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Abstract

This thesis aims to discuss an enantioselective intramolecular desymmetrization of aryl
Grignard reagents. In the presence Rh(I)-catalyst, in situ generated from [RhCl(coe):]2 and (S)-
Segphos (5)-L10a, the Grignard reagents 93 are transformed into chiral compound 94, via 1,4-
rhodium shift and beta-alkoxy elimination sequentially, in 10-99% yields and 79-99% ees.
Additionally, a series of experiments of deuterium-labeling provide a mechanistic insight of
this transformation.

Apart from most of the studies, focusing on the addition reactions of intermediates formed
by 1,4-thodium shift, this one is the first example of demonstrating synthesis of chiral
intramolecular desymmetrization directly after 1,4- rhodium shift. With the high chemical
yields and high enantioselectivities of the desired terminal alkenes, the transformation offers its

synthetic potentials in drug synthesis.
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HX

exo-insertion

9
R l cyclorhodation
[Rh] R
R
14

s A

10

l reductive elimination
R
4—4—4— .
R

5

B 1-2 Miura $c4 02 ok 2 % 30 d 48 & it 2 L 3 5
P EERPEB RS L ERAEOF LA P W

oL 14 B
(1,4-shift) = % g * >+ % L4 (arylrthodium)® P48 » 8 F@EH T T F B RKR < 258 ¢ -
AL Bd FHRESIAG PN :
RN £ CRRE 3

53

CABA L AR AG T RE A o A g AP F
RAk A G N LSRR s o



—@;lfiewéﬁ
7]t 8 4

d TR A DRSS diue 0 D AR X iR £ B E dfudAs s > T
BRIOMBPEFTEFT S P GEEFRALEBS NI BERCEF A T ESB DR L -
BF Mg g e 148 d Heck #2308 3 - Heck 2@ * o *r"i%ﬁﬁﬁriﬁg
(benzylmercury acetate, 15)* fig fix 4 (palladium acetate) 5 d % 45 /A T A fif phde
(benzylpalladium acetate, 16)% 3 % it ¥ fig (methyl acrylate, 17)i& 7 & Ji5 > #0 {7 4c = & 47
“ ik fia (enoate ester, 18) » fraf IR A 4+ % #c 5 ¢ 124 ¥ fig(methyl cinnamate, 19) o ]
Heck e 11— ABK 1 - A £ &4 16 '5d = A Tren? BRE 20 i 3 P

TR pRAVESe BROCE I FRS > AN T2 L X IFAGRY Ay 17

AR T 190 L 013 A AR 5 LA hE T F R (B 2-1) -
Me, Me Me,
Me MeHgOAc . \)ol\ Pd(OAc), (1.0 equiv) ©)&/\/COOCH3 ©i</m\z
OCH3 MeCN, 0 °C to rt, overnlght Z COOCH,
59%
15 17

Y

l Pd(OAc), T —[PdOACcH]
Me  Me
Me_ Me 17 —[PdOAcH]
PdOAc OCH3
PdOAc

" 20 Me
Me
Me. Me Me_ Me
Me 17 OCH
©f<(IZH2 —_— ©f< AcOPd 3
wP%Ac PdOAC 0
20 21 22

B 2-1 Heck %8 h3 & £ 6987 1488
PR F M E R BREDLAESF RO o R S o B

Hayashi #c323% 2001 # 4 & ch> gk fU% § e R REP L LB LT LAEH 5 B2 0
% (B 2-2) = Plptpmy @ % Bdg i &4 23 rmmze il 4~ 24 &— 45 & 4~ w2 dppp(L1)
’ff’ dppf(LZ)%E}ﬁ’ﬁoik’] f;\' 7 IEI_IL glfl] IE_I_;L s 131—;— 4r 2o Kk [i?_; ) IF’ 7—1, T"FJ_FI—IL » :},ﬁ 5 o %—'Fﬁ—;—

KLk @EF R R F BRHEGABELG §F RFDFL G P 260



B it FmEA da B - FHEBEERBEB S S FRE S 2

fva 3Pt £ 4 (internal alkyne, 232)7) = ¢ RY A 27 o gt A R4 R R AN AL gk

FHR AN FA28 SERFF AR AP 260 14 5426 F R
¥ ?gfz‘r"lﬁ AEEHS T FRA

£ ¢ LAEHT
oy T EP LA-EH A F B aEh 3R d B3 A 5o

g2 5 - P ek g AT

oo Lo

Fe
©/P\/\/P thp\@
dppp (L1) dppf (L2)

[Rh(acac)(C,yHy)l2 (1.5 mol% Rh)

L1 or L2 (3.3 mol% R" R?
RI——R2 + ArB(OH), or (ArBO); ( 2 > >=<
Dioxane / H,O (10 /1) Ar H
23 4 24 100°C, 3 h 25
(5 equiv) (1.68 equiv)
18 examples

31-96% yields

<2%D
98% D kH R
- D A R
(PhBO)3 (1.68 equiv)
n-Pr—=——nPr >
[Rh(acac)(C,Hy)lo (1.5 mol% Rh) 87%
23a L1 (3.3 mol%) 26
Dioxane / D,O (10/ 1)
100°C, 3 h R
[Rh]
TN
23a
[Rh]—Ph >
(PhBO)3 8
27
3 PhB(OH), l
4a H R
[Rh] H—r
[Rh]—OD -
VN
H
b D—R D0 28
26 [Rh] = Rh(L1)

] 2-2 Hayashi c#f < &P £ & 14-H#



B ERD1A-EHF RAFED & Hayashi 32i& - #2016 & 1% 7 559 %%

,
ﬁi\'

PEEE Rl 48 - BT ko A" - §REBEEFRA S LEEF

v oaB-% e fofk 26 &2 % B 27 chF SRR F 50 3 22 B K|S 0 72-97 %A F o
B 995% b ATARE o i BT HY o § AFAmA 27a & of-7F L fofp
262 7F o @RAEA R F AT L o P EF RESHE - SRR LS 27a
g - RN LAy ¢ 4R 29 > o 30z 4% (alkanylrhodium) ® 48 & i £ o
AT 1L4EH L FHRA S T30 4T ap-7 &fofr 26a 7t &4 28a; ¥
RS RFALY FMI0E REEF 14BN A T3 LR L4 EHR
FERFRY - Rlawl > 2530 R 32 F AT qf-7 L ofik 26a (73] £ 28b( )
23) Mp Fsriib f1% A4 AT L RHEP 14 EBHBI VS B TENEL

bt ey PR R R B 1488 F A9 PR



Phi
N o (R, R)-Ph-bod (L3)
X N + Y [RNCI(L3)]; (5.0 mol% Rh)
CsCOs (2.0 equiv),
H,0 (1.1 mL),
27 26 100 °C, 16 h 28

(1.2 equiv) 22 examples
72-97 %

up to 99.5 %ee

D D D D
o [RhCI(L3)], (5 mol% Rh)
+ )J\/\ > +
D 0" BF,K Ph Cs,C03, H,0, 100 °C, 16 h D OCH,D D OCHD,
D b b
27a 26a 28a 28b

D D [I) D :
D D D [Rh] D [Rh] D (h]
R . 5
27a e
SVH - ES
Dji;[o/'ﬁ\H Dm ¥ D O/ﬁH Dji;EOX
D D D

D

’ ” )

26 D N ° " D H
) P — — [RA]
28b - /FD — o o _ &
D n Rh] {\D D 0",
: D
D n

2 31
B] 2-3 Hayashi #4524t 1,4-8# 2 ¥ 52 F BEPD

“,% T EEBIAES Y R TR E RS 0 ERERE T -4

B LA-EF g * o 54 2006 # Hayashi 3323 £ e~ }J?%v‘ s BEE A TR 23T
e L4 - Qe s Re L3 2 Wi AR fIr L B dF KA L4EH
B kPl B 33 AN EIRE o A - k7] -2 & Fk(l-indanone, 34)77 2
Prod 8BBIF 0 AF 5 44%-67%  SLAPEHEILS 92-99% o 2 & s HEdeT™ BT
BASEESF AR Ry 332 g e FmokF B B35 L5d p-HwmA A0
RS 36 2% ¢ RS 36 & -4K4F » F 7,3 Y FRE 37 59 1442 37 Fa

38 5 LR -4EHE A5 Y B39 5ok -2 & HEF 34 (B 2-4) - P



[Rh(cod),]BF, (5.0 mol%)
OH

o)
L4 (5.5 mol%)
\ %
X©)\SiMe2Et 0.6 M KOH (aq) (15 mol%) ©:‘</

Y

THF, 60 °C, 24 h SiMe,Et
33 34
8 examples
44-67% yields
92-99% ees L4
(.
RA1., 0
o H? B-H elimination --[Rh]—H"
[Rh]—OH L» —_— [
X w R
. “SiMe,Et 36
R = SiMe,Et l hydrorhodation
O R
[Rh] H2 1,4-shift
Rh
[Rh H?2 [Rh
[Rh] = Rh(4)

Wl 2-4 Hayashi #c3291% - B4 & fp 22 14 BHEFLERF K

2005 & Murakami 42 % B B * - 42 & B Fkpe b L1 2) =0 2 fgie &
B L A0 B FRRAL L AlEFEAT N SR o 22— 4Ale & 5@ &S
420 3 SBHF > B2 AF L 63-80% - BF GG e FABL LS 418 - sl
Bt A B A FALY T 8 Hird TR £ 4 40 chZ gE ) $A5 8%
A BH 430 BT ORGd IAEB S FALD > FRALAIF RP Y A
I AR ERA S d EMCEY 420 R B E- B Pa%?%&@;%;f]wng
F kiR W F i AT i%ﬁiéﬁ%ﬁfi‘q‘?i’f— B R hE 2 o

LELEB1IAES LTI PNERE B- }J;moﬂ(glzﬁ



E < _ 5 E NaBPh, (41) (2.0 equiv)
+ > 0 E

E R R%E [RhCl(cod)], (5.0 mol% Rh) o E
L1 (5.0 mol%) E R2 R2
40 toluene, 110 °C, time 42
5 examples
63-89 yields

A

[Rh]—Ph © @ -[Rh]OMe
8 @,P\/\/P
dppp (L1)

Y
H Rh()L,,
Rh(IL, H

E — E 1,4—shift MeOOC — E
E E > E E
Me Me Me Me

43 44
[Rh] = Rh(L1)

Bl 2-5 Murakami #t4f1* - %42 & % 1 4-BHEF7ERF R

2 L 1t (desymmetrization)* [IUPAC £ L 2 hex & s g X it £ 43 4 - B
- e AR - BRHE RS s TSN Y
o G- B R F B v o Bl4r 2013 £ 0 Lautens R A I - B LEBE
G fie kL5 2 & 2 it A ¥ Mg - ol it 4 A5 A R T L SR A P 46
P H 2k o £ 246+ 0 A K5 29-73% 0 BLHERLL 48-90% ee o H F i E
Yo@] 2-5 0 S H4EY A 47 4o T TR :"!ﬁﬁﬁb 45z 4 A5 P FRE 48 o ¢ Y RE 48
P AR F AN I TR O ¢ T4 g s A g
46 F it A B -RAEZE A BT e SAEHRME BRI HAM L

BEMAE P S 2~ o



OMe
0 4
Q ArB(OH), (4) (1.1 equiv) L7
= [Rh(coe),Cl], (5.0 mol% Rh)
z
Mg 0P L5 (5.5 mol%) Q OMe
45 Et;N (1.5 equiv?, MeOH (0.5 M) 46 Me
rt, time 24 examples L5
29-73% yields & J
48-90% ees
RhOH > [Rh]—Ar

47

[Rh] = Rh(L5)

B 2-6 Lautens #c4% i * — §4E & it The = Mifr 45 03 L F T

2020 # Darses 2 H BFEf1* — 4k & B dm F 1 7 S B L en i
LH S0 AR AREAEE R LHF o VA - AFEA B s iY <
v § Ffi(tetralo) A 4+ 510 F 28 Bio]+ » AF 2 77-99% > SLijARARE S 74-92% « %
FTHAGEY > DML P I ARPFAANLIEE N ELIHETRERP
(regioselectivity) » A24ed~ S0 Flm EH = & 7 AT A - F B - sy
AR BT F B T A RN Y LR B ERL R S LR E R
5250 1LAEHI FRSY B S3e 09 FRRELRF 12435 57,37
A 54> FF LS @FEa Be e Epy che § EMAS (M27) - By 5 % a4

£ LA-HEH 2 £ BRI L S v pro

10



CF;
| | ArB(OH), (4) (2.0 equiv) OMe
[RhCI(C2Hy)2]5 (3.0 mol% Rh) /
o Ro 8 7
L6 (3.6 mol%) Me
MeOH, 60 °C, time Q
50 51
OMe
28 examples L6
74-99% yields \ )

74-92% ee

B 2-7 Darses 42X it 4 508742 £ Bt 2 HFE ™ &% F R

A HEMYELE 14$§7F%L?)I§J< C B LR LAERE Rab) S e A
= > 4% (arylthodium)® B 48 > RFZ FHRORT T ff 2P B 3 v B2 5
PELEA X BT 3 - Hhsp3 Bif -

2012 # Hayashi #t4 ¥t - B4k & it ¥ e “f A i (diphenylethenyl bornic acid,
56)+c = I Ik & ' fir (cyclohexanone, 55)h 5 it (7 % &R L 50323 B (DFT) » 35 & (7 4
GLA-HER L Y AR 62 chil B AT B S8 K 0 T E e i (T 148
Fo2Fith R ERLSI LGRS IR G A DGR L 682 fd B R
ZHEREOLEF AL S TR FHASDERLEOMP I L L mFF ALY FH
623 2 W F ew T i A4EY BARS8 Hr 68cng e £ A~ ¢ R 1TF A7)~ F A4t

T2 T4 ERMICEF ST FHEALEBIABERLEHS ERTES (B

11



2-8) « 1

0
(HO)z)B\/© [RhCI(L7)]; (10.0 mol% Rh) .
¥
PR Cs,CO0; (1.5 equiv)

Dioxane / H,0 (20 / 1) Ph™ X

0,
55 56 70°C,4h 57
(2 equiv) 97%, 96% ee
carborhodation enone oxidative reductive enone carborhodation
— binding addition elimination binding
" /68" 1,4-Rh shift —
59 e .6l s
: 60 il
15 i o i X 0
L
g N o1 N @ C _An
- | i \ ; e
™ Ran — ! . K
£ o ; | / —
< 5 x_Ph 67 / | /63 \
(<] Ph I N ! reference \ ' N
2! o /- structure \ " Ph
0 ) —" ," “_, l‘, l, : fo) "
= o 58 g Rh
S Rh Bh —
5 70 69 Rh 0 | X
Ph A i
Ph A /
Ph X e T Ph e
~10 65 —
66

] 2-8 Hayashi #3245 Sk g 4% & 3 Jhsk 2 F Joie (7 DFT 3+ &
B e e R AAE L - ETE B F LAY P B R R4 S RASIUH > P Y
B il = AR geenF Ji - 2017 & Lam o - B 4E & Henifit ™ o Fokpr it £ 4
(enynone)71 £ 5 ZAPafn 72 & (74 $HfLT- A F P SR F 0 A% - kA E BR[4.3.0]4
B HF R FAMRE - QELBLFEBEBE B ES TI 2 Z 4
A =4 Ak 4% (alkenylrhodium) ¥ ¥ 48 74 » S 1838 (7 1,4 452 % %5 7 A £ (allylrhodium) ¥
B 75 BFHEEBEFL TP LT FF AR E5 T30 0 F BR5 > AmE
DERISHEEAN M 4RSI R 2 5T RS Y B
it 4 & Fd sp?enalkenyl ## 1 sp’ thallyl i > Bofé » BT M eh fﬁ%ﬁ—ﬁ ?Efl" A
g0 RFETALER o MY RRALER LAEH T Lo {1 2 HREOOEE PR D
G 3 A A B O R R LA R AT R 3 L

£ (F2:9) -

12



71

ArB(pin) (72) (1.3 equiv) o

Me [RhCl(cod)], (3.0 mol% Rh)
K3POy4 (0.3 equiv)
TBME/tBUCN/MeQOH (10/1.2/1)
65 °C, 16 h

(0]
%Mej : Ar

HO :
A Me
73
14 examples

50-78 % yields
up to 95:5dr

72

—>
transmetalation

[Rh]—Ar

Ar = 3,5-M9206H3

RhL,
H
O Me A Ar: P4
r =z Me
1) Me
[Rh]O o
Me
76 75

— .

B 2-0 Lam 424 fik 1 & 4 T1B 74 & it 2 {0 £ F &

P-IEE 3 hdk e R E Y e }I?%ﬁx—‘i- v i3 2002 #d Murakami ¥

AN - A B A e R D kY TS TT R o § AT A

e dfo— B4k & He L8A) = 2 it A (7

ERUHF st TR A 5 TT

AR A A T IS BFERGEAFPN LA EsE S L TR T I A A S

80 £ 9o+ o HAF L 53-94% (M 2-10) - 1

13



o
ArB(OH), (4) (1.1 equiv) L 1
' _P<
3O . oo
[RhCl(cod)], (1.5 mol% of Rh) OH K
L8 (6.0 mol%) L8
77 ; 80
Na,COj3; (2.0 equiv)
MeOH, reflux, 0.25 h 9 examples

53-94% yields

4 [Rh]
Rh—OH » [Rh]—Ar > QO
transmetalation Ar

Ar 78
OH 8o
O
Ar -€
O[RhN]
79

Bl 2-10 Murakami x5 R34 £ BRI F P B* - £ K

2005 & Murakami #c42 2 B B fj i * - H 4L £ R W E 2 1,6-f 4+ (1,6-enyne) i*
G812 S A4, BF ek ERF - 52T FRAS 827 18BH
F 0 A 5 25-82% 0 % 3% 95:5 et f R 454 vt B (diastereomeric ratio) - H & it
AZFAPRAS - BEEBCEBED T E ALY TR HE RS ER P DA
ZHEA ARG AR EEY B 83 B F LY S-exo-trig A3t Ao 2 3 FAEY 0 A A AL g
Tie 84 - %#&ﬁ%ﬁ Bigm B-pr@f 2 - Tk A % (cyclopetane) it & 3 82 o 12 ¥k
BiE- B2 %’;,JF B WA R b AL AR EEE Y I T - BEL FR

Gii8 ik o () 2-11)

14



£ =R
E ArB(OH), (4) (2.0 equiv) g TAr
\ >~
[Rh(OH)(cod)], (3.0 mol% Rh) E

(E = CO,Me) dioxane, rt, time |
? OR?

81

18 examples

R' = Me, Et, Ph
25-82% yields

RZ = Me, H, TBS, Ac

Me
Z Ar
[Rn—OMe  ————3»  [RA]—Ar ————— 3 th]
N
83 OMe
Me
Ar
£ 74
E [Rh]
R! OMe
A 84
;
E 74
E 82

W 2-11 Murakami #c#2§1* G- B 2 g2 Fhw 2 7 - BHE
prif 20 st s Bedd AP w AT - B ARES RS Y BMGOE
Bolk >+ 31 & B AR % i o G4 2021 & Kochi it x H BRI ¥ pi
go 2 fedl L9 4 S 2 BICREFW ALY 85 N A2 AR A o d LA
85 Az =g AIH > ¥4 864 T L4 85 2 FHEA, 2 ¢ AR 88 5 - i
B d 2o o BB SBE I RF AREOR]T £F fo Ry AL A

B R EES L 900 R R 3T B HF 0 B A F L 32-93% - [P)(H 2-9)

15



/\(\/)JVR ArB(OH), (4) (1.5 equiv) R
=z N

> Ar: Pz +
n R Pd(OAc), (10.0 mol%) \/"‘);)\w
L9 (12.0 mol%)
85 AgSbFg (8.0 mol%) 20
DCE, 60 °C 37 examples
32-93 yields
4 85 OAc
PdOAc —— 3 Ar—[Pd] — 3 M$
Ar—[Pd] "
A 87
OAc
A 1,2-Pd shift [Pd] QAc
r -——— Arn
[Pd] "
R 89 88
Ar\/(/\);yl\w
90

] 2-12 Kochi Fra {1 4= it A 1 & 4~ 85 eh A1 2 et R 4E 1 7 &

MR PR F AL ES L - R T2 FRY
VAR B BFHEPER I AT - TR VB2 A N EEHRF R

FRGET B AFF BABES parct > SRBELT APFRRI S B o

&

16



BRBLRBE AR LSO R R B - AR Y
ORALIEAS D kg Y B chAskide o S0 W 2 T @S {2 7 frelimination ¢
% @ (alkoxide)? W2 - Br4Fens | AR Hwmd S S4BV ERBY TR
B BRI RT R R ETR o Tt AR - B E bR (R 3-D—F

A2 IBBGEY G- BEFEBES A - GRERL & HEA AL 25

<

oo UG E R RS &L

i

Fo-BR AR HA L RS

Fin

EFLA4EHE I TS - 2 F e

OR
OR

M

R = Me, Et
M = ZnCl, TiO'Pr, MgBr

Bl 3-1Ac4sF b B4k

17



Fri AmEkain

BART RS BARE R A 92ae T WUH S F & HFEBE T AR
#od 1.5mol%sh— 4% & - B4 ([RhCl(coe)2]2 ) £ 3.6 mol %=73(S)-Segphos B4 fie
B (S)-L102) % chigt it &) > A B 30°C2 & % w & vhwd 2R A EET o 2173 L
Flls > 7 @3 - e K@ pofd 2 S Agpet2 25 9dae - d 30 & A g ok
kB Y § 2 WAk e (quench) 0 F R E 2 G sl ¥ F K & 47 $£ 4 (thin-layer
chromatography)if Bix & > F]pt#-F RPEFRF H 25 6/ FF o 27T & > #4444 HFEH - e

ACER O ABREFFEH  PHGFENRGOE BIER

-~ EREBLBE

BAEREC LY 9ae WH A5 WHEERERL - BRI HHECF R A
BHESZB 41977 0 A-78°C TH#-92ae2 v drxva 3k 4e » 0.9F 107 Jdw K
Bl P e r i Ehl3 2 IMECHERR  TRFRBIZTEFIRL]F-
ERFARR PTG 2 LR G EOE TR ol B DB P RER
> TH NMR e3¢ Ja b HiE R o 48 & i & i F flaendk it 5 5 > #{RhCl(coe):]2
(3.0 mol% of Rh) 7 gakfie 2 (S)-L10 (3.6 mol%)i3*+ 0.1 2w & vkvdy ¥ 3T T3¢ &

BiFpe o b WG £ AR - B ERENF o F R 6 LR 0 58 'H

NG

NMR %3 a4742 2 5 5 5% (& 4-Lentry 1) e AR HZ R L2 FFIFAF L2777 &
R L 9ae Wi 7 s EBEHE AP 9Mae A F RS T 26% 0 HLIE
ML 70% (% 4-1, entry 2) o

1) n-BuLi (0.9 equiv),
-78°C,1h

OEt 2) Metal reagents in THF (1.3 equiv), OEt
—-78°Ctort,1h
OEt > OEt
Br M

M = ZnCl (93ae-z)
M = Ti(OiPr) (93ae-t)

92ae

B 4-1 ;&%) 93ae-z 2 93ae-t & &

18



Flod § AR A B T BAREAERE G B F B
CHE BRI E AN E U SR IR A A - R AR F B B AR

PR oAkt 92ae el 3 13 FREF L Ak F ALY FRE R

Eods o EE S Pl F AT F Ll B o 3 AR AL A R B

FEAF ] HNMR ks pRE2RE R kR - EFaL s > Lo fia
TEM G- P03 R B RRRADIRE ARk PE BIESY o fhiE

LidAlias - B s BpRrF Ry BF RIS XA 9ae A FHS T 99%
BLOGE LS 95% (& 4-1, entry 3) o FIM B 41 £ 1 92ae W H & fE A kit
- AL BRI L A 2 F BehiE 24F -

# 4-1 & JhEA 2 i E

( )

0
o0
0 PPh,
o PPh,
g
o)

(S)-L10a
OEt [RhCl(coe),], (3.0 mol% of Rh) \/ /" z
- % m *
OFt (S)-L10a (3.6 mol%) o ( =) OFt
THF, 30°C,6 h
M
93ae, 93ae-z, 93ae-t 94ae
Entry Metal Reagent Isolated Yield (%) ee (%)
1 ZnCl, 5lel -
2 TiCl(O'Pr), 26 70
3 MgBr 99 95

[a] The reaction was conducted with 93ae, 93ae-z, 93ae-t (0.2 mmol) in the presence of in situ
generated rhodium complex by [RhCl(coe),], (3 mol% Rh) and (5)-L10a in THF at 30 °C
[b] Determined by HPLC analysis. [c] Based on crude 1H NMR analysis using 3,4,5-

trimethoxy-benzaldehyde as an internal standard.

19



v P A iR v

%iuﬁﬁﬁﬁmﬁﬁﬁﬁﬁﬁ%@’%%?5%”75ﬁﬁ%?@*%iﬁ%
Yepe A2 EAEER Q201G R A REEL HL HF BIEREE > BRSP4 420
d g% 7 A LR ¥ (S)-Segphos ((S)-L10a)fie zh &7 — %4k & - R & 24 & i
H > w30°CTE 56 FF o 2 & A4 9dae hA K 5 99% » 45 FATARE 5 95% (entry
De g @* BR3P AR A 35857 AN A (R)-L10b 2 § { + = Hreaz
B AR)-L10c » @ 5|4 $AL M A4 enA F T D 61%2 26% 0 SLHATARE ] T D
90%% 20% (entry 2 and 3) o d ¢+ 7 v § AR R G b B 5 RGBT IR € i At
FRF ulh® = R/ o % o 3 (S)-L1la 2 (R)-L11b 2 £ Ji 7 7 £ J* 48 % (entry 4
and 5): g @@t (S)-Lllafefh 2 37 % 95%  HetAgAxE 5 93% - L Edi » L@
Ve k2 ARG P AL 3,557 AB R A (R)L1b > £ fts A 9ae A K T E 1
75% » BijAZARE S T 5D 88% o s F R ¥ ¥R £ 1,4-- +&*% F % ¢hfe A (S)-Synphos
(S)-L12) H#WF Mis A4 9dae &5 T T 65% > SLifeARE 2 3% - F &% 21 4B
i Ju = P~ e(S)-L10a 7 H. 2 fie A& (R)-Difluorophos ((R)-L13) A% 3 & 4 & 5 &5 57%
ELfACARE { TG 2% o gt b ¥ FE R R21]F e A L14 0 RIEIRF BIEE F &
TR A % BGAAREL 3 BT AR 5 R
TOE 53% 35k EenA Y o A B % RiSER R T (S)-Segphos((S)-L10a)fe £

TS RiE o

20
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% 42 ez gl

Ve

.

