Supporting Information
Direct Transformation from Arylamines to Aryl Naphthalene-1,8-

diamino Boronamides: A Metal-Free Sandmeyer-type Process

Siyi Ding?, Qiang Ma? Min Zhu?®, Huaping Ren?, Shaopeng Tian?, Yuzhen Zhao?, Zongcheng
Miao**

a. Department of Applied Science, Xijing University, Xi’an, Shaanxi 710000, China.

Email: miaozongcheng@xijing.edu.cn

1. Direct Transformation from Arylamines to Aryl Naphthalene-1,8-diamino Boronamides: A

Metal-Free Sandmeyer-type Process 2
1.1 Proposed mechanism for this process 2

1.2 General Procedure for the synthesis of nonsymmetrical diboron reagent Bpin-Bdan'-

2

1.3 General Procedure for the application of 3-bromophenyl B(dan) 1j in the selective
Suzuki-Miyaura cross-coupling reaction 3

2. Copy of NMR spectra 6



1. Direct Transformation from Arylamines to Aryl Naphthalene-1,8-diamino Boronamides: A Metal-

Free Sandmeyer-type Process

1.1 Proposed mechanism for this process

A radical mechanism has been proposed to account for this borylation reaction [47-61] as shown in the following Scheme. Firstly, the amino group is transformed to
generate the diazonium salt A in the presence of t-BuONO through the Sandmeyer reaction, which was well documented as a radical mechanism [29-32]. On the other hand,
the acetate anion reacts with Bpin-Bdan to form the tetra-coordinated boron complex C. Then a single-electron transformation (SET) process occurred between aryldiazonium
ion B and complex C to generate aryl radical F through N, extrusion from radical D together with the formation of complex E. Finally, the reaction between aryl radical F with
complex E gave the borylated product aryl-Bdan.
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Scheme 1. Possible reaction mechanism.

1.2 General Procedure for the synthesis of nonsymmetrical diboron reagent Bpin-Bdan'*

OO (O} 0O CH3ONa (1.0 equiv.) O, HN O
+ B—B > BB,

/ \ o /
NH, NH, c O CH30H, 70°C O HN O
1.0 equiv. 1.0 equiv.

B,pin, Bpin-Bdan

In air, Bopin, (254.2 mg, 1.0 mmol, 1.0 eq.), 1,8-diaminonaphthalene (158.1 mg, 1.0 mmol, 1.0 eq.), and CH3ONa (54.0 mg, 1.0 mmol, 1.0 eq.) were sequentially weighed and
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added to a screw-capped Schenk tube containing a magnetic stir bar. The vessel was evacuated and refilled with nitrogen for three times. MeOH (10.0 mL) were added in turn
under N, atmosphere using syringes through a septum which was temporarily used to replace the screw cap. The reaction mixture was then vigorously stirred at 70 °C for 4
hours. The resulting mixture was evaporated under vacuum to dryness and the residue was purified by column chromatography to yield the desired product Bpin-Bdan 235.4
mg, 80 %.

Melting point: 186.7-187.4 °C;

IR (em) 3382, 3053, 2975, 1627, 1603, 1372, 1316, 1291, 1267, 1250, 1212, 1165, 1144, 1106, 962, 862, 849, 821, 765, 635;

"H NMR (400 MHz, CDCl3) & 1.29 (s, 12H), 6.19 (br s, 2H), 6.26 (dd, J = 7.2, 0.8 Hz, 2H), 6.97 (dd, J = 8.4, 0.8 Hz, 2H), 7.07 (dd, J = 8.4, 7.2, 2H);

3C NMR (100 MHz, CDCl;s) § 25.6, 83.8, 105.9, 118.1, 121.6, 128.0, 136.9, 141.0;

"B NMR (128 MHz, CDCls) & 32.7;

1.3 General Procedure for the application of 3-bromophenyl B(dan) 1j in the selective Suzuki-Miyaura cross-coupling reaction

2-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,3-dihydro-1H-naphtho|[1,8-de][1,3,2]diazaborinine (2) 3

An oven dried test tube was charged with 2j (151 mg, 0.47 mmol), Bopin, (130 mg, 0.51 mmol), Pdx(dba); (8.0 mg, 0.014 mmol), PCys (9.4 mg, 0.033 mmol) and K,CO3 (68.3
mg, 0.7 mmol). The reaction tube was evacuated and backfilled with argon, and 1,4-dioxane (1.3 mL) was added via a syringe. The reaction mixture was stirred for 5h at 80 °C.
The reaction mixture was diluted with EtOAc, and filtered through a pad of celite, and the filtrate was concentrated under reduced pressure. The crude product was purified by
column chromatography by PE/EA (10:1) to get the product as light grey solid (128.3 mg, 88 %).

