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Abstract

This thesis describes a highly enantioselective cascade cyclization of arylboronate

esters 23 and 1,4-dihydro-1,4-iminonaphthalene 26 in the presence of a rhodium(I)-

catalyst prepared in situ from [RhCI(C2Hs)2]» and the chiral bicyclo[2.2.1]heptadiene

ligand L.3b. Under the optimal conditions, the annulated products 27 bearing an indane

skeleton were generated in up to 96% yield and 99% ee as demonstrated in 28 examples

featuring with three consecutive chiral centers. The second part of this thesis aims for

studing enantioselective cascade cyclization reaction of 1,6-eynenes 40 and

arylboronate esters 37. In the presence of rhodium(I)-catalyst in situ generated from

L.3f under optimal conditions, the annulated products 41 comprising a diquinene

skeleton were produced in up to 88% yield and 96% ee, as demonstrated in 15 examples.

[RhCI(C3H4)s]5 (3.0 mol% of Rh)

PG . _R?
NP7 74 N L3b (3.6 mol %)
3 + R 1
R | N | A g
= pin MeCN/MeOH (10/1)
Et3N (3.0 equiv), 60 °C, 24 h
0.2 mmol (2.0 equiv)

26 23 O
PG =Boc, Ts, Ns, R2= Ketone or ester b
4
Cbz,

()

R 1 [RhCl(CzH4)2]2 (30 mol% of Rh)

2 ——R
R . J\/lol\ L3f (3.6 mol %) _
R? : A - o
(pin)B OBn Na,CO3 (2 equiv)

dioxane/H,0 (10/1)

40 37 60°C,7h

F
0.2 mmol (1.1 equiv) O
/4 b
R" = Ar, Alkyl

L3f
F

il

27

28 examples
up to 96% vyield
up to >99% ee

41

15 examples
up to 88% vyield
up to 96% ee



Key words: rhodium(I)-catalyzed, chiral bicyclo[2.2.1]diene ligands, asymmetric
cascade cyclization, enantioselective, arylboronic ester, 1,4-dihydro-1,4-

iminonaphthalene, 1,6-Enyne.
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RSE (kcal/mol) 11.5 18.3 30.7 H 1.6
N o o N
9a 9b 9¢c 9d
RSE (kcal/mol) 151 19.8 33.0 5.2

Bl 2-2 Goddard 423" % & BHR[2.2.118 41 & F hrhik 4 faftic £



¥ 2005 & pF - Murakami #3218 % = fmat 10 75 Ahed o 5 Hee &
R A g IR (2.2 2] e Ak L1 0A) S enaipli | 4 F SR K G A
oAl R ETRF o RE S L fiv s o MR P B ERS b
SRR F W 0 - REERBEFEALR2TATPRI0ESFES LR
FReA ¢ BHIT3 - $i8(7 S-exo 4o 1 %ok B 5 im2 & 11 ehffgE2 (5 0 5]
Fhenfiind 4 - REAB—§ A R a@FaEh NS aut s Y 78
IT-4> 457 B IT4 ZFR o RiEiFAF Pt > A4 L HET
veen® R IT-5 SoKfaF B2 Sk A 1204 F 5 62% 4ifdg4x @ 5 80%

ee (] 2-3) - DI



[RhCI(C2H4)0]2
(15 mol% Rh)

CN L1
e :
B(OH), KOH (50 mol%)

dioxane/H,0 (40/1)

10 " 100 °C, 48 h
62%, 80% ee
X
7
Me By
L1

-N
o4
B(OH),
La[RA] 10
transmetalation
hydrolysis L. =L1
n
H,O
-N
©: IT-3
[RhIL,
/
11

carborhodation

Bl 2-3 Murakami #2420 & e 4



Radhakrishnan #c#23t 2011 & & * 4% £ % & (+)-BINAP BEWfie A7) = 2_ 18
oA, Y 2-F AR AL 10 22 2,3-- H[2.2.1]-5-AF 1 £ 13217 8 7
ERF oo+ HHRd RES ZfERITL BRGSO R P BERE k7o F
PHZ - BELEHE 2 BHCERVTADYAMKR LF 1027 £ REHF
Bt 3¢ BHIT-6 0% exo e 31 = F 3= B[22 ARG 13 chifst  7)
FHRABEY G - MTAR—F o BT R B STt £ Y TR
IT-7 B ¥ enf AgimeF ek i A4 8 & KE Tvag? B IT-
8 Bt KfaFr ud SR A 14 £ 4 Bo|F 0 AF 5 61-69% - i G2
B Az 2,3-2 S R[2.2.1]-5-A% 13 0 F F REAEBTASFAS
EEABE S o 2 RTRS SR N4 0 A S F s 5 T ARSI 2-4)



[RhCl(cod)], (10.0 mol% of Rh) 0
(+)-BINAP (10.0 mol%)

CN .
|E W . @ Cs,C05 (2.0 equiv) N
A \-E B(OH), 14-dioxane/H,0,80°C, 24 h

13 10

4 examples
67-90% yields

(1.0 equiv) (1.0 equiv)
E= COQEt, COZiPF, COztBU, CO2Bn

=N

CL,
B(OH),

10

transmetalation

:lE ~n-E

/ 4

N-E
13

carborhodation

IT-7
@] 2-4 Radhakrishnan 3% 3



ENr s LIS S GEERTRIC R B R Y e aRERT
EREHF R BRI e 3R R BT P F e B Y
SRR G FTEERA P BT A BPRRE )M F AT AR
SRR S Y F R A i CEE R SO YR D) 2 R
e MR L B B P 2L MO AR - Kb T
ERenF o e AA R GNAF > LR BFA B B E R F E(tandem

annulation) o

3t 2002 # pF > Lautens 4 i * — W4k & pw L0 BB KRB A L2
AP 2 LI o LY B G o f-F A fofig AP F AEAg 16 0 B E R PG
(norbornene)#=4 4+ 15 & {7 &k F i » #93] 2 &=z (indane) -2 £ AL 17>
RF RS - BEEBBEF A SAME 16 LEHSEDF R 43
arylthodium ¢ &8 IT-9 > %§%5 » ¥ AP 48 IT-9 i& {5 carborhodation 4¢ =& % % 7k ¥
515 enfEat s A4 0 B IT-10 0 20 F A AU echif i b 0B G fefi A @
AT AR E- WAL B BB A Flt P AR IT-10 55 d 5-exo-trig
st 2 F & 0 A2 24 oxa-m-allylthodium ¢ R 48 IT-11 > R F+ 2 & B

(protodemetalation) » 2 it A4 17 £ 7 Bo|F » AF 5 62-95% & § <3

20:1 ez B vt B o (] 2-5) o P



[RhCl(cod)], (4.0 mol% of Rh)

|E E Bpin L2 (4.8 mol%)
+ >
Z I R sodium dodecyl sulfate (0.6 equiv)

E Na,COj (1.0 equiv)
toluene/H,0, 80 °C, 2-5 h
15 16 s N
5( 7 examples
(2.0 equiv) (0.4 mmol) P 62-94% yields
E = H, CO,Me, etc R'! = aldehyde, ketone, >< _\—N{'— C >20:1dr
ester, amide \
(t-BU)zP(CHz)zNMe:;JrCr (L2)

& COZMe
16

transmetalation

La[RN(OH)

B(pin)OH

15

5-exo-trig
carborhodation

IT-10 CO,Me
Bl 2-5 Lautens ¥z w* 3

Lautens #3%% 35 2009 & @ * 4 -7 4 fofiy B 15 ek 5 AR 19
15 Azdadr o 55— W48 & LI B (precatalyst) £ -k A 12 7 BRfe AT 2 ekt £
BALH > EARSFATLS I8 BT ARE o RN EIRC AL 200 £ 10 B
DR AL 2298% L E B W L4 19 AL T v R Ad B

4y

SRR o F et X EkaE S (B 2-6) o O

10



[RhCl(cod)], (6.0 mol% of Rh)

z Xy COR! i i
|>\Y,E . p t-BugPH'BF,~ (6.0 mol%)
N7 . Na,COs (2.0 equiv)
E B(pin) 1,4-dioxane/H,0, 80 °C, 3 h
18 19
(1.0-1.9 equiv) (0.2 mmol) 10 examples
Y=C, N X=NR,O. S 22-98% yields
Z=CH, O R' = Me, Bu

E =H, CO,Me, CO,tBu

Bl 2-6 Lautens #reiedh = JLApy it

AR F O FE E 2022 & 0 F A - B BT R RS E B ER
[22.1]8 % fie 2k L3i A) 2 45 & 4> it o f-7 & fofiq AP~ % 2L, 23 227
SVE AR F A 20-22 38174 HEe BMERF B2+ ERAP 24260 £ 31
B+~ A S 13-99% L ifaAedsiE 5 12-99%ees > ¥ E T R F 2 F
PRRFREG- FRERTGAL S 20222 S ARG R B EET G ROE P
(24 ~ 25 ~ 26, 13-88% yields, 78-88% ees) > T @ T B IR A fend = o § ¢ iR
A5 % =7 5 4 (Boc)e 1,4-dihydro-1,4-iminonaphthalene - & & J& i it T &
X7 g7 BRRERKA T 60°C I » 524 T @I EFRAS 260 A
Fh 88% AL ATAXTE 5 84% o d it £ 2425 % 265'%.3‘%%3@?‘?“%; v ¥

R PIRARRT G R ORR S FES ARSI F Rl gTE AT
FEEFTE o LR RE RS A F R o R ELF] SRR R T A

?;?;;gﬁfk$ i FR o Em Eibe F B2 5T (B 2-7) -

11



1 [RhCI(CoH)2l (3.0 mol% of Rh)
v xR L? (3.6 mol%)
| X1 ! + -
Yoo ) Et3N (3.0 equiv)
B(pin) MeCN/MeOH (10/1), 40 °C, 1-48 h
20, 21, or 22 23
(0.2 mmol) (2.0 equiv) O
20, X=CH, Y=C R’ = ketone or ester ] 24, X=C =
21, X=0,Y=C 25 X=0,Y=C
6
o L X = N-PG, Y

22, X=N-PG,Y=C

31 examples
13—>99% yields

Selected examples 12-99% ees

24 25 26
24 h, 55%, 88% ee? 24 h, 13%, 78% ee? 24 h, N.D.P°®
48 h®, 14%, 76% ee? 24 h® 88%, 84 % ee?

@ Determined by HPLC analysis on a chiral column. ? Reaction temperature is 60 °C. °N.D.P. = No Desired Product.

B 2-7 " EFEREFAY %
dOE e R R e (RGBS AT Y S AT BT HAE S TR
FREFE P e B2 4% > § P REALZFZ7 F 2 ABoc) 7-F F
PRERS G AR TR B E TR F R L RIARELS o Bl AT
EFFHFRE AL A% - BRI R B YR ERR221EF A
L3b 582 g &4 it XMy 23 8§ F WHERAL S =7 §F #ABoc)7-F

FEIE R S 2608 S B ERF o d ERAY 27 B2 -

HIFHEF I (B 2-8)

12



[RNCI(C2Ha)alz (3.0 mol% of Rh) E

/PG U R?
1 L3b (3.6 mol%)
Bpin MeCN/MeOH (10/1)
Et3N (3.0 equiv), 60 °C, time

0.2 mmol (2.0 equiv)
26 23 27
PG =Boc, Ts, Ns, R2= Ketone or ester O 28 examples
Cbz, 7 b up to 96% yield

up to >99% ee

O L3b

B 2-8 2wz Ay P&

13



$23% YHERRLIEF s

AEEHE 2011 EF 4 0d g REHREAY 2 *'{ﬁiﬁﬁﬁ;dﬁ 5 fa (L-bornyl
acetate » 27) » 5 (B 3-)2 B3 Wk 11— 552 5555 7 k¥4 AW
P Y R 2.1)FF e & L3 do(R] = -1)#775 » 5-ketobornyl acetate 28
Tl oz g Rk R g 27 B2 WA = (in situ)2. = % it 47 (ruthenium tetraoxide,

RuOa) g v © 5 82 4e » chiff— Fifik & 4945 £ B(Oxone)it (74 1 & L@ 3 - % 5-

ketobornyl acetate 28 & {7 2 i* £ Jg(saponification reaction) > 7 (G4 it T 5 At

ai

AN EY 29 due AR F 7 Y o B g gL paet e B (pyridinium
chlorochromate » PCC)i& (7§ it & Jig » 74 2 BEfR it &4 30 figd Bitis o
FR=H2 8 A F 5 14% - B &3 30 &2 Comins’ FF3TE 5 TILI R
e o A FHUR SRt & vk > X0-T8°C T M iF » KHMDS (potassium
bis(trimethylsilyl) amide) » * & 2 /| BFié > 2 2 = & 7 B fafg 31 A5 5 65% - 2
fgads £ e v T o BV X9 R 75 B2 BB APmRE T K-
¥ if & B&(Suzuki-Miyaura reaction) > 2 % 2 ~5 5.2 § 7 ¥ 4 AME- ¥ 2

B [22.11 8% fe & L3a-L3j > 25 5 72%98% o I/

14



RuClzexH,0 + NalO,

|

RuOy(aq), Oxone (3.5 equiv) KOH (1.0 equiv)
HOAc/MeCN/H,O EtOH. rt, 4 h
OAc »1h OH
OAc 20-25°C, 4 h 0] o
27 28 29

KHMDS (3.0 equiv)

PCC (1.5 equiv), celite o Comins' reagent (2.0 equiv) oTf
CHCl, 1t 12h THF, —78 °C, 2 h 2
14% (3 steps) ¢} 65% TfO
30 31

L3a : Ar = CgHs, 92%
L3b : Ar = 4-Me-CgHy, 88%
PPh; (0.2 equiv) L3c : Ar = 4-tBu-CgHy, 98%

: L3d : Ar = 4-Ph-CgH,, 86%
Pd(OAc), (0.1 equiv) A" 3e:Ar=4-ChColly 88%

i |
AB(OH), (40 equiv) Z L3f : Ar = 4-F-CgHy, 85% T
toluene, EtOH, H,0, Et;N Ar L3g : Ar = 4-CF3-CgHy4, 80% Comins' reagent
90 °C, 0.5 h L3 L3h : Ar = 1-naphthyl, 88%

L3i : Ar = 2-naphthyl, 86%
L3j : Ar = 4-NO,-CgHy4, 72%

OESES FELTEIY S TP RRE 1S R Y

15



Fr} $- A9 R%ErEHEG

A AR E b A T3 FAEERTF I £ 26a &5 AR,
232 BFEAEHEP BERF B2 F Bl R AFTHRIFBEFRE DT RS S
12 1.5 mol%e— % 4% £ f = FAB[RhCI(C2Ha)2]2 (3 mol% of Rh)£ 3.6 mol%:¥
PR (2218 fe 4k L3i 972 & e LI A B 0.2 F X B 0 7-F F 5HE Ik
B A A 26a 8 2.0 § B 0F AL 2320 Bt » 3.0 § B0z 0 RL R
kﬂ.‘_/fj‘ v~ Foue HER ERL GG 1001 GUR ERAERT O N E KRR 40 °C
ETAEAY B ETRF o ® * K & 47 (thin-layer chromatography » TLC)if Bi_
FR > % P iEAS % =7 F RABoo)yh 7-§ FEIERT G £ 262 &5
ARy 23a B - = 2 F PG F B 2 2 £k AP 27a (88% yield, 84% ee)
(B 4-1)c 2t i85 A - S B2 A ~fRAENZER  AuEFHE T HH
it Mgtk R BRI EE o

[RhCI(CoH,)ol5 (3.0 mol% of Rh)
L3i (3.6 mol %)

Xx_-CO,Me -
+ ©\/\/ MeCN/MeOH (10/1)
B

pin EtsN (3.0 equiv), 60 °C, 24 h

26a 23a
O 27a
(0.2 mmol) (2.0 equiv) O ; b 0 88%, 84 % ee
O L3i

Bl 4-1 "B FREFT > %

16



BRI RRE R TR SRR Y EHF BT TR T
AEER YR T AT R o LT AR T IS AP E @ 7
1% A $ 272 © 7 B A4 E 2 10% (Entry 1) £REF| 2 &2 £ 3 4
Pofpld FREFEHTBART S TS R § 82 F BEREFI L
WhAheRE oA R G U RS FHMEFLSERF R e Al d 1 Mo
AR AT BRI R A b5 10:] i e 7 F (Entry 2-
5) T 045 FIA AgAR @ 12 2 3 (MeCN) 2 JR 44 (Entriy 3, 84% ee) » B f5 i * 1
LR ITS RGN AHEFLETIRFET (40 £ 1)

F 173 A

v [RNCI(CoHa)oo (3.0 mol% of Rh)

x
x_CO, e
. L3i (3.6 mol%) H
) > ' \Boc
Bpin Solvent < N
N

EtsN (3.0 equiv), 60 °C, 24 h

26a 23a

(0.2 mmol) (2.0 equiv)
O 27a
/ b

L3i
Entry Solvent Isolated yield (%) ee (%)”
1 MeOH 11 10
20 1,4-Dioxane 48 65
30 MeCN 88 84
4°b Toluene 45 76
50 CHCI3 38 55

¢ Determined by HPLC analysis on a Chiralpak IA column. > MeOH was added as proton source

(solvent/MeOH = 10/1).

17



=~ ek
N LR T Yy T EE 'w_%@%ﬁ e ) P A T B BT T

Fld = Ak it e s ifaEf it

MU LR 25 BimE G A ¥ 4 AR R E  FR[221]8 5 fe A L3a-
L3j~ ¥R ER221E I 2ERA L4 2 B =2 0 HWE &3 &7 75
Fppe i L5 L6 2 L7 8173 $HiL & Tk F BehF ldf s B % 4o(4 2)9rit -
AAT AFREARBFRE NF Y R FHRPFA R L3IF B 24 )
6 2 AR ALY 272 A K 5 88% (L HALARE 5 84%) 0 (4c] 4-1) - KiEAR
i B AS3RA T A% EGARAREL 99%) § it ¥y 4B 2
A 2R ((L3c, L3d, L3h, L3i) > % 7 @ * fedl L3h o > B i“ 24 27a &
FAeB FATARE ¥ 3 247 £ IR (Entry 3-4, 8-9, 87-96% yield, 87-99% ees) - § fz ¥
PE TR R E 4 T AR (L3e-3g, 13)) 0 A F 80-95% 0 AL TjATAR W MIF b
80-92% o Fi¢ * I EIR[2.2.1]HF AR (L) 75 oo 2 ATk A4 27a
chA F ot Az A% & (Entry 11, 89% yield, 96% ee) = @ 12 2,5 HLi- 2 § ¥ A5
S R[22 ekl LS 32 7 F o & 5 frdl g A% @ (Entry 12, 71% yield,
92% ee) » Bk 2,5 Lima w7 e AB S end 1 R [2.2.2] 5 e Al
L6 75 J& » A F fost fAgAX € (Entry 13, 73% yield, 58% ee) = #-¥ {3 f-j fe 4l i<
LM A RE(S)-BINAP (L7)i& 7 F i » (536 24 ) Pt » B4 p ki
Ay 27achd Ao e i THNMR 37 FRAc X 3 o 58 1> & % fie
B IL3b 27 F PR A5 272 50 'H NMR & F fréiifAcdx E &/ =2 > B s

L3b i 5 F fiscide i ikl o

18



% 2 el

[RhCI(CoHy)ol, (3.0 mol% of Rh) :/U\O/
) (:(\./cone Ligand (3.6 mol%) O b foo
I et S
26a 23a 27a
(0.2 mmol) (2.0 equiv)
AT WA A o
L3 L4 L5 L6 (s)-BINAP (L7)
Entry Ligand Ar Yield (%)“ ee (%)”

1 L3a CsHs 91 90
2 L3b 4-Me-CeHy 95 99
3 L3c 4-t-Bu-CsHy 87 99
4 L3d 4-biphenyl 87 96
5 L3e 4-Cl-CeHa 88 92
6 L3f 4-F-CsHq4 95 84
7 L3g 4-CF3-CHa 96 80
8 L3h 1-naphthyl 83 87
9 L3i 2-naphthyl 94 99
10 L3j 4-NO2-C¢H4 80 89
11 L4 - 89 96
12 L5 - 71 92
13 L6 - 73 58
14 L7 - 0 N.AC

“Isolated yield.” Determined by HPLC analysis on a Chiralpak IA column. ¢ N.A. = Not Available.

19



=~ BRME
GiE dUE g hEe AR S ?ﬁi&fg’i’gﬁﬁ MR Rl o kyp(d 3 E o F
BEBRTERERF BRI RE RAFREREREERAF LB TERMEE KL
% 3 BRE%

[RhCI(C,Hy)l, (3.0 mol% of Rh) 0
L3b (3.6 mol %) :/U\O

xCO;Me . :y
+ (:(\/ MeCN/MeOH (10/1) “ Boc
Bpin Et3N (3.0 equiv), temp, time < N
R
26a 23a
b 27a
(0.2 mmol) (2.0 equiv) L
O L3b

~

Entry Temp(°C) Time (h) Yield (%) ee (%) ¢
1 50 36 90 99
2 60 24 94 99
3 80 18 91 89

@ Isolated yield. ® The ee was determined by HPLC analysis on a chiral column.

20



PN - S

SEEE RS REF RER S T LS mol%eh- 4k 4 B Rl
[RhCI(C2Ha)2]> (3.0 mol% of Rh) £ 3.6 mol% e 12 fE 5k [2.2.1] g fie 2 L3b #77;
Foergh &g G LA s LY 02 R B T-F FESEAS G L4 260 &2 20
¥R 2300 B r 3.0 Y Behz o R X e e T
b5 101 SRS T o E R R 60°C LY AMA 23a 2§ 1 R A e

14-3 % -14-2 & 262872 W ERF > WIEERERIEZH 2722 7 1Y

BRI A hE LR AR HGE 48 1(95% yield, 9% ee) (] 4-2) -

[RhCI(C5H,)s]5 (3.0 mol% of Rh)
L3b (3.6 mol %)

X
~

XN COzMe _ :: H (o)
* ' MeCN/MeOH (10/1) ~ Boc

Bpin EtsN (3.0 equiv), 60 °C, 24 h { N

H
26a 23a O sron
A b

(0.2 mmol) (2.0 equiv) 95%°7, 99% ee®
O L3b

“Isolated yield. ® The ee was determined by HPLC analysis on a chiral column.

Bl 42 i iE

21



I~ R AR L RPRALF R
ST kR FHR EG PRI A DI A 23 Bdededr 26a 8177 L
LR F RGIE o TSR L TR #\ﬁfﬁ ERBk Akt A5 27aa (95%
yield, 99% ee)it {7t fin(B] 4-3) o d FHEBE BTN > F AT FH T 4 5L S5
E B AE (27ab>27af-27an) > “$ 7 (27ag, 90% yield, 83% ee~27aj, 89% yield,
84% ee)di Ik AZ AR B vE fie ™ ' > ¥ ¥ dF 24Fen g 5 (27ab 0 27af-27an, 83-94%
yields) > i ¥ 385 243 ehdt fAZ AR E(90-99% ees) © & af-F 4T fig (PAS ik |
oL Vg L dF A 52 A fARAR B (27ae ,90 % yield, 98% ees) © @ (27a0 >
27ap)RI ZHR A F BER LI 80R T §EFERAY A 22 XA o SFE 0 b ip(E
Flgs teof-?&fc? it 2 S ARPFEARPRT I REF - TBEFE -
Voo F A E Mg B VBT A M Y AR T
'% ( 27ac, 86% yield, 47% ee ~ 27ad , 88% yield, 32% ee) > H 3 5Li= % HiTie (74
BERF BFE Y R !ﬁ% T AEP T F AR R s B g A e
Brofpr AR ENFZ 0 H g 2 en2 BT 1 ARIT R g ¥ o AR <

gt & B T AT o

22



R 6 [RhCI(C2H)2l2 (3.0 mol% of Rh) R § .40
“ 5 @\/\/COZMG (3.6 mol% of L3b) :
@w +

4 22 Bpin MeCN/MeOH (10/1)

Et3N (3.0 equiv), 60 °C, 24 h

26a 23

(0.2 mmol) (2.0 equiv) b O

95%72, 99% ee® 92%2, 99% ee® 86%2, 47% ee?

(0]
X

0

27ae 27af 27ag 27ah

27ak 27al

27am 27an 27ao0 27ap

91%2, 99% ee? 94%2, 95% ee® 92%°, 99% eeb* 83%°, 89% ee’*

“Isolated yield. ? The ee value were determined by HPLC analysis on a chiral column. ¢ 80 °C.

Bl 4-3 % b 3 AR 2 £ F ok
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sl

T ARRA BRSSPI I RAOTESGRLF BIEFELF B
it

L(B z-4)h 6 B+ ¢ (27aq-27as) M EF A FiA BASPET A
% A FRRG 23 0 Brdzdnde 26a £ (78 0 d £k AP 27aq-27as 2 A F AT
AR THERF MR R laPF(27aq)  BLHATARE (99%ee) 0 i ISEF M A 2
o2 8~ 0 S ARARE 3 T "8 chAE % (27ar, 98% ee), (27as, 94%ee) > T ¥ 4R
P R A sk TS O AP AL AT B BT O A8 (27t T9%
ee)’ Bt BEIMNE G af-7 & fc-F A (cyano group)fr¥t ¥ F A ks (tosyl group) i
SRR B dednd 260 2 F o (5B 24 RS RRBRI SRR Al

£ L%k A $(27au > 27av) °

24



[RhCI(C,H,),]5 (3.0 mol% of Rh) =
+
B MeCN/MeOH (10/1)

pin
26a 23 Et3N (3.0 equiv), 60 °C, 24 h

(0.2 mmol) (2.0 equiv) 27

0
/U\o/\

H

27aq 27ar 27as

96%7, 99% ee? 91%2, 98% ee? 93%2, 94% ee?

27at 27au 27av

92%32, 79% ee? N.D.P? N.D.P?
95%2 ¢, 79% eeb ¢

“Isolated yield. ® The ee value were determined by HPLC analysis on a chiral column. ¢ 50 °C.

¢ N.D.P. = No desired product.

W 4-4 7 e fadk ~ AR T 3 R DT AP 2 X ok
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S FIARFERSNT-F FIEARG O P2 F RALFH

(] 4-5)5 B oI5 ¢ (27ba-27fa) > 71§ F 5 7 R LAz 26
B gk 23a 87 F 50 B0 TR A (2Tha)ihdl HATAR B (87% ee)it &
T YT M A4 A 5 (27ba-27fa, 86-95% yields) » X 2 4R 4T s AT

A% E(91-95% ees) °

[RhCI(CoHa)ol, (3.0 mol% of Rh)
2 X C0:Me (3.0 mol % of L3b) :
B MeCN/MeOH (10/1) Q

pin
Et3N (3.0 equiv), 60 °C, 24 h

26 23a

(0.2 mmol) (2.0 equiv) O 27

27ea 27fa

86%, 91% ee 93%, 95% ee

“Isolated yield. ? The ee value were determined by HPLC analysis on a chiral column.

Bl 457§ 1+ REEAR Tk

26



SR VL P Y SRR T
t (B 4-6)e113 B 65 ¢ (27ga-2Tia) » 11 A e SRk B G T2 B s

$260 B A 232 T F b0 B A B 27ga SR AR T ek L G

¥

- REBFE ORARI S AeR SR AU ABEEF B0 3D A F o Agax

3]

< 55 A4 (88% vield, 80% ee)

L
B

—\

=

0
[RhCI(C,H),l5 (3.0 mol% of Rh) P

Boc Ozl\l e 3.6 mol% L1 I
/ \ C ( . |‘y of )

Et;N (3.0 equiv), 60 °C, 24 h

o/

26 23a
(0.2 mmol) (2.0 equiv)

27ga 27ha 27ia
88%2, 80% ee” 93%2, 96% ee” 90%2, 95% ee?

“Isolated yield. ? The ee value were determined by HPLC analysis on a chiral column.

@461k%ﬁﬁ%w%%ﬁiﬁiﬁﬁﬁ@
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IF SHIWELAF BB EF

RV AFZ SR MEEFH

Aawm2 Gl - WeEE BRI > A 232 & §

SRR FI G 200 B FAHG RS B 2 SR

FHMel o R o RHECAY 2Taa 7

B MR > ERH = B Fehz MY o L (RS- o (B 5-1)

o ot BB'Eﬁé’d X-ray H

X
S o~
Boc H
(R H
[ NACOMe e cat S Boc
N ||+ —_— = O N/ =
Bpin (RIS
" N
26a 23a 27aa

Absolute structure parameter =0.0(8)
R=10.046

Bl 5-1% 4= 8 i

— 3
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Z  F RS

i X-ray H f SESfE4T2 5% 0 BN B B E RS ehF i
ho(B] 5-2)%75F o — 48 £ Jh @ it &l (precatalyst)[RhCI(CaHa)o]o &2 ¥ {2 7R [2.2.1]
Byp A L3b U 3&EEF B e A 232 A EBEEF K
(transmetalation) > # = arylrhodium ¥ %8 IT-12 - ¢ & 48 IT-12 &2 § + 5 (Boc)
FIEA DN T-F FEE RGO L 26a T AN P B IT-14 0 2) & 00
48 IT-14 > arylthodium fd exo o i& {74 FpF > & fAiE A L& TS-1 &2 TS-I
(B 5-3) ¥ &4 szt @ i i (- )TS-1% ¢ > arylthodium + e 4 A B ¢ 5
d exo-addition 4= 3 § + § (Boc) i A e 7-F F HE kS i 14 & 4 e carbon
Ac 2 ? B IT-14 {o IT-14° 2 JpF > § 5§ (Boc) ik Ak 60 7-§ F 5455 /k & 4
Ve R T &2 W e AL (2 )TS-IF ¢ > arylrhodium
+ x4 A E S d exo-addition v =% § 5 (Boc)FH A T-F FEE AR
4% it & 4 chcarbon B > § + § (Boo) i3k sk ch 7-§ FIUE kB G £ 4 b ochpe s
Re oA SRz B 2L AL (- ) (Z)A B B fL TSI
FRF MR B AR B AR TSI 58 0 F e 5d it £
B PR TS-TE (T > 4 & ¢ BFRE IT-14 4 IT-14° (B8] 5-3) « 4o(B] 5-4) > 2
* ¢ A IT-14 18> miehi g A bd o i (7 1,4-2c 2 pF > Fd re-face i& {7
oo f-F A e K € 2 F Fj (Boo) Rk T-F FEPE KRG £ 4 26a b i
ARG s T F kg e jilsi-face i T4 3 0 4 (] 5-4)7

G AR IT-15 0 ¢ BPAE IT-15 817 K f2F s » 4 & 2k & 4 27a(F 5-2) -
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o]
EIB:—PG + X OR
B(pin)
26 23
(0.2 mmol) (2.0 equiv)

PG =Boc, Cbz, Ts

[RhCI(C,H,),], (3.0 mol% of Rh)
L3b (3.6 mol%)

hydrolysis

Et3N (3.0 equiv)
MeCN/MeOH (10/1), 60 °C, time

IO
T

[RhCl(CzH4)2]2 + L3b

MeOH Q
) x OR
[Rh—OMe B g
transmetalation
(0]
[Rh'] = Rh(L3b) N~"NoRr IT-12

[Rh]

|
PG

26

coordination

’/H
e MG

IT-14

carborhodation

IT-13

B 5-2 48l 5 e ts i
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PG
N
A\
\ .- [Rh] =
B

TS-
(favored)

TS-I'
(disfavored)

B 5-3 &7 exo =@ 4r & TSI ¥ TSII'iE B i 5 =

Y

si-face addition
(favored)

IT-14

re-face addition
(disfavored)

IT-14'

Bl 5-4 XFEpmEr L4-F el

31



B

¥

~

-E B

A2 12 1.5 mol% - % 4% £ = FAE[RhCI(C2Ha)2]2 (3.0 mol% of Rh) £ 3.6

mol% ¥ EIR[2.2. 114 fie fk L3b 25 % chitlit #) > 11 3.0 § £ 0= 2 1% ik

']&_';;’F%c{’?lj » Rt Bl G 1001 e M P AR SRR > 3 60 TC T RELIL B 5 3 B

Bk RE AR 23 1 T-F EEREARY G B4 26 7 WALE HERE b
A A - kPR RRBESEERCAS 2705 28 BHF o KF AT
96% » 11 & F & 99%:FikE fATAR E

, [RhCI(C3H,)l (3.0 mol% of Rh)

PG xR
S Z ST L3b (3.6 mol %)
R3|_ N | ! —
% Bpin

MeCN/MeOH (10/1)
Et3N (3.0 equiv), 60 °C, 24 h
0.2 mmol (2.0 equiv)
26

23

Qg .
PG =Boc, Ts, Ns, R?= Ketone or ester 7 b 28 examples
Cbz,

Y

up to 96% yield
up to >99% ee
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$- % B3 R fERE ] S

SR ER AR A

Murakami #c4 % £ 3% 2005 #£7 7 — 48 & I R LI AT L g
AMpe e 78 B A TRE o 2t F s B> 4 3%|(aryl thodiumm (I))gcé » 5 d
2 i i % M eh4e & (regioselective addition) >t Azdp g 28 chz 4 b 0 A K AL EE
® & 48 IT-15 (alkenyl rhodium intermediate) » £ fv f4E:E (7 S-exo-trig ¥ i* ¥ g &
AT ABRY BHIT-16 - S isz A48 £ 4112 7 § 2L (methoxy group) {7 -
W2 F B(p-alkoxide elimination) 2= 7 R P A4 29 £ 3 18 B+ » &

HhA 3 82% (W 7-1) -

33



[Rh(OH)(cod)], (3 mol% of Rh) £ _
A\ . PhB(OH), >
1,4- dioxane, rt E

OMe
28 (2.0 eq) 29
18 examples
up to 82% vyield
28
E —
E
) )
E o IT-15
E
[Rh]—Ph > \
OMe
PhB(OH), l
E =
[Rh]-OMe <
/ E
Rh
[Rh] OMe
E = IT-16
E

| 29

B 7-1 Murakami 421 % fxiv £4 28 ¢ W F )
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Hayashi 42 % 4 3t 2005 & 4] * £ 3 1L6-" Az din e 30 12 2 5 L pRpg s A
it (7 S-exo-trig TR F ¥ %A, 3 7 kY RS IT-18 > 5157 % ¥ FFHY
IT-18 fok e (7 F+ M F RS EFPRAY > AR T - BeEEHE 2 T
FR[222] ek L8 27 F &> 2 = 5§ & 4154 & (enantiopurity) & # - &
ts 4o (Bl 7-2) - B st M s AmBREMNEeTEBLERF &
(Transmetalation) * J& » 25 = 3 £ 42 28] (Aryl thodium) ¥ 35 % |4 4c 30 = 42+ 3
& ¢ B IT-17 27 S-exo-trig F ' F 32527 B ? B4 IT-18 oL Pzt
(R A)ha g E ook EF R RS AT RRAS 31
WEEF 1 BOF 0 AFEE D 83%  BAAARERE 3 99% e £ 5 H

- B R i E A AR T MR WA TR F b+ o P
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MeO,C — [RhCI(C,H4),15 (3.0 mol% of Rh)

L8(6.5 mol%) MeO,C P
MeO,C \ . PhB(OH), on >
EWG , MeO,C "+
1,4- dioxane/H,0 (10:1)
60 °C EWG
30 (3.5eq) 21
Ph /4 11 examples
Ph up tp 83% yield
L8 up to 99% ee
30
MeO,C =
MeO,C \ MeO,C 74 117
EWG [Rh]
MeO,C \
[Rh]—Ph > EWG
PhB(OH),
M902C =
[Rh]-OH —=<
M602C
H,O
[Rh]
EWG
MeO:C /~# IT-18
MeOzC *
EWG 31

B 7-2 Hayashi #42f1% ¥ L@ fefhie 77 $H4LE B E R F b
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Darses >t 2017 & 2.4 & ¢ > % = & F Bo v L5 F e 1,6-% oA e
$32 AR A L PG A LO A% hii i B T e 7 ATRE
FIAY 33 F Wi &2 BB e frF MR EFES 2 EF B 0 fodedt
3 bz AR FERM 12 bR F RAL Y A IT-190 £ 5d 14-EHF R
(1,4-shift) & 4 > L4879 FF A8 IT-20 > & {7 T-exo-trig chx 4o F A2 4 ¢ B AE

IT-21 6 4e® g s 5 0 F o b A2 P HRA S 33 (F 7-3) - 1Y
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[RhCI(C2Hy)2l2 O
(6.0 mol% of Rh) /
/%Q L9 (6.6 mol%)
Ts—N

+ PhB(OH), > N O
\ [e) dioxane/MeOH 1:1
60 °C B 0
o— \(
O—
32 33
OH
(2.0 eq) Z 19 examples
Me up to 93% yield
L9 up to 98% ee

/ [RhCI(CoHg)2lz + L9
Ts—N O
33 S o) MeOH

\g PhB(OH),
=~ [Rh'l—OMe
MeOH
hydrolysis transmetalation

O [Rh'] = Rh(L9)

O/
-I-S/ —/,,/4 [Rhl]_Ph
IT-21 [R;/l]\o
1,2 addition /— Ph
Ph Ts—N
H 0
4 | Ph | \_\\_/<
[Rh7] [Rh' o
Ts—N [ _H 32
T ZOK\\\(O \_/TS —N
) 0
O— 1, 4-shift \(
O\
IT-19

Bl 7-3Darses #4452 72 HEe BMERF &
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Darses 3t 2019 & 3 4 ¢ - F {84 5 Azdptr 34 W2 SRR LA & B
EEMREYRA LI0 A1y S 2  Efenid it TR F A BRI S B0 27 E R
B ALY 354 BB LF o MBEFES 2 BF B 0 fodzdpd 34 F hz
GEEFERN 122K AL Y FFRIT-22 8 54 1,4-8# F u(1,4-shift) &
A F AT BAIT23 R EHEM A - " gt gk > SRR
¢ F¥ 48 IT-24 (thodium alkoxide)’ & {5 IT-24 i 17 f-if 2 ¥ 2,2 p &4 350

(B 7-4)01

39



MeO,C = [RhCI(C2H4)2]2 (3,0 mol% of Rh)
L10 (3.3 mol%)

MeO,C Me + PhB(OH), -
MeOH
60 °C
34 (2.0 eq) OMe

‘ 35
/ ‘ 17 examples

up tp 96% yield
up to 96% ee

34
) IRh]

MeO,C Me MeO,C H .22

J
H
MeO,C % [Rh]

onaot)y — e

/ IT-23

[Rh]-OMe =<
Ve

B 7-4 Darses i {7 3 $HFEIR I+ & oW E

AR gk S gL PR A S SR RP AT E RS ¢ P o E R
EEES LR RS 0 B R EE M (regioselective) 1,2-4c & o HF 4 A F %
B4 31kl B mpi ko a3 iy 37 o8 § L6 LR

Yede 36 FEd - BAEE B RGBT REEERS o LG BT REE

40



At 38 (B 7-5) 0 F Refdiide™ @ - W4k & B ¥ B R[2.2.1] 8% e 2k L3
SRy sk b A L B R L F 3T F A RERF R e FERE 12

be At dednde bz g A5 Jffﬁ A 4% (alkenyl thodium) # ¥ 8 IT-25 > #&7F k& i

4B 7 S-exo-trig Y F iS00 ¢ BFAE IT-260 £ v o, f-7 & {vfig 37 chifdE
T - X S-exo-trig it F Ji o A= 4% ’Trv A% @ (rhodium enolate) ® ¥ 48 IT-27 i -

TR F R Rt BT AIRBEALS 38

7
Fi

— [RhCI(C3Ha)s] (3.0 mol% of Rh) /
MeO,C (0] L3f (3.6 mol%) MeO,C o MeO,C
+ + —
MeO,C (PiB” N""N0Bn 4 MNayCOsaq) (20 60UY)  MeO,C COBn  MeO,C OBn
dioxane/H,0 (10/1) 0
36 37 40°C,7h %
0.2 mmol 1.1 equiv O F 38
/ b
84% (16:1) @
O L3f 38 up to 98% ee ©
F

[RhCI(CoHg)ol,  +  L3f

B l H,O o)
38 (pin)BJ\/u\osn 37

[Rh—oH

H,0
hydrolysis transmetalation

IT-27

[Rh'] = Rh(L3f) 0
[Rh \

MeO,C

1, 2 addition MeO,C

MeO,C
~____ Meoxc

5-exo-trig cyclization

NS OBn

Rh] O

IT-25

“Isolated yield of 38+39 and isolated ratio of 38:39. ® The % ee was determined by HPLC analysis

on a chiral stationary phase column.

W75 #2157 3%
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FE A R 1,6-% 5(1,6-enyne) S HE 05 Az S B 7 E R F D
B e A ks TP RRI| DA BN AL T AR 124 AP
EEREFP L INATF RO > BFEF L4-EB 5 B(14-shift) o A {1 *
B AR B i o f-R ke fefig i (T L TR F AT RIARERS 0 o -7 & fefi;
TRLAT A E- B s B BT E A i I T2 & S-exo-trig
B F o AR e - o B A e LA PRkt 2 %
- BAEE BB S L ERR21ERA LIf X2 885 0 & 14-
dioxane &2-k b B 5 10:1 ~ s a4 5 LRER/ N Al eiE 22T o LY B PR fig B N
of-* &8 fefig 37 &2 Lo-F i adzdnds 36 8172 $HfEP BERF 5o - H

F3E F (R 7-6)
o [RhCI(C3H,),l5 (3.0 mol% of Rh) R

2 —R
R o) L1f (3.6 mol%) LS N
R2 + ) A . > .
(pin)B OBn Na,COj3 (2.0 equiv) R2 "y CO,Bn
dioxane/H,0 (10 /1)

36 37 60 °C,7h 38

0.2 mmol (1.1 equiv) F
15 examples
R' = Ar, ethly A b up to 88% yield
O L1f
F

up to 96% ee
B 7-6 P EERF &
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AR S RSN EE A

be() 8-1)F ¢ wrhcit > A 2 AR - R B g, f-7 & ey 37 &
Lo it cndedode 36 18177 $H4EP B ETRF oo 8- HEFHEF it in
LA IR L A o - ek AR A FR221 R A L3
$2 4L apiagen L4-dioxane Bk Bl E 1001~ BUPEAN 5 dk 1 S F] ik
2T i B iR P g, f-7 A frfig 37 81 1,6- i i Azt 36 2 17
PR RS -

— [RhCI(C3H4)], (3.0 mol% of Rh) /
MeO,C J\/I?\ L3f (3.6 mol%) MeO,C. =\ W MeO,C
+ Qi + —
Me02C (pinB” 7"N0Bn  4MNaCOsag (20 quiv)  MeO,” i/ N—COBn  MeO,C oBn
dioxane/H,0 (10/1)

36 37 40°C,7h

39
0.2 mmol 1.1 equiv O F 38
/ b

84% (16:1) @
38 up to 98% ee ?

F

@ Isolated yield of 38+39 and isolated ratio of 38:39. * The % ee was determined by HPLC

analysis on a chiral stationary phase column.

Bl 81 BL2 1y %

AR e enE R E o 3R 3T 1,6-) TF ’—*—éﬁf_l,‘i‘ ZgEF BN AL A TRendsdy

P 368 p I~k ihaf-F e fofig 37873 $HfEE B ERF bk B2 R
F(® 8-1)-
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- s MFRIEGARBRAREFAF B2 HFH

(B 8-2)e1 9 B 6]+ ¢ (4laa—4lai) > 1 = 4} PPN R L XA Trepdednde
40> & f RBpB- R af-3 fofg 3T FF 0 TREEE 2 B
o Jhenik it A 4 dlai (86% yield, 94% ee)it 7 vt 4 » & 4laa A % (69% yield)5 3
TR AF TG s Rk L A dlal FORBER R B
VA 43 ehA 5 (41ab-41ah, 78-90% yields, F B 4ot b4 30 19:1) 0 &2

TP WA B AT AR E(94-96% ees)

44



R1
[RhCI(C3Ha),l, (3.0 mol% of Rh) R /

=R’
MeO,C. . J\/?I\ L3f (3.6 mol%) _ MeO.C. A\ . MeO,C
MeO,C (pin)B N OR; Na,CO; (2.0 equiv) MeO,C g CO,R?> MeO,C OR2
dioxane/H,0 (10 /1) o)
40 37 60°C,7h
i F
0.2 mmol 1.1 equiv O #“ 42
/
R = }{\© or k\©\ O L3f
Br F
o— NO, Br
MeO,C A o O MeO,C A 0 MeO,C Alw O
MeOZC " OBn MEOZC " OBn M602C " OBn
41aa 41ab 41ac
69%°, 96% ee® 88%79(21:1), 95% eeP 78%%(19:1), 95% ee®
CFs CF3 Me
MeO,C A o~ O
N MeO,C MeO,C R
Me0,C 1" OBn BN X P
MeOZC U OBn MeOZC " OBn
41ad 41ae 41af
. b
86%7(23:1), 95% ee 90%2(23:1), 95% ee® 78%°, 95% eeb

Br CF;
MeO,C A o~ O
oy
MeO,C A« O MeO,C A w0 MeO,C O’D
MeO,C "' o MeO,C ¥ 0 Br
ke Q
41ag Br 41ah

Br 86%°, 96% ee’
88%°, 96% ee? 85%3(19:1), 94% ee?

“Isolated yield (41+42). ® The ee value were determined by HPLC analysis on a chiral column. ¢
Isolated yield.

