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Synthesis of Zn-Li Bimetallic Compound and Its Catalytic
Application in Hydroboration of Isocyanate
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Abstract There are very few reports on the isocyanate hydroboration. So far, the Zn-catalyzed hydroboration of isocyanate
has not been reported. The synthesis of a novel asymmetric f-diketiminate Zn-Li bimetallic compound and its application as a
highly efficient catalyst in the hydroboration of various isocyanates with HBpin in high yields are reported. The preliminary

mechanism of hydroboration reaction has been explored.

Keywords Zn-Li bimetallic compound; isocyanate; hydroboration; synthesis

BERANELTFEIMELRZ —, EWNEAESE
+2 . IR FE A AT SR R A — A
LAY E R 2004 A B PEPEF ) Carmona 58 A\1E—
UABRSR I SESG Hh R I, AT R T R 2R 5 0 2 — A
AW Zn(Cp*), ]l —. 2 FEEE (ZnEty) R N = A 2] T
Fa i — M B AL A W [Zno(p’-Cp*),), SR I FH [Zn(Cp ),
ZnClL A KH BA 12102 B9 & b LLSE 7 (8 1 7 7
S AT B B — N BB W [Zny(-Cp*), )7 X
— B I RIS Z 51 T H AR TN 51U R 1) %,
R PR FH 5 A AN (8] 1 B A A B S A S TR — M B
P EE I SCER AT AR R, R B L A W
ST T (A S5 7 A T W LR D1, 32 4k,
ME— 5] T & Roesky %5 KILAE 2.5 mol% Bl 1k 7

[PhNMe,H][B(C¢Fs),  FI3LFME I T 2.5 mol% [Zny(y’-
Cp*), 1 HE i B AL 2R B A B i) A = A s i1,

I Uk, NERAYURI A2 22 1 GE
AP et SR X T e G R i A L S I ) 4 A
Fii /. 2016 4F Warren £ Grimme 25223 e k4% 8] 43z L 5

2 Tk B 122 5 Piers B¢ HB(CFs), IR AL SN A i HY
—JH 2P 7 Wi BT (frustrated Lewis Pairs,
FLPs). [A4E, Okuda M HA&/EEHEPME A& EIL &Y
[Mg(THF)][HBPhs], TENMEALF, BT 5 5 iR lE 5
ASEER bE(HBpin) LA 1 0 2 FIMI & EL N, 193] T
AR S AL P0(Scheme 1A). 2017 4, Fang
AT Hill 2208 T ZEAL Y[ (PPPNacnac)Mg"Bul /F i1k
7N FH T S5 I 1 T AR A P e R A A e B, 2
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FIRHE Y5 HBpin OB ELL A 103 I, AI453)
56 AL B 2R FZ AL W) (Scheme  1B). FY LA AL
W] LR A R AR, 41 Fernandez 2511 FH
RN S a p-AERFRIEEYRBL, K -R
BRI G, S NEE, 2501k, BT Bk
& B SN RS R BRI AR L, R HoAth 48 ik
GV IR PRI S AL R RIE. A s AT FR—
WEE PRI, RGBS R B AT
PR B-Z RGBS B - e @A & 2, IRk TR
15 e IEPR BRI S AL S R AL, R I AR Rt Ak
) i A — FR A 3 G BRI (R A SR, PT A A R I
(] A4S = 2, R RPN RE I 52 1%, %t
SNHLERHEAT T W1 4RZ (Scheme 1C).
A: 2016 Okuda et al. HBpin (2.1 equiv.)
[Mg(THF)g][HBPhs], (1 mol%)
THF-dg, 60 °C

B: 2017 Fang and Hill et al.

HBpin (3 equiv.)

R [(PPPNacnac)Mg"Bu] (10 mol%) Bpin
N=C=0 N_ + O(Bpin),
Tol-dg, 60 °C R
c: Thiswork
HBpin (3 ~ 3.5 equiv.) .
B
RNco Zn-Li catalyst (5 mol%) Jm
=C= _N_  + O(Bpin
CeDs, 60 °C R “me * OBPIN):