OEt [RhCI(coe),], (3.0 mol% of Rh)
OEt L (3.6 mol %) - * OEt
MgBr THF, 30°C, 6 h
93ae 94ae
<
0L OO OO XTC
0 PAr, PAr, O PPh, o PPh, ; Ph
PA o) PPh PPh
Xy Oy X
F
(0] 0 (0]
L10 L11 L12 L13 L14 )
Entry L Ar Isolated Yield (%) ee (%)
1 (S)-L10a CeHs; 99 95 (R)
2 (R)-L10b 3, 5-Me,-CgHj 61 90 (S)
3 (R)-L10c¢ 3, 5-1Bu-4-MeO-Cg¢H, 26 20 (S)
4 (S)-L11a CeHs 95 93 (R)
5 (R)-L11b 3, 5-Me,-C¢H; 75 88 (S)
6 (S)-L12 - 65 93 (R)
7 (R)-L13 - 57 2(S)
8 L14 - 11 3
9 w/o L - 53 2

[a] The reaction was conducted with 93ae (0.2 mmol) in the presence of in situ generated rhodium

complex by [RhCl(coe),], (3 mol% Rh) and Ligand in THF at 30 °C.

[b] Determined by HPLC analysis.
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FE 9 lenpe 5 (S)-L10ats » 4% F BB R FHEN B R R4 430
H A B EHE R 30°C D 10°C (entry 1) » A 4+ 94ae 41§ GE 148227 30°C T F fi
fake > R AR R O FP A ERRF RERER R FERLBFREARD
50°C (entry 3) » H & % % 93% > &LifACARE 5 94% o H F % F 0022 30°C T & &
i R RAY SR FUOREERS O BRERREF30°C L F BEA -

4 43 F R A enig i

( )\

0
O
0 PPh,
0 PPh,
g
0

(S)-L10a
OFEt [RhCI(coe)s], (3 mol% of Rh) z
-L8a (3. %
OEt (S)-L8a (3.6 mol %) u o OEt

MgBr THF, T°C, 6 h

93ae 94ae
0.2 mmol
Entry T (°C) Isolated Yield (%) ee (%)

1 10 70 95
2 30 99 95
3 50 93 94
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FiET R - @B F BEENRME S BEGEN RGN RER L AR
I 74 93ae 54 1.5 mol % h— 4% £ = R AR ( [RhCl(coe):]2 )fr 3.6 mol %o iHfz £ (S)-
L10a 2) = e it ) » B2 F A HHF B F BERF 6 B -7 &k kit
EET O AHETIRPRAZ I RERBY A TAREILFEHSE S BFOR BIE
EFF o (F 4-4)

FART I ALY F AR ENREHBamEFF o AERELEETE RG]
o @AY 9dam A F L 87% 0 SLATARTE 5 96% o & 94ae i [T 0 F F AR LD
SAPAZAR B (95%) » A T E A Sodaipld 4 9dam R BRIIL > T LT L B R ©
FLHEAESF o

EERY FRSEEEZ i AP 2§07 47324 93bm, 93cm, 93ce, 93dm & 7
F s 7l 6-12 ] B ¥ 03 - 4 4L 2% 94bm, 94cm, 94ce, 94dm H14 5 (80%-—

33%) % & fATAR B F § T ' B H(75% ee-92% ee) 0 dipld T F Al o #® F B
RAHEL ST IRE FALF PES I RA Y > &a BEAEF o F sz
BRER D 2 HRERR e R FRGERBE K .
% FIESEEE DT F AN I EH 93em, 93ee, 93fm, 93fe, 93gm,
93ge:t {7k & F 12 pF > g d & B~ (X o 94em, 94ee, 94fm, 94fe & 5 ¢ P
BT R (45%-10%) 0 A BT ARARE IR A T F A A2 b PR §FARER
(94ee, 94fe) > 4 ipld v 7 § AR S s > S AAEGEBRBRL c T4 7 A keh
94gm, 94ge '+ F B 1A 5 (88%, 85%) > 94gm g AT AX B B iE 99% o

BF2A45FFFTHRALCE T PET F AP N2 £ E 2% 93hm, 93he, 93im, 9
3ie,93je 5 iE 12 Bk BB SE o B IE B4 A F(58%-81%) 0 B & HaE
#F L A (86% ee-93% ee) °

¥R ASEST I BN A2 $E 373 93km, 93ke, 93le, t 5B 6 ] PR R

HAF %t 2dhd 5 (71%90%) » @ & §if #1201 3 (85% ee—97% ce) « £ 5 H & 7]
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FANMIER  FRARIGARPTIAVPFTREIKRNE F o FRA AR
MAESTAR PRI RAEF o 8- HARTF ALY B ERF RMEE M o IR 4
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% 4-4 F IR 5Bk H o2 5 2 R0

OR [RhCl(coe),], (3 mol% of Rh) z
AN OR (S)-L10a (3.6 mol %) L oR
! : >
MgBr THF, 30 °C, time
93 94
=z 2
OMe OFEt
94am, 6 h, 87%, 96% ee 94ae, 6 h, 99%, 95% e
=z 2 2
MeO EtO BnO

OMe OR OMe

94cm, R = Me, 12 h, 80%, 82%eelf

94bm, 6 h, 78%, 86% ee
94ce, R = Et, 12 h, 75%, 92%eelll

94dm, 12 h, 33%, 75% ee

=z =z =
F Cl F,C
OR OR 3 OR
94em, R = Me, 12 h, 17%[ 94fm, R = Me, 12 h, 45%, 79% ee 94gm, R = Me, 12 h, 85%, 99% eeld
94ee, R =Et, 12 h, 10%, 86% ee 94fe, 6R = Et, 12 h, 42%, 90% ee 94ge, R = Et, 12 h, 88%, 84% eelfl

[a] The reaction was conducted with 93ae (0.2 mmol) in the presence of in situ generated rhodium
complex by [RhCl(coe),], (3 mol% Rh) and (S)-L10 in THF at 30 °C.

[b] Enantiomeric excess was determined by HPLC analysis. [c] Enantiomeric have not been determined.
[d] Based on crude 1H NMR analysis using 3,4,5-trimethoxy-benzaldehyde as an internal standard.

[e] [RhCl(coe),], (6.0 mol%), (S)-L8 (7.2 mol%). [f] Enantiomeric excess was determined by HPLC

analysis after hydroboration oxidation. [g] Purified by gel permeation chromatography.
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% 4-5 TR 48 Bk o 2 gF 2]

OR
A OR
MgBr

93

[RhCI(coe)sl, (3 mol% of Rh)
(S)-L10a (3.6 mol %)

THF, 30 °C, time

4 p
P
O PPh,
0 PPh,
o) C
\ (S)-L10a |

OR

94hm, R = Me, 12 h, 58%, 86% eel
94he, R=Et, 12 h, 81%, 91% ee

=

OR

94km, R = Me, 6 h, 88%, 85% ee
94ke, R = Et, 6 h, 71%, 93% ee

94im, R = Me, 6 h, 63%, 92% eeld
94ie, R = Et, 12 h, 76%, 93% ee

z
OEt
MeO

94le, 6 h, 90%, 97% ee

94je, 12 h, 65%, 91% ee

94me, 12 h, 13%, 86% ee

[a] The reaction was conducted with 93ae (0.2 mmol) in the presence of in situ generated rhodium

complex by [RhCl(coe),], (3 mol% Rh) and (S)-L10 in THF at 30 °C.
p Yy 212

[b] Enatiomeric excess was determined by HPLC analysis.

[c] Enatiomeric excess was determined by HPLC analysis after hydroboration oxidation.
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94am 94am-1
(5 equiv)
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PR CHy | 25°C,05h
(R)
© ¢Hs
_ OO H3N/\Ph =
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- (S)-by x-ray (R)
94am-2

B 5-1 #2442 94am-2 & = 25 % 2 ORTEP
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W 5-2 3 &F Reerdaipl F R Ak R E R m 93 5 AR HF RS D
P95 5d 1 A-EHEREME EH D pro-R cheksat A5 7 AR 96 B islr p-
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4 E ) 93ke-dD(B) 5-3) k(4L £ BT F R o

OR [RhCI(coe),], (3.0 mol% Rh)
H,, (S)-L10a (3.6 mol%)
OR
THF, 30°C,6 h
MgBr
93 94
[Rh]-OR transmetalation B-OR elimination [Rh]-OR
OR [Rh] R the Major?
H,, 1,4-shift H, OR  pro- e Majors
OR ~ OR
[Rh] (Is 1,4 Rh-shift a reversible step ?)
95 96

(Is 1,4 Rh-shift the enantio-determining step ?)
[Rh] = Rh((S)-L10a)

Bl 5-2 & F Rednipl F s

93ke-4D

Bl 5-3 * &4 93ke-4D

28



RoEpiEA 93ke-dD 3t 2 BLE 4 B P I R EEHIL R 0 £ 90%E

Fo YL RHLRNF RS FI AL 9ke-dD FIEP L D £ B LA-HEH L
FADBEEBNIABES LEBF R - BVHF BRET ) ELEHLIAES I RA
FEEGATHEAAEREOMEN T o FREFIEER 54 FFRET G LR
14 REERHEE 22BN 48X hy R REIHT A LAY T
96ke-4D > Flp A F R KRG 5 RFhUEL o d TR Oy AT AREP LR
LA-EHARF L o rput 2% 0d ¥R s 7 L plet £ e 8 LT S

FARF o B hsEY TR 96ke-dD L 5d - g AR 1 4-EHA R F R TR
96ke-4D-1> ¥ ¢ BRI &7 - & &/ 1485 > 2522 A4 ¢ 8 96ke-4D-2 >
BREF R G BB 1 4o? BEE 96ke-dD-2 F1T o ¥ - 2 G o ;gsi B
48V 2BLZ ABLRA 3y R8P o VRIS RE IR ES T E - fadal
REEEH LARBH > LB GERENLTEAHI  FHEE B EH I pro-R pdE L
¢ H I pro-S BAA Y h RS MAFEE E gAcded 93ke-4D ApiTindic P o do? VAR 96ke-

4D #+ B gk £ A A pida s 2 B F RS ehA R

93ke-4D

[Rh]—ORl transmetalation
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(Is 1,4 Rh-shift a reversible step ?)
(Is 1,4 Rh-shift the enatio-determining step ?)

B 5-4 5 fut 93ke-dD % 232 4

WL EpER 93ke-dD Ak E R BRIERTE RO LR F RIETIA P
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5 1 "OMe 5 1 OMe

DJs , = [Rh]—OR DSs, s 1,4-shift
OMe ——m>» OMe —»
transmetalation
MgBr [Rh]
93am-1D 95am-1D 96am-1D 94am-1D

Is 96am-1D the only intermediate?
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AR i N EEA] 93am-1D BB E K BIEE T R R 6] FEE 2 25 94am-1D > #-
H 600 Hz "H NMR = 3# 7 94am 2 £ 3§ 38 (7 vv 20 4o 5-9 #77F o

003p 001D

o.350§:2/1/ e e\ Y

Y '\
0.25D 025D
2 1
94am-1D 3|5 | 4
X | ) T J
T T T T T T T T T T
8 & 5 4 3 2 1 ppm

2.024
3.000,~
0973 = @
1.992 =
0.648\
0.648

o 4:004/

=

—_—
= N

o -
» -
w -
N
ki

10 9 8 7 ppm

1.004
1.014/

2,016
3.000,~
0.995 =
2.004 =
1.006\
1.008°=
4.018/

33



He
HbH\
d e
Hf NN A AN O 0O NS
0N WO O~ MO OV=HOWT NO TN O
H V-V TON oYL TIITOOON
g7 Beeea 2 S e e
Hh I TIPSV PN VIO WOOWOWOIOWONODONn
o L SN\
94am
Hc Ha+Hb -
T T T 1T
6.0 5.9 ppm

e Téf

B 5-9 F &+ 93am-1D %32 4

d A4 94am-1D chk 3¢ ¥ U F AT 3ELR BT REP Y 0.96 8 3
035 f R+ » 12§ RFbFpsmE A F s £ BY 117 %0 LA-#H 5
BRIl a4l b H5E o pt g d s WO LR E N GER] 93kedD 05 g R AP T PR o
shrh o Agipsad 0.5 B R ARUEL > SFE 4 R B iEA 93ke-4D £k % (7 v
EEBEEMST 25ME 4508 BES o RIE A S RFE - INe gk £ BEA
ZABRE > Sd B3Ry RFIRE LD EF BE fDARE a ik
thod d 34 A BE ABPEASERR 0 RAR A BE g kEAR
Flutdaipld 2 2B 1A BB I A5 > 2H VS B I RS LRI IpE G
$iEke ReDF 2P 4 373 Br ERidinlk o 558002 F0 > il
HF iR iShe®B 5-10 o

Hh o4 4B ¢ A 9Sam-1D M8 1484 3 pro-R & pro-Sihpidat o B9
JAS T pro-Rpias )t ik £ i (s f-H 4 & @RI H S 3R F F R
3PN g f 98 o

DAL RS D pro-Schpida b P SEISE S 4 B 7 L ) R pro-SaSu ¢
99a 2 pro-SaxRu® A2 99b > H P ¥ FRE99a i5d 3 4A L chf RIETR
w Rh-Dij 2 F 252 ¢ P48 100a 2 ¢ 48 99b 'S d sl i ¥ 2 3 5hplisd | chy

RFiiFh e 22,27 B 100b- 2% Rh-DE B 4e & 1 4t > Aula,d e @

34



101a 2 101b> i R+ AT 458 > 2 5 94am-1D pi4éa? 4 510

B P Al R R F] e RERFEBR 2B L EH RAH A F R
¢ FEE102 P PR 102 27— X Rh-H4ce 2 F B> @ F&LEF A28 T
BELTF AN BB ABRT F RIFAS L 1040 - @B L

12- 4% ik £ p 45BN ITA - S B P 1 250 0 A5 487 4 F Ji(chain-

walking) °
[Rh] OMe
D W/
proR % p-alkoxide elimination
— —_—
OM
D, /77 1,4-Rh 97 ©
. 3 5OMe shift
[Rh]  OMe
s, - . Me
, OMe B-D elimination N\ 0
- e ———— ~
95am-1D proS —_— + [Rh]®
Rhg_\OM )
e
[Rh] D Yve
99 100b
D, D,
OMe - OMe
Vo Re ! [Rh]—D addition ﬂ 1} [Rh]—D addition
[Rh]” H OMe [Rh]OMe g
pro-SpSn pro-SpRy
R Ma . 39DR. W VN
[Rh] OMe
Rh]:H/—\ B-H elimination OMe
[Rh]—H addition 7 OMe < OMe OMe
3 —>( N + Rh] -
H - [Rh] < [Rh]
D OMe D OMe D OMe OMe D OMe
103 102 101a 101b 101b

] 5-10 94am-1D ~ ¥4
B 5-11 5 it & % 94am-1D = 'HNMR £ 2 2HNMR £zt B > v 23 3md 'H
NMR £ g7 MG 7 h3F g ¥ 2 2HNMR k3¢ o EAp$ L > Bciis * kAP
e P AHNMR X3P 7 e 5] 55pat 5 40§ B Dy R+ 5L

a5t 2H NMR 2 chfg 45 B 57 it -8 2 8 » (040 9 5okt & onds 8 36

3
e
=4
—=\
Ei

):14

B TN kB SR F RS U -

35



g U
v o\
0.25D 025D
94am-1D
2 1 3 4
2l
" | M % |
T T T T T T T T T T T
10 9 8 7 6 4 3 2 1 ppm

0.973 —

1.992= n

o -
»
N -
-
-]
°
3

R

©
o
<
=]

0.012

B 5-11 94am-1D '"H NMR k3% 2 2H NMR & 2 % i [§)

SRR E BT ARG BT EmEFR Y 1ELE SER L F 96%F R+ P~

& et (2 0 k) 93am-AD & (7 F (R 5-12) ) LB 2 BT H61 sak e |

BZ SEMAOIG c 2L H 14 BT 2N 4R L EBE AR BN

B
&

G- F A2 F S AN R 2 L2 B A D e ptea > T

R g R ILRF R0 RE R § R Al 0 AP dRd

MRS FELET BAE R ARG 2 o n E 87 RFEFELE 12-88

Yo 5-13 9757 o drpt— K > BB EEEEST I RERY > T REFRLE AR

g R BB I E By .

36



B 5-12 ¥ &4 93am-4D

D OMe D OMe [Rh]. D, OMe oRN OMe
[Rh] OR 2 1 14Sh|ft 2 3 123h|ﬂ CRENNN
D - 3
transmetalauon s X5 D ', 5 D
MgBr D OMe

[Rh]D OMe D OMe D OMe

93am-4D 105 107

B 5-13 £ J3+ 93am-4D % 3+ 32 4

He iz A 93am-4D F & 6 ] FF {5 0 jE 600 Hz 'HNMR %327 A4 1 i R
FAF st o d B S 147 UBERALE ] 2 SECEOF AT G KRER S MG

0l

P 2 iR B B AL G RS AMUE > TR A i § a4

BRI 2R ABRE . FRO A £ BB ST AL A g

FA-Diy 4 o BF BEITAoB] 5-15 7 o

37



1
2z

3l /

4

H H
r 5

0.08D 0.08D

94am-4D

o776

o -
o+

24
00

9.
2

2.013—
3.000/

ey
0. P
—_—

0.

e

i

10

o -
o -

95
004

9!

2,016
3.000,~
—
g—'_.—/"
e N
-

2

1.006\
1.008"=
4.018,

VR S-15S B 4 & REH D pro-SaSu f8 13 & SELmdan B3 R R

B ) o

FALEBE LAEHBE I pro-SuSu?j 37 BH 105> L2 Hr 7 2 4
F1 Z%@ﬁ’ﬁé v @ F¥ 5 B3 i Rh-D ‘}ﬂ’-i » A5 ¢ AR 106 - % Rh-D f 4c =
v IR 0 AP A 107 0 ppRAE & R oA R g S h

RABARL g o BFHERHY 45T R F REH A F o X

T T
6.0 59 Pp!
jof
(=4
(=]
-

¥] 5-14 94am-4D £? 94am 600Hz '"H NMR 5k 2§ 1* fi [§]

2.001

— ™)
— i
o o
- |

N -

0.928
0.928 —

N -

1.004
1.014/

v

—\

4y



A 1Y SR Tt R

MBI EBHE o RREE
Flam g 1 5LE 5 5L PR

£ 113 -
4 % pro-S % pro-R 2 gt 44

Ja ’ﬁ R e °

D OMe

1,4-Rh
'. shlft ﬂ-D elimination
4 5 D
pro- S S
[Rh]D OMe alH Rrn]’ O OMe
95am-4D 105
ﬂ [Rh]—D addition
D OMe
P-H elimination H', DD
OMe
D [Rh]

107

D
—_—
D TRh] D D
109 108
[Rh] D OMe p-alkoxide H
-1,2 shi 7 elimination Y o
——
) -
o

ﬂ F-H elimination

D_OMe [Rh]-H

D addition
N D ~
RISY “ome
110
Bl 5-15 94am-4D * B FLi5 B

#-94am-4D 2. '"H NMR sk 3 22 2H NMR %358 (T35 R 0 4oB] 5-16 #7577 & % %
Edeng R dciEdpie o OIS AEEE RS GG Ao

39



180D
0.09D

\ ‘1 1.67D

0.04D 2 J
\43/ ' 6
4 50/5
H H
7 X\ 3

008D 0.08D
1 94am-4D 2 1 4
H NMR .
"
..... A R e
10 9 8 7 6 5 4 3 2 1 ppm
L )
AR 2 A Al ele
38 & & 813" 3|3
oil ! =3 o olsleile cle!
1
5
2 4
’H NMR 3
i S S
T T T T T T T T T
10 9 8 d. 6 4 3 2 1 ppm

1792
1834
0.158_

0.052

B) 5-16 94am-4D '"H NMR k2§ 2 2H NMR £ 2§ 1t # ]

(09D), (0.96 D)
0.96 D D
(0.9D) D 51 OEt ; ) 2 ' 'OMe MeOJ, (0.96 D)
Ds, 2 D 2 D
OMe (0.96 D) 5.OMe
D D D
mgBr (09 D) MgBr (0.96 D)
(0.9D) MgBr
93ke-4D 93am-1D 93am-4D
1.80 D
0.14D 0.03D 0.01D 0.09 D

0.78 D l
0.89D

\ . ¥ ¥ 008D , 2 ) !
2 =z 0.04D 2 B
3/ H HI \3 8 P \3/4 Ve
07N 076 o7 6
[ i i
061D 106D 0250’ No25D 7N
) 008D 008D

94ke-4D 94am-1D 94am-4D

W 5-17 7 this¥ &
d p4aY 2552 48105 § RS Bt anfs 3 03 93ke-dD £ ) & el & 4 94ke-

D FH iy R+ HPEEBDNIARB I F AT EF o d B 252 4500

ﬁ@é?ﬁ*ﬁ%%ﬁmm$é%i@ﬂwﬁ%iﬁﬁ%iﬁwd%$%@ﬁiﬁ@

P oa AR o vt SN R L i R R LA - &

FE- i N o A drd 351G § RS B R E i ER 93am-1D F R4 = enit &

40



$ 94am-1D > H 3R F R hF RF 2 AR A RIEPE LK EES T pro-
SHAL L - ¥ HEd 12 BB E D pro-R et o LT fRF R A2 LA o0
A5 BAARHEKESD AT > - HETEEELE 4B FER DT R A
7 g
B3

»\'

)‘P,)

B ER D 220d 93am-4D £ k2 2 h 94am-4D RIRP & £ G AR i
-EREA LRI AL AR AEFRAD AT LEF I2-BHR TELEES
* FhERAR o

A g o JRl e E RS HEAc B 54181 F Lo HE LA 93 2154 (9)-
L10a &2 - B4 2 B2 it M7 & B A#F o A7 FRE 95 )t g JL et aing
BEE LA-EH I pro-R & f pro-Sehpksat o FEFEH I pro-Rhmksat > R F B-
ZERNIF AR L5940 ¥ - 3G 0 EXALEH T pro-Schptsalt 5 PTG
&4 3 pro-SakRu &2 pro-SaSu £ ) 45 d Rh-H i)' 2 & 4 w2 = ¢ F 48 II-b1 2 II-b2 o
BEFSI RWHAOEE» F R3¢ FPRII-b A 2lieim- X pH 22 L8> F i

P YV BT R F R FI L4940

41



H,,

MgBr

93
[RhCl(coe);l, + (S)-L10a
MgBrCl
H,. OR
OR
" [Rh]
9

1,4-Rh-shift
= [RhOR] 5
H, |
OR
H,
94 OR
1,4-Rh-shift [Rh]
pro-S
I-b
B-OR elimination Y oR
B-OR elimination pro-R f-H elimination
[Rh]
H,
OR

l-a 5

R

\'}
reinsertion
— OR
H—[Rh]iu [Rh],, OR
OR OR
\_ H

IV-b B-H elimination lll-b

reinsertion

B 5-18 F is i

2 F RBLGE R I

DR AR R R W s e fond A4 B8R s

5
it 8
=

ERPATH I FPL T F A Y BERLE A B 519
F 4 &2 pro-RaSu % pro-SakSuehd o + &7 2 3% > 4-B] 5-19a)% 5-19b)#77 o
d (S)-SEGPHOS £ MLt » FIp 3 b 11i5a BEREE T3 -

FHEHE pro-SaRu % pro-RaRu i R+ 24 0 d N4 2 ¢ 24w gy b



FRIEFERE A -

B AT R AR

Azdedr BHE Y F R0 M2 (S)-SEGPHOS ¥ #Ap 5 0 % {1+

R A F BB

o
%7/<v/\

R H

BT R T

Q R = CH,CH,OMe

a) pro-RoiSy

¢) pro-SgkRy

i g e A A i o F

B 5-1945-25 A2 ¥

43

PR B T SRR 5-19 d)ie 74k & pen f%

AT BB s g b A2 ki o B 5-19 d)¢ d

L RE TS E)
SRS

7/<~>O
R,, \

ﬁ

Ph H

R = CH2CH20Me

b) pro-SakSh

d) pro-RakRu

iend BB



23 B8

A ARSI - B g B o R A4S B4 ([RhCl(coe)]r )35 e B WA 18
(S)-L10a4s & @ = ch— 45 & | i H AT it end SR F oo 0t F U $ 0T @A
Madsded o X - WAL RES LRI F RIS F ALY P Er i A
W3 imb 4 o RAT AR IAES I R ALDEN > - kAL BEE MBS
RS EAEAS > £ 21 B3 0 AF L 10-99% o B FATARER] 4 3 70%-99% -

M U

VY

Bytsdoh #EI LY ooz I & BEBR D 14-HS
ARG R AR ehE oo REEE B HE0 T pro-R k4R Y R F B A2
A A 94 TR - BATHOME R LABBE B SR ERDS
BEREL 5% o