B 82 FF%kEF 2 RBEA



S PIfRREFI BRI R BRR

L(F) 8-3)e16 B 6|+ ¥ (44aa—4daf) > 12 16- 549 7 Bk 435 81 8
TR PN f-F ke fofig 3T BT F R FREN - B FR RN - A
(diol)¥ a8t » fo7 b ehd R R (7 F & 0 A= = F R (Benzyl) B~ i dhde 4y
43227 F o ¥ @ 5] 2dF A 5 (44aa, 78% yield ; 44ac, 83% yield, F i+ R
He 4~ (regioisomer)t & 14:1) » & 7 305 2 4F e (A AX B (91-93% ees) » @ F 7
fi Ak (Benzoyl) B~k efdzdnde 217 5 i » £ 4dab (85% yield, 95% ee)it {714 #ie »
§ AR A F{rb fATAR BT % D % 4dad (77% yield, 91% ee, ¥ =B 41t b
#1527 AfciEE(Acetal) B S e o S8 T F 50§ A
Fordt A2 A% B 44ae (79% yield, 95%ee, ¥ i~} T vt 5] 19:1) - 44af (81% yield,

92% ee, ¥ R vt 5] 17:1)
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[RhCI(CoH4)sl5 (3.0 mol% of Rh) R /

,
E =—R o

+ J\/U\
E (pin)B OR?

1.1 equiv

L3f (3.6 mol%) E A . E

- o + —
Na,COj3 (2.0 equiv) E oy CO,R? E OR?2
dioxane/H,0 (10 /1)

60°C,7h

37
R'= ethyl or @ or @Br
Br

R J{\@ or E

O F 44 45
A b
L3f

Br—< >—1
o AN (o]
O "
Br ( > h OBn

44aa

78%°, 91% ee?

o
0 =\ O
O O v OB
Br "

44ac
83%3(14:1), 93% ee?

N o
o =\ oM (6]
o)
A ©° Ob
44ae Br
79%2(19:1), 95% ee®

44ab
85%°, 95% ee?

' 9)
44ad
77%3(11:1), 91% ee®

Br

0

>< =\ oM (0]

0 & 0
44af

81%3(17:1), 92% eeb

“Isolated yield (44+45). ® The ee value were determined by HPLC analysis on a chiral column. ¢

Isolated yield.

B 83 [ - fq#piE 2 Bt
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= F RBHEE

HPIE Rt tEdeT™ (B 8-4) p - BeE & fH Rl BRI HRH 3787 &
B % 4 F J& (Transmetalation) » 2} 2 % A& 4£ ¢ @ # IT-28 (Alkenylrhodium
intermediate) > 2 (& fradcdndr 40 b Rz 4FE FEHE N 12-40 2 > A ’1% A
£ IT-28 (Alkenylrhodium intermediate) o 4% % @ &8 IT-28 + 4k £ /f € o fde
7 S-exo-trig it F Ji» T AR T kY FAEIT-29 22 5 - Bo° < BF
¢ RS IT-29 ¢ gk £ € o af-F A frfin SRR 7 S-exo-trig TR F 0 X
A5 & 427 fi} B (thodium enolate) T & ¥ &8 IT-30 > Bofs (5 2ok e+ it & g

A4 PARAF 4laj -
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[RhCI(C4Hy),l, (3.0 mol% of Rh)

MeO,C J\/(l)]\ L3f (3.6 mol%)
MeO,C * (pinB” X~ “0Bn Na,CO3 (2.0 equiv)
dioxane/H,O (10 /1)
60°C,7h
40 37 #1aj

[RhCI(CoHy)ol, +  L3f

R—oH (pin)B” X~ “oBn 37
H,O
hydrolysis transmetalation
OBn
MeO,C
Mo [Rh] = Rh(L3f) J\/ﬁ\
MeO,C
2 [Rh!] [Rh]” X" 0Bn
MeOZC
5-exo-trig cyclization .
1, 2 addition MeO,C
40
OBn
MeOZC OB
n
~_______ MeogC Z
[Rh] O

5-exo-trig cyclization

IT-28

B 8-4 HwiplF Rk
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FLE AR

ok F R b ts o I AP dlaj €570 F i R OEH > 4o(F 9-
D77 o1z B A AERHE TR RF WA 460 RF L Epill £

i %t diquinene 5 S E4ER 17 & 2 F Ji(hydrogenolysis Reaction) % ] 2 = 47 -

DIBAL-H
MeO,C A . O > HO A
A ether, 0 °C to rt A
MEOZC OBn HO OH
41aj 46
87% yield

Pd/C (50 mol%), H

MeOH, rt

47

91% yield

B 9-1 &=/&*
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¥R W

Aihv F 230402 1.5mol% - 4 £ - B [RhCI(C2Ha)2]2(3.0mol%
of Rh)# 3.6 mol% =¥ 12 Bk [2.2.1]F % fe & L3f 2) & cnaiplic &| > g e 1,4-
dioxane £2 K+t & 5 10:1 ~ B L4 5 i L S RN 2 2T o LT Bt Ry B i
10,8-F A frfiy 3T 81 1,6- A HehAcdn g 40 8 (7 A $HALE B AR F o 472
*2 - k75 diquinene FHhE MR IC AL 410 F 15 BHF 0 B AF S
88% > 11 2 % iE 96%dk Az A% & (B 10-1) o

R1

I [RhCI(C2Hy)alz (3.0 mol% of Rh)
J\/l?\ L3f (3.6 mol%) R2 =\
P + > N
R (pinB” X~ oBn Na,COj (2.0 equiv) RZ N\ CO,Bn
40

dioxane/H,0O (10/1)

37 60°C,7h
41

F
0.2 mmol (1.1 equiv)
b 15 examples
f/ up to 88% yield
R = Ar, Alkyl
L3f
F

up to 96% ee
B 10-1 % = 3o m 7 %
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FL-F &AL

- AHREZ AR
Piei & 3=k 3# & (Nuclear Magnetic Resonance Spectroscopy, NMR) :

12 Bruker AVIII HD-400 MHz NMR 4= Bruker AV-400 118 £ #& % 3§ th # i8] %
& 11 % it % i# (chloroform-d, CDCl3) & ;4 #| » i* & 4} (chemical shift)? ppm 3
H o i et drE#H(H NMR) M & =4 1 & & (chloroform) & p 8 5. > %

HH 24 7.26 ppm > & 1w 7 H 2% (tetramethyl silane, TMS) 5 P #2 & >

TERE B =H 5 Oppm o & &) A3 (splitting pattern) T_s& 4™ @ H *# (s, singlet) ~
B ¥ % (d, doublet) ~ = & * (t, triplet) ~ = & *£ (q, quartet) ~ 7 & *¥ (quint, quintet) ~

¥

¥ % (sept, septet) ~ % £ *# (m, multiplet) ~ %4 (br, broad) ; 8 & ¥ #c(coupling
constant) ™2 J # 7 » M =5 Hzo bicif e bz B @ P F o (A A5 88
¥l &80 RPEE R EFH(CCNMR)™ v 2 & B (7 2 8 g5 gy 1
& i (chloroform-d, CDCl) 3 M {3 &+ £ % 3 1+ 8 48 % 77.0 ppm = & P2
¥ L #(FNMR)~ £07 7]tk Bk (F o

® f#47 F# » 47 & (High Resolution Mass Spectrometer, HRMS) :

@ % JEOL IMS-700 ] 538 i % Bl 2k B o 14 & (7 2 1 45 T /580 (time-
of-flight-electrospray ionization, TOF-ESI)i& {7~ 7 » A 3= W= £ #fr <~ £ §

TRERY P CHTE BT 42 3 ] B R o

X-Ray H § ¥+t (X-ray Single Crystal Diffractometer » SC-XRD) :
i * Bruker D8 Venture fds B 5 ¥ESf&Rils RITRE > LW 48

Bivg ket g Ahd e
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&% ¢ & ~+% (Thin-layer Chromatography, TLC) :
% * MACHEREY-NAGEL - Silica gel pore size 60 A with fluorescent indicator UV2s4 »
0.20mm 5 & g5 i 1§ ¥ 5& (773 4 B B 0 £ 04 4 ¢h % g 4n 7 (phosphomolybdic

acid, PMA) & #6485 it 47 (KMnOy) % B & #1440 -

#+.% 5 (Column Chromatography) :

iz * KM3 SCIENTIFIC CORPORATION - Silica gel 45-75 um 5 # 2e 4~ o

Wik R (Specific Rotation) :
i * JASCO P-2000 Polarimeter % 5 |2 &k B o BB # L3 A2 74+ B R o

gk B ek b [a]h (TDEAR/°CoD: 4 D &) -

3 8t (Melting Point, M.p.) :

& % Mel-Temp %3 2kip| T_&K P T_o

% 2%it ;R 48 & 7 (High-Performance Liquid Chromatography, HPLC) :

i * Hitachi 7000 & 7| B »Tac i 4p & 47 & 3L > ¢ 35 p & P~ 4% B (Hitachi L-7200
Autosampler) ~ §[/# (Hitachi L-7100 Pump) ~ 4 & 474! % (Hitachi D-7000 Interface) ~
id 7] B (Hitachi L-7450H Diode Array Detector) = ¢ * CHIRALPAK ¢ 11 (Daicel
Chemical Ind., Ltd. » IA 4.6 mmx250 mm ~ IB 4.6 mmx250 mm ~ IC 4.6 mmx250 mm ~
ID 4.6 mmx250 mm -~ IE 4.6 mmx250 mm ~ IF 4.6 mmx250 mm ~ IG 4.6 mmx250

mm) °
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Preparation of 1,4-dihydro-1,4-epiminonaphthalene derivatives

Procedure A
H Boc
N Boc,O DMAP > N
D + 2 + > D
% MeCN, rt Y
S1

Di-tert-butyl dicarbonate (1.4 equiv) and 4-(N,N dimethyl amino) pyridine, (0.15
equiv) were added to pyrrole (1.0 equiv) in acetonitrile (1 M) under argon. After the
addition was completed, the mixture was stirred at room temperature for 24 hours.
Evaporation of the solvent and subsequent column chromatography affords the desired

product S1 as a colorless oil (2.1 g, 85% yield). [

Boc\ F
N + O: + Mgy ——> N{Boc
@ Br THF, reflux

2h

S1 26a

To a two-necked flask was added activated magnesium turning (0.4 g) and the
flask was flame dried under vacuum. The system was flushed with argon and allowed
to cool. N-Boc-pyrrole (1.17 g, 6.99 mmol, 1.0 equiv) in 5.0 mL of dry THF was
introduced into the flask and heated to gentle reflux. o-Fluorobromobenzene (0.84 mL,
7.69 mmol, 1.1 equiv) dissolved in 4.0 mL of dry THF was added dropwise over a
period of 10 min and refluxed for 1.5 h. The initiation of reaction was indicated by the
solution turning turbid followed by it turning yellow in color. After completion of the
reaction, the solution was cooled and poured into a flask containing 10 mL aqueous
solution of ammonium chloride. The aqueous layer was extracted with petroleum ether,
and the combined organic layer was dried over anhydrous Na,SO4 and concentrated.
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The resulting dark oil on column chromatography followed by crystallization from

hexane afforded 26a as a white crystalline solid (0.86 g, 51% yield). 3114

Procedure B

| acetyl chloride
N+~Boc -
methanol, 0 °C

26a S2

To a 50 ml flame-dried flask, MeOH (5.9 mL) was added dropwise freshly distilled
acetyl chloride (6.43 g, 82 mmol) at 0 °C under a nitrogen atmosphere. The resulting
solution was stirred for 5 min at 0 °C and 26a (14.4 mmol) was added. The solution
was allowed to reach room temperature and stirred for additional 2 h. Water (200 mL)
was added and the mixture was extracted with diethyl ether two times. The aqueous
layer was subsequently adjusted to pH ~ 10 with solid potassium carbonate and
extracted three times with each 100 mL diethyl ether. The combined extracts were dried

over Na;SO4 and the solvent was removed in vacuo to give free amine (1.83 g, 89%

yield). 5]

Procedure C

O@ + Tosyl chloride + EtsN ———> N1—Ts
DCM, rt

S2 26b

Free amine (10 mmol) was dissolved in 50 mL CH»Cl, followed by the addition
of EtsN (2 mL), tosyl chloride (12 mmol) was added. The reaction was stirred at room

temperature for 4 h. Water (100 mL) and CH>Cl, was added until all precipitates

55



dissolved. The organic and aqueous phases were separated and the aqueous phase was
extracted twice with CH2Cl,. The organic fractions were combined, dried over Na;SO4
and concentrated. Recrystallization from ethyl acetate gave 26b as a crystalline solid

(1.54 g, 52% yield). 119!

Procedure D

O@ + 4-Nitrobenzenesulfonyl chloride + K,CO3 ——— N:—Ns
acetone, rt

S2 26¢

free amine (1.0 equiv) was dissolved in acetone (35 mL) and K>COs (1.5 equiv)
was added. A condenser was attached and 4-Nitrobenzenesulfonyl chloride (1.4 equiv)
was added heating. After the addition of 4-Nitrobenzenesulfonyl chloride, the
temperature was raised to 65 “C and refluxed for 18 h. The mixture was then quenched
with water and partitioned in diethyl ether. The aqueous layer was extracted with diethyl
ether (2 x 50mL). The organic layer was dried with Na;SOs, filtered and concentrated.
The crude product was purified by column chromatography (EtOAc:Hexanes = 1:5)
and then recrystallized in hexanes to provide the product 26¢ as white solid (0.8 g, 48%

yield). [17)
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Procedure E

, TFA
Ni—Boc
DCM, 0 °C

\

26a S2
+ benzyl chloroformate + K,CO3 — ©:‘§:—Cbz
acetone, rt
S2 26d

To a flame-dried flask, 26a (6.20 mmol) was added and dissolved in CH>Cl, (40
mL). The flask was purged with N> and trifluoroacetic acid (110.9 mmol) was added
dropwise and the mixture was stirred for 1 h. Solvent was removed by rotary
evaporation and the crude mixture was diluted with toluene (50 mL) and concentrated
by rotary evaporation. This process was repeated 3 times to azeotropically remove
excess TFA. Upon removal of the last portion of toluene, a brown salt was formed. The
salt was dissolved in acetone (35 mL) and K>CO3 (12.4 mmol) was added. A condenser
was attached and benzyl chloroformate (9.3 mmol) was added dropwise while heating.
After the addition of benzyl chloroformate, the temperature was raised to 65 °‘C and
refluxed for 18 h. The mixture was then quenched with water and partitioned in diethyl
ether. The aqueous layer was extracted with diethyl ether (2 x 50mL). The organic layer
was dried with Na>SOs, filtered and concentrated. The crude product was purified by
column chromatography (EtOAc:Hexane = 1:5) and then recrystallized in hexanes to
provide the product 26d as an off white solid (0.94 g, 55% yield), compared with

literature. (18
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Procedure F

0O
+ acetylchloride + EtHN @ — N:4<
DCM, rt

S2

free amine (10 mmol) was dissolved in 50 mL CH>Cl; followed by the addition of
Et3N (2 mL), acetyl chloride (12 mmol) was added. The reaction was stirred at room
temperature for 4 h. Water (100 mL) and CH>Cl> was added until all precipitates
dissolved. The organic and aqueous phases were separated and the aqueous phase was
extracted twice with CH>Cl,. The organic fractions were combined, dried over Na;SO4
and concentrated. Recrystallization from ethyl acetate gave product as a crystalline

solid (0.59 g, 32% yield). [*)

Procedure G

Boc o} 0 ~o
<\j + >%< N 7\ | Ni—Boc
_ — S
\ o o neat, 120 °C
0]

s1 26g

Boc-pyrrole (14.9 mmol, 2.50 g) and dimethyl acetylenedicarboxylate (124.2
mmol, 17.6 g) were heated for 45 min (open vessel, 120 “C). The crude was then
purified by flash chromatography, eluting with Hexane/Et;O 6:4 to recover excess
acetylene dicarboxylate and with Hexane/Et;0 4: 6 to collect the desired product (3.69

g, 80%) as a white solid 26g (4.04 g, 88% yield) compared with literature. [2
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General procedure H

Br R BOC\ NBuLi R
+ N _— > N Boc
Br R @ -25°Ctort R

R= Br 26h, R=Br
R=F 26i, R=F

To an oven-dried round bottom flask was added bromobenzene (1.02 g, 2.59
mmol), toluene (25 mL), and tert-butyl-1-pyrrole carboxylate (0.55 mL, 3.29 mmol).
The mixture was purged with argon and cooled to —25 °C. A solution of zn-butyllithium
in hexanes (1.0 M, 2.80 mL) was added dropwise over 20 minutes. The mixture was
warmed to room temperature slowly and stirred vigorously for 23 hours, quenched with
water when reaction completed. The aqueous phase was extracted three times with
diethyl ether. The combined organic layers were washed with water then brine, dried
with Na;SOs, filtered, and concentrated using rotary evaporation. The crude product
was purified using column chromatography (diethyl ether: hexanes 1:9) to obtain 26h

(0.33 g, 33% yield), 26i (0.35 g, 48% yield) as a light orange solid. ?!!

Procedure I

Q SiMe; 18-crown-6
SO e 2 B0
N
W
S4

oTf THF, 1t, 24 h

26f

To a mixture of 2-(trimethylsilyl)phenyl triflate (S4, 0.503 mmol) and benzyl azide
(2.50 mmol) dissolved in THF (2.5 mL) was added cesium carbonate (1.00 mmol) and
18-crown-6-ether (1.00 mmol) at room temperature. After stirred vigorously for 24 h at
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25 °C, water (10 mL) was added to the mixture. The mixture was then extracted with
ethyl acetate (15 mL x 3), and the combined organic extract was washed with brine (10
mL), dried with Na,SOy4, and after filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography (Hexane/EtOAc = 5/1)

to give 26f as a colorless solid (0.38 g, 70% yield). [*

General Procedures for the Synthesis of Wittig Reagent

General Procedure J

- PPhs (1.0 equiv) Pha;/\R NaOH (2 m) g
B~ R cthyl acetate, rt Br~ DCM, 1 h PhsP
S5 S6 S7
S5a, R = CO,Et S6a, R = CO,Et S7a, R = CO,Et
S5b, R = CO,iPr S6b, R = CO,iPr S7b, R = CO,iPr
S5¢, R = CO,tBu S6c, R = CO,tBu S7¢, R = CO,tBu
S$5d, R=CN S6d, R =CN S7d,R=CN
50 mmol

Compound S5 (50 mmol) was dissolved in ethyl acetate, and then
triphenylphosphine (1.0 equiv) was added, the reaction was stirred at room temperature
overnight. The reaction mixture was filtered and the precipitate was washed with ethyl

acetate to give S6 as white solid (up to 80% yield), compared with literatures. (2*! 24

[25]

General Procedure K

S6 was dissolved in dichloromethane (50 mL), and NaOH (2 M) solution was
added. The reaction was stirred vigorously for 1 h. Then, the aqueous layer was
extracted with dichloromethane, and the organic phase was washed with brine, dried
with NaxSOs. After removal of the solvent, the solid obtained was washed with hexanes

to afford the pure product S7 (up to 85% yield) compared with literature. (>
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Synthesis of Unsubstituted Arylboronic Esters

General Procedure L

1) n-BuLi (1.2 equiv)

0 1,3-propanediol (1.1 equiv) 0) B(OMe); (2.0 equiv)
' p-TsOH (0.1 equiv) THF, 78 °C to rt
> (0]
toluene, 120 °C, 3 h 2) HCl(aq)
Br Br a
S8a S9
30 mmol
R2
? le} Fl,rph3 (1.3 equiv)
pinacol ! S7
5-OH  toluene, reflux, 12h toluene, 90 °C, 18 h
| B(pin
OH (pin)
S10 S11

23a, R?=CO,Me
23q, R?= CO,Et

xR? 23r, R2= CO,iPr
C(\/ 23s, R? = CO,tBu
B(R") 23t, R2 = COMe
23u, R?=CN

23

To a solution of S8a (30 mmol) in toluene was added p-TsOH (0.1 equiv) and 1,3-
diol, the mixture was heated at 120 °C with azeotropic removal of water using Dean-
Stark apparatus for 3 h. The organic layer was washed with brine and dried with Na>SOs.
After removing the solvent under reduced pressure, the crude product was purified by
column chromatography to give the pure product S9(88% yield), compared with
literature.[?6]
General Procedure M

To a solution of S9 in THF, n-BuLi (1.6 M in hexanes, 1.2 equiv) was added

dropwise at =78 °C, the mixture was stirred at this temperature for 2.5 h. After that,

B(OMe); (2.0 equiv) was added dropwise, and the mixture was stirred for another half
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hour at =78 °C. Then, the reaction was warm to room temperature and stirred overnight.
A solution of HCI in water (10%) was added to the reaction mass and stirred vigorously
for 1 h. The aqueous layer was extracted with ethyl acetate, and the organic layer was
dried with Na;SO4. The crude product was purified by recrystallization with
dichloromethane after column chromatography to yield S10 as white needle (55%
yield), compared with literature.*”)
General Procedure N

To a solution of S10 in toluene (0.25 M) was added pinacol or neopentyl glycol
(1.1 equiv), the mixture was heated to reflux for 12 h, with azeotropic removal of water
using Dean-Stark apparatus. After removing the solvent under reduced pressure, the
crude product was purified by column chromatography (ethyl acetate / hexanes) to give
compound S11 (76% yield) were compared with literatures.28112]
General Procedure O

Compound S11 (2.0 mmol) was dissolved in toluene (0.65 M), and appropriate
wittig reagent S7 (1.3 equiv) was added. The mixture was stirred at 90 °C. After 18 h,
the solvent was evaporated, and the crude product was filtered through column (ethyl

acetate/hexanes, 1/40). The pure trans isomer 23 (up to 65% yield) is obtained by

recrystallization from boiling hexanes. 3% 31

Synthesis of Substituted Arylboronic Esters
Preparation of Substituted 2-bromobenzaldehyde

General Procedure P
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@ Q RX (2.0 equi
: .0 equiv)
HO | Bry (1.2 equiv) _ HO | X = Br, 1) RO |
AcOH,0°Ctort K,CO3 (1.5 equiv)
Br Br

DMF, 0 °C to rt

S12 S$13 S8
50 mmol S8b, R = Me
S8c, R =Et
S8d, R =Bn

General Procedure Q

To a solution of S12 (50 mmol) in acetic acid, bromine (1.2 equiv) was added
dropwise via a dropping funnel at 0 °C. The reaction was allowed to warm to room
temperature and stirred overnight. The solvent was removed under reduced pressure,
and the residue was washed with water and hexanes. The solid obtained was dried
under vacuum to afford S13(64% yield), which is used without any further

purification in the next step. S13 was compared with literature.*?!

General Procedure R

Compound S13 was dissolved in anhydrous DMF (0.8 M), and K>CO3 (1.5 equiv)
was added at 0 °C. The mixture was stirred at room temperature for 30 min, then, the
appropriate alkyl halide was added dropwise to the reaction and the mixture was stirred
overnight. The reaction was quenched with HCI (3 M), and the aqueous layer was
extracted with ethyl acetate. The combined organic layer was washed with water and
brine, dried over Na>xSO4 and concentrated in vacuo. The crude product was purified by
column chromatography (ethyl acetate / hexanes, 1/20) to afford S8b (67% yield),*!

S8¢ (57% yield),** and S8d (58% yield) *> compared with literature.

Preparation of Substituted Arylboronic Esters

Arylboronic ester 23 were prepared according to known procedures described below:
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(0]
o}

0 Pd(dppf)Cly (3.0 mol%) ? H\OMe (1.3 equiv) «

! Bopin, (1.2 equiv) . 1 PPh; R OMe
R! KOAc (3.0 equiv) R toluene, 90 °C, 18 h B(pin)

Br 1,4-dioxane, 90 °C, 8 h B(pin) P

S8 S22 23

General Procedure S

(I) (0] O

B(pin) Me B(pin) ) MeO B(pin)

pad
2

in
Me b
S$22a S22b S22¢ S22d
(0] (0] (0] (0}
MeO B(pin) B(pin) B(pin) o B(pin)
S22e S22f S22g S22h

'ﬂ
==

IO (0] 0}

CL X
B(pin) B(pin) B(pin) B(pin)

2

S22i S22j S22k S22|
0O
(o} (e} 0] |
! FaC ' ' ‘
. . . B(pin)
Cl B(pin) B(pin) Fs;C B(pin)

s22m s22n $220 s22p

To a two-necked round bottom flask equipped with a condenser, Pd(dppf)Cl2 (0.12
mmol, 3.0 mol%), B2pin; (4.8 mmol, 1.2 equiv), substituted 2-bromobenzaldehyde S8
(4.0 mmol, 1.0 equiv), KOAc (12.0 mmol, 3.0 equiv) and 1,4-dioxane (15.0 mL) were
added. The resulting mixture was heated at 90 °C for 8 h. Then, the mixture was diluted
with ethyl acetate, washed with brine and dried with Na>SO4. Solvent was evaporated
under reduced pressure and the residue was purified by column chromatography

(diethyl ether /hexane) to afford S22(up to 74% yield). (3¢
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General Procedure T

Compound S22 was dissolved in toluene (0.65 M), and methyl
(triphenylphosphoranylidene) acetate (1.3 equiv) was added. The resulting mixture was
heated at 90 °C for 18 h. After that, the solvent was evaporated, and the crude product
was filtered through a short column (diethyl ether / hexanes, 1/40), to get rid of the side
product Ph3P=0. The pure trans isomer of compound 23 (up to 65% yield) was obtained

by recrystallization from boiling hexanes. [*”]

Preparation of 1,6-Enynes
Preparation of 2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diol

Procedure U

MeO,C HO =

+ LAH — >
MeO,C THF, 0°Ctort HO
12 h

A solution of dimethyl methyl(2-pentynyl)malonate (5.0 mmol) in THF (8 mL)
was added to a suspension of LiAlH4 (10.0 mmol) in THF (12 mL) at 0 °C. The mixture
was stirred for 9 h at room temperature and the reaction was quenched with water. The
precipitate was removed by filtration, and the remaining solution was dried over MgSO,
filtered, and concentrated under vacuum to afford diol as a colorless oil (0.93 g, 95%

yield). [*8]
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Procedure for Benzyl 1,6-Enyne (43c)

Br—< >—\
HO = Br o) =
+ NaH + _—
HO Br THF, 0°C to rt C O
Br

24 hr

To a suspension of NaH (60%, 7.67 mmol) in THF (15 mL) was added a solution
of 2-allyl-2-but-2-ynylpropane-1,3-diol (2.56 mmol) in THF (10 mL) at 0 “C. The
resulting mixture was stirred at 0 ‘C for 15 min. To the mixture was slowly added
benzyl bromide (7.67 mmol). The mixture was warmed to room temperature, and stirred
overnight. The reaction was quenched with H>O, and the mixture was extracted with
diethyl ether. The organic layer was washed with brine, dried over Na>SOs, and
concentrated. The residue was purified by a column chromatography (hexane/ethyl

acetate = 6:1) to afford 43¢ (1.15 g, 85% yield) as a colorless oil. ]

Procedure for Benzoyl 1,6-Enyne (44a)

0} 0O

OH + (COCl), + DMF - Cl
DCM, 0 °C, to rt
Br 12 hr Br

o) (0]

Br
HO = Cl (@) —
NaH + _—

HO Br THF, 0 °Cto rt C :0

Br

24 hr
@)

44a

A round-bottom flask (25.0 mL) was charged with 4-bromobenzoic acid (7.67
mmol, 1.0 equiv), dry DCM (6.0 mL) and catalytic amount of DMF (2.0 drops). The

reaction mixture was cooled to 0 °C and stirred for 5 minutes. Then, (COCI)2 (1.5 equiv)
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was added dropwise to the reaction mixture and stirred at 25 °C for 4 h. The resulting
mixture was concentrated under reduced pressure to afford acid chloride quantitatively

which was used directly without further purification for the next step.

To a suspension of NaH (60%, 7.67 mmol) in THF (15 mL) was added a solution
of -allyl-2-but-2-ynylpropane-1,3-diol (2.56 mmol) in THF (10 mL) at 0 °‘C. The
resulting mixture was stirred at 0 ‘C for 15 min. To the mixture was slowly added
benzoyl chloride (7.67 mmol). The mixture was warmed to room temperature, and
stirred overnight. The reaction was quenched with H>O, and the mixture was extracted
with diethyl ether. The organic layer was washed with brine, dried over Na>SO4, and
concentrated. The residue was purified by a column chromatography (hexane/ diethyl

ether = 6:1) to afford 44a (0.32 g, 23% yield) as a colorless oil. [
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Sonogashira Coupling of Aryl Iodides with Propargyl Alcohol

General Procedure:

Pd(P(CgHs)3)2Cly, Cul, Piperidine — Ar
HO N+ A - ud
Toluene, 60 °C

S23a Ar = 4-Me-CgH,, $23d Ar = 4-OMe-CgH,
S23b Ar = 4-BI'-C6H4, S23e Ar = 4-NO2-C6H4
S$23¢ Ar = 4-CF4-CgH,, S23f Ar = 3-CF4-CgH,

Aryl lodides (1.0 equiv) in toluene (1.0 M) at rt was added Pd(PPh3)>Cl, (0.03
equiv), followed by Cul (0.06 equiv) and piperidine (1.91 equiv). The yellow mixture
was stirred at rt for 2 min, then propargyl alcohol (1.02 equiv) was added dropwise
(Caution: exothermic reaction!). The deep brown reaction mixture was stirred at 60 “C
for 4 h (complete consumption of starting material according to TLC). After cooling to
rt, the reaction was filtered through a plug of silica and eluted with dichloromethane
(200 ml, analysis by TLC for complete elution of the product). Concentration in vacuo
provided a viscous oil, which was purified by chromatography on silica gel (hexane:
dichloromethane 6:1 to 2:1 gradient) to afford propargyl alcohol S23a(1.2 g, 77% yield),
S23b(1.3 g, 75% yield), S23¢(1.2 g, 75% yield), S23d (1.5 g, 87% yield), S23e(1.0 g,

55% yield), S23f(1.1 g, 84% yield), compared with literature. 4!l
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General procedure for the synthesis of derivatives of (3-bromoprop-1-ynyl)
benzene

wd At . cBry + PPhy — 5/ — A
DCM

S24a Ar = 4-Me-CgH,, $24d Ar = 4-OMe-CgH,
S24b Ar = 4-Br-C6H4, S24e Ar = 4-N02-C6H4
S24c Ar = 4-CF3-C6H4, S24f Ar = 3-CF3-C6H4

To a solution of the corresponding propargyl alcohol (3.83 mmol) in anhydrous
DCM (15 ml) under Ar, CBrs (5.75 mmol) was added and the reaction mixture was
cooledat 0 °C.PPh;3 (5.94 mmol) was added slowly. The reaction mixture was allowed
to reach room temperature and stirred for 16 hours. Ethanol (2 ml) was added and the
reaction mixture stirred for 20 min. The solvent was removed under reduced pressure
and the crude purified by flash chromatography on silica gel (hexane: diethyl ether
100:1 to 50:1 gradient) to afford final product S24a(67% yield), S24b(88% yield),
S24¢(73% yield), S24d(85% yield), S24e(56% yield), S24£(85% yield), compared with

literature. (%]

Procedure of dimethyl (2-methyl-2-propenyl)-propanedioate

K,CO
MeO,C 203 MeO,C

> + Br T T MeO,C
MeO,C Acetone, rt e

To a flame-dried round bottom flash with a magnetic stir bar, KoCOs3 (3.0 equiv)
was added to a solution of dimethylmalonate (1.0 equiv) and propargyl bromides (1.3
equiv) in acetone (0.6 M). The reaction was left stirring for 24 h. Once the reaction was

deemed complete via TLC, which was purified by chromatography on silica gel (hexane:
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diethyl ether 100:1 to 50:1 gradient) to afford the dimethyl 2-allyl malonate product

(2.2 g, 77% yield) compared with literature. [*]

General procedure for the synthesis of 1,6-Enynes

MeO,C

R K2C03 ——Ar
— Ar MeO,C
MeO,C + / — > Y f,
>\_/< Br ACN, reflux ~ MeO2C

40a Ar = 4-OMe'CBH4, 40d Ar = 3'CF3-C6H4
40b Ar = 4-NO,-CgH,, 40e Ar = 4-CF3-CgH,
40c Ar = 4-Br-CgHy, 40f Ar = 4-Me-CgH,

To a flame-dried round bottom flash with a magnetic stir bar, KoCO;3 (3.0 equiv)
was added to a solution of dimethyl 2-allyl malonate (1.0 equiv) and allyl bromide in
acetonitrile (0.6 M). The reaction was left stirring with reflux for 24 h at room
temperature. Once the reaction was deemed complete via TLC, which was purified by
chromatography on silica gel (hexane: diethyl ether 100:1 to 50:1 gradient) to afford
the 1,6-enyne products 40a (0.45 g, 55% yield), 40b (0.66 g, 38% yield), 40c (0.65 g,

34% vield), 40d (0.46 g, 55% vield), 40e (0.86 g, 56% yield), 40f (0.63 g, 67% yield).

Procedure for the synthesis of Acetal 1,6-Enynes

OH
HO = Br Os¢ o = Br
+ O// —_— ><
HO Acetone, rt o

44f

2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methylallyl)propane-1,3-diol (1.2
mmol) and p-toluenesulfonic acid monohydrate (1.0 mol%) in acetone (10 mL) and the

mixture was stirred at room temperature for 12 h. A small amount of NaHCO3; was
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added to neutralize the acid, followed by addition of water, and the resulting mixture
was extracted with diethyl ether. The combined ether extracts were washed with brine,
dried over Na,SOys, filtered and concentrated. The crude oil was chromatographed on
silica gel using (hexanes/diethyl ether 20/1) as eluent to give 44f (0.42 mmol, 35% yield)

as a viscous colorless oil.
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methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylate
(23a)

X _CO,Me Isolated as a white solid: 71% yield
O\/B:O/ m.p. = 78.6-83.1 °C.

|
0]
\[5 Rr0.25(ethyl acetate/hexanes, 1/20).

'H NMR (CDCls, 400 MHz): 6 8.58 (d, J = 16.0 Hz, 1H), 7.84 (dd, J = 7.6, 1.2 Hz,
1H), 7.68 (d, J = 8.0 Hz, 1H), 7.44 (td, J= 7.6, 1.2 Hz, 1H), 7.36 (t, J= 7.2, 1H), 6.39
(d,J=16.0 Hz, 1H), 3.81 (s, 3H), 1.38 (s, 12H).

13C NMR (CDCls, 100 MHz): 6 167.6, 145.9, 140.1, 136.1, 131.0, 129.0, 125.6, 118.5,
84.1,51.5, 24.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H2404B 289.1524; Found 289.1557
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Methyl (E)-3-(4-methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl) acrylate (23b)
Isolated as a white solid: 75% yield

O
X OMe mM.Pp.= 120.0 °C.
/O
Me i\ﬁ Rr0.30(ethyl acetate/hexanes, 1/20).

'H NMR (CDCls, 400 MHz): 5 8.56 (d, J = 16.0 Hz, 1H), 7.64 (s, 1H), 7.59 (d, J = 8.4
Hz, 1H), 7.26-7.24 (m, 1H), 6.36 (d, J = 16.0 Hz, 1H), 3.80 (s, 3H), 2.36 (s, 3H), 1.38
(s, 12H).

3C NMR (CDCls, 100 MHz): 6 167.8, 145.8, 139.2, 137.4, 136.6, 131.9, 125.7, 117.5,
84.1,51.5,24.8,21.2.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H2404B 303.1768; Found 303.1769

73



methyl (E)-3-(3-methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
acrylate (23¢)

0 Isolated as a white solid: 61% yield

A

OMe 1 p.=80.7-81.1 °C.
B/O

Me (‘j\é Rr0.30 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 8.04 (d, J= 15.6 Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.26
(t,J = 7.7 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 6.35 (d, J = 15.6 Hz, 1H), 3.78 (s, 3H),
2.44 (s, 3H), 1.43 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 167.5, 146.1, 142.5, 138.6, 130.7, 129.6, 122.8, 118.3,
84.4,51.5,24.9,22.1.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H2404B 303.1768; Found 303.1778

74



methyl (E)-3-(5-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
acrylate (23g)

0 Isolated as white solid: 76% yield

F x OMe
W m.p. = 59.0-59.5 °C.
B/

\

O\F R/ 0.50 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.57 (dd, J = 16.0, 1.6 Hz, 1H), 7.84 (dd, J = 8.4, 6.8
Hz, 1H), 7.34 (dd, J=10.4, 2.4 Hz, 1H), 7.07 (td, J= 8.4, 2.4 Hz, 1H), 6.36 (d,J= 16.0
Hz, 1H), 3.81 (s, 3H), 1.37 (s, 12H).

13C NMR (CDCls, 100 MHz): 6 167.3, 164.7 (d, Jor = 249.2 Hz), 144.6, 142.5 (d, Jc.
F=7.6 Hz), 138.5 (d, Je.r = 8.3 Hz), 119.7, 116.1 (d, Jor = 20.1 Hz), 112.3 (d, Jer =
21.2 Hz), 84.2, 51.7, 24.8.

1F NMR (CDCls, 376 MHz): 6 —108.7

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16H2104FB 307.1517; Found 307.1526

75



methyl (E)-3-(4-chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)

acrylate (23j)
o] Isolated as white solid: 64% yield
X OMe
m.p. = 126.5-127.5 °C.
cl B~©

‘O\K Rr0.2 (ethyl acetate/hexanes, 1/10)

'H NMR (CDCI3, 400 MHz): 6 8.51 (d, J = 16.0 Hz, 1H), 7.80 (d, J = 2.4 Hz, 1H),
7.60 (d, J = 8.4 Hz, 1H), 7.40 (dd, J = 8.4, 2.4 Hz, 1H), 6.36 (d, J = 15.6 Hz, 1H), 3.81
(s, 3H), 1.38 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 167.4, 144.5, 138.5, 135.8, 135.3, 131.1, 127.0, 119.0,
84.5,51.6,24.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH2104CIB 323.1221; Found 323.1223

76



methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)
phenyl)acrylate (23i)

0 Isolated as a white solid: 56% yield
FsC x
OMe  mp. =114.1-114.4 °C.
B/O
0 Rr0.4 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.55 (d, J= 16.0 Hz, 1H), 7.95 (d, J= 8.0 Hz, 1H), 7.88
(s, 1H), 7.58 (d, J= 7.6 Hz, 1H), 6.44 (d,J = 16.0 Hz, 1H), 3.82 (s, 3H), 1.39 (s, 12H).

13C NMR (CDCls, 100 MHz): & 167.1, 144.4, 141.0, 136.7, 133.0 (q, Je.r = 32.1 Hz),
125.0 (q, Jer = 3.3 Hz), 123.7 (q, Jer = 271.0 Hz), 122.2 (q, Jer = 3.7 Hz), 120.3, 84.6,
51.7,24.8.

F NMR (CDCl3, 376 MHz): § —63.3

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H2104F3B 357.1485; Found 357.1486

77



methyl(E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(trifluoromethyl)
phenyl) acrylate (23h)
o Isolated as a white solid: 54% yield

N-"oMe m.p. = 120.1-121.5 °C.

F3;C B/O

(‘3% Rr0.40 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.57 (d, J = 15.6 Hz, 1H), 8.09 (s, 1H), 7.75 (d, J= 8.3
Hz, 1H), 7.68 (dd, J = 8.3, 1.6 Hz, 1H), 6.43 (d, J = 15.6Hz, 1H), 3.83 (s, 3H), 1.39 (s,
12H).

13C NMR (CDCls, 100 MHz): 6 167.1, 144.3, 143.6, 132.9 (q, Je-r = 3.7 Hz), 130.6 (q,
Jor=323Hz), 127.7 (q, Je-r = 3.6 Hz), 126.0, 124.0 (q, Jer = 270.7 Hz), 120.9, 84.6,
51.7,24.8.

F NMR (CDCls, 376 MHz): § —62.8

HRMS (EI-TOF) m/z: [M] Caled for C17H20F304B 356.1407; Found 356.1398
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methyl(E)-3-(5-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
acrylate (23k)

/O\©\/\/002Me Isolated as a white solid: 44% yield
Eli/%)é m.p.=117.9-118.5 °C.
0
Rr0.40 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.60 (d, J= 15.6 Hz, 1H), 7.79 (d, J= 8.4 Hz, 1H), 7.17
(d, J=2.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.37 (d, J = 16.0 Hz, 1H), 3.83 (s, 3H),
3.80 (s, 3H), 1.36 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 167.5, 161.7, 145.8, 142.1, 138.0, 118.6, 114.9, 110.6,
120.9, 83.7, 55.1, 51.5, 24.8.

HRMS (EI-TOF) m/z: [M] Calcd for C17H240sB 319.1717; Found 319.1720

79



methyl(E)-3-(4,5-dimethoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl) acrylate (23m)

O
MeO X~"“ome Isolated as a white solid: 64% yield
-0
MeO E?\? m.p. =92.6-92.9 °C.
O
Rr0.38 (ethyl acetate/hexanes, 1/4).

'H NMR (CDCls, 400 MHz): 6 8.63 (d, J = 16.0 Hz, 1H), 7.29 (s, 1H), 7.18 (s, 1H),

6.30 (d, J=16.0 Hz, 1H), 3.95 (s, 3H), 3.94 (s, 3H), 3.81 (s, 3H), 1.38 (s, 12H).

3C NMR (CDCls, 100 MHz): § 167.8, 151.1, 149.9, 145.6, 134.1, 117.5, 116.3,

107.8, 83.9, 55.9, 55.8, 51.5, 24.8.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C1sHa606B 349.1822; Found 349.1821

80



methyl (E)-3-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzo|[d][1,3]dioxol-
5-yl) acrylate (23n)

0 Isolated as a white solid: 60% yield
A
<O OMe m.p. = 148.6 °C.
0 B/O
5 \f Rr0.2 (ethyl acetate/hexanes, 1/20).

'H NMR (CDCls, 400 MHz): 6 8.59 (d, J = 16.0 Hz, 1H), 7.26 (s, 1H), 7.15 (s, 1H),

6.24 (d, J= 16.0 Hz, 1H), 6.00 (s, 2H), 3.79 (s, 3H), 1.37 (s, 12H).

3C NMR (CDCls, 100 MHz): § 167.8, 150.3, 148.7, 145.3, 135.8, 116.7, 114.9,

105.5,101.4, 84.1, 51.5, 24.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H2206B 333.1509; Found 333.1516

81



methyl (E)-3-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-2-yl)
acrylate (23d)

\ { Isolated as a white solid: 65% yield

o, O

"B’ o) m.p. = 107.0-107.1 °C.
X OM
OO ® R0.45 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 8.32 (d, J = 16.0 Hz, 1H), 8.17-8.15 (m, 1H), 7.85 (d,
J=8.8 Hz, 1H), 7.82-7.76 (m, 1H), 7.70 (d, J = 8.8 Hz, 1H), 7.51-7.44 (m, 2H), 6.48
(d, J=16.0 Hz, 1H), 3.80 (s, 3H), 1.52 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 167.5, 145.7, 137.1, 136.2, 133.4, 130.2, 128.6, 128.2,
126.7, 122.4, 118.6, 84.7, 51.5, 25.0.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C20H2404B 339.1768; Found 339.1776

82



methyl(E)-3-(5-ethoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
acrylate (230)

~_O X CO,Me Isolated as a white solid: 54% yield
m m.p. = 118.9-120.5 °C.

\
0]
75 Rr0.40 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.59 (d, J= 16.0 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 6.90
(dd, J = 8.0, 2.4 Hz, 1H), 6.36 (d, J = 16.0 Hz, 1H), 4.08 (q, 2H), 3.80 (s, 3H), 1.43 (t,
3H), 1.36 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 167.6, 161.1, 146.0, 142.1, 138.0, 118.6, 115.4, 111.3,
120.9, 83.8, 51.6, 24.8, 14.7.

HRMS (EI-TOF) m/z: [M] Caled for C1sHx60sB 333.1873; Found 333.1876

83



methyl (E)-3-(5-(benzyloxy)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl)acrylate (23p)
0o Isolated as a white solid: 68% yield

BnO N
OMe  m.p.=101.2-101.3 °C.
/O

B
(‘)\é Rr0.33 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.60 (d, J = 15.6 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H),
7.44-7.30 (m, 5H), 7.25 (s, 1H), 6.98 (dd, J = 8.4, 2.4 Hz, 1H), 6.34 (d, J= 16.0 Hz,
1H), 5.10 (s, 2H), 3.80 (s, 3H), 1.35 (s, 12H).

3C NMR (CDCl3, 100 MHz): § 167.6, 160.9, 145.8, 142.2, 138.1, 136.4, 128.6,

128.0, 127.4,118.7, 115.7, 111.7, 83.8, 69.8, 51.6, 24.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C23H230sB 395.2030; Found 395.2032

84



methyl (E)-3-(4-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
acrylate (23f)

0O Isolated as a white solid: 66% yield.

AN
OMe m.p.=72.3-73.3 °C.
e

F I?O\F Rr0.45 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 8.52 (d, J = 16.0 Hz, 1H), 7.67 (dd, J = 8.7, 5.2 Hz,
1H), 7.51 (dd, J = 9.0, 2.8 Hz, 1H), 7.13 (td, J = 8.4, 2.9 Hz, 1H), 6.32 (d, /= 16.0 Hz,
1H), 3.81 (s, 3H), 1.38 (s, 12H).

13C NMR (CDCls, 100 MHz): 6 167.5, 163.1 (d, Joxr = 250.0 Hz), 144.6, 136.3 (d, Jc.
¢ =3.1 Hz), 127.8 (d, Jor = 7.7 Hz), 122.3 (d, Jer = 19.8 Hz), 118.3, 118.2 (d, Jer =
21.6 Hz), 84.5, 51.6, 24.8.

