nucleophilic addition.
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9d, 11d CH,OTBDMS H 10e CH,Ph L
9e, 11e  OMe H 10f  cyclohexyl
of 11f CI H 10g allyl 13
9g, 119 Me Me 10h  NHBoc
9h,11h H H 10i  NHCbz
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Me
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R Me
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12j (R = Me, R® = Cbz,1 from 9a+10i, 76%,1% 20:1l)

91 4.6:109
12k (R = CI, R? = Boc,[*! from 9f+10h, 57%,1 16:1ic)) 12! (from 9g+10h, 61%,%14.6:11)

[a] Reaction Conditions: 1.0 equiv of 9, 3.0 equiv of 10, 2.0 equiv of TBAF in
THF (0.10 M) under nitrogen atmosphere. [b] Isolated yield of 12. [c] Ratio
of 12 to 13 determined by 500 MHz 'H NMR data for a crude reaction
mixture and also by the isolated yield. [d] Total isolated yield of 12 and 13.
[e] Boc: tert-butoxycarbonyl. [f] Cbz: benzyloxycarbonyl.
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Figure 1. Natural atomic charge of 11h and 14.
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Table 3. Regioselective Diels—Alder reaction
between borylbenzynes 16 and furans 2.
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17a, 67/

Bpi

AR

18 e i F
Entry R* 18 R? 2 17 17:17"  Yield [%]9
1 Me 18a Me 2b 17b 88:12 85
2 Me 18a nBu 2a 17a 92: 8 93
3 Me 18a tBu 2c 17c 94: 6 >99
4 Me 18a SiMe; 2d 17d >98: 2 91
5 Me 18a SnBuz; 2e 17e >98: 2 79
6 Me 18a CO,Me 2f 17f 93: 7 57
7 Me 18a COMe 2g 179 87:13 51
8 Me 18a CN 2h® 17h >98: 2 46
9 Me 18a Ph 2 17 >98: 2 40"
10 Me 18a OMe 2j 17j >98: 2 68!
11 Br 18b nBu 2a 17k 84:16 64
12 co,Me18c nBu  2a 171 83:17 68

[a] Conditions: 18 (1.0 equiv), 2 (3.0 equiv), iPrMgCI-LiCl (1.2 equiv) in Et,O
(0.10 M) at =78 °C for 30 min. [b] Determined by 500 MHz *H NMR. [c] Total
isolated yield of 17 and 17°. [d] With 10 equiv of 2h. [e] Isolated as an
8-boryl-1-naphthyl acetate (17i, 17j) after the acetylation of the crude
reaction products. [f] iPrMgBr (2.1 equiv) was applied instead of
iPrMgCI-LiCl. [g] With 10 equiv of 2a at 0 °C.
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Table 4. Regioselective Diels—Alder reaction
between borylbenzynes 16 and pyrrols 19.1!

e 2| Bt} G 55

| lPngC\ LiCl
18 Et,0,-78 °C

EnyR® 18 R2 R° R' 19 20 20:200 Yed
[%]
1 Me 18aEt H Ts 19a 20a 87:13 63
2 Me 18a Et H Boc 19b 20b >98: 2 70
3 Me 18a Br H Boc 19c 20c >98: 2 58
4 Br 18b Et H Boc 19b 20d 95: 5 72
5 CO;Me 18c Et H Boc 19b 20e 88:12 61
6 Me 18b H Me Ts 19d 20f 86:14 87

7 Me 18b H Me Boc 19e 20g 92: 8 95

[a] Conditions: 18 (1.0 equiv), 19 (3.0 equiv), iPrMgCI-LiCl (1.2 equiv) in
Et,0 (0.10 M) at =78 °C for 30 min. [b] Determined by 500 MHz "H NMR. [c]
Total isolated yields of 20 and 20°.
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BuNH,, Cu(OAc),
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Me nBu Ph O  22a g4l
R \_ 1) TsOH, THF Et_ Ph  NBoc 22b g2

Me' S ————

17a (=0, R%=nBu) 2) Phl, Pdy(dba)s a] Condition A. [b] Condition B.
2 I2(dba,
20b (Z=NBoc, R*=Et) SPhos, KyPO, 2 R2 [c] Overall yield.

toluene

Scheme 1. Transformation of boryl groups of
17a and 20b.
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