B 1 SRR S R

Scheme 1 Hydroboration of isocyanate

2 HRSWE
21 HUESYNERRRBEEHTH

IHFRATERIN & B T — RIIAXFR p- WL A
R — LB, B AR X R AR
R F AN FR— B S P& B AEX AR IR P i
R, 2,6- = 5% A 35K % (DippNH,) S 55 2,4- 132 — i LA
121 H¥ 5 A b S A5 ) S B AR B o Ta) 4, R s
T 5 2,4,6-= L ZE [ (MesNH,) 2N i) £ Hi AF S A AT
PR B-—REICAR 1. ARIR N ECAR 1 51T A N, 2%
B FAAS BAH S I EC AR SR 2R, SRS S RLEE R S EVE
TARER L, 73 BAS B A FR - — 0 i £ B X0 <62 s AL
V2. I XORER R ATIRAL, B2 H DU R
PrEMAL Y Rz 02 (B 254, Forp R 7 B A
BLH) LB 7T UL PR E R 7. L&) 2 B
HREUE S BR300 S5 AT ARFR - —
JE e AL Y L B R AT IR IR, 7 A5 B AR AR
p- RS E I — e m AL . B AR RS
N, PRI TP AN BT R R AT, AT
FHRCAAT IR &0, o B R PRSI T A
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AL 73 AT < R B . RN AT AR B AR B
I, XA AEAT X SHERRT S RAL, R AR AR T
W — iR ey, e ZREEHE 3. XA
BEJE BT H AR = A e R 2 S BUR IR T — B fL
R A B SO T A B A A B YR B < R
J5i(Scheme 2).

0O O NH,
/U\/U\ 0] (MesNHy) =N

H
2 p-TsOH \ NH p-TsOH \ NM es
\ \
Dipp 1 Dipp
(DippNHy)
h Di Mes
/Dlpp I pp Ill
n-Buli N I OFt N =
— \Zn/ \Li/ 2 _»Na / \Zn/ /
20l N=NT 17 ok, =N~ N
| | |
M Mes Di
es 2 3 Y

B2 &R nnEmR
Scheme 2 Syntheses of Zn compounds

&Y 2 F1 3 dhiRgs M 1 A 2 BR, R
TR WR 1 RIR 2, PRI SRS EOLE 3.
WE 1B, aiRgii BoREY 2 8 Zn-Li Mgl
AW, R Rl 2 ANIUR AR ERE, R
WGl R~ T DY, # Rl 5 p- AR i
2 ANEJETEALIE B — MBS R /S 7 ER. DYRC A 1)
B SR AL R A DU TR B, p- S R A I 2 AN EUR
TAIMFIER 2 AU 2390 o 4 VU Th0 A4 iy DO AT . £
J - [FIRE AR LR A DU TR R B, DYANTH A 90 301y 2Tk
1) 2 ANER T RMFER 2 MR T RTS8, Zn—N #K
JUF4K:(0.1976/0.1979 nm), Zn(1)—I(2)EL Zn(1)—I(1)
1%4+:(0.2660/0.2592 nm), T Li(1)—1(2)5 Li(1)—I(1)4H
EE DU RS 45.(0.2800/0.2872 nm), X4 T R FREC AL AT W 4x

JRALEY) Li—1 A8 2 17 (0.2784/0.2919 nm)>"),

1 a2 ke

Figure 1 Crystal structure of compound 2
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B2 (a3 ik

Figure 2 Crystal structure of compound 3

K1 ALE 2 (7S (nm) M A (°)
Table 1 Selected bond lengths (nm) and bond angles (°) for
compound 2

Zn(1)—N(1) 0.1976(2) Zn (1)—N(2) 0.1979(3)
Zn(1)—1(1) 0.2592(4) Zn (1)—1(2) 0.2660(4)
Li(1)—I(1) 0.2872(6) Li(1)—1(2) 0.2800(6)
Li(1)—0(1) 0.1927(7) Li(1)—0(2) 0.1910(7)
N()—2Zn(1)—N(2) 9821(11) I(1)—Zn(1)—1(2) 102.42(15)

N()—2Zn()—I(1) 11543(7) N(1)—2Zn(1)—12) 112.78(7)
N@)—2Zn(1)—I(1) 122.50(7) N(Q)—Zn(1)—1(2) 105.50(7)
Zn(1)—I(1)—Li(1) 80.33(13) Zn(1)—I(2)—Li(1) 80.53(12)
I()—Li()—I2) 92.39(18) O(1)—Li(1)—0(2) 109.40(3)
I()—Li()—0(1) 121.90(3) I(1)—Li(1)—0(2) 108.20(3)
1(2)—Li(1)—0(1) 108.20(3) I(2)—Li(1)—0() 116.40(3)