FNMR (CDCls, 376 MHz): 6 —111.8

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16H2104FB 307.1517; Found 307.1515

85



methyl(E)-3-(5-chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
acrylate AC16

cl x._CO,Me Isolated as a white solid: 41% yield
\©\/;0/ m.p.=110.9-112.5 °C.
|
0]
\/K Rr0.35 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 8.52 (d, J= 16.0 Hz, 1H), 7.77 (d, J= 8.0 Hz, 1H), 7.63
(d, J=2.0 Hz, 1H), 7.33 (dd, J = 8.0, 1.6 Hz, 1H), 6.37 (d, J = 16.0 Hz, 1H), 3.81 (s,
3H), 1.37 (s, 12H).

3C NMR (CDCl3, 100 MHz): § 167.2, 144.5, 142.1, 137.6, 137.5, 125.7, 119.8, 84.3,
51.7,24.8.

HRMS (EI-TOF) m/z: [M+H]"Calcd for C17H2404B 323.1153; Found 323.1166

86



ethyl(E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylate (23q)
0 Isolated as a white solid: 44% yield

N O/\
o m.p. = 117.1-118.8 °C.

B
(‘)75 Rr0.30 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.58 (d, J = 16.0 Hz, 1H), 7.83 (dd, J = 7.6, 1.2 Hz,
1H), 7.68 (d, J = 7.6 Hz, 1H), 7.45-7.41 (m, 1H), 7.37-7.33 (m, 1H), 6.38 (d, J = 16.0
Hz, 1H), 4.26 (q, 2H), 1.38 (s, 12H), 1.34 (t, 3H).

13C NMR (CDCls, 100 MHz): 6 167.1, 145.5, 140.2, 136.0, 131.0, 128.9, 125.5, 119.0,
84.0, 60.2, 24.8, 14.3.

HRMS (EI-TOF) m/z: [M] Caled for C17H2404B 303.1768; Found 303.1765

87



isopropyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylate
(23r)

0 Isolated as white solid: 40% yield

™ J\
0 m.p. = 60.5-61.2 °C.
B/O

(\)\é Rr0.44 (ethyl acetate/hexanes, 1/10).

"H NMR (CDCls, 400 MHz): 6 8.56 (d, J = 16.0 Hz, 1H), 7.83 (dd, J= 7.4, 1.3 Hz,
1H), 7.68 (d, J = 7.8 Hz, 1H), 7.44 (td, J= 7.7, 1.1 Hz, 1H), 7.35 (td, J = 7.4, 1.1 Hz,
1H), 6.35 (d, J = 16.0 Hz, 1H), 5.14 (sept, J = 6.3 Hz, 1H), 1.38 (s, 12H), 1.32 (d, J =
6.4 Hz, 6H).

3C NMR (CDCls, 100 MHz): 6 166.7, 145.2, 140.4, 136.1, 131.0, 128.9, 125.6, 119.6,
84.1, 67.5, 24.9, 22.0.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1gH2604B 317.1924; Found 317.1932

88



tert-butyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylate
(23s)

0 Isolated as white solid: 41% yield

X

© m.p. = 66.5-67.2 °C.
B/O

(‘)\F Ry 0.50 (diethyl ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 8.44 (d, J = 16.0 Hz, 1H), 7.83 (dd, J= 7.2, 1.2 Hz,
1H), 7.67 (d, J = 7.6 Hz, 1H), 7.43 (td, J = 8.0, 0.8 Hz, 1H), 7.33 (td, /= 7.2, 1.2 Hz,
1H), 6.30 (d, J= 16.0 Hz, 1H), 1.55 (s, 9H), 1.38 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 166.4, 144.2, 140.5, 136.1, 131.0, 128.6, 125.5, 121.2,
84.0, 80.0, 28.2, 24.8.

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C19H2704BNa 353.1900; Found 353.1911

89



(E)-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)but-3-en-2-one (23t)

0 Isolated as white solid: 30% yield

X m.p. = 86.8-90.0 °C.

B/O Rr0.34 (ethyl acetate/hexanes, 1/20).
|

'H NMR (CDCls, 400 MHz): & 8.52 (d, J = 16.4 Hz, 1H), 7.88 (dd, J = 7.2, 1.2 Hz,
1H), 7.69 (d, J = 7.6 Hz, 1H), 7.46 (td, J = 7.6, 1.2 Hz, 1H), 7.37 (td, J = 7.4, 1.1 Hz,
1H), 6.58 (d, J = 18.0 Hz, 1H), 2.41 (s, 3H), 1.38 (s, 12H).

3C NMR (CDCls, 100 MHz): 6 199.5, 145.4, 140.4, 136.5, 131.3, 129.1, 128.6, 125.5,
84.0, 26.1, 24.9.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H2403B 287.1819; Found 287.1825

90



(E)-3-(2-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acrylonitrile (23u)

N Isolated as a white solid: 44% yield

N
(:(\/ m.p. =117.9-118.5 °C.
B/O

(‘)75 Ry 0.45 (ethyl acetate/hexanes, 1/10).

"H NMR (CDCls, 400 MHz): 6 8.37 (d, J = 16.8 Hz, 1H), 7.90 (dd, J = 7.6, 1.2 Hz,
1H), 7.58 (d, J = 7.6 Hz, 1H), 7.47 (td, J = 7.6, 1.6 Hz, 1H), 7.41 (td, J = 7.2, 0.8 Hz,
1H), 5.83 (d, J = 16.4 Hz, 1H), 1.36 (s, 12H).

13C NMR (CDCl3, 100 MHz): § 151.7, 139.4, 136.8, 131.3, 129.8, 124.7, 118.7, 96.8,
84.3, 24.8.

HRMS (EI-TOF) m/z: [M+H]" Caled for C1sH1sNO,B 256.1509; Found 256.1508

91



(E)-4,4,5,5-tetramethyl-2-(2-(2-tosylvinyl)phenyl)-1,3,2-dioxaborolane (23v)

/@/ Isolated as a white solid: 44% yield

A S\\O m.p. = 117.9-118.5 °C.

"’72< Rr0.35 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 8.55 (d, J = 15.2 Hz, 1H), 7.87-7.84 (m, 3H), 6.76 (d,
J=17.6 Hz, 1H), 7.44-7.31 (m, 4H), 6.76 (d, J = 15.2 Hz, 1H), 2.42 (s, 3H), 1.39 (s,
12H).

3C NMR (CDCls, 100 MHz): 6 144.0, 143.9, 138.6, 138.1, 136.3, 131.2, 129.8, 129.5,
128.7,127.8, 126.2, 84.2, 24.8, 21.5.

HRMS (EI-TOF) m/z: [M+H]" Caled for C21H2604SB 385.1645; Found 385.1638

92



7-(tert-butyl) 2,3-dimethyl 7-azabicyclo[2.2.1]hepta-2,5-diene-2,3,7-
tricarboxylate (26g)

0 Isolated as a white solid: 88% yield:

o
m.p. = 107.0-108.0 °C

O
N
Sy
o) Rr0.40 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): & 7.14 (s, 2H), 5.46 (s, 2H), 3.82 (s, 6H), 1.41 (s, 9H).

3C NMR (CDCls, 100 MHz): 6 163.2, 153.9, 152.4, 143.2, 142.3, 81.3, 68.9, 52.2,
28.0.

HRMS (ESI-TOF) m/z: [M+Na]* Caled for C1sH;sNOsNa 332.1110; Found 332.1105

93



tert-butyl 6,7-dibromo-1,4-dihydro-1,4-epiminonaphthalene-9-carboxylate (26h)
Isolated as a white solid: 33% yield:

Br O
m{ m.p. = 111.2-112.8 °C.
Br O—é

Rr0.45 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 7.47-7.08 (s, 2H), 6.92 (s, 2H), 5.43 (s, 2H), 1.37 (s,
9H).

13C NMR (CDCl3, 100 MHz): § 154.3, 149.3, 142.9, 142.1, 126.0, 125.7, 120.4, 80.9,
65.9, 28.0.

HRMS (EI-TOF) m/z: [M] Caled for Ci5sH15Br2NO; 398.9470; Found 398.9461

94



tert-butyl 6,7-difluoro-1,4-dihydro-1,4-epiminonaphthalene-9-carboxylate (26i)
Isolated as a white solid: 48% yield:

F 0
KIE:J( m.p. = 100.2-102.6°C.
: i

Rr0.5 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 7.47-7.08 (s, 2H), 6.97 (s, 2H), 5.45 (s, 2H), 1.38 (s,
9H).

3C NMR (CDCls, 100 MHz): 6 154.7, 148.4, 146.0, 143.3, 142.4, 126.0, 125.7, 111.3,
81.0, 66.3, 65.9, 28.0.

F NMR (CDCls, 376 MHz): 6 —142.3, —142.4.

HRMS (EI-TOF) m/z: [M] Calcd for C1sHisF2NO2 279.1071; Found 279.1063

95



tert-butyl 1,4-dihydro-1,4-epiminonaphthalene-9-carboxylate (26a)

Isolated as a white solid: 51% yield:
)
LI J< m.p. = 100.2-100.9 °C.
Nj @)
Rr0.50 (ethyl acetate/hexanes, 1/10).
"H NMR (CDCls, 400 MHz): 6 7.25 (br, 2H), 6.94 (br, 4H), 5.48 (br, 2H), 1.37 (s, 9H).

13C NMR (CDCls, 100 MHz): § 155.1, 148.2, 143.4, 142.3, 124.9, 121.1, 81.5, 66.7,
66.1, 28.1.

HRMS (EI-TOF) m/z: [M] Calcd for CisH17NO> 243.1259; Found 243.1248
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9-tosyl-1,4-dihydro-1,4-epiminonaphthalene (26b)
Isolated as a white solid: 52% yield:
0
%g@ m.p. = 115.2-118.9 °C.
I
o

Rr0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 7.46 (d, J = 8.0 Hz, 2H),7.09 (d, J = 8.0 Hz, 2H), 7.04-
7.02 (br, 2H), 6.78-6.76 (br, 4H), 5.44 (br, 2H), 2.33 (s, 3H).

13C NMR (CDCls, 100 MHz): 6 147.2, 143.2, 142.1, 135.1, 124.3, 128.2, 124.9, 121.1,
67.6,21.4.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H16NO,S 298.0902; Found 298.0905
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benzyl 1,4-dihydro-1,4-epiminonaphthalene-9-carboxylate (26d)
0 Isolated as a white solid: 55% yield:
Ni)J\o/\@ m.p. =114.0-117.4 °C.

Rr0.30 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 7.87-7.84 (br, 3H),7.67 (d, J = 8.0 Hz, 2H), 7.53-7.33
(br, 8H), 7.01 (br, 1H), 5.26 (s, 2H).

3C NMR (CDCls, 100 MHz): 6 154.2, 136.1, 134.1, 132.4, 128.8, 128.6, 128.4, 126.3,
126.0, 125.8, 125.1, 120.4, 67.3.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH6NO,278.1181; Found 278.1189
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9-((4-nitrophenyl)sulfonyl)-1,4-dihydro-1,4-epiminonaphthalene (26¢)
Isolated as a white solid: 48% yield:
O
%g@mz m.p. =134.0-136.9 °C.
I
0

Rr0.10 (ethyl acetate/hexanes, 1/10).

"H NMR ((CD5),S0, 400 MHz): 6 8.17-8.15 (m, 2H), 7.78-7.54 (m, 2H), 7.11-7.08 (m,
2H),6.91 (t, J = 1.6 Hz, 2H), 6.773-6.69 (m, 2H), 5.64 (br, 2H).

3C NMR ((CDs),S0, 100 MHz): § 149.9, 147.5, 143.5, 143.2, 130.3, 125.3, 124.5,
122.1, 67.9.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16Hi3N204S 329.0596; Found 329.0591
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9-phenyl-1,4-dihydro-1,4-epiminonaphthalene (26f)
Isolated as a white solid: 54% yield:
N!—@ m.p. = 110.0-112.2 °C.

Rr0.50 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 7.23-7.21 (m, 2H),7.16-7.12 (m, 2H),6.90-6.88 (m, 4H),
6.81-6.79 (m, 3H), 5.39 (s, 2H).

3C NMR (CDCls, 100 MHz): 6 148.4, 146.8, 141.7, 128.7, 124.8, 121.3, 120.7, 117.8,
69.1.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C16H14N 220.1126; Found 220.1122
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methyl (E)-3-(4-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)

acrylate (23i)

o) Isolated as a white solid: 63% yield

OMe m.p.=92.2-92.6 °C.
o)

MeO B \F Rr0.25 (ethyl acetate/hexanes, 1/10).
0]

'H NMR (CDCls, 400 MHz): 6 8.53 (d,J=16.0 Hz, 1H), 7.66 (d, J= 8.4 Hz, 1H), 7.32
(d, J=2.8 Hz, 1H), 6.98 (dd, J = 8.4, 2.8 Hz, 1H), 6.29 (d, J= 16.0 Hz, 1H), 3.86 (s,

3H), 3.79 (s, 3H), 1.38 (s, 12H).

BCNMR (CDCls, 100 MHz): 6 167.9, 160.2, 145.4,132.7,127.3, 119.9, 117.4, 116.1,
84.2,55.3,51.4,24.8.

HRMS (ESI-TOF) m/z: [M+H]' Caled for C17H2405B 319.1717; Found 319.1726
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2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diol (SC1)
Isolated as a colorless oil: 88% yield:
HO —

Rr0.25 (ethyl acetate/hexanes, 1/10).
HO

'H NMR (CDCls, 400 MHz): 5 4.91 (s, 1H), 4.81 (s, 1H), 3.63 (dd, J= 16.4, 10.8 Hz,
1H), 3.07 (s, 2H), 2.22-2.14 (m, 4H), 2.11 (s, 2H), 1.82 (s, 3H), 1.30 (t, 3H).

BC NMR (CDCls, 100 MHz): 6 141.9, 115.1, 84.6, 75.8, 67.1, 42.6, 38.6, 25.0, 21.9,
14.1, 12.3.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C12H2102 197.1542; Found 197.1538
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4,4'-(((2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diyl)bis(oxy))bis (methy
lene))bis(bromobenzene) (43c¢)

Isolated as a colorless oil: 71% yield:

Br—< >—\
0 = Rr0.25 (ethyl acetate/hexanes, 1/10).
0

Br—< >—/

'H NMR (CDCls, 400 MHz): 6 7.41-7.39 (m, 4H), 7.16-7.14 (m, 4H), 4.88 (s, 1H),
4.77 (s, 1H), 4.41 (s, 4H), 3.34 (dd, J = 13.2, 8.8 Hz, 4H), 2.22 (s, 2H), 2.17-2.10 (m,
4H), 1.76 (s, 3H), 1.08 (t, 3H).

BC NMR (CDCls, 100 MHz): 6 141.8, 137.7, 131.2, 128.9, 121.1, 114.9, 84.0, 76.7,
72.3,71.9,42.6,38.3,25.1,22.6, 14.4, 12.4.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C26H3102Br2 533.0691; Found 533.0685
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2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diyl bis(4-bromobenzoate) (44a)

Isolated as a colorless oil: 23% yield

0
Br—< >—<
0 = R;0.25 (ethyl acetate/hexanes, 1/10).
0
el

(6]
'H NMR (CDCls, 400 MHz): & 7.87-7.85 (m, 4H), 7.56-7.54 (m, 4H), 4.99 (s, 1H),
4.84 (s, 1H), 4.36 (dd, J = 17.2, 11.2 Hz, 4H), 2.44 (t, 2H), 2.39 (s, 2H), 2.15 (qt, J =
14.8, 7.6 Hz, 2H), 1.83 (s, 3H), 1.10 (t, 3H).

BC NMR (CDCls, 100 MHz): 6 165.4, 140.2, 131.8, 131.0, 128.8, 128.2, 116.5, 85.5,
74.1, 66.7,41.3,39.2,25.1, 23.3, 14.1, 12.4.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C26H2704Br2 561.0276; Found 561.0281
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dimethyl 2-(2-methylallyl)-2-(3-(4-nitrophenyl)prop-2-yn-1-yl)malonate (40b)

Isolated as a colorless oil: 38% yield:

MeO,C — NO>

MeO,C Rr0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MI12): 6 8.16-8.14 (m, 2H), 7.51-7.48 (m, 2H), 4.95 (s, 1H),
4.86 (s, 1H), 3.77 (s, 6H), 3.09 (s, 2H), 2.89 (s, 2H), 1.68 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 170.4, 146.9, 139.6, 132.3, 130.3, 123.5, 116.5, 90.7,
82.2,56.5,52.8,39.9,25.1,23.7,23.1.

HRMS (ESI-TOF) m/z: [M+H] Caled for C1sH19NOs 346.1295; Found 346.1246
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dimethyl 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methylallyl)malonate (40c)
Isolated as a colorless oil: 34% yield:

— Br
MeO,C R;0.25 (ethyl acetate/hexanes, 1/10).
MeO,C

'H NMR (CDCls, 400 MHz): § 7.41-7.39 (m, 2H), 7.23-7.20 (m, 2H), 4.93 (s, 1H),
4.85 (s, 1H), 3.75 (s, 6H), 3.03 (s, 2H), 2.88 (s, 2H), 1.67 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 170.5, 139.7, 133.0, 131.4, 122.1, 116.3, 85.9, 82.7,
56.6,52.7,39.8,25.1, 23.5, 23.1.

HRMS (ESI-TOF) m/z: [M+H]" Caled for CisHioBrO4 379.0545; Found 379.0467
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dimethyl2-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2-(2-methylallyl)malonate (40a)

Isolated as a colorless oil: 45% yield:

MeO,C — OMe

MeO,C Rr0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 7.31-7.29 (m, 2H), 6.81-6.79 (m, 2H), 4.93 (s, 1H),
4.88 (s, 1H), 3.78 (s, 3H), 3.75 (s, 6H), 3.03 (s, 2H), 2.90 (s, 2H), 1.69 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 170.7, 159.3, 139.9, 132.9, 116.2, 115.3, 113.8, 83.6,
82.9,56.8,55.2,52.7,39.7, 25.1, 23.6, 23.2.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C19H20s 331.1543; Found 331.1501
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dimethyl2-(2-methylallyl)-2-(3-(3-(trifluoromethyl)phenyl)prop-2-yn-1-yl)
malonate (40d)

Isolated as a colorless oil: 55% yield:
MeOzC -

MeO,C - Rr0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 7.61 (s, 1H), 7.55-7.51 (m, 2H), 7.42-7.38 (m, 1H),
4.95 (s, 1H), 4.89 (s, 1H), 3.77 (s, 6H), 3.08 (s, 2H), 2.92 (s, 2H), 1.69 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 170.5, 139.7, 134.7, 130.7 (dd, Jc-r = 65.0, 33.0 Hz),
128.7, 128.1 (d, Jcr = 4.0 Hz), 124.5 (d, Jcr = 4.0 Hz), 127.8 (d, Jcr = 7.7 Hz), 124.1,
123.6 (dd, Jc.r = 542.0, 217.0 Hz), 116.3, 86.4, 82.3, 56.6, 52.7, 39.8, 23.5, 23.0.

1F NMR (CDCls, 376 MHz): 6 —63.0

HRMS (ESI-TOF) m/z: [M+H]" Caled for C19H19F304 369.1320; Found 369.1269
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dimethyl2-(2-methylallyl)-2-(3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-yl)
malonate (40e)
Isolated as a colorless oil: 56% yield:
= CF

MeO,C ’ R;0.25 (ethyl acetate/hexanes, 1/10).
MeOZC

'H NMR (CDCls, 400 MHz): & 7.54-7.52 (m, 2H), 7.48-7.46 (m, 2H), 4.95 (s, 1H),
4.88 (s, 1H), 3.77 (s, 6H), 3.08 (s, 2H), 2.91 (s, 2H), 1.69 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 170.5, 139.7, 131.8, 129.7 (dd, Jc-r = 65.0, 32.0 Hz),
127.0, 125.1 (d, Jcr=4.0 Hz), 123.9 (dd, Jcr=271.0, 95.0 Hz), 116.3, 87.5, 82.6, 56.6,
52.7,39.8,23.6, 23.1.

1F NMR (CDCls, 376 MHz): 6 —62.9

HRMS (ESI-TOF) m/z: [M+H]" Caled for C19H9F304 369.1235 Found 369.1294
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2-(2-methylallyl)-2-(3-phenylprop-2-yn-1-yl)propane-1,3-diol (SC9)

Isolated as a white solid: 65% yield:

HO —
m.p. =79.0-81.2 °C.
HO

Rr0.15 (ethyl acetate/hexanes, 1/10).

"H NMR (CDCls, 400 MHz): 6 7.40-7.38 (m, 2H), 7.29-7.26 (m, 3H), 4.94 (t, 1H), 4.85
(s, 1H), 3.71 (dd, J = 16.8, 10.8 Hz, 4H), 2.83 (s, 2H), 2.49 (s, 2H), 2.19 (s, 2H), 1.84
(s, 3H).

BC NMR (CDCls, 100 MHz): 6 141.9, 131.5, 128.2, 127.8, 123.5, 115.5, 86.7, 83.4,
67.7,43.1,39.0, 25.1, 22.7.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C16H2102 245.1542; Found 245.1541
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4,4'-(((2-(2-methylallyl)-2-(3-phenylprop-2-yn-1-yl)propane-1,3-diyl)bis(oxy))bis
(methylene))bis(bromobenzene) (44¢)

Isolated as a colorless oil: 76% yield:

B —< >—\
' 0 = Rr0.25 (ethyl acetate/hexanes, 1/10).
0
Br—< >—’

'H NMR (CDCls, 400 MHz): 6 7.41-7.39 (m, 4H), 7.31-7.26 (m, 4H), 7.18-7.68 (m,
4H), 4.92 (t, 1H), 4.81 (s, 1H), 4.43 (s, 4H), 3.42 (dd, J = 9.6, 1.6 Hz, 4H), 2.49 (s, 2H),
2.25 (s, 2H), 1.80 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 141.7,137.6, 131.5, 131.4, 129.0, 128.2, 127.6, 123.8,
121.2,115.2,87.1, 82.9,72.4,71.9, 43.0, 38.6, 25.1, 23 .4.

HRMS (ESI-TOF) m/z: [M+H] Calcd for C30H3102Br 581.0691; Found 581.0692

111



dimethyl 2-(2-methylallyl)-2-(3-(p-tolyl)prop-2-yn-1-yl)malonate (40f)

Isolated as a colorless oil: 67% yield:

MeO,C — Me
MeO,C R;0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 7.27-7.25 (m, 2H), 7.09-7.06 (m, 2H), 4.93 (t, 1H), 4.88
(s, 1H), 3.75 (s, 6H), 3.04 (s, 2H), 2.90 (s, 2H), 2.32 (s, 3H), 1.69 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 170.7, 139.9, 138.0, 131.4, 128.9, 120.1, 116.3, 83.9,
83.7,56.8,52.7,39.7,23.6,23.2, 21.4.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C19H2304 315.1596; Found 315.1591
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2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methylallyl)propane-1,3-diol (SC12)

Isolated as a white solid: 77% yield:

HO = Br
m.p. =101.0-102.6 °C.

HO
Rr0.20 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 7.42-7.40 (m, 2H), 7.26-7.24 (m, 2H), 4.95 (s, 1H),
4.85 (s, 1H), 3.71 (m, 4H), 2.50 (m, 4H), 2.18 (s, 2H), 1.85 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 141.9, 133.0, 131.5, 122.5, 121.9, 115.6, 88.0, 82.4,
67.8,43.1,39.2,25.1, 22.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci6H2002Br 323.0647; Found 323.0637
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5-(3-(4-bromophenyl)prop-2-yn-1-yl)-2,2-dimethyl-5-(2-methylallyl)-1,3-dioxane
(441)

Isolated as a colorless oil: 35% yield:

B
> r R/0.55 (ethyl acetate/hexanes, 1/10).
)

'H NMR (CDCls, 400 MHz): § 7.41-7.38 (m, 2H), 7.25-7.23 (m, 2H), 4.94 (s, 1H),
4.81 (s, 1H), 3.72 (dd, J = 14.8, 11.6 Hz, 4H), 2.65 (s, 2H), 2.14 (s, 2H), 1.81 (s, 3H),
1.43 (s, 6H).

BC NMR (CDCls, 100 MHz): 6 140.6, 132.9, 131.4, 122.7, 121.7, 115.5, 98.0, 88.3,
82.4,67.1,40.1, 36.4, 26.5, 25.1, 23.3, 21.0.

HRMS (ESI-TOF) m/z: [M+H] Caled for C19H25BrOz 362.0881; Found 362.0896
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2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methylallyl)propane-1,3-diylbis(4-
bromo benzoate) (44d)

o] Isolated as a white solid: 28% yield:
Br—< >—<

o — B m.p.=120.2-121.7 °C.

o]
(O

o)

Rr0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 7.87-7.85 (m, 4H), 7.55-7.53 (m, 4H) 7.40-7.38 (m,
2H), 7.21-7.19 (m, 2H), 5.03 (s, 1H), 4.89 (s, 1H), 4.44 (dd, J = 20.0, 11.6 Hz, 4H),
2.69 (s, 2H), 2.45 (s, 2H), 1.86 (s, 3H).

BCNMR (CDCls, 100 MHz): 6 165.4, 140.0, 133.0, 131.8, 131.5, 131.0, 128.6, 128.4,
122.2,122.1, 116.9, 86.2, 83.1, 66.7, 41.6, 39.5, 26.5, 25.2, 24.1.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C30H2604Br3 686.9381; Found 686.9357
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4-bromobenzyl but-2-ynoate (DC1)

gr Isolated as a white solid: 95% yield:

o m.p. = 101.2-102.3 °C.
B to R;0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): 6 7.49-7.47 (m, 2H), 7.24-7.22 (m, 2H), 5.11 (s, 2H),
1.97 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 153.2, 134.0, 131.7, 130.0, 122.5, 72.0, 66.4, 3.7.

HRMS (ESI-TOF) m/z: [M+H]" Caled for CiHoBrO, 252.9786; Found 252.9864
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4-bromobenzyl(Z)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-2-enoate
(37b)

Isolated as a colorless oil: 54% yield:

>§;\ /\©\ R;0.25 (ethyl acetate/hexanes, 1/10).

'H NMR (CDCls, 400 MHz): § 7.49-7.46 (m, 2H), 7.26-7.23 (m, 2H), 6.49 (q, 1H),
5.10 (s, 2H), 2.19 (d, J = 1.6 Hz, 3H), 1.27 (s, 12H).

BC NMR (CDCls, 100 MHz): 6 165.7, 135.2, 131.6, 129.7, 122.1, 84.2, 83.1, 64.8,
24.8,16.5.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C12H2102 381.0795; Found 381.0803
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General Procedure for Rh(I)-Catalyzed Achiral Tandem Annulation

To a 4 mL sample vial, [RhCl(cod)]> (1.5 mg, 1.5 mol%), acetonitrile (0.5 mL),
methanol (0.1 mL), and triethylamine (0.6 mmol, 84 pL, 3.0 equiv) were added under
inert atmosphere. Then, to the mixture were added arylboronic esters 23 (0.4 mmol, 2.0
equiv), followed by 1,4-dihydro-1,4-iminonaphthalene 26 (0.2 mmol, 1.0 equiv) and
acetonitrile (0.5 mL). The reaction was stirred at 60 °C and monitored by TLC. The
solvents were evaporated under reduced pressure and the residue was purified by
column chromatography (hexanes / ethyl acetate or hexanes / diethyl ether ) to afford

the desired product 27.

General Procedure for Rh(I)-Catalyzed Asymmetric Tandem Annulation
To a 4 mL sample vial, [RhCI(C2H4)2]> (1.2 mg, 1.5 mol%), chiral diene L5b,
acetonitrile (0.5 mL), methanol (0.1 mL), and triethylamine (0.6 mmol, 84 pL, 3.0
equiv) were added successively under inert atmosphere. The resulting mixture was
stirred for 5—-10 min. After that, arylboronic esters 23 (0.4 mmol, 2.0 equiv), followed
by 1,4-dihydro-1,4-iminonaphthalene 26 (0.2 mmol, 1.0 equiv) and acetonitrile (0.5 mL)
were added to the reaction. The reaction was stirred at 60 °C and monitored by TLC.
The solvents were evaporated under reduced pressure and the residue was purified by
column chromatography (hexanes / ethyl acetate or hexanes / diethyl ether ) to afford

the desired product 27.
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tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro-
5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)

0]

N

O/

Isolated as a white solid: 95% yield:

HPLC: 99% ee. The ee was determined on a Chiralpak IA
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 200 nm. Retention times: 12.15 min [(R)-

enantiomer], 26.70 min [(S)-enantiomer]. [a]3® =-0.17(c0.5,

CHCl3). m.p. = 140.2-145.8 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 500 MHz): § 7.42 (d, J= 7.0 Hz, 1H), 7.35-7.31 (m, 2H), 7.29-7.22
(m, 2H), 7.19-7.13 (m, 3H), 5.28-5.12 (br, 2H), 3.84 (br, 1H), 3.75 (s, 3H), 3.47 (d, J
= 7.0 Hz, 1H), 2.83 (dd, J = 16.5, 5.0 Hz, 1H), 2.49 (dd, J = 16.5, 10.5 Hz, 1H), 2.40
(br, 1H), 1.13 (br, 9H).

'H NMR (DMSO-de, 500 MH2): 6 7.46 (d, J=7.5 Hz, 1H), 7.43-7.41 (m, 1H), 7.34—
7.32 (m, 1H), 7.26-7.23 (m, 1H), 7.21-7.14 (m, 4H), 5.11-5.07 (br, 2H), 3.67 (s, 3H),
3.61 (br, 1H), 3.36 (d, J = 7.5 Hz, 1H), 2.83 (dd, J = 16.0, 5.0 Hz, 1H), 2.54 (dd, J =
16.5, 9.5 Hz, 1H), 2.27 (dd, J= 7.5, 3.5 Hz, 1H), 1.06 (br, 9H).

BC NMR (CDCls, 125 MHz): 6 172.6, 153.5, 147.4, 145.6, 141.7, 127.7, 127.4, 126.5,
126.4,125.1, 124.1, 119.9, 79.4, 66.7, 66.3, 54.7, 53.7, 51.5, 44.7, 41.7, 28.0.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C2sH2sNO4 406.2018; Found 406.2021

HPLC chromatogram:

i

mAU
DA WUl 7 = PDA Mt 7

1 PDA Muti 1/200nm 4nm

PDA Chl 200nm 4nm

PeakTable

1 PDA Mutti 1/200nm 4nm

PeakTable

Peale# Ret. Time

Area ¥

PDA Chl 200nm 4nm

50.115 Pk | RetTime | Ama |  Ama%

100.000

[
49.885 | 1 12.158] 12491016 100.000
[—Toul | 12491016] 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-methyl-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ab)

o Isolated as a white solid: 92% yield:

N

H

HPLC: 99% ee. The ee was determined on a Chiralpak [A

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

O/

iy

wavelength = 220 nm. Retention times: 10.75 min [(R)-
enantiomer], 30.92 min [(S)-enantiomer]. [a]3’ = —0.10 (c
0.5, CHCl3). m.p. = 135.2-135.8 °C. Ry = 0.3 (ether/hexanes,

1/5).

'H NMR (CDCls, 400 MHz): 6 7.41 (d,J= 7.4 Hz, 1H), 7.31-7.20 (m, 4H), 7.16-7.10
(m, 3H), 5.31-5.09 (br, 2H), 3.79 (br, 1H), 3.72 (s, 3H), 3.40 (br, 1H), 2.79 (dd, J =
16.4, 4.4 Hz, 1H), 2.45-2.42 (br, 2H) , 2.36 (s, 3H), 1.13 (br, 9H).

3BC NMR (CDCls, 100 MHz): 6 172.6, 153.5, 147.5, 145.1, 141.6, 136.9, 128.6, 126.4,
125.6, 123.9, 119.8, 119.4, 79.0, 66.5, 65.9, 54.8, 53.8, 51.5, 43.9, 41.5, 27.8, 21.3.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C26H30NOs 420.2175; Found 420.2181

HPLC chromatogram:

mAU
5 PDA M 1 B PDA Muli 1
2

25

ol

. . o A
min é IID |I5 Z‘U 2‘5 3'0 3'5
1 PDA Multi 1/220nm 4nm min
1 PDA Multi 1/220nm 4nm

PeakTable

PDA Chl 220nm 4nm PeakTable
Peak# | Ret Time Arca Area % PDA Chl 220nm 4nm
1 10.595 2813959 50527 Peak# | Ret Time | Area [ Arca% |
2 30.922 2755297 49.473 1] 10.757] 1390854 100.000|
Totall 5569257 100.000 [ Total | 1390854 ] 100.000]
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tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4-methyl-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ac)

o} Isolated as a white solid: 86% yield:

N

H

vy

o~ HPLC: 47% ee. The ee was determined on a Chiralpak IA

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 10.15 min [(R)-
enantiomer], 19.57 min [(S)-enantiomer]. [a]3’ =—0.13 (c 0.5,
CHCl3). m.p. = 130.2-133.8 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.41 (d, J= 7.4 Hz, 1H), 7.31-7.20 (m, 4H), 7.16-7.10
(m, 3H), 5.31-5.09 (br, 2H), 3.89 (br, 1H), 3.47 (s, 3H), 3.44 (br, 1H), 2.80 (dd, J =
16.4, 4.4 Hz, 1H), 2.39 (s, 3H), 2.37 (br, 2H) , 1.13 (br, 9H).

3C NMR (CDCls, 100 MHz): 6 172.5, 153.3, 145.3, 139.8, 134.4, 128.0, 126.5, 126.4,
121.6, 119.8, 119.4, 79.1, 65.7, 64.0, 53.5, 51.5, 44.2, 41.5, 27.7, 18.9.

HRMS (ESI-TOF) m/z: [M+H]' Calcd for C26H30NO4 420.2175; Found 420.2176

HPLC chromatogram:

] POATGHY | g POA N ]
s 100 s
75
100 H
¢ 50
jk =]
. A
T 0] ¥ T
2 25 Y B3 5 10 15 20 2
min min
1 PDA Multi 1/220nm 4nm 1 PDA Multi 1/220nm 4nm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Ch1 220nm 4nm
Peala# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 10.040 3702642 50.083 1 10.156 2145917 73912
2 19.414 3690367 49917 2 19.571 757406 26.088
Total 7393009 100.000 Total 2903323 100.000
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tert-butyl (4bR,10aR,11R)-2-fluoro-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ag)

o Isolated as a white solid: 90% yield:

/U\O/ HPLC: 83% ee. The ee was determined on a Chiralpak IA
H

o

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 12.46 min [(R)-
enantiomer], 19.14 min [(S)-enantiomer]. [a]3’ = —0.18 (c
0.5, CHCL3). m.p. = 141.4-144.3 °C. Rr= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.41 (d, J= 7.4 Hz, 1H), 7.31-7.20 (m, 4H), 7.16-7.10
(m, 3H), 5.32-5.06 (br, 2H), 3.82 (br, 1H), 3.71 (s, 3H), 3.39 (br, 1H), 2.77 (dd, J =
16.4, 4.8 Hz, 1H), 2.46 (br, 2H) , 1.16 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.1, 164.0, 161.6, 153.5, 149.5, 145.1, 144.8, 137.1,
137.1, 126.5, 126.1, 126.0, 119.9, 114.7, 110.7, 79.3, 66.5, 65.8, 54.1, 53.9, 51.6, 44.2,
41.1,27.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2sH27NO4F 424.1924; Found 424.1914

HPLC chromatogram:

H PDA Mufli 1 PDA MUH 1

h AV R , A
T T T p = T T T T T p ;.
min m
1 PDA Multi 1/220nm 4nm 1 PDA Muti 1/220nm 4nm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peaks# Ret. Time Area Area % Peaki? Ret. Time Area Area %

1 12,443 884824 51.063 1 12.468 2177501 91.925
19.052 847981 48.937 2 19.145 191287 8.075
Total 1732805 100.000 Total 2368789 100.000
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tert-butyl (4bR,10aR,11R)-1-fluoro-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ae)

o Isolated as a white solid: 90% yield:

N

H

-n
]

o~ HPLC: 98% ee. The ee was determined on a Chiralpak IA

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 210 nm. Retention times: 10.64 min [(R)-
enantiomer], 24.59 min [(S)-enantiomer]. [a]’ =-0.21(c0.5,
CHCl3). m.p. = 143.2-145.1 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.41 (d, J= 7.4 Hz, 1H), 7.31-7.20 (m, 4H), 7.16-7.10
(m, 3H), 5.36-5.07 (br, 2H), 3.95 (br, 1H), 3.69 (s, 3H), 3.49 (br, 1H), 3.07 (dd, J =
16.4, 3.2 Hz, 1H), 2.44 (br, 2H) , 1.15 (br, 9H).

B3C NMR (CDCls, 100 MHz): 6 172.5, 160.6, 158.0, 153.5, 145.3, 145.1, 133.0, 129.4,
126.5, 120.7, 119.8, 114.0, 110.7, 79.9, 66.4, 65.9, 55.2, 53.9, 51.5, 42.2, 39.1, 27.7.

HRMS (ESI-TOF) m/z: [M+H]" Caled for CasHa7 O4F 424.1924; Found 424.1927

HPLC chromatogram:

POA NI H PDA M

o

in
1 PDA Multi 1/210nm 4nm 1 PDA Multi 1/210nm 4nm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peali# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 10.356 1651570 49478 1 10.649 2207500 99.011
23.6560 1686397 50.522 2 24.591 22055 0.989
Total 3337967 100.000 Total 2229555 100.000
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tert-butyl (4bR,10aR,11R)-3-chloro-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aj)

o Isolated as a white solid: 89% yield:
/z\o/ HPLC: 84% ee. The ee was determined on a Chiralpak IA

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 14.17 min [(R)-
enantiomer], 40.36 min [(S)-enantiomer]. [a]3® = —0.24 (¢
0.5, CHCl3). m.p. = 130.2-135.0 °C. Rr= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.39 (s, 1H), 7.31-7.29 (m, 2H), 7.19-7.14 (m, 3H),
7.04-7.02 (d, J = 8.4, 1H), 5.30-5.08 (br, 2H), 3.78 (br, 1H), 3.70 (s, 3H), 3.42 (br, 1H),
2.76 (dd, J=16.0, 4.4 Hz, 1H), 2.46 (dd, J= 16.4, 10.0 Hz, 1H), 2.40 (br, 1H), 1.16 (br,
9H).

B3C NMR (CDCls, 100 MHz): 6 172.2, 153.5, 145.8, 145.6, 143.6, 133.1, 127.9, 126.6,
126.5, 125.2, 119.9, 66.4, 65.9, 53.9, 51.6, 43.8, 41.2, 27.7.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2sH27NO4C1 440.1629; Found 440.1631

HPLC chromatogram:

1004

T T T T
20 30 40 10 20

min
1 PDA Multi 1/220nm 4nm 1 PDA Multi 1/220nm dnm

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Arca % Peaks# Ret. Time Area Area %
1 14.158 2350427 50.190 1 14.179 2566619 92.119
40.431 2332671 49 810 2 40.368 219572 7.881
Total 4683099 100.000 Total 2786191 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-2-(trifluoromethyl)-
4b,10,10a,11-tetrahydro-5SH-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ai)

o Isolated as a white solid: 88% yield:
):O/ HPLC: 96% ee. The ee was determined on a Chiralpak 1A

column with hexanes/2-propanol = 95/5, flow = 1.0

mL/min, wavelength = 220 nm. Retention times: 9.75 min

[(R)- enantiomer], 15.93 min [(S)-enantiomer]. [a]3 =

—0.33 (¢ 0.5, CHCI3). m.p. = 140.2-142.1 °C. Rr= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.41 (d, J= 7.4 Hz, 1H), 7.31-7.20 (m, 4H), 7.16-7.10
(m, 3H), 5.35-5.13 (br, 2H), 3.89 (br, 1H), 3.71 (s, 3H), 3.52 (br, 1H), 2.82 (dd, J =
16.4, 4.4 Hz, 1H), 2.51 (br, 2H) , 1.12 (br, 9H).

3C NMR (CDCls, 100 MHz): 6 172.0, 153.2, 151.4, 145.1, 144.6, 142.5, 129.9 (q, Jc-
r=31.8 Hz), 126.7, 126.6, 124.6, 124.8 (q, Jor = 3.1 Hz), 124.6, 124.3 (q, Jer = 270.5
Hz), 122.1 (q, Jor = 2.8 Hz), 119.9, 119.7, 79.4, 66.3, 65.7, 53.8, 51.6, 44.1, 40.9, 27.7.

HRMS (ESI-TOF) m/z: [M+H]* Calcd for C26H27NO4F3 474.1892; Found 474.1888

HPLC chromatogram:

i
POA MUK T 100 2 PDA MU
501
o]
2
25
. . " e
[ ——— + i —
T r r P p T y : 10 15 20 2
min min
1 PDA Mutti 1/220nm 4nm 1 PDA Muiti 1/220nm 4nm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 9.719 1156751 50.072 1 9.785 1641348 98.330
2 15.773 1153424 49.928 2 15.933 27880 1670
Total 2310175 100.000 Total 1669227 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-(trifluoromethyl)-
4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ah)

0 Isolated as a white solid: 87% yield:
)j\o/

H

iy

HPLC: 97% ee. The ee was determined on a Chiralpak 1A

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 11.58 min [(R)-
enantiomer], 28.58 min [(S)-enantiomer]. [a]3® = —0.25 (c
0.5, CHCL3). m.p. = 136.2-137.3 °C. Rr= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.69 (s, 1H),7.49 (d, J = 8.0 Hz, 1H), 7.33-7.30 (m,
2H), 7.25-7.18 (m, 1H), 7.18-7.14 (m, 2H), 5.35-5.13 (br, 2H), 3.89 (br, 1H), 3.71 (s,
3H), 3.51 (br, 1H), 2.81 (dd, J = 16.4, 4.4 Hz, 1H), 2.53-2.46 (br, 2H) , 1.12 (br, 9H).

3C NMR (CDCls, 100 MHz): § 1721, 151.4, 145.1, 142.6, 129.9 (q, Je-r = 31.7 Hz),
126.7, 126.6, 124.8 (q, Jor = 3.2 Hz), 124.5, 124.3 (q, Jor = 270.5 Hz), 122.0 (q, Jer
=3.2Hz), 119.9, 119.7, 79.4, 66.3, 65.7, 53.8, 51.6, 44.2, 40.9, 27.7.

HRMS (ESI-TOF) m/z: [M+H]* Calcd for C26H27NO4F3 474.1892; Found 474.1887

HPLC chromatogram:

mAU
125 PDA Mufi 1 3009 = POA MU

2004

25

min
1 PDA Multi 1/220nm 4nm 1 PDA Mutt 1/220nm 4nm

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret Time Area Area %
1 11.703 2344985 49.842 1 11.585 5394212 98603
2 28.234 2359835 50.158 2 28.587 76400 1397
Total 4704820 100.000 Total 5470613 100.000
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tert-butyl (4bR,10aR,11R)-2-methoxy-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ak)

Isolated as a white solid: 91% yield:

HPLC: 92% ee. The ee was determined on a Chiralpak 1A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 16.98 min [(R)-

enantiomer], 26.73 min [(S)-enantiomer]. [a]3’ =—0.44 (c
0.5, CHCl3). m.p. = 148.2-152.0 °C. Rr= 0.25 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.30-7.27 (m, 3H), 7.14-7.12 (m, 2H), 6.83 (dd, J =
8.4,2.0 Hz, 1H), 6.63 (d, J = 2.0, 1H), 5.30-5.04 (br, 2H), 3.81 (br, 1H), 3.76 (s, 3H),
3.72 (br, 3H), 3.37 (br, 1H), 2.79 (dd, J = 16.4, 4.4 Hz, 1H), 2.47-2.32 (br, 2H) , 1.14
(br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.4,159.8, 153.6, 148.8, 145.3, 133.6, 126.4, 125.6,
119.8, 119.5, 114.2, 108.6, 79.1, 66.5, 65.8, 55.3, 54.1, 53.9, 51.5,44.4,41.4, 27.8.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C26H30NOs 436.2124; Found 436.2126

HPLC chromatogram:

mAU
DA Wl 3 POA MUl
200 &
50
g 150
264 100
50
o 0 N ;
¥ T ol
T T T s o T T T . —
min 2 % min
1 PDANUE 172200 4nm 1 PDA Mutt 1/220nm 4nm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 17.219 2322904 50214 1 16.984 7688198 96.147
27.008 2303136 49.786 2 26.731 308084 3853
Tota 4626041 100.000 Total] 7996281 100.000
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tert-butyl (4bR,10aR,11R)-2,3-dimethoxy-11-(2-methoxy-2-oxoethyl)-4b,10,10a,
11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27am)

0 Isolated as a white solid: 91% yield:
__r/:_'k o~ HPLC: 99% ee. The ee was determined on a Chiralpak 1A
O S Boc  column with hexanes/2-propanol = 95/5, flow = 1.0

mL/min, wavelength = 220 nm. Retention times: 15.29
min [(R)- enantiomer], 18.74 min [(S)-enantiomer]. [a]3®
=-0.12 (¢ 0.5, CHCI3). m.p. = 155.2-158.7 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.30-7.28 (m, 2H), 7.16-7.12 (m, 2H), 6.89 (s, 1H),
6.61 (s, 1H), 5.31-5.08 (br, 2H), 3.91 (s, 3H) 3.82-3.71 (br, 1H), 3.71 (br, 3H), 3.39 (br,
1H), 2.77 (dd, J = 16.6, 4.4 Hz, 1H), 2.45-2.33 (br, 2H) , 1.16 (br, 9H).