Melting point: 106.1~107.2 °C;

IR (ecm!): 3420.2, 3402.4, 1594.6, 1508.8, 1498.6, 1315.5, 1167.3;

'H NMR (400 MHz, CDCl3) 8 7.76 (s, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 7.4 Hz, 1H), 7.31 (t,J = 7.7 Hz, 1H), 7.14 (t, J = 7.8 Hz, 2H), 7.07 (d. J = 8.2 Hz, 2H), 6.42
(d, J=7.2Hz, 2H), 5.98 (s, 2H), 1.26 (s, 12H);

3C NMR (100 MHz, CDCls) & 140.7, 136.3, 134.4, 133.2, 131.4, 130.0, 129.9, 127.6, 123.1, 119.9, 118.2, 106.2, 83.5, 25.0;

HRMS (APCI) m/z calcd for C2oH24B2N>O, (MY): 370.2029, found: 370.2026.



2-(4'-methoxy-[1,1'-biphenyl]-3-yl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2] diazaborinine (3)°

< Sep
N,B
H

An oven dried test tube was charged with 2j (80.5 mg, 0.25 mmol), p-methoxylphenylboronic acid (77 mg, 0.50 mmol), PdCl, (dppf)-CH>Cl, (21 mg, 0.025 mmol) and K3PO4
(160 mg, 0.76 mmol). The reaction tube was evacuated and backfilled with argon, and 1,4-dioxane (1.3 mL) was added via a syringe. The reaction mixture was stirred for Sh at
80 °C. The reaction mixture was diluted with EtOAc, and filtered through a pad of celite, and the filtrate was concentrated under reduced pressure. The crude product was
purified by column chromatography by PE/EA (10:1) to get the product (78.8 mg, 90 %).

Melting point: 163.2~165.6 °C;

IR (cm): 3407.2, 1594.4, 1495.9, 1407.7, 1224.1, 1181.2, 1029.0;

'H NMR (400 MHz, CDCl5) & 7.80 (s, 1H), 7.65 (d, J = 7.1 Hz, 1H), 7.57 (m, 3H), 7.50 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.7 Hz, 2H), 7.07 (d. J= 8.2 Hz, 2H), 7.02 (d, /= 8.4
Hz, 2H), 6.44 (d, J="7.2 Hz, 2H), 6.08 (s, 2H), 3.88 (s, 3H);

3BC NMR (100 MHz, CDCls) § 159.3, 141.1, 140.8, 136.4, 133.7, 129.9, 129.8, 128.8, 128.7, 128.3, 127.6, 119.9, 117.9, 114.3, 106.1, 55.4;

HRMS (APCI) m/z calcd for C23Hi19BN>O (M): 350.1596, found: 350.1599.

4-methoxy-4'"'-(trifluoromethyl)-1,1'3',1""-terphenyl (4)*

» “ :
O
l
A round-bottomed flask was charged with 2-(4'-methoxy-[1,1'-biphenyl]-3-yl)-2,3-dihydro-1 H-naphtho[1,8-de][1,3,2]diazaborinine (140.0 mg, 0.4 mmol) and THF (4 mL), and
the reaction mixture was stirred for 5 min at room temperature. Then 1N HCI (4.0 mL, 0.4 mmol) was added. The mixture was stirred for another 12 h at room temperature and
washed with Et,O. the aqueous layer was washed twice with Et;O. The aqueous layer was adjusted to pH 12 by aqueous NaOH and washed by Et,O to remove 1,8-

diaminonaphthalene. The aqueous layer was neutralized with HCI and extracted with EtOAc three times. The combined EtOAc layers were dried over anhydrous Na;SO4, and
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the solvent was removed under reduced pressure to give the corresponding boronic acid, which was used for the next reaction without further purification.