( \
CIC
© PPh,
o PPh,
o] C
X (S)-L10a
OR [RhCI(coe),], (3.0 mol% of Rh) =z
N AN OR (S)-L10a (3.6 mol %) 5 OR
| . R-+
MgBr THF, 30 °C, time l
93 94
21 examples
0.2 mmol

10-99% vyields
75-99% ees

44



=R FRRE - H B2 L H KR

T-1 A4 RE
1. ¥/ & 4R % ¥ & (nuclear magnetic resonance spectroscopy * f§ fi- NMR) :

2 Bruker Avance 111 HD-400 MHz NMR v Bruker Avance-600 NMR % 2 + & & 3 i% B
T s 47 14 &% @ (chloroform-d » CDCl3)&t 7 ¥ ¥ f(methanol-d4 » CD30D) 7 i% & ;
™oppm & it & 4% (chemical shift)z. ¥ i -

2.4 i s R FHOHNMR) i B =4 2 & 7 (chloroform) & p 8 5. 5 g & H v &
# 7.26 ppm > g 11w ? L 4% (tetramethyl silane » TMS) 5 p 8 5.5 g K H i & > 5
5 0ppme &0 F AT AL A RER S T EECE 4 331 ppm o & 425 (splitting
pattern) T_& 4o @ H 4% (s > singlet) - B £ % (d > doublet) ~ = & *# (t > triplet) ~ = & %
(q » quartet) ~ % & *# (m > multiplet) ; 48 & ¥ #c(coupling constant)!? J & 7 » H = &
Hzo %3 ch etz 0 08 (A 8750 B ¥l &850 - APEE IR %300
NMR) 7 12 fe A ik Bk iv > H it B =815 iv § 7 (chloroform-d » CDCI3) & p & 28 5. >
FREHCEEH L 77.0ppm 5 2§ i~ ¥ fE(methanol-ds » CD30D) 5 P &3 5. » ¥ 7_%
Hit B =4 5 493 ppm ° 4 12 £ $&E3H(190F NMR)» A2 e 4] & Bk (7 o
3.8 = 4 5 i b &k ¥ & (Fourier transform infrared spectroscopy * #§ %= FTIR) :

% Bruker 4] X3 & 5 BT RE > BHHE =% d#i(em™) -
4.% f2+7 B ¥ ~ 17 & (high resolution mass spectrometer » f§ #i- HRMS) :

@ * JEOLJMS-700 %] 3% th ti 5 Ml 2R B o 10 & 7 % T 48+ T K540 (time-of-
flight-electrospray ionization » #§ f- TOF-ESD)i& {7~ 47 » & =W = 2 #fr -~ F§ £
RER Y P AR R3] e SR
5.X-Ray ¥ §, ¥4+ % (X-ray single crystal diffractometer > SC-XRD) :

i * j7 i Bruker Enraf-Nonius Kappa CCD ¥ & ¥t & ia 5 B TR B > HEA oW 44

e B ke gt g LA R o
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6.7 & & 17 ##(thin-layer chromatography > # # TLC) :
it * MACHEREY-NAGEL - Silica gel pore size 60 A with fluorescent indicator UV254 >
020 mm B B cP4E S P F AR PE R > Tk bk AR R o
7. 114 47 ##7(column chromatography) :
iz * KM3 SCIENTIFIC CORPORATION - Silica gel 45-75 um i 3 “v 47 o

8.% 3k 3+ (polarimeter) : & * JASCO P-2000 Polarimeter i% 5 | T_ik B o jp| £ 7 £ 14

o

FREFFRE o vk ks s [al
9. Bh(melting point > f#§ #£ m.p.) © & * Mel-Temp %3 2P| KR Z_ o
10.78 »x i % 48 & 47 & (high-performance liquid chromatography » #§ # HPLC) :

¢ * Hitachi 7000 & 7| % »<ic /& 40 & 47 % 3> ¢ 3% p # B~ & B (Hitachi L-7200
Autosampler) ~ ¥ i# (Hitachi L-7100 Pump) ~ 4 & ¥ #] % (Hitachi D-7000 Interface) ~ 1§ iB]
% (Hitachi L-7450H Diode Array Detector) = & * CHIRALPAK < {i(Daicel Chemical
Ind., Ltd. » AD-H 4.6 mmx250 mm -~ IA 4.6 mmx250 mm £ CHIRALCEL ¢ ti(Daicel

Chemical Ind., Ltd. » OD-H 4.6 mmx250mm ~ OJ-H 4.6 mmx250 mm)i& 7§ &

E

AR OR BRATRR Y 2B B &i@ﬂﬁ;bﬁ&é%%&o@ﬂ\%¢%@%
R LI FET o F Y g F N F FERET URFRES L > T AR

Je [ Ve A 2o %4, e v S R RIBNR ) A . 2 o
EREIEF - F BANET CRTEFEERE SRR g R
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7-2 R % ¥ 2% (Experimental procedures)

Preparation of 3-(2-bromophenyl)pentane-1,5-diol (91)!'*

OH
0] ethyl acetoacetate (2 equiv) o o
dLH piperidine (0.3 equiv) 12 M NaOH (aq) (40 equiv)  HCI
X1 . > — 7N OH
g, EtOH, rt, overnight EtOH, reflux, 4h N
S

Br

S1 2
NaBH, (3 equiv) OH
BF3 ¢ Et,0 (3 equiv
3 *Et;0 (3 equiv) _ N OH
THF, 0 °C to rt, overnight F Br
91

Step 1

Commercially available Bromobenzadehyde S1 (15 mmol) were dissolved in (30mL)
EtOH and followed by adding ethyl acetoacetate (x mL) and piperidine (x mL) and stirred at
room temperature for 12 h. And then, 12 M NaOH (aq) were added and reflux for 4 h. Ethanol
was removed under reduced pressure before HCl was added at 0 °C until the PH of solution was
1. After all, the solution was extracted by EtOAc and washed with brine, dried over anhydrous
NazSO0y, filtered and concentrated under reduced pressure. At last, wash with Hexane to get acid
S2 as yellow pale powder.
Step 2

In inert atmosphere, a THF solution of acid S2 was added NaBH4 (45 mmol) at 0°C, then
BFse Et;0 (5.5 ml) was added after 20 minutes. The reaction stirred under room temperature
for 12 h. And then, the mixture quenched by iced water and extracted by EtOAc, wash with
brine, dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure to get

the crude. By column chromatography on silica gel, the product 91 was afforded as white

solid.
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3-(2-bromophenyl)pentane-1,5-diol (91a)

OH Isolated as a white solid: 68 % yield
OH M.p.=91-92°C.

Br

'"H NMR (CD;0D, 400 MHz): 6 7.55 (d, J = 7.8 Hz, 1H), 7.34-7.33 (m, 2H), 7.09 (ddd, J =
8.1,5.2,3.7, 1H), 3.50-3.36 (m, 5H), 1.98-1.83 (m, 4H)

13C NMR (CD;0D, 100 MHz): § 145.6, 134.2, 129.5, 129.3, 129.1, 126.5, 61.2, 40.3, 38.6
FTIR (KBr, neat) v 3280, 3065, 2942, 2881, 2364, 2344, 1923, 1727, 1717, 1563, 1470, 1438,
1353, 756 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C11H160,Br 259.0334; Found 259.0329

3-(2-bromo-5-methoxyphenyl)pentane-1,5-diol (91b)

OH Isolated as a white solid: 67 % yield

MeO = 9()°
OH M.p. =90°C.

Br

TH NMR (CDsOD, 400 MHz): § 7.22 (d, J= 8.7 Hz, 1H), 7.10 (d, J = 2.6 Hz, 1H), 6.93 (dd, J
=8.7,2.7 Hz, 1H), 3.77 (s, 3H), 3.41 (m, SH), 1.87 (m, 4H)

13C NMR (CDsOD, 100 MHz): § 160.1, 137.2, 129.8, 126.4, 119.1, 115.6, 61.3, 59.3, 40.5,
37.9

FTIR (KBr, neat) v 3363, 2940, 2881, 2061, 1604, 1565, 1493, 1440, 1238, 1036, 816, 695,
673, 604, 486

HRMS (ESI-TOF) m/z: [M+H]" Caled for C12H;505Br 289.0439; Found 289.0449
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3-(2-bromo-5-ethoxyphenyl)pentane-1,5-diol (91c¢)

OH Isolated as a white solid: 57 % yield
EtO — o
oH Mup.=84-85°C.

Br

'TH NMR (CD;0D, 400 MHz): 8 7.41 (d, J= 8.8 Hz, 1H), 6.85 (d, /= 3.0 Hz, 1H), 6.69 (dd, J
=8.8,3.0 Hz, 2H), 4.01 (q, /= 7.0 Hz, 2H), 3.50-3.37 (m, 5H), 1.95-1.83 (m, 4H), 1.38 (t, J =
7.0 Hz, 3H)
13C NMR (CD3OD, 100 MHz): § 160.5, 146.5, 134.7, 116.6, 115.7, 115.4, 65.0, 61.2, 40.3,
389,154
FTIR (KBr, neat) v 3315, 2976, 2939, 2882, 1595, 1568, 1469, 1292, 1235, 878, 794, 637 cm"
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H203Br 303.0596; Found 303.0599
3-(5-(benzgyloxy)-2-bromophenyl)pentane-1,5-diol (91d)

OH Isolated as khaki oil: 82% yield
BnO OH

Br

'H NMR (CD:OD, 400 MHz): § 7.44-7.42 (m, 3H), 7.39-7.35 (m, 2H), 7.32-7.28 (m, 1H),
6.93 (d,J=3.0 Hz, 3H), 6.78 (dd, 8.8, 3.0 Hz), 5.08 (s, 1H), 3.47-3.35 (m, SH), 1.94-1.78 (m,
4H)

13C NMR (CD;OD, 100 MHz): & 160.3, 146.6, 138.7, 134.8, 129.8, 129.3, 128.9, 116.1, 71.6,
61.2,40.2, 38.9

FTIR (KBr, neat) v 3357, 3090, 3065, 3033, 2941, 2879, 2367, 2345, 1593, 1568, 1287, 1233,
738, 697, 652 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C18H2203Br 365.0752; Found 365.0759
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3-(2-bromo-5-fluorophenyl)pentane-1,5-diol (91e)

Isolated as a white solid: 66 % yield

OH
M.p. =104-107 °C.
OH

Br

'H NMR (CDsOD, 400 MHz):  7.57 (dd, J= 8.8, 5.6 Hz, 1H), 7.12 (dd, /= 10.1, 3.0 Hz, 1H),
6.90 (ddd, J=8.8, 7.9, 3.1 Hz, 1H), 3.45 (m, 5H), 1.89 (m, 4H)

13C NMR (CD;0D, 100 MHz): 4 164.2 (d, Jcr = 244.1 Hz), 148.2 (d, Jcr = 6.5 Hz), 135.6 (d,
Jcr=8.0 Hz), 120.5, 116.3 (d, Jcr =22.7 Hz), 61.0,49.9, 49.7, 49.5, 49.1, 48.9, 48.7, 40.0, 39.0
YF NMR (CDCl3, 376 MHz): 5 —116.2

FTIR (KBr, neat) v 3313, 2943, 2879, 2357, 2340, 1603, 1577, 1468, 1406, 1263, 1224, 872,
809, 742 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C11H;s0O2FBr 277.0239; Found 277.0238

3-(2-bromo-5-chlorophenyl)pentane-1,5-diol (91f)

OH Isolated as a white solid: 60% yield

Cl = 86-87.°
OH M.p. = 86-87.°C.

Br
TH NMR (CD;0D, 400 MHz): § 7.54 (d, J= 8.6 Hz, 1H), 7.35 (d, J= 2.6 Hz, 1H), 7.13 (dd, J

~8.5,2.5 Hz, 1H), 3.38-3.50 (m, 5H), 1.80-1.98 (m, 4H)

13C NMR (CDsOD, 100 MHz): & 147.9, 135.5, 135.3, 129.5, 129.3, 124.4, 61.0, 50.5, 49.9,
49.7,49.5, 49.1, 48.9, 48.7, 40.0, 38.9

FTIR (KBr, neat) v 3334, 2942, 2880, 2365, 2344, 1580, 1556, 1460, 1043, 1022, 880, 809,
748,719 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C11H150,CIBr 292.9944; Found 292.9959
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3-(2-bromo-5-(trifluoromethyl)phenyl)pentane-1,5-diol (91g)

Isolated as a white solid: 65% yield

OH Mo = 87-88°C
.p. =87— .

FaC

3 OH

Br

'TH NMR (CD;0D, 400 MHz): 8 7.77 (d, J= 8.3 Hz, 1H), 7.61 (d, J= 2.0 Hz, 1H), 7.41 (dd, J
=8.4,2.0 Hz, 1H), 3.63-3.56 (m, 1H), 3.50-3.39 (m, 4H), 2.03-1.84 (m, 4H)
13C NMR (CD30D, 100 MHz): & 147.3, 135.2, 131.7 (q, Jcr = 32.3 Hz), 130.6, 126.2, 125.7
(q, Jcr = 270.0 Hz), 125.7 (q, Jer = 3.5 Hz), 60.9, 39.9, 38.9
FTIR (KBr, neat) v 3358, 2951, 2885, 1609, 1579, 1478, 1446, 1410, 1328, 1126, 996, 907,
826, 730, 665, 566 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H1502BrF3 327.0208; Found 327.0212
3-(2-bromo-4-fluorophenyl)pentane-1,5-diol (91h)

OH Isolated as khaki oil: 60 % yield

OH

F Br
'"H NMR (CD;0D, 400 MHz): 7.37-7.34 (m, 2H), 7.13 (ddd, J=8.4, 8.4, 2.7, 1H), 3.48-3.37
(m, 5H), 1.97-1.79 (m, 4H)
13C NMR (CD;0OD, 100 MHz): § 162.3 (d, Jcr = 246.2 Hz), 141.7 (d, Jcr = 8.8 Hz), 130.6,
126.2 (d, Jcr = 8.4 Hz), 120.9 (d, Jcr = 24.1 Hz), 116.3 (d, Jcr = 21.0 Hz), 61.1, 40.3, 38.0
1F NMR (CD30D, 376 MHz): § —116.9
FTIR (KBr, neat) v 3333, 2942, 2881, 1891, 1599, 1486, 1265, 1228, 1046, 859, 819, 732, 696,
672,596 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C11H;5s0,FBr 277.0239; Found 277.0251
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3-(2-bromo-4-chlorophenyl)pentane-1,5-diol (91i)

Isolated as khaki oil: 62 % yield
OH
Cl
OH

Br

'H NMR (CD;OD, 400 MHz): § 7.60 (d, J = 2.0 Hz, 1H), 7.37-7.32 (m, 2H), 3.49-3.37 (m,
5H), 1.97-1.80 (m, 4H)

13C NMR (CD;OD, 100 MHz): § 144.4, 133.6, 133.4, 130.5, 129.4, 126.6, 60.9, 40.0, 38.1
FTIR (KBr, neat) v 3334, 2942, 2880, 2365, 2344, 1460, 1389, 1353, 1101, 1043, 1022, 880,
809, 748, 719, 475, 458 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C11H;50,CIBr 292.9944; Found 292.994

3-(2-bromo-4-methylphenyl)pentane-1,5-diol (91k)

OH Isolated as khaki oil: 78% yield

OH

Br

IH NMR (CDsOD, 400 MHz): & 7.40 (d, J = 0.84 Hz, 1H), 7.21-7.14 (m, 2H), 3.48-3.35 (m,

5H), 2.29 (s, 3H), 1.95-1.80 (m, 4H)

13C NMR (CDsO0D, 100 MHz): & 142.3, 139.3, 134.4, 130.1, 129.1, 126.2, 61.2, 40.3, 38.2,

20.9

FTIR (KBr, neat) v 3351, 2942, 2879, 2361, 2341, 1490, 1215, 1033, 821, 773, 673, 568, 515
-1

cm

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H1302Br 273.0490; Found 273.0479
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-(2-bromo-4-methoxyphenyl)pentane-1,5-diol (911)
OH Isolated as khaki oil: 68% yield
OH
MeO Br
'TH NMR (CD;0D, 400 MHz): § 7.23 (d, J= 8.7 Hz, 1H), 7.11 (d, J= 2.6 Hz, 1H), 6.93 (dd, J
=8.7,2.7Hz, 1H), 3.77 (s, 1H), 3.48-3.35 (m, 5H), 1.94-1.78 (m, 4H)
13C NMR (CDsOD, 100 MHz): § 159.9, 137.1, 129.7, 126.4, 119.0, 115.5, 61.2, 56.3, 40.3,
37.7
FTIR (KBr, neat) v 3345, 2941, 2882, 2359, 2342, 2059, 1892, 1064, 1564, 1493, 1461, 1440,
1285, 1036, 841, 816, 695, 605 cm !

HRMS (ESI-TOF) m/z: [M+Na]" Caled for C12H;703BrNa 311.0259; Found 311.0266

3-(1-bromonaphthalen-2-yl)pentane-1,5-diol (91m)

Br OH Isolated as a white solid: 70% yield

OO OH Mp =105-107.°C.

"H NMR (CD;OD, 400 MHz): § 8.30 (d, J = 8.7 Hz, 1H), 7.83 (t, J = 7.5 Hz, 2H), 7.58 (ddd,
J=8.0,7.3, 1.3 Hz, 1H), 7.50 (ddd, J= 8.0, 7.0, 1.1 Hz, 1H), 7.44 (d, J= 8.6 Hz, 1H), 3.87 (m,
1H), 3.53-3.46 (m, 2H), 3.42-3.36, (m, 2H), 2.13-1.90 (m, 4H)

13C NMR (CD;OD, 100 MHz): § 159.9, 137.1, 129.7, 126.4, 119.0, 115.5, 61.2, 56.3, 40.3,
37.7

FTIR (KBr, neat) v 3350, 3054, 2943, 2879, 2363, 2343, 1554, 1501, 1047, 1000, 963, 812,
772, 749, 647, 530 cm ™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH1802Br 309.0490; Found 309.0481
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Preparation of 3-(2-bromophenyl)pentane-3-d-1,5-diol!!¢!
(0] 0] OH

KCN (2.0 equiv) step1  step 2 D
H > D > > OH
D,0 (2.0 mL), Et,0 (1.0 mL)
Br Br

Firstly, added Bromobenzaldehyde (2.0 mmol), KCN (4.0 mmol), Ether (1.0 mL), D,O

(2.0 mL) in the sample vial and stir vigorously at room temperature. After 140 h, the reaction
extracted by ether, dried over anhydrous Na>SOs, filtered and concentrated under reduced
pressure to get the crude. By column chromatography on silica gel, the product was afforded as
lightly yellow oil in 50% yield with 96% of deuterium.

With the D-bromobenzaldehyde in hand, follow the general procedure of preparing 3-(2-

bromophenyl)pentane-1,5-diol to get 3-(2-bromophenyl)pentane-3-d-1,5-diol.

3-(2-bromophenyl)pentane-3-d-1,5-diol (91a-1D)

OH Isolated as white solid: 64 % yield

OH M.p.=96-97°C.
Br
96% D

TH NMR (CDsOD, 400 MHz): § 7.55, (d, J = 8.0 Hz, 1H) 7.35-7.31 (m, 2H), 7.09 (ddd, J =
8.0,4.0, 1.2 Hz, 1H), 3.50-3.33 (m, 4H), 1.94-1.83 (m, 4H)
FTIR (KBr, neat) v 3253, 2935, 2859, 2365, 2344, 1456, 1422, 1301, 1275, 1053, 1025, 795,
754, 656, 567 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C110,BrH1sD 260.0396; Found 260.0382
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Preparation of 3-(2-bromo-4-methylphenyl)pentane-2,2,4,4-d4+1,5-

diol"!
oH K,CO3 (20 mol%) 5
DMAP (20 mol%)
o) o) Piv,0 (40 mol%) step 2 D OH
OH  dg-Acetone (0.4M), 40 °C, 150 h S OH
Br
s2 s2-d

To a vial equipped with a stir bar, 3-(2-bromo-4-methylphenyl)pentanedioic acid S2 (9.83

mmol), K2CO3 (1.97 mmol), DMAP (1.97 mmol), and PiV20 (3.93 mmol) was added before

ds-Acetone was added. The reaction stirred in 40 °C for 150 h. After all, quench with D>O and

then extracted the mixture with 1M HCI and DCM, washed with brine, dried over anhydrous

NazSO0q, filtered and concentrated under reduced pressure. Residual PiV20 can be removed by

formic acid/DCM = 1/4 under the reduced pressure.

The reduction of acid S2-d used the same way which mentioned before. The total yield of

the diol is 74%.

3-(2-bromo-4-methylphenyl)pentane-2,2,4,4-d4-1,5-diol (91a-4D)

D Isolated as a white solid: 74% yield
D OH
M.p. = 68-69 °C.
OH
DD
Br
90% D

H NMR (CD;0D, 400 MHz): § 7.38 (s, 1H), 7.20-7.13 (m, 2H), 3.46-3.36 (m, SH), 2.28 (s,
1H), 1.89-1.83 (m, 0.4H),
13C NMR (CD;0D, 100 MHz): § 142.3, 139.3, 134.4, 130.4, 130.1, 129.1, 126.2, 61.1, 39.6
(m), 38.0

FTIR (KBr, neat) v 3351, 2942, 2879, 2361, 2338, 1488, 1215, 1033, 821, 773, 662, 558, 515
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cm!

HRMS (ESI-TOF) m/z: [M+Na]" Calcd forC12H13D402NaBr 299.0561; Found 299.0569

Preparation of 3-(2-bromophenyl)pentane-1,1,5,5-d4-1,5-diol

In inert atmosphere, a stirred THF solution of acid S2 was added NaBD4 (45 mmol) at
0°C, then BF3e Et0 (5.5 mL) was added after 20 minutes. The reaction stirred under room
temperature for 12 h. After all, the mixture quenched by iced water and extracted by EtOAc,
wash with brine, dried over anhydrous Na>SOs, filtered and concentrated under reduced
pressure to get the crude. By column chromatography on silica gel, the product was afforded

as white solid.
3-(2-bromophenyl)pentane-1,1,5,5-d4-1,5-diol (91a-4D)
D Isolated as white solid : 75 % yield
HO
D D M.p. =100-101 °C.
OH
D
Br
96% D
TH NMR (CD;0D, 400 MHz): § 7.54, (d, J= 8.0 Hz, 1H), 7.34 (d, J = 4.0 Hz, 2H), 7.08 (ddd,
J=28.0,4.0, 1.2 Hz, 1H), 3.50-3.43 (m, 1H), 1.94-1.83 (m, 4.34)
13C NMR (CDsOD, 100 MHz): § 145.6, 134.2, 129.5, 129.3, 129.1, 126.6, 60.5 (m), 40.1, 38.6
FTIR (KBr, neat) v 3253, 2935, 2860, 2362, 2346, 1456, 1422, 1305, 1275, 1053, 1021, 788,
750, 653, 567 cm™!

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C11H11D4 Oz NaBr 285.0404; Found 285.0395

56



Preparation of 3-(2-bromophenyl)pentane-1,5-diethers (92)"'8!

OH NaH (4.0 equiv), Rl (4.0 equiv) OR
7 OH > 7 OR
X _ THF, 0 °C to rt, overnight X _
Br Br
o1 RI = Mel or Etl 92

General procedure:

To a stirred solution of diol in THF (0.4 M based on diol) was added NaH (60 wt% in
mineral oil) at 0 °C. After 30 minutes, RI was added and the reaction stirred at room
temperature for 12 h. At last, the mixture quenched by iced water and extracted with EtOAc.
The combined organic layer was washed with brine, dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The crude residue was purified by silica gel column

chromatography to get transparent oil.

92am-92im and 92km is using Mel as RI reagents.

92ce, 92ee-92me is using Etl as RI reagents.
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1-bromo-2-(1,5-dimethoxypentan-3-yl)benzene (92am)

Q/ Isolated as transparent oil: 70 % yield

O/

Br

TH NMR (CDCls, 400 MHz): 6 7.54 (d, J= 8.1 Hz, 1H), 7.30-7.22 (m, 2H), 7.06 (ddd, J= 7.9,
7.1, 1.2 Hz, 1H), 3.50-3.43 (m, 1H), 3.25 (s, 6H), 3.24-3.20 (t, J = 6.9 Hz, 4H), 2.02-1.84 (m,
4H)

13C NMR (CDCls, 100 MHz): ¢ 143.7, 132.8, 127.7, 127.6, 127.5, 125.2, 70.4, 58.4, 37.5, 36.1
FTIR (KBr, neat ) v 3058, 2978, 2870, 2828, 1590, 1565, 1470, 1389, 1190, 1118, 954, 756,
726, 661, 454 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H2002Br 287.0647 ; Found 287.0654
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1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-methoxybenzene (92bm)

Q/ Isolated as light yellow oil: 83 % yield

MeO
e O/

Br
'TH NMR (CDCl3, 400 MHz): 6 7.43 (d, J = 8.8 Hz, 1H), 6.77 (d, J = 3.0 Hz, 1H), 6.64 (dd, J
=8.8,3.0 Hz, 1H), 3.78 (s, 1H), 3.43-3.37 (m, 1H), 3.26 (s, 6H), 3.23 (t, /= 7.0 Hz, 4H), 2.00—
1.80 (m, 4H)
13C NMR (CDCls, 100 MHz): & 159.2, 144.8, 133.2, 116.7, 115.7, 113.6, 113.1, 70.4, 58.5,
55.3,37.7,36.2
FTIR (KBr, neat) v 3072, 2928, 2832, 2756, 2061, 1595, 1471, 1414, 1390, 1289, 1289, 1190,
1165, 1118, 1047, 1014, 954, 871, 805, 604, 471

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H2203Br 317.0752; Found 317.0750

1-bromo-2-(1,5-diethoxypentan-3-yl)-4-ethoxybenzene (92cm)

o _ Isolated as light yellow oil: 67 % yield

EtO
O/

Br

'H NMR (CDCls, 400 MHz): § 7.41 (d, J = 8.8 Hz, 1H), 6.77 (d, J = 3.0 Hz, 1H), 6.64 (dd, J
= 8.8, 3.0 Hz, 1H), 3.98 (q, J = 7.0 Hz, 2H), 3.42-3.36 (m, 1H), 3.26 (s, 6H), 3.25-3.21 (m,
4H), 2.00-1.80 (m, 4H)

13C NMR (CDCls, 100 MHz): & 158.6, 144.9, 133.7, 113.7, 70.6, 63.6, 58.6, 36.3, 14.8

FTIR (KBr, neat) v 2979, 2926, 2870, 2829, 1594, 1569, 1469, 1392, 1288, 1236, 1193, 1051,
960, 873, 799, 773, 638 cm !