3C NMR (CDCls, 100 MHz): 6 172.4,153.2, 148.9, 145.1, 144.7, 132.9, 126.3, 119.6,
119.4,107.2, 106.5, 78.9, 66.0, 65.6, 55.8, 54.0, 51.4, 44.1, 41.5, 27.7.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C27H3:NOg 466.2230; Found 466.2224

HPLC chromatogram:

A PDAMuki 1] PDA Multi 1)

1 PDAMulti 1/2200m 4nm
PeakTable

PDA Chl 220nm 4nm PeakTable
Peak# Ret Time Area Area % PDA Chl 220nm 4nm
1 15.297 2011864 50.074 [ Peak# | Ret Time | Area [ Area% |
2 18746 2005884 49926 | 1] 15457 1018265 | 100.000]
Total 4017747 100.000 | Total 1018265 | 100.000 |

128



tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro-
5H-5,10-epiminobenzo[6,7]fluoreno|2,3-d][1,3]dioxole-13-carboxylate (27an)

Isolated as a white solid: 94% yield:

HPLC: 95% ee. The ee was determined on a Chiralpak [A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 210 nm. Retention times: 20.02 min [(R)-
enantiomer], 39.85 min [(S)-enantiomer]. [a]3® =—0.12 (c

0.5, CHCL3). m.p. = 150.1-152.4 °C. Rr= 0.1 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.29-7.26 (m, 2H), 7.14-7.12 (m, 2H), 6.82 (s, 1H),
6.54 (s, 1H), 5.93-5.91 (s, 2H), 5.27-5.02 (br, 2H), 3.71 (s, 3H), 3.63 (br, 1H), 3.32 (br,
1H), 2.72 (dd, J = 16.0, 4.4 Hz, 1H), 2.43-2.37 (br, 2H), 1.19 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.4,153.7, 147.7, 147.5, 145.2, 144.8, 140.1, 134.2,
126.4, 119.8,104.8, 104.1, 101.1, 79.1, 66.3, 65.8, 54.3, 54.0, 51.5, 44.0, 41.6, 27.9.

HRMS (ESI-TOF) m/z: [M+H]' Caled for C26HasNOs 450.1917; Found 450.1911

HPLC chromatogram:

m
40 Fl PDA Mt 1 5 POA MU 1

3 g
& 5
304
g
204 < s50d
104 25
ﬂ z
01 ot L , r&—a
10 20 30 40 10 20 30 40
min min
1 PDAMuti 1/210nm dnm 1 PDA Multi 1/210nm 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Arca Arca %
1 20.043 1709237 49.266 1 20.022 4728521 97.527
2 40.503 1760191 50.734 2 39.854 119905 2473
Total 3469428 100.000 Total 4848426 100.000
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tert-butyl (7R,7aR,13aR)-7-(2-methoxy-2-oxoethyl)-7a,8,13,13a-tetrahydro-7H-
8,13-epiminodibenzo[b,g]fluorene-14-carboxylate (27ad)

Isolated as a white solid: 88% yield:

enantiomer], 46.48 min [(S)-enantiomer]. [a]p

28

HPLC: 32% ee. The ee was determined on a Chiralpak [A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 220 nm. Retention times: 11.07 min [(R)-
= —0.66 (c

0.5, CHCl3). m.p. = 120.2-125.5 °C. Ry = 0.4 (ether/hexanes,

1/5).

'H NMR (CDCls, 400 MHz): 6 8.05 (d, J= 7.6 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.75
(d, J= 8.4 Hz, 1H), 7.61-7.59 (m, 1H), 7.50-7.43 (m, 2H), 7.35-7.32 (m, 1H), 7.25-
7.15 (m, 3H), 5.42-5.23 (br, 2H), 4.04 (br, 1H), 3.87 (br, 1H), 3.72 (s, 3H), 2.89 (dd, J
=16.0, 4.0 Hz, 1H), 2.53 (br, 1H), 2.46 (dd, J = 16.0, 1H), 0.95 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.4,153.1, 145.2, 145.0, 144.2, 136.3, 133.2, 130.3,
128.8, 128.7, 126.5, 126.5, 126.5, 125.3, 123.7, 122.3, 119.8, 119.6, 78.7, 65.6, 64.4,

53.9,51.5,44.9,41.4,27.4.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C20H30NO4 456.2175; Found 456.2170

HPLC chromatogram:

200

PDA Wil 1

200

100

PDA Multi 1]

87

T
20
1 PDA Multi 1/220nm 4nm

PeakTable
PDA Chl 220nm 4nm

Peald# Ret. Time

Area %

Area
1 11.150 3993955

ea %
50.141

46.889 3971536

49.859

Tota 7965491

100.000

130

in
1 PDA Multi 1/220nm 4nm

10 20

PeakTable

PDA Chl 220nm 4nm

Peak#

Ret. Time Area

Area %

1

11.070 3613925

a %
66.425

2

46.487 1826721

33.575

Total

5440646

100.000
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tert-butyl (4bR,10aR,11R)-2-(benzyloxy)-11-(2-methoxy-2-oxoethyl)-4b,10,10a,
11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ap)

0 Isolated as a white solid: 83% yield:

N

H

o~ HPLC: 89% ee. The ee was determined on a Chiralpak 1A
Boc

BnO column with hexanes/2-propanol = 95/5, flow = 1.0

mL/min, wavelength = 220 nm. Retention times: 22.49
min [(R)- enantiomer], 36.72 min [(S)-enantiomer]. [a]®

=-0.43 (¢ 0.5, CHCI3). m.p. = 140.8-145.8 °C. Ry= 0.2 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.43-7.36 (m, 4H), 7.34-7.27 (m, 4H), 7.16-7.11 (m,
4H), 6.90 (dd, J = 8.4, 2.4 Hz, 1H), 6.71 (d, J=2.0, 1H), 5.30-4.98 (br, 4H), 3.80 (br,
1H), 3.71 (s, 3H), 3.37 (br, 1H), 2.77 (dd, J = 16.4, 4.4 Hz, 1H), 2.46-2.33 (br, 2H),
1.15 (br, 9H).

BCNMR (CDCls, 100 MHz): 6172.5,159.7, 153.7, 148.9, 145.4, 145.1, 137.0, 134.0,
128.6,127.9,127.4,126.4,125.7,119.9, 119.6, 115.0, 79.2,70.2, 66.6, 65.9, 54.1, 54.0,
51.6,44.4,41.4,29.7,27.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C3:H34NOs 512.2437; Found 512.2436

HPLC chromatogram :

mAU
H g PDAMET ] FOA MG

I}

Duores

20 25 30 £ 40 5 10 15 20 25 30
1 PDA Mutti 1/220nm 4nm 1 PDA Multi 1/220nm dnm

PeakTable PeakTable
PDA Ch1 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 23.642 3119257 37.039 1 22498 6406964 94.828
2 38.081 5302216 62.961 2 36.723 349414 5172
Totall 8421473 100.000 Total 6756379 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-ethoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro-5SH-
5,10-epiminobenzo[b]fluorene-12-carboxylate (27aq)

0 Isolated as a white solid: 96% yield:

H

vy

HPLC: 99% ee. The ee was determined on a Chiralpak IA

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 11.17 min [(R)-
enantiomer], 26.82 min [(S)-enantiomer]. [a]3® = —0.11 (c 0.5,
CHCl3). m.p. = 130.2-136.6 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.40 (d,J= 7.2 Hz, 1H), 7.32-7.19 (m, 4H), 7.16-7.10
(m, 3H), 5.33-5.09 (br, 2H), 4.21-4.17 (s, 2H), 3.84-3.74 (br, 1H), 3.48-3.44 (br, 1H),
2.81 (dd, J = 16.0, 4.0 Hz, 1H), 2.45-2.39 (br, 2H), 1.29 (t, 3H), 1.31-1.01 (br, 9H).

BC NMR (CDCls, 100 MHz): 6 172.0, 153.5, 147.5, 145.4, 145.2, 141.5, 127.6, 126 .4,
125.0, 124.2, 119.8, 79.2, 77.3, 77.0, 76.7, 66.5, 65.8, 60.4, 54.7, 53.5, 44.3, 41.8,
27.8,14.3.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C2sHzoNO4 420.2175; Found 420.2174

HPLC chromatogram :

mAU
] PDAMGH T 50 3 POA MU

0]

504 .
g
§ 204
25|
104
- T  — I

20 25

in

1 PDA Multi 1/2200m 4nm min
1 PDA Mutti 17220nm 4nm

PeakTable

PDA Chl 220nm 4nm PeakTable

Peald# Ret. Time Area Area % PDA C}I‘l 220nm 4“]“ _
T 11382 1652508 50177 [ Peak# [ RetTime [ Area | Awa% |
26.823 1640938 49.823 [ 1] 11.175] 893773 | 100.000]
Total 3293536 T00.000 [ Total| [ 893773 | 100.000]
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tert-butyl (4bR,10aR,11R)-11-(2-isopropoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro
-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ar)

Isolated as a white solid: 91% yield:

HPLC: 98% ee. The ee was determined on a Chiralpak 1C
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 220 nm. Retention times: 8.78 min [(R)-

enantiomer], 18.44 min [(S)-enantiomer]. [a]3® =—0.19 (c 0.5,

CHCl3). m.p. = 128.2-135.8 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.40 (d,J = 7.2 Hz, 1H), 7.32-7.19 (m, 4H), 7.16-7.11
(m, 3H), 5.32-5.09 (br, 3H), 3.83-3.73 (br, 1H), 3.49-3.44 (br, 1H), 2.79 (dd, J = 16.0,
4.0 Hz, 1H), 2.40 (br, 1H), 1.30 (br, 3H), 1.26 (d, 3H), 1.29 (t, 3H), 1.13 (br, 9H).

BC NMR (CDCls, 100 MHz): 5 171.5, 153.4, 147.5, 145.8, 145.4, 145.1, 141.4, 127.6,
126.4, 125.0, 124.2, 119.7, 119.6, 79.1, 66.4, 65.8, 54.7, 53.3, 44.4, 42.2, 27.7, 21.9,

21.9.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C27H3:NO4 434.2331; Found 434.2327

HPLC chromatogram :

mAU

]

m
PDA Wi 1 o] 5 FOA Ml

2
b

8

g

L

/\ 10+ §
I\ Jo

1 PDA Muti 1/220nm 4nm

PDA Chl 220nm 4nm

o % 0 35 5 10 15 2 25
in
1 PDA Muiti 1/220nm dnm

Peak# Ret. Time

1 13.884

2 21878

Total

PeakTable PeakTable
PDA Chl 220nm 4nm
Area Area % Peald# Ret. Time Arca Area %
2055597 50.091 1 13.486 16310 0.694
2048135 49.909 2 21.507 2333632 99.300
4103732 100.000 Total 2349942 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-(tert-butoxy)-2-oxoethyl)-4b,10,10a,11-tetra
hydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27as)

o} Isolated as a white solid: 93% yield:

iy

 y Ok HPLC: 94% ee. The ee was determined on a Chiralpak 1A

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 7.57 min [(R)-
enantiomer], 11.71 min [(S)-enantiomer]. [a]d® =—0.17 (c 0.5,
CHCl3). m.p. = 128.1-133.8 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.39 (d, J = 7.2 Hz, 1H), 7.32 (m, 1H), 7.26-7.18 (m,
3H), 7.15-7.11 (m, 3H), 5.31-5.09 (br, 2H), 3.81-3.71 (br, 1H), 3.43 (br, 1H), 2.74 (dd,
J=15.2,4.0 Hz, 1H), 2.41-2.28 (br, 2H), 1.48 (s, 9H), 1.13 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 171.3,153.4, 147.6, 145.4, 145.1, 141.4, 127.6, 126.4,
124.9,124.2,119.7, 119.6, 80.5, 79.1, 66.4, 65.9, 54.7, 53.1, 44.6, 43.1, 28.1.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C2sH34NO4 448.2488; Found 448.2478

HPLC chromatogram :

PDA MUK 1 PDA Nt ]

min min
1 PDA Multi 1/220nm 4nm 1 PDA Multi 1/220nm 4nm

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 7.540 1070714 49.897 1 7.574 1260146 97.439
11.590 1075145 50.103 2 11.718 33115 2.561
Total 2145859 100.000 Total 1293261 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-oxopropyl)-4b,10,10a,11-tetrahydro-5H-5,10-
epiminobenzo[b]fluorene-12-carboxylate (27at)

Isolated as a white solid: 95% yield:

HPLC: 79% ee. The ee was determined on a Chiralpak IA
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 21.23 min [(R)-

enantiomer], 43.53 min [(S)-enantiomer]. [a]3® =—0.24 (c 0.5,
CHCl3). m.p. = 160.7-162.6 °C. Ry= 0.1 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.39 (d, J = 7.2 Hz, 1H), 7.31 (m, 2H), 7.26-7.18 (m,
1H), 7.15-7.10 (m, 2H), 7.08-7.07 (m, 1H), 5.45-5.09 (br, 2H), 3.85-3.76 (br, 1H),
3.40 (br, 1H), 2.93 (dd, J = 17.6, 3.6 Hz, 1H), 2.60-2.58 (br, 1H), 2.19 (s, 1H), 2.14 (s,
3H), 1.12 (br, 9H).

I3C NMR (CDCls, 100 MHz): §207.2, 153.4, 147.8, 145.5, 145.0, 141.5, 127.6, 126.4,
126.3, 125.0, 124.0, 119.9, 79.0, 66.5, 53.8, 51.4, 43.4, 30.2, 27.7.

HRMS (ESI-TOF) m/z: [M+H]* Caled for C2sHasNOs 390.2069; Found 390.2059

HPLC chromatogram :

POA M 1 POA MU 1
40 o
304
8 50
204 *
25
104 g
L . i . ) ) i AN
¥ 20 30 40 50 10 20 Y 0 E)
min min
1 PDA Multi 1/220nm 4nm 1 PDA Mutti 1/220nm 4nm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak#f Ret. Time Area Area %
1 21.476 1982654 50.809 1 21233 3817882 89.748
2 44.465 1919524 49.191 2 43535 436113 10252
Total 3902178 100,000 Total 4253995 100.000
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10-(tert-butyl) 2,3-dimethyl (4aR,9R,9aR)-9-(2-methoxy-2-oxoethyl)-4,4a,9,9a-
tetrahydro-1H-1,4-epiminofluorene-2,3,10-tricarboxylate (27ga)

Isolated as a white solid: 88% yield:

HPLC: 80% ee. The ee was determined on a Chiralpak IA
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 220 nm. Retention times: 18.75 min [(R)-
enantiomer], 23.17 min [(S)-enantiomer]. [a]3® = —0.33 (c
0.5, CHCI3). m.p. = 100.9-105.5 °C. Rr= 0.2 (ether/hexanes,

1/5).

'H NMR (CDCls, 400 MHz): 6 7.36-7.34 (m, 1H), 7.27-7.20 (m, 2H), 7.10-7.08 (m,
1H), 5.13-4.94 (br, 2H), 3.86 (s, 3H), 3.84 (s, 3H), 3.74 (s, 3H), 3.65-3.60 (br, 2H),
2.83 (dd, J = 16.0, 4.8 Hz, 1H), 2.53-2.47 (br, 2H), 1.20 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 174.6,172.2, 163.3, 163.0, 147.3, 144.7, 140.2, 128.0,
127.5,124.9, 124.1, 80.4, 67.9, 67.3, 52.4, 52.3, 51.6, 43.8, 41.3, 27.9.

HRMS (ESI-TOF) m/z: [M+H]* Caled for C2sH30NOg 472.1971; Found 472.1978

HPLC chromatogram :

mAU
PDA Mt 1 G PDA MUl 1

1L AN
T f
2 2 5 10 1s 20 % 30 35
min min
1 PDA Multi 1/220nm 4nm 1 PDA Mult 1/2200m dnm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peaks# Ret. Time Area Area % Peak# Ret. Time Area Area %

1 18.742 722777 48 341 1 18.757 1259135 90312

23.093 772374 51.659 2 23.177 135065 9.688

Tota 1495151 100.000 Total 1394200 100.000
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tert-butyl (4bR,10aR,11R)-7,8-dibromo-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ha)

O Isolated as a white solid: 93% yield:

N

0~ HPLC: 95% ee. The ee was determined on a Chiralpak 1A
column with hexanes/2-propanol = 95/5, flow = 1.0
mL/min, wavelength = 220 nm. Retention times: 10.72 min
[(R)- enantiomer], 17.86 min [(S)-enantiomer]. [a]3® =

~0.15 (¢ 0.5, CHCL3). m.p. = 131.2-137.8 °C. R;= 0.3

(ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.59 (m, 1H), 7.37 (d, J = 6.8, 1H), 7.28-7.21 (m, 2H),
7.10 (d, J = 7.2, 1H), 6.93-6.91 (m, 1H), 5.29-5.04 (br, 2H), 3.78 (br, 1H), 3.79 (br,
1H), 3.72 (s, 3H), 3.42 (br, 1H), 2.83 (dd, J= 16.4, 4.0 Hz, 1H),2.47 (dd, J= 16.4, 10.8
Hz, 1H), 2.35 (br, 2H), 1.15 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.5, 153.6, 146.4, 140.8, 127.9, 124.9, 124.1, 122.4,
80.0, 66.1, 65.4, 54.4,53.2,51.6,44.4,41.1, 27.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2sH:sNO4Br> 562.0229; Found 562.0223

HPLC chromatogram :

5 POANGH POA MUl
E

25

204

A 400 =
154 504
10+
254
5 ]
D,J VR / L A S L

T T T T T
20 25 5 10 15 20 25

min
1 PDA Muti 1/220nm 4nm 1 PDA Mutti 1/220nm 4nm

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl1 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 10.856 490706 50.045 1 10.728 1754703 97.930
2 18.072 489820 49.955 2 17.869 37091 2.070
Total 980526 100.000 Total 1791795 100.000
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tert-butyl (4bR,10aR,11R)-7,8-difluoro-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ia)

o Isolated as a white solid: 90% yield:

N

H

"y

o~ HPLC: 95% ee. The ee was determined on a Chiralpak 1A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
F wavelength = 220 nm. Retention times: 14.02 min [(R)-

enantiomer], 25.01 min [(S)-enantiomer]. [a]3® = —0.18 (c
0.5, CHCl3). m.p. = 139.2-141.1 °C. Rr= 0.3 (ether/hexanes,

1/5).

'H NMR (CDCls, 400 MHz): 6 7.38 (d,J= 7.2, 1H), 7.27-7.10 (m, 5H), 5.30-5.06 (br,
2H), 3.78 (br, 1H), 3.78 (br, 1H), 3.72 (s, 3H), 3.41 (br, 1H), 2.83 (dd, J= 16.4, 4.0 Hz,
1H), 2.47 (dd, J = 16.4, 10.8 Hz, 1H), 2.34 (br, 2H), 1.15 (br, 9H).

BC NMR (CDCls, 100 MHz): 6 172.5, 153.6, 150.1 (dd, Jer = 15.0, 4.0 Hz), 147.7
(dd, Jcr = 15.0, 4.0 Hz), 147.1, 141.4, 140.9, 127.8, 127.5, 124.9, 124.0, 110.0, 79.7,
66.3, 65.8, 54.6, 53.4, 51.6,44.3, 41.1, 27.8.

HRMS (ESI-TOF) mm/=: [M+H]" Caled for C2sHaeNO4F 442.1830; Found 442.1820

HPLC chromatogram :

PDA WUl 3 PDA Wulli 1

10 10+
| A R , i

20 25 30 35 5 10 15 20

-

in
1 PDA Mutti 1/220nm 4nm 1 PDA Mutti 1/220nm 4nm

PeakTable PeakTable
PDA Ch1 220nm 4nm PDA Chl 220nm 4nm
Peaks# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 14.099 919645 50.244 1 14.024 954604 97.919
2 25.039 910712 49.756 2 25.012 20287 2.081
Totall 1830357 100.000 Total 974891 100.000

138



methyl 2-((4bR,10aR,11R)-12-tosyl-4b,10,10a,11-tetrahydro-5H-5,10-epimino
benzo [b]fluoren-11-yl)acetate (27ba)

o} Isolated as a white solid: 92% yield:

HPLC: 87% ee. The ee was determined on a Chiralpak IA
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 220 nm. Retention times: 16.28 min [(R)-

enantiomer], 48.29 min [(S)-enantiomer]. [a]3® =—0.26 (¢ 0.5,
CHCl3). m.p. = 148.7-151.1 °C. Ry= 0.2 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.34-7.31 (m, 1H), 7.27-7.22 (m, 2H), 7.18 (d, J = 8.4,
2H), 7.15-7.13 (m, 1H), 7.06 (d, J= 6.8, 1H), 6.99 (d, J= 7.6, 1H), 6.95-6.88 (m, 2H),
6.86 (d, J = 8.0, 2H), 5.08 (s, 1H), 4.93 (s, 1H), 3.70 (s, 3H), 3.67 (ddd, J = 10.8, 4.0
Hz, 1H), 3.39 (d, J= 7.2, 1H), 2.86 (dd, J = 16.4, 4.0 Hz, 1H), 2.48 (dd, J = 16.4, 10.4
Hz, 1H), 2.37 (dd, J = 7.2, 3.2 Hz, 1H), 2.22 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 172.7, 147.4, 143.6, 142.6, 140.9, 135.4, 128.7, 127.7,
127.6, 127.5, 126.6, 124.5, 123.8, 120.4, 120.2, 69.7, 69.7, 55.0, 53.3, 51.6, 45.0, 40.7,
21.3.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C27H26NO4S 460.1583; Found 460.1589

HPLC chromatogram :

mAU
PDA Mufl 1 304 z FOA MU ]

204

20 30 20 50 10 20 0 40 50

min
1 PDA Muli 1/220nm 4nm 1 PDA Muti 1/220nm dnm

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 15912 3252327 50.632 1 16.288 406705 6.152
48.231 3171138 49.368 2 48.295 6204214 93.848
Total 6423464 100.000 Total 6610919 100.000
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methyl 2-((4bR,10aR,11R)-12-acetyl-4b,10,10a,11-tetrahydro-5H-5,10-epimino
benzo[b]fluoren-11-yl)acetate (27ea)

o} Isolated as a white solid: 86% yield:

N

H

g

0% HPLC: 99% ee. The ee was determined on a Chiralpak 1A
)\ column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 210 nm. Retention times: 11.91 min [(R)-

enantiomer], 28.70 min [(S)-enantiomer]. [a]3® =—0.24 (c 0.5,
CHCl3). m.p. = 144.0-147.6 °C. Ry= 0.15 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.42-7.38 (m, 2H), 7.38-7.30 (m, 2H), 7.28-7.20 (m,
2H), 7.20-7.09 (m, 4H), 7.06 (d, J= 6.8, 1H), 6.99 (d, J= 7.6, 1H), 6.95-6.88 (m, 2H),
5.70 (s, 1H), 4.98 (s, 1H), 3.78 (ddd, J= 9.6, 3.6 Hz, 1H), 3.69 (s, 3H), 3.54 (d, J=7.2,
1H), 2.75 (dd, J = 16.4, 4.4 Hz, 1H), 2.44-2.39 (m, 2H), 1.34 (s, 3H).

BCNMR (CDCls, 100 MHz): 6 172.2, 166.0, 147.3, 144.6, 144.2,140.5, 128.1, 127.5,
126.8, 126.6, 124.5, 123.8, 120.1, 119.4, 67.4, 63.9, 54.6, 52.7, 51.4, 44.1, 41.0, 20.1.

HRMS (ESI-TOF) m/z: [M+H]" C2:H22NO;3 348.1600; Found 348.1607

HPLC chromatogram :

200 T PDA MUK ] B PDA Mul {

f\ i
——+ > L .
T T T T T T

g

&
T

P 25 2 2 30
min min
1 PDA Mufi 1/210nm 4nm 1 PDA Multi 122100 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peaks# Ret. Time Area Area % Peak# Ret. Time Arca Area %

1 11.978 3723318 50323 1 11911 4766197 99.692
28.356 3675470 49.677 2 28708 14733 0.308
Tota 7398788 100.000 Total 4780930 100.000
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benzyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-
5,10-epiminobenzo[b]fluorene-12-carboxylate (27da)

o} Isolated as a white solid: 90% yield:

HPLC: 92% ee. The ee was determined on a Chiralpak IA
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 220 nm. Retention times: 38.49 min [(R)-
28 =—0.20 (c 0.5,

enantiomer], 63.76 min [(S)-enantiomer]. [«]
CHCl3). m.p. = 141.3-143.7 °C. Ry= 0.2 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.39-7.13 (m, 12H), 6.94 (m, 1H), 5.36-5.18 (br, 2H),
4.87-4.50 (br, 2H), 3.70 (s, 3H), 3.80-3.66 (br, 1H), 3.46 (s, 1H), 2.80 (dd, J= 16.4, 4.4
Hz, 1H), 2.47 (dd, J = 16.4, 10.4 Hz, 1H), 2.38 (br, 1H).

BC NMR (CDCls, 100 MHz): 6 172.5, 155.0, 147.2, 145.2, 141.3, 136.4, 128.2, 127.7,
127.5, 126.7, 124.9, 124.0, 120.2, 66.9, 66.5, 54.6, 53.0, 51.6, 44.7, 41.3, 30.3.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2sH26NO4 440.1862; Found 440.1862

HPLC chromatogram :

mAU

PDA MU 1
259

204

T POANGE T
§ a0
154
20
10
10
5] 5
g
X s g
o T T o v .
10 20 0 20 50 60 70 i
min

20 30 a0 50 60

1 PDA N 1/2200m 4om 1 PDA Mutti 1/220nm 4nm
PeakTable PeakTable

PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peakd Ret. Time Area Area % Pealc# Ret. Time Area Area %
1 39316 2679249 50.825 1 38.492 3983466 96.477
2 64.267 2592320 49.175 2 63.767 145457 3523
Total 5271569 100.000 Total 4128923 100.000
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methyl 2-((4bR,10aR,11R)-12-((4-nitrophenyl)sulfonyl)-4b,10,10a,11-tetrahydro-
5H-5,10-epiminobenzo[b]fluoren-11-yl)acetate (27ca)

o} Isolated as a white solid: 95% yield:

HPLC: 95% ee. The ee was determined on a Chiralpak 1A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 210 nm. Retention times: 38.66 min [(R)-

enantiomer], 46.29 min [(S)-enantiomer]. [a]3® =-0.13(c0.5,
CHCl3). m.p. = 166.5-168.8 °C. Ry= 0.1 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.90 (d, J = 8.8, 2H), 7.50 (d, J = 8.8, 2H), 7.36-7.34
(m, 1H), 7.29-7.25 (m, 2H), 7.17-7.14 (m, 1H), 7.08 (d, J= 6.8, 1H), 7.01 (d, J = 6.8,
1H), 6.95-6.88 (m, 2H), 5.18 (s, 1H), 5.00 (s, 1H), 3.72 (s, 3H), 3.68 (ddd, J=11.2, 3.2
Hz, 1H), 3.44 (d, J= 7.2, 1H), 2.89 (dd, J = 16.8, 4.0 Hz, 1H), 2.49 (dd, J=17.2, 11.2
Hz, 1H), 2.41(dd, J = 7.6, 3.6 Hz, 1H).

BCNMR (CDCls, 100 MHz): 6 172.7, 149.3, 147.2, 144.4, 143.4, 140.5, 128.8, 128.1,
127.7,127.0, 124.5, 123.3, 120.6, 120.4, 70.2, 70.0, 54.9, 53.3, 51.6, 45.0, 40.6.

HRMS (ESI-TOF) m/z: [M+H]* C26H23N O6S 491.1277; Found 491.1271

HPLC chromatogram :

POA M 1

PDA Mt

ELL

I R
2 0 4 E) Y Y
min 10 2 « ® min
1 PDA Multi 122100 4nm 1 PDA Multi 1/210nm 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Arca Area %
1 39.517 5567736 50.568 1 38.660 7503328 97.765
2 46.338 5442669 49.432 2 46.291 171502 2235
Lota 11010405 100.000 Total 7674829 100.000
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methyl 2-((4bR,10aR,11R)-12-benzoyl-4b,10,10a,11-tetrahydro-SH-5,10-epimino
benzo[b]fluoren-11-yl)acetate (27fa)

0 Isolated as a white solid: 93% yield:

A

o) HPLC: 95% ce. The ee was determined on a Chiralpak 1A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 210 nm. Retention times: 8.73 min [(R)-

enantiomer], 11.16 min [(S)-enantiomer]. [a]3® =—0.17 (c 0.5,
CHCl3). m.p. = 151.3-155.6 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.39 (d, J= 7.6, 2H), 7.31-7.15 (m, 4H), 7.29-7.25 (m,
2H), 7.10-7.04 (m, 3H), 7.01-6.97 (m, 2H), 6.65-6.62 (m, 1H), 5.06 (s, 1H), 4.89 (s,
1H), 3.74 (s, 3H), 3.72 (br, 1H), 3.44 (d, J = 7.6, 1H), 2.89 (dd, J = 16.4, 4.4 Hz, 1H),
2.54 (dd, J=16.4, 10.8 Hz, 1H), 2.40 (dd, J= 7.6, 3.6 Hz, 1H).

BCNMR (CDCls, 100 MHz): 6 173.1, 148.0, 147.8, 145.5, 145.1, 142.8, 128.5, 127.3,
127.2,126.6, 124.2,121.3, 121.0, 119.9, 118.1, 70.9, 70.5, 54.4, 53.1, 51.6, 45.7, 40.1.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C2sH23NO> 382.1801; Found 382.1729

HPLC chromatogram :

mAU
2509 z POA it 1 3 POA MU 1

200

3
Y

100
g
n IAVWR W g
5 10 15 o E 3

L E————
5 1

min
1 PDAMuti 1/210nm 4nm 1 PDA Mutti 1/210nm 4nm

PeakTable PeakTable
PDA Ch1 210nm 4nm PDA Chl 210nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 8.763 4236370 50.123 1 8739 231598 2226
2 11.232 4215569 49.877 2 11.162 10173053 97.774
Total 8451940 100.000 Total 10404652 100.000
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tert-butyl (4bR,10aR,11R)-3-fluoro-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-tetra
hydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27af)

o) Isolated as a white solid: 91% yield:

HPLC: 90% ee. The ee was determined on a Chiralpak IA
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 210 nm. Retention times: 8.26 min [(R)-

enantiomer], 13.05 min [(S)-enantiomer]. [a]3® =—0.21(c0.5,
CHCl3). m.p. = 141.8-143.8 °C. Ry= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.31-7.29 (m, 2H), 7.16-7.14 (m, 2H), 7.09-7.02 (m,
2H), 6.93-6.91 (m, 1H), 5.31-5.08 (br, 2H), 3.78 (br, 1H), 3.70 (s, 3H), 3.41 (br, 1H),
2.77 (dd, J = 16.4, 4.8 Hz, 1H), 2.48-2.42 (br, 2H), 1.16 (br, 9H).

BC NMR (CDCls, 100 MHz): 6 172.3, 162.6 (d, Jer = 242.0 Hz), 155.0, 144.5 (d, Jc.
= 153.0 Hz), 144.8, 143.6, 142.8, 126.5 (d, Jor = 20.0 Hz), 125.2, 119.9, 114.9 (d, Jc.
F=22.0 Hz), 111.6 (d, Jer = 23.0 Hz), 79.3, 66.3, 65.8, 54.5, 54.1, 51.5, 43.6, 41.4,
27.8.

HRMS (ESI-TOF) m/z: [M+H]" Caled for CosH27NO4F 424.1924; Found 424.1923

HPLC chromatogram :

PDA Mutti 1] PDA Mutti 1]

g
H

e
s
M

in
1 PDA Muli 1/210nm 4nm 1 PDA Muli 1/210nm 4nm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Ch1 210nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 8.286 4148294 49.764 1 8.201 4975211 95484
2 13.130 4187656 50.236 2 13.053 235330 4516
Total 8335950 100.000 Total 5210541 100.000
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tert-butyl (4bR,10aR,11R)-3-methoxy-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27ai)

/ﬁ\ Isolated as a white solid: 91% yield:
~
H © HPLC: 98% ee. The ee was determined on a Chiralpak [A

column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

vy

wavelength = 210 nm. Retention times: 10.70 min [(R)-
enantiomer], 18.08 min [(S)-enantiomer]. [a]3® =—0.20 (c

0.5, CHCL3). m.p. = 148.9-152.7 °C. Rr= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.30-7.25 (m, 2H), 7.14-7.12 (m, 2H), 6.99 (d, J = 8.4,
1H), 6.91 (s, 1H), 6.79 (d, J = 6.0, 1H), 5.31-5.10 (b, 2H), 3.81 (s, 3H), 3.81-3.70 (br,
1H), 3.70 (s, 3H), 3.39 (br, 1H), 2.76 (dd, J = 16.4, 4.4 Hz, 1H), 2.45-2.38 (br, 2H),
1.15 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.5,159.4, 153.4, 145.3, 144.9, 142.8, 139.3, 126 .4,
126.3,124.7,119.8, 111.4, 109.4, 79.1, 66.3, 65.8, 55.3, 54.1, 51.4,43.5, 41.5, 27.8.

HRMS (ESI-TOF) m/z: [M+H]" Caled for CasH30NOs 436.2124; Found 436.2128

HPLC chromatogram :

mAU
POA Nl 100 I POA Ml 1
2001 751
2
el 50+
25
]
— - N 'A“:
T T T T T T T
5 10 15 20 25 30 35 . T o = pa = - =
T POANUL 12100 4om 1 PDA Multi 12210nm 4nm m
PeakTable
- PeakTable
PDA Chl 210nm 4nm "
Peak# Ret. Time Area Arca % PDPA (k}t‘zl Zlﬂnl;nlltnlm T Area i
T 15937 6790329 49.733 <8 gL _Ime =4 1ol o
z 24.784 6863148 50267 ! 15.859 32833 0.632
Total 13653477 100.000 2 24.744 5165636 99.368
- Tatal S10RAAQ 100000
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benzyl (4bR,10aR,11R)-2,3-dimethoxy-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate BC28

0 Isolated as a white solid: 90% yield:

:/U\o/
0 ﬁ Coz HPLC: 92% ee. The ee was determined on a Chiralpak IA
\ column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,
wavelength = 220 nm. Retention times: 33.18 min [(R)-

enantiomer], 39.47 min [(S)-enantiomer]. [a]3® =—-0.11 (c 0.5, CHCl3). m.p. = 165.2—
168.0 °C. Ry= 0.2 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.30-7.23 (m, 5H), 7.17-7.13 (m, 3H), 6.96 (m, 1H) ,
6.85 (d, J=20.0, 1H), 6.60 (d, J = 24.8, 1H), 5.36-5.16 (br, 2H), 4.79 (d, J= 12.0, 1H),
4.54 (d, J=12.0, 1H), 3.89-3.60 (br, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 3.71 (s, 3H), 3.40
(br, 1H), 2.77 (dd, J = 16.4, 4.4 Hz, 1H), 2.46-2.40 (br, 2H).

BCNMR (CDCls, 100 MHz): 6 172.5, 154.6, 149.1, 149.0, 138.8, 136.2, 132.7, 128.1,
127.6, 127.4, 126.6, 119.9, 119.6, 107.0, 106.3, 66.6, 66.3, 55.8, 55.7, 54.5, 53.6, 51.5,
445, 41.6.

HRMS (ESI-TOF) m/z: [M+H]" C30H30NOg 500.2073; Found 500.2065

HPLC chromatogram :

mAU
= FOA Ml 30 3 FOA RG]

]

ot
20 0 0 0 10 20 3 ) 0
min min
1 PDA Multi 1/220nm dnm 1 PDA Mutt 1/220nm 4nm
PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peala# Ret. Time Area Area %

1 33.398 2207102 50449 1 33.182 3762618 96.327

39.694 2167781 49.551 2 39473 143476 3.673

Total 4374883 100.000 Tota; 3906094 100.000
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tert-butyl (4bR,10aR,11R)-3-ethoxy-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-
tetra hydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27a0)

Isolated as a white solid: 92% yield:

HPLC: 99% ee. The ee was determined on a Chiralpak 1A
column with hexanes/2-propanol = 95/5, flow = 1.0 mL/min,

wavelength = 210 nm. Retention times: 9.95 min [(R)-

enantiomer], 22.34 min [(S)-enantiomer]. [a]3® = —0.21 (¢
0.5, CHCL3). m.p. = 140.8-142.6 °C. Rr= 0.3 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.29-7.25 (m, 3H), 7.15-7.11 (m, 2H), 6.81 (dd, J =
8.4.0, 2.0 Hz, 1H), 6.64 (d, J = 2.0, 1H), 5.30-5.03 (br, 2H), 2.74 (qdd, J = 16.0, 4.4
Hz, 1H), 3.80 (br, 1H), 3.72 (s, 3H), 3.36 (br, 1H), 2.74 (dd, J = 16.0, 4.4 Hz, 1H), 2.46-
2.32 (br, 2H), 1.38 (t, J = 6.8, 3H), 1.16 (br, 9H).

BCNMR (CDCls, 100 MHz): 6 172.5,159.1, 153.6, 148.8, 145.3, 145.1, 133.5, 126 .4,
125.6,119.8,114.7,109.2,79.1, 66.5, 65.8, 63.5,54.1,53.9, 51.5,44.4,41.4,27.8, 14.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2sH2sNO4 406.2018; Found 406.2021

HPLC chromatogram :

z
g 8 8 8 8

ERY)
58
0

1 PDA Mult 1/210nm 4nm 1 PDA Multi 1/210nm 4nm

PeakTable PeakTable
PDA Ch1 210nm 4nm PDA Chl 210nm 4nm
Peaks# Ret. Time Area Arca % Peak# Ret. Time Area Area %
1 9.821 8336484 49436 1 9.955 3350468 99.879
2 22.188 8509611 50.514 2 22.349 4073 0.121
Totall 16846094 100.000 Tota 3354541 100.000
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General Procedure for Rh(I)-Catalyzed Achiral Tandem Annulation

To a 4 mL sample vial, [RhCl(cod)]> (1.5 mg, 1.5 mol%), 1,4-dioxane (0.5 mL),
H>0 (0.1 mL), and Sodium carbonate (2.0 equiv) were added under inert atmosphere.
Then, to the mixture were added boronic esters 37 (0.4 mmol, 2.0 equiv), followed by
1,6-enynes 40 (0.2 mmol, 1.0 equiv) and 1,4-dioxane (0.5 mL). The reaction was stirred
at 60 °C and monitored by TLC. The solvents were evaporated under reduced pressure
and the residue was purified by column chromatography (hexanes / ethyl acetate or

hexanes / diethyl ether) to afford the desired product 41.

General Procedure for Rh(I)-Catalyzed Asymmetric Tandem Annulation

To a 4 mL sample vial, [RhCI(C2Ha4)2]2 (1.2 mg, 1.5 mol%), chiral diene L3f, 1,4-
dioxane (0.5 mL), H O (0.1 mL), and Sodium carbonate (2.0 equiv) were added
successively under inert atmosphere. The resulting mixture was stirred for 5—10 min.
After that, boronic esters 37 (0.4 mmol, 2.0 equiv), followed by 1,6-enynes 40 (0.2
mmol, 1.0 equiv) and 1,4-dioxane (0.5 mL) were added to the reaction. The reaction
was stirred at 60 °C and monitored by TLC. The solvents were evaporated under
reduced pressure and the residue was purified by column chromatography (hexanes /

ethyl acetate or hexanes / diethyl ether) to afford the desired product 41.
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dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-6-(4-methoxyphenyl)-3a,5-dimethyl-
3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41aa)

O/
Isolated as a colorless oil: 69% yield:

\ HPLC: 96% ee. The ee was determined on a Chiralpak IG
© 0 column with hexanes/2-propanol = 95/5, flow = 1.0
P Y 0 mL/min, wavelength = 210 nm. Retention times: 16.78

/D min [(R)- enantiomer], 22.19 min [(S)-enantiomer]. [a]3’

=-0.13 (¢ 0.5, CHCI3). Ry= 0.5 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): § 7.35-7.27 (m, 2H), 7.09-7.05 (m, 2H), 6.85-6.81 (m,
2H), 5.06 (d, J = 12.6 Hz, 1H), 4.99 (d, J = 12.6 Hz, 1H), 3.78 (s, 3H), 3.71 (s, 3H) ,
3.66 (s, 3H), 2.94 (d, J = 16.0 Hz, 1H), 2.60 (d, J= 16.0 Hz, 1H), 2.58 (d, J = 13.6 Hz,
1H), 2.47 (d, J = 13.6 Hz, 1H), 2.37 (d, J = 13.6 Hz, 1H), 2.31 (d, J = 13.2 Hz, 1H),
2.19(d, J=13.2 Hz, 1H), 1.80 (d, J = 14.0 Hz, 1H), 1.20 (s, 3H), 1.18 (s, 3H).

BCNMR (CDCls, 100 MHz): 6 172.8,172.7, 171.8, 158.6, 148.0, 139.5, 135.9, 130.4,
128.4, 128.3, 128.2, 128.1, 113.3, 65.9, 60.8, 55.1, 54.7, 52.8, 52.7, 52.1, 50.6, 47.9,
45.0,32.1, 28.2, 26.5.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C30H3507 507.2383; Found 507.2382

HPLC chromatogram :

] POA WU
200 =
300
2004
1004
L J \
T \d
T T T T T
5 15 20 20
min min
1 PDA Multi 1/210nm 4nm 1 PDA Muli 17210nm 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Pealc# Ret. Time Area Area % Peak# Ret. Time Area Area %
L 16.592 6214582 49.749 1 16.785 234474 1.730
2 22.115 6277260 50251 2 22.191 13320062 98.270
Tota 12491842 100.000 Total 13554536 100.000
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dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-(4-nitrophenyl)-3,3a,4,5-
tetrahydropentalene-2,2(1H)-dicarboxylate (41ab)

Isolated as a colorless oil: 88% yield:

HPLC: 95% ee. The ee was determined on a Chiralpak
AS-H column with hexanes/2-propanol = 95/5, flow = 1.0

mL/min, wavelength = 210 nm. Retention times: 9.38 min
27 _
27 =

[(R)- enantiomer], 15.30 min [(S)-enantiomer] . [«]
—0.12 (¢ 0.5, CHCI3). Rs= 0.5 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 8.16-8.14 (m, 2H), 7.36-7.26 (m, 7TH), 5.07 (d, /= 12.4
Hz, 1H), 5.00 (d, J= 12.6 Hz, 1H), 3.73 (s, 3H), 3.67 (s, 3H), 2.92 (d, J= 16.0 Hz, 1H),
2.60 (d, J=14.0 Hz, 1H), 2.59 (d, J = 16.0 Hz, 1H), 2.41 (d, J= 13.6 Hz, 1H), 2.39 (d,
J=13.6 Hz, 1H), 2.39 (d, J= 13.6 Hz, 1H), 2.16 (d, J = 13.6 Hz, 1H), 1.87 (d,J=13.6
Hz, 1H), 1.22 (s, 3H), 1.19 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 172.6,172.4,171.3, 151.1, 146.9, 143.7, 137.9, 135.7,
130.2, 128.5,128.3, 123.2, 66.2, 60.6, 55.2, 53.0, 52.8, 50.9, 47.8,45.2, 32.1, 28.6, 26.5.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C29H3:NOg 522.2128; Found 522.2132
HPLC chromatogram :

mAU
POA M 1 = PDA Mufi 1

=
H
- 200
50

150

25 100
50 -
N §
i 8

1 T
25 50 75 100 125 150 175 200
m
r

e —
t v
25 50 75 100 125 150 175 200

1 PDA Multi 1/210nm 4nm 1 PDA Muti 1/210nm 4nm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peald# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 9.429 1502272 50.153 1 9385 5025804 97937
15316 1493082 49.847 2 15309 105856 2.063
Total 2995354 100.000 Total 5131660 100.000
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dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-6-(4-bromophenyl)-3a,5-dimethyl-3,3a,4,5-
tetrahydropentalene-2,2(1H)-dicarboxylate (41ac)

Isolated as a colorless oil: 78% yield:

HPLC: 93% ee. The ee was determined on a Chiralpak IG
column with hexanes/2-propanol = 97/3, flow = 1.0
mL/min, wavelength = 210 nm. Retention times: 20.19
min [(R)- enantiomer], 20.12 min [(S)-enantiomer].
[a]37 = —0.14 (c 0.5, CHCl3). Ry= 0.5 (ether/hexanes,

1/5).

'H NMR (CDCls, 400 MHz): § 7.42-7.40 (m, 2H),7.34-7.30 (m, 2H), 7.03-7.01 (m,
2H), 5.07 (d, J = 12.4 Hz, 1H), 5.00 (d, J = 12.4 Hz, 1H), 3.72 (s, 3H), 3.66 (s, 3H),
2.91 (d, J=16.0 Hz, 1H), 2.57 (d, J = 16.4 Hz, 1H), 2.56 (d, J = 13.2 Hz, 1H), 2.46 (d,
J=13.6 Hz, 1H), 2.37 (d,J= 13.6 Hz, 1H), 2.34 (d, J = 14.0 Hz, 1H), 2.17 (d,J=13.6
Hz, 1H), 1.82 (d,J= 13.6 Hz, 1H), 1.18 (s, 3H), 1.17 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 172.6, 172.6, 171.6, 149.2, 138.7, 135.8, 131.1, 131.0,
128.5,128.2,128.1,121.2, 66.1, 60.7, 54.8, 52.8, 52.7, 52.4, 50.7, 47.9, 45.0, 32.0, 28.3,
26.5.