An oven dried test tube was charged with the corresponding boronic acid (57.0 mg, 0.25 mmol), 3-bromothiophene (81.0 mg, 0.50 mmol), PdCI, (dppf) CH,Cl, (21 mg, 0.025
mmol) and K3PO4 (160 mg, 0.76 mmol). The reaction tube was evacuated and backfilled with argon, and 1,4-dioxane (1.3 mL) was added via a syringe. The reaction mixture
was stirred for 5h at 80 °C. The reaction mixture was diluted with EtOAc, and filtered through a pad of celite, and the filtrate was concentrated under reduced pressure. The
crude product was purified by column chromatography by PE/EA (10:1) to get the target product (54.5 mg, 82%).

Melting point: 126.4~127.8 °C;

IR (em): 3096.2, 3004.0, 2954.8, 2837.2, 1603.2, 1513.4, 1441 .4;

'"H NMR (400 MHz, CDCls) & 7.78 (s, 1H), 7.47 (m, 8H), 7.01 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H);

BC NMR (100 MHz, CDCl5) 4 159.3, 142.4, 141.5, 136.4, 133.7, 129.2, 128.3, 126.5, 126.2, 125.7, 125.0, 124.9, 120.5, 114.3, 55.4;

HRMS (APCI) m/z calcd for Ci7H;50S [(M+H) *]: 267.0838, found: 267.0841.
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2. Copy of NMR spectra

y

- =
Vaoo bk

LCiL9

LpZ 8
c6ie 9
peaz g
5L9Z'9
mvmm.mw

gcee e
586’9

6L80°L
Loge L

oero 24 OO
Smo_h\

Bpin-Bdan
HNMR CDCI;

kzze

007

L0
L0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.0



Ligge—

1a HNMR

CDCl,

=20

LR

F98'L

o0g

L FLBL

=16
H_rn__u.N

00’2

45 40 35 30 25 20 1.5 10 05 00
f1 (ppm)

5.0

6.0

6.5

7.0

90 85 80

935



=&l 44

o e G = [

i R Bl = T\Lf =2 *
R e e i -
e — s

T T L] L) ’ ’
160l 150 140 150 124) 1 1) | Hil k] il 5] in S0



Pe5E'5—

CPBE 9
pZLE 9

20502
mono.hk
08kl'L
mmm_‘_hW
8951 £
eBre L
eriv L
Brer L

BI5S L
PSLS L

HN
/
B

Br

\

HN

1b HNMR
cDCl,

Fy8L

=00'¢g

wiB'l
Mooz

00z
mmf

0.0

Lo

1.5 1.0

2.0

A5 40 35 30

f1 (ppm)

5.0

8.5 8.0 75 7.0 B5 6.0 5.5

9.0

Lo



GB'BLL
CEPZL~

59421 —
L L~
O'EEL~"
€e'ogL~"
6LOVL—

HN
/
B

HN
1b CNMR

cDCl,

10

20

40

80

106

110

140

150

170 160

180

1 (ppm)

£

10



HN
HN

B
1c HNMR
cDCl,

FsC

LIt

FLET

=00'e

20'e
602

50°¢
w(vn_.m

3.0 2.5 2;0 1.5 1.0 0.5 0.0

3.5

75 7.0 6.5 6.0 5.5 5.0 45 40
f1 (ppm)

8.0

L

11



m_..wﬁ/

HN
/

B\

HN

FsC

1c CNMR
cDCl,

J_\ ¥
_.m_w.‘..\

LL20L—

mﬁmzﬁ
2y Ly
0Z 0ZLA¢
veZZ)

AR

2zl
rmmmf\
Emmfx
52 6ZL
99 6217
6L°EEl

60'8E1

40

60

70

80
1 (ppm)

G0

100

160 150 140 130 120

170

f

12



ce68 r—

0LBe'5—

SZOV 9,
Jiota-dend
9006'9
0LZ6'9
LOPO L~
z190' . F
SZZL'L
gLyl L
cLolL'L
0092 L
PEPG L
0v95 L