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH2403Br 331.0909; Found 331.0916
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4-(benzyloxy)-1-bromo-2-(1,5-dimethoxypentan-3-yl)benzene (92dm)
O/ Isolated as light yellow oil: 58% yield

BnO
n O/

Br
TH NMR (CDCl3, 400 MHz): § 7.44 (m, 6H), 6.83 (d, J = 3.0 Hz, 1H), 6.71 (dd, J = 8.8, 3.0

Hz, 1H), 5.03 (s, 2H), 3.43-3.37 (m, 1H), 3.25 (s, 6H), 3.20 (t, J = 6.8 Hz, 4H), 1.98-1.77 (m,
4H)

13C NMR (CDCls, 100 MHz): § 158.3, 144.9, 136.5, 133.3, 128.6, 128.0, 127.5, 114.2, 70.4,
70.2, 58.6, 37.7, 36.2

FTIR (KBr, neat) v 3033, 2926, 2870, 2754, 2061, 1953, 1727, 1593, 1568, 1468, 1384, 1289,
1234, 1169, 1118, 1013, 953, 872, 801, 737, 697, 620, 514, 463 cm™"!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for CaoH2603Br 393.1065; Found 393.1055

1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene (92em)

O/ Isolated as light yellow oil: 84 % yield

F
O/

Br
TH NMR (CDCls, 400 MHz): & 7.51 (dd, J = 8.8, 5.5 Hz, 1H), 6.95 (dd, /= 9.9, 3.0 Hz, 1H),
6.81 (ddd, J=8.7,7.8, 3.0, 1H), 3.49-3.42 (m, 1H), 3.27-3.17 (m, 4H), 3.26 (s, 6H), 2.01-1.78
(m, 4H)
13C NMR (CDCls, 100 MHz): § 162.0 (d, Jor = 245 Hz), 146.1 (d, Jer = 5.8 Hz), 133.6 (d, Jer
=7.4 Hz), 119.0, 114.6 (d, Jer = 22.1 Hz), 70.0, 58.1, 37.7, 35.8
19F NMR (CDCls, 376 MHz): § —114.1
FTIR (KBr, neat) v 2871, 2829, 1604, 1579, 1469, 1269, 1118, 1026, 950, 871, 809, 717, 608,
585cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H1902FBr 305.0552 ; Found 305.0552
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1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-chlorobenzene (92fm)
o - Isolated as light yellow oil: 84 % yield

Cl
O/

Br

IH NMR (CDCls, 400 MHz): § 7.47 (d, J = 8.6 Hz, 1H), 7.20 (d, J = 2.6 Hz, 1H), 7.04 (dd, J
=8.5,2.5 Hz, 1H), 3.49-3.41 (m, 1H), 3.27-3.16 (m, 4H), 3.26 (s, 6H), 2.01-1.78 (m, 4H)
13C NMR (CDCls, 100 MHz): & 145.9, 133.9, 133.7, 128.0, 127.8, 70.3, 58.5, 37.8, 36.1
FTIR (KBr, neat) v 2979, 2925, 2365, 2344, 2067, 1992, 1886, 1751, 1581, 1556, 1460, 1389,
1188, 1120, 1022, 954, 925, 879, 864, 810, 718, 695 cm !

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H1902CIBr 321.0257 ; Found 321.0259

1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92gm)

o / Isolated as light yellow oil: 68 % yield

FsC
3 o~

Br

H NMR (CDCls, 400 MHz): § 7.68 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 2.0 Hz, 1H), 7.32 (dd, J
=8.4,2.1 Hz), 3.62-3.58 (m, 1H), 3.30-3.17 (m, 4H), 3.25 (s, 1H), 2.07-1.87 (m, 4H)

13C NMR (CDCls, 100 MHz): § 145.2, 133.4, 129.9 (q, Jcr = 32.4 Hz), 129.0, 124.7, 124.1 (q,
Jer = 3.3 Hz),123.8 (q, Jer = 270.6 Hz), 70.1, 58.3, 37.7, 35.8

19F NMR (CDCls, 376 MHz): § —62.66

FTIR (KBr, neat) v 2928, 2872, 1607, 1477, 1409, 1329, 1170, 1125, 1023, 956, 900, 869, 824,
730 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H100,FsBr 355.0521 ; Found 355.0521
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2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene(92hm)
Q/ Isolated as light yellow oil: 70% yield

O/

IH NMR (CDCls, 400 MHz): § 7.29 (dd, J = 8.4, 2.7 Hz, 1H), 7.19 (dd, J = 8.7, 6.0, 1H), 7.02
(td, J = 8.1, 2.6 Hz, 1H), 3.47-3.41 (m, 1H), 3.28-3.16 (m, 4H), 3.25 (s, 6H), 2.05-1.81 (m,
4H)

13C NMR (CDCL, 100 MHz): § 160.2 (d, Jcr = 247 Hz), 139.5, 128.3, 124.7 (d, Jcr = 7.7 Hz),
119.4 (d, Jcr = 23.7 Hz), 114.6 (d, Jcr = 20.7 Hz), 70.0, 58.1, 36.7, 36.0

1F NMR (CDCl3, 376 MHz): 5 —114.8

FTIR (KBr, neat) v 2926, 2870, 2355, 2326, 2064, 1889, 1599, 1486, 1265, 1120, 955, 860,
819, 732, 672, 594 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H1902FBr 305.0552; Found 305.0561

2-bromo-4-chloro-1-(1,5-dimethoxypentan-3-yl)benzene (92im)
O/ Isolated as light yellow oil : 92% yield

O/

Cl Br

IH NMR (CDCls, 400 MHz): & 7.56 (d, J = 2.2 Hz, 1H), 7.28 (dd, J = 8.4, 2.1 Hz, 1H), 7.16
(d, J = 8.4 Hz, 1H), 3.48-3.41 (m, 1H), 3.25 (s, 6H), 3.25-3.16 (m, 4H), 2.0-1.76 (m, 4H)

13C NMR (CDCls, 100 MHz): & 142.4, 132.2, 12.1, 128.5, 127.8, 125.3, 70.2, 58.3, 37.0, 36.0
FTIR (KB, neat) v 2925, 2870, 1584, 1555, 1470, 1385, 1356, 1189, 1120, 1033, 955, 867,
821, 790, 756, 724, 690, 590, 571 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H1902CIBr 321.0257; Found 321.0266
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2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-methylbenzene (92km)

Isolated as light yellow oil: 78% yield
O/

O/

Br

IH NMR (CDCls, 400 MHz): & 7.37 (s, 1H), 7.12-7.04, (m, 2H), 3.44-3.36 (m, 1H), 3.25 (s,
6H), 3.21 (t, ] = 6.9 Hz, 4H), 2.29 (s, 3H), 1.99-1.80 (m, 4H)

13C NMR (CDCls, 100 MHz): § 140.5, 137.5, 133.2, 128.6, 127.4, 125.0, 70.5, 58.5, 37.1, 36.3,
20.5

FTIR (KBr, neat) v 2869, 2828, 2365, 2341, 2065, 1908, 1490, 1451, 1389, 1189, 1120, 1038,
954, 856, 821, 729, 673, 591, 572, 465, 443 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H220,Br 301.0803; Found 301.0794

1-bromo-2-(1,5-diethoxypentan-3-yl)benzene (92ae)

O/\ Isolated as light yellow oil: 68 % yield
Br

IH NMR (CDCls, 400 MHz): § 7.53 (dd, J = 8.0, 1.2 Hz, 1H), 7.30-7.22 (m, 2H), 7.04 (ddd,
J=8.0,7.0, 2.1 Hz, 1H), 3.48 (m, 1H), 3.37 (q, J = 7.0 Hz, 4H), 3.26 (t, J = 6.9 Hz, 4H),
2.03-1.83 (m, 4H), 1.14 (t, J = 7.0 Hz, 6H)

13C NMR (CDCL, 100 MHz): § 143.9, 132.8, 127.9, 127.6, 127.5, 125.5, 68.4, 66.1, 37.6, 36.5,
15.2

FTIR (KBr, neat) v 2974, 2930, 2863, 2366, 2344, 1947, 1921, 1470, 1440, 1378, 1114, 1022,
755,725, 661, 591, 575 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C1s H2402Br 315.0960; Found 315.0970
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1-bromo-2-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92ee)

\©fc\/\ Isolated as light yellow oil : 54% yield

IH NMR (CDCls, 400 MHz): § 7.49 (dd, J = 8.8, 5.6 Hz, 1H), 6.95 (dd, J = 9.9, 3.0 Hz), 6.79
(ddd, J=8.7, 7.6, 3.1 Hz, 1H), 3.50-3.43 (m, 1H), 3.37 (q, J = 7.0 Hz, 4H), 3.28-3.23 (m,
4H), 2.02-1.78 (m, 4H), 1.14 (t, J = 7.0 Hz, 6H)

13C NMR (CDCls, 100 MHz): & 162.1 (d, Jer = 245 Hz), 146.2 (d, Jcr = 22.3 Hz), 133.7 (d,
Jor = 7.4 Hz), 119.2, 114.7 (d, Jcr = 22.3 Hz), 68.0, 65.9, 37.9, 36.2

19F NMR (CDCls, 376 MHz): § —114.42

FTIR (KBr, neat) v 2975, 2932, 2864, 1604, 1579, 1469, 1378, 1225, 1117, 1026, 954, 941,
871, 808, 717, 701, 608, 585 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH2302FBr 333.0865; Found 333.0854
1-bromo-4-chloro-2-(1,5-diethoxypentan-3-yl)benzene (92fe)

Isolated as light yell il : 73% yield
AN solated as light yellow oi 0 yie

Cl o™\

Br

TH NMR (CDCls, 400 MHz): § 7.47 (d, J = 8.5 Hz, 1H), 7.20 (d, J = 2.6 Hz), 7.04 (dd, J =
8.7, 2.5 Hz, 1H), 3.50-3.43 (m, 1H), 3.37 (q, J = 7.0 Hz, 4H), 3.30-3.20 (m, 4H), 2.03-1.94
(m, 2H), 1.88-1.79 (m, 2H), 1.15 (t, J = 7.0 Hz, 6H)

13C NMR (CDCl;, 100 MHz): § 145.9, 133.8, 133.6, 128.1, 127.7, 123.2, 68.1, 66.1, 37.9,
36.4,15.2

FTIR (KBr, neat) v 3059, 2974, 2928, 2862, 1581, 1556, 1460, 1378, 1298, 1277, 1210, 1114,
1022, 679, 808, 719, 699, 583, 477, 459 cm!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C15sH2302CIBr 349.0570; Found 349.0572
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1-bromo-2-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92ge)
o AN Isolated as light yellow oil: 67% yield
Fs;C

Br

IH NMR (CDCls, 400 MHz): 5 7.66 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.30 (ddd, J
=8.3,2.2, 0.8 Hz, 1H), 3.61-3.54 (m, 1H), 3.36 (q, J = 7.2 Hz, 4H), 3.31-3.20 (m, 4H), 2.06—
1.84 (m, 4H), 1.14 (t, J = 7.0 Hz, 6H)

13C NMR (CDCls, 100 MHz): § 145.3, 133.4, 130.1 (q, Jcr = 32.5 Hz), 129.2, 124.9, 124.1, (q,
Jor = 3.4 Hz),123.9 (q, Jor = 270.6 Hz), 68.1, 66.1, 38.0, 36.2, 15.1

19F NMR (CDCls, 376 MHz): § —62.7

FTIR (KBr, neat) v 2977, 2933, 2865, 1606, 1578, 1476, 1444, 1328, 11770, 1130, 1023, 899,
823, 729, 660, 469, 425 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16H2302F3Br 383.0834 ; Found 383.0840

2-bromo-1-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92he)
O/\ Isolated as light yellow oil: 50% yield
o~
F Br
TH NMR (CDCls, 400 MHz): 6 7.28 (dd, J = 8.4, 2.6 Hz, 1H), 7.19 (dd, J = 8.7, 6.0 Hz, 1H),
7.02 (ddd, J=8.3, 8.3, 2.6 Hz, 1H), 3.50-3.42 (m, 1H), 3.36 (q, /= 7.0 Hz, 4H), 3.26-3.22 (m,
4H), 2.02-1.94 (m, 2H), 1.87-1.78 (m, 2H), 1.14 (t, /= 7.0 Hz, 6H)
13C NMR (CDCls, 100 MHz): 6 160.3 (d, Jcr = 247.3 Hz), 139.6, 128.4, 124.9 (d, Jcr = 9.4
Hz), 119.5 (d, Jcr = 23.7 Hz), 114.7 (q, Jcr = 20.4 Hz), 68.1, 66.0, 36.8, 36.4, 15.0
F NMR (CDCl3, 376 MHz): § —-115.1

FTIR (KBr, neat) v 2975, 2933, 2864, 2801, 1599, 1486, 1354, 1229, 1114, 1030, 860, 818,
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730, 693, 672, 586, 459 cm!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH2302FBr 333.0865 ; Found 333.0858
2-bromo-4-chloro-1-(1,5-diethoxypentan-3-yl)benzene (92ie)

o A Isolated as light yellow oil : 68% yield
o

Cl Br

H NMR (CDCls, 400 MHz): & 7.56 (d, J = 2.2 Hz, 1H), 7.27 (dd, J = 8.4, 2.2 Hz, 1H), 7.17
(d, J= 8.4 Hz, 1H), 3.47-3.44 (m, 1H), 3.37 (q, J = 7.0 Hz, 4H), 3.28-3.20 (m, 4H), 2.02-1.79
(m, 4H), 1.14 (t, J = 7.0 Hz, 6H)

13C NMR (CDCls, 100 MHz): § 142.6, 132.3, 132.2, 128.7, 127.9, 125.6, 68.2, 66.2, 37.2, 36.4,
15.1

FTIR (KBr, neat) v 2975, 2932, 2864, 1971, 1898, 1584, 1555, 1470, 1379, 1114, 1032, 867,
820, 789, 723, 672, 638, 589, 460, 442 cm™!

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C15H2302CIBr 349.0570 ; Found 349.0572
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2-bromo-1-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92je)
o
o

FsC Br

'H NMR (CDCls, 400 MHz): 8 7.80 (d, J = 1.1 Hz, 1H), 7.53 (dd, J = 1.3, 8.2 Hz, 1H), 7.37
(d,J=8.1, 1H), 3.62-3.53 (m, 1H), 3.36 (q, /= 7.0 Hz, 1H), 3.31-3.21 (m, 4H), 2.07-1.97 (m,
2H), 1.93-1.81 (m, 2H), 1.13 (t, J= 7.0 Hz, 6H)
13C NMR (CDCl3, 100 MHz): & 148.4, 129.6, 129.6 (q, Jcr = 32.8 Hz), 128.3, 125.4, 124.2,
123.1 (q, Jcr = 270.6 Hz), 68.0, 66.0, 37.9, 36.2, 15.0
F NMR (CDCl3, 376 MHz): § —62.7
FTIR (KBr, neat) v 2975, 2933, 2864, 2801, 1601, 1488, 1354, 1222, 1114, 1020, 850, 785,
721, 672, 632, 589, 460, 440 cm ™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16H2302BrFs 383.0834 ; Found 383.0836
2-bromo-1-(1,5-diethoxypentan-3-yl)-4-methylbenzene (92ke)
O/\ Isolated as light yellow oil: 70 % yield
0N
Br
TH NMR (CDCl3, 400 MHz): & 7.36 (s, 1H), 7.12-7.06 (m, 2H), 3.45-3.34 (m, 5H), 3.25 (t, J
=17.3 Hz, 4H), 2.29 (s, 3H), 2.01-1.82 (m, 4H), 1.14 (t, J = 7.2 Hz, 6H)
13C NMR (CDCl3, 100 MHz): § 140.2, 136.6, 132.5, 128.0, 127.0, 124.6, 67.7, 65.4, 36.6, 36.0,
19.9, 14.6
FTIR (KBr, neat) v 2975, 2930, 2864, 2365, 2344, 1606, 1490, 1444, 1219, 1035, 873, 853,
820, 754, 728, 673, 592, 571, 459 cm ™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16H2602Br 329.1116 ; Found 329.1111
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-bromo-1-(1,5-diethoxypentan-3-yl)-4-methoxybenzene(92le)

O/\ Isolated as light yellow oil: 72% yield
o
MeO Br

H NMR (CDCls, 400 MHz): § 7.12 (d, J = 8.6 Hz, 1H), 7.07 (d, J = 2.7 Hz, 1H), 6.87 (dd, J
=8.7,2.7 Hz, 1H), 3.78 (s, 3H), 3.40-3.35 (m, 1H), 3.37 (q, J = 7.0 Hz, 4H), 3.24 (t, J= 7.0
Hz, 4H), 2.00-1.79 (m, 4H), 1.15 (t, J = 7.0 Hz, 6H)

13C NMR (CDCls, 100 MHz): 157.4, 135.0, 127.4, 124.7, 116.9, 113.4, 67.6, 65.2, 54.4, 36.0,
14.5

FTIR (KBr, neat) v 2974, 2933, 2863, 1604, 1565, 1493, 1441, 1378, 1355, 1284, 1238, 1113,
1036, 856, 840, 817, 729, 693, 603, 546, 464, 443 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C16H2603Br 345.1065 ; Found 345.1054

1-bromo-2-(1,5-diethoxypentan-3-yl)naphthalene(92me)
Br O/\ Isolated as light yellow oil : 70% yield

TH NMR (CDCls, 400 MHz): § 8.35 (d, J= 7.8 Hz, 1H), 7.79 (t, J = 8.0 Hz, 2H), 7.59 (ddd, J
=8.5,7.0, 1.3 Hz, 1H), 7.50 (ddd, /= 8.5, 7.0, 1.3 Hz, 1H), 7.37 (d, J= 8.5 Hz, 1H), 3.92-3.84
(m, 1H), 3.33 (ddd, J= 7.0, 7.0, 1.7 Hz, 4H), 3.28-3.20 (m, 4H), 2.11-1.95 (m, 4H), 1.12 (¢, J
= 6.9 Hz, 6H)

13C NMR (CDCL, 100 MHz): 141.5, 133.2, 132.3, 127.9, 127.8, 127.1, 125.9, 124.7, 124.5,
68.2,65.9, 38.4,36.4, 15.0

FTIR (KBr, neat) v 2974, 2930, 2863, 1952, 1912, 1501, 1442, 1377, 1355, 1258, 1231, 1114,
1034, 964, 862, 816, 749, 669, 641, 532 cm!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C19H2602Br 365.1116 ; Found 365.1114
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General Procedures for Rhodium-Catalyzed Asymmetric Desymmetrization

OR Mg (1.3 equiv), I, (cat.), OR [RhCl(coe).] (3.0 mol% Rh) “
1,2-dibromoethane (cat. - ) o
N X OR ( ): A N or  (S)-Segphos (3.6 moli) N N oR
T . T ) - T
Mg, 2Min THF, t, 1 h Z Mg THF, 30 °C, Time Z

92 93 94

Step 1

A two-neck bottle which had been heated at reduced pressure equipped with 5.2 mmol of
Magnesium turnings and a condenser before added THF, a grain of I» and 2 drops of 1,2-
dibromoethane. While the reaction was triggered, Bromobenzene 92 (4 mmol) added
dropwise and stirred under argon atmosphere at room temperature for 1 h.

Absorb 0.1 ml of the Grignard reagent and quench by excess of iodine. By the addition of

internal standard, concentration of Grignard reagent could be detected.

Step 2

Under the N> atmosphere, 1.5 mol% of [RhCl(coe)2]> and 3.6 mol% of (S)-Segphos stirred
until the reaction turn burgundy red. After all, 0.2 mmol of Grignard reagent was added and
stirred at 30 “C for 6 h or 12 h. The reaction was quenched by water and extracted by EtOAC,
wash with brine, dried over anhydrous Na>SOys, filtered and concentrated under reduced

pressure then purified by column chromatography on silica gel to afford the desired product.
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Procedure of hydroboration oxidation to determined Enantiomeric excess of

(94cm, 94hm, 94im)
Z OH
1) 9-BBN dimer (1.5 equiv), THF, rt, overnight
X OR > TN OR
S 2) NaBOj (5 equiv), H,0, overnight X
94 95

To a solution 0f 94 in dry THF (1 mL) was added 9-BBN dimer (1.5 equiv) at room temperature.
The reaction mixture was stirred for 12 h, and then added NaBOs (5 equiv) and H>O (1 mL), at
0 °C. The reaction was stirred at room temperature for 12 h. After all, the mixture extracted
with EtOAc and dried over Na;SOs4. The solution was concentrated in vacuo, and residue was

purified by silical gel column chromatography to afford the corresponding alcohol 95.
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(R)-(5-methoxypent-1-en-3-yl)benzene (94am)
=z Isolated as a transparent oil: 87% yield after 6 h, 96% ee.
OMe The ee was determined on CHIRALPAK IB column with hexane,
flow rate = 1.0 mL / min, wavelength = 218 nm. Retention time:
8.64 min [(S)-enatiomer], 12.8 min [(R)-enatiomer]. [« = +7.2 (C
1.00, CHCIs).
'H NMR (CDCls, 400 MHz): & 7.32-7.28 (m, 2H), 7.21-7.18 (m, 3H), 5.96 (ddd, J = 17.4,
10.2, 7.5 Hz, 1H), 5.06 (dt, J = 17.1, 1.2 Hz, 1H), 5.04 (dt, /= 10.0, 1.2 Hz, 1H), 3.44 (q, J =
7.6 Hz, 1H), 3.33 (dt, /= 9.4, 6.4 Hz, 1H), 3.29 (s, 3H), 3.27 (dt, J=9.5, 6.6 Hz, 1H), 2.2 (m,
2H)
13C NMR (CDCl3, 100 MHz): 6 143.8, 141.7, 128.5, 127.6, 126.3, 114.3, 70.4, 58.5, 46.1, 35.0
FTIR (KBr, neat) v 3060, 2972, 2862, 1634, 1598, 1490, 1448, 1372, 1108, 1025, 995, 915,

762, 696 cm ™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H170 177.1279; Found 177.1284

hrom Type: Fixed WL Chromatogram, 217 nm Chrom Type: Fixed WL Chromatogram, 218 nm

0.2

0.0 VI
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(R)-(5-ethoxypent-1-en-3-yl)benzene (94ae)
=z Isolated as a transparent oil: 99 % yield after 6 h, 95% ee. The ee was
OEt determined on CHIRALPAK IB column with hexane, flow rate = 1.0
mL / min, wavelength = 215 nm. Retention time: 10.59 min [(S)-
enatiomer], 13.71 min [(R)-enatiomer]. [«]2¢ = +6.3 (¢ 1.00, CHCI3).
TH NMR (CDCls, 400 MHz): § 7.32-7.28 (m, 2H),7.21-7.18 (m, 3H), 5.96 (ddd, J=17.4, 10.3,
7.4 Hz, 1H), 5.05 (dt, J="7.2, 1.4 Hz, 1H), 5.04 (dt, J=10.1, 1.3 Hz, 1H), 3.48-3.28 (m, SH),
2.07-1.90 (m, 2H), 1.18 (t,J=7.0 Hz, 3H)
13C NMR (CDCI3, 100 MHz): & 143.8, 141.8, 128.4, 127.6, 126.2, 114.1, 68.3, 66.1, 46.1, 35.0,
15.2
FTIR (KBr, neat) v 3063, 2976, 2932, 2865, 2366, 2344, 1638, 1601, 1493, 1453, 1414, 1378,
1113, 1027, 915, 762, 701 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C1sH100 191.1436; Found 191.1446

Chrom Type: Fized WL Chromatogram, 215 nm
hrom Type: Fix L ch 1 e ' !
2.0 4
3 i
=
0.8 ‘I\ | g

g E | =

= I | s

g 3 ‘ !

] |

i o ‘ :

3 4 | | El

E 3 | 4

0.2
E | \ \ )
00 4 - s N 00 S SO | N
— prevr T rrer e taat
T T T T T T T T 1
0 2 6 8 10 12 4 6 8 20 ¢ 1o 1
Re ime (min) Retention Time (min)

No. e 1 N ca 1 B
1 23 X 1 10.59 105576 2.455 B
> 13,28 ; 1 4194800 7.545 B

13003859 100. 001

72




(R)-1-methoxy-3-(5-methoxypent-1-en-3-yl)benzenee (94bm)

~ Isolated as a transparent oil: 78% yield after 6 h, 88% ee.

MeO - The ee was determined on CHIRALPAK ASH column
with hexane/2-propanol = 300:1, flow rate = 1.0 mL / min,
wavelength = 217 nm. Retention time: 7.20 min [(S)-

enatiomer], 8.61 min [(R)-enatiomer]

[z = +11.3 (c 1.00, CHClg).