HRMS (ESI-TOF) /= [M+H]" Caled for C2oH306Br 555.1382; Found 555.1375

HPLC chromatogram :

m
PDA WU 1 g PDA MUl

100
) JAJ\L Lﬂ
10 15 0 5 :

i
1 PDA Muti 1/210nm 4nm 1 PDA Multi 1/210nm dnm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Pealks Ret. Time Area Area % Peak# Ret. Time Area Arca %
1 20.187 17211074 49.423 1 20.195 432412 3.029
22392 17613081 50577 2 22126 13843607 96.971
Tota 34824155 100.000 Total 14276019 100,000
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dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-(3-(trifluoromethyl)
phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ad)

CF; Isolated as a colorless oil: 86% yield:

HPLC: 95% ee. The ee was determined on a Chiralpak
IG column with hexanes/2-propanol = 97/3, flow = 1.0
/0 O/D mL/min, wavelength = 210 nm. Retention times: 15.61

min [(R)- enantiomer], 28.72 min [(S)-enantiomer].
[a]37 =—0.13 (c 0.5, CHCI3). Ry= 0.5 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.56-7.54 (m, 2H),7.36-7.28 (m, SH), 5.07 (d, J= 12.4
Hz, 1H), 5.00 (d, J= 12.4 Hz, 1H), 3.73 (s, 3H), 3.67 (s, 3H), 2.91 (d, J= 16.0 Hz, 1H),
2.60 (d, J=13.6 Hz, 1H), 2.58 (d, J = 16.0 Hz, 1H), 2.47 (d, J = 13.6 Hz, 1H), 2.40 (d,
J=13.6 Hz, 1H),2.37 (d,J=13.2 Hz, 1H), 2.18 (d, J = 13.6 Hz, 1H), 1.84 (d,J=13.6
Hz, 1H), 1.19 (s, 3H), 1.19 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 172.7,172.6, 171.5, 149.9, 140.2, 138.7, 135.8, 129.7,
129.2 (q, Jo-r = 32.2), 128.5, 128.3, 128.2, 124.9 (q, Jo-r = 3.5), 124.2 (q, Jcr = 270.5),
66.1, 60.7, 55.0, 52.9, 52.8, 52.6, 50.7, 45.1, 32.0, 28.4, 26.6.

1YF NMR (CDCls, 376 MHz): § —62.5
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C30H3,06F3 545.2151; Found 545.2143

HPLC chromatogram :

mAU
a0 5 2 PDA Multi 1] 150 ] PDA Mutti 1)

288

204

10 50
J L ;
o 1" o+ +— =t
10 15 0 5 E) 35 : 10 15 5 30

1 PDA Multi 1/210nm 4nm 1 PDA Multi 1/210nm 4nm

22

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peak Ret. Time Arca Area % Peak# Ret. Time Area Area %
1 15810 1002977 50.610 1 15,612 6293840 97.649
28.856 978803 49.390 3 28.722 151516 2351
Total 1981780 100.000 Total 6445356 100.000
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dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-(4-(trifluoromethyl)
phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ae)

Isolated as a colorless oil: 90% yield:

HPLC: 95% ee. The ee was determined on a Chiralpak IG

column with hexanes/2-propanol = 98/2, flow = 1.0

mL/min, wavelength = 210 nm. Retention times: 10.99

min [(R)- enantiomer], 26.15 min [(S)-enantiomer].
[a]37 =—0.12(c 0.5, CHCls). R;=0.5 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.56-7.54 (m, 2H),7.37-7.28 (m, 7H), 5.07 (d, J= 12.4
Hz, 1H), 5.00 (d, J= 12.4 Hz, 1H), 3.73 (s, 3H), 3.67 (s, 3H), 2.91 (d, J= 16.0 Hz, 1H),
2.59 (d, J=16.0 Hz, 1H), 2.47 (d, J = 14.0 Hz, 1H), 2.40 (d, J = 13.6 Hz, 1H), 2.37 (d,
J=13.2Hz, 1H),2.31 (d,J=13.2 Hz, 1H), 2.18 (d, J= 13.6 Hz, 1H), 1.84 (d,J=13.2
Hz, 1H), 1.94 (s, 3H), 1.19 (s, 3H).

3C NMR (CDCls, 100 MHz): 6 172.7, 172.6, 171.5, 149.9, 140.2, 138.6, 135.8, 129.7,
129.2 (q, Jer = 32.2), 128.5, 128.3, 128.2, 124.9 (q, Je-r = 3.6), 124.2 (q, Jer = 270.2),
66.1, 60.7, 55.0, 52.9, 52.8, 52.6, 50.7, 47.9, 45.1, 32.0, 28.4, 26.5.

1YF NMR (CDCls, 376 MHz): § —62.5

HRMS (ESI-TOF) m/z: [M+H]" Caled for C30H3,06F3 545.2151; Found 545.2152

HPLC chromatogram :

504

&

PDA MU

L

25

PDA MUK

one D———-“ﬂ-——
T > A 5 2 2
min min
1 PDA Multi 1/210nm dnm 1 PDA Multi 1/210nm 4am
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peaks# Ret. Time Area Area % Peaks# Ret. Time Area Area %
1 11.035 2878172 49.872 1 10.999 1987037 97.919
2 26.119 2892982 50.128 26.152 42221 2.081
Total 5771154 100.000 Total 2029258 100.000
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dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-(p-tolyl)-3,3a,4,5-tetra
hydro pentalene-2,2(1H)-dicarboxylate (41af)

Isolated as a colorless oil: 78% yield:

HPLC: 97% ee. The ee was determined on a Chiralpak IG

column with hexanes/2-propanol = 99/1, flow = 1.0

mL/min, wavelength = 210 nm. Retention times: 11.05

7% Ob min [(R)- enantiomer], 26.25 min [(S)-enantiomer]. [a]3’
=—0.14 (¢ 0.5, CHCI3). Ry= 0.6 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.35-7.29 (m, 5H), 7.10 (d, J = 8.0 Hz, 2H), 7.02 (d, J
= 8.0 Hz, 2H), 5.06 (d, J = 12.4 Hz, 1H), 5.00 (d, J = 12.4 Hz, 1H), 3.71 (s, 3H), 3.65
(s, 3H), 2.94 (d, J = 16.0 Hz, 1H), 2.59 (d, J = 16.8 Hz, 1H), 2.59 (d, /= 13.2 Hz, 1H),
2.47 (d,J=13.2 Hz, 1H), 2.38 (d, /= 13.2 Hz, 1H), 2.32 (s, 3H), 2.30 (d, J = 13.6 Hz,
1H), 2.21 (d, J = 13.6 Hz, 1H), 1.80 (d, J = 13.6 Hz, 1H), 1.20 (s, 3H), 1.18 (s, 3H).

BCNMR (CDCls, 100 MHz): 6 172.8,172.7, 171.8, 148.0, 139.9, 136.5, 135.9, 133.1,
129.2, 128.6, 128.4, 128.2, 128.1, 65.9, 60.8, 54.7, 52.8, 52.7, 52.2, 50.6, 47.9, 45.0,
32.1,28.1,26.5, 21.1.

HRMS (ESI-TOF) m/z: [M+H]"* Calcd for C30Hss06 491.2434; Found 491.2437

HPLC chromatogram :

mAU
PDA Mt 1 2 PDA MUl 1

25
25
]
— + L - S — v L e
WIU |‘5 X ‘5
in

in
1 PDA Multi 1/210nm 4nm 1 PDAMuli 1/210nm 4nm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peak# Ret. Time Area Area % Peakd# Ret. Time Area Area %
1 11.145 2149261 50.154 1 11.056 2668934 98.602
2 26458 2136071 49.846 2 26.256 37847 1.398
Total 4285333 100.000 Total 2706781 100.000
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benzyl 2-(5,5-bis(((4-bromobenzyl)oxy)methyl)-3-ethyl-2,6a-dimethyl-
1,2,4,5,6,6a-hexahydropentalen-2-yl)acetate (44aa)

Isolated as a colorless oil: 78% vyield:
BI‘AQ—\O 0 y

o~ 0
o A HPLC: 91% ee. The ee was determined on a
@]
Br <:> /\O Chiralpak IC column with hexanes/2-propanol =
98/2, flow = 1.0 mL/min, wavelength = 220 nm.
Retention times: 15.61 min [(R)- enantiomer], 28.72 min [(S)-enantiomer]. [a]3’ =

—0.04 (c 0.5, CHCI3). Ry=0.55 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.42-7.39 (m, 4H), 7.35-7.29 (m, SH), 7.16-7.11 (m,
4H), 5.12 (d, J = 12.4 Hz, 1H), 5.06 (d, J = 12.4 Hz, 1H), 4.44 (s, 2H), 4.37 (s, 2H),
3.47 (d, J= 8.4 Hz, 1H), 3.42 (d,J= 8.8 Hz, 1H), 3.17 (d, J= 8.4 Hz, 1H), 3.13 (d, J =
8.4 Hz, 1H), 2.45 (s, 2H), 2.20 (d, J= 13.6 Hz, 2H), 1.99 (d, J= 14.8 Hz, 1H), 1.92 (dq,
J=15.6, 8.0 Hz, 1H), 1.85 (dq, J = 15.6, 8.0 Hz, 1H), 1.72 (d, J = 13.6 Hz, 1H), 1.55
(d, J=13.6 Hz, 1H), 1.43 (d, J= 13.6 Hz, 1H), 1.10 (s, 3H), 1.08 (s, 3H), 0.96 (t, J =
7.6, 3H).

BC NMR (CDCls, 100 MHz): 6 172.1, 146.2, 139.0, 137.7, 137.6, 136.1, 131.3, 129.1,
128.9, 128.4, 128.2, 128.0, 121.2, 121.1, 75.1, 74.0, 72.3, 72.2, 65.9, 53.6, 52.0, 51.3,
49.2,47.0,44.9,29.9,28.1,27.6, 18.5, 14.8.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C37H4304Br> 709.1528; Found 709.1528

HPLC chromatogram :

H PDA Mt 1 3 PDA N

g

20 - 204
104 104
I\ AW W | y A~

o]

a8

T T T T T T T T T
20 25 30 35 5 10 15 20 25

min min
1 PDA Mutti 1/220nm 4nm 1 PDA Multi 1/220nm 4nm

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 220nm 4nm
Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 8.801 859295 49.791 1 8.780 890018 95.776
2 18.661 866518 50.209 2 18.448 39252 4224
Total 1725813 100.000 Total 929270 100.000
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(5-(2-(benzyloxy)-2-oxoethyl)-6-ethyl-3a,5-dimethyl-1,2,3,3a,4,5-hexahydropenta
lene-2,2-diyl)bis(methylene) bis(4-bromobenzoate) (44ab)

o Isolated as a colorless oil: 85% yield:
Br—< >—<o

m HPLC: 95% ee. The ee was determined on a
O " o)
Br—< >—<o

/\O Chiralpak IC column with hexanes/2-propanol =

98/2, flow = 1.0 mL/min, wavelength = 210 nm.

Retention times: 11.04 min [(R)-enantiomer], 18.76 min [(S)-enantiomer]. [a]3 =
—0.06 (¢ 0.5, CHCI3). Ry=0.65 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.87-7.83 (m, 4H), 7.57-7.54 (m, 4H), 7.36-7.31 (m,
5H), 5.14 (d, J = 12.4 Hz, 1H), 5.08 (d, J = 12.4 Hz, 1H), 4.45 (d, J = 11.2 Hz, 1H),
439 (d, J=11.2 Hz, 1H), 4.15 (s, 2H), 2.49 (s, 2H), 2.37 (d, J = 14.8 Hz, 1H), 2.30 (d,
J=13.6 Hz, 1H), 2.24 (d, J = 14.8 Hz, 1H), 1.99 (d, J = 8.0 Hz, 1H), 1.95 (d, /= 7.6
Hz, 1H), 1.72 (d,J= 13.6 Hz, 1H), 1.54 (d, J= 13.2 Hz, 1H), 1.38 (d, J = 14.0 Hz, 1H),
1.21 (s, 3H), 1.16 (s, 3H), 1.00 (t, J= 7.6 Hz, 3H).

BC NMR (CDCls, 100 MHz): 6 172.0, 165.7, 144.6, 140.5, 136.0, 131.8, 131.0, 128.8,
128.5,128.3, 128.1, 69.1, 68.2, 66.0, 53.9, 51.8, 51.7,47.9, 46.7, 44.9, 29.9, 28.1, 27.6,
18.7, 14.9.

HRMS (ESI-TOF) m/z: [M+H] Calcd for C37H3906Br> 737.1113; Found 737.1096

HPLC chromatogram :

PDA Nt 1

o— A TN e
2 2 ; f : ) 2
min min
1 PDA Multi 1/210nm 4nm 1 PDA Multi 1/210nm 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm

Peak# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 11.093 2335749 50.416 1 11.043 5336281 97.754
2 18.789 2297228 49584 2 18.766 122616 2246
Total 4632977 100.000 Total 5458897 100.000
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benzyl 2-(5,5-bis(((4-bromobenzyl)oxy)methyl)-2,6a-dimethyl-3-phenyl-
1,2,4,5,6,6a-hexahydropentalen-2-yl)acetate (44ac)

Isolated as a colorless 0il:83% yield:

Br

.0 HPLC: 92% ee. The ee was determined on a
o Chiralpak IC column with hexanes/2-propanol =
/\O 98/2, flow = 1.0 mL/min, wavelength = 220 nm.
Retention times: 9.71 min [(R)-enantiomer], 15.99 min [(S)-enantiomer]. [a]3’ =
—0.04 (c 0.5, CHCI3). Ry=0.55 (ether/hexanes, 1/5).

Br

-
-0~

"H NMR (CDCls, 400 MHz): 6 7.47-7.38 (m, 7H), 7.27-7.24 (m, 2H), 7.19-7.13 (m,
5H), 7.07-7.05 (m, 4H), 4.98 (d, J = 12.8 Hz, 1H), 4.92 (d, J = 12.4 Hz, 1H), 4.42 (s,
2H), 4.35 (s, 2H), 3.44 (d, /= 8.8 Hz, 1H), 3.41 (d, /= 8.8 Hz, 1H), 3.20 (d, /= 8.4 Hz,
1H), 3.16 (d, J= 8.8 Hz, 1H), 2.58 (d, /= 13.6 Hz, 1H), 2.47 (d, /= 13.6 Hz, 1H), 2.33
(d, J=13.2 Hz, 1H), 2.08 (d, /= 15.2 Hz, 1H), 1.97 (d, J = 14.8 Hz, 1H), 1.63 (d, J =
13.6 Hz, 1H), 1.62 (d, J = 15.6 Hz, 1H), 1.28 (d, J = 13.6 Hz, 1H), 1.21 (s, 3H), 1.16
(s, 3H).

BCNMR (CDCls, 100 MHz): 6 171.8,150.8, 138.9, 137.7, 137.5, 136.8, 135.0, 131.6,
131.4,129.9, 1294, 129.2, 129.0, 127.9, 126.8, 122.1, 121.3, 121.2, 75.1, 74.2, 72.4,
72.3,65.1,54.3,52.3,51.6, 49.1, 46.9, 45.1, 30.6, 28.6, 28.1.

HRMS (ESI-TOF) m/z: [M+H]" Caled for C2sH2sNO4 406.2018; Found 406.2021

HPLC chromatogram :

mAU
PDA WU 1 5 PO

in
1 PDAMuti 1/210nm 4nm 1 PDA Muti 1/210nm dnm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm

Pealc# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 11.145 3017936 49.863 1 10.702 3643552 96.085
19.081 3034483 50.137 2 18.080 148450 3915
Total 6052418 100.000 Tota 3792002 100.000
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(5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-(4-bromophenyl)-3a,5-dimethyl-
1,2,3,3a,4,5-hexahydropentalene-2,2-diyl) bis(methylene) bis(4-bromobenzoate)
(44ad)

Isolated as a colorless oil: 77% yield:

HPLC: 91% ee. The ee was determined on a
Chiralpak AS-H column with hexanes/2-propanol =

96/4, flow = 1.0 mL/min, wavelength = 210 nm.
s, Retention times: 7.09 min [(R)- enantiomer], 10.87
min [(S)-enantiomer]. [a]4” =—0.03 (c 0.5, CHCl3). Ry= 0.35 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.83-7.77 (m, 4H), 7.55-7.52 (m, 4H), 7.48-7.44 (m,
2H), 7.27-7.24 (m, 2H), 7.19-7.17 (m, 2H), 7.12-7.09 (m, 2H), 5.00 (d, J = 12.4 Hz,
1H), 4.93 (d, J= 12.4 Hz, 1H), 4.43 (d, J= 11.2 Hz, 1H), 4.40 (d, J = 11.2 Hz, 1H),
420 (d,J=11.2 Hz, 1H), 4.17 (d,J = 11.2 Hz, 1H), 2.61 (d, J= 14.0 Hz, 1H), 2.49 (d,
J=14.0 Hz, 1H), 2.44 (d, J=13.6 Hz, 1H), 2.30 (d, J = 14.8 Hz, 1H), 2.13 (d,J=15.2
Hz, 1H), 1.80 (d, J= 13.6 Hz, 1H), 1.76 (d, J= 13.6 Hz, 1H), 1.55 (d, J = 14.0 Hz, 1H),
1.33 (s, 3H), 1.23 (s, 3H).

BC NMR (CDCls, 100 MHz): 6 171.6, 165.7, 148.9, 140.6, 136.1, 134.9, 131.8, 131.7,
131.6, 131.0, 129.9, 129.4, 129.2, 128.7, 128.3, 128.0, 127.9, 127.1, 122.2, 69.0, 68.0,
65.2,54.6,52.0,51.8,47.7,46.7,45.9, 30.6, 28.5, 28.2.

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C41H36BrsNaOs 967.3388; Found 970.7259

HPLC chromatogram:

mAU
POA Wt T POA Wi 1
400 g

200

ER
5&

1 PDA Muti 1/210nm dnm 1 PDA Multi 122100m 4nm
PeakTable PeakTable

PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peak# Ret. Time Ar Area % Peak# Ret. Time Ar

ea a %o ea Area %
1 7.076 4598101 49.076 1 7.094 5426541 95819
2 10.856 4658157 50324 2 10.873 236777 4.181
Total 9256258 100.000 Total 5663318 100.000
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dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-(4-bromophenyl)-3a,5-dimethyl-
3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ag)

Isolated as a colorless oil: 88% yield:

HPLC: 96% ee. The ee was determined on a Chiralpak 1G
column with hexanes/2-propanol = 98/2, flow = 1.0
mL/min, wavelength = 210 nm. Retention times: 12.97 min
[(R)- enantiomer], 22.49 min [(S)-enantiomer]. [a]3’ =

—0.16 (¢ 0.5, CHCI3). Ry= 0.45 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 8 7.47-7.41 (m, 4H),7.19-7.17 (m, 2H), 7.03-7.01 (m,
2H), 5.00 (d, J = 12.8 Hz, 1H), 4.94 (d, J = 12.4 Hz, 1H), 3.72 (s, 3H), 3.66 (s, 3H),
2.91 (d, J=16.0 Hz, 1H), 2.58 (d, J = 16.0 Hz, 1H), 2.56 (d, J = 13.2 Hz, 1H), 2.56 (d,
J=13.6 Hz, 1H), 2.45 (d,J=13.6 Hz, 1H), 2.34 (d, J = 14.0 Hz, 2H), 2.18 (d, /= 13.6
Hz, 1H), 1.82 (d,J= 13.6 Hz, 1H), 1.18 (s, 3H), 1.17 (s, 3H).

BCNMR (CDCls, 100 MHz): 6 172.6,172.5, 171.4, 149.3, 138.6, 135.0, 134.8, 131.6,
131.1, 131.0, 129.9, 122.2, 121.2, 65.2, 60.7, 54.7, 52.9, 52.8, 52.7, 52.3, 50.7, 47.8,
45.0, 32.0, 28.2, 26.5.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C29H3106Br> 633.0487; Found 633.0476

HPLC chromatogram:

m
PDA Mutti 1] IS PDA MUK 7]

50
10] 8
L i oA . A
o] 1 1 ! L
T : . x = y : 5 10 15 2 » .
1 PDA Muit 1/210nm dnm ™1 PDAMu 172100m 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peaks# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 13.003 1360865 50.117 1 12.977 4606107 98.036
2 22.446 1354505 49.883 2 22.492 92288 1.964
Total 2715370 100.000 Total 4698395 100.000
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dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-3a,5-dimethyl-6-(4-(trifluoro
methyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ah)

Isolated as a colorless oil: 85% yield:

HPLC: 94% ee. The ee was determined on a Chiralpak I1G
column with hexanes/2-propanol = 98/2, flow = 1.0 mL/min,
wavelength = 210 nm. Retention times: 17.25 min [(R)-
enantiomer], 31.06 min [(S)-enantiomer]. [a]3’ =—0.14 (c
0.5, CHCI3). Ry= 0.45 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.57-7.55 (m, 2H), 7.47-7.45 (m, 2H), 7.28-7.26 (m,
2H), 7.19-7.17 (m, 2H), 5.00 (d, J = 12.4 Hz, 1H), 4.94 (d, J = 12.8 Hz, 1H), 3.73 (s,
3H), 3.67 (s, 3H), 2.91 (d, J= 16.0 Hz, 1H), 2.60 (d, J = 14.0 Hz, 1H), 2.59 (d, /= 16.0
Hz, 1H), 2.47 (d,J= 13.6 Hz, 1H), 2.37 (d, J= 13.2 Hz, 1H), 2.36 (d, J = 13.2 Hz, 1H),
2.37(d,J=13.2 Hz, 1H), 2.18 (d, J= 13.6 Hz, 1H), 1.85 (d, J= 13.6 Hz, 1H), 1.19 (s,
6H).

3C NMR (CDCls, 100 MHz): 6 172.6, 172.5, 171.3, 150.0, 140.1, 138.6, 134.8, 131.7,
129.9, 129.6, 129.2 (q, Jer = 32.1 Hz), 124.9 (q, Jer = 3.6 Hz), 124.2 (q, Jer = 270.5
Hz), 122.2, 65.3, 60.7, 55.0, 52.9, 52.8, 52.6, 50.8, 47.8, 45.0, 32.0, 28.3, 26.5.

F NMR (CDCls, 376 MHz): 6 —62.5
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C30H3106F3Br 623.1256; Found 623.1266

HPLC chromatogram :

mAU
40 % H PDA MUt 1 2 PDA M ]

50

104 25
o
A " =}
ol - + | M , " L
5 10 15 0 30 35 : Ib 1‘5 ‘EI “3 ZID 35

o]

8

1 PDA Muli 1/210nm 4nm 1 PDA Multi 1/210nm 4nm

PeakTable PeakTable
PDA Chl 210nm 4nm PDA Ch1 210nm 4nm
Peaks# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 17.347 1503111 50.128 1 17.250 3605793 97.254
2 31.285 1495427 49.872 2 31.066 101813 2.746
Total 2998537 100.000 Tota 3707606 100.000
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di-tert-butyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-ethyl-3a,5-dimethyl-
3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (44ae)

A( o Isolated as a colorless oil: 79% yield:

o HPLC: 95% ce. The ee was determined on a Chiralpak IC

7§ 0o O/\Q column with hexanes/2-propanol = 98/2, flow = 1.0

B mL/min, wavelength =210 nm. Retention times: 9.71 min

[(R)- enantiomer], 15.99 min [(S)-enantiomer]. [a]3’ =—0.21 (c 0.5, CHCI3). R/=0.65
(ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): & 7.49-7.46 (m, 2H), 7.24-7.22 (m, 2H), 5.07 (d, J =
12.8 Hz, 1H), 5.02 (d, J = 12.8 Hz, 1H), 2.82 (d, J= 15.6 Hz, 1H), 2.72 (d,J= 15.6 Hz,
1H), 2.47 (s, 2H), 2.17 (d, J= 13.2 Hz, 1H), 2.10 (d, J= 13.6 Hz, 1H), 1.98 (d, /= 13.6
Hz, 1H), 1.58 (d, J=13.6 Hz, 1H), 1.45 (s, 9H), 1.42 (s, 9H), 1.10 (s, 3H), 1.07 (s, 3H),
1.01 (t, J=7.6 Hz 3H).

BCNMR (CDCls, 100 MHz): 6 171.9, 171.6, 171.5, 145.0, 139.2, 135.1, 131.6, 129.9,
122.1, 80.9, 65.1, 62.8, 54.0, 52.2, 50.6, 47.8, 44.9, 31.3, 27.8, 27.2, 26.5, 18.6, 14.6.

HRMS (ESI-TOF) m/z: [M+Na]" Caled for C31Hs306BrNa 613.2141; Found 613.2136

HPLC chromatogram :

mAU
B FOA NI ] 260 = PDA N 1

o] oA
2 2 : = 2
min min
1 PDA Muiti 1/210nm 4nm 1 PDAMud 1/210nm 4nm
PeakTable PeakTable
PDA Chl 210nm 4nm PDA Chl 210nm 4nm
Peak# Ret. Time Area Area % Peaks# Ret. Time Area Area %

1 9.800 1566807 50.308 1 9.718 5432409 97.581

16.147 1547600 49.692 2 15.995 134670 2.419

Total 3114407 100.000 Total 5567079 100.000
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dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-ethyl-3a,5-dimethyl-3,3a,4,5-
tetrahydropentalene-2,2(1H)-dicarboxylate (41ai)

Isolated as a colorless oil: 88% yield:

. o HPLC: 96% ee. The ee was determined on a Chiralpak
70 /D IA column with hexanes/2-propanol = 98/2, flow = 1.0
Br mL/min, wavelength = 220 nm. Retention times: 9.71
min [(R)- enantiomer], 15.99 min [(S)-enantiomer]. [a]3’ =—0.16 (c 0.5, CHCl3). R/=
0.55 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): & 7.49-7.47 (m, 2H), 7.24-7.22 (m, 2H), 5.07 (d, J =
12.4 Hz, 1H), 5.02 (d, J = 12.4 Hz, 1H), 3.74 (s, 3H), 3.69 (s, 3H), 2.87 (s, 2H), 2.46
(s, 2H), 2.24 (d, J= 13.2 Hz, 1H), 2.19 (d, J = 13.2 Hz, 1H), 2.04 (d, J = 13.6 Hz, 1H),
1.96 (d, J= 7.6 Hz, 1H), 1.93 (d, J = 7.6 Hz, 1H), 1.58 (d, J = 14.0 Hz, 1H), 1.10 (s,
3H), 1.06 (s, 3H), 1.01 (t, J = 7.6 Hz, 3H).

BCNMR (CDCls, 100 MHz): 6 172.9,172.8, 171.8, 144.3, 139.9, 135.0, 131.6, 129.9,
122.1,65.2,61.3,54.1,52.8, 52.7, 52.2, 50.5,47.9, 44.9, 31.6, 27.2, 26.5, 18.6, 14.5.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C25sH3206Br 507.1382; Found 507.1380

HPLC chromatogram :

mAU
z PDA N ] = PDA NUH |

25
! » BARN A ; A
10 0 5

in
1 PDA Multi 1/220nm 4nm 1 PDA Mutti 1/220nm 4nm

a

PeakTable PeakTable
PDA Chl 220nm 4nm PDA Chl 2200m dnm
Peald? Ret Time Area Area % Peaks Ret. Time: Area Area %
1 12629 1127147 50.751 1 11.913 2281875 98.387
2 26715 1093767 49249 2 25233 37400 1613
Totall 2220914 100.000 Total 2319276 100.000
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4-bromobenzyl 2-(6-(4-bromophenyl)-2',2',3a,5-tetramethyl-3,3a,4,5-tetrahydro-
1H-spiro[pentalene-2,5'-[1,3]dioxan]-5-yl)acetate (44af)

Isolated as a colorless oil: 81% yield:

HPLC: 92% ee. The ee was determined on a Chiralpak OJ-
H column with hexanes/2-propanol = 98/2, flow = 1.2
mL/min, wavelength = 210 nm. Retention times: 9.93 min
[(R)- enantiomer], 16.68 min [(S)-enantiomer]. [a]3’ =

—0.09 (¢ 0.5, CHCI3). Ry= 0.56 (ether/hexanes, 1/5).

'H NMR (CDCls, 400 MHz): 6 7.48-7.47 (m, 2H), 7.46-7.45 (m, 2H), 7.18-7.16 (m,
2H), 7.01-6.98 (m, 2H), 4.98 (d, J = 12.4 Hz, 1H), 4.92 (d, J = 12.4 Hz, 1H), 3.77 (d,
J=11.2 Hz, 1H), 3.70 (dd, /= 10.8, 0.8 Hz, 1H), 3.48 (d, J= 11.2 Hz, 1H), 3.34 (dd, J
=10.8, 0.8 Hz, 1H), 2.54 (d, J = 13.6 Hz, 1H), 2.33 (d, J = 13.6 Hz, 1H), 2.20 (d, J =
15.6 Hz, 1H), 2.10 (d, J = 15.2 Hz, 1H), 1.69 (d, J= 13.6 Hz, 1H), 1.56 (d,J= 13.6 Hz,
1H), 1.39 (s, 3H), 1.33 (s, 3H), 1.20 (s, 6H).

BC NMR (CDCls, 100 MHz): 6 171.6, 151.0, 138.1, 135.4, 134.9, 131.6, 131.2, 129.9,
122.2,122.1,97.6, 70.8, 69.3, 65.2, 54.4, 51.8, 51.4, 47.7, 45.0, 43.1, 32.2, 28.7, 27.9,
25.8,21.6.

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C30H3504Br> 617.0902; Found 617.0905

HPLC chromatogram :

PDA Multi 1]

n
1 PDA Mutti 17210nm 4nm 1 PDA Mutti 1210nm 4nm

PeakTable PeakTable
PDA Ch1 210nm 4nm PDA Chl 210nm 4nm i
Peal# Ret. Time Area Area % Peak# Ret. Time Area Area %
1 10.053 4008127 49845 1 9.933 3986069 96.150
16.926 4033042 50.155 2 16.684 159609 3.850
Total 8041168 100.000 Total 4145678 100.000
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tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro-
5H-5,10-epiminobenzo[b]fluorene-12-carboxylate BC1

168



Table 1. Crystal data and structure refinement for d25033a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.06°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

d25033a

C25 H27 N 04

405.48

200(2) K

0.71073 A

Orthorhombic

P212121

a=7.9970(3) A o=90°.
b=19.8493(4) A B=90°.
c=27.1106(8) A v =90°.
2135.36(13) A3

4

1.261 Mg/m3

0.085 mm-!

864

0.39 x 0.25 x 0.20 mm?

2.20 to 25.06°.

-9<=h<=9, -11<=k<=8, -32<=1<=27
13294

3767 [R(int) = 0.0466]

99.4 %

None

0.9832 and 0.9676

Full-matrix least-squares on F2
3767/0/275

1.063

R1=0.0315, wR2 = 0.0800
R1=0.0330, wR2 = 0.0813

0.0(8)

0.167 and -0.151 e.A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x
10%)
for d25033a. U(eq) is defined as one third of the trace of the orthogonalized U% tensor.

X y z U(eq)
C(1) 5528(2) 3869(2) 6566(1) 28(1)
C(2) 4435(2) 1668(2) 6839(1) 31(1)
C@3) 5210(2) 570(2) 7160(1) 49(1)
C(4) 2880(2) 2239(2) 7082(1) 46(1)
C(5) 4110(2) 1147(2) 6322(1) 48(1)
C(6) 8693(2) 4239(1) 6640(1) 25(1)
C(7) 9238(2) 4089(1) 6086(1) 26(1)
C(8) 8648(2) 2803(1) 5844(1) 26(1)
C(9) 9193(2) 1477(2) 5933(1) 33(1)
C(10) 8541(2) 426(2) 5651(1) 37(1)
C(11) 7355(2) 681(2) 5291(1) 38(1)
C(12) 6794(2) 1995(2) 5208(1) 35(1)
C(13) 7454(2) 3053(1) 5485(1) 27(1)
C(14) 7112(2) 4555(1) 5423(1) 26(1)
C(15) 8195(2) 5244(1) 5827(1) 26(1)
C(16) 7197(2) 5851(1) 6270(1) 27(1)
c(17) 8473(2) 6587(2) 6583(1) 29(1)
C(18) 8856(2) 7943(2) 6642(1) 36(1)
C(19) 10221(2) 8272(2) 6939(1) 42(1)
C(20) 11180(2) 7273(2) 7159(1) 40(1)
C(21) 10802(2) 5904(2) 7095(1) 34(1)
C(22) 9419(2) 5579(2) 6811(1) 28(1)
C(23) 7607(2) 4995(2) 4902(1) 29(1)
C(24) 7254(2) 6456(2) 4784(1) 29(1)
C(25) 7662(2) 8125(2) 4167(1) 42(1)
N(1) 6924(2) 4653(1) 6585(1) 27(1)
o(1) 4237(1) 4216(1) 6371(1) 41(1)
0(2) 5771(1) 2704(1) 6822(1) 31(1)
0(3) 6564(2) 7260(1) 5043(1) 54(1)
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0(4) 7817(2) 6743(1) 4332(1) 37(1)
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Table 3. Bond lengths [A] and angles [°] for d25033a.

C(1)-0(1) 1.2094(18)
C(1)-0(2) 1.3547(17)
C(1)-N(1) 1.3589(19)
C(2)-0(2) 1.4782(17)
C(2)-C(5) 1.515(2)
C(2)-C(4) 1.515(2)
C(2)-C(3) 1.521(2)
C(3)-H(3A) 0.9800
C(3)-H(3B) 0.9800
C(3)-H(3C) 0.9800
C(4)-H(4A) 0.9800
C(4)-H(4B) 0.9800
C(4)-H(4C) 0.9800
C(5)-H(5A) 0.9800
C(5)-H(5B) 0.9800
C(5)-H(5C) 0.9800
C(6)-N(1) 1.4795(18)
C(6)-C(22) 1.5146(19)
C(6)-C(7) 1.5688(18)
C(6)-H(6) 1.0000
C(7)-C(8) 1.5033(19)
C(7)-C(15) 1.5754(18)
C(7)-H(7) 1.0000
C(8)-C(13) 1.3858(19)
C(8)-C(9) 1.397(2)
C(9)-C(10) 1.389(2)
C(9)-H(9) 0.9500
C(10)-C(11) 1.384(2)
C(10)-H(10) 0.9500
C(11)-C(12) 1.388(2)
C(11)-H(11) 0.9500
C(12)-C(13) 1.389(2)
C(12)-H(12) 0.9500
C(13)-C(14) 1.514(2)
C(14)-C(23) 1.5295(18)
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C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-N(1)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-C(22)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(23)-C(24)
C(23)-H(23A)
C(23)-H(23B)
C(24)-0(3)
C(24)-0(4)
C(25)-0(4)
C(25)-H(25A)
C(25)-H(25B)
C(25)-H(25C)

O(1)-C(1)-0(2)
O(1)-C(1)-N(1)
0(2)-C(1)-N(1)
0(2)-C(2)-C(5)
0(2)-C(2)-C(4)
C(5)-C(2)-C(4)
0(2)-C(2)-C(3)
C(5)-C(2)-C(3)
C(4)-C(2)-C(3)
C(2)-C(3)-H(3A)

1.5526(19)
1.0000
1.5592(19)
1.0000
1.4733(18)
1.513(2)
1.0000
1.379(2)
1.393(2)
1.393(2)
0.9500
1.383(3)
0.9500
1.392(2)
0.9500
1.386(2)
0.9500
1.501(2)
0.9900
0.9900
1.1935(18)
1.3361(17)
1.4374(19)
0.9800
0.9800
0.9800

125.85(13)
123.87(13)
110.14(12)
109.28(12)
110.50(12)
112.78(14)
102.35(12)
110.98(14)
110.46(14)
109.5
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C(2)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(2)-C(3)-H(3C)
H(3A)-C(3)-H(3C)
H(3B)-C(3)-H(3C)
C(2)-C(4)-H(4A)
C(2)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(2)-C(4)-H(4C)
H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
C(2)-C(5)-H(5A)
C(2)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(2)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
N(1)-C(6)-C(22)
N(1)-C(6)-C(7)
C(22)-C(6)-C(7)
N(1)-C(6)-H(6)
C(22)-C(6)-H(6)
C(7)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-C(15)
C(6)-C(7)-C(15)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(15)-C(7)-H(7)
C(13)-C(8)-C(9)
C(13)-C(8)-C(7)
C(9)-C(8)-C(7)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
99.01(11)
101.32(11)
105.62(11)
116.2
116.2
116.2
114.24(11)
104.32(11)
102.18(10)
111.8
111.8
111.8
120.19(13)
111.92(12)
127.87(12)
118.92(14)
120.5
120.5
120.74(14)
119.6

174



C(9)-C(10)-H(10)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(8)-C(13)-C(12)

C(8)-C(13)-C(14)

C(12)-C(13)-C(14)
C(13)-C(14)-C(23)
C(13)-C(14)-C(15)
C(23)-C(14)-C(15)
C(13)-C(14)-H(14)
C(23)-C(14)-H(14)
C(15)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-C(7)

C(16)-C(15)-C(7)

C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(7)-C(15)-H(15)

N(1)-C(16)-C(17)

N(1)-C(16)-C(15)

C(17)-C(16)-C(15)
N(1)-C(16)-H(16)

C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(18)-C(17)-C(22)
C(18)-C(17)-C(16)
C(22)-C(17)-C(16)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18)
C(19)-C(18)-H(18)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19)
C(18)-C(19)-H(19)

119.6
120.28(14)
119.9
119.9
119.31(14)
120.3
120.3
120.55(14)
112.09(12)
127.23(13)
109.39(11)
104.37(11)
112.54(12)
110.1
110.1
110.1
115.13(11)
107.13(11)
101.84(10)
110.8
110.8
110.8
99.03(11)
102.44(11)
105.70(11)
115.8
115.8
115.8
121.20(14)
132.77(14)
105.88(12)
117.78(15)
121.1
121.1
121.20(15)
119.4
119.4
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C(19)-C(20)-C(21) 120.99(15)

C(19)-C(20)-H(20) 119.5
C(21)-C(20)-H(20) 119.5
C(22)-C(21)-C(20) 117.77(15)
C(22)-C(21)-H(21) 121.1
C(20)-C(21)-H(21) 121.1
C(21)-C(22)-C(17) 121.03(14)
C(21)-C(22)-C(6) 132.68(14)
C(17)-C(22)-C(6) 106.08(12)
C(24)-C(23)-C(14) 114.86(12)

C(24)-C(23)-H(23A) 108.6
C(14)-C(23)-H(23A) 108.6
C(24)-C(23)-H(23B) 108.6
C(14)-C(23)-H(23B) 108.6
H(23A)-C(23)-H(23B)  107.5

0(3)-C(24)-0(4) 123.79(14)
0(3)-C(24)-C(23) 126.61(13)
0(4)-C(24)-C(23) 109.60(12)
0(4)-C(25)-H(25A) 109.5
0(4)-C(25)-H(25B) 109.5
H(25A)-C(25)-H(25B)  109.5
0(4)-C(25)-H(25C) 109.5

H(25A)-C(25)-H(25C)  109.5
H(25B)-C(25)-H(25C)  109.5

C(1)-N(1)-C(16) 123.68(11)
C(1)-N(1)-C(6) 129.23(12)
C(16)-N(1)-C(6) 97.88(10)
C(1)-0(2)-C(2) 119.76(11)
C(24)-0(4)-C(25) 117.10(12)

Symmetry transformations used to generate equivalent atoms:
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Table 4.  Anisotropic displacement parameters (A2x 103)for d25033a. The anisotropic

displacement factor exponent takes the form: -2r?[ h2a*2U + .. + 2 h k a* b* Ul2 ]

Ull U22 U33 U23 U13 U12
c(l) 29(1) 29(1) 27(1) 2(1) 2(1) -1(1)
C2) 28(1) 28(1) 36(1) 2(1) 3(1) -6(1)
Cc(3) 50(1) 36(1) 62(1) 16(1) -5(1) -8(1)
) 39(1) 45(1) 52(1) 2(1) 17(1) -6(1)
c(5) 52(1) 50(1) 42(1) -11(1) 2(1) 9(1)
c6) 25(1) 26(1) 25(1) 3(1) 2(1) 2(1)
c(7) 26(1) 25(1) 26(1) 1(1) 0(1) 1(1)
cE®) 27(1) 26(1) 25(1) 0(1) 5(1) -1(1)
Cc) 36(1) 31(1) 31(1) 4(1) 3(1) 6(1)
C(10) 46(1) 25(1) 40(1) 1(1) 11(1) 3(1)
c(11) 50(1) 28(1) 38(1) (1) 4(1) -7(1)
C(12) 43(1) 33(1) 29(1) -4(1) 3(1) -6(1)
C(13) 31(1) 26(1) 24(1) 1(1) 3(1) 2(1)
C(14) 28(1) 25(1) 26(1) 0(1) 2(1) -1(1)
C(15) 28(1) 24(1) 24(1) 2(1) -1(1) 2(1)
C(16) 32(1) 23(1) 28(1) 2(1) 1(1) 1(1)
C(17) 36(1) 27(1) 23(1) 2(1) 6(1) -1(1)
C(18) 52(1) 28(1) 28(1) -3(1) 8(1) 2(1)
C(19) 54(1) 34(1) 36(1) -11(1) 9(1) -14(1)
C(20) 43(1) 46(1) 31(1) -12(1) 2(1) -13(1)
C(21) 36(1) 41(1) 26(1) -5(1) 0(1) -5(1)
C(22) 33(1) 29(1) 22(1) 2(1) 3(1) -6(1)
C(23) 36(1) 28(1) 25(1) -1(1) 2(1) 5(1)
C(24) 32(1) 29(1) 28(1) -1(1) -4(1) 1(1)
C(25) 47(1) 33(1) 46(1) 13(1) 2(1) -1(1)
N(1) 28(1) 24(1) 28(1) 4(1) 0(1) 0(1)
o(1) 28(1) 40(1) 54(1) 14(1) -6(1) 1(1)
0(2) 27(1) 30(1) 37(1) 8(1) 2(1) -6(1)
0(3) 80(1) 32(1) 49(1) 3(1) 23(1) 13(1)
0(4) 50(1) 32(1) 29(1) 6(1) 4(1) 5(1)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10%)

for d25033a.
X y z U(eq)

HQ3A) 4448 -208 7179 74
H(3B) 5407 930 7492 74
H@3C) 6275 279 7015 74
H(4A) 2098 1498 7153 68
H(4B) 2348 2894 6860 68
H(4C) 3189 2693 7390 68
H(5A) 3322 386 6336 72
H(5B) 5164 840 6175 72
H(5C) 3634 1877 6121 72
H(6) 8909 3438 6857 30
H(7) 10468 4226 6043 31
H(9) 9996 1298 6183 39
H(10) 8912 -478 5705 44
H(11) 6923 -47 5099 46
H(12) 5967 2169 4964 42
H(14) 5901 4749 5482 31
H(15) 8951 5942 5679 31
H(16) 6173 6381 6181 33
H(18) 8211 8629 6486 43
H(19) 10497 9199 6990 50
H(20) 12110 7525 7357 48
H(21) 11471 5216 7242 41
H(23A) 8819 4828 4858 35
H(23B) 7004 4418 4662 35
H(25A) 7993 8187 3820 63
H(25B) 8389 8709 4367 63
H(250) 6498 8422 4203 63
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'"H NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDphenyl)acrylate (23a)
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Current Data Parameters

NAME iwantto graduate
EXPNO 58
PROCNO

F2 - Acquisition Parameters
Date_ 20250427

Time 15.50

INSTRUM spect
PROBHD 5mm PABBO BB/

PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 16
Ds [
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8
DwW 69.333 usec
DE 10.06 usec
TE 295.0 K
D1 2.00000000 sec
TDO 1

CHANNEL f1
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
S| 16384
SF 400.1300088 MHz
WDW EM
SSB 0
LB 0Hz
GB [¢]
PC 1.00
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13C NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-y)phenyl)acrylate (23a)

Current Data Parameters

o VN ® HYE O
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& 2 28 588 7 e E . i €7
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N OON?—Q _ _ _ f “ _ 7 _ 4\ Date_ 20250427
Time 16.05
INSTRUM spect
ﬁu PROBHD 5 mm PABBC BB/
W\ PULPROG Zgpg30
TD 32768
| SOLVENT cDCl3
@] NS 75
DS 0
SWH 24038.461 Hs
_ FIDRES 0.7335%96 H:
- I JXe] 0.6815744 se
RG 198.09
_ T T T T _ T T T T _ T T T T _ T T T T _ T oY 20,800
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 1t 295.1 K
Dl 2.00000000 se
D1l 0.03000000 s<
TDO 1
======== CHANNEL f]l ======
SFOL 100.6228298 Mt
NUCL 13¢
Pl 10.00 s
FLW1 49,50000000 w
======== CHANMEL f2 =====-
SFO2 400.1316005 Mt
Nucz 1H
CPDPRG[2 waltzl6
PCFD2 90.00 wus
‘ PLW2 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W

i 0 0l )l il R S A AR NEASARRE) bR AR NS R
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 | 20 ppm EZ - Frocessing paramerers

SF 100.6127758 Mt
WDW EM
SSB 0
LB 2.00 H:
GB o]
PC 1.00

i

T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'"H NMR spectrum of methyl (E)-3-(4-methyl-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23b)
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Current Data Parameters
NAME iwantto meacwﬂm
63

PROCNO

F2 - Acquisition Parameters
Date_ 20250427

Time 16.23
INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG Zg30

D 32768
SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58

DwW 69.333 usec
DE 10.06 usec

TE 295.2 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 =======-
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

sl 16384
SF 400.1300093 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
o]
.
OMe
m\O
\
@]
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13C NMR spectrum of methyl (E)-3-(4-methyl-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23b)

Me m
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Current Data Parameters

NAME i want to graduate
EXPNO 64
PROCNO 1

F2 - RAcguisition Parameter:

Date_ 20250427
Time 16.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 162
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 uss
DE 6.50 use
PpPpmM 1= 295.3 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH:
NUCl 13C
Pl 10.00 uss¢
PLW1 49.50000000 w
======== CHANNEL f2 ======
SFO2 400.1316005 MH:
Nuc2 1K
CPDPRG[2 waltzlé
PCPD2 90.00 uss
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W

ppm F2 - Processing parameters
s

I 32768
SF 100.6127727 MH:
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
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3.7833
2.4368
1.4346
0.0000

Current Data Parameters
NAME iwantto meacmﬁm
67

EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20250427
Time 16.49
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42
DW 69.333 usec
DE 10.06 usec
TE 295.4 K
D1 2.00000000 sec
TDo 1
======== CHANNEL f1 =======-
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300091 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00

O

s
OMe
w\O
1
Me O

.291

'"H NMR spectrum of methyl (E)-3-(3-methyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl) acrylate (23c)
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13C NMR spectrum of methyl (E)-3-(3-methyl-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl) acrylate (23c)

~ o 0 o oo Current Data Parameters
= =9 mooen 2 a8 > 5 NAME i want to graduat
5 cgE 23 93 Ry 2 <o EXPNO 68
— — oA e I I @ ™~~~ 0 o e PROCNO 1
? AT % [
F2 - Acquisition Parameter
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INSTRUM spect
PROBHD 5 mm PABBO BB/
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DO 1
======== CHANNEL fl ======
SFOl 100.6228298 MH
NUC1 13C
P1 10.00 us:
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDFRG[2 waltzlé
PCPDZ 90.00 us:
PLWZ2 12.50000000 W
PLW12 0.34722000 w
0.28125000 W
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 PpPM £z - Processing parameters
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'"H NMR spectrum of methyl (E)-3-(5-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23g)
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Current Data Parameters

NAME  iwant to graduate
EXPNO 71
PROCNO 1
F2 - Acquisition Parameters
Date_ 20250427
Time 17.08
INSTRUM spect
PROBHD 5mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8
DW 69.333 usec
DE 10.06 usec
TE 2955 K
D1 2.00000000 sec
TDo 1
======== CHANNEL f1 =======-
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300061 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
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13C NMR spectrum of methyl (E)-3-(5-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-

Current Data Parameters
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YF NMR spectrum of methyl (E)-3-(5-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23g)

AC4 19f

-108.711

-20

-40

-60

-80

T
-100

Current Data Parameters
NAME i want to graduate
EXPNO 75

PROCNO 1

F2 - Acquiisition Parameters
Date_ 20250427
Time 17.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gig

TD 131072
SOLVENT CDCI3
NS 4

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec
DE 6.50 usec

TE 2958 K

D1 1.00000000 sec

Dit 0.03000000 sec
1

======== CHANNEL {1 ======
SFO1 376.4607168 MHz
NUCH 19F

P1 15.00 usec

PLW1 16.50000000 W
======== CHANNEL {2 ======
SFO2 400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16

PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W
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'H NMR spectrum of methyl (E)-3-(4-chloro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23j)
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Current Data Parameters
NAME i wantto graduate
EXPNO 77
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250427

Time 18.37
INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

Dw 69.333 usec
DE 10.06 usec
TE 296.2 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 =====:

SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 Usec
_u_.Sj _m.mQDOOOQOE

F2 - Processing parameters

8l 16384
SF 400.1300062 MHz
WOW EM
SSB 0
LB 0 Hz
GB o
PC 1.00
o]
s
OMe
B-©
|
O
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13C NMR spectrum of methyl (E)-3-(4-chloro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23j)
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'"H NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-5-(trifluoromethyl) phenyl) acrylate (23i)
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Current Data Parameters
NAME iwantto graduate
EXPNG 81

PROCNO 1
F2 - Acquisition Parameters
Date_ 20250427
Time 19.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDcCI3
NS 4
DS 0
SWH 7211539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 89.08
DW 69.333 usec
DE 10.08 usec
TE 296.4 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 =======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
8l 16384
SF 400.1300077 MHz
WDW EM
88B 0
LB 0 Hz
GB 0
PC 1.00
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13C NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-5-(trifluoromethyl) phenyl) acrylate (23i)

Current Data Parameters
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======== CHANNEL fl ======
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======== CHANNEL f2 ======
SFO2 400.1316005 MH
Nuc2 1H
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PLW12 0.34722000 W
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YF NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-5-(trifluoromethyl) phenyl) acrylate (23i)
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Current Data Parameters
NAME i want to graduate
EXPNO 86
PROCNO 1

F2 - Acquisition Parameters
Date 20250427

Time 20.31

INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG zgig

TD 131072
SOLVENT CDCI3

NS 8

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec

DE 6.50 usec

TE 296.9 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUCH1 19F

P1 15.00 usec
PLWH1 16.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W
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'"H NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-4-(trifluoromethyl)phenyl) acrylate (23h)
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Current Data Parameters

NAME  iwant to graduate
EXPNO 87
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F2 - Acquisition Parameters
Date_ 20250429
Time 16.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zg30
TD 32768
SOLVENT cDCI3
NS 4
Ds ]
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 38.89
DW 69.333 usec
DE 10.06 usec
TE 2949 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 =====
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
sl 16384
SF 400.1300053 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
0]
s
OMe
5~©
1
O
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13C NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-4-(trifluoromethyl)phenyl) acrylate (23h)

Current Data Parameters

o~ OmMGOWm A= ID N O
o MO @O MOBWn MG ® 2 888 2 o NAME 1 want to graduat
@ R LR T g I - EXPNO 20
=1 PRl Gl Qe il gt e el el gk k| @ 0~~~ 0 o PROCNO 1
_ ///%\*\\\ _ /_\ F2 - Acquisition Parameter
hu Date_ 20250429
Time 16.35
s INSTRUM spect
OMe PROBHD 5 mm PABBO BB/
ﬁu PULPROG dept 90
~ D 32768
—Hwo m SOLVENT CDC13
! NS 70
O ps g
SWH 24038.461 Hz
— ~ FIDRES 0.733596 Hz
. ﬁ ! RO 0.6815744 se
RG 198,09
DW 20.800 us
DE 6.50 us
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm = 295.6 K
CNST2 145.0000000
D1 2.00000000 se
D2 0.00344828 se
D12 0.00002000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6233319 MH
NUCL 13C
Pl 10.00 us
P2 20.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
' F _ NUCz2 1H
CPDPRG[2 waltzlé
P3 15.00 us
[ I I ! I ! I I ! I I I ! ! I I I ! ! I I ! lpyg 30.00 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm I°F0e IR b
PLW1Z2 Q.34722000 W
F2 - Processing parameters
SI 32768
SF 100.6127685 MH
WDW EM
SSB 0
To A nA ua

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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YF NMR spectrum of methyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-4-(trifluoromethyl)phenyl) acrylate (23h)

ACB8 19f

-62.804

=20

-60

Current Data Parameters
NAME i wantto graduate
EXPNO 91
PROCNO 1

F2 - Acquisition Parameters
Date 20250429

Time 16.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig

TD 131072
SOLVENT CcDCI3

NS 8

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec

DE 6.50 usec

TE 2953 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 =====
SFO1 376.4607168 MHz
NUC1 19F

P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL 12 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters
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'H NMR spectrum of methyl(E)-3-(5-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl) phenyl)acrylate (23k)

s
Q
o

_—8.6250
T~8.5851

A
/
A
\

7.8035
7.7826
7.2682
7.1713
7.1655
6.91%0
6.9135
6.8981
6.8926
6.3886
6.3487

1.3608

0.0000

Current Data Parameters
NAME iwantto graduate
92

PROCNO 1

F2 - Acquisition Parameters
Date_ 20250429

Time 19.02
INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG 2930

D 32768

SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz

FIDRES 0.220079 Hz

AQ 2.2719147 sec

RG 38.89

DW 69.333 usec

DE 10.06 usec

TE 296.2 K

D1 2.00000000 sec

TDO 1
CHANNEL 1

SFO1 400.1324008 MHz

NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

sl 16384

SF 400.1300064 MHz
WDW EM

SSB 0

LB 0Hz

GB [

PC 1.00

\oQ/\oomgm
-0

0.965

0.983

1.003
1.000

1.000

6.079

12.055

ppm

|

o)
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13C NMR spectrum of methyl(E)-3-(5-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl) phenyl)acrylate (23k)

—— 167.53
— 161.75

——145.84
—142.14
—138.01

o Qo
mnaw
~ -
™~~~

—118.64
—114.94
——110.63
—83.75

<

—55.11
—51.51

Current Data Parameters

NAME
EXPNO
PROCNO

24.77

i want teo graduat.

93
1

F2 - Acquisition Parameter

Date_
Time
INSTRUM
PROBHD
PULFPROG
TD
SOLVENT
NS
Ds
SWH

1. FIDRES

210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20

||

AQ
RG

CPDPRG (2
PCPD2
PLW2

PLW1Z2

||

_
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

T T T _mvhvﬂ_,u

SF
WDW
SSB
LB
GB
PC

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

T
30 20 pPpm

20250429
19.05
spect

5 mm PABBO BB/
zgpg 30

32768

CDC13

79

0
24038.461 Hz
0.733596 Hz
0.6815744 se

188,09

20.800 us

296.5 K
2.00000000 se
0.03000000 se

CHANNEL fl ======

100.6228298 MH
13C

10.00 us:

4%.50000000 W

CHANNEL f2 ======
400.1316005 MH

1H

waltzlé
20.00 u
12.50000000 W
0.34722000 W
0.28125000 W

PPME2 - Processing parameters
sI

32768
100.6127758 MH
EM
0
2.00 Hz
0
1.00
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7.2915
7.2741
7.1807
3.8091
1.3795
-0.0000

_—6.3191
T~6.2793

pd

Current Data Parameters
NAME i want to graduate
EXPNO 96
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250430

Time 16.32
INSTRUM spect
PROBHD 5mm PABBO BB/

PULPROG 2930

TD 32768

SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz

FIDRES 0.220079 Hz

AQ 22719147 sec

RG 63.58

DwW 69.333 usec

DE 10.06 usec

TE 295.1 K

D1 2.00000000 sec

TDO 1
CHANNEL f1

SFO1 400.1324008 MHz

NUC1 1H

P1 15.00 Usec
_u_.SI _m.moooooooS.

F2 - Processing parameters
Sl 16384

SF 400.1300040 MHz
WDW EM
SSB L]
LB 0 Hz
GB 0
PC 1.00
O
MeO. ™
OMe
0
MeO m
0]

'H NMR spectrum of methyl (E)-3-(4,5-dimethoxy-2-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)phenyl) acrylate (23m)

1.000
0.953
0.965
1.055
6.016
3.061
12.885

ppm
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13C NMR spectrum of methyl (E)-3-(4,5-dimethoxy-2-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)phenyl) acrylate (23m)

9 _ Vo \ o |\ Vi
MeO X-"oMe
MeO m_w\o
o
- . A " r |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
| L

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

Current Data Parameters

NAME
EXPNO
PROCNC

i want to graduate
97
1

F2 - Acquisition Parameter:

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
ns

CEDPRG[2
PCPD2
PLWZ
PLW12
PLW13

20250430
16,35
spect

5 mn PABBO BB/

2gpg30

32768

CDC13

84

Q
24038.461 Hz
0.733596 Hz
0.6815744 sec

198.09
20.800 use
6.50 uss<

285.7 K

2.00000000 sec
0.03000000 sec

1

CHANNEL f1l ======-
100.6228298 MH:
13¢C
10.00 us<
49.50000000 W

CHANNEL f2 ======-
400.1316005 MH:
1H
waltzl6
90.00 use
12.50000000 W
0.34722000 W
0.28125000 w

HU—U:.- F2 - Processing parameters

SI 32768
SF 100.6127740 MH:
WDW EM
SSB Q
LB 2.00 Hz
GB Q
PC 1.00
. I L L
| T T T T I T T T T T T T T T T I T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'"H NMR spectrum of methyl (E)-3-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)benzo|[d][1,3]dioxol-5-yl) acrylate (23n)

AC11
o o @ < O W o (=}
— — = = O W0 O Ty ~ (=
— tolTs} O oo =) =) o
(GoTs} o o O o~ 2] o
W W ~ ~ W 0N ™ — o
l __ I F
T T T
8 7 & ppm
o wn|m of|lwn @ ™~
= afr= ol|w@ O 0
N ooy of|on 9 o
o ==} || — ™ ™
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Current Data Parameters
NAME i want to graduate
EXPNO 159
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250503

Time 16.07

INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG 2g30

TD 32768

SOLVENT CDCI3

NS 4

Ds 0

SWH 7211.539 Hz

FIDRES 0.220079 Hz

AQ 2.2719147 sec

RG 113.31

bw 69.333 usec

DE 10.06 usec

TE 285.7 K

D1 2.00000000 sec

TDO 1

======== CHANNEL {1 ======== m
SFO1 400.1324008 MHz Q
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters
Sl

16384
SF 400.1300080 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00



13C NMR spectrum of methyl(E)-3-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)benzo|[d][1,3]dioxol-5-yl) acrylate (23n)

Current Data Parameters

I

|

!

210 200 190 180 170 160 150 140 130 120 110 100 90 80

_ | Al

Lo

"

70 60 50 40 30

Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFQL 100.6228298 MH
NUCL 13C
Pl 10.00 us
PLW1 42.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUCc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us:
PLWZ 12.50000000 w
PLW1Z2 0.34722000 W
.:,1.::.:_::.:_;Wh2Hu 0.28125000 w
MQ mv“va F2 - Processing parameters
SI 32768
SF 100.6127704 MH
WDW EM
SSB Q
LB 2.00 Hz
GB 0
PC 1.00

o o o o ™m0 o =
S o~ @ ~ - 2 Ng3 2 < NAME i want to graduat
& 23 = 5% 88 P o < EXPNO 160
—~ — — — — @ e W & PROCNO 1
O _ f \ _ / ‘ _ _ _ /T FZ - Acguisition Parameter
/ Date_ 20250503
Time 16.10
O OMe INSTRUM spect
O PROEHD S mm PABEO BB/
PULPROG zgpg30
O m\ TD ewwqmm
| SOLVENT CcDC13
(@] s 241
DS 0
SWH 24038.461 Hz
L | | FIDRES 0.733596 Hz
14 AQ 0.6815744 se
RG 198.09
[ T T T T T T T T T T T T T T T T T T T T T _Wm mo%mm us:
. us:
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 1z 296.2 K
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'"H NMR spectrum of methyl (E)-3-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yDnaphthalen-2-yl) acrylate (23d)

8.1691
8.1498
7.8235
7.8018

7.7093

6875
5170
7.5131
7.5000

~ - -

eSS

4960
4814
4800
4767
4650
4613
4477
4444

7
7
7
3
7
7
7

6.5040
6.4645

3.8024

1.5209

-0.0000

Current Data Parameters
NAME i want to graduate

EXPNO 100
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250430

Time 18.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2¢30

TD 32768
SOLVENT cDcCI3

NS 4

Ds [

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 31.18

DW 69.333 usec

DE 10.06 usec

TE 2962 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384
SF 400.1300178 MHz
WDW EM
S5B [}
LB 0 Hz
GB [+]
PC 1.00
o._0
B 0

SO AR

987
997
2.053
1.022
2.046

1.000

3.002

12.285

ppm
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13C NMR spectrum of methyl (E)-3-(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yDnaphthalen-2-yl) acrylate (23d)

\ N\ RY;
o. .0
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X OMe A
L | |
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| ;A:
| RARAAARAAY RAAAAARAN] RARARALA) REAREARAR) RAARARARA) BARARAREEY RAARALAAS] RARSARARRY ARALARELY RARRRAAAA RERARARLES RAARARARE] RALARRAE LALAARRAA) RAREARAAR) KARRARALEY RARARSARRS RAALELRAR) LALRARARS) RERARRLALY LAALALALE) LALAAARN |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Wi

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

30 20

ppm

Current Data Parameters

NAME i want te graduat.
EXPNO 102
PROCHNO 1

FZ = Acquisition Parameter
Date_ 20250430
Time 21.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 49

Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 296.5 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
nNUCl 13C

Pl 10.00 us:
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2Z 400.1316005 MH
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SF 100.6127801 MH
wWDwW EM
SSB 0

LB 2.00 Hz
GB Q0

PC 1.00
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'"H NMR spectrum of methyl(E)-3-(5-ethoxy-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (230)

_—8.614
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Current Data Parameters
NAME iwant to graduate
EXPNO 431
PROCNO 1

F2 - Acquisition Parameters
Date 20250614

Time 15.26

INSTRUM spact
PROBHD 5mm PAEBC BB/

TD 32768
SOLVENT CDCI3

NS 4

Ds 0

SWH 7211.538 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DwW 69.333 usec
DE 10.06 usec

TE 2956 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters
Sl 16384

SF 400.1300082 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
/\O/@VOON-S@
o]
B
(0]

0.969

0.986

0.996
0.996

1.000

4 3 2 1
[=] N R =T
o[ oo <
of|lo |
™| ™M ™Moy
—

ppm
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13C NMR spectrum of methyl(E)-3-(5-ethoxy-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl) acrylate (230)

f//:\\nu

——167.65
——161.16
— 145.9%9¢6
—142.14
—138.04
——118.60
—115.45
—111.28

— 83.79

77.32
77.00
76.68

<«
™~

— 63.40
—51.58

—24.82

—14.70
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Current Data Parameters

NAME i want teo graduat
EXPNO 432
PROCNOC 1
F2 - Acquisition Parameter
Date_ 20250614
Time 15.28
INSTRUM spect
PROEHD 5 mm PAEBO BB/
PULFPROG zgpg 30
TD 32768
SOLVENT CDC13
NS 611
DS Q
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
DW 20.800 us
DE 6.50 us
TE 296.0 K
D1l 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13C
Pl 10.00 us
PLWLl 49.50000000 w
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDFPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127713 MH
WDW EM
SSB Q
LB 2.00 Hz
GB Q
PC 1.00
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'H NMR spectrum of methyl (E)-3-(5-(benzyloxy)-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23p)
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Current Data Parameters

NAME  iwantto graduate
EXPNO 110
PROCNO 1
F2 - Acquisition Parameters
Date_ 20250501
Time 15.46
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58
DW 69.333 usec
DE 10.06 usec
TE 295.3 K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 =====:
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
sl 16384
SF 400.1300129 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
@]
BnO [
OMe
m\O
|
(@]
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13C NMR spectrum of methyl(E)-3-(5-(benzyloxy)-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23p)
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Current Data Parameters

NAME i want to graduat
EXPNO 111
PROCNO 1

F2 - Acquisition Parameter
Date_ 20250501
Time 15.47
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 92

Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RO 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 295.5 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOl 100.6228298 MH
NUCl 13C

Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2Z - Processing parameters
ST 327868

SF 100.6127745 MH
WDW EM
SSB 0

LB 2.00 Hz
GB 4]

PC 1.00
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'"H NMR spectrum of methyl (E)-3-(4-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23f)

AC15 b3010
ChOOCO NN AOWWNWWYT QWM OO < 0 o
TN DDITNDITOMAINR AN O e} ol o
R e R e R R R R R R l= S ® S NAVE | wanito graduate
WWWOWWOWOM DTN A A ™M™ © ™ o S PNO 3
000 M~ [~ [~ [~ [~ [~ I~ [~~~ 00 fe] — = PROCNO 1
/% \ %\ F2 - Acquisition Parameters
Date_ 20250316
Time 15.04
INSTRUM spect
PROBHD 5mm PABBC BB/
PULPROG 2430
TD 32768
SOLVENT CDCI3
NS 16
Ds [}
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8
bw 69.333 usec
DE 10.06 usec
TE 2941K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 =======:
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
] 16384
SF 400.1300060 MHz
WDwW EM
3SB 0
LB 0Hz
GB 0
PC 1.00
OMe
F g~©
I J _
l | i , 0
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) ooy |o ol © o
1) ol o | oy = o) o
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13C NMR spectrum of methyl (E)-3-(4-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23f)
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Current Data Parameters

NAME i want teo graduat.
EXPNC 23
PROCNO 1

FZ - Acquisition Parameter
Date_ 20250316
Time 15.06
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULFROG zgpg30

D 32768
SOLVENT CDC13

NS 256

Ds Q
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 294.3 K
D1 2.00000000 se
D1l 0.03000000 se
TD0 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUC1 13¢C

Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUCz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters
SI 32768
SF 100.6127723 MH
WDW EM
SSB 4]
LB 2,00 Hz
GB 0
PC 1.00
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YF NMR spectrum of methyl (E)-3-(4-fluoro-2-(4,4,5,5-tetramethyl-1,3,2-

AC15 b3010 ac 18f AC1S

rs)
O
= Current Data Parameters
— NAME i want to graduate
— EXPNO 28
0 — PROCNO 1
|
. F2 - Acquisition Parameters
OMe Date_ 20250316
Time 1851
o) INSTRUM spect
F B~ PROBHD 5 mm PABBO BB/
| PULPROG zgig
o D 131072
SOLVENT CDCI3
NS 32
DS 0
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
DE 6.50 usec
TE 295.0 K
D1 1.00000000 sec
e} D11 0.03000000 sec
n TDO 1
a ======== CHANNEL f1 ======
-5 SFO1 376.4607168 MHz
- NUC1 19F
= P1 15.00 usec
> PLW1 16.50000000 W
B
Q9 ======== CHANNEL f2 ======
[x] SFO2 400.1316005 MHz
famn NUC2 1H
> CPDPRG[2 waltz16
= PCPD2 90.00 usec
%} PLW2 12.50000000 W
- PLW12 0.34722000 W
=3
femn F2 - Processing parameters
&
a
=
]
—
=
S
=3
=
nvm
<) [ ' I ' I ' I ' I ' I ' I " I " I ' I '
5 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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'"H NMR spectrum of methyl(E)-3-(5-chloro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl) phenyl)acrylate AC16

ACl6
o
LWNOOAWDWOORNDNO A — — —
N AANO AT Moo oy ™ = Current Data Parameters
DA i AR o o ° NAME i want to graduate
EXPNO 127
. e s e e e e e e e e . . (=)
00 ===~~~ [0\ o — | PROCNO 1
// %ﬂ § /\ F2 - Acquisition Parameters
Date_ 20250503
Time 10.59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zg30
TD 32768
SOLVENT CDCI3
NS 4
DS o]
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31
Dw 69.333 usec
DE 10.06 usec
TE 296.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300083 MHz
WwDw EM
S8B 0
LB 0Hz
GB 0
PC 1.00
Cl 2 -COMe
_ w\O
__ _ _ | __ i ﬁ 1 _h_.u
T T
8 7 ppm
o | o[ wl w w =
o | || ™) < Tl 0|
o ol o|| o o — ~]
— | || — o o~
—
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13C NMR spectrum of methyl(E)-3-(5-chloro-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl) phenyl)acrylate AC16

W 0o @ "~ o
™ T o0 T a0 o~ (== r~ o
. . . IR R=X"] w 1
r= S 0w 6 .. - i
0 T TN m o A T -9 — -
—~ — — — @ wn ™
Cl X _-COoMe
2
_w\O
|
0]
” " ) iomsah
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Current Data Parameters

NAME i want teo graduat
EXPNO 1238
PROCNO 1
F2 - Acquisition Parameter
Date_ 20250503
Time 11.00
INSTRUM spect
PROBHD S5 mm PABRO BB/
PULPRCG zgpg 30
TD 32768
SOLVENT CDC13
NS 190
DS 0
SWH 24038.461 H=z
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
DW 20.800 us
DE 6.50 us
TE 296.7 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13c
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters
SI 32768
SF 100.6127703 MH
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
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'H NMR spectrum of ethyl(E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDphenyl)acrylate (23q)

AC17
(]
0027716063001951525 — N W O 0N oy o
OO NYTNO~FONN AN AN~~~ O O = WO OO0 oW o
. P . . P o
B S eVt - T T o |
I Ll [ | P
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N ol Ol o O o [22] HaN]
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Current Data Parameters
NAME iwantto graduate

EXPNO 131
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250503

Time 11.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDCI3

NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 4515

DW 69.333 usec
DE 10.06 usec

TE 296.8 K

D1 2.00000000 sec
TDO 1

======== CHANNEL {1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
_u_..S: _m.mooooooos.

F2 - Processing parameters

Sl 16384
SF 400.1300091 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
0]
X
O\/
-0
B
|
o}
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13C NMR spectrum of ethyl(E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDphenyl)acrylate (23q)

Current Data Parameters

- 4 O ® NOm @
- n 89 can i 2 ﬂmw o pud a NAME i want to graduat.
g g2 ¢ dan < Gece k I EXPNO 152
— B T B I I B @~ @ & —~ PROCNO 1
o _ _ 7 f\ 7 _ _ 4.\ _ _ _ F2 - Acguisition Parameter
Date_ 20250503
Time 11.32
S O\/ INSTRUM spect
PROBHD 5 mm PAEBO BB/
o PULPROG zgpa30
B~ TD 32768
| SOLVENT CDC13
NS 36
O Ds 0
SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
b . | " ] 0.6815744 se
RG 198.09
DW 20.800 us
DE 6.50 us.
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 PPM 1z 296.5 K
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13C
Pl 10.00 us:
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
Nucz 1H
_ — ‘_ _ _ CPDPRG[2 waltzlég
PCPDZ 90.00 us.
— PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 | 20 PPM £2 - Processing parameters

ST 32768
SF 100.6127749 MH
WDW EM
55B 0
LB 2.00 Hz
GB 0
PC 1.00

_ , _
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'"H NMR spectrum of isopropyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23r)

AC18

o
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T T T T T
9 8 7 6 5 1 ppm

— O O co| —| (@] ) L O

\O) Y| | | O] O @O |

N @] O O O (] [y |

O O | | | | O [/

—

Current Data Parameters

NAME  iwantto graduate
EXPNO 135
PROCNO 1
F2 - Acquisition Parameters
Date_ 20250503
Time 11.45
INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG Zg30
TD 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 38.80
bW 69.333 usec
DE 10.06 usec
TE 296.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
=l] 16384
SF 400.1300087 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
0]
w\o
n_.u
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13C NMR spectrum of isopropyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23r)

— 166.62

— 145.19
—140.29
— 136.07
—131.01
—128.82

—125.50
——119.55

—84.01

77.32

77.00
76.68

=
™~

—67.42

i

— 24,82

Current Data Parameters

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm oz

D1 2.00000000 se
D11 0.03000000 se

TDO 1
———————— CHANNEL fl ======
SFO1 100.6228298 MH

NUCl 13C
Pl 10.00 us
PLW1 49.50000000 W
===—=—== CHANNEL f2 ======
SFOZ2 400.1316005 MH

NuUC2 1H

CPDPRG[2 waltzlé
PCPD2 20.00 us
k_ 7 :_ 7 PLWZ 12.50000000 @
PLWLZ 0.34722000 W
, T T T T , _ T T T T _ T T T T T _ T T T ) FLLS 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm M.w - Processing meWHmwmnm
SF 100.6127749 MH

WDW EM

SSB 0
LB 2.00 Hz

GB 0

PC 1.00

| I v A: 7
T T T T T , _ T T T T _ T T T T , _ T T T ,
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

W NAME i want teo graduat.
- EXPNO 138
o PROCNO 1

_ F2 - Acquisition Parameter
Date_ 20250503
Time 11.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 35
Ds 0

SWH 24038.461 Hz

FIDRES 0.733596 Hz

L AQ 0.6815744 se
RG 198.09

DW 20.800 us

€.50 us

297.0 K
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'H NMR spectrum of tert-butyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23s)

CURONTOTNOO gm0 qO=K00dD o o
MOMANNLOYN=TOTM AW N0 TN D © ~ o
R e BN B g R R R R Gupr g L S Kot Data Parameters
B R e R e R R R R R RS R R ™ o EXPNO 155
© ®© ~ -~~~ v ge — o PROCNO 1
ﬁ%%%& j \ F2 - Acquisition Parameters
Date_ 20250503
Time 12.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 4
Ds 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 38.89
DW 69.333 usec
DE 10.06 usec
TE 296.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 ========
SFO1 400.1324008 MHz
NUCH 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
] 16384
SF 400.1300098 MHz
WDW EM
SsB 0
LB 0Hz
GB 0
PC 1.00
O]
A \_A
0]
w\o
I Ll I o i
0]
T T T T T T T T T T
9 8 7 6 S5 4 3 2 1 pem

0.964

1.030
0.994
1.089
1.024

1.000
9.007
12.111
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13C NMR spectrum of tert-butyl (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (23s)

Current Data Parameters

n AN T A
“ oo ened aaN88 a5 NAME i want to graduate
2 TSR =88 4 nom~ G o < EXPNO 140
—~ N~ ~ e e I | @ e o N PROCHNO 1
o 7 7 _ 7 , \ 7 _ //§ 7 F2 - Acquisition Parameter:
Date_ 20250503
Time 12.07
™ LA INSTRUM spect
O PROBHD 5 mm PABBO BB/
PULPROG zgpg30
-0 ™ 32768
B SOLVENT CcDC13
| NS 21
@] DS 0
SWH 24038.461 H=z
FIDRES 0.733596 Hz
| " Wl N L) aAQ 0.6815744 sac
RG 198.09
I T I I I T I I T I I I I I I I I T I I I I _mm mo%mm use¢
. use<
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmM 1 296.7 K
D1 2.00000000 sec
D11l 0.03000000 sec
TDO 1
======== CHANNEL fl ======-
SFO1 100.6228298 MH:
NUCl 13C
j 3 10.00 us«
PLW1 49,50000000 w
======== CHANNEL {2 ======:
SFO2 400.1316005 MH:
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us«
_ N PLW2 12.50000000 W
PLW1Z 0.34722000 W

0.28125000 W

N ] L Al s A ) Ll M) L) At M ) L) A Aadd L) M M
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 PpPME2 - Processing parameters

51 32768
SF 100.6127745 MH:
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00

| f: _ f

I |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'H NMR spectrum of (E)-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)but-3-en-2-one (23t)

AC20
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Current Data Parameters
NAME iwantto graduate

EXPNO 143
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250503

Time 12.44
INSTRUM spect
PROBHD & mm PABBO BB/
PULPROG 2930

TD 32768
SOLVENT cDCl3

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 36.64

DW 69.333 usec

DE 10.06 usec

TE 297.0K

D1 2.00000000 sec
TDO 1

======== CHANNEL {1 =======:
SFO1  400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters
sl 16384

SF 400.1300053 MHz
WDw EM

SSB 0

LB 0Hz

GB 0

PC 1.00
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13C NMR spectrum of (E)-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yD)phenyl)but-3-en-2-one (23t)

o i didaza aR8g 38
X LT TAY/ | \V/ \/
@\O
o}
i A
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 |20 ppm
| |
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Current Data Parameters

NAME i want teo graduat
EXPNO 144
PROCNGC 1

FZ - Acquisitien Paramster
Date_ 20250503
Time 12.45
INSTRUM spect
PROBHD S5 mm PABBO BE/
PULPROG zgpg30

D 32768
SOLVENT CDC13

NS 25

DS o}
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 297.1 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCL1 13C

Pl 10.00 us
PLW1 4%.50000000 w
======== CHANNEL, f2 ======
SFO2 400.1316005 MH
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SF 100.6127778 MH
WDW EM
S55B 0

LB 2.00 Hz
GB o}

PC 1.00
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'H NMR spectrum of (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDphenyl)acrylonitrile (23u)
@

AC21
(]
MO ONYE@OMETNWMW A OO AT @O o o
CEMOT ADANDTANOCOM==W NN AN A ~ o
DT A AN OO OO0 LT ONNDOMN LW O o nc:miom_mvma_.:mgm«m
33998855444444444433288 ™ . NAME  iwantto graduate
- . . o EXPNO 147
88777777777777777777755 — | PROCNO 1
j&jﬁ%\ \ F2 - Acquisition Parameters
Date_ 20250503
Time 14.43
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 89.72
DW 69.333 usec
DE 10.06 usec
TE 296.4 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 =======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec

PLW1 13.50000000 W

nm Processing parameters

16384
w_n 400.1300092 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00

.961
0.988
1.024
1.028

000
12.440

1.
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13C NMR spectrum of (E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDphenyl)acrylonitrile (23u)

— o~ wd T 0
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Current Data Parameters

NAME i want to graduat
EXPNO 148
PROCNG 1
F2 - RBequisition Parameter
Date_ 20250503
Time 14.48
TNSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 202
Ds 0
SWH 24038.46l Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
DW 20.800 us
DE €.50 us
TE 296.9 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCl 13c
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NuUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW1Z 0.34722000 w
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127716 MH
WDW EM
SSB [+
LB 2.00 Hz
GB Q
BC 1.00
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'H NMR spectrum of (E)-4,4,5,5-tetramethyl-2-(2-(2-tosylvinyl)phenyl)-1,3,2-

dioxaborolane (23v)

AC22
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Current Data Parameters
NAME iwantto graduate

EXPNO 151
PROCNO 1

F2 - Acquisition Paramsters
Date_ 20250503

Time 15.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zg30

10 32768
SOLVENT CDCI3
NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

bW 69.333 usec
DE 10.06 usec

TE 296.0 K

D1 2.00000000 sec
TDo 1
======== CHANNEL {1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
=] 16384

SF 400.1300085 MHz
WDW EM

SSB 0

LB 0Hz

GB 0

PC 1.00
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3C NMR spectrum of (E)-4,4,5,5-tetramethyl-2-(2-(2-tosylvinyl)phenyl)-1,3,2-

dioxaborolane (23v)
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Current Data Parameters

NAME i want te graduat
EXPNO 152
PROCNO 1

F2 - Acquisition Parameter

Date_ 20250503
Time 15.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 159

DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RO 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 296.2 K
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1l 13C

Pl 10.00 us:
PLW1 49.50000000 w
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
NuCc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SF 100.6127750 MH
WDW EM
SSB 0

LB 2.00 Hz
GB Q

PC 1.00
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'H NMR spectrum of 7-(tert-butyl) 2,3-dimethyl 7-azabicyclo[2.2.1]hepta-2,5-

diene-2,3,7-tricarboxylate (26g)

ACZ3
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Current Data Parameters
NAME  iwantto graduate

EXPNO 155
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250503

Time 15.31
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDCIa

NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 31.16

Dw 69.333 usec

DE 10.06 usec

TE 206.0 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

=] 16384

SF 400.1299905 MHz
WDW EM

SSB 0

LB 0Hz

GB 0

PC 1.00
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13C NMR spectrum of 7-(tert-butyl) 2,3-dimethyl 7-azabicyclo[2.2.1]hepta-2,5-

diene-2,3,7-tricarboxylate (26g)

~ wo 0 o
— o — o Mmoo ® W o o
- - . - Mmnow © o =)
) L] oo . .
w0 00 - T - o o o
— — — o~ ~r- W0 n ™

i R [

70 60 50 40 30 20 ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 80

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

1

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Current Data Parameters

NAME i want te graduat.
EXPNO 156
PROCNC 1

F2Z - Acquisition Parameter
Date_ 20250503
Time 15.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 166

Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 296.2 K
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13C

P1 10.00 us
PLWl 49.50000000 w
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
NUC2 1H
CPDPRG [2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 w
PLW1Z 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
51 32768

SF 100.6127776 MH
WDW EM
55B 0

LB 2.00 Hz
GB 0

PC 1.00

227



'"H NMR spectrum of tert-butyl 6,7-dibromo-1,4-dihydro-1,4-

hthalene-9-carboxylate (26h)

epiminonap

ACZ4 ac

Moy e - = o
S oA ™ ol [te} =]
M~ W ™ ~ (=)
TNOODN =y o o
M~~~ e rﬁw _I._ o
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T T T T T
9 7 2 1 jg=iul
O [e)] jXe o T
| || = o o
W) =T & o (o]
— ol o~ [s)

Current Data Parameters
NAME iwantto graduate

EXPNO 172
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250503
Time 19.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDCI3
NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 17.55

DW 69.333 usec
DE 10.06 usec
TE 206.8 K

D1 2.00000000 sec
TDO 1
======== CHANNEL {1 ======.

SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384

SF 400.1300012 MHz
WDwW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00
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13C NMR spectrum of tert-butyl 6,7-dibromo-1,4-dihydro-1,4-

Current Data Parameters

m T Tn 0 oW
“omo = oo 2888 S 8 NAME i want te graduat.
3 ¢ 99 n98s Solé 4 o EXPNO 173
I I R ] N - @ r~ r~ r~ o o PROCNO 1
_ _ /\ /< _ /< _ F2 - Rcquisition Parameter
Date_ 20250503
Time 19.15
INSTRUM spect
m_. o PROBHD 5 mm PABBO BB/
| PULPROG zgpg30
Z|& TD 32768
! SOLVENT cDC13
NS 56
Br 0 e :
SWH 24038.461 Hz
_l FIDRES 0.733596 Hz
L FR— |> AQ 0.6815744 se
RG 188.09
! I I I I I I I I I I I I I I I I I I I I I _mm mcwmmm us
. us:
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 PPM 1= 297.1 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCl 13C
Pl 10.00 us
PLW1 49.50000000 w
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
| PLW2 12.50000000 W
PLW12 0.34722000 W
0.28125000 w

! ) ] L e S M) A At Ll el Ll R A il Nk Matiabial Ukl Ml Litald uiblakiak Rt
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 Ppm 2 - Frocessing parameters

32768
SF 100.6127912 MH
WDH EM
S55B o]
LB 2,00 Hz
GB 0
PC 1.00

hthalene-9-carboxylate (26h)

o In L n

_ T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

epiminonap
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'"H NMR spectrum of tert-butyl 6,7-difluoro-1,4-dihydro-1,4-

hthalene-9-carboxylate (26i)

epiminonap

ACZ5

7.2712
7.1075
7.0891
7.0707
65.9703

£
X

L4523

5

1.37706
0.0000

Current Data Parameters
NAME iwant to graduate

EXPNO 417
PRCCNO 1

F2 - Acquisition Parameters
Date_ 20250608

Time 17.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zg30

1D 32768
SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8

Dw 69.333 usec

DE 10.06 usec

TE 2871 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

sl 16384

SF 400.1300053 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00
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13C NMR spectrum of tert-butyl 6,7-difluoro-1,4-dihydro-1,4-

hthalene-9-carboxylate (26i)

epiminonap

77.00

77.32
76.68

_—111.46
TTe—111.13
_—80.99
< '

_——66.34
T—65.86

Current Data Parameters

NAME
EXPNO
PROCNO

28.04

i want to graduat
418
1

F2 - Acquisition Parameter

Date_ 20250608
Time 17.57
—H INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
F NS 185
DS Q
SWH 24038.461 Hz
éf L>. n rLZﬁ FIDRES 0.733596 Hz
. S A O - y AQ 0.6815744 se
RG 198.09
DW 20.800 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmn: 25000 B
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUC1 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NuUc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
. M - PLWZ 12.50000000 W
PLW12 0.34722000 W
f T T T T T T T T T T T T T T T T T T T T T FLLs 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 _u_u_._._mm - Processing EMWHMM@Z
SF 100.6127746 MH
WDW EM
SSB 0
LB 2.00 Hz
GB Q
PC 1.00
g Ll A I
I | T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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YF NMR spectrum of tert-butyl 6,7-difluoro-1,4-dihydro-1,4-

hthalene-9-carboxylate (26i)

epiminonap

AC25 19f

-142.308
-142.426

_<

-20

-140

Current Data Parameters
NAME i want to graduate

EXPNO 421
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250608

Time 18.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig

TD 131072
SOLVENT CDCI3

NS 8

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec

DE 6.50 usec

TE 297.3 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUCH 19F

P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

232



hthalene-9-

-epiminonap

AC26

o
— O N O N~ 0 — e
~ 00w M N — = Current Data Parameters
H % oI o ﬂ P < NAME i want to graduate
PR . o EXPNO 164
r~ WO W0 W0 W0 w — | PROCNO 1

F2 - Acquisition Parameters

%

Date_ 20250503

Time 17.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930

TD 32768
SOLVENT CcDcCI3

NS 4

Ds 0

SWH 7211539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 38.89

DW 69.333 usec

DE 10.06 usec

TE 2956 K

D1 2.00000000 sec
TDO 1

======== CHANNEL {1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384

SF 400.1300148 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00

'H NMR spectrum of tert-butyl 1,4-dihydro-1,4

carboxylate (26a)

o ]
o]
o ]
o ]
o
w 4]
o ]
-

ppm

2.137
4.070

2.000
9.492
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234

1
9 o == W Current Data Parameters
n_.v 2 a4 9 % VM m 4 H N % NAME i want teo graduat.
= 8 %3¢ 3] Sirle ©e o EXPNO 165
—
Im _ 7 /\ _ 7 /< /\ F2 - Acquisition Parameter
Date 20250503
N Time 17.07
= (@] INSTRUM spect
p PROBHD 5 mm PABBO BB/
[ PULPROG zgpg30
m N . 0 ™ 32768
I SOLVENT cDCl3
= NS 188
o DS 0
g SWH 24038.461 Hz
o= FIDRES 0.733596 Hz
[=" " " " I AQ 0.6815744 se
-5} RG 196.09
Am. DW 20.800 us
DE 6.50 us:
— 210 200 190 180 170 160 150 140 130 120 110 100 9% 80 70 60 50 40 30 20 PPM 206.0 K
1 Dl 2.00000000 se
m D11 0.03000000 se
= TDO 1
> ———————— CHANNEL f1 ====—=
qm SFO1 100.6228298 MH
d NUC1l 13C
Pl 10.00 us.
L. PLWL 49.50000000 W
L)
v —=====—= CHANNEL f2 ======
— SFOZ 400.1316005 MH
NUC2 1H
mv CPDPRG [2 waltzlé
PCPD2 20.00 us:
_..w PLWZ 12.50000000 W
T PLW12 0.34722000 W
38 , _ _ _ _ _ _ _ , , _ _ _ , T _ PLHLS 0-28125000
S 210 200 190 180 170 160 150 140 130 120 110 100 90 80 20 pPpm Mw - Processing parameters
< SF 100.6127777 MH
m WDW EM
SSB 0
vul LE 2.00 Hz
GB 0
)31 \m PC 1.00
P O
2 N
@n S~
¢ L
~—
M <
—
Z. >
»
o °
a _.m T T 1
m 210 200 190 180 170 160 150 140 130 120 110 100 90 80 30 20 Ppm



hthalene (26b)

-¢piminonap

235

'"H NMR spectrum of 9-tosyl-1,4-dihydro-1,4

ACZ7
o
MW OEO AN MOO®Ar~m r~ o
R O I Al - A L < = Current Data Parameters
%Mﬁwmwwwmmmﬂ_ﬁmmmﬂ ﬁ = NAME  iwantto graduate
EXPNO 242
e ® * 3 ® 1 ® + 3 %o v s os s . o EXBNO 2
e e e i i e S te R N=JE C- IV R V- R ol To} ™~ |
//%T%L \ F2 - Acquisition Parameters
Date_ 20250514
Time 16.45
INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 4
Ds 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42
DW 69.333 usec
DE 10.06 usec
TE 295.2 K
D1 2.00000000 sec
TDO 1
CHANNEL 11
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
sl 16384
SF 400.1300104 MHz
WDW EM
38B 0
LB 0Hz
GB 0
PC 1.00
| 1l
NS
1
I J M 0]
T T T T T T T T
8 7 6 5 4 3 2 1 ppm

2.002
.058
028
4.020

2

2.
2.000
3.086



~
= oM o -, Current Data Parameters
& N O NAG o u8s 3 ] NAME i want to graduat
~ ™M o n o ws ~ .. - M EXPNO 246
Q =35 7 9835 EEE ¢ 5 PROCNO i
m _ /\ _ /\ \ _ < _ F2 - Acquisition Parameter
) Date_ 20250514
o Time 17.06
[ INSTRUM spect
= PROBHD 5 mm PABBO BB/
m PULPROG 2gpg 30
D 32768
=% SOLVENT CDC13
s NS 106
= DS 0
= SWH 24038.461 Hz
= FIDRES 0.733596 Hz
= \ AQ 0.6815744 se
m RG 198.09
.m.. DW 20.800 us
DE 6.50 us
v 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm e 285.7 K
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2Z 400.1316005 MH
NUC2 1H
CPDPRG [2 waltzlé
PCPD2 90.00 us
. . " PLW2 12.50000000 W
* PLW12 0.34722000 W
PLW13 0.28125000 W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm i - Frocessing parareters

SF 100.6127775 MH
WDW EM
SSB o
LB 2.00 Hz
GB o]
PC 1.00

13C NMR spectrum of 9-tosyl-1,4-dihydro-1,4

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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hthalene-9-

-epiminonap

'"H NMR spectrum of benzyl 1,4-dihydro-1,4

carboxylate (26d)

o~
]
N
<+
o~

7.4907

1.5778

-0.0000

3.081
1.102
8.260

-1 -

0.986

2.000

bpm

Current Data Parameters
NAME  iwantto graduate
EXPNO 408
PROCNO 1
F2 - Acquisition Parameters
Date_ 20250608
Time 12.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 158.74
DW 69.333 usec
DE 10.06 usec
TE 2972 K
D1 2.00000000 sec
TDO 1
== CHANNEL f1 ========
400.1324008 MHz
1H
15.00 usec

13.50000000 W

F2 - Processing parameters
=]

16384
SF 400.1300112 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00

z_L_/o>©
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hthalene-9-

-epiminonap

13C NMR spectrum of benzyl 1,4-dihydro-1,4

carboxylate (26d)