HN
B

HO

\

HN

1d HNMR

cDCl,

——————— 680

|IJ FEB'L

IJ TDD_N

IL H._w.m.m__w
L6

= — ch'e}

0.5

0.0

235 20 o 1.0 0.5

30

6.0

B.5

70

7.3

8.0

8.5

9.0

13



HN
B\
HN

1d CNMR
cDCl,

HO

Nm.mm./_

VA

SELL

6501 —

28 Ehl~
ZL L —
L9BLLY

€9'22L7
9Z'CE )~
Pe'9g) —
SLLyl~,

LSk —

10

20

Bl

80

90

100

110

120

130

140

180

170

180

f1 (ppm)

14



9686'G—
pley o~y
SB5KY;
9960'L

qmﬂ.;r
Lk Lt
9.5Z [~

elBE L
08 E..nzr
mv.mh_hw
mmqh.h

HN
B

HN
1e HNMR
cDCl,

NC

ELg'l

=00'e

w56l
002

FB6'S

0.0

D 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

8.0

L

f1 (ppm)
15



0L8L

e LL

Lol —

PLELLA
ap'8LL

E.m:.,w
000ZL<"

S9°L2L—
2L LEL

_u_u.mm_‘w,
€e8eL "
ey orlL—

HN

HN
1e CNMR

B
CDCl,

NC

10

60

70

B0

100

110

120

[35)

140

160

17

180

1 (ppm)

f

16



BETEE—

08t 9—
LLEZP 9

¢E557
6580,
Zzel L
ZISLL
Y09z L~
9669'L
6 _._h.h“v.
08.10'8
56508~

COOCH,

NH
B
NH

1f HNMR

CDCl,

o i

FO0'E

FIR'L
=002
Mmm._.

o0e
=002

EG6L

s 30 25 20 1.5 1.0 05 00 -0

4.0

4.5
1 {(ppm)

90 &85 80 7.5 f0 65 60 55 50

9.5

17



eees—

_‘Hm_h./

COOCH,3

NH
B
NH

1f CNMR

CDCl;

Ar\.rr
mm_.t.h\

52901 —

SL8LL~
ge' 6Ll

P9'LT LA,
L6z —
ek
=g
geoeL/
9L0pL~

002891 —

I

i

1Ll

il

I

10

20

40

70

B0

110

120

130

140

171 160

180

80

1 (ppm)

£

18



Lo

Me

1g HNMR
CDCl,

1.0

0Slpe—

L1209—

S0V 9,
512’97
0620 L
G650 L
mmrfngm
SLEL LT
L8l L
2Bre L
89.Z L
LS6Z L
80Z¢< L
88¢< L
LGS L
o
BYGY L

J

1.5

2.0

4.5 4.0 35 3.0

5.0

7.5 7.0

8.0

L

9.0

f1 (ppm)
19



BL LM~

98'6LL~
v3LZ1
yZ'8zl
mq_mﬁw
mo__‘mQ
117l
ieoctd
LLieLd

10

80

1 (ppm

100

110

130

140

160

17

180

f

20



()
Z
O
14
= 2
I.n T Wm
Z" "z ZoO
=

——

9098'c— - FOL'E

M

Z£666'G— Gl

SFEED
L _.ﬂ._.mv.
60669
FLEED
FLLOL
coLos
LLLDL
L0v0L
0L90°L
1912
SreEL’L
BE¥LL
GoSLd
BrSl'L
ANV AT S
Elecs
9cvZ L
26vT L
GE9E.
ceet’s

=002

1 (ppm)
1L
88385
1—1—:["1N1—I

740 735 730 725 V20 T4 Y¥A0 TO5 V00 695 690
7.5

40 35 30 285 20 1.5 1.0 05 00

4.5

1 (ppm)
21

65 60 &85 &0

7.0

80 85 80

8.5




02'85—

9.9

O-Me

B
NH

cDCl,

NH
1h CNMR

L0 LES
BE L

8090 —

L
86911 7
68 LLL-
066114/
5. 'e21 /7
99471

LS6Z)

ggocl
0Lyl

LPB5L—

10

40

=
o

60

110 100 80

120

170

f1 (ppm)

22



CLBEG—

SEEF 9
SLtt9
LELDL
Leald
FRELL
89514
LELVE
FOSEL
SOLEL
29EE°.
GEST L
LIFE
967 L
2055,
9895 L

OCF,

NH
B
NH

1i HNMR
CDCl,

FlgL

=G0

202

L0Z
=L0L
907
001

0.0

0.5

3.0 2.5 2.0 1.5 1.0

KR

4.0

4.5
1 (ppm)