K2 LB 3 BB (nm) A A ()
Table 2 Selected bond lengths (nm) and bond angles (°) for
compound 3

Zn(1)—N(1) 0.2031(18) Zn(1)—N(2) 0.2033(17)
Zn(1)—N@3) 0.2017(17) Zn (1)—N(4) 0.2051(17)
N(1)—Zn(1)—N(2) 94.71(7) N(1)—Zn(1)—N(3) 113.49(7)
N(1)—Zn(1)—N(4) 114.80(7) N(2)—Zn(1)—N(3) 124.91(7)
N(2)—Zn(1)—N(4) 115.96(7) N(3)—Zn(1)—N(4) 94.43(7)

WE 2 iR, SRS G 3 hEe s+
BemAS - RERC AR EL L, B S AL AR B DY R
T ALY BB L M DY AR A B Zn— N K
[0.2017(17)~0.2051(17) nm]tt 2 FRAH R BE4:[0.1976(2),
0.1979(3) nm]# K, A C3NZn 7S JeHh 1P AH H.3E H.
22 HEVNERUEMERBRIEMELPaIEL
Bz B & R # FBRR 5

HETE AR 2, AT 57 4 25 57 i IR I
FUBEREERGE LA 1 2 3 I B & b AR i gk AT 2
B, B I#E] 60 C M 12 h, H3EA L2 2
SAL P A f(Table 4, Entries 1, 2). RTM 7 _FiRIES
YIRS mol% 2 7E AT, =R TR 24 h 155
23%;EE, FHE R MNIEESE 60 C, 12 h J5 I AT 15 93%
7= % (Table 4, Entries 3, 4). HEIN#ELFIES 10 mol%,
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£3 A2 M3 HRIESH

Table 3 Crystallographic data for compounds 2 and 3

Compd. 2 3
Formula Cs4Hss51,LiN,O,Zn Cio7H147NgZn,
M, 849.91 1676.11
Temp./K 130(2) 120(2)
A/mm 0.071073 0.071073
Crystal system Monoclinic Monoclinic
Space group P2,/c P2/n

a/nm 1.15779(9) 1.08285(4)
b/nm 3.0070(2) 2.17902(8)
¢/nm 1.24889(9) 4.01324(15)
a/(°) 90 90

BA°) 116.076(2) 95.7710(10)
y/(°) 90 90

V/nm’ 3.9054(5) 9.4215(6)

Z 4 4
Pearc/(gecm ™) 1.446 1.182
w/mm™! 2.238 0.560
F(000) 1712 3620
R;(obs. data) 0.0289 0.0384
WwR,(obs. data) 0.0629 0.0866
GOF on F* 1.094 1.030
CCDC 2008454 2008455

R4 ISP

Table 4 Optimization of isocyanate hydroboration

iPr,

N=C=0 + nHBpin — = 'Pr\r}rCH3 + O(Bpin),
66 Bpin
Entry Cat/mol% n Temp./C Time/h  Yield/%
1 0 3 25 12 0
2 0 3 60 12 0
3 5 3 25 24 23
4 5 3 60 12 93
5 10 3 60 12 95
6 5 3 60 6 70
7 5 3.5 60 6 99

© 2021 Chinese Chemical Society & SIOC, CAS

“ The yield was determined by '"H NMR spectroscopy.

PRI TH(Table 4, Entry 5). /b B2 6 h,
FEEAYN 70% (Table 4, Entry 6). e 58 oS5 i 4z
BIELBI 2 3.5, BT RATER I R RE ] Y (6 h) i 55 P
SR I 5¢ A ¥4 4. (Table 4, Entry 7).