—154.22

W

CECNMONG GO o
oMY MNO® M 9g
R o
VTN ®O®oEYNN o )
R B I R R R K] ~ o~
PO P [ e ik AL J [ AL I | ~ ~

76.68
67.31

Current Data Parameters
i want to graduat

NAME
EXPNO
FPROCNO

409
1

F2 - Acquisition Parameter

Date_ 20250608
Time 12.08
(@) INSTRUM spect
PROBHD 5 mm PABBO BB/
L.ﬁ PULPROG zgpg30
™ 32768
N o SOLVENT cDCl3
NS 3739
DS 0
SWH 24038.461 Hz
orcan . " I I P " M e FIDRES 0.733596 Hz
Wit e 4 Ny WAy iy o Y N e ey 20 0.6815744 se
RG 198.09
DW 20.800 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80, 70 60 50 40 30 20 ﬁﬁﬂdﬁ %wﬁ b
D1 2.00000000 se
D11 0.03000000 se
DO 1
======== CHANNEL fl ======
sFO1 100.6228298 MH
NUC1 13¢
Pl 10.00 us
PLW1 49.50000000 W
ki | il e rdeat SIPOPTIN " " W ! f i
weer P v et . " ¥ Ao i W EL £ e
SFO2 400.1316005 MH
NUC2 1H
CPDPRG [2 waltzlé
PCPD2Z 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
T T T T T T T T T T T T T T T T T T T , T ] BLHLS 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80f 70 60 50 40 30 20 PPM 2 - Processing parameters
ST 32768
=3 100.6127706 MH
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00

A N . g_, _

T
210 200 190 180 170 160 150

T
140 130 120 110 100 90 80 70 60 50 40

T
30 20

Ppm
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'H NMR spectrum of 9-((4-nitrophenyl)sulfonyl)-1,4-dihydro-1,4-

hthalene (26c¢)

epiminonap

NNOFT O 0O MMUONMONIAIWNTMOLWONNWN
WO~ O oA AN A A OO S
.I_l177777711000099977777666
O T e S S S S S Ve P VAV PV VPV PP

e e
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o| |o ololo o
™ ™~ NN ]

Current Data Parameters
NAME i want to graduate

EXPNO 328
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250524

Time 17.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT DMSO

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DW 69.333 usec

DE 10.06 usec

TE 2053 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

ﬂm Processing parameters

16384
m._n 400.1300037 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
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Current Data Parameters

hthalene (26c¢)

L Bl Mg [ o I
amad o e % ﬁﬂmm.@% NAME i want to graduat
rss  Segd - Goddaa EXPNO 529
o i Qe ko | © TTTITom PROCNO 1
f _ < _ /\\ é F2 - Acquisition Parameter
Date_ 20250524
Time 17.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
0O PULPROG zgpa30
I D 32768
—_ SOLVENT DMSO
N7 m ZON us 589
ﬁu DS 0
SWH 2403%8.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 1%8.09
EAARARAAM AAAAMAR! LtAARAAS) LARAALAR PO 20.800 us
DE 6.50 us
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 pPPM 1= 296.0 X
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUC1 13cC
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 30.00 us
PLWH2 12.50000000 W
PLW12 0.34722000 W
T _ T _ _ T _ _ T T _ _ _ T T _ _ T _ _ PLHL3 0-28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 4 30 20 Ut:._mm - Processing parameters
SF 100.6127661 MH
WDW EM
SSB 0
LB 2.00 Hz
GB o]
PC 1.00
] ‘ v: e

13C NMR spectrum of 9-((4-nitrophenyl)sulfonyl)-1,4-dihydro-1,4-

epiminonap

, T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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hthalene (26f)

-epiminonap

ACZ30

'H NMR spectrum of 9-phenyl-1,4-dihydro-1,4

=
DO~ A0 N T O =]
CoaomnmeonToo-esod ey Current Data Parameters
AUNSAS80880an2r ™ 2 NAME I wantto graduate
EXPNO 247
. o . =
PV SV P V- PP | PROCNO 1
.ﬁ\ %\_ \ F2 - Acquisition Parameters
Date_ 20250514
Time 21.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDCIz
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 31.16
DwW 69.333 usec
DE 10.06 usec
TE 2056 K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 =====;
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
_um Processing parameters
16384
m_u 400.1300514 MHz
WDW EM
SSB 0
LB 0 Hz
GB "]
PC 1.00
|
N
ﬁ I
T T T T T T T T T
8 7 6 5 4 3 2 1 ppm
=] ) | O (=]
on| | =r| = O
o = of o O
SN | =] o |l
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hthalene (26f)

-epiminonap

13C NMR spectrum of 9-phenyl-1,4-dihydro-1,4

Current Data Parameters

[ =2 ~ -~
- e e me e a8 d NAME i want to @MMWCWU
w0 T HO- . - EXFPNOQ
a5 A Bk R e tEe 8 PROCNO 1
/\ _ _ f /\\ 4\ _ F2Z - Acguisition Parameter
Date_ 20250514
Time 21.09
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zgpg30
TD 32768
| SOLVENT cDCl3
N 1 NS 90
Ds o]
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
DW 20.800 us
DE 6.50 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm = 296.0 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL f]l ======
SFO1 100.6228298 MH
NUC1 13C
Fl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
NUCc2 1H
CPDPRG[2 waltzlé
PCPD2 20.00 us
PLWZ 12.50000000 W
PLW1Z2 0.34722000 w
PLW13 0.28125000 w
I ! I ! I I I I ! ! I I I I I I I I I ! |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm [2 - Frecessing paramecers
SF 100.6127922 MH
WDW EM
SSB o]
LB 2.00 H=z
GB o}
FC 1.00

—

,
210 2

00 190 180 170 160 150

T
140 1

30 120 110 100 90 80 70 60 50 4

_
0 30 20

ppm
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'"H NMR spectrum of methyl (E)-3-(4-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (231)

_—8.558

T~-8.519

7.668
7.646
7.324

7.317

_—3.848

3,792

1.383

-0.000

Current Data Parameters
NAME i want to graduate

EXPNQ 435
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250614

Time 16.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zg30

TD 32768
SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 38.89

DW 69.333 usec

DE 10.06 usec

TE 2058 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f{ ======
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384

SF 400.1300062 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00

243



13C NMR spectrum of methyl (E)-3-(4-methoxy-2-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)acrylate (231)

Current Data Parameters

Ie) w ~ w o moT o
@ — “ wooN oA w o m = M m.w @ NAME i want to graduate
I =3 wn o - L] . - . EXPNO 436
s A 3 4 8 333 3 EEe i 3 PROCNO 1
7 _ _ 7 _ / f\ 7 é\ _ _ F2 - Acquisition Parameter:
Date_ 20250614
Time 16.16
X -CO2Me INSTRUM spact
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
//O W\O ™ 32768
SOLVENT CDC13
! NS 126
ﬁu DS Q
SWH 24038,.461 Hz
0 FIDRES 0.733596 Hz
+ ; AQ 0.6815744 sec
RG 128.09
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-

4b,10,10a,11-tetrahydro-5SH-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-

benzo[b]fluorene-12-carboxylate (27aa)

-epimino

4b,10,10a,11-tetrahydro-5SH-5,10

BC1l 13c
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F2 - Processing parameters
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SSB 0
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GB o]
PC 1.00
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"H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-
4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)
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"H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-

4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)
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"H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-
4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)
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"H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-
4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)
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"H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-
4b,10,10a,11-tetrahydro-5SH-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aa)
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benzo[b]fluorene-12-

-epimino

'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-

methyl-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ab)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-

benzo[b]fluorene-12-

-epimino

methyl-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ab)

BC2Z rh bl

095 2ac 13c
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4-

methyl-4b,10,10a,11-tetrahydro-5SH-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ac)
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benzo[b]fluorene-12-

-epimino

13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-4-

methyl-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ac)
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“unu—: F2 - Processing parameters
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-2-fluoro-11-(2-methoxy-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ag)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-2-fluoro-11-(2-methoxy-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27ag)
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YF NMR spectrum of tert-butyl (4bR,10aR,11R)-2-fluoro-11-(2-methoxy-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

BC4 19f
O
™
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INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG 2gig
TD 131072
SOLVENT cDCI3
NS 4
DS 0
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
Dw 5.600 usec
DE 6.50 usec
TE 2946 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUC1 18F
P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL 2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
\G)b F2 - Processing parameters
Q]
o~
o
-
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N
[}
—
>
»
=3
=
) ! I ! I ! I ' I ' I ' I ! I " I " I "
m -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-1-fluoro-11-(2-methoxy-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ae)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-1-fluoro-11-(2-methoxy-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27ae)

BC5 13c
O
\F 8% 53 % $395=3348%°8853% 2o wr mgo  ~o o Current Data Parameters
. P R e R w S 0 — o —a o~ NAME i want to graduat
- ap 8 B 2220432888323 o G v B o oo I~ EXPNO 225
F s @) i} i A s B B o B B B e 2E 88 BB D o & EROCNO 1
Vool SNV Y v M T —
Date_ 20250512
Time 10.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg 30
TD 32768
SOLVENT CDC13
_ "y Lr A NS 498
T DS 0
SWH 24038.461 Hz
I T T T T T T T T T T T T T T T T T T T T T |FIDRES o..‘wwwom Hz
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmis O ee T
oW 20.800 us
DE 6.50 us
TE 296.1 K
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL f]l ======
SFO1 100.6228298 MH
NUCl 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
t—r SFO2 400.1316005 MH
Lp 1. 1 NUC2 1
T CPDPRG [2 waltzlé
PCPD2 90.00 us
PLW2Z 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 PPMr2 - Processing parameters
ST 32768
SF 100.6127807 MH
WDW EM
SSB Q
1B 2.00 Hz
GB Q
PC 1.00

=
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T T
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30 20 ppm

T T T T T T

T
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YF NMR spectrum of tert-butyl (4bR,10aR,11R)-1-fluoro-11-(2-methoxy-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27ae)

benzo[b]fluorene-12-

-epimino

BC5 19f

_~-118.658
TS--119.295

e

=20

T
=120

, .
-200 ppm

Current Data Parameters
NAME iwant to graduate

EXPNO 464
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250704

Time 15.51
INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG zgig

TD 131072
SOLVENT CDCI3

NS 8

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec

DE 6.50 usec

TE 2955 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUC1 19F

P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-3-chloro-11-(2-methoxy-2-
oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-
carboxylate (27aj)

o
7.3913 W
7.3103 &
7.2985
“ ] 7.2901
7.2580
1.004 N 7.1992
2.052 = J/r7.1776
3.039 = | ——— 7.1634
0.993 7.1581
7.1532
7.1481
7.1426
o - 7.0442
7.0238
2.027 E’ —5.3089
= .1 £ —5.0879
e 3.7880
1084 - 43.7081
— E 3.4243
1.009 2.7849
—_— 2.7733
2.7440
1.000 — 2.7325
— —2.4921
2:036 2.4673
2.4513
2.4261
2.4011
_— —1.2558
2.802 —1.0748
— —-0.0000
'O
o
=
'uml—mgmg'n 'UEZ(I) —Ig—iUU:ﬂ)]mUZ(ﬁ—i'ﬂ'ﬂz:!U'ﬂ omTm=Z0
3 o o 22 8 2072
s 8 o 3 g°= c O -9
8.8 5. 820 B,., % ., o gt iB
Goo, @83 g2 °F _ggs@oden | & 2 ggs 27
STRonlfE S2aB “RumieINCed esir aES
a 3 28§ 8r STac HYo 6 emae ®3 ~“g8
z © &0 8: ¢ 88 8¢°r o °m o E’E
T &= = 2] o OoXIN ] o] 3
x S 2 g H

262



benzo[b]fluorene-12-

-epimino

BC6 13c

Current Data Parameters

— o T Do me s o
o o ooen i SHB8 I8 &3 39 =4 NAME i want te graduat
™ MmN m M- wen o . . P L. EXPNO 414
~ T 0oy ey ey o O =w Wwwn L] o ~
—~ o A [ L 00 T o PROCNO 1
7 ; /ﬁ\ f//\\\ /§ /\ ‘\ d_ _ F2Z - Acquisition Parameter
Date_ 20250608
Time 17.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg 30
D 32768
SOLVENT CDCl3
r A NS 407
I DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm =c 193.09
DW 20.800 us
DE 6.50 us
TE 297.8 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13C
Pl 10.00 us
F i 1 PLW1 49.50000000 W

======== CHANNEL f2 ======
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-3-chloro-11-(2-methoxy-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27aj)

210 200 190 180 170 160 150 140 130 120 110 100 90 80

70 60 50 40 30 20

Al

T
210 2

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 4

SFOZ 400.1316005 MH
NUC2 1H
CPDPRG [2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W
W

0.28125000

F2 - Processing parameters

ST 32768
SF 100.6127746 MH
WDW EM
S55B 0
LB 2.00 Hz
GB 0
PC 1.00



'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-2-
(trifluoromethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ai)
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benzo[b]fluorene-12-

-epimino

13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-2-

(trifluoromethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ai)

BC7 13c¢

66

—172.02
79.40
77.32
77.00
76.68

<

_—66.29
T—65.69

—53.77
——51.63
—44.12
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—27.66
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Current Data Parameters

NAME i want to graduat
EXPNO 238
PROCHNO 1

F2 - Acquisition Parameter
Date_ 20250514
Time 13.07
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1480

Ds Q
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DW 20.800 us
DE €.50 us
TE 296.0 K
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1

======== CHANNEL fl ======

SFOL 100.6228298 MH
NUCL 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
Nucz 1H
CPDPRG[2 waltzlég
PCPD2 90.00 us
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLWL3 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127771 MH
WDW EM
S55B 0
LB 2.00 Hz
GB 0
PC 1.00
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YF NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-2-
(trifluoromethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ai)

benzo[b]fluorene-12-

-epimino

-61.956
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ey
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g
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Current Data Parameters
NAME i want to graduate

EXPNO 236
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250514

Time 12.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig

TD 131072
SOLVENT CcDCI3

NS 16

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec

DE 6.50 usec

TE 2859 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUC1 19F

P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-
(trifluoromethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ah)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-

(trifluoromethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ah)

benzo[b]fluorene-12-

-epimino

BC8 13c

AT T AN BN 0N DD 5 Current Data Parameters
TaomEmenTyeren a9y Qﬂ%% s WM 53 W NAME i want to graduate¢
HID N O QOG0 T oo OOy . . N . . . .
W oy o 0 o N or-r~we wWn o T o I EXFPNO 178
A A AAAAAAAAAAAAA [ R -0 0 - = o PROCNO 1
j //%}\\ﬂ\\_ /§ /\ # \ _ _ F2 - Acguisition Parameter:
Date_ 20250504
Time 13.21
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
F TD 32768
SOLVENT CDC13
\I}! nP’ NS 413
7 DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
A 0.6815744 sec
210 200 190 180 170 160 150 140 130 120 110 100 9% &80 70 60 50 40 30 20 Ut:..xm 198.09
DW 20.800 use
DE 6.50 use¢
TE 297.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ======-
SFOL 100.6228298 MH:
NUCL 13C
Pl 10.00 use¢
I J_ PLW1 49,50000000 w
======== CHANNEL f2 ======
SFO2 400.1316005 MH:
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 wuse¢
PLWZ 12.50000000 w
PLW12 0.34722000 W
%@jﬁquq%jéjwbzwu 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80| 70 60 50 40 30 20 PPME2 - Frocessing parancters
SF 100.6127750 MH:
WDW EM
S55B o
LB 2.00 Hz
GB o
PC 1.00
) o 'l L \
I T T T I T I T I | T T I T T T T T I 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 ppm

1F NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-
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YF NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-3-

(trifluoromethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ah)

benzo[b]fluorene-12-

-epimino

BC8 19f

-61.965

=20

T
-40

,
-60

Current Data Parameters
NAME i want to graduate
EXPNO 182

PROCNC 1

F2 - Acquisition Parameters
Date_ 20250504

Time 13.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zgig

TD 131072
SOLVENT CDCI3

NS 8

DS 0

SWH 89285711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

Dw 5.600 usec

DE 6.50 usec

TE 296.7 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL {1 ======
SFO1 376.4607168 MHz
NUC1 19F

P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL {2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 12.50000000 W

PLW12 0.34722000 W
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-2-methoxy-11-(2-methoxy-2-
oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ak)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-2-methoxy-11-(2-methoxy-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27ak)

BCY9 cod pboc 5ome 13c

o I B s ] N OoNOoN A ®
o) = M woene et MﬁwMM?._ a NNEDS B2 H8zH 23 = NAME i want te graduat.
o g §Eo8 o gooas o G d wa mead oo o EXPNO 2
- B I HoAHAAA A A i - s I s B B ™ PROCNO 1
A
- O _ _ 7 j < _ /\ < _ _ /§ /\ \ _ _ 7 F2 - Acquisition Parameter
. Date_ 20250308
Time 15.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg 30
TD 32768
SOLVENT CDC13
i NS 792
! Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
) 0.6815744 se
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm =s 198.09
DW 20.800 us
DE 6.50 us
TE 294.1 K
Dl 2.00000000 se
D11l 0.03000000 se
TDO 1
======== CHANNEL f]l ======
SFO1 100.6228298 MH
NUC1 13cC
Pl 10.00 us
T i PLW1 49.50000000 W
A 1
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 us
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

#I%lg A A

30 20 ppm

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

Current Data Parameters

PPM E2 - Processing parameters

SI 3z7eg
SF 100.6127780 MH
WDW EM
SSB o]
LB 2.00 Hz
GB 0
PC 1.00
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'"H NMR spectrum of tert-butyl (4bR,10aR,11R)-2,3-dimethoxy-11-(2-methoxy
-2-oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10-epiminobenzo[b]fluorene-12-
carboxylate (27am)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-2,3-dimethoxy-11-(2-

benzo[b]fluorene-

-epimino

methoxy-2-oxoethyl)-4b,10,10a,11-tetrahydro-SH-5,10

12-carboxylate (27am)

BClO 13c
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======== CHANNEL fl ======
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======== CHANNEL f2 ======
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-
4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[6,7]fluoreno[2,3-d][1,3]dioxole-
13-carboxylate (27an)
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ioxole-

benzo[6,7]fluoreno|2,3-d][1,3]d

-epimino

13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-

4b,10,10a,11-tetrahydro-5SH-5,10

13-carboxylate (27an)

BC11l 13c

o 5 823IR3Y 9 K 238 NugE nT ang o o cusrent Data Parameters
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FIDRES 0.733596 Hz
. T
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DW 20.800 us.
DE 6.50 us.
TE 296.5 K
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D1l 0.03000000 se
DO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUCLl 13C
Pl 10.00 us.
5. PLW1 49.50000000 W
A } _.
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us.
PLW2 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 PPM 2 - Processing parameters
sI 32768
SF 100.6127800 MH
WDW EM
SSB 0
LB 2.00 Hz
GE 0
PC 1.00

e . L

I T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

275



'"H NMR spectrum of tert-butyl (7R,7aR,13aR)-7-(2-methoxy-2-oxoethyl)-
7a,8,13,13a-tetrahydro-7H-8,13-epiminodibenzo[b,g]fluorene-14-carboxylate

(27ad)
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13C NMR spectrum of tert-butyl (7R,7aR,13aR)-7-(2-methoxy-2-oxoethyl)-
7a,8,13,13a-tetrahydro-7H-8,13-epiminodibenzo[b,g]fluorene-14-carboxylate
(27ad)
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'"H NMR spectrum of tert-butyl (4bR,10aR,11R)-2-(benzyloxy)-11-(2-methoxy-
2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ap)

8.802
2.070
1.027
1.013 —

_
4.081 E
— —

1.008 —

—
1.000 —

2.030

_
13.927
e ded

wdd

a1
ass
MAaM
48

5]

tM1d

Id
LONN
LOdS

s1eq

== |

) e

PRNNMNNNNNMNMRDOWOWWOOOOOO OGO =]~ dd-d =] wdwd=d )] ] =)~ s~ -0

(e}

ONDOHd
ONdX3

.3985
L3932
.3808
.3616
L3402
.3368
. 3325
L3259
.3193
. 3117
.3005
L2795
.2537
.l661
L1515
.1414
L1357
L1310
L1167
.9147
. 9088
. 8939
. 8880
L7125
L7071
.3000
.0519
.0393
.0226
L0173
.8042
71986
.3740
L7955
.7843
. 7546
7435
. 4684
.4411
. 3738
. 3345
L2551
L0533

.0000

JNVYN

£1od

+8E91
sigleweled Buissesoid - 24
1584
008 /PL6lL22

M 5968
ZH 6400220

W3
ZHW E100€1L 00t
288N Q0S|
Hi
ZHIN 800¥2€ 1 '00F
288N 900}
08sn EEE69
L0721
21505202
]

weds
sislelleled Bleq jueund

L 1INNVYHO
I
285 000000002

ZH 6ES' 11T

M 0000000S°€ 1
sielewieied uoisinboy - 24

(¥4
ayenpelb o} Juem |

278



13C NMR spectrum of tert-butyl (4bR,10aR,11R)-2-(benzyloxy)-11-(2-methoxy

benzo[b]fluorene-12-

-epimino

-2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ap)
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-ethoxy-2-oxoethyl)-

4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27aq)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-ethoxy-2-oxoethyl)-

benzo[b]fluorene-12-carboxylate (27aq)

-epimino

4b,10,10a,11-tetrahydro-5SH-5,10

BCl14 b10%% ac 13c

Current Data Parameters

- =D o o~ oo
< R G e DMMM MMM MM BW W m.u., NAME i want to graduat
fal i ot Ne333 arME VW o w@ wd - - EXPNO 19
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_ _ /<\ // \\ /§ /\ _ /\ ﬂ _ _ 7 F2 - Acgquisition Parameter
Date_ 20250316
Time 11.18
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG Zgpg30
TD 32768
SOLVENT CDC13
i NS 1392
T " Ds o]
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 RG 198.09
DW 20.800 us
DE €.50 us
TE 296.2 K
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUC1 13¢C
Pl 10.00 us
" _ I PLW1 49.50000000 W
======== CHANNEL f2 ======
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PLWZ 12.50000000 w
PLW1Z 0.34722000 W
PLW13 0.28125000 W
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-isopropoxy-2-oxoethyl)-

4b,10,10a,11-tetrahydro-5SH-5,10

benzo[b]fluorene-12-carboxylate (27ar)

-epimino
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F2 - Acquisition Parameters
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INSTRUM spect
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TD 32768
SOLVENT CDCI3

NS 4

os 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 31.16

DW 69.333 usec
DE 10.06 usec

TE 295.7 K

D1 2.00000000 sec
TGO 1

======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
S| 16384

SF 400.1300140 MHz
WDW EM

LB O0Hz
GB 0
PC 1.00
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-ethoxy-2-oxoethyl)-

benzo[b]fluorene-12-carboxylate (27ar)

-epimino

4b,10,10a,11-tetrahydro-5SH-5,10
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PULPROG zgpg30
D 32768
SOLVENT CDCl3
NS 584
Ds 0
SWH 24038.461 Hz
T T ] FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DwW 20.800 use
DE 6.50 us¢
TE 296.6 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ======-
SFOL 100.6228298 MH:
Nucl 13C
Pl 10.00 use
PLWL 42.50000000 W
======== CHANNEL 2 =======
SFO2 400.1316005 MH:
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 uss
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W

F2Z - Processing parameters

ST 32768
SF 100.6127791 MH:
WDW EM
SSB 4]
LB 2.00 Hz
GB 0
PC 1.00
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benzo[b]fluorene-12-

-epimino

BCl6 rh bll0O

'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-(tert-butoxy)-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27as)
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BCle rh 1100 13c¢c again

13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-(tert-butoxy)-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27as)
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-oxopropyl)-4b,10,10a,

benzo[b]fluorene-12-carboxylate (27at)

-epimino

11-tetrahydro-5H-5,10
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F2 - Processing parameters
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-11-(2-oxopropyl)-4b,10,10a,

benzo[b]fluorene-12-carboxylate (27at)

-epimino

11-tetrahydro-5H-5,10

Current Data Parameters

het s 8282 BEE858 HANoe o ] o e NAME i want to graduat
~ oW ~ 08 T .o ames 9 e “ an EXPNO 428
2 S 3333 34833893 rEEE 8 PR RS PROCNO 1
_ O _ //\\ //_\\\ /§ _ i ‘ _ d ‘ F2 - Acquisition Parameter
Date_ 20250614
\_.ﬁ Time 13.30
= INSTRUM spect
PROBHD 5 mm PABBO BB/
FULPROG zgpg30
D 32768
SOLVENT CDC13
NS 689
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
_ aAQ 0.6815744 se
* RG 198.09
f T T T T T T T T T T T T T T T T T T T T T 1o 70,800 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 1= 296.6 K
Dl 2.00000000 se
D1l 0.03000000 se
DO 1
======== CHANMNEL fl ======
SFOl 100.6228298 MH
NUCl 13C
Pl 10.00 us
PLW1 49,50000000 W
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
— nuc2 1H
» A CPDPRG[2 waltzlé
r PCPD2 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
210 200 190 180 170 160 150 140 130|120 110 100 90 80| 70 60 50 40 30 20  ppm i~ Frocessing parenstess
SF 100.6127823 MH
WDW EM
S55B 0
LB 2.00 Hz
GB 0
PC 1.00
A . :_; Ml A

I
210 200 190 180 170 160 150 140 130

120 110 100 90 80

70

60 50 40 30 20 ppm
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'H NMR spectrum of 10-(tert-butyl) 2,3-dimethyl (4aR,9R,9aR)-9-(2-
methoxy-2-oxoethyl)-4,4a,9,9a-tetrahydro-1H-1,4-epiminofluorene-2,3,10-

tricarboxylate (27ga)

o
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2.047 4 E; “—2 1;%;
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13C NMR spectrum of 10-(tert-butyl) 2,3-dimethyl (4aR,9R,9aR)-9-(2-

methoxy-2-oxoethyl)-4,4a,9,9a-tetrahydro-1H-1,4

tricarboxylate (27ga)

fluorene-2,3,10-

-epimino

b2088 13c

- o r~ 0 o DQ M- Current Data Parameters
S oo aaee 2888 &8 hae 88 o NAME i want to graduat
- o m oy == O r~r~ < . e . .. .. . .
O ~ - © o A o o oy oy o= ~w - oy A e~ EXPNO 458
¥ﬁ o - oA R = S Y WO T o PROCNO 1
- O\ ’ - < _ ; _ /4 h\ /< /\ 4\ ’ - _ F2 - Acquisition Parameter
.w _I_ Date_ 20250625
L Time 16.59
B (0] INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
o— D 32768
SOLVENT cDCl3
NS 327
/ DS 0
O SWH 24038.461 Hz
] N " FIDRES 0.733596 Hz
- L 1 AQ 0.6815744 se
RG 198,09
! T I I I T I I I T T I I I T I I T T T _WM mo.mwmm us
. us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 pPpm 1= 296.5 K
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL1 100.6228298 MH
NUCLl 13C
Pl 10.00 us
PLW1 49.50000000 W
E, > ======== CHANNEL f2 ======
— ' ..I.Illf. [S—— o drver SFO2 400.1316005 MH
! Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W
0.28125000 W

ééé%ﬂ%ééjﬂ?éjiﬂ?éé@éjmhsz
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RVRREYF I
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N

e W - " -
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PPM E2 - Processing parameters

SI 32768
SF 100.6127750 MH
WDW EM
S5B Q
LB 2.00 Hz
GB )
PC 1.00

T
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90 80
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-7,8-dibromo-11-(2-methoxy-

2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27ha)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-7,8-dibromo-11-(2-methoxy

-2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ha)

benzo[b]fluorene-12-

-epimino

BC19 13c

Current Data Parameters

= o = o o wnw
A B - R 5384 25888 82 553 I9 3 N e et
g B 22 L5I3H N i B e EXPNO %30
— — - A A [l ol S W T T o
PROCHNO 1
| WY WONCNZ T B —
Date_ 20250517
Time 14.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
\ SOLVENT cDCl3
h NS 665
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 ppm 2% o.mwwwqmw e
DW 20.800 us
DE 6.50 us
TE 296.8 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOl 100.6228298 MH
NUC1 13C
Pl 10.00 us
> PLW1 49.50000000 W
k A
! ======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
AR L LA LA L L L st BT T 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80f 70 60 50 40 30 20 PPM =2 - processing parameters
SI 32768
SF 100.6127764 MH
WDH EM
sSsB 0
LB 2.00 Hz
GB 0
BC 1.00
.p.1 A Agsirnh f - L)li\\%. ti(L‘ L
T T T T T T T T T T T T T T T T T T I T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 pPpm
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7.3701

.2798
7.2622

L2427
7.2248
7.2068
7.1662
7.1460
7.1207
7.1021
2.4913

.4648
2.4509
2.4242
2.3427

2

—0.0000

benzo|b]fluorene-12-

-epimino

'H NMR spectrum of tert-butyl (4bR,10aR,11R)-7,8-difluoro-11-(2-methoxy-

.203
.059
.075

2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ia)

1.030
0.991
1.000
1.044
0.959
9.321

5

Current Data Parameters
NAME iwantto graduate

EXPNO 228
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250513

Time 11.05
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDClz

NS 4

Ds 0

SWH 7211539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 31.16

DW 69.333 usec

DE 10.06 usec

TE 295.8 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384
SF 400.1300088 MHz
WDW EM
$SB 0
LB 0Hz
GB 0
PC 1.00
o}
A
7o
. H
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-7,8-difluoro-11-(2-methoxy-

benzo[b]fluorene-12-

-epimino

2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ia)

BCZ0 13c

o
o HMO O TINNO O M A~ [=} Current Data Parameters
Lﬁ no Eadesrngngsazyac g nH83 48 328 29 2 NAME i want to graduat
- o7 8 3EBRBSSSSSYSLLIY 8 Gere wH  sed = o EHPNO 229
- _I_ — A A AAAA A A A A A A A A — [ e S R -] [T T B o~ PROCNO 1
B - _ /_%/X\ <\\ _ /§ /\ /-\ _ _ _ FZ - Acquisition Parameter
\DoC Date_ 20250513
N Time 11,44
M T INSTRUM spect
—I_ PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
F F SOLVENT CDC13
A A A NS 858
I DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm = 188.09
DwW 20.800 us
DE 6,50 us
TE 297.2 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL f]l =====—
SFOl 100.6228298 MH
NUC1 13C
Pl 10.00 us
A PLW1 49.50000000 W
======== CHANNEL f2 ======
SFOZ2 400.1316005 MH
Nucz 1H
CPDPRG [2 waltzlé
PCPD2 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80/ 70 60 50 40 30 20 pPpM 2 - Processing paramecers
SF 100.6127784 MH
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
A . | Iy A —
I I T T T T T T T T T T T T I I T T T I T T 1
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm
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benzo|b]fluorene-12-

-epimino

BC20 19f

-140.015
—-140.065

<

Current Data Parameters
NAME i want to graduate

EXPNO 233
PROCNO 1

F2 - Acquisition Parameters
Date 20250513
Time 16.05
INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG zgig

TD 131072
SOLVENT CDCI3
NS 4

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec
DE 6.50 usec

TE 2045 K

D1 1.00000000 sec

D11 0.03000000 sec
1

294

======== CHANNEL 1 ======
SFO1 376.4607168 MHz
NUC1 19F

P1 15.00 usec

PLW1 16.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MHz
NUC2 1H

CPDPR@G[2 waltz16

PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

F NMR spectrum of tert-butyl (4bR,10aR,11R)-7,8-difluoro-11-(2-methoxy-

2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ia)

' ' ' I ' I ' I ' I " I "
=20 -40 -60 -80 -100 -120 -140 -160 -180 ppm



benzo[b]fluoren-11-yl) acetate (27ba)

-epimino

Current Data Parameters

WOWNOoOOUNITONONNRA AN~ ANFTFOIENNOCODNAANTWMNN AN OMDONDN OO yAME i want to graduate
TSTONCONITSOA O NNOYNOOYNTNANNO0OWYWITOFOT0ONO0OTNOY 0N nom g
3332222111110009999999988880966666438888544433332mmw_”_un_/v_o me
M~~~V O OVWOVOVWOWOWOWWOWOWW OO MO OO O] NN NN NN ™
== — = e S F2 - Acquisition Parameters
= - Date_ 20250609

Time 15.12
INSTRUM spect
PROBHD 5 mm PABBO BB/

'"H NMR spectrum of methyl 2-((4bR,10aR,11R)-12-tosyl-4b,10,10a,11-

tetrahydro-5H-5,10

PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8
DW 69.333 usec
DE 10.06 usec
TE 295.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300128 MHz
WDW EM
S5B 0
LB 0 Hz
GB ]
PC 1.00
O
\:/ —~
- o]
H
%LL_ I , -
_________ I an T T T R A T R
9 8 7 6 5 4 3 2 1 ppm
NN | WOl [w of|a|r~|m
o~ |||~ N[ O | = ||~ Of s || O
O OO OO [s) =] || Oy (=] )] [a] o]
[N O O — = || | ||~
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13C NMR spectrum of methyl 2-((4bR,10aR,11R)-12-tosyl-4b,10,10a,11-

benzo[b]fluoren-11-yl) acetate (27ba)

-epimino

tetrahydro-5H-5,10

BC21 13c

N

0]
oud

H

> T

g
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8l
40
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S
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/
/
\

—53.33

T—51.55
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—40.71
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|
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EXPNO
PROCNO

21.26

Current Data Parameters

i want to graduat
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1

F2 - Acquisition Parameter

Date_
Time
INSTRUM
PROBHD
PULPROG
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SOLVENT
NS
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T

DS
SWH
FIDRES

RQ
ppm g
DW
DE

I L

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

| L |

SFO2
NUCZ

CPDPRG [2

PCPD2
PLWZ

ST
SF
WDW
SS8B
LB
GB
PC

n | I\

T
210 2

T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

30 20 ppm

20250510
1z2.45
spect

5 mm PABBO BB/

zgpg30

32768

CDC13

73

0
24038.461 Hz
0.733596 Hz
0.6815744 se

198.09
20.800 us
6.50 us
296.4 K
2.00000000 se
0.03000000 se

CHANNEL fl ======

100.6228298 MH
13c

10.00 us

4%.50000000 W

CHANNEL f2 ======
400.1316005 MH

1H

waltzlé
90.00 u
12.50000000 W
0.34722000 w
0.28125000 W

PPM;; - Processing parameters

32768
100.€6127810 MH
EM
o
2.00 Hz
0
1.00
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'"H NMR spectrum of methyl 2-((4bR,10aR,11R)-12-acetyl-4b,10,10a,11-
tetrahydro-5H-5,10-epiminobenzo[b]fluoren-11-yl) acetate (27ea)
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13C NMR spectrum of methyl 2-((4bR,10aR,11R)-12-acetyl-4b,10,10a,11-

benzo[b]fluoren-11-yl) acetate (27ea)

-epimino

tetrahydro-5H-5,10

BCZZz 13c
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Current Data Parameter:

NAME i want to grac
EXPNO 29(
PROCNO 1

F2 - Acguisition Parame

\
nu
Date_ 2025051¢
Time 12.21
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg3(
TD 3276¢
SOLVENT CDCL:
| | I _ NS 40t
T DS C
SWH 24038.461
FIDRES 0.73359¢
A 0.681574¢
210 200 190 180 170 160 150 140 130 120 110 100 9 @80 70 60 50 40 30 20 vvzdmm 198.0¢
DW 20.80(
DE 6.5(
TE 297.¢
D1l 2.0000000C
D11 0.0300000C
TDO 1
======== CHANNEL fl ===
SFOl 100.622829¢
NUC1 13¢
Pl 10.0C
- PLWL 49.5000000C
- CHANNEL f2 ===
SFO2 400.131600%
NUC2 1r
CPDPRG[2 waltzlé
PCFD2 90.0C
PLW2 12.5000000C
PLW12 0.3472200C
PLW13 0.2812500C
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 PPM £2 - Processing paramet
ST 3276¢
SF 100.6127864
WDW Eb
SSB C
LB 2.00
GB C
PC 1.0

I | _ -

I T T I I T T I I I ! I I T T T I T T I

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

Ppm
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'"H NMR spectrum of benzyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-
4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-carboxylate (27da)
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13C NMR spectrum of benzyl (4bR,10aR,11R)-11-(2-methoxy-2-oxoethyl)-

4b,10,10a,11-tetrahydro-5SH-5,10

benzo[b]fluorene-12-carboxylate (27da)

-epimino

BC23 13c
a g dugegEogan woe me  den oo o Current Data Parameters
. . ST T s nOw o woaw ~m o NAME i want to graduat
o~ w ~N A WO~ Ws O ) . . '] .
~ Wy T oW MmN N 0 0w N e R o EXPNO 294
— — N A AA A AA A A A -~ r~-r~- el te] nwm < T m PROCNO 1
_ _ J\ _ fZ\\\\ 4\ /\ /ﬂ\ _ _ _ F2 - Acquisition Parameter
Date_ 20250518
Time 13.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
A . A NS 501
I Ds o0
SWH 24038 .461 Hz
FIDRES 0.733596 Hz
. 7
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 35 068 8T o=
DW 20.800 us:
DE 6.50 us
TE 296.8 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOLl 100.622829%8 MH
NUC1 13C
Pl 10.00 us:.
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
.E- hﬁ _ Nuc2 1H
A Y CPDPRG[2 waltzlé
‘. PCPD2 90.00 us.
Aﬂ PLWZ2 12.50000000 W
PLW12Z 0.34722000 W
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'"H NMR spectrum of methyl 2-((4bR,10aR,11R)-12-((4-nitrophenyl)sulfonyl)-

4b,10,10a,11-tetrahydro-5SH-5,10-epiminobenzo[b]fluoren-11-yl)acetate (27ca)
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13C NMR spectrum of methyl 2-((4bR,10aR,11R)-12-((4-nitrophenyl)sulfonyl)

benzo[b]fluoren-11-yl)acetate (27ca)

-epimino

-4b,10,10a,11-tetrahydro-5H-5,10

BCZz4 13c
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Date_ 20250502
Time 19.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
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FIDRES 0.733596 H:
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S5I 32768
SF 100.6127771 Mt
WDW EM
SS5B o]
LB 2.00 H:
GB o]
PC 1.00

T
210 2

00 190 180 170 160 150 140 130 120 110

T
100

T
80 80 70 60

50 40 30 2

ppm

302



'H NMR spectrum of methyl 2-((4bR,10aR,11R)-12-benzoyl-4b,10,10a,11-

tetrahydro-5H-5,10-epiminobenzo[b]fluoren-11-yl)acetate (27fa)
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13C NMR spectrum of methyl 2-((4bR,10aR,11R)-12-benzoyl-4b,10,10a,11-

benzo[b]fluoren-11-yl)acetate (27fa)

-epimino

tetrahydro-5H-5,10

BC25 13c¢

- Current Data Parameters
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-3-fluoro-11-(2-methoxy-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate (27af)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-3-fluoro-11-(2-methoxy-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27af)

BC26 13c
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Current Data Parameters

NAME i want to graduate
EXPNO 276
PROCNO 1

F2 - Acquisition Parameter:
Date_ 20250517
Time 13.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 228

Ds Q

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se«
RG 198.09

DW 20.800 us¢
DE ©.50 use
TE 296.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL ]l ======:
SFOl1 100.6228298 MH:
NUCL1 13C

Pl 10.00 use
PLW1 49.50000000 W
======== CHANNEL f2 ======-
SFOZ 400.1316005 MH:
NuUC2 1H
CPDPRG[2 waltzlé
PCPD2 920.00 us¢
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SF 100.6127763 MH:
WDW EM
SSB 4]

LB 2.00 Hz
GB Q

PC 1.00
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benzo[b]fluorene-12-

-epimino

YF NMR spectrum of tert-butyl (4bR,10aR,11R)-3-fluoro-11-(2-methoxy-2-

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

BC27 19f
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o 3 Current Data Parameters
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-3-methoxy-11-(2-methoxy-2-
oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-
carboxylate (27ai)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-3-methoxy-11-(2-methoxy-

2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate (27ai)
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-epimino
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Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
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DE 6.50 us<
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TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH:
NUC1 13C

Pl 10.00 us<
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======== CHANNEL f2 ======:
SFO2 400.1316005 MH:
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us¢
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
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WDW EM
55B Q
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GB 0

PC 1.00
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'H NMR spectrum of benzyl (4bR,10aR,11R)-2,3-dimethoxy-11-(2-methoxy-
2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-

carboxylate BC28

—_—
8.008
1.165 = 1]

1.048 —
1.007

—_—

-
2.149

2.289

7.079

3.049 —
1.007

= —

T ~—

1.000

—_—

2.025

wdd

4s
1S

¥8E91
sisjsLuered Buisssoold - 24

ZHW 2¥100€1 00

Id
LoNN
L

LMd

288N 00'S1

M 00000005 €L
Hl
ZHW 800¢€E} 00t

310

aL
204d1Nd

alL’le
08s LpylEliEE
LNIATOS
/98 0898vd WwW s JgH30Hd

ZH 6400220

LII3NNYHD
3
085 00000000°2
M G962
085N 8001
288N £EE'69

ZH BES L lel

.3090
.24179
.2388
.1758
.1644
.1569
L1513
L1437
L1325
.9653
.8750
. 8257
L6339
L5713
L3692
L2653
L1620
.9081
.8015
L7716
.5381
.5086
.8929
. 8457
.8071
L7123
.6076
L4013
L7863
L7750
. 7458
L7344
L4691
L4438
L4287
L4032

I T

s

AN

771N

MR NN NN NN W

—-0.0000

WNYLSNI
_auip
sleq
ONOOHd
ONdX3
JNYN

6501

12505202
sislswIzd Uoisinboy - 24

I

eds

sigjsuieled eleq uasung

145
spenpeib o} jLem |

gZod



13C NMR spectrum of benzyl (4bR,10aR,11R)-2,3-dimethoxy-11-(2-methoxy-

benzo[b]fluorene-12-

-epimino

2-oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10

carboxylate BC28

BCZ8 13c
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'H NMR spectrum of tert-butyl (4bR,10aR,11R)-3-ethoxy-11-(2-methoxy-2-
oxoethyl)-4b,10,10a,11-tetrahydro-5H-5,10-epiminobenzo[b]fluorene-12-
carboxylate (27a0)
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13C NMR spectrum of tert-butyl (4bR,10aR,11R)-3-ethoxy-11-(2-methoxy-2-

benzo[b]fluorene-12-

-epimino

oxoethyl)-4b,10,10a,11-tetrahydro-5SH-5,10

carboxylate (27a0)
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F2 - Acquisition Parameter:
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Time 12.56
INSTRUM spect
PROEBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 426

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DwW 20.800 use
DE 6.50 use
TE 296.8 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ======:
SFOL 100.6228298 MH:
NUC1 13C

Pl 10.00 use
PLW1 49.50000000 W
======== CHANNEL f2 ======:
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NUC2 1H
CPDPRG [2 waltzlg
PCPDZ 90.00 use
PLWZ 12.50000000 w
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T T I T T T T T T T T T T T T T I

T , T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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b1199 2ac

'H NMR spectrum of 2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diol

(SC1)

o
@ WO A0OFOFOOTONODNMULWMDD-OWNON®ST O
o NN NOCOITOMONLOMWOWODITOWoOONoNO Current Data Parameters
[0} HHO N AN N TONO®O- 0O NN ST AN A O NAME iwant to graduate
~ L OO MO NN NN NN NN NN N A A A PROCNO 1
/ \ _%_X,%\\\L \ F2 - Acquisition Parameters
Date_ 20250402
Time 11.58
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 32768
SOLVENT CDCI3
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 24.54
DW 69.333 usec
DE 10.06 usec
TE 2048 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
sl 16384
SF 400.1299975 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
I \ W F[r
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
(=] Ee! <r w0 —i|o] — o
IS I ~ — o=l o
ol|lo =] o~ —|o|lo o
| T ™~ |l ™
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13C NMR spectrum of 2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diol

(SC1)

b11%S% 13c

Current Data Parameters

%. m_ 239883 3 g8 S5 =g} NAME i want te mmwm:mn,
o 0 U : : . EXPNO
3 = TEEER 6 I3 aa 33 PROCNO 1
7 4\\ _ 7 _ 7 _ /\ F2 - Rcquisition Parameter
Date_ 20250614
— Time 16.45
HO —_— INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
_I_O TD 32768
SOLVENT CDC13
. NS 74
v T T - DS 0
" ' " T SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
T , T T T , T T T T T T , T T T , T T T T T T oy 20,800 us
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppmr= 296.4 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NuCcl 13C
Pl 10.00 us.
PLW1 49.50000000 W
s CHANNEL f2 ======
SFO2 400.1316005 MH
NuC2 1H
CPDPRG[2 waltzlg
PCPD2 90.00 us
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm [Z - Frocessing paransters
SF 100.6127782 MH
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
I T T T I T T T T T I T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'H NMR spectrum of 4,4'-(((2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-

diyl)bis(oxy)) bis(methylene))bis(bromobenzene) (43a)

s5C2 1H

7.4196
3990

7.1677

L1471

4.8842
4.8817

L7731
—4.4074

3.3690
3.3470
3.3362
3.3144
2.2209
2.1695
2.1592
2.1393
2.1207
2 1076

é\Z\\\§

L1020
1.7639

S I

=)
o0~ O =

o 0 o Current Data Parameters
S @ e = NAME  iwant to graduate
- ee o EXPNO 44
e e ] PROCNO 1

F2 - Acquisition Parameters
Date 20250404

Time 14.32

INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG zg30

TD 32768
SOLVENT cDCI3

NS 4

DS 0

SWH 7211.538 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 17.55

DwW 69.333 usec
DE 10.06 usec

TE 29486 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
Sl 16384
SF 400.1300271 MHz
EM
o]
0 Hz

WDW
SSB
LB
GB 0
PC 1.00
O J—
U g

Br

4.036
4.083

~1 -]

025 Y1
L.027

1
1

4.008

4.077

.039
.103

2
4

[

3.000

[

ppm

3.048
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13C NMR spectrum of 4,4'-(((2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-

diyl)bis(oxy)) bis(methylene))bis(bromobenzene) (43a)