H NMR (CDCls, 400 MHz): & 7.24-7.19 (m, 1H), 6.80-6.73 (m, 3H), 5.94 (ddd, J = 17.1,
10.0, 7.4 Hz, 1H), 5.06 (dt, J= 17.1, 1.3 Hz, 1H), 5.04 (dt, J = 8.8, 1.1 Hz, 1H), 3.79 (s, 1H),
3.42 (g, J = 7.6 Hz, 1H), 3.33 (dt, J= 9.4, 6.4 Hz, 1H), 3.29 (s, 1H), 3.30-3.25, (m, 1H), 2.03—
1.89 (m, 2H)

13C NMR (CDCL, 100 MHz): § 159.7, 145.5, 141.5, 129.4, 120.0, 114.3, 113.5, 70.4, 58.5,
55.1,46.1,34.9

FTIR (KBr, neat) v 2978, 2936, 2873, 2833, 1835, 1600, 1487, 1454, 1262, 1155, 1118, 1047,
998, 916, 874, 781, 701, 568, 463 cm !

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H1902 207.1385; Found 207.1377

Chrom Type: Fixed WL Chromatogram, 217 nm Chrom Type: Fixed WL Chromatogram, 217 nm

(AU)

v

0.0 4 —/L,J L\ v 0.0 3 —
T T T T AL A s B A A M A 1 AN A T T T T T
(] 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18

Ref (min) Ret (min)
No. RT Area Conc 1 No. RT Area Cone 1

1 8.00 10870080 49.357 é ézf mgg;g?g /;?g
2 9.92 11153460 50.643 -6 2 94.07
22023540 100.000 11596000 100.000
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(R)-1-ethoxy-3-(5-methoxypent-1-en-3-yl)benzene (94cm)

Isolated as a transparent oil: 43% yield after 12 h, 82% ee.
=z

EtO _ Enantiomeric excess was determined via derivatization.

[@]z® = +14.2 (c 1.00, CHCl3).

"H NMR (CDCls, 400 MHz): § 7.23-7.18 (td, J = 7.5, 1.2 Hz, 1H), 6.79-6.72 (m, 3H), 5.94
(ddd, J=17.3,10.3, 7.4 Hz, 1H), 5.06 (dt, J=17.2, 1.5 Hz, 1H), 5.03 (dt, /= 10.0, 1.3 Hz, 1H),
4.02 (q, J=7.0 Hz, 2H), 3.40 (q, J = 7.6 Hz, 1H), 3.33 (dt, J = 9.4, 6.5 Hz, 1H), 3.29 (s, 1H),
3.29-3.25, (m, 1H), 2.03-1.89 (m, 2H), 1.40 (t, J = 7.0 Hz, 3H)

13C NMR (CDCls, 100 MHz): & 159.1, 145.4, 141.6, 129.4, 120.0, 114.3, 114.1, 70.5, 63.3,
58.5,46.1,34.9, 14.9

FTIR (KBr, neat) v 2979, 2929, 2874, 2362, 2341, 1721, 1601, 1478, 1449, 1264, 1158, 1117,
1052, 915, 777, 701, 462 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H2:02 221.1542; Found 221.1549
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(8)-3-(3-ethoxyphenyl)-5-methoxypentan-1-ol (95cm)
Isolated as a transparent oil, 82% ee. The ee was

OH determined on CHIRALPAK ASH column with hexane/2-

EtO
OMe

propanol = 90:10, flow rate = 1.0 mL/ min, wavelength =
220 nm. Retention time: 6.8 min [(R)-enatiomer], 10.2 min

[(S)-enatiomer]

[«2¢ = +40.5 (c 1.00, CHCI3).

IH NMR (CDCls, 400 MHz): 7.22-7.18 (1, J = 6.0 Hz, 1H), 6.77—6.73 (m, 3H), 4.02(q, J =
7.0 Hz, 2H), 3.58-3.46 (m, 1H), 3.28-3.14 (m, 2H), 3.26 (s, 1H), 2.84 (sep, J = 5.0 Hz, 1H),
1.97-1.79 (m, 4H), 1.41 (t, J = 7.0 Hz, 3H)

13C NMR (CDCl3, 400 MHz): 159.1, 146.1, 129.5, 120.0, 114.1, 111.9, 70.6, 63.3, 61.1, 58.6,
39.5,39.1, 36.6, 14.9

FTIR (KBr, neat) v 3407, 2932, 2875, 1583, 1451, 1392, 1256, 1159, 1050, 959, 876, 778, 703
cm’!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H2303 239.1647; Found 239.1646

Chrom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromategram, 222 nm

ensity (AU)
S
ensity (AU)
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(R)-1-ethoxy-3-(5-ethoxypent-1-en-3-yl)benzene (94ce)

Isolated as a transparent oil: 75% yield after 12 h, 92% ee.
z

Enantiomeric excess was determined via derivatization.

EtO

OBt = +16.4 (c 1.00, CHCI3).

TH NMR (CDCls, 400 MHz): 6 7.0 (t,J = 7.7 Hz, 1H), 6.79—6.72 (m, 3H), 5.94 (ddd, /= 17 .4,
10.3, 7.4 Hz, 1H), 5.06 (dt, J = 15.5, 1.3 Hz, 1H), 5.02, (dt, J = 8.6, 1.2 Hz, 1H), 4.11 (q, J =
7.0 Hz, 2H), 3.42 (q, J = 7.0 Hz, 2H), 3.44-3.34 (m, 2H), 3.31 (dt, J=9.4, 6.7 Hz, 2H), 2.04—
1.90 (m, 2H), 1.40 (t, /= 7.0 Hz, 3H), 1.18 (t, /= 7.0 Hz, 3H)

13C NMR (CDCls, 100 MHz): 6 159.1, 145.5, 141.7, 129.3, 120.0, 114.2, 114.1, 111.9, 68.3,
66.1,63.2,46.2,35.0,15.2, 14.8

FTIR (KBr, neat) v 2976, 2932, 2866, 1595, 1569, 1469, 1378, 1287, 1235, 1114, 1016, 872,
768, 639 cm ™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sH2302 235.1698; Found 235.1690
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(S)-5-ethoxy-3-(3-ethoxyphenyl)pentan-1-ol (95ce)
Isolated as a transparent oil, 92% ee. The ee was

OH
EtO determined on CHIRALPAK ASH column with hexane/2-

OEt
propanol = 90:10, flow rate = 1.0 mL/ min, wavelength =

222 nm. Retention time: 5.52 min [(R)-enatiomer], 7.49

min [(S)-enatiomer]. w2 = +44.5 (¢ 1.00, CHCls).

TH NMR (CDCls, 400 MHz): 7.20 (t, J= 7.8 Hz, 1H), 6.76-6.72 (m, 3H), 4.02 (q, /= 7.0 Hz,
2H), 3.56-3.44 (m, 2H), 3.37 (m, 2H), 3.31-3.26 (m, 1H), 3.23-3.17 (m, 1H), 2.84 (sep, J =
5.2 Hz, 1H), 1.99-1.76 (m, 5H), 1.41 (t, /=7.0 Hz, 3H), 1.51 (t,J=7.0 Hz, 3H)

13C NMR (CDCls, 400 MHz):159.1, 146.2, 129.4, 119.9, 114.1, 111.9, 68.4, 66.1, 63.2, 60.9,
39.5,39.1,36.5, 15.1, 14.8

FTIR (KBr, neat) v 3408, 2930, 2878, 1584, 1448, 1392, 1256, 1159, 1050, 956, 878, 769, 701
cm !

HRMS (ESI-TOF) m/z: [M+H]" Caled for C15H230 2235.1698; Found 235.1690

Chrom Type: Fixed WL Chromatogram, 222 nm Chrom Type: Fixed WL Chromatogram, 222 nm
2.0 2.0 3
f
1.5 - Il 1.5
2 2
- >
5 1.0 - | 4 1.0
]
H
H
]
5
0.5 4 0.5 —
N 0.0 1 —— S .. L.
0.0 4 T 1 e L RARR] T T T
| I ! ! ! 0 2 4 6 ] 10 12 1
0 2 q 3 8 10 12
Retention Time (min)
R ion Time (min)
No R Area onc 1 H RT - !
52 68
15394680 48 o Lol
16091000 51.1 .49 6,032
31485680 00.0 100.000
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(R)-1-(benzyloxy)-3-(5-methoxypent-1-en-3-yl)benzene (94dm)

Isolated as a transparent oil: 33% yield after 12 h, 75% ee,

2
_ The ee was determined on CHIRALPAK OJ-H column with

BnO
(@]

hexane/2-propanol = 150:1, flow rate = 1.0 mL / min,

wavelength = 220 nm. Retention time:

14.45 min [(S)-enatiomer], 15.71 min [(R)-enatiomer]

[z = +23.5 (c 1.00, CHCl3).
TH NMR (CDCls, 400 MHz): & 7.44-7.30 (m, 5H), 7.22 (td, J = 7.7, 0.6 Hz, 1H), 6.83-6.80
(m, 3H), 5.95 (ddd, /=17.3, 10.0, 7.4 Hz, 1H), 5.08-5.02, (m, 4H), 3.41 (q, J = 7.6 Hz, 1H),
3.37-3.24 (m, 5H), 1.97 (dq, J = 13.8, 6.9 Hz, 1H), 1.94 (ddt, J=14.2, 7.6, 6.6 Hz, 1H)
13C NMR (CDCl3, 100 MHz): 8 159.0, 145.5, 141.5, 137.1, 129.4, 128.5, 127.9, 127.5, 120.3,
114.5,114.4, 112.4,70.4, 70.0, 58.5, 46.1, 34.9
FTIR (KBr, neat) v 3033, 2925, 2872, 1583, 1452, 1383, 1260, 1157, 1117, 915, 875, 778, 736,
698 cm!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C19H230, 283.1698; Found 283.1701

hirom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromatogram, 220 nm

ntensity (A)
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(R)-1-chloro-3-(5-methoxypent-1-en-3-yl)benzene (94fm)
z Isolated as a transparent oil: 45% yield after 12 h, 79% ee. The
Cl O/ ee was determined on CHIRALPAK ASH column with hexane,
flow rate = 0.3 mL / min, wavelength =217 nm. Retention
time: 20.77 min [(R)-enatiomer], 23.01 min [(S)-enatiomer]
[o]3® = +31.1 (c 1.00, CHCls).
'TH NMR (CDCl3, 400 MHz):  7.25-7.16 (m, 3H), 7.08 (dt, J= 7.4, 1.4 Hz, 1H), 5.91 (ddd, J
=17.4,94, 7.5 Hz, 1H), 5.07 (dt, J=10.2, 1.4 Hz, 1H), 5.06 (dt, /= 16.2, 1.4 Hz, 1H), 3.44
(q,J=7.1 Hz, 1H), 3.33 (dt, /= 9.5, 6.3 Hz, 1H), 3.29 (s, 3H), 3.26 (dt, /=9.4, 6.6 Hz, 1H),
1.97 (dq, J=13.8, 6.8 Hz, 1H), 1.92 (ddt, J=13.9, 7.7, 6.2 Hz, 1H)
13C NMR (CDCls, 100 MHz): 8 145.9, 140.9, 134.3, 129.7, 127.8, 126.5, 125.9, 114.9, 70.1,
58.5,45.7,34.9
FTIR (KBr, neat) v 2925, 2872, 2361, 2341, 1595, 1573, 1476, 1194, 1110, 999, 918, 784, 694
-1

cm

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H160CI 211.0890; Found 211.0895

Chrom Type: Fixed WL Chromatogram, 215 nm Chrom Type: Fixed WL Chromatogram, 217 nm
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Cl

(R)-1-chloro-3-(5-ethoxypent-1-en-3-yl)benzene (94fe)
~ Isolated as a transparent oil: 45% yield after 12 h, 90% ee. The
O/\ ee was determined on CHIRALPAK ASH column with hexane/2-
propanol = 150:1, flow rate = 0.5mL/ min, wavelength =217 nm.
Retention time: 9.2 min [(R)-enatiomer], 11.04 min [(S)-
enatiomer]
[o]3® = +27.9 (c 1.00, CHCls).
'H NMR (CDCls, 400 MHz): § 7.25-7.16 (m, 3H), 7.08 (dt, /= 7.3, 1.5 Hz, 1H), 5.91 (ddd, J
=17.4,9.8, 7.4, 1H), 5.07 (dt, J=11.0, 1.2 Hz, 1H), 5.06 (dt, J=16.2, 1.5 Hz, 1H), 3.48-3.39
(m, 3H), 3.37 (dt, /=9.4, 6.4 Hz, 1H), 3.29 (dt, J=9.4, 6.7 Hz, 1H), 1.99 (dq, J=13.8, 6.8
Hz, 1H), 1.92 (ddt, J=14.1, 7.5, 6.4, 1H), 1.18 (t, /= 7.0 Hz, 3H)
13C NMR (CDCl3, 100 MHz): § 146.0, 141.0, 134.2, 129.7, 127.9, 126.4, 125.9, 114.9, 67.9,
66.2,45.8,34.9,15.2
FTIR (KBr, neat) v ecm ! 3081, 2976, 2932, 2867, 2801, 2606, 2363, 2342, 1638, 1596, 1573
cm’!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C1sH1s0CI 225.1046; Found 225.1048

tensity (AU)

] 2 Il [ 8 0 12 M 16 18 20 2 2

5.238 MC
94.762 BB
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(R)-1-fluoro-3-(5-methoxypent-1-en-3-yl)benzene

Isolated as a transparent oil: 17% yield after 12 h, The ee
~

= _ undetermined

© TH NMR (CDCls, 400 MHz): §7.28-7.23 (m, 1H), 6.99-6.97 (m,
1H), 6.92-6.87 (m, 2H), 5.92 (ddd, J = 17.5, 10.0, 7.5 Hz, 1H), 5.07 (dt, J = 11.52, 1.4 Hz,
1H), 5.06 (dt, J=15.8, 1.3 Hz, 1H), 3.46 (q, J= 7.1 Hz, 1H), 3.37- 3.23(m, 5H), 1.99 (dq, /=
13.8, 6.7 Hz, 1H), 1.92 (ddt, J= 6.4, 7.7, 13.9 Hz, 1H)
13C NMR (CDCl3, 100 MHz): 8 163.0 (d, Jcr = 244.0 Hz), 146.5 (d, Jcr = 6.8 Hz), 141.0, 129.9
(d, Jcr =8.24 Hz), 123.3 (d, Jcr =2.45 Hz), 114.8, 114.5 (d, Jcr = 84.4 Hz), 113.1 (d, Jcr = 21.0
Hz), 70.2, 58.6, 45.8, 34.9
19F NMR (CDCls, 376 MHz): § -114.27
FTIR (KBr, neat) v 2925, 2872, 2363, 2344, 1588, 1573, 1479, 1190, 1105, 997, 915, 781, 692

cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H160F 195.1185; Found 195.1183
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(R)-1-(5-methoxypent-1-en-3-yl)-3-(trifluoromethyl)benzene (94gm)

F3C

=z

OMe

Isolated as a transparent oil: 85% yield after 12 h, 99% ee.

The ee was determined on CHIRALPAK ASH column with

hexane , flow rate = 0.3mL/ min, wavelength =217 nm.

Retention time: 17.17 min [(R)-enatiomer], 21.12 min [(S)-

enatiomer]. [o]22 = +9.6 (¢ 1.00, CHCIs).

IH NMR (CDCls, 400 MHz): § 7.48-7.38 (m, 4H), 5.95 (ddd, J= 17.9, 10.5, 7.5 Hz, 1H), 5.09

(dt, J=18.3, 1.3 Hz, 1H), 5.07 (dt, J=9.1, 1.2 Hz, 1H), 3.55 (q, J = 7.5 Hz, 1H), 3.35 (dt, J =

9.4, 6.2 Hz, 1H), 3.29 (s, 1H), 3.25 (dt, J= 9.4, 6.5 Hz, 1H), 2.02 (dq, J = 13.8, 6.7 Hz, 1H),

1.92 (ddt, J=13.9, 7.7, 6.2 Hz, 1H)

13C NMR (CDCLs, 100 MHz): § 144.8, 140.7, 131.1, 130.8 (q, Jcr =31.7 Hz), 128.9, 124.5 (q,

Jer =3.7 Hz), 124.2 (q, Jor =270.7 Hz), 123.2 (q, Jor =3.7 Hz), 115.2, 70.0, 58.5, 45.8, 35.0

19F NMR (CDCls, 376 MHz): § -62.55

FTIR (KBr, neat) v 2928, 2875, 2831, 2362, 2342, 1450, 1331, 1124, 1075, 919, 802, 773, 705,

657 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H160F3 245.1153; Found 245.1154

ntensity (AD)

(AT)

orbance

0.4
0.3
0.2 -

0.1 -

0.0 =
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(R)-1-(5-ethoxypent-1-en-3-yl)-3-(trifluoromethyl)benzene (94ge)
Isolated as a transparent oil: 88% yield after 12 h, 84% ee.
~

E.C Enantiomeric excess was determined via derivatization.
3 OEt
[z = +11.8(c 1.00, CHCI3).

TH NMR (CDCls, 400 MHz): § 7.47-7.37 (m, 4H), 5.94 (ddd, J= 17.3, 10.3, 7.4 Hz, 1H), 5.09
(dt, J=9.7, 1.2 Hz, 1H), 5.08 (dt, J = 18.0, 1.2 Hz, 1H), 3.56 (q, J = 7.0 Hz, 1H), 3.45-3.35,
(m, 3H), 3.28 (dt, J= 9.5, 6.6 Hz, 1H), 2.03 (dq, J = 13.8, 6.8 Hz, 1H), 1.93 (ddt, J = 13.8, 5.6,
6.2, 1H), 1.18 (t, J= 7.0 Hz, 3H)

13C NMR (CDCls, 100 MHz): & 144.9, 140.9, 131.3, 130.8, 128.8, 124.5 (Jor = 3.67 Hz),
124.3 (Jor = 270.6 Hz), 123.1 (Jor = 3.69 Hz), 115.1, 67.8, 66.2, 45.9, 35.0, 15.1

19F NMR (CDCls, 376 MHz): § -62.66

FTIR (KBr, neat) v 2926, 2875, 2829, 2361, 2342, 1438, 1328, 1121, 1075, 923, 798, 772, 706,

654 cm’!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H180F3 259.1310; Found 259.1300
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(S)-5-ethoxy-3-(3-(trifluoromethyl)phenyl)pentan-1-ol
Isolated as a transparent oil, 84% ee. The ee was

OH
F,C determined on CHIRALPAK ASH column with hexane/2-

OEt
propanol = 90:10, flow rate = 0.3 mL/ min, wavelength =

222 nm. Retention time: 14.61 min [(R)-enatiomer], 15.89

min [(S)-enatiomer]. [z = +40.5 (¢ 1.00, CHCls).

IH NMR (CDCls, 400 MHz): 7.48-7.37 (m, 4H), 3.56 (dt, J = 10.3, 6.3, 1H), 3.47(dt, J =
10.5, 6.9, 1H), 3.42-3.27 (m, 3H), 3.15 (ddd, J= 9.2, 8.1, 6.1 Hz, 1H), 3.02 (sep, J = 5.3 Hz,
1H), 2.07-1.93 (m, 2H), 1.90-1.76 (m, 2H), 1.15 (t, J = 7.0 Hz)

19F NMR (CDCls, 376 MHz): § ~62.54

FTIR (KBr, neat) v 3384, 2934, 2871, 2347, 1450, 1328, 1125, 917, 898, 804, 773, 728, 705,
659 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H2002F3 277.1415; Found 277.1414

Chrom Type: Fixed WL Chromatogram, 222 nm Chrom Type: Fixed WL Chromatogram, 222 nm

ntensity (AU)
sity (AU)
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(R)-1-fluoro-4-(5-methoxypent-1-en-3-yl)benzene (94hm)

=z Isolated as a transparent oil: 88% yield after 12 h, 85% ee.
OMe Enantiomeric excess was determined via derivatization.

F (]2 = +13.8 (c 1.00, CHCls).

TH NMR (CDCls, 400 MHz): § 7.16 (dd, J = 8.6, 5.5 Hz, 2H), 6.99 (dd, J=8.7, 8.7 Hz, 1H),
5.92 (ddd, J = 7.4, 11.0, 16.5 Hz, 1H), 5.05 (dt, J = 9.8, 1.3, 1H), 5.04 (dt, J = 16.7, 1.4, 1H),
3.45(q, J = 7.5 Hz, 1H), 3.33 (dt, J= 9.4, 6.3 Hz, 1H), 3.29 (s, 3H), 3.25 (dt, /= 9.4, 6.6 Hz,
1H), 1.99 (dq, J = 13.7, 6.8 Hz, 1H), 1.88 (ddt, J= 13.8, 7.9, 6.4 Hz, 1H)

13C NMR (CDCls, 100 MHz): § 161.4 (d, Jor=242.2 Hz), 141.6, 139.4 (d, Jer=2.84 Hz), 129.0
(d, Jer=7.8 Hz), 115.2 (d, Jor=21.0 Hz), 114.4, 70.3, 58.5, 45.2, 35.1

19F NMR (CDCls, 376 MHz): 5 ~117.09

FTIR (KBr, neat) v 2930, 2874, 2830, 2811, 2357, 2331, 1637, 1603, 1510, 1455, 1222, 1159,

1118, 999, 917, 833, 656, 533 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Calecd for C12H160F 195.1185; Found 195.1177
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(S)-3-(4-fluorophenyl)-5-methoxypentan-1-ol (95hm)
Isolated as a transparent oil, 86% ee, The ee was determined

OH
on CHIRALPAK OJH column with hexane/2-propanol =

OMe
90:10, flow rate = 0.3mL/ min, wavelength = 222nm
Retention time: 17.84 min [(R)-enatiomer], 21.95 min [(S)-
enatiomer]. [o]2® = +18.2 (¢ 0.2 CHClIs).
'TH NMR (CDCl3, 400 MHz): 6 7.14 (dd, J = 8.7, 5.5 Hz, 2H), 6.99 (t, J = 8.7 Hz, 2H), 3.57—
3.43 (m, 2H), 3.27-3.22 (m, 1H), 3.25 (s, 1H), 3.17-3.11 (m, 1H), 2.89 (tt, /=4.9 Hz), 2.00—
1.89 (m, 2H), 1.85-1.72 (m, 2H)
13C NMR (CDCl3, 100 MHz): 8 161.4 (d, Jc,=242.5 Hz), 141.0 (d, Jcr=3.12 Hz), 128.9 (d,
Jcr=7.7 Hz), 115.3 (d, Jcr= 21.0 Hz), 70.4, 60.8, 58.5, 39.5, 38.1, 36.7
1F NMR (CDCl3, 376 MHz): § -116.93

FTIR (KBr, neat) v 3404, 2932, 2885, 1581, 1448, 1389, 1279, 1147, 1112, 1044, 963, 874.

702, 601 cm ™

rom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromatogram, 222 nm
)
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(R)-1-(5-ethoxypent-1-en-3-yl)-4-fluorobenzene (94he)

Isolated as a transparent oil: 81% yield after 12h, 91% ee,

= The ee was determined on CHIRALPAK OJH column with

O/\ hexane/2-propanol = 1000:1, flow rate = 0.7mL/ min,

F wavelength = 217nm. Retention time: 7.01 min [(R)-
enatiomer], 7.52 min [(S)-enatiomer]. [«2 = +7.0 (c 1.00,

CHCls).

'"H NMR (CDCls, 400 MHz):  7.14 (dd, J= 8.7, 5.5 Hz, 2H), 6.98 (dd, J= 8.7 Hz, 1H), 5.92
(ddd, J=17.4,9.8,7.3 Hz, 1H), 5.04 (dt, /= 11.0, 1.3 Hz, 1H), 5.03 (dt, /= 16.1, 1.2 Hz, 1H),
3.48-3.39 (m, 3H), 3.36 (dt, /= 9.4, 6.4 Hz, 1H), 3.29 (dt, /= 9.4, 6.7 Hz, 1H), 2.00 (dq, J =
13.8, 6.9 Hz, 1H), 1.89 (ddt, J= 13.8, 7.7, 6.3 Hz, 1H), 1.18 (t, J = 7.0 Hz, 3H)

13C NMR (CDCl3, 100 MHz): § 161.4 (d, Jcr = 242.6 Hz), 141.6, 139.4 (d, Jcr = 2.84 Hz),
129.0 (d, Jcr= 7.8 Hz), 115.1 (d, Jcr = 21.0 Hz), 114.3, 68.0, 66.1, 45.2, 35.1, 15.2

1F NMR (CDCls, 376 MHz): & ~117.11

HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci13H1gOF 209.1342 ; Found 209.1343

FTIR (KBr, neat) vem ™' 2977,2933,2867, 2364,2342, 1638, 1510, 1226, 1124, 1016, 918cm ™!

Chrom Type: Fixed WL Chromatogram, 217 nm Chrom Type: Fixed WL Chromatogram, 217 nm

sity (AU)

Intensity (AU)
=

0.5

o 34— — e~ e E
T LAY A M ML MRS aAR WA T T . Y |
1 0.0
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(R)-1-chloro-4-(5-methoxypent-1-en-3-yl)benzene (94im)
_ Isolated as a transparent oil: 63% yield after 6 h, 92% ee.

s Enantiomeric excess was determined via derivatization.

)

cl [a)2® = +15.4 (c 1.00, CHCI3).

IH NMR (CDCls, 400 MHz): § 7.27 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 5.91 (ddd,
J=16.6,10.7, 7.4 Hz, 1H), 5.05 (dt, J= 9.4, 1.1 Hz, 1H), 5.04 (dt, J= 17.2, 1.5 Hz, 1H), 3.44
(q,J=7.5 Hz, 1H), 3.33 (dt, J= 9.4, 6.5 Hz, 1H), 3.29 (s, 1H), 3.25 (dt, J = 9.4, 6.6 Hz, 1H),
1.99 (dq, J= 13.7, 6.8 Hz, 1H), 1.88 (ddt, /= 13.8, 7.8, 6.2 Hz, 1H)

13C NMR (CDCls, 100 MHz): & 142.3, 141.2, 132.0, 129.0, 128.6, 114.7, 70.2, 58.5, 45.4, 35.0
FTIR (KBr, neat) v 3081, 2980, 2925, 2873, 2829, 1896, 1638, 1492, 1459, 1408, 1220, 1182,
1014, 918, 825, 769, 725, 637, 519 cm!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C12H160Cl 211.0890; Found 211.0887

89



(S)-3-(4-chlorophenyl)-5-methoxypentan-1-ol (95im)

OH 92% ee, The ee was determined on CHIRALPAK ASH

OMe column with hexane/2-propanol = 90:10 , flow rate = 0.3mL/

cl min, wavelength = 222nm. Retention time: 21.8 min [(R)-
enatiomer], 24.2 min [(S)-enatiomer]. [«% = +19.7 (c 1.00,

CHCls).