TERE B AL BRI fE, BRATTR S B e i ) it
1T TR, 75 5 mol% 2 ML, — R A A FHUR
Fe(CHe B IET AR IR S G R T - R
FERELL 12 3.5 M & LL, 60 "CRME 6 h, R
BRI LT #0858 A A0 AL B PR R R A0, R 2 2 )
(OAEE S N RS IR R IF A Ave S S A N s 3 s el
17 (Table 5, Entries 2~6). & N@MI0E, MIRYINTT &
RS SRS, 57 G R 16 5 A0 A e 0 o 1) 40 o 7 = by
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K52 AL RRER A SR
Table 5 Hydroboration of isocyanate catalyzed by 2
RIAr, 5 mol% 2 R/Ar. CHs
N=C=0 + 3or35HBpin ———— N + O(Bpin),
CgDg, 60 °C, 6 h l
Bpin
4
Entry Ar/R Product Yield‘/% Entry Ar/R Product Yield“/%
’Pr\N/CH3 Et\rTj/CH3
1° Pr Bpin 99 2t Et Bpin 99
4a 4b
”Pr\w/CHa nBu\N/CHa
3b "Pr Bpin 99 4 "Bu I|3pin 99
4c 4d
’Bu\N,CH3 Ad\w/CHg
5 ‘Bu Bpin 95 6" Ad Bpin 99
4e 4f
\@\ OMe MeO
~CH \©\ CH
7 N 94 g N 93
Bpin Bpin
Mes\N/CHg Dipp\’}l,CH3
9 Bpin 99 10¢ $ Bpin 99
4i 4
CI\©\ CN NC
~CH \©\ CH
11 © ’ 99 12° © N 99
Bpm Bpin
v 4 P
“ The yield was determined by 'HNMR spectroscopy; ®RNCO/HBpin (n : n=1: 3.5); “ Ar-NCO/HBpin (n : n=1: 3).
123 I, AH S BT ST FIRE B S B 2% 11 T BETE L SRE_E AR b 22 R TE B HE AL ) i 2 (Zn-Li: 5

IS 18] P9 SRAF AR W IR 7= R 2R BR A ok FR ik al F
EEEAL T IEEIN, PR RRHCE BT BA&(Table 5, Entries
7, 8), 1R A FH R BT T 2,4,6- — FH L ORI 8K 2,6-
TR R R AR, RN R AR R, JLF e &R
(Table 5, Entries 9, 10). X5 Hill 418 (B AL 1) 05 7
S IS BRI A S B TR S A R, R AR S =
(A7 PHABRR, 7= K. 1Y 10 mol% B ik &4 fiAL
2,6- 5 N ORI S SRR e AL (R BL B, ROBE 24 h,
AR 50%5 7 3P4, 238 IR F g BUARIE A e 1 22
AFEMFE, 7€ 5 mol% 2 ML T AR E] 99%7= %
(Table 5, Entries 11, 12); 42RIANAL ERHUREE N 2%
SR, OB ERESE 2R, TCIES IR B ARFEY).
R, Zn-Li W& /AW 2 76 5 I IR B A 4k
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mol% cat., 93%~99%=%; vs. Mg: 10 mol% cat., 50%~
90% 1= 2. fx o 12 T RS = R R iR
(PhNCS) I & Ak e Bz, SR B A5 3 52 (1) HBpin (1 © 5
VIR EE)E 80 °C, 10 mol% 2 HIfEL T th A K M
7 YR 2 R

R T BIRNFEAR Zn-Li & @A 2 AT
S IERREE S N, FRATTX R BT TR
K. 2N Fang A1 Hill 2P0 I8 S0 Ak 1 57 I BRI T AL
Aoy 2 OB, FRATTHE Le A T IE e E ROBE. DA
CsDs N, 5 mol% AL 2 FIYER T, ‘Pr-NCO 5 n %5
3 (n=1, 2, 3)i HBpin 73 HI7E = N M. 6 h. I8 X
NEIRA VI 73 R, 7 TR 26 R TR I -5 At e e
BRI R 101 801 2 i, RIS 6
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9.02 A — A~ LI FE RS, [ B S T R 11 0 R O
(CH, LEIEVLEAFEH 0 3.02 #A K 6 4.66, K%
N7 B A O B AR T ) R AL A P
N(Bpin)CHO  PA 3843 A S S R S P 25 S G IR I it ek
(B 3A F13B). BEAE SRR e (04 LA 3SR (n=3), J5Uk}
SN IERRE AT R, RA R E L= B
AN AR R e (B 3C).

== Pr-NCO:HBpin = 1:3 * Pr-N(Bpin)CHO
Pr-NCO:HBpin = 1:2 # Pr-NCO
~—— Pr-NCO:HBpin = 1:1

° l L Iy Le LJML

o R |

I l I R |

10 8 6 4 2 0

B3 'Pr-NCO/HBpin ¥R IELLAHIA 111 (A),1:2(B)
A1 :3(C)H '"HNMR K25 C,6h)

Figure 3 'H NMR spectra of the hydroboration between
*Pr-NCO and HBpinin 1 : 1 (A), 1 : 2 (B) and 1 : 3 (C) molar
ratio 25 C, 6 h)