SC2Z_13c

Br

Br

Current Data Param

" O - T o N
sonoan - 888888 % T8 53 g MAME i want to
~ o~ Hw® ~ R . [ -
T MmN o T O oA [T W oy - ™ EXPNO
—~ — — — QO M~~~ 0~~~ T ™ N ™ — PROCNGC
HERTEN . VNV R
Date_ 202
Time
INSTRUM
O — PROBHD 5 mm PABB
PULPRCG z
D
(@] SOLVENT
NS
DS
SHH 2403
FIDRES 0.7
v AQ 0.68
RG 1
I I I I I ! I I I I I I [T I I I I I I T _Mm 2
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmi:z
D1 2.000
D11 0.030
TDO
===————— CHANNEL f
SFOl 100.62
NUCL1
Pl
* - PLWL 49.500
======== CHANNEL f
SFOZ 400.13
NUC2
CPDPRG [2 wa
PCPD2
PLWZ 12.500
PLW12 0.347
PLW13 0.281
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20  ppm:z - Frocessing »a
SF 100.61
WDW
SSB
LB
GB
BC

|

|| | T

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

eters
graduate

45

1

arameters
50404
14.33
spect
O BB/
gpg30
32768
CDCl3
239
0
8.461 Hz
33596 Hz
15744 sec
98.09
0.800 use
6.50 use
294.7 K
00000 sec
00000 sec

] =======
28298 MHz
13C
10.00 use
00000 W

2 =======
16005 MHz
1H

1tzlé
90.00 use
00000 W
22000 w
25000 w

rameters
32768
27820 MHz
EM
0
2.00 Hz
0
1.00
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'H NMR spectrum of 2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diyl

bis(4-bromobenzoate) (43b)

SC3_1H

7.8737
7.8524
7.5698
T.5487
T—7.2682

vl

4.9941
4.8497
4 40006

L3727
4 3576

4.3297
2.4489
2.4439
2.4385
2.3930
2.1846
2.1794
2.1736
2.1660
2.1607
2.1554
2.1474
2.1420
2.1368
2.1289
2.1233
2.1182
1.8315
1.1235
1.1049
1.0861

-0.0000

//2\ &%ﬂ%\\\\\x\

4.018
4.007

~1 -

o

1.002

0.993

4.019

.021
.999

2
1

Mo -

2.01¢%
3.000

[

.006

Current Data Parameters

NAME i want to graduate
EXPNO 40
PROCNO 1

F2 - Acquisition Parameters
Date 20250403

Time 18.56
INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG 2g30

TD 32768
SOLVENT CcDCI3

NS 4

DS 0

SWH 7211.538 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 38.89

Dw 69.333 usec

DE 10.06 usec

TE 2956 K

D1 2.00000000 sec
TDO 1

======== CHANNEL 1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
sl 16384

SF 400.1300064 MHz
wWDwW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
o}

e}
mﬂ||A vllA
e}

ppm
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13C NMR spectrum of 2-(2-methylallyl)-2-(pent-2-yn-1-yl)propane-1,3-diyl

bis(4-bromobenzoate) (43b)

SC3_13c¢

0]
O
(0]
o]
m_.|A V|A
e}

165.37

—140.21

131.75
130.99
128.78
128.22

=
=

—116.50

77.32
77.00
76.68

— 85.50

<

74.14

— 66.74

—41.26
—/—39%9.22
—25.09
T—23.32
—14.12
——12.38

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

40 30 20 ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

ppm

|

I
210 200 190 180 170 160 150 140 130 120 110 100

90 80

70 60 50 40 30 20

Ppm

Current Data Parameters

NAME i want te graduat
EXPNO 41
FPROCHNO 1
F2 - Acquisition Parameter
Date_ 20250403
Time 18.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Z2gpg30
TD 32768
SOLVENT CcDCl3
NS 278
Ds Q
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RO 0.6815744 se
RG 198.09
DW 20.800 us
DE 6.50 us
TE 295.8 K
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.622829%98 MH
NUC1 13C
Pl 10.00 us
PLW1 49,50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2z 18
CPDPRG[2 waltzlé
PCFD2 90.00 us
FLW2 12.50000000 w
FPLW1Z 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters
SI 32768
SF 100.6127753 MH
WDW EM
sSB 0
LB 2.00 Hz
GB o]
PC 1.00
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'"H NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(4-nitrophenyl)prop-2-

yn-1-yl)malonate (40a)

SC4-R2=4-N0O2-C6H4 enyne SM_1H

Current Data Parameters

© A.l_a M &3 w < m % > mw H _,m,_mw.__mo Nn.umm.,m_3<3m SM
()} e}
R R L B % g PROCNO 1
w © [ e s o) ™) N —
/\ /\ \ / \ 7 _ ‘ / \ F2 - Acquisition Parameters
Date_ 20250322
Time 9.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
0 32768
SOLVENT CDCI3
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 128.9
DW 69.333 usec
DE 10.06 usec
TE 295.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 ======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
MeO,C NO2
t MeO,C
il _ _
I I T I T T YT I o ] preem
9 8 7 5 5 4 3 2 1 ppm
N o ol M |0 —
te] (=) [ ()] | o)
o] o oo o oo o
— ™ | O NI [ag]
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SC4-R2=4-NOZ-C6H4 enyne SM_ 13C

Current Data Parameters

321

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

13C NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(4-nitrophenyl)prop-2-

yn-1-yl)malonate (40a)

,
210 200 190 180 170 160 150 140 130 120 110 100

70 60 50 40 30 20

b [=] ) (SRl 0 oo
- S T [ 883 ] 2 zas NAME zC-data-enyne SM
o o @ wo  m o - L - .o EXPNO z
r~ - " ™M o~ — (=] o~ ~ O 0 N o el
— — — — — — k= @~~~ w N ™ oo PROCNO 1
_ _ j \ _ _ _ , /L\\ _ _ /\ F2 - Acguisition Parameter
Date_ 20250323
Time 15.39
INSTRUM spect
PROBHD 5 mm PABBO BB/
ZO PULPROG zgpg30
— D 32768
MeO,C 2 SOLVENT cDCl3
MeO,C be %
SWH 24038.461 Hz
FIDRES 0.733596 Hz
T T AQ 0.6815744 se
RG 198.09
f , T T T T _ T T T T , T T g , T T T T _ 1o 20,990 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm e 294.6 K
Dl 2.00000000 se
D11l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCl 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NuC2 1H
CPDPRG[2 waltzlé
PCPD2 20.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters

ST 32768
SF 100.6127745 MH
WDW EM
SSB Q
LB 2.00 Hz
GB o]
FC 1.00



'H NMR spectrum of dimethyl 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-

methylallyl)malonate (40c)

SC5-R2=4-Br-C6H4 enyne SM_1H

Current Data Parameters
NAME zC-data-enyne SM
EXPNO 5
PROCNO 1

4,933
4.929
4.860

F2 - Acquisition Parameters

—3.755
—3.033
T—2.885
—1.679
T-1.584

W )

Date_ 20250322
Time 9.34
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 99.72
DW 69,333 usec
DE 10.06 usec
TE 294.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 ======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
MeO,C Br
z_ MeO,C
I _ ‘ _
T T T T i T Aa — T i T
9 8 7 3 5 4 3 2 1 ppm

O [alis] o | ™

oo | \© (= o] =t

oo (=] ) (=) fe=] few) —

(A i O N ™
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13C NMR spectrum of dimethyl 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-

methylallyl)malonate (40c)

SC5-R2=4-Br-C6H4 enyne SM_13C

Current Data Parameters

o« ™~ 0 W w0 o
= Tooan < 2E888 = = = NAME zC-data-enyne SM
o AN o] - : oS : o EXPNO 6
~ %) o e oo W o~ 0 w0 oy o oo
— — — - — — @~~~ w0 L] o PROCNO 1
_ /\ _ _ _ V 4\ _ _ _ /\ F2 - Acquisition Parameter
Date_ 20250323
Time 16.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
m PULPROG zgpg30
— r D 32768
_<_m0m0 SOLVENT CcDC13
NS 300
MeO,C DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
T Y AQ 0.6815744 se
RG 188.09
[ I I I I I I T I I T I I I I I ] [ I | I I _NM mc%m% us:
. us:
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 294.7 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCL 13C
Pl 10.00 us:
PLW1 49.50000000 W
======== CHANNEL f2 ======
r ¥ SFO2 400.1316005 MH
Nuc2 1H
CPDPRG [2 waltzlé
PCPDZ 20.00 us:
PLWZ 12.50000000 W
PLW12 0.34722000 W
T T T T T T T T T _ T T T T T _ T T T T T T P 028125000 ©
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Ppm £2 - Frocessing parameters
SI
SF 100.6127788 MH
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00

_ | _

T ,
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

323



SCé

'H NMR spectrum of dimethyl 2-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2-(2-

methylallyl)malonate (40a)

w O O o —~ o~ WOy < QO < (=)
I s N BN = o~ o o =] Current Data Parameters
= R 00y 0 © W m o ol = NAME i want to graduate
Moy W~ o OY 00 ~ oo 0 = EXPNO 115
o~ 00 - = ™™ ™o — = PROCNG 1
/\ /\ 4\ /\ / \ F2 - Acquisition Parameters
Date 20250502
Time 15.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zg30
TD 32768
SOLVENT cDCI3
NS 4
Ds 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 45.15
Dw 69.333 usec
DE 10.06 usec
TE 295.1 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13,50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300074 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
MeO,C OMe
MeO,C
F E I | i
T T T T T T T T T
8 7 6 5 4 3 2 1 ppm
n & | 3] =l o = =
(o) = = Y —[\O (3] (=) —
(o2 < ] Jo)] —| = fes] feo) ™
— ™~ — o [3a] Ate) [aN] KaN] (32]
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13C NMR spectrum of dimethyl 2-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2-(2-

methylallyl)malonate (40a)

SCé 13c

Current Data Parameters

— (=] — o1 o~
r~ = &) o o™ Geao® IOn 2 59 NAME i want to graduat
= » A 245 I LR o X EXPNO 11¢
— — — — - @ W~~~ R R ™ oo PROCHNO 1
_ _ _ _ /\\ /\ é\ fh \ _ < F2 - Acquisition Parameter
Date_ 20250502
Time 15.56
INSTRUM spect
PROEHD 5 mm PABBO BB/
— PULFPROG zgpg30
MeO-C — OMe D 32768
2 SOLVENT cpcl3
NS 54
MeO,C ne i
SWH 24038.461 Hz
FIDRES 0.733596 Hz
. T AQ 0.6815744 se
RG 198.09
f T T T T T T T T , T T T T T T T T , T T T _mm mcwwmm ue
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 ppm 1= 295.3 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUCl 13C
Pl 10.00 us
PLWL 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NuC2 1H
CPDPRG [2 waltzlé
PCPD2 90.00 us
PLWZ2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
210 200 190 180 170 160 150 140 130 120 110 100 S 80 70 60 50 40 30 20 vv:.% T Frocessing paramstere
SF 100.6127750 MH
WDW EM
SSB o}
LB 2.00 Hz
GB 0
PC 1.00

Al i -

A

_
210 2

00 190 180 170 160 150 140 130 120 110 100

90 80 7

T
0

60 50 4

T
0

30 20

ppm
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SC7_1H

'"H NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(3-(trifluoromethyl)

phenyl)prop-2-yn-1-yl)malonate (40d)

M~ oM~ s OWw o) u) ™~ o o) (=]
M T DO ™M -~ ™M ™ - ™ [ =] Current Data Parameters
=HW M o NO o0 ) O ~ 0 N = NAME i want to graduate
O W WS TN [ ~ o Oy 0 ) EXPNO a1
S N N <« ™ ™ o — ) PROCNO 1
/.Z X\ /\ _ f \ F2 - Acquisition Parameters
Date_ 20250323
Time 15.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
1D 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.538 Hz
FIDRES 0.220079 Hz
AQ 22719147 sec
RG 19.88
Dw 69.333 usec
DE 10.06 usec
TE 2842 K
D1 2.00000000 sec
TDo 1
======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1299958 MHz
WDW EM
SSB Q
LB 0Hz
GB o]
PC 1.00
MeO,C
MeO,C
2 CF3
T T T T T T T T T
8 7 6 5 4 3 2 1 ppm
o~ | Ol < Y| =+ o
| 0| oo 2, ol o
(9] fo)] feo] (=] ] o (] fa) o
Ol —— w0 ey o)
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13C NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(3-(trifluoromethyl)

phenyl)prop-2-yn-1-yl)malonate (40d)

SC7_13c

7>mmumﬂ
MeO,C

— 170.46
139.72
134.74
131.23
130.91
130.59
130.26
128.70
128.17
128.13
128.09
127.68
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124.50
124.47
124.086
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119.56
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77.00
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——52.65

— 35.79
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Current Data Parameters

NAME i want to graduat
EXPNO 32
PROCNO 1

F2 - RAcguisition Parameter

327

_ T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

Date_ 20250323
Time 15.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 128

Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RO 0.6815744 se
RG 198,09

DW 20.800 us
DE 6.50 us
TE 294.3 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL1 100.6228298 MH
NUC1 13C

Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
sSI 3z768

SF 100.6127747 MH
WDHW EM
SSB )

LB 2.00 H=z
GB 0

PC 1.00



YF NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(3-(trifluoromethyl)

phenyl)prop-2-yn-1-yl)malonate (40d)

SC7_19f

-63.033

MeO,C —
MeO,C

-20 -40 -60

Current Data Parameters
NAME i want to graduate

EXPNO 35
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250323

Time 15.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig

D 131072
SOLVENT CDCI3

NS 16

DS 0

SWH 88285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

Dw 5.600 usec

DE 6.50 usec

TE 2945 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUC1 19F

P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL f2 ======
SFO2  400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W
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'"H NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(4-(trifluoromethyl)

phenyl)prop-2-yn-1-yl)malonate (40e)

SC8_1H

T O 0 © — o oy < =)
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Current Data Parameters
NAME i want to graduate
49

EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20250405

Time 19.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2030

1D 32768
SOLVENT cDCIa

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 22.62

Dw 69.333 usec

DE 10.06 usec

TE 284 9 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
sl

SF
WDW
SSB
LB

GB
PC

16384

400.1299995 MHz

EM
0

0 Hz
0
1.00

CF3
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13C NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(4-(trifluoromethyl)

phenyl)prop-2-yn-1-yl)malonate (40e)

SC8_13c

= M%ﬂ%%m%ﬂmmmmn © meyo @ o - . w0 Current Uﬂnm Parameters
P . T N MO0 0 o @ n o NAME i want to graduat
o OO QN WHNWNW . . . . . . .
~ PR TRt A RSP I e gt - NS @ o o - EXPNO 50
— A A A A A A A A A A A ® @~~~ w o ™ o el PROCNG 1
//Z , §\\_ _ J 4\ _ _ _ /\ F2 - Acguisition Parameter
Date_ 20250405
Time 19.47
INSTRUM spect
O—” PROBHD 5 mm PABBO BB/
pre— PULPROG zgpg30
MeO,C 3 ™D 32768
SOLVENT CDCl3
Z_mONO NS 372
DS 0
7 SWH 24038.461 Hz
FIDRES 0.733596 Hz
| AQ 0.6815744 se
RG 198.09
[ I I I I I I I I I I I I B A B | I I I I I 1DwW 20.800 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmi; soi o s
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUC1l 13C
Pl 10.00 us
PLW1l 49.50000000 W
======== CHANNEL f2 ======
: SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlé
PCPDZ 90.00 us
PLWZ 12.50000000 w
PLW1Z2 0.34722000 W
Eﬁé@é%%géﬂﬂjﬂéé?éééjigémthw 0.28125000 W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

L ||

PPM £2 - Processing parameters
SI

_
210

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

T
40 30 20

32768
SF 100.6127731 MH
WDH EM
5SB 0
LB 2.00 Hz
GB 0
PC 1.00
1

Ppm
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YF NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(4-(trifluoromethyl)

phenyl)prop-2-yn-1-yl)malonate (40e)

SCg_19f
fes}
% Current Data Parameters
’ NAME i want to graduate
™~ EXPNO 53
s} PROCNO 1
|
F2 - Acquisition Parameters
Date_ 20250405
Time 20.33
CF INSTRUM spect
— PROBHD 5mm PABBO BB/
MeO,C 3 PULPROG zgig
TD 131072
MeO,C SOLVENT CDCI3
NS 16
DS 0
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
DE 6.50 usec
TE 2853 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUC1 19F
P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL 2 ======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
T I . _ . I T I T I . _ . I . I r _ r
=20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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7.4076
7.3986
7.3959
7.3897
7.3835
7.2920
7.2856
7.2766
7.2695
7.2537
4.9454
4.9415
4.9372
4.8566
3.7433
3.7160
3.701¢9
3.6747
—2.8390
—2.4963
—2.1900
—1.8476
-0.0000

<

sy =

-
[

'"H NMR spectrum of 2-(2-methylallyl)-2-(3-phenylprop-2-yn-1-yl)propane-

1,3-diol (SC9)

.017
.059
.038
.005
4.053
2.087
2.008
2.002
3.000

3
1
1

2

Current Data Parameters
NAME  iwantto graduate
EXPNO 123
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250502

Tima 19.55

INSTRUM spact
PROBHD 5 mm PABBO BB/

PULPROG zg30

TD 32768
SOLVENT CDCl3
NS 4

Ds 0

SWH 7211.538 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 38.89

Dw 69.333 usec
DE 10.06 usec
TE 296.5 K

D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384

SF 400.1300123 MHz
WDW EM

SSB 0

LB 0Hz

GB 0

PC 1.00
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13C NMR spectrum of 2-(2-methylallyl)-2-(3-phenylprop-2-yn-1-yl)propane-

1,3-diol (SC9)

SCY b2070 13c¢

Current Data Parameters

~ © e~ m ~
@ s Nen - sIN88 g g 2 fa =~ NAME i want to graduat
¥ maR% 2 Gorrd o 5 o EXENO 124
— A - @ @ M~ - 0 T ™ oo PROCNO 1
_ / /\ \ _ _ _ /L\\ 7 7 _ /ﬁ F2 - Acquisition Parameter
Date_ 20250502
Time 19.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
[— PULPROG zgpg30
_I_O —_— TD 32768
SOLVENT CcDC13
NS 61
HO DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
f _ T T T , T T T _ T T T S g T _ _ T T T 0% 20,800 us
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 1= 296.7 K
D1 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOl 100.6228298 MH
NUCL 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlg
PCPD2 90.00 us
PLW2 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W

L i i i i A A LAY DAARRAA B BRI
210 200 190 180 170 160 150 140 1

30 120 110 100 90 80 70 60 50 40 30 20

ppm F2 - Processing parameters
SI

32768
sF 100.6127766 MH
WiDW EM
S5B 0
LB 2.00 Hz
GB 0
BC 1.00
T T T T T T T T _ T T T T T T T _ _ T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'H NMR spectrum of 4,4'-(((2-(2-methylallyl)-2-(3-phenylprop-2-yn-1-

yD)propane-1,3-diyl)bis(oxy)) bis(methylene))bis(bromobenzene) (43c)

b2078

7.417
7.399
7.397
7.314
7.310

7.306
7.301
7.295
7.286

7.276
7.268
7.188
7.168

%%&\

4.923
4.921

v
4.814

—4.439

-0.000

005
.023
4.038

1.
1

4.035

2.079
2.000

3.018

Current Data Parameters
NAME iwant to graduate
EXPNO 443
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250614

Time 17.05
INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG zg30

TD 32768

SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz

FIDRES 0.220079 Hz

AQ 22719147 sec

RG 45.15

DW 69.333 usec

DE 10.06 usec

TE 296.4 K

D1 2.00000000 sec

TDO 1

======== CHANNEL f1 ======

SFO1 400.1324008 MHz <t

NUC1 1H on
15.00 usec o

P1
PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384

SF 400.1300219 MHz
WDW EM

SSB 0

LB 0Hz

GB 0

PC 1.00



13C NMR spectrum of 4,4'-(((2-(2-methylallyl)-2-(3-phenylprop-2-yn-1-

yD)propane-1,3-diyl)bis(oxy)) bis(methylene))bis(bromobenzene) (43c)

b2078 13c

Current Data Parameters

HEIRILERHT m oo e e [ T o i
B rmoaiteN d SaNEsaR g 8 g NAME i want teo graduat.
A Ad e E®m AN Py r e : 3 EXPNO 444
BRI R S s g3 83 PROCNO 1
/ ///\\\\ _ _ //f\ \\ _ _ /\ F2 - Acquisition Parameter
Date_ 20250614
Time 17.07
INSTRUM spect
Br PROBHD 5 mm PABBO BB/
o) —_— PULPROG zgpg30
—_— TD 32768
SOLVENT CDC13
o) NS 88
Ds 0
Br SHH 24038.461 Hz
FIDRES 0.733596 Hz
" A 0.6815744 se
RG 198.09
f , T T T T T T T , T T T TR T , , T T T _wm No.%mM o
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 1= 296.9 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCl 13¢
Pl 10.00 us
; PLW1 49,50000000 w
======== CHANNEL f2 ======
_ — SFO2 400.1316005 MH
NuCc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
FLWZ 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W

il e i el il Ll i L L L) RARREE) REMAREN) AR
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm £2 - Processing parameters

SI 32768
SF 100.6127773 MH
WDW EM
SSB 0
LB 2,00 Hz
GB 0
PC 1.00

: ;F L _— :

T T
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 ppm
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'H NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(p-tolyl)prop-2-yn-1-yl)

malonate (40f)

k2068

oo oo ~ ™M m ™ e~ el )] o
~ o~ o N ) O [Te} < O [} fos) (=)
NN OO N 3 3 ™~ oo ™) 0 o
[ e A =SS oS [a9] e e ™ — (=]
MeO,C
MeO,C
L I _
__________________ T T &
7 5 4 3
O =1 — o w| o ™ )
oo (Vo) iTe} <t —| D — )
—|o o|o o oo o o
NI | o NN o) ™

Current Data Parameters
NAME i want to graduate

EXPNO 459
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250629

Time 14.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930

TD 32768
SOLVENT CDCI3

NS 4

DS 0

SWH 7211.589 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 51.8

DW 69.333 usec

DE 10.06 usec

TE 205.7 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters
Sl 16384

SF 400.1300098 MHz
WDW EM

SSB 0

LB 0 Hz

GB 0

PC 1.00

— Me
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13C NMR spectrum of dimethyl 2-(2-methylallyl)-2-(3-(p-tolyl)prop-2-yn-1-yl)

malonate (40f)

b2068 13c
o oD o - o Current Data Parameters
o L Tme o seNse > 2 = a8 NAME i want te graduat
= nm ma 83 ] 9o o oo BXPNO 450
f\ / & _ 7 < < _ _ 7 /\\ F2 - Acquisition Paramete:
Date_ 20250629
Time 14.08
INSTRUM spect
M PROBHD 5 mm PABBG BB/
— e PULPROG zgpg30
MeO,C ™ 32768
SOLVENT CDCL3
MeO,C NS 104
DS Q
SWH 24038.461 H:
FIDRES 0.733596 H:
g I AQ 0.6815744 s¢
RG 198.09
I , T T T T T T T T T , T T T T T T T T , T _mm No%mm u
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 ppm = 296.3 K
Dl 2.00000000 se¢
D1l 0.03000000 s¢
DO 1
======== CHANNEL fl ======
SFOL 100.6228298 Mt
NUC1 13C
Pl 10.00 us
PLW1 49.50000000 w
======== CHANNEL, f2 =====:
SFOZ 400.1316005 Mt
NUCZ 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
210 200 1920 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm Mm = Processing paraneter:
SF 100.6127744 Mk
WDW EM
SSB 0
LB 2.00 H:
GB 0
PC 1.00

I
210 2

00 190 180 170 160 150 140 130 120 110 100

I
9 80 70 60 50 40 30 20 ppm
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Sclz2 b2078

'H NMR spectrum of 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methyl

allyl)propane-1,3-diol (SC12)

o
[« R T BN ] o~ O ™~~~ — Oy o
S o oy H ™~ o O N0 R = Current Data Parameters
NS O = W = @ o @ 0 = NAME i want to graduate
o= e N ™ -~ 0 n o~ W o EXPNO a3
s - = ™ oo [ PROCNO 1
_// \\ / \ /_\ _ _ _ F2 - Acquiisition Parameters
Date_ 20250524
Time 14.40
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULPROG Zg30
D 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG £89.08
DW 69.333 usec
DE 10.06 usec
TE 2955 K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300080 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
HO — Br
HO
S @[r&fl} _
T T T T T T T T T T
9 8 7 & 5 4 3 2 1 ppm
| ol =) o o [
I S | oo =] | o s
oo | ] ol |of o
[aN] KoM} (o] e} =r AN I LN B Eap)
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13C NMR spectrum of 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methyl

allyl)propane-1,3-diol (SC12)

SC12 b2078 13c

HO
HO

Br

—— 141.86

—_—132.97
T—131.48

T—121.93

—122.48

— 115.57

— §7.99

— 82.40

77.32
77.00
76.68

<

—67.84

—43.13
— 39.16

—25.13
—22.81

I _ T T
210 200 190

180 170 160 150 140 130 120 110

I I

100 90 80 70 60 50 40 30 20

ppm

Current Data Parameters

NAME 1 want to graduat
EXPNO 323
PROCHNO 1

F2 - Acquisition Parameter

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

— N SN 5 U U | S
T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Date_ 20250524
Time 14.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
FULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 12z
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG l98.09
DW 20.800 us
DE 6.50 us
TE 295.8 K
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCl 13C
Pl 10.00 us
PLW1 49.50000000 W
CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CFDPRG[2 waltzlé
PCPD2 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 w
FLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127730 MH
WowW EM
SSB o]
LB 2.00 Hz
GB 0
PC 1.00
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'"H NMR spectrum of 5-(3-(4-bromophenyl)prop-2-yn-1-yl)-2,2-dimethyl-5-(2-

methylallyl)-1,3-dioxane (43f)

b2083 3ac
o
e o @ m SRS nase LY N9y S A e
— OV w ™M <+ N o ® w0y S o g
MO IES IS BN 3 O @ r~ 0~ O 0 — w0 s . EXPNO 467
e . e .. . . . . . o PROCNO 1
=~ s 5 s Mmoo ™ [ I e | |
/_/ § /\ \ //\ \ 7 _ 7 < F2 - Acquisition Parameters
Date_ 20250523
Time 19.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
0 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 19.88
DwW 69.333 usec
DE 10.06 usec
TE 297.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL 1 ======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300096 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
VAO = Br
k‘T‘r O
I T I T T T L T T T
9 3 7 6 5 4 3 2 1 ppm
j o oo — = oy || |y
oM =~ o0 (=] =] o | =r ITe)
oo oo ™~ o of (o] [+
[V i I ™ [V I [ag] \O
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13C NMR spectrum of 5-(3-(4-bromophenyl)prop-2-yn-1-yl)-2,2-dimethyl-5-

(2-methylallyl)-1,3-dioxane (43f)

SC13 b2083 13c

IRV TN A
o = Br
X
O
: .
[ | I I | I I | I I [ I I I I [ I I I I I ]
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20

|

|

a

all

ppm

_
210 200 190 180 170 160 150 140 130 120 110 10

,
0 90

80 7

T
0

60 50 4

T
0

30 20

ppm

Current Data Parameters
NAME

EXPNO 312
PROCNO 1

F2 - Acquisition Parameter
Date_ 20250523
Time 19.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 32768
SOLVENT CDC13

NS 42

DS o]
SWH 24038.461 Hz
FIDRES Q0.733596 Hz
2Q 0.6815744 se
RG 198.09

bW 20.800 us:
DE 6.50 us
TE 298.4 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUCL 13C

Pl 10.00 us:
PLWL 49.50000000 W
======== CHANNEL f2 ======
SFOZ 400.1316005 MH
NUCz 1H
CPDPRG[2 waltzlé
PCFD2 90.00 us
PLW2 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SF 100,6127797 MH
WDW EM
SSB Q

LB 2.00 Hz
GB o]

PC 1.00

i want to graduat
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'H NMR spectrum of 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methylallyl)

propane-1,3-diyl bis(4-bromobenzoate) (43d)

SC14 b2084
=4 Current Data Parameters
&) O 0 ™ 0 jte} [t} [t} o ¢
7553mmw&1% 3%7%2% & ﬁrm r.am S NAME  iwant to graduate
@ T M N A Cowwwwm O =) . EXPNO 348
. . . L e e . o PROCNO 1
[l e e e o N el [Fals I [S I — 1
F2 - Acquisition Parameters
Date_ 20250526
Time 20.05
INSTRUM spect
PROBHD 5mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDClz
NS 4
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42
DW 69.333 usec
DE 10.06 usec
TE 295.0K
D1 2.00000000 sec
TDO 1
======== CHANNEL {1 ======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300096 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
o]
O
o] = Br
O
0
LJ °
] | | WO | U S
I I I I I I T I ] T
9 8 7 5 5 4 3 2 1 ppm
n||wlofo wo|wl (o oo =}
|||~ N o (SIS =)
o||lo|o|o o|lo| |[H ollo o
<=l evfen || s ey ™
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13C NMR spectrum of 2-(3-(4-bromophenyl)prop-2-yn-1-yl)-2-(2-methylallyl)

propane-1,3-diyl bis(4-bromobenzoate) (43d)

SCl4 b2084 13c

165.37

Br

131.46
——131.02

X

132.99
131.80

/139 94
W

128.60

128.37

122.17
122.07

*t: .
T~ 116.90

—86.21
— 83.07

77.32
77.00
76.68

<

— 66.70

—41.60
——39.54
—25.16
T—24.13

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

1 T , T 1
40 30 20

ppm

210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20

[

Ll

Ppm

,
210 200 190 180 170 160 150 140 130 120 110 100

9 80 7

T
0

T T T
60 50 40

30 20

ppm

Current Data Parameters
NAME

EXPHNO 347
PROCNO 1
F2Z - Acquisitien Parameter
Date_ 202505826
Time 20.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 72
DS o]
SWH 24038.461 Hz
FIDRES Q.733596 Hz
RO 0.6815744 se
RG 1298.092
DW 20.800 us
DE €.50 us
TE 295.3 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NUC1 13C
Pl 10.00 us
FLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
Nucz2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLWZ 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127755 MH
WDW EM
55B o]
LB 2.00 Hz
GB o]
PC 1.00

i want teo graduat
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'"H NMR spectrum of 4-bromobenzyl but-2-ynoate (DC1)

DC1

7.495
7.490
7.478
7.474
7.249

7.232
7.228

X

5.116

1.977

-0.000

2.028
2.018

-

2.000

ro -

3.062

Current Data Parameters
NAME i want te graduate

EXPNO 447
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250621

Time 12.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDCI3

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 518

DW 69.333 usec

DE 10.08 usec

TE 2974 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H

P1 15.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

Sl 16384

SF 400.1300066 MHz
WDW EM

SSB 0

LB 0Hz

GB 0

PC 1.00

Br
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13C NMR spectrum of 4-bromobenzyl but-2-ynoate (DC1)

DC1 13c

Current Data Parameters

P wr-o o
“ awe 9 S 9888 & ~ MNAME i want to graduate
0 g @ ~rea e . EXPNO 4438
— ] — «© ~r~r-r- w Ll PROCNO 1
_ / #\ 7 7 < \ _ F2 - RAcquisition Parameters
Date_ 20250621
Br Time 12.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
O PULPROCG zgpg30
TD 32768
L SOLVENT CDC13
- NS 227
O DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
1 — BQ 0.6815744 sec
RG 198.09
[ T I I T T I I I I T I I T il b g | T I I I I ﬁWM NOmem use
. use
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 pPpPmM ¢ 298.2 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl =======
SFOL 100.6228298 MHz
NUCLl 13C
Pl 10.00 use
PLW1l 49.50000000 W
======== CHANNEL f2 =======
SFOZ 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 use
PLWZ2 12.50000000 W
PLW12 0.34722000 W

210 2

PLW13 0.28125000 W

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 PpmM 2 - Processing paraneters
SF 100.6127792 MHz
WDW EM
SSB 0
LE 2.00 Hz
GB 0
PC 1.00

T
210 2

T I T T T T T I T T I T T T T T T 1

T I T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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'"H NMR spectrum of 4-bromobenzyl (Z)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-2-enoate (37h)

DC2 bZz201l1

< Current Data Parameters
MM AN M ™ o Ty) — O ™ o h
WYY 0NN ﬂ >N w o o o - o mﬂwﬁo _Em::omﬂ,mn_:m.m
SESSSaNNaTT ~ ks } o FRboNo !
[ e e ol R Ce RN L oY — ]
F2 - Acquisition Parameters
Z X X < _ Date_ = 20250413
Time 18.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 78.51
DW 69.333 usec
DE 10.06 usec
TE 2048 K
D1 2.00000000 sac
TDO 1
======== CHANNEL f1 ======
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
Sl 16384
SF 400.1300078 MHz
WDW EM
SSB 0
LB 0Hz
GB 0
PC 1.00
O
O< \_/%
_m O
o}
t; Br
] I _
I T I T ! I I
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13C NMR spectrum of 4-bromobenzyl (Z)-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-2-enoate (37h)

DCZ b2011 13c

165.65

I
O:ﬂ 2 O\}/HHHHH/
© Br

—135.22
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Current Data Parameters
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_E
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EjéégjigéjéiéééjéémbﬁHu

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

M.. % NAME i want tc graduate
- @ EXPNO 55
o n PROCNO 1
_ _ F2 - RAcquisition Parameters
Date_ 20250413
Time 18.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CcDC13
NS 283
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
A r AQ 0.6815744 sec
RG 198.09
I I oW 20.800 use
DE 6.50 use
3—93 TE 295.0 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl =======
SFOL 100.6228298 MHz
NUCl 13C
Pl 10.00 use
PLW1 49.50000000 W
======== CHANNEL £f2 =======
SFO2 400.1316005 MHz
; NuC2 1H
CPDPRG[2 waltzlg
PCPD2 90.00 use
PLWZ 12.50000000 W
PLW12 0.34722000 w
0.28125000 W
20 PPME2 - Processing parameters
SI 32768
SF 100.6127715 MHz
WDW EM
SSB o]
LB 2.00 Hz
GB 0
PC 1.00

,
210 200 190 180 170 160 150 140 130 120 110 100

90 80

70 60 50 40 30 20

Ppm
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'H NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-6-(4-methoxy
phenyl)-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate(41aa)
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13C NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-6-(4-methoxy
phenyl)-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate(41aa)
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Current Data Parameters

NAME i want to graduate
EXPNO 302
PROCNO 1

F2 - Acquisition Parameter:
Date_ 20250518
Time 14.41
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULFROG zgpg30

TD 32768
SOLVENT CDC13

NS 117

DS o]
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DwW 20.800 use
DE 6.50 use
TE 296.3 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ======:
SFC1 100.6228298 MH:
NUCl 13C

Pl 10.00 use
PLWL 49.50000000 W
======== CHANNEL f2 ======-
SFo2 400.1316005 MH:
NuUC2 1H
CPDPRG[2 waltzlé
PCPD2 20.00 use
PLW2 12.50000000 w
PLW1Z2 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters
ST 32768
SF 100.6127798 MH:
wWowW EM
SS5B (o]
LE 2.00 Hz
GB o]
PC 1.00
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'H NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-

(4-nitrophenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ab)
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13C NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-

boxylate (41ab)

icar

trophenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-di

(4-ni

N/ T ‘ Vo NNV T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Current Data Parameters

NAME i want te graduat
EXPNO 372
PROCNO 1

F2 - Acquisition Parameter

Date_ 20250530
Time 16.44
INSTRUM spect
PROEBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 801

Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DW 20.800 us
DE 6.50 us
TE 295.4 X
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOL 100.6228298 MH
NuCl 13C

Pl 10.00 us:
PLWl 49.50000000 W
======== CHANNEL f2 ======
SFo2 400.1316005 MH
Nuc2 1H
CPDPRG[2 waltzlé
PCFD2 90.00 us
PLWZ 12.50000000 W
PLW12 0.34722000 W

0.28125000 W

FZ - Processing parameters
SI 32768
SF 100.6127727 MH
WDW EM
SSB o]
LB 2.00 Hz
GB 0
PC 1.00
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'H NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-6-(4-bromo

phenyl)-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ac)
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13C NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-6-(4-bromo
phenyl)-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ac)
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Current Data Parameters

NAME 1 want to graduat
EXPNO 376
PROCNO 1
FZ - Acquisition Parameter
Date_ 20250530
Time 19.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 386
Ds 0
SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
AQ 0.6815744 se
RG 198.09
bW 20.800 us
DE €.50 us
TE 296.1 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFOl 100.6228298 MH
NUCL 13C
Pl 10.00 us
PLW1 49.50000000 W
======== CHANMNEL f2 ======
SFOZ 400.1316005 MH
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 %0.00 us
PLWZ 12.50000000 W
PLW1Z 0.34722000 w
PLW13 0.28125000 w
F2 - Processing parameters
SI 32768
SF 100.6127765 MH
WDW EM
S5B 0
LB 2.00 Hz
GB o]
PC 1.00
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'H NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-
(3-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate
(41ad)
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13C NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-
(3-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate

(41ad)

00 190 180 170 160 150 140 130 120 110 10O 60 50 40 30 2

Current Data Parameters

NAME i want teo graduat
EXPNO 405
PROCNO 1

F2 - Acquisition Parameter
Date_ 202508605
Time 17.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 32768
SOLVENT CDC13

NS 1072

DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09

DwW 20.800 us
DE 6.50 us
TE 296.1 K
D1 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 MH
NUC1 13¢C

Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 20.00 us
PLW2 12.50000000 w
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SF 100.6127716 MH
WDW EM
S5B o}

LB 2.00 Hz
GB Q

PC 1.00
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YF NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-
(3-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate

(41ad)

rh b2043 19f

<t
mw Current Data Parameters
. NAME i want to graduate
~ EXPNO 466
Xel PROCNO 1
|
F2 - Acquisition Parameters
Date_ 20250704
Time 16.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig
TD 131072
SOLVENT CDCI3
NS 16
DS 0
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
DE 6.50 usec
TE 2955 K
D1 1.00000000 sec
D11 0.03000000 sec
TCO 1
======== CHANNEL {1 ======
SFO1 376.4607168 MHz
NUC1 19F
P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL {2 ======
SFO2 400.1316005 MHz
NUG2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
T T T i T T T I T I T I T I T T r i . T T T T
0 =20 -40 -60 -80 -100 =120 =140 -160 -180 -200 ppm
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'H NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-
(4-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate

(41ae)
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13C NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-
(4-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate
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Current Data Parameters

NAME 1 want to graduat.
EXPNO 363
PROCNO 1

F2 - Acquisition Parameter

Date_ 20250530
Time 13.42
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 692

Ds o
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 se
RG 198.09
DW 20.800 us
DE 6.50 us
TE 295.9 K
Dl 2.00000000 se
D11 0.03000000 se
TDO 1
======== CHANNEL f]l ======
SFO1 100.6228298 MH
NucCl 13c

Pl 10.00 us
PLW1 49.50000000 W
======== CHANNEL f2 ======
SFO2 400.1316005 MH
Nucz 1H
CPDPRG[2 waltzlé
PCPDZ 90.00 us
PLWZ 12.50000000 W
PLW1Z2 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters

SI 32768
SF 100.6127721 MH
WDW EM
SSB o]
LB 2.00 Hz
GB 0
PC 1.00
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YF NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-
(4-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate

(41ae)

rh 2042 19f

=
% Current Data Parameters
. NAME i want to graduate

o~ EXPNO 468

0 PROCNO 1

|
F2 - Acquisition Parameters
Date_ 20250704
Time 17.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig
TD 131072
SOLVENT CDCI3
NS 16
DS 0
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09
DW 5.600 usec
DE 6.50 usec
TE 2959 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ======
SFO1 376.4607168 MHz
NUC1 19F
P1 15.00 usec
PLW1 16.50000000 W
======== CHANNEL {2 ======
SFO2 400.1316005 MHz
NUGC2 1H
CPDPRG[2 waltz16
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
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'H NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-

(p-tolyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41af)
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13C NMR spectrum of dimethyl 5-(2-(benzyloxy)-2-oxoethyl)-3a,5-dimethyl-6-

(p-tolyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (44af)
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Current Data Parameters

NAME i want to graduat
EXPNO 367
PROCHNO 1
F2 - Acquisition Parameter
Date_ 20250530
Time 15.31
INSTRUM spect
FPROBHD 5 mm PABBC BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 178
DS o
SWH 24038.461 Hz
FIDRES 0.7335%96 Hz
A 0.6815744 se
RG 198.09
Dw 20.800 us
DE 6.50 us
TE 295.7 K
Dl 2.00000000 se
D1l 0.03000000 se
TDO 1
======== CHANNEL f] ======
SFO1 100.6228298 MH
Nucl 13cC
Pl 10.00 us
PLWl 4%.50000000 W
======== CHANNEL f2 ======
SFC2 400.1316005 MH
NuUc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 us
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W

F2 - Processing parameters
ST 32768
SF 100.6127790 MH
WDW EM
SSB o]
LB 2.00 Hz
GB o]
FC 1.00
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'"H NMR spectrum of benzyl 2-(5,5-bis(((4-bromobenzyl)oxy)methyl)-3-ethyl-
2,6a-dimethyl-1,2,4,5,6,6a-hexahydropentalen-2-yl)acetate (44aa)
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13C NMR spectrum of benzyl 2-(5,5-bis(((4-bromobenzyl)oxy)methyl)-3-ethyl-

2,6a-dimethyl-1,2,4,5,6,6a-hexahydropentalen-2-yl)acetate (44aa)
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'H NMR spectrum of (5-(2-(benzyloxy)-2-oxoethyl)-6-ethyl-3a,5-dimethyl-
1,2,3,3a,4,5-hexahydropentalene-2,2-diyl)bis(methylene) bis(4-bromobenzoate)
(44ab)
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13C NMR spectrum of (5-(2-(benzyloxy)-2-oxoethyl)-6-ethyl-3a,5-dimethyl-
1,2,3,3a,4,5-hexahydropentalene-2,2-diyl)bis(methylene) bis(4-bromobenzoate)

(44ab)
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'"H NMR spectrum of benzyl 2-(5,5-bis(((4-bromobenzyl)oxy)methyl)-2,6a-
dimethyl-3-phenyl-1,2,4,5,6,6a-hexahydropentalen-2-yl)acetate (44ac)
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13C NMR spectrum of benzyl 2-(5,5-bis(((4-bromobenzyl)oxy)methyl)-2,6a-

dimethyl-3-phenyl-1,2,4,5,6,6a-hexahydropentalen-2-yl)acetate (44ac)
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'H NMR spectrum of (5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-(4-bromo
phenyl)-3a,5-dimethyl-1,2,3,3a,4,5-hexahydropentalene-2,2-diyl)bis(methylene)
bis(4-bromobenzoate) (44ad)
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Current Data Parameters

369

13C NMR spectrum of (5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-(4-bromo
phenyl)-3a,5-dimethyl-1,2,3,3a,4,5-hexahydropentalene-2,2-diyl)bis(methylene)

bis(4-bromobenzoate) (44ad)
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'"H NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-(4-
bromophenyl)-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate
(41ag)
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13C NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-(4-
bromophenyl)-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate

(41ag)
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Current Data Parameters

NAME i want te graduat
EXPNO 339
PROCNO 1

F2 - Acquisition Parameter

Date_ 20250524
Time 19.4¢8
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDCL3
NS 25
D& )
SWH 24038.461 H:
FIDRES 0.733596 H:
AQ 0.6815744 se¢
RG 198.09
DW 20.800 us
DE 6.50 us
TE 296.3 K
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TDO 1
======== CHANNEL fl ======
SFO1 100.6228298 Mb
NUC1 13cC
Pl 10.00 us
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======== CHANNEL f2 ======
SFO2 400.1316005 Mi
NuC2 1H
CPDPRG[2 waltzlé
PCPD2 920.00 u:
PLW2 12.50000000 W
PLW12 0.34722000 w
PLW13 0.28125000 W
F2 - Processing parameters
SI 3z27es
SF 100.6127777 Mt
WDW EM
S55B 0
LB 2.00 H:
GB 0
PC 1.00
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'"H NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-3a,5-
dimethyl-6-(4-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-

dicarboxylate (41ah)
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373

13C NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-3a,5-

dimethyl-6-(4-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-

dicarboxylate (41ah)
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YF NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-3a,5-

dimethyl-6-(4-(trifluoromethyl)phenyl)-3,3a,4,5-tetrahydropentalene-2,2(1H)-

rh b2045 19f
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'H NMR spectrum of di-tert-butyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-
ethyl-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (44ae)
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13C NMR spectrum of di-tert-butyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-
ethyl-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (44ae)
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F2 - Processing parameters
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'"H NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-

ethyl-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ai)
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13C NMR spectrum of dimethyl 5-(2-((4-bromobenzyl)oxy)-2-oxoethyl)-6-
ethyl-3a,5-dimethyl-3,3a,4,5-tetrahydropentalene-2,2(1H)-dicarboxylate (41ai)
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'"H NMR spectrum of 4-bromobenzyl 2-(6-(4-bromophenyl)-2',2',3a,5-tetra
methyl-3,3a,4,5-tetrahydro-1H-spiro[pentalene-2,5'-[1,3]dioxan]-5-yl)acetate
(44af)
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13C NMR spectrum of 4-bromobenzyl 2-(6-(4-bromophenyl)-2',2',3a,5-tetra
methyl-3,3a,4,5-tetrahydro-1H-spiro[pentalene-2,5'-[1,3]dioxan]-5-yl)acetate
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