TH NMR (CDCls, 400 MHz): § 7.27 (d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 3.54 (ddd, J
=10.6, 5.6, 5.6 Hz, 1H), 3.45 (ddd, J=10.6, 6.6, 6.6 Hz, 1H), 3.27-3.22(m, 1H), 3.25 (s, 3H),
3.13 (ddd, J = 8.0, 6.2, 6.2, 1H), 2.89 (tt, J = 5.1 Hz, 1H), 2.01-1.89 (m, 2H), 1.84-1.71 (m,
2H)

13C NMR (CDCls, 400 MHz): 143.0, 131.9, 129.0, 128.6, 70.4, 60.8, 58.5, 39.3, 38.3, 36.5
FTIR (KBr, neat) v 3406, 2930, 2881, 1580, 1452, 1388, 1289, 1150, 1114, 1052, 960, 872.
705, 603 cm ™!

HRMS (ESI-TOF) m/z: [M+H]* Calcd for C12H180,Cl 229.0995; Found 229.1001

ansity (AU)
AU

1
9.102 Me 1 21.81 1656720 3.923 M
o > 0577059
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(R)-1-chloro-4-(5-ethoxypent-1-en-3-yl)benzene (94ie)

Z Isolated as a transparent oil: 16% yield after 12 h, 93% ee,
o\ The ee was determined on CHIRALPAK OJH column with
Cl hexane/2-propanol = 1000:1 , flow rate = 0.7mL/ min,

wavelength = 217nm. Retention time: 7.07 min [(R)-

enatiomer], 7.60 min [(S)-enatiomer].

[z = +7.6 (c 1.00, CHCI3).

IH NMR (CDCls, 400 MHz): § 7.27 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 5.90 (ddd, J
=16.4,10.9, 7.3 Hz, 1H), 5.04 (dt, J= 17.8, 1.4 Hz, 1H), 5.04 (dt, J=9.5, 1.3 Hz, 1H), 3.48—
3.39 (m, 3H), 3.36 (dt, J = 9.5, 6.4 Hz, 1H), 3.28 (dt, J = 9.4, 6.7 Hz, 1H), 2.00 (dq, J = 13.7,
6.9 Hz, 1H) 1.89 (ddt, J= 13.8, 7.7, 6.4 Hz, 1H), 1.18 (t, J = 7.0 Hz, 3H)

13C NMR (CDCls, 100 MHz): § 142.3, 141.4, 131.9, 129.1, 128.6, 114.6, 68.0, 66.2, 45.4, 35.0,
15.2

HRMS (ESI-TOF) m/z: [M+H]" Caled for C13H150CI 225.1046; Found 225.1058

FTIR (KBr, neat) v cm ! 3081, 2976, 2932, 2866, 2342, 1895, 1638, 1492, 1378, 1118, 724

cm™!

sity (AU)
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(R)-1-(5-ethoxypent-1-en-3-yl)-4-(trifluoromethyl)benzene (94jm)

y Isolated as a transparent oil: 65% yield after 12 h, 91% ee,
A The ee was determined on CHIRALPAK ADH column with
O
E.C hexane/2-propanol = 1500:1, flow rate = 0.5mL/ min,
3
wavelength = 215nm. Retention time: 13.25 min [(S)-
enatiomer], 14.64 min [(R)-enatiomer]. [«2¢= +5.0 (c 0.7,

CHCls).

H NMR (CDCls, 400 MHz): § 7.55 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 5.93 (ddd, J
=16.6, 10.8, 7.4 Hz, 1H), 5.07, (dt, J= 17.0, 1.1, 1H), 5.06, (dt, J=7.6, 1.3, 1H), 3.6 (q, J="7.5
Hz, 1H), 3.45-3.35 (m, 3H), 3.29 (dt, J= 9.5, 6.6, 1H), 2.04 (dq, J = 13.8, 6.9, 1H), 1.93 (ddt,
J=13.8,7.7,6.3, 1H), 2.08-1.90 (m, 2H), 1.18 (t, /= 7.0 Hz, 3H)

13C NMR (CDCL, 100 MHz): § 148.0, 140.8, 128.6 (q, Jer = 32.2 Hz), 128.1, 125.4 (q, Jor =
3.64 Hz), 124.3 (q, Jer = 270.1 Hz), 115.1, 67.9, 66.2, 45.9, 35.0, 15.2

19F NMR (CDCls, 376 MHz): § -62.37

FTIR (KBr, neat) v 2979, 2937, 2869, 2803, 1619, 1417, 1320, 1166, 1126, 1069, 1019, 920,

839, 685, 608, 515 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H180F3 259.1310; Found 259.1310

Chrom Type: Fixed WL Chromatogram, 215 nm Chrom Type: Fixed WL Chromatogram, 215 nm
2.5 3 2.5

2.0 2.0

ensity (AU)
ensity (AU)

Conc 1
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(R)-1-(5-methoxypent-1-en-3-yl)-4-methylbenzene (94km)

Isolated as a transparent oil: 88% yield after 6 h, 88% ee,
2
The ee was determined on CHIRALPAK IB column with

hexane, flow rate = 1mL/ min, wavelength = 215nm

[w]z* = +18.2 (c 1.00, CHCl3).

IH NMR (CDCls, 600 MHz): § 7.12-7.08 (m, 4H), 5.94 (ddd, J= 17.2, 10.3, 7.6 Hz, 1H), 5.04
(dt, J=16.9, 1.5 Hz, 1H), 5.02 (dt, J=9.5, 1.3 Hz, 1H), 3.40 (q, J = 7.5 Hz, 1H), 3.33 (dt, J =
9.4, 6.5 Hz, 1H), 3.29 (s, 3H), 3.28 (dt, J= 9.4, 6.7 Hz, 1H), 3.32 (s, 3H), 1.98 (dq, J = 13.9,
6.9 Hz, 1H), 1.92 (ddt, J=13.9, 7.5, 6.4 Hz, 1H)

13C NMR (CDCls, 100 MHz): § 142.0, 140.7, 135.7, 129.2, 127.5, 114.0, 70.5, 58.5, 45.6, 35.0,
21.0,

FTIR (KBr, neat) v 2925, 2872, 2809, 2328, 1723, 1638, 1513, 1460, 1386, 1268, 1190, 1120,
999, 914, 815, 733, 657, 527 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H190 191.1436; Found 191.1432

sity (AU)
¢
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(R)-1-(5-ethoxypent-1-en-3-yl)-4-methylbenzene (94ke)

Isolated as a transparent oil: 71% yield after 6 h, 93% ee.

=z
The ee was determined on CHIRALPAK OJH column with

o~

hexane/2-propanol = 1000:1, flow rate = 1mL/ min,

wavelength = 215nm. Retention time: 6.56 min [(R)-

enatiomer], 7.55 min [(S)-enatiomer].

[o)3® = +4.2 (c 1.00, CHCI3).

TH NMR (CDCl3, 600 MHz): 8 7.1 (m, 4H), 5.94 (ddd, J=17.4, 10.2, 7.5 Hz, 1H), 5.03 (dt, J
=18.5, 1.4 Hz, 1H), 5.01 (dt, J = 11.5, 1.2 Hz, 1H), 3.44-3.39 (m, 3H), 3.36 (dt, /=9.4, 6.6
Hz, 1H), 3.31 (dt, J=9.5, 6.8 Hz, 1H), 2.31 (s, 3H), 1.99 (dq, J = 13.8, 7.0, 1H), 1.93 (ddt, J =
14.4,7.0, 1H), 1.18 (t,J=7.0 Hz, 3H)
I3C NMR (CDCl3, 100 MHz): 6 142.1, 140.8, 135.7, 129.1, 127.5, 113.9, 68.3, 66.1, 45.7, 35.0,
21.0, 15.2

FTIR (KBr, neat) v 2976, 2930, 2362, 2341, 1638, 1513, 1356, 1124 ,1021, 815, 657, 543 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C14H210 205.1592; Found 205.1601

1.4
1.2
1.0 | 1.5

0.8 |

ntensity (AU)
¥
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(R)-1-(5-ethoxypent-1-en-3-yl)-4-methoxybenzene (94le)

Isolated as a transparent oil: 90% yield after 6 h, 97% ee.
2
The ee was determined on CHIRALPAK IB column with
hexane/2-propanol = 1000:1, flow rate = 1mL/ min,
MeO
wavelength = 215nm. Retention time: 7.68 min [(S)-
enatiomer], 8.56 min [(R)-enatiomer]. [a]3® = +7.7 (c 1.00,

CHCls).

H NMR (CDCls, 400 MHz): § 7.11 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.93 (ddd, J
=17.3,10.3, 7.4 Hz, 1H), 5.02, (dt, J= 17.3, 1.4, 1H), 5.01, (dt, J=9.3, 1.4, 1H), 3.79 (s, 1H),
3.42 (g, J=7.0 Hz, 1H), 3.41 (q, J = 7.0 Hz, 1H), 3.36 (dt, J = 13.8, 6.5 Hz, 1H), 3.33-3.27(dt,
J=9.3,6.8 Hz, 1H), 1.99 (dq, J= 13.7, 6.9 Hz, 1H), 1.92 (ddt, J= 14.2, 7.2, 6.6 Hz, 1H), 1.18
(t,J=7.0 Hz, 3H)

13C NMR (CDCls, 100 MHz): § 158.0, 142.2, 135.9, 128.5, 113.9, 68.3, 66.1, 55.2, 45.2, 35.1,
15.2

FTIR (KBr, neat) v 2975, 2934, 2363, 2340, 1612, 1584, 1511, 1249, 1038, 830, 658 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H2102 221.1542; Found 221.1548

rom Type: Fixed WL Chromatogram, 21 Chrom Type: Fixed WL Chromatogram,

Area
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Table 1. Crystal data and structure refinement for d24494.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.05°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

d24494

C19H25N O3

315.40

200(2) K

0.71073 A

Monoclinic

C2

a=19.085(3) A a=90°.
b =6.2276(14) A B=106.576(4)°.
c=16.2733) A ¥ =90°,
1853.7(7) A3

4

1.130 Mg/m3

0.076 mm-!

680

0.79 x 0.05 x 0.01 mm3

2.24 10 25.05°.

-22<=h<=19, -7<=k<=7, -19<=I<=19
10328

3279 [R(int) = 0.1279]

99.9 %

multi-scan

0.9992 and 0.9426

Full-matrix least-squares on F2
3279/11/211

0.958

R1=0.0637, wR2 =0.1211

R1 =0.1506, wR2 = 0.1540

2(2)

0.172 and -0.206 e.A -3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2x 103)

for d24494. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
(1) 7423(2) 2369(8) 3331(3) 45(1)
cE) 7387(2) 3710(7) 2532(2) 47(1)
c@3) 6593(2) 4150(7) 2050(2) 48(1)
c(a) 6150(2) 2554(8) 1578(2) 56(1)
C(5) 5427(3) 2027(11) 1138(3) 76(2)
c(6) 5137(3) 4943(12) 1176(4) 87(2)
c) 5558(4) 6535(11) 1649(4) 85(2)
c(8) 6281(3) 6163(8) 2078(3) 68(1)
C(9) 7820(2) 2630(8) 1987(2) 60(1)
C(10) 7857(2) 3965(10) 1225(3) 70(2)
C(11) 8389(3) 4006(13) 80(3) 120(2)
C(12) 8958(2) 9563(8) 5337(3) 66(1)
C(13) 8710(2) 7440(8) 4867(2) 48(1)
C(14) 9029(2) 7027(7) 4122(3) 51(1)
C(15) 9009(2) 8578(9) 3508(3) 70(1)
C(16) 9306(3) 8183(10) 2837(3) 81(2)
Cc(17) 9631(3) 6255(11) 2802(4) 89(2)
C(18) 9659(3) 4659(9) 3399(3) 76(2)
C(19) 9345(2) 5042(8) 4064(3) 60(1)
N(L) 7893(1) 7446(5) 4541(2) 40(1)
o@) 7568(1) 3339(4) 4041(2) 51(1)
o) 7310(2) 397(5) 3246(2) 61(1)
0@) 8323(2) 2900(7) 819(2) 94(1)
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Table 3. Bond lengths [A ] and angles [°] for d24494.

C(1)-0(2) 1.248(5)
C(1)-0(1) 1.263(4)
C(1)-C(2) 1.530(5)
C(2)-C(3) 1.519(5)
C(2)-C(9) 1.530(5)
C(2)-H(2) 1.0000
C(3)-C(4) 1.386(6)
C(3)-C(8) 1.394(6)
C(4)-C(5) 1.381(6)
C(4)-H(4) 0.9500
C(5)-C(6) 1.381(8)
C(5)-H(5) 0.9500
C(6)-C(7) 1.367(8)
C(6)-H(6) 0.9500
C(7)-C(8) 1.377(7)
C(7)-H(7) 0.9500
C(8)-H(8) 0.9500
C(9)-C(10) 1.511(5)
C(9)-H(9A) 0.9900
C(9)-H(9AB) 0.9900
C(10)-0(3) 1.414(5)
C(10)-H(10A) 0.9900
C(10)-H(10B) 0.9900
C(11)-0(3) 1.423(5)
C(11)-H(11A) 0.9800
C(11)-H(11B) 0.9800
C(11)-H(11C) 0.9800
C(12)-C(13) 1.533(6)
C(12)-H(12A) 0.9800
C(12)-H(12B) 0.9800
C(12)-H(12C) 0.9800
C(13)-N(1) 1.498(4)
C(13)-C(14) 1.524(5)
C(13)-H(13) 1.0000
C(14)-C(15) 1.382(6)
C(14)-C(19) 1.391(6)
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C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-H(19)
N(1)-H(1A)
N(1)-H(1B)
N(1)-H(1C)

0(2)-C(1)-0(1)
0(2)-C(1)-C(2)
O(1)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-C(9)
C(1)-C(2)-C(9)
C(3)-C(2)-H(?)
C(1)-C(2)-H(2)
C(9)-C(2)-H(Q2)
C(4)-C(3)-C(8)
C(4)-C(3)-C(2)
C(8)-C(3)-C(2)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(®)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(7)-C(8)-C(3)

1.390(6)
0.9500
1.359(8)
0.9500
1.380(7)
0.9500
1.398(6)
0.9500
0.9500
0.9100
0.9100
0.9100

123.9(4)
118.6(4)
117.5(4)
109.5(3)
113.8(3)
110.6(3)
107.6
107.6
107.6
117.7(4)
121.2(4)
121.2(4)
121.9(5)
119.1
119.1
118.9(6)
120.5
120.5
120.4(6)
119.8
119.8
120.4(6)
119.8
119.8
120.7(5)
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C(7)-C(8)-H(8)
C(3)-C(8)-H(8)
C(10)-C(9)-C(2)
C(10)-C(9)-H(9A)
C(2)-C(9)-H(9A)
C(10)-C(9)-H(9AB)
C(2)-C(9)-H(9AB)
H(9A)-C(9)-H(9AB)
0(3)-C(10)-C(9)
0(3)-C(10)-H(10A)
C(9)-C(10)-H(10A)
0(3)-C(10)-H(10B)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
0(3)-C(11)-H(11A)
0(3)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
0(3)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(13)-C(12)-H(12A)
C(13)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(13)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
N(1)-C(13)-C(14)
N(1)-C(13)-C(12)
C(14)-C(13)-C(12)
N(1)-C(13)-H(13)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(15)-C(14)-C(19)
C(15)-C(14)-C(13)
C(19)-C(14)-C(13)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)

119.7
119.7
113.1(4)
108.9
108.9
108.9
108.9
107.8
107.9(4)
110.1
110.1
110.1
110.1
108.4
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.3(3)
108.4(3)
114.0(4)
108.3
108.3
108.3
119.6(4)
121.4(4)
118.9(4)
120.7(5)
119.6
119.6
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C(17)-C(16)-C(15) 118.8(5)

C(17)-C(16)-H(16) 120.6
C(15)-C(16)-H(16) 120.6
C(16)-C(17)-C(18) 122.3(5)
C(16)-C(17)-H(17) 118.8
C(18)-C(17)-H(17) 118.8
C(17)-C(18)-C(19) 118.8(5)
C(17)-C(18)-H(18) 120.6
C(19)-C(18)-H(18) 120.6
C(14)-C(19)-C(18) 119.7(5)
C(14)-C(19)-H(19) 120.2
C(18)-C(19)-H(19) 120.2
C(13)-N(1)-H(1A) 109.5
C(13)-N(1)-H(1B) 109.5
H(1A)-N(1)-H(1B) 109.5
C(13)-N(1)-H(1C) 109.5
H(1A)-N(1)-H(1C) 109.5
H(1B)-N(1)-H(1C) 109.5
C(10)-0(3)-C(11) 112.8(4)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A 2x 103)for d24494. The anisotropic

displacement factor exponent takes the form: -2n?[ h2a*2U1L + ... + 2 h k a* b* U12]

Ull U22 U33 U23 U13 U12
c@) 52(2) 43(3) 40(2) 5(3) 17(2) -1(2)
cQ) 68(3) 41(3) 36(2) 5(2) 20(2) -9(2)
cE®) 72(3) 38(3) 38(2) 902) 23(2) 1(3)
C() 70(3) 50(3) 47(2) 5(3) 15(2) 3(3)
CE) 74(4) 97(5) 55(3) 10(3) 14(3) 2(4)
C(6) 82(4) 112(6) 69(4) 39(4) 27(3) 25(4)
c(7) 115(5) 71(4) 82(4) 23(4) 50(4) 48(4)
C(8) 106(4) 47(3) 54(3) 3(3) 28(3) 10(3)
C(9) 68(3) 71(4) 46(2) 18(3) 24(2) 3(3)
C(10) 73(3) 92(4) 52(3) 20(3) 27(2) 6(3)
C(11)  124(5) 175(7) 81(4) 52(5) 66(3) 15(5)
C(12) 53(3) 76(4) 74(3) -24(3) 25(2) -16(3)
c(13) 51(2) 50(3) 46(2) 0(2) 19(2) 0(2)
C(14) 49(2) 49(3) 63(3) -5(3) 28(2) 72)
C(15) 78(3) 67(4) 81(3) 5(3) 46(3) 5(3)
C(16)  105(4) 77(4) 84(4) 3(3) 65(3) -2(3)
C(17)  102(4) 91(5) 100(4) -19(4) 70(3) -6(4)
C(18) 87(4) 60(4) 99(4) -18(3) 55(3) 0(3)
C(19) 65(3) 48(4) 76(3) -7(3) 32(3) -3(3)
N(1) 55(2) 32(2) 40(2) 4(2) 24(2) -3(2)
0(1) 79(2) 44(2) 37(2) -4(2) 28(1) -11(2)
0(2) 96(2) 43(2) 42(2) 5(2) 14(2) -12(2)
0(3) 95(2) 133(4) 70(2) 43(2) 48(2) 30(2)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A 2x 103)
for d24494.

X y z U(eq)
H(2) 7625 5122 2729 57
H(4) 6350 1164 1558 67
H(5) 5134 1815 814 91
H(6) 4642 5225 873 104
H(7) 5351 7909 1681 102
H(8) 6571 7289 2397 81
H(9A) 8324 2345 2350 72
H(9AB) 7591 1230 1780 72
H(10A) 7363 4128 820 84
H(10B) 8051 5411 1416 84
H(11A) 8586 5448 243 179
H(11B) 7907 4121 -341 179
H(11C) 8721 3212 -172 179
H(12A) 9493 9603 5539 99
H(12B) 8760 9675 5829 99
H(12C) 8780 10765 4945 99
H(13) 8863 6239 5288 58
H(15) 8789 9930 3546 84
H(16) 9283 9241 2409 97
H(17) 9846 5998 2352 107
H(18) 9888 3324 3359 92
H(19) 9349 3953 4473 72
H(1A) 7701 7619 4989 60
H(1B) 7736 6178 4274 60
H(1C) 7744 8546 4163 60
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1. '"H NMR of 3-(2-bromophenyl)pentane-1,5-diol (91a)
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2. 13C NMR of 3-(2-bromophenyl)pentane-1,5-diol (91a)

129.51
129.32
129.15
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48.66
40.28
38.65

—61.18
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 57

PROCNO 1

F2 - Acqguisition Parameters
Date_ 20230225

Time 14.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT MeOD
NS 77
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
| _ AQ 0.6815744 sec
RG 198.08
A DW 20.800 usec
DE 6.50 usec
TE 300.2 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
T T T T T | I I T T T T I I I T T T T T I SFO1 Aoﬂmbmﬂﬂw_w.h MHz
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm Mo C
P2 20.00 usec
PLWA1 49.50000000 W
CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

| 1

e’ > Wy

T T T , , , , T T 1 1 , , T T T 1 1 1 1
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

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

Sl 32768

SF 100.6126008 MHz
WDW EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00

OH
OH

Br
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3. 'H NMR of 3-(2-bromo-5-methoxyphenyl)pentane-1,5-diol (91b)

=
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0 985 N /7.1051
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—CU.956 - o 6.9351
220/ o —6.9418 65.9201
T6.9351 6.9134
—6.9201 4.8536
o T—6.9134 3.7720
o - © ] 3.4831
F3.4657
3.4635
9 I-3.4566
5] 3.4462
aq L 3.4394
~ : 3.4368
3.4566 3.4198
3.4394 W 5 4131
3.4368 W 3 3986
=] o 3.4198 3.3927
ER T o 3.4131 3.3867
£:802 - 3.3986 3 3782
5.000 3.3927 3.3721
—_— o /3.3867 3 3¢es
w4 = ¥ 3.3782 3.3519
3.3186 gty
/3'3143 3.3143
3.3100 3.3100
. 33063 S 2063
e e 3.3022 3.3022
4.001 = 3 1.9451
1.9287
E 1.9287 L.9250
] 1.9250 igéii
S 1.9114 .
E 1.8943 1.8923
F i .
d 41:232? 1.8601
o] wl_%m 1.8507
kS E \1.8507 L.8362
el
51 ) \1.8362 1.8152
g 1.8152
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4. 13C NMR of 3-(2-bromo-5-methoxyphenyl)pentane-1,5-diol (91b)
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Vit o i i
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 87

PROCNO 1

F2 - Acquisition Parameters
Date 20230611
Time 21.41

ct
PROBHD 5 mm PABBO BB/
PULPROG dept135

D 32768
SOLVENT MeQD

NS 420

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

bW 20.800 usec

DE 6.50 usec

TE 299.2 K

CNST2 145.0000000

D1 2.00000000 sec

D2 0.00344828 sec
D12 0.00002000 sec
TDO 1

======== CHANNEL {1 ========
SFO1 1006233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec
PLWA1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 wallz16

P3 15.00 usec

P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12  0.34722000 W

-~ . —— Wom bt : ‘ " TN Y RPN F2 - Processing paramet
T T Y ™ T B v Y # ¥ sl 32768
SF  100.6125971 MHz
T T T T T , T T T T T T T T , T T T T T I o
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm £ 200Hz
PG 1.00
OH
MeO
OH

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Br
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5. 'TH NMR of 3-(2-bromo-5-ethoxyphenyl)pentane-1,5-diol (91c)
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' Ir3.4639
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| oy 3.4639 3.4284
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3.3140 3.3100
N 3 3.3100  |'3.3062
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6. 13C NMR of 3-(2-bromo-5-ethoxyphenyl)pentane-1,5-diol (91c)
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Current Data Parameters
NAME topic 3 3F PhMgBr substrate diol data

T T

T

T | T

T T T

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80

T T T T T 1

T
70 60 50 40 30 20

ppm

EXPNO 91
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230611
Time 22.07
INSTRUM m%mnn
PROBHD 5 mm PABBO BB/
PULPROG dept135
TD 32768
SOLVENT MeOD
NS 203
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
bW 20.800 usec
DE 6.50 usec
TE 298.7K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1

CHANNEL f1 ========
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec

PLW1 49.50000000 W
======== CHANNEL f2 ========

1 T 1 T T _ 1 _ _ T 1 T _ T
210 200 190 180 170 160 150 140 130 120 110 100 90 80

T T T
70 60 50

I [ T
40 30 20 ppm

[AARAAARAL AL

210 200 190 180 170 160 dmo 140 130 120 110 100 90 80 70 60 50 40 30 20

| AAMAARAAL) MAAMALAL) Laas

| AAAAAAMAS!

| AAMAAAAAA AARALALY

RAAAAAAA! AAAAAMA) WAAMMAAAMY MM

T

LA AAAAAAL) AL | BARAMMAAS! Aasaas

ppm

SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - P ing parameters
S| 32768

SF 100.6125992 MHz
WDW EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00

Br
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7. 'TH NMR of 3-(5-(benzyloxy)-2-bromophenyl)pentane-1,5-diol (91d)
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8. 13C NMR of 3-(5-(benzyloxy)-2-bromophenyl)pentane-1,5-diol (91d)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 128

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230705

Time 2150
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

D 32768
SOLVENT MeQD

NS 153

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

bW 20.800 usec

DE 6.50 usec

TE 208.9K

CNST2 145.0000000

D1 2.00000000 sec

D2 0.00344828 sec
D12 0.00002000 sec
TDO 1

======== CHANNEL {1 ========
SFO1 1006233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec
PLWA1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 wallz16