W SR TS 2 60 CBE 1 h, R fEERR 550
WREE R GE I A o 1 L, SRR R, E
FEP) R BN EAG =Y R BRI Pr-N(Bpin)CHO B
Sy AN ) S 7 2 S A R T IR (T 4A). B AR
BB e i) LI 3G R (n=2 B 3), J5ik} 74 3 5 TG IR

~— Pr-NCO:HBpin = 1:3 & Pr-N(Bpin)CH,

Pr-NCO:HBpin = 1:2  * Pr-N(Bpin)CHO
~—— Pr-NCO:HBpin = 1:1 # Pr-NCO

S

10 8 6 4 2

E 4 ‘Pr-NCO/HBpin FIFRHIEEAHIA 11 (A), 1:2(B)
A1 23 (CNH '"HNMR K60 C,1h)

Figure 4 'H NMR spectra of the hydroboration between Pr-
NCO and HBpinin 1 : 1 (A),1:2 (B)and 1 : 3 (C) molar ratio
(60 C, 1h)
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SEATVH R, BT BN EA AL, TR A BG4y 5 A
S PrN(Bpin)CH; (K 4B il 4C). & AT 2:
2 5 R S AR I R Ry 102 B, 5
Okuda F1 Hill 25122492 i fRiE A, Lit Rk m
B, #RBEAT RIS AL =4 "PrN(Bpin)CH,OBpin )4
i, RS R B S A e A AL =) (B 3B, 4B).
H T TGIR = iRIE /2 60 CHSTCIZMLSE B AH R Ak
) 'PrN(Bpin)CH,OBpin, it B1iZA NEEA™ 52 b7 1) Heidi 25
B, TR N 28 b N R TH IR, 1S =P R
NENAEXT 25 5 347, RBERETHE (RS C ovs. 60 C),
e AL =kt 2 39N (E 3C, 40).

Fob, FRTAEZER T CeDe 7Y, Zn-Li W& &
&Y 2 5 HBpin 1) 10 1 Pt i & b OB, i
("H NMR)AHH ("B NMR) W, [l 5 fs o B[] () 24K
SIS ZENFE 6 4.47 Koz L —Ab i, AR 4Rk
T (AR B A LI B (0 4.39~4.66)252 I H:
NAEEEAI[LZaH] (B 5). TEMIE 6 21.7 &b
LI B =4 OBpin) (Bl 6). =T DL 3R HA
W, 2 {4 SRR G 5 A R b i s B rh, SEBR 2 5
SN PR AR AL TR TT B AR I AL [LZaH], THZ ALY
Al 2 5 HBpin RMAERL, [FIESP= A8 B~ 2 E O(B-
pin),.

SE|oE p

i | LMLJ’ M@L
N “‘BW“ -} VNL_

8 6 4 2 0

B 5 HBpin 5 2 [ 11 Y5 HR LR N FER ARG TH
NMR K
Figure 5 '"H NMR spectra of reaction between 2 and HBpin in
1 © 1 molar ratio with different reaction time
25 L PTIR, Zn-Li X JBAE ) 2 M0 i) S G TR T A

ATTOIR B 0 e ) B A S B2 g o320 OB a2 e
HBpin AR E N, RIGIES ST, =
IR R S5 — %54 HBpin ZF BCERBI S AA 7 ) R Ik Jie
Wi, HBE ) 5 5 — 44 HBpin J B AR BOBUBI AL
Vi R A, B5 S B =554 HBpin A2k
SEA AP T B LA A, [EIRETECH Bil = 4 i vk
O(Bpin), (Scheme 3).
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- 72h o HBpin /» v
— 30h ¥ (pinB),0 \
—6h / \_
|
50 40 30 20 10
5
Bl 6 HBpin 52 /1 2 1 45 & LA SO BES R 2840 B
NMR [

Figure 6 ''B NMR spectra of reaction between 2 and HBpin in
1 1 molar ratio with different reaction time

qw

Dipp
N__ _I. _OEt i N
/ Zni ;Li\ 2 HBpin 74 :Zn—H
_N/ | OEtz _’}l

Mes Mes
2 5
(0]
i HBpin
N=C=0 —— wa/l\H ——5_,
Bpin

i i i CH
ITI/\OBpin HBpin Pr\N, 3

) -
Bpin —O(Bpin), Bpin

B3 FEASIRARH 7> 2 A A S

Scheme 3 Stepwise hydroboration of isocyanate
3 Zig

ANKERR B 0 e A4 PRy I -~ X < o
EWAEY) 2 G R, BARERE R I RANIE R R
TR B e, TRAE R RS
Y. SRTEE - RAL &Y 2 W UMy R A 7
FT 5 s R i 5 Ak e i ot R B S A B v, B R T —
FA A AN R B B R A, FLARE T
T e R M. L BN, AT S R I
SACHI RNV EAT T IR R, IO OB 7
AR