5.0

5.5

85 80 7.5 0 65 60

8.0

a5

23



i

OCF,

B

NH
NH

1i CNMR
CDCl;

L™ =y =

geLL

B6eg a0l —

128l
hmmrﬂ/
€661~
81TV
mmmmf%
LLEZ

10

40

&

110

120

130

140

150

160

170

180

1 (ppm)

f

24



LOPE'S—

L2859~
Zoor 9"
L9b0 L1

8590/ 4
bbb 2
PBZL .-

86l L4f
9857 L4
z69z L4
P88z .
GL05'L
6905 L
€525 /]
€295
9,95 L1
7585 L1
5/85'L
0704 L

Br

1j HNMR

CDCl;

|

Fie'l

roo'e

S0¢C
=02
0L
00
Mr.m_m_o

860

7.0

75

0.5 0.0

1.0

Lo

20

2.5

3.0

40

45
f1 (ppm)

6.5

8.5 8.0

9.0

25



Br

584
E.EW
BELL

82901 —

vfm:/
Z6°6LL)
BO'EZLA,
99421

Dmmmvw
S0'0E)

gLecLr
9g el
289k
zL 0w

1j CNMR
CDCl,

10

20

40

=

(L%

100 an 0 a0
1 (ppm)

110

130

140

17 160

180

50

£

26



cPBE5—

ST 9~

e
1980,

geel '/

pOpL'.

czsl 2k
9z9l'L
GL9L'L
8zLL'L
CBLL'L
psal /]
GESZ L1
1667 L1
508 L1
9225 L1
5878 /1
LYBE L1
6E0P L1
0ELY /1
06LY' ]
0zEy L]

NH

B

NH
1k HNMR

9990 L—

Iﬂ

CDCl,

7.35 7.25 7.15 7.05 6.95
f1 (ppm)

7.45

£:90

Ee'L

=00'g

BE'l
S0°E
=00°L
.y.mo_m

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

10.0

27



B

NH
NH

1k CNMR
cDCl,

eL8L

8T Ll

89191~
LIl —

30 20 10

40

170 160 150 140 130 120 110 100 o0
1 (ppm)

180

f

28



6896'E—

FEB09~—
QLEFD
m.mmw.mw.

LE90°L
_..mm.u.h”’.

LseLL
BESL'L
BELLL

9652°L
9805'L
§525°L
Frrs L
BGZR'L
8L
A AR
£
SLEE'S

COOCH;

NH
B
NH

11 HNMR
CcDCl,

S

N

1Al

Fe6z

Fe6'L
FODZ

961
Rg60

Hi_.muc I

m__.ﬁm..u

Ll

85 9.0

0.5 00

50 45 40 35

85 8.0

-2,

1.5

-1.0

0.5

1.0

1.5

2.0

a0 25

65 60 55

T

7.5

1 (ppm)

29



BC TG

L2900l —

LO'8LL~
Z6'6LL
S rAR
L8871\
GE'6ZL
mm_::w
PaZEel
88'GE 1
mw@m%
z8' 0l

a9l —

COOCH;

NH
B
NH

11 CNMR

CDCl,

10

70

100

£f1 (ppm)

30



CONH,

B

NH
NH

1m HNMR
CDCl,

ke

B0 a—

GELED

GJEED

ZLEDL

9lc0°L

L0LVL

E6ELL -
96FL L
resT L
LOoE" L
erat’L
LoBe’L
FEeE L
Iriv'l
E0B¥ L
Ligv L
SO6¥ L
e058°L

FZg'l

00T

85 80 F¥5 FO 65 60 55 60 45 40 35 30 25 20 15 10 05 00 05

9.0

1 (ppm)

31



N\.@\./

CONH,

B

NH
NH

1m CNMR
CDCl;

ﬂ.\lr
mm.t.\

06’611
¢l _‘N_.V
06'¢clL~
JAXA"
mmNN_‘W
96'8¢L
Ce 9t~
8LlEL"
LO'LPL

GG'89L—

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

90

32



LIEE E~
BriEE~

OCH,
OCH,

NH
B
NH

1n HNMR
cDCl,

+B0'C
ﬂmo_m

68"l

=002 |

0L
w_q_.c_m
=0lL'e
J.moe

6.0

7.0

0 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

5.5

8.0 7.5

8.5

33



e 55
mc.wmv.

CLOLn

geil

896'G0L-"
A I
8 eLl—
LLLL~
LABLL
S8YTL~
POLEL ~

5e9EL—
ellpl—

688k ~
rPE05L—

OCH,
OCHs

NH
B
NH

1n CNMR

CDCl,

30 20 10

]

40

0 160 150 140 130 120 110

T

1

180

f1 (ppm)

34



10 HNMR

HN
B\
HN

cDCl,
A

O
s

B6C6'G~ ) v6L )

0/66'G7 -

LOBE O~
RN A
96689
6816 9
050 L~
0LL0'L-E
#Ea0 L
A
65l L
Lp9l'L
€09z L

001
o€
BE'C

0.0

1.0

7.0 6.5 6.0 5.0 45 : 35 3.0 25 2.0
f1 (ppm)
35

7.5

8.0




HN
B\
HN

10 CNMR
cDCl,

0
5

wﬁ.mﬁ/

90 LL—F -
mm_t.k.ﬁ

56°00L—
LOB0L~
LLB0L~
€6 0Ll —

08 LLL—
LiBLL~
BLGZL~
P9 Lzl —

peogL"
L0 pL—
za' iyl

ovaiw

s

10

30

40

180 170 180 150 140 130 120 110 100 a0 0 &0
1 (ppm)

150

f

36



BipE'S—

6025 9~
BEEES,
qammw
ZL0B'G

66269/
99.0'L
ZLE0'L
0LbL 2
AN
WEAWE
09cl'L]
Zzol L]
6551 L1
StrLb L]
Zr9z L

1p HNMR
CDCl,

75 7.0 6.5 6.0 55 2.0 45 4.0 3.5 3.0 25 2.0 1_.5 1.0 05 0.0
f1 (ppm)

8.0

37



LVply

_.m.vh.x

692011
6201
6L€0L~|
£8'€0L~"
LLLLL

peLLLY
BE LLLIF
Nm.mi
S LLL

LL'GZL

gLEel—
ZB'LEL—

BE6'19L—

=1

40

)
(=]

&0

0

170 180 150 140 130 120 116 100 50

il

180

o)
(5]

210

f1 (ppm)

38



Cl
Cl

19 HNMR
CDCl,

9GE6'S— l =8/}

6B0F'Q .

N ||“”._
69270 y o0
0290°L
LABO'L

55Z1LL . .
BEVLL M e
ZvoL L .
Soor s — 167
08Py L

GzSr L
069% 2
EELF L

3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0

M {ppm)
39

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.0




Cl
C

CDCl,

NH
NH
1q CNMR

CL9L

mm.mnx

L a0l —

OF'8LL~
96'8LL "

G9'LZIA,
9962} ~
L00sLs
ZeGEL—
62'9¢L
LopL

10

20

40

B0

100 S0

110

L&D 150 140

170

180

i

1 (ppm)

40



Me
NH
B
NH

1r HNMR
cDCl,

re8r'e

SP08'G—

LECEY
h_.w‘m.mv“
19804
7L50°L
NND_‘__\.W
Lal i
g vw._._h.,ﬂ
SL0E L
0602 L-
96L2 L
CTAN A
68T L
80T L
LLZE L
LT
givp s

L

=E0'E

45
f1 (ppm)

05 00

1.0

25 2.0

30

4.0

1.9 7.0 B3 6.0 8.5

8.0

LY

9.0

41



g —
o
() = -
= Toz 3 2
Z Z S
rL 9L
90 L
mm.hhnx
PE'G0L— =

98 L1l
E_E_;/f =
Ze5Z)

59224\

Ve 6z~ =
LLEZ)-

gzzeL

Leeel"

99'0vL 7

bbb

30 20

40

&0

70

100

110

120

130

140

170

180

f1l (ppm)

4L



3

HN

/

B

HN
COOCH

1s HNMR

CcDCl;

\*,Lm_h

958'E

092.LG—

07089~
L2857
69Y0 L
0LBO'L
CE0L L
86ZL L
sz 2/
Paps L

eqZ0'8
appla:-

|

|

Hi0¢

F58'

=502

Fe0er

v0'Z
S20°)

=96°1

=00

1.0 05 00 -05

15

2.0

V]

35 3.0

45 40
f1 (ppm)

5.0

70 65 60

7.5

8.0

Y

9.0

9.5

)0

43



AN A

mh._@h./

3

HN
/
B\
HN
COOCH
1s CNMR

cDCl,
|

-

9¢LL

08'50)—

9% LLL~
P 6L
895'L21
BR'BZ I
BSBZL
B80°CE)-
LLZELT
mr.mmr\1
I
Lkl

0eegl—

Al

30

o

100 a0 g0 0 B0
1 (ppm)

110

120

140

170

180

f

44



§5L09—
9L 9

L1BET
8LbL LY
mwm?ﬂ.w
YA

606} L~
0205 L~
2025 L

5875 £

LS L
@m%_&\
LobLL

SP68 L
1806 L
1826 L-
226l 8

£00Z 8
gpLz g

1t HNMR
cDCl,

L

LU

6.0

7.0

40 35 30 25 20 15 10 05 00

1 (ppm)
45

5.0

2.3

L

8.0

8.5

8.0



GL9L
mo.mmW
6 LL

L0'90L—
LO'8LL

LB'BliA
Zr'SZlL ?
18'6ZLAk
gz'9zl
B LTS
mm_mﬁm
188zl
S5'BZ L
69'0€ )
8Z'CCl
et'Sel
eH'ocl-
Zh Ll

e B |

1t CNMR

HN
B\
HN

CDCl,

&0

90

T T T
0 140 130 120

T
o

1

170

f1 (ppm)

46



2 HNMR

cDCl,

06SLL

Tt i!JJ
. ®
o
| o
o
!hoh/
6LLO L~
WL~
%Yl L—
591°L”
YA ATAN
6T L~
owIEL— o
gese L/ w
LSL6'S— < IL
9019 0EVS "Ly
98Tb" !owhw hIIIIIIIJ
pLSOL bt}
$09°L
6LLOL
WTI'L
9EpI'L
PE9LL 06SL°L—
€LSTL
Y67 L |
ovieL o
EEEEL ~
0EPS'L i
vI9SL - 2
EPRSL
£009°L

D'C

Pl T A A N

L1'g

66

so
i

00°1

0.0

0.5

2.0 1.5 1.0

25

3.0

35

4.0
fl1 (ppm)
47

7.5 7.0 6.5 6.0 55 5.0 4.5

8.0

8.5



€701 —

SI'SII 1

66114
60°€TIH\
€9°LTIN-
L8'6T1|
PO0E I~
WIE
LUEET)
9EPEL
€E9€ 1
iLovt”

L
O-m
=5
b4
C D
(&)
T o~
Z-m
AY

1)

30

10

o0

) 110 00 90 80



FRLEE—

3 HNMR
CDCl,

FS0E

=067

EQ0E

g6l |

e0e
Z0°L
20l
Ly

4.0

30 25 20 15 10 05 00 -05

35

90 B85 80 75 TO 65 60 55 5.0 45

9.5

1 (ppm)

49



0P ss—

0L9L

3 CNMR

CDCl,

irr T
peLLd

80901~

I€pII~
68°LII~
16611—
P9LTI
€821~
69'8T1
9L'8T1
ﬁ.amtf
16621
wee
6£9€1
wopl
90 1¢1

EE6S1—

80

90

130

150

160



LILEE—

10y

BT L
9T L
Rt £
wire
IEZ¥ L
LEE¥ L
Lt L
(1745 ' %
B L
18FL
(oL
BLES L
6555 L
BEOE L
Flos L
QLLLL

4 HNMR
CDCl,

=F1E

Fus
> 00°

-0.5

0.0

1.5 1.0

.0

4.0 3.5 30

4.5

5.0

6.0

7.5 0 6.5

5.0

8.5

9.0

1 (ppm)

51



BESE—

1Ll

4 CNMR

cDCl,

| e
seLLd

LTFI
BFOT1A)
AR
wsﬁmnf
§9STI
FLOTI

E TR
9T 81
mﬁmmfﬁ
69°€€1f
GEgE]-
LF1FL _"m
EFTrI-

[E6sl—

T UV VY Sm—,

0

Hil

i

100

110

i

a

160

130