P3 15.00 usec

P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12  0.34722000 W

m_w - Processing parameters

32768
SF 100.6125975 MHz
WDW EM
s5B 0
LB 2.00 Hz
GB 1]
PC 1.00
BnO

OH
Br
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9. 'TH NMR of 3-(2-bromo-5-fluorophenyl)pentane-1,5-diol (91e)
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.3141
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L3020
L9763
.9617
.9598
.9569
L9423
.9257
L9230
.9103
.9082
.8914
.8692
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—165.37

——162.93
148.27
148.21
135.59
135.51

—120.51
116.40
116.17
49,94
49.73
49.51
49,30
49.09
48.87
48.66
40.03
39.02

—00.59%

<
~
=
X

Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 23

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230223

Time 14.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

T T T I _ 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

T , T _ T T ,
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

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

10. 3C NMR of 3-(2-bromo-5-fluorophenyl)pentane-1,5-diol (91e)

TD 32768
SOLVENT MeOD
NS 46
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
oW 20.800 usec
DE 6.50 usec
TE 299.9 K
CNST2 145.0000000
D1 2.00000000 sec
Dz 0.00344828 sec
D12 0.00002000 sec
TDO 1

CHANNEL 1 ========
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W

CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

sl 32768

SF 100.6126025 MHz
WDwW EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00

OH
OH

Br
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11 F NMR of 3-(2-bromo-5-fluorophenyl)pentane-1,5-diol (91e)
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12. '"H NMR of 3-(2-bromo-5-chlorophenyl)pentane-1,5-diol (91f)
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—7.1183
< —7.1117
,._.—
(=)
Mo
o]
> =l
- E 3.4923
1.9623 3.4740
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= 1.8724: 34077
o 1.8564 \3.4002
g 1.83679 3.3958
R =

119

7N NS

== ——

.5550
.5335
.3548
.3483
.1393
.1330
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13. 3C NMR of 3-(2-bromo-5-chlorophenyl)pentane-1,5-diol (91f)

)
I
o
o
|

—147.90
135.53
135.32

=
-

129.25
—124.44

Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 63

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230407

Time 13.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

0 32768
SOLVENT MeOD
NS 200
DS 8
SWH  24038.461 Hz
FIDRES  0.733596 Hz
AQ 06815744 500
| RG 198.08
- ’ —— o . " DW 20.800 usec
DE 6.50 usec
TE 298.3 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
Diz  0.00002000 sec
Do 1
f T T T _ _ T T T T _ _ T T , T T _ T T T , 1 SO A =
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm  pyer o 1ac
P2 20.00 usec
PLW1  49.50000000 W
GHANNEL f2
SFOZ  400.1316005 MHz
NUCZ 1H
CPOPRGI2 _ waltz1s
P3 15.00 usec
| P4 30.00 usec
PCPD2 90.00 usec

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 5

St 1

T T T _ _ T , , T _ _ T , , T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

T

I
60 50 40 30 20 ppm

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

sl 32768

SF 100.6125999 MHz
WDwW EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00

OH

Cl
OH

Br
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14. '"H NMR of 3-(2-bromo-5-(trifluoromethyl)phenyl)pentane-1,5-diol (91g)

1.000 =

1.024 —
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——7.6160 |3
T~7.6110 3
o] i 3
S I3
3
A -3
3.6076 3
3.5929 i 3
3.5001 3
3.4822 3
e | 3.4733 3
a 3.4641 3
3.4551 4/ 5
3.4376 85
. % ~3.4279 3
gl $3.4208 3
- :\t3.4129 3
3.4091 3
3.3940 3
g “\¥3.3100 3
s 3
2.0273W\"2
o 2.0124 f\-2
R 2.009s f\-2
o _//1.9933 1
N 1.9763 J\°1
o 55:1.9600 1
Z—1.9425 |1
= 1;:1.9325 1
© 4\\1.9136 1
\\L1.8967 1
E 1.8777 1
g 1.8620
=t

.7863
. 7655
.6160
.6110
.4168
.4116
.3959
.3907

.8630
.6291
.6143
.6076
.5929
.5783
L5712
.5563
.5001
L4822
L4733
L4641
L4551
.4376
L4279
L4208
L4129
L4091
.3940
.3182
.3141
.3100
.3060
.3021
.0273
L0124
.0095
.9933
L9763
.9600
.9425
.9325
L9136
.8967
L8777



15. 3C NMR of 3-(2-bromo-5-(trifluoromethyl)phenyl)pentane-1,5-diol (91g)

135.24
13z2.17
131.84
131.52
131.19
130.61
127.02
126.20
125.73
125.69
124.32
121.62

T—129.72

-
)

49.94

——60.54

49.73
49,51
49.30
49.09
48.87
48.686
39.94
3B8.86

;

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

[T T T T
50 40 30 20 ppm

T | T | T T [ | T T | T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 ppm
N |
. o s ¢ i
T | T | I T [ [ T T I 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

Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 82

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230611

Time 7.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768

SOLVENT MeOD
NS 247
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
oW 20.800 usec
DE 6.50 usec
TE 299.2 K
CNST2 145.0000000
D1 2.00000000 sec
Dz 0.00344828 sec
D12 0.00002000 sec
TDO 1

CHANNEL 1 ========
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W

CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

sl 32768
SF 100.6126004 MHz
WDwW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
OH
FsC
OH

Br
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16. ’F NMR of 3-(2-bromo-5-(trifluoromethyl)phenyl)pentane-1,5-diol (91g)
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17. '"H NMR of 3-(2-bromo-4-fluorophenyl)pentane-1,5-diol (91h)
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.3763
.3676
.3608
.3544
.3461
.3394
.1440
L1373
L1231
L1162
L1019
.0952
.8565
.4984
.4827
L4761
L4634
.4561
L4464
.4378
.4278
.4198
L4133
.4082
.4013
.3936
.3867
.3816
L3671
.3183
L3142
.3100
.3059
.3021
.9714
.9566
.9547
.9526
.9376
.9206
.9060
.9034
.8865
.8630
.8480
.8275



18. 3C NMR of 3-(2-bromo-4-fluorophenyl)pentane-1,5-diol (91h)

——163.53
—161.07

o R R N RNl
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— oWWwo oW
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 101

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230618

Time 22.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

™ 32768
SOLVENT MeOD
NS 250
DS 8
SWH 24038.461 Hz
FIDRES  0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
| _ T 200K
, . CNST2 1450000000
. .  mntus Mt B 5.00344000 sec
| Di2  0.00002000 sec
TDO 1
T T T T T T T , T T T T T , T T T T T T P G T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm  Bye 10038 e
POWT 4850000000 W
CHANNEL f2
SFO2  400.1316005 MHz
NUC2 H
CPDPRG[2  waltz16
P3 15.00 usec
P4 30,00 usec
PCPD2 90.00 usec
PLW2 1250000000 W
) PLW12 034722000 W
ii.?i{,.i.i F2 - Processing parameters
si 32768
SF 100.6126004 MHz
, T T T T T T , T T T T ) > 1 T T T T wow M
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm & 200 Hz
PC 1.00
OH
il o OH
, T T T T T T , T T T T , , T T T T T , F Br
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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19. ’F NMR of 3-(2-bromo-4-fluorophenyl)pentane-1,5-diol (91h)
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20. "TH NMR of 3-(2-bromo-4-chlorophenyl)pentane-1,5-diol (91i)
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21. 3C NMR of 3-(2-bromo-4-chlorophenyl)pentane-1,5-diol (91i)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 26

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230223

Time 2143
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

™ 32768
SOLVENT MeOD
NS 3
DS 8
SWH 24038.461 Hz
FIDRES  0.733506 Hz
, AQ 0.6815744 sec
) ~ RG 198.09
DW 20.800 usec
DE 6.50 Usec
TE 299.5 K
CNST2  145.0000000
D1 2.00000000 sec
_ Biz 00002000 sec
TDO 1
T T T T T T T , T T T T T , T T T T T T P G T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm  Bye 10038 e
o
CHANNEL f2
SFO2  400.1316005 MHz
NUC2 1H
CPDPRG[2  waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 1250000000 W
7 i PLW12 034722000 W
[ F2 - Processing parameters
LA L sl 32768
SF 1006126172 MHz
, T T T T T T , T T T T ) T T T T T T wow M
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm & 200 Hz
PC 1.00
OH
| 7 | b | OH
Cl Br
, 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
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22. "H NMR of 3-(2-bromo-4-methoxyphenyl)pentane-1,5-diol (911)
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23. 3C NMR of 3-(2-bromo-4-methoxyphenyl)pentane-1,5-diol (911)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 39

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230225

Time 7.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT MeOD
NS 130
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
) A oW 20.800 usec
- .‘il r DE 6.50 usec
TE 299.8 K
CNST2 145.0000000
D1 2.00000000 sec
Dz 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1 ========
, T T T T T , T T T T T , T T 1 T T T , | SFOT 1006233316 MHs
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm Mo s -
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

L
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o et

T T T I T

,
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_ T T T
60 50 40 30 20

e

ppm

T T _ _ T T , T _ _ T T , T T _ T T T ,
210 200 190 180 170 160 150 140 130 120 110 100 9% 80 70 60 50 40 30 20

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

8l 32768
8F 100.6126138 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
OH
OH
~
(e} Br
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24. "TH NMR of 3-(2-bromo-4-methylphenyl)pentane-1,5-diol (91k)
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25.3C NMR of 3-(2-bromo-4-methylphenyl)pentane-1,5-diol (91k)

Current Data Parameters
NAME  topic 3 3F PhMgBr substrate diol data
35

ne namo EXPNO
N AN M OO WO N0 w0 PROCNO
. e oY [ M O WMo o0

N oo o .

=M MmN P = o F2 - Acquisition Parameters

R ] O oo Tm ~ Date 20230225
Time 712
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135
D 32768
SOLVENT MeQD
NS 96
Ds 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 06815744 sec
RG 198.09
DW 20.800 usec

i ‘i DE 6.50 usec
i TE 299.9 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1

SFO1 100.6233319 MHz

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm MG s -

P2 20.00 usec

PLW1 49.50000000 W
CHANNEL f2

SFO2 400.1316005 MHz

NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PLW2 12.50000000 W
7 PLW12 0.34722000 W

s

: . . Y sl BT

SF 100.6126018 MHz
B e M
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm g 200Hz

PG 1.00

OH
o el (o k et O—I_

_ 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
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26. "TH NMR of 3-(1-bromonaphthalen-2-yl)pentane-1,5-diol (91m)
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.5732
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.4531
L4316
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.3747
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27. 3C NMR of 3-(1-bromonaphthalen-2-yl)pentane-1,5-diol (91m)

135.18
134.00
129.68
129.47
129.02
128.77
127.54
126.14
125.58

—143.45

£
3

—61.25
459.94

49.51
49.30
49.09
48.87
48.66
40.28

49.73
39.61

<

Current Data Parameters

NAME  topic 3 3F PhMgBr substrate diol data
EXPNO 53

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230225

Time 13.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

0 32768
SOLVENT MeOD
NS 100
DS 8
SWH  24038.461 Hz
FIDRES  0.733596 Hz
AQ 06815744 500
RG 198.08
DW 20.800 usec
DE 6.50 usec
TE 289.5 K
I CNST2 145.0000000
e - D1 2.00000000 sec
D2 0.00344828 sec
Diz  0.00002000 sec
Do 1
T _ T T T T _ _ T T T T T _ T T T T T _ e Ay e Y v
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm Mot e
P2 20.00 usec
PLW1  49.50000000 W
GHANNEL f2
SFOZ  400.1316005 MHz
NUCZ 1H
CPDPRG2 _ waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

T _ T , , T _ _ T
210 200 190 180 170 160 150 140 130

T , T T _ _
120 110 100 90 80 70

T T
60 50

T
210 2

00 190 180 170 160 150 140 130 120 110 100 90 8

, , T
0 70 60

50 4

_ T T
0 30 20

ppm

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

sl 32768
SF 100.6126020 MHz
WDwW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
Br OH

OH
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28. "TH NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-methoxybenzene (92bm)
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.8382

|

7.4398
7.4179
7.2644
6.7728
6.7652
6.6550
6.6474
6.6331
6.6255

.7838
L4260
L4157
L4028
.3885
.3792
.3662
.2590
.2445
L2291
L2255
L2100
.0021
.9887
.9840
.9690
.9544
.9502
.9366
.9317
.9182
.8930
.8767
.8546
.8382
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Current Data Parameters
NAME  topic 3 3F PhMgBr substrate LG data

- ~ . P EXPNO 129

- = o 0 =Nl w oo ooy PROCNO 1

. . . mow - e 0~

o - ™ 0o e . - -

el - ! — I =] W 0 w0 F2 - Acquisition Parameters

A = — o [ (Rt ) Date 20230702
Time 19.19
INSTRUM spect

PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 50
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.6 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1

T T T T 1 CHANNEL f1

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 m_@ awmmw%%
Bwi  aoSo000000 W

=== CHANNEL f2 ==
400.1316005 MH
CPDPRG[2 hw__ﬁ_m
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
| | F2 - Processing parameters
T S| 32768
SF 100.6127755 MHz
WDW EM
I I T T T T I I I T T T I I [ T T T T I I 1 ssB 0
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm & 200Hz
PC 1.00
O\
MeO
N o”

: e P PR ——_— - . Ftirs i o Aol U ot Y S Aumi -

Br

29.3C NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-methoxybenzene (92bm)

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
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30.'"H NMR of 1-bromo-2-(1,5-diethoxypentan-3-yl)-4-ethoxybenzene (92cm)
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0.916 =
0.%12 —
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urdd
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—7.2669
o
~1
=] O
6.7703 \
L ¢ 7628 O\
6.6397
E 6.6321
- 7.4231
5éf'f.zlon
s —7.2669
6.7703
3.4188 /[ g 7628
j/fg-gggi 6.6397
w : 6.6321
- 53933 \6 o178
N3ang 66102
3 oegs [4-0212
15:3‘2412 4.0038
w : 3.9864
- 3.2261
N 3.9689
3.2229
3.4188
\\t3.2076
3.2057 fff3-4979
i 3.3954
g 3.3833
3.3727
3.3588
3.2563
3.2412
3.2261
3.2229
=Eigs.zme
3.2057
1.9954
1.9771
T 1.9954 f/r1.9618
1.97714~1.9478
1.96184 1-9433
1.9478°f\ 1-9297
2 Jé£1.9433 1.9250
=] 1.9297 1.9113
ifil.gzgo 1.8873
-1.9113 [j-1-8708
— §§:1.8708 1.8486
ol 4\\1.8486 1.8324
[ee]
1.8324 |'1.8157
g 1.7249
1.4248



31. 3C NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-ethoxybenzene (92cm)

Current Data Parameters
NAME 4F TOPIC 3

e 2 R 2 sg2g 2 4 2 e EXPNO 82
2 3 2 a FRes @ o« s 4. PROCNO 1
— — — — -~ woon el —
_ _ _ _ 7 7 7 F2 - Acquisition Parameters
Date_ 20230706
Time 10.35
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG dept135
TD 32768
mO_.(.mz._. CDCI3
B e T i Lixisfi..,ff,: oy 1 AR e e N o i s A S ol cm momoo
| SWH 23148.148 Hz
FIDRES 0.706425 Hz
AQ 0.7077888 sec
RG 7298.2
7 DW 21,600 usec
DE 6.50 usec
L s T .n_.umm 298 5 K
NST2 145.0000000
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 2 00000000 sec
D2 0.00344828 sec
I D12 0.00002000 sec
, TDO i
======== CHANNEL f1 ========
NUCA 13C
I P1 10.00 usec
P2 20.00 usec
\ PL1 4.20 dB
| SFO1 100.6238355 MHz
o St At Ay A A i A e v A gl
f 1 ==—==—== GHANNEL 2 ====
CPDPRG[2  waltz16
T T T T , , T T T T T | T T T T T , , T T T I NuCe2 H
210 200 190 180 170 160 150 140 130 120 110 100 90 80, 70 60 50 40 30 20 ppm _wm Wm.mmcmmo
A usec
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
SFQO2 400.1316005 MHz
o -
_ (0]
'EtO e
i : o

Br

_ _ _ _ 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
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32.'H NMR of 4-(benzyloxy)-1-bromo-2-(1,5-dimethoxypentan-3-yl)benzene (92dm)
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el
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.4375
.4338
.4287
.4153
L4124
L4072
.4044
.3988
.3868
.3823
.3718
.3679
.3502
.3457
.3408
.3358
.3286
.3209
.3154
L3116
.3071
.2590
.8403
.8328
.7288
L1212
L7068
.6993
.0303
.4320
L4225
.4081
.3956
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.8449
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.8088
L7895
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33. 13C NMR of 4-(benzyloxy)-1-bromo-2-(1,5-dimethoxypentan-3-yl)benzene (92dm)

@ n S 0N W @

o~ @ R TR — =g RN w wo
. R . Mmoo~ - o~
@ - O MW - E .
ral ) R KSR RS —t W oo @ ~ 0
— — o — [l ol S [t} !

T _ T T T T I _ T T T T T T T T I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
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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
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 115

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230702

Time 412

INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 20
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.7 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec

PLW1 49.50000000 W

1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

Sl 32768
SF 100.6127780 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
o~
BnO 0\

Br
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34."H NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene (92em)
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.5188
.5050
.4968
.4831
.2647
L9613
L9537
.9366
.9290
.8287
.8211
.8093
.8069
.8016
L7993
L7874
L1797
L4732
.4631
.4509
L4405
.4301
L2703
L2469
L2325
.2285
.2145
.2092
L1972
L1913
L1737
.0102
.9968
.9923
L9787
.9758
.9620
.9580
.9445
.9398
L9263
.8678
.8514
.8447
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.8133
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146,12
146.086
133.69
133.861
114.75
114.53
77.32

77.00

—163.27
——160.82
—118.96
—69.97
—58.11
— 37.686
———35.80
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35. 13C NMR of I-bromo-2-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene (92em)

Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 98

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230618

Time 20.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 27
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.9 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec

PLW1 49.50000000 W

1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

S| 32768

SF 100.6127903 MHz
WDW EM

S5B 0

LB 2.00 Hz

GB 0

PC 1.00

Br
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36.F NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene (92em)
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37.'"H NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-chlorobenzene (92fm)
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38. 13C NMR of I-bromo-2-(1,5-dimethoxypentan-3-yl)-4-chlorobenzene (92fm)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 155

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230707

Time 7.07

INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 4
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.2 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

Sl 32768
SF 100.6127699 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
o~
Cl O\

Br
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39. 'TH NMR of 1I-bromo-2-(1,5-dimethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92gm)
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Current Data Parameters
NAME  topic 3 3F PhMgBr substrate LG data
61

WV ANNANADNADN O EXPNO
HOOANONOXHY HO OO T~ NO® O o o - PROCNO
Mmow o ™ ~
Moo~ TTTITNN * . 1 5
TOMONNNNNNNNNNN A S0 o © ~ 0 F2 - Acquisition Parameters
e R e o i Sk b S | e~ ) 0 m Date 20230520
Time 1.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135
TD 32768
SOLVENT CDCI3
NS 77
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
4 \. DW 20.800 usec
{ } DE 6.50 usec
TE 299.6 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
) i T T _ T T T ._ —.. T _ _ T — T ._ T 1—4 T 4_ T _ T i | _ _ ™ CHANNEL f1

SFO1 100.6233319 MHz

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm  nNuci 13C

P1 10.00 usec

P2 20.00 usec

PLW1 49.50000000 W
CHANNEL f2

SFO2 400.1316005 MHz

NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

- |_ ) F2 - Processing parameters
SI 32768
| SF 100.6127758 MHz
| T T I I T T T T T I T | T T T I T | T T 1 WDW EM
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm wwmm N_%IN
PC 1.00
. &
7 _uwo O\
L L |- !
Br

40. 3C NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92gm)

| T T T 4 ) T 1

_ T T T T T T T T T T T T T T
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41."F NMR of 1-bromo-2-(1,5-dimethoxypentan-3-yl)-4-(trifluoromethyl) benzene (92gm)
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42. "TH NMR of 2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene(92hm)
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—7.0487
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o 3.4258
3.4139
] 3.2795
w 3.2528
R 3.2296
3.2248
_/f3.2127
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w
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] §§t3.1741
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5
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43.13C NMR of 2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene(92hm)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 94

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230618

Time 20.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 14
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.2 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

S| 32768

SF 100.6127898 MHz
WDW EM

SsB 0

LB 2.00 Hz

GB 0

PC 1.00
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44. YH NMR of 2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-fluorobenzene (92hm)
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45. "TH NMR of 2-bromo-4-chloro-1-(1,5-dimethoxypentan-3-yl)benzene (92im)
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46.13C NMR of 2-bromo-4-chloro-1-(1,5-dimethoxypentan-3-yl)benzene (92im)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 106

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230618

Time 23.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 38
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 298.9 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

sl 32768
SF 100.6127849 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
o~
o~
cl Br
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47. "TH NMR of 2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-methylbenzene (92km)
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Current Data Parameters
NAME  topic 3 3F PhMgBr substrate LG data
46

ow VOWw® EXPNO
N ANTO NO® W ) o © o PROCNO
E N . k) ™Mo w n < o N -
or= ™Mo~ . .. .. .
O ONNN =] @ ~© o F2 - Acquisition Parameters
He ~e~ e 0 am I Date. 20230407
Time 11.27
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135
TD 32768
SOLVENT CDCI3
NS 100
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
2 \ TE 298.3K
| CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
| TDO 1
I T T I I T I T T T I T I T T T I T I T T 1 CHANNEL f1
SFO1 100.6233319 MHz
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 pPpPm  nuci - 1C
.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
|| PLW12  0.34722000 W
- )
r | F2 - Processing parameters
S| 32768
SF 100.6127742 MHz
I T I I I I I I I T I T | T T I I T I T T 1 M<mom<< EM
0
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm s 2,00 Hz
GB 0
PC 1.00
o~
7
| 7 | || 7 O

Br

48.13C NMR of 2-bromo-1-(1,5-dimethoxypentan-3-yl)-4-methylbenzene (92km)
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49. "TH NMR of 1-bromo-2-(1,5-diethoxypentan-3-yl)benzene (92ae)
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Current Data Parameters
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50. 13C NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)benzene (92ae)

o ocowon NAME  date Ph-D(1)
©  Segww 888 &3 23 3 EXPNO 30
SrE g BROCND Y
_ / //\ \ / \ / \ F2 - Acquisition Parameters
Date_ 20230620
Time 22.41
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135
TD 32768
SOLVENT CDCI3
NS 56
DS 8
SWH 24038.461 Hz
: —— ;: e FIDRES 0.733596 Hz
AQ 0.6815744 sec
| RG 198.09
DW 20.800 usec
DE 6.50 usec
T T T T I T I T T T T T T T T 1 TE 298.4 K
210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 ppm  CNST2  145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
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======== CHANNEL f{ ========
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| 1 i
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51. '"H NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92¢e)
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52. 13C NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92ee)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 22

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230107

Time 8.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 139
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 300.0 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

S| 32768

SF 100.6127816 MHz
WDW EM

SsB 0

LB 2.00 Hz

GB 0

PC 1.00

o™

Br
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53.F NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92ee)
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54. "H NMR of 2-bromo-4-chloro-1-(1,5-diethoxypentan-3-yl)benzene (92ie)
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55. 13C NMR of 2-bromo-4-chloro-1-(1,5-diethoxypentan-3-yl)benzene (92ie)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 152

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230707

Time 6.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 35
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.1 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

S| 32768
SF 100.6127739 MHz
WDW EM
SsB 0
LB 2.00 Hz
GB 0
PC 1.00
O\/
Cl 0™

Br

162



56. '"H NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92ge)
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57. 13C NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92ge)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 110
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230629
Time 5.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135
TD 32768
SOLVENT CDCI3
NS 200
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 2991 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== GHANNEL f{ ========
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
S| 32768
SF 100.6127690 MHz
WDW EM
SsSB 0
LB 2.00 Hz
GB 0
PC 1.00
O\/
F3C O\/

Br
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58. 1°F NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92ge)
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59. 'H NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92he)
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60.13C NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92he)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 10

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230106

Time 8.12

INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 259
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.6 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

Sl 32768
SF 100.6127808 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
O\/
O\/
F Br
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61.F NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-fluorobenzene (92he)
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62."H NMR of 2-bromo-4-chloro-1-(1,5-diethoxypentan-3-yl)benzene (92ie)
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63. 13C NMR of 2-bromo-4-chloro-1-(1,5-diethoxypentan-3-yl)benzene (92ie)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO [

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230105

Time 9.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 200
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.5 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

S| 32768
SF 100.6127714 MHz
WDW EM
SsB 0
LB 2.00 Hz
GB 0
PC 1.00
O\/
O\/
Cl Br
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64."H NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92je)
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65. 13C NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92je)

Current Data Parameters
NAME  topic 3 3F PhMgBr substrate LG data
83

N HO AN MOWO T oD EXPNO
T AEOTANANMD N O wowm oo o= w0 PROCNO 1
H mow oo SN =
W OoONARHOE N T T AR . . . P . -
B e B I R o I N R [ ] [ - F2 - Acquisition Parameters
A A A A A A AAAAAAAA P>~ o e Nyl — Date 20230603
Time 21.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135
TD 32768
SOLVENT CDCI3
NS 50
DS 8
| SWH 24038.461 Hz
. | FIDRES 0.733596 Hz
I T H I HE——— AQ 0.6815744 86
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.4 K
CNST2  145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm  nuci o3
.00 usec
P2 20.00 usec
PLW1 49.50000000 W
| CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
\ PCPD2 90.00 usec
I PLW2 12.50000000 W
LN, 1 u PLW12 0.34722000 W
F2 - Processing parameters
sl 32768
m(__uus__ So,mgmmﬂm MHz
I | T T T T T I I I T T T T I I T T T T T I 1 ssB 0
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 5  2%%
PC 1.00
O\/
|
7 O\/
bl
T ) | Y
F1sC Br

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

172



66. ’F NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-(trifluoromethyl)benzene (92je)
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67. '"H NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-methylbenzene (92ke)
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68. 13C NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-methylbenzene (92ke)
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Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data

EXPNO 18

PROCNO 1

F2 - Acquisition Parameters

Date_ 20230107

Time 8.15

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG dept135

TD 32768

SOLVENT CDCI3

NS 137

DS 8

SWH 24038.461 Hz

FIDRES 0.733596 Hz

AQ 0.6815744 sec

RG 198.09

DW 20.800 usec

DE 6.50 usec

TE 299.7 K

CNST2  145.0000000

D1 2.00000000 sec

D2 0.00344828 sec

D12 0.00002000 sec

TDO 1
CHANNEL f1

SFO1 100.6233319 MHz

NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 49.50000000 W
CHANNEL 2

SFO2 400.1316005 MHz

NUC2 1H

GCPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PLW2 12.50000000 W

PLW12 0.34722000 W

F2 - Processing parameters

sl 32768

SF 100.6128165 MHz

WDwW EM

SsB 0

LB 2.00 Hz

GB 0

PC 1.00

OEt
OEt

Br
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69."H NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-methoxybenzene (92le)

5.075 —

3.955 —

4.246

5.818 —

0t

wdd

0o~L Z°L ¥

"9

wdd

_~7.2647

7.1341
54:7.1126
~7.0807
70740

6.8665
v

= 6.8598

\§:6.8448
6.8381

O8I\

ig

©

74

wdd z-¢

~~
\\V,O

.7830

.3973
.3798
.3624
.3450
.2604
L2431
L2255

i

4

T

6°T 0°¢

- L
i

wudd

176

.9824
.9689
.9640
.9544
.9486
.9357
.9299
.9170
.8502
.8331
.8263
.8097

7 NS~

YOV OY Oy ~] =] ] ~] ]

r7ﬁ%?5%g%gg%g%g7tg$§§E§§E$::%§$é§§§§§§$=?ﬁ

FRrFRFRPRPRRFRFRPRPFRPRRRFRPRPRERFRPRPPRRFRRPRPRDRLRBLLWWWWWW

L2647
L1341
L1126
.0807
.0740
.8665
.8598
.8448
.8381

L7830
L3973
.3798
.3624
.3450
.2604
L2431
L2255
.0011
.9881
.9824
.9689
.9640
.9544
. 9486
L9357
.9299
L9170
.8502
.8420
.8331
.8263
.8167
.8097
L7928
.6598
.1644
.1471



157.41
76.68
14,51

——134.986
—127.40
—124.67
—116.90
——113.36
77.32
77.00
—67.57
—65.22
——54.43
——35.97

<

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

, T _ _ T T T T T _ _ T T , T _
0 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

_ _ T T T T T _ _ T T , T _
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

70. 13C NMR of 2-bromo-1-(1,5-diethoxypentan-3-yl)-4-methoxybenzene (92le)

Current Data Parameters

NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 32

PROCNO 1

F2 - Acquisition Parameters
Date_ 20230110

Time 17.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCI3
NS 186
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09
DW 20.800 usec
DE 6.50 usec
TE 299.3 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
SFO1 100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
CHANNEL 2
SFO2 400.1316005 MHz
NUC2 1H
GCPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

Sl 32768
SF 100.6128221 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
O\/
O\/
MeO Br
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71."H NMR of 1-bromo-2-(1,5-diethoxypentan-3-yl)naphthalene (92me)
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.0404
.0275
.9669
.1356

1183
1008

.0000



72.13C NMR of I-bromo-2-(1,5-diethoxypentan-3-yl)naphthalene (92me)

OO NWIM S
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Current Data Parameters
NAME  topic 3 3F PhMgBr substrate LG data
EXPNO 14

PROCNO 1

F2 - Acquisition Parameters

Date_ 20230106

Time 9.03

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG dept135

TD 32768

SOLVENT CDCI3

NS 143

DS 8

SWH 24038.461 Hz

FIDRES 0.733596 Hz

AQ 0.6815744 sec

RG 198.09

DW 20.800 usec

DE 6.50 usec

TE 300.1 K

CNST2 145.0000000

D1 2.00000000 sec

D2 0.00344828 sec

D12 0.00002000 sec

TDO 1
CHANNEL f1

SFO1 100.6233319 MHz

NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 49.50000000 W

1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

sl 32768
SF 100.6127941 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
Br oS
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73.'H NMR of (R)-(5-methoxypent-1-en-3-yl)benzene (94am)
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o
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e ] 5.0813
] 5.0778
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¥ 4 5.0556
= /5.0523
] 4-5.0492
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e Raoaw
? = 5.031530
¥5.0297
5.0272
g 5.0231
5 ]
3.4535
] 3.434
3.4535 ¥ | ggggé
1 3.4346 @ 3.3300
w 3.3462 | % mooc
] 3.3300 L7 }3.3024
w gggég’ ] 3.2903
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] 3.2903 ™ 3.2692
w | 3.2859 g 1 3'2621\
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L2989
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L2915
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L2483
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L2074
L2046
L2007
.1966
.1910
.1870
.1845
L1790
.9986
L9799
L9731
.9553
L9371
.9304
L9116
.0813
.0778
.0745
.0556
.0523
.0492
.0350
.0315
.0297
L0272
L0231
.4535
.4346
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.3388
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74. 13C NMR of (R)-(5-methoxypent-1-en-3-yl)benzene (94am)

~ 0 ~ o ~
e~ - 0N ~N NO W = o~ el o~
. I S Mo w o n (=] o
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- < SRR — ~ow o @ © «
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Current Data Parameters

NAME topic 3 3F PhMgBr substrate ene product data
EXPNO 28

PROCNO 1

F2 - Acquisition Parameters
Date. 20230402

Time 14.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

0 32768
SOLVENT CDCI3

N 80

DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz

AQ 0.6815744 sec
RG 198.09

ow 20.800 usec
DE 6.50 usec
TE 299.5 K

CNST2  145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec

TDO 1

======== CHANNEL {1 ========
SFO1 100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLWI1 49.50000000 W
|||||||| CHANNEL 12 ===s====
SFO2 400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PLW12 0.34722000 W

nm Processing parameters
32768

MW 100. m_mvvmu MHz
WDwW

SSB o

LB 2.00 Hz

GB 0

PC 1.00
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75. 'TH NMR of (R)-(5-ethoxypent-1-en-3-yl)benzene (94ae)
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76. 13C NMR of (R)-(5-ethoxypent-1-en-3-yl)benzene (94ae)

Gurrent Data Parameters
NAME topic 3 3F PhigBr substrate ene product data

EXFNO 2
o™ o s 3 PROCNO 1
r~ oo = 0o — ™~ O @ w - ™~ =r =
S - o= o i mew e - < ol F2 - Acquisition Parameters
oF G838 2 S8 gw o % = Date_ 20230120
— — — ~- 0w El ™ — Time 14.03
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135
D 32768
SOLVENT CDCI3
NS 115
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec
RG 198.09
ow 20,800 usec
DE 6.50 usec
TE 300.7 K
CNST2  145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
i
—======= CHANNEL [1 ========
SFO1  100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
==m=sm=s CHANNEL [2 =e==a===
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm  sroz 4001316005 iz
NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PGPD2 90.00 usec
PLW2 12.50000000 W
PLW12  0.34722000 W
F2 - Processing parameters
Sl 32768
SF 1006127738 MHz
WDW EM
S5B a
LB 200 Hz
GB ]
_ PC 1.00
— e L = - I S —

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

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
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77.'"H NMR of (R)-1-methoxy-3-(5-methoxypent-1-en-3-yl)benzene (94bm)
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78. 13C NMR of (R)-1-methoxy-3-(5-methoxypent-1-en-3-yl)benzene (94bm)

Gurrent Data Parameters
NAME topic 3 3F PhigBr substrate ene product data

EXFNO 2
il Iy 9 PROGNO 1
r~ @ = ooy =l o~ O w wy - ™~ = o
M- @ 9 - mew a9 = < o F2 - Acquisition Parameters
- = ooy — ~e o W w wy w Date, 20230120
o — — [ R 0 “ — Time 14.03
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135
o 32768
SOLVENT CDCI3
NS 115
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec
RG 198.09
ow 20,800 usec
DE 6.50 usec
TE 300.7 K
CNST2  145.0000000
7 D1 2.00000000 sec
D2 0.00344828 sec
— R R r D12 0.00002000 sec
TDO 1
======== CHANNEL [ ========
SFO1  100.6233319 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
==m=sm=s CHANNEL [2 =e==a===
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm &0z donsies iz
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PGPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

I .
@ 5"
[ T I T ] I T | I T T | T T | I T I I T | I ]
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
=z
MeQO -~

L o D i A Y R LA |
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

185



79. 'TH NMR of (R)-1-ethoxy-3-(5-methoxypent-1-en-3-yl)benzene (94cm)

m
7.2051 O 7.2051
= 3 ; /7.2022 7.2022
ol £ —7.1834 7.1834
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= 6.7712 F6.7712
© o 6.7475 6.7475
6.7446 - 5.7446
o 6.7287 d I-5.7287
P § 46.7268 \ 6.7268
. 6.7222 I-6.7222
o0 -] = 6.7203, I-5.9818
] 4 li-5.9561
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0.979 = - Ir5.9134
o] i 5. i-5.8944
3007 — | [i:i::: < :;:5, -5.0850
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— o] T N 5.0465
0.975 — = 2 AN 5.0428
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] G 5.0238
1.997 — 4 = 4 5.0214
] ] 5.0175
4.,0458
5. 4.,0283
] J£E5, 4.0108
2.050 = & mmm—— o ] 5. 3.9933
- 5. 3.4138
3.3949
1.087~— ; Z? 3.3456
5.208 — \\\5' 3.3384
w ] o] 5. 3.3221
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e 5 ] ——1.9955
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] ; 3 39ah 19746
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1 ¢ i ‘ 1.9584
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w 3.329M 1 " ga0n
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J/r2-0129 5 9/ 3-3060 1 5746
J/r1.995$”€ 3.29340 " o5,
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< — — ] .
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el J/f1.9605 E %\t3.27@§M1‘3883
el ya ] -0.0000
e £—1.958% 1 3.2674
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*Q:l 9427
] “\Ml 9385
7 -\\1.9226
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1dd
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80. 13C NMR of (R)-I-ethoxy-3-(5-methoxypent-1-en-3-yl)benzene (94cm)
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Gurrent Data Parameters
NAME  topic 3 3F PhigBr substrate ene product data

PROCNO 1

F2 - Acquisition Parameters
Date, 20230406
Time 13.30
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135
o 32768
SOLVENT CDCI3
NS 250

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec

TE 298.4 K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

m=m====s CHANNEL 2 sessz===
SFO2  400.1316005 MHz

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 1006127701 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

EtO -
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81.'H NMR of (8)-3-(3-ethoxyphenyl)-5-methoxypentan-1-ol (95cm)

~J
- 7.2615 g
. L /172231 7.2231
o gg— 7.2036 7.2036
&~ §§E7.2017 7.2017
5 7.1825 7.1825
< 6.7729
~ 6.7537
© o J/r6-7729 6.7475
o] £ 6.7537 g 6.7304
6.7475 0 4.0493
5 6.7304 % 4.0317
g _ 4.0142
o : 4.0493 {IF3.9968
1 55:4.0317 3.5632
-
= Z 4.0142 [[F3.5517
— < N3.9968 [[f3.5369
1.020 = = o 3.55174 fk3.5201
] ] 3.5369 | f3.4995
T o0ET— 3.52014 ff3.4822
3.006  —
— w | 3.4995 K3.4730
o _//3.2591 3.2591
1 3.2401 [3.2401
o =g 3.2269 f3.2269
= _//3.2029 3.2029
3.1859 flf-3.1859
iy zf:3.1672 3.1672
= 3.1629
v ? 3.1442
] 2.8635
] 2.8517
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- 0 j§:2.863 2.8268
2.041 — w] ww—— Y es 1Ml 2-8149
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2.308 — b -2.8264ff 1903
£e20E — . N5 g1agflr L9360
5.221 W\\Z 801 1.9215
w - ’ 1.9175
1.000 — g 1.9041
ERR 1.8760
E 1.9537 Jri-8612
1 9360 r1-8517
o S 1 9215 1.8452
4.640 - 1. 91758 1-8366
: 1.8266
- N 1.90a1 0N 175500
3.531 — ] 1.8612 .
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- ~ 1 a366 J1.8017
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= .
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- 18017 |1-4140
o ] L 1.3965
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82. 13C NMR of (S)-3-(3-ethoxyphenyl)-5-methoxypentan-1-ol (95c¢m)

Current Data Parameters
NAME 4F TOPIC 3

- - e 8882 acny 238 ] EXPNO 67
3 g g 3 33 CEe S maw Sag < PROCNO 1
— — — — — | [C-IN-yTy] o) M —
_ _ _ 7 f \ _ / _ \ /_\\ F2 - Acquisition Parameters
Date_ 20230701
Time 11.52
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG dept135
TD 32768
% | SOLVENT chel3
B e AN P Mo I b A U e ot bt i o AN Wm mMﬂ
_ SWH 23148.148 Hz
FIDRES 0.706425 Hz
AQ 0.7077888 sec
RG 7298.2
DW 21.600 usec
DE 6.50 usec
I T T T T T T T T T T T T T T T T T T T T T 1 TE 2976 K
CNST2 145,0000000
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm 2.00000000 sec
D2 0.00344828 sec
| D12 0.00002000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PL1 4.20 dB
" . ) ) " _ ol - " SFO1 100.6238355 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltz16
I T T T T T T T T T T T T T T T T T T T T T l NUC2 1H
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
SFO2 400.1316005 MHz
OH
EtO
OMe

T _ T T , T _ _ T T T T T _
210 200 190 180 170 160 150 140 130 120 110 100 90 80

| T I T T [
70 60 50 40 30 20 ppm
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83."H NMR of (R)-1-ethoxy-3-(5-ethoxypent-1-en-3-yl)benzene (94ce)

m
4//7.2158 P © oes
- 7.1963 .
S ] = 47.1771 7.1771
= 6.7703 6.7703
6.7469 2-3322
o
; 6.7426 . o120
Y6.7221 :
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e £ 5.9557 5.0765
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© “\¥5.9129 5. 0378
—_— & 9 5.0304
1.000 — = _ 5.0158
| S
] 5.0785 4.0398
2.090 _ ] = o 5.0732 4.0223
I 5.0411 2 0045
] %5.0378 3 9874
N\ o8- 0343 3 aa1s
= g-gigg 3.4240
Zii— = o g ] 5.0128 Saoee
g ] 5.0097 3 2890
3.316>— - 3.3776
1.951 — ] J/’3'4415 3.3699
v ] ] S20200 3.3536
@ ] </ 3-9066 3.3418
bt <3 4011 :
=] ~_ 3.3372
] 3.3892
5 — 3 heae 3.3250
] N 3.3080
o w ] \3.3418
2.156 ™7 ] \3.3372 338%3
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. o ] 2 3080 1.9907
EREE Dl O = ] 1 56ee
" ] ] 2.0247 1.9471
] j/r2.0077 1.4188
o j¢C1.9907 1.4013
> 7~1.9830 1.3838
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84. 13C NMR of (R)-1-ethoxy-3-(5-ethoxypent-1-en-3-yl)benzene (94ce)

Gurrent Data Parameters
NAME topic 3 3F PhigBr substrate ene product data

@ o @ ) 0 0o EXPNO 108
o - © ™ i NOo®@ @ ™~ - — 0 FROCNO 1
* - - . * . mow [ R=1 — o o
ey w o o T . . P . . . F2 - Acquisition Parameters
n - o~ [ rew @M o - w T Date 20230807
- - — A [ - =R V-] - ] — Time 12.51
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG dept135
D 32768
SOLVENT CDCI3
NS 33
DS 8
SWH 24038 461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec
RG 198.09
_ 7 oW 20,800 usec
7 DE 6.50 usec
) TE 298.3 K

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

I T T T I T | T T T T T T I T T | 1 PLW1  48.50000000 W

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  zommeee CHANNEL 12 memmene

SFO2  400.1316005 MHz

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127721 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

N ek

T T T , T T _ T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

EtO N

I I I I I I I I I I I I 1 I I T

1 I I 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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85."H NMR of (S)-5-ethoxy-3-(3-ethoxyphenyl)pentan-1-ol (95ce)

m
J/r7.2677 o)
7.2098
] 7.1902 7.1902
. 7.1880 7.1880
1 - 7.1687 7.1687
o 6.7656 6.7656
6.7453 6.7453
J;C6.7366 o] 6.7366
© 6.7300 o T [s.7300
6.7245 ) 6.7245
g 6.7208 6.7208
3 A 4.0414
3.5349 4.0240
o o 3.5202 4.0065
w 3.5033 3 9890
] < J/r3'4831 3.5349
] 1 3.390¢ ’
1 w J/’ 2 3.5202
1.000— 1 =] 4733139 3.5033
] —3.3567 3 2831
] 3.2783 ’
T — 3.4657
2.967— - | 302731 3-a057
] g -\\3 2117 3 3909
£ 3.1930 33739
- ] _ B 3.3567
/2.8735 3.2909
2.8605 -3.2783
%2 8488 -3 2731
N :::2 8363 3.2606
o =N \2 8240 3.2291
) 2.8120 3.2117
2.7989 I-3.1920
i-3.1888
_ 2.8363
1.997 = o] ;= el 1.9613
] S 1.9410
] 1.9286
6.179 ] ro o 1.9216
81T - Pl | by
w - 41 5005 1.9157
1.000 — ] 1 ~_1.8839 1.9005
| A1.8496 1.8839
- ’ 1.8660
1.8346
1.8496
1.8317
e 1. 8258 1.8411
5.385 1.8346
= . 1.8107
e 1.8317
- IS 1.7934
3.062 = 1.8258
W ) & 1.8107
e 1.8007
1.7934
1.4232
1.4058
1.3884
o ] 1.1686
o 1.1510
3 1.1335
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86." 13C NMR of (S)-5-ethoxy-3-(3-ethoxyphenyl)pentan-1-ol (95ce)
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Current Data Parameters
NAME topic 3 3F PhMgBr substrate ene after hydro oxi data
EXPNO 22
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230815

Time 2326
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG __ depti3s

0 32768

SOLVENT CcDCB
NS 300

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20.800 usec
DE 6.50 usec
TE 299.0K
CNST2 145.0000000

2.00000000 sec

======== CHANNEL 1 ========
SFO1 100.6233319 MHz
NUC1 13C

Pi 10.00 usec

P2 20.00 usec

PLW1 49.50000000 W
======== CHANNEL {2 ====sa=e
SFO2  400.1316005 MHz
NUC2 1H

CPDPRG[2  waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

F2 - Processing parameters.
|

S 32768

SF 100.6127728 MHz
WDow EM

SSB 0

LB 2,00 Hz

GB 0

PC 1.00

OH
EtO o™\
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87.'H NMR of (R)-1-(benzyloxy)-3-(5-methoxypent-1-en-3-yl)benzene (94dm)
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88. 13C NMR of (R)-1-(benzyloxy)-3-(5-methoxypent-1-en-3-yl)benzene (94dm)
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Gurrent Data Parameters
NAME  topic 3 3F PhigBr substrate ene product data
EXPNO 76

PROCNO 1

F2 - Acquisition Parameters
Date, 20230615
Time 1.33
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135
T 32768
SOLVENT CDCI3
NS 434

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec

TE 299.9 K
CNST2  145.0000000
D1 2.00000000 sec

D2 0.00344828 sec
D12 c‘occmmocc SBC

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

NUC2 1H
CPOPAG[Z _ waltz16
P3 15.00 usec

P4 30.00 usec
PGPD2 90.00 usec
PLW2 12.50000000 W
PLW12  0.34722000 W
F2 - Processing parameters
Sl 32768

SF 1006127725 MHz
WDW EM

S5B a

LB 200 Hz

GB ]

PC 1.00

BnO 7
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89.'H NMR of (R)-1-fluoro-3-(5-methoxypent-1-en-3-yl)benzene (94em)
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90. 13C NMR of (R)-1-fluoro-3-(5-methoxypent-1-en-3-yl)benzene (94em)
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Gurrent Data Parameters
NAME topic 3 3F PhigBr substrate ene product data

F2 - Acquisition Parameters
Date, 20230813

Time 17.59
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

s 32768
SOLVENT CDCI3
NS 500

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 298.9 K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127681 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00
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91. F NMR of (R)-1-fluoro-3-(5-methoxypent-1-en-3-yl)benzene (94em)
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92.'H NMR of (R)-1-chloro-3-(5-methoxypent-1-en-3-yl)benzene (94fm)

3.141

0.837 —

0.%30

1.833 —

1.000 =

5.297

2.010

0t

-1 -

o -

o 4

ro -

wdd

wdd

199

7.2582 2.
j?;7.2308
7.2275
. 11:7.2091
. T -7.1892
7.1855
7.1807
7.1724
~ 7.1690
- 5—7.0933 o
§§t7.0896 \
7.0861
3 7.0711
3 _
] 5. I
= 3 f&
C w ] 5.
o 1525.9252
o ] _—5.9138
- ?§:5.9102
3 \\¥5.906
1 \\k5.890
— o “\¥5.885
£ 5.8667
w
g3 |
_—5.0867
~~5.0841
5.0622
g ~~5.0586
: —5.056
o —5.047
7 -5.043
5.0401
el
o]
3 _
E 3.451
» 3.432
- 3.413
J/r3.362
2.0161w ﬁ/ﬁ3.346
1.9982e 1 3.3388
1.9815 5£:3.3306
1.9638" 3 3.2936
1.9477% :::3.2617
1.9331 3.2526
J/f1.9295 = Q§t3.2453
1.917 3.2289
J;i1.91383 E
1.8984
jﬁil.aasz
=—1.8791

PR RPRPRRPRERRERNDOO000000O0W0WWOOOOEEEUEOE OO0 OO0 = =] =] =] =] ~] =] ~1 =] ~] =] ~1 =1 ~1~1~]

L2493
.2308
L2275
L2149
L2091
.1892
.1855
.1807
L1724
.1690
.0933
.0896
.0861
.0748
L0711
L0675
.9538
. 9351
.9302
.9102
.9063
.8909
.8854
.8667
.0867
.0841
.0622
.0586
.0560

0470

.0436
.0401
.4514

4324
3624

.3467
.3388
.3306
.2936
L2617
.2526
.2453
L2289
.01le61
.9982
. 9815
.9638
.9477
L9331
L9295
L9174
.9138
.8984
.8791



——145.93

——140.82

—134.27
126.47
125,91
77,32
77.00
76.68

129,71

—127.83
—114.9%4
—70.13
——58.55%
——45.72
——34.88

<
<

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

T T T T T _ T T T T _
90 180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20

_ _ T T T T T
90 180 170 160 150 140 130 120 110 100 90

93. 13C NMR of (R)-1-chloro-3-(5-methoxypent-1-en-3-yl)benzene (94fm)

Gurrent Data Parameters

NAME  topic 3 3F PhigBr substrate ene product data
EXPNO 60

PROCNO 1

F2 - Acquisition Parameters
Date, 20230604

Time 23.08
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

T 32768
SOLVENT CDCI3
NS 100

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 298.7 K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

m=m====s CHANNEL 2 sessz===
SFO2  400.1316005 MHz

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127691 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

Cl ~
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94."H NMR of (R)-1-chloro-3-(5-ethoxypent-1-en-3-yl)benzene (94fe)
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95. 13C NMR of (R)-1-chloro-3-(5-ethoxypent-1-en-3-yl)benzene (94fe)
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Gurrent Data Parameters
NAME  topic 3 3F PhigBr substrate ene product data

F2 - Acquisition Parameters
Date, 20230705

Time 19.50
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

T 32768
SOLVENT CDCI3
NS 148

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 299.4 K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

m=m====s CHANNEL 2 sessz===
SFO2  400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127683 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00
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96. '"H NMR of (R)-1-(5-methoxypent-1-en-3-yl)-3-(trifluoromethyl)benzene (94gm)
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97. 13C NMR of (R)-1-(5-methoxypent-1-en-3-yl)-3-(trifluoromethyl)benzene (94gm)
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Gurrent Data Parameters

NAME  topic 3 3F PhigBr substrate ene product data
EXPNO 66

PROCNO 1

F2 - Acquisition Parameters
Date, 20230608

Time 512

INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

T 32768
SOLVENT CDCI3
NS 72

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 2986 K
CNST2  145.0000000
D1 2.00000000 sec

D2 0.00344828 sec
D12 c‘occmmocc SBC

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

m=m====s CHANNEL 2 sessz===
SFO2  400.1316005 MHz

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127679 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

F5C
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98. ’F NMR of (R)-1-(5-methoxypent-1-en-3-yl)-3-(trifluoromethyl) benzene (94gm)
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99.'H NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-3-(trifluoromethyl)benzene (94ge)
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100. 3C NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-3-(trifluoromethyl)benzene (94ge)
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Gurrent Data Parameters
NAME  topic 3 3F PhigBr substrate ene product data
EXPNO 57

t

PROCNO

F2 - Acquisition Parameters
Date, 20230604
Time 22.08
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135
T 32768
SOLVENT CDCI3
NS 72

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec

TE 298.9 K
CNST2  145.0000000
D1 2.00000000 sec

D2 0.00344828 sec
D12 c‘occmmocc SBC

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

NUC2 1H
CPOPAG[Z _ waltz16
P3 15.00 usec

P4 30.00 usec
PGPD2 90.00 usec
PLW2 12.50000000 W
PLW12  0.34722000 W
F2 - Processing parameters
Sl 32768

SF 100.6127680 MHz
WDW EM

S5B a

LB 200 Hz

GB ]

PC 1.00

FsC
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101."H NMR of (R)-1-fluoro-4-(5-methoxypent-1-en-3-yl)benzene (94hm)
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102. 3C