4 ZIERSY
41 RAFNSE

K AR N 55 240 SO0, £
AR AR N AT, TR SR e TR R
T, RAF T SNBSS G X
SRR B R AT AT SRAE: PR A RN AR B B A, A
Ffl Bruker D8 VENTURE PHOTON 100 7Ef& (130 K) %
Al AR AR A OGN B AT O SR . [
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APECK-3 BF1E i A S S 1 i Bl BR &R 141 i
AR T EHT A 1A AL IE. TH NMR, "B NMR % & i
Bruker Avance 111 600 MHz #fEFEIROGN &, 1h 22007
A AR TR IE. Btk 1 S HECSCER[301 7V &
FX.

42 SFERBRUEYINER

AR B- RN @& 1)(2): /£E—78 C
T4 "BuLi (1.66 mL, 2.66 mmol, 1.6 molsL™" in Et,0)i%
i I NEC A 1(1.00 g, 2.66 mmol)f] Et,O (100 mL)¥A W,
B E B, P 6 ho f£—78 CFHEZHMA
Znl, (0.85 g, 2.66 mmol)ff] Et,O (50 mL)E i, &
MR EER, SR, JuE, ERKREEY 5 mL,
2 CHr B EE 2 (1.63 g 72%77%). mp. 182~
184 “C; '"H NMR (600 MHz, C¢Dy) 0: 7.11~7.16 (m, 3H,
Ar-H), 6.81 (s, 2H, Ar-H), 4.95 (s, 1H, =CH), 3.33~3.30
(m, 10H, CH(CHj;),+OCH,CH; overlap), 2.23 (s, 6H,
Ar-CH3), 2.13 (s, 3H, Ar-CHj), 1.70 (s, 3H, NCCH,), 1.60
(s, 3H, NCCHj,), 1.42 (d, J=6.6 Hz, 6H, CH(CH3),), 1.17
(d, J=6.6 Hz, 6H, CH(CH,),), 1.07 (t, J=7.2 Hz, 12H,
OCH,CHj).

AR p-—WREEAAEPI3): K& 2 (0.5 g,
0.59 mmol)¥# T 50 mL HZK, B Tidt&feid, A s
mL Et,O, iR+ 5 d. I8, R EL 10 mL, Z18m
A5 mL ECKE, 2 CHrib b ETR AR 3 (BT aiEiR
IR AT R S5 3RATE).

43 REREEMEC—RGE

FrEAL 7] 2 (0.006 mmol, 5 mol%) I F) 57 i ik fis
(0.120 mmol) A1 4l W i Bl 5% (0.420 mmol, 3.5 equiv.;
0.360 mmol, 3 equiv.)ff] C¢Dg (0.5 mL)¥&EW 1, 60 CHiHE
6h. MHEFER "H NMR AT "B NMR .

N,N-F 56 0006 e ) e — 5 7 B i (4):2Y "TH NMIR
(600 MHz, C¢Dg) 0: 3.81 (sept, *J=6.6 Hz, 1H, CHMe,),
2.56 (s, 3H, NMe), 1.16 (s, 12H, BOCMe,), 1.03 (d, *J=
6.8 Hz, 6H, CHMe,); ''B NMR (193 MHz, C¢Dy) J: 24.18.

N,N- 5 ST BE e - 2 2 i (4b):24 "TH NMR (600
MHz, C¢Dy) 0: 3.02 (q, *J=7.2 Hz, 2H, NCH,Me), 2.63 (s,
3H, NMe), 1.12 (s, 12H, BOCMe,), 1.11 (s, 12H, BOC-
Me,), 0.99 (t, >*J=7.2 Hz, 3H, NCH,Me); ''B NMR (193
MHz, C¢Dy) 6: 24.24.

N,N-FP 35 5008 B B8 Je — 1F 79 35 % (40):2Y 'H NMIR
(600 MHz, C¢Dg) J: 2.96 (t, *J=7.2 Hz, 2H, NCH,-
CH,Me), 2.62 (s, 3H, NMe), 1.38~1.44 (m, 2H, NCH,-
CH,Me), 1.12 (s, 12H, BOCMe,), 0.82 (t, *J=7.2 Hz, 3H,
NCH,CH,Me); "B NMR (193 MHz, C¢Ds) 6: 24.41.

N,N-F 56 00 B A Jo — 1 T 3 i (4d):”Y "TH NMR
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(600 MHz, C¢Dg) d: 3.01 (t, *Jyy=7.2 Hz, 2H, NCH,-
CH,CH,Me), 2.64 (s, 3H, NMe), 1.42~1.37 (m, 2H,
NCH,CH,CH,Me), 1.29~1.23 (m, 2H, NCH,CH,CH.-
Me), 1.12 (s, 12H, BOCMe,), 0.88 (t, *’J=7.2 Hz, 3H,
NCH,CH,CH,Me); ''"B NMR (193 MHz, C4D) J: 24.36.

N,N-F 35 A0 B o~ A T 2 1 (4e):2Y "TH NMIR
(600 MHz, C¢Dg) d: 2.70 (s, 3H, NMe), 1.29 (s, 9H,
CMes), 1.09 (s, 12H, BOCMe,); ''B NMR (193 MHz,
C¢Dg) 9: 24.35.

N, N-FF 2 A0 B2 e~ 4 W1 e 36 e (4):24) "H NMIR
(600 MHz, C¢Dg) 0: 2.75 (s, 3H, NMe), 2.01~1.57 (m,
15H, Ad-H), 1.11 (s, 12H, BOCMe,), "'B NMR (193 MHz,
C¢Dg) J: 24.36.

N, N-FF 2 A0 B e~} PR 22 3 1 (4g):2Y "H NMIR
(600 MHz, C¢Dy) J: 7.40~7.39 (m, 2H, Ar-H), 7.05~7.03
(m, 2H, Ar-H), 3.04 (s, 3H, NMe), 2.14 (s, 3H, ArMe),
1.08 (s, 12H, BOCMe,); "B NMR (193 MHz, C¢Dg) o:
24.68.

N, N-FF 35 AT06 e A Joe— %t Y 4R 356 22 B i (4P 'H
NMR (600 MHz, C¢Dg) 0: 7.35~7.34 (m, 2H, Ar-H),
6.81~6.82 (m, 2H, Ar-H), 3.37 (s, 3H, NMe), 3.04 (s, 3H,
ArOMe), 1.09 (s, 12H, BOCMe,); ''B NMR (193 MHz,
CeDg) 0: 24.61.

N,N- PP 577 8 152 A e -2,4,6- = P 3% 4 i (4i): 2!
'H NMR (600 MHz, C¢Dy) J: 6.77 (s, 2H, Ar-H), 2.86 (s,
3H, NMe), 2.26 (s, 6H, Ar-Me), 2.10 (s, 3H, Ar-Me), 1.00
(s, 12H, BOCMe,); "B NMR (193 MHz, C¢Dy) J: 24.30.

N,N-FP 35 50008 I 8 e -2,6- — S5 TR 32 % 2 e (4): 2
'H NMR (600 MHz, C¢Dg) 6: 7.09~7.08 (m, 3H, Ar-H), 0
3.35 (sept, 3J=7.2Hz, 2H, Ar-CHMe,), 2.90 (s, 3H, NMe),
2.31~1.22 (m, 12H, Ar-CHMe,), 1.18 (s, 12H, BOCMe,);
"B NMR (193 MHz, C¢Dy) o: 24.20.

N, N-FF I ATim0 B oot 28 3 i (4k):* 'H NMIR
(600 MHz, C¢Dy) : 7.22~7.21 (m, 2H, Ar-H), 7.16~7.15
(m, 2H, Ar-H), 2.87~2.86 (m, 3H, NMe), 1.06~1.05 (m,
12H, BOCMe,); ''B NMR (193 MHz, C¢Ds) 6: 24.97.

N,N- 35 0 1 ) e — o 40 6 2% 366 i (41):1*Y 'H
NMR (600 MHz, C¢Dy) 0: 7.16~7.15 (m, 4H, Ar-H), 2.73
(s, 3H, NMe), 1.03 (s, 12H, BOCMe,); ''B NMR (193
MHz, C¢Dy) J: 24.64.

B Akl (Supporting Information) &L= %) 4a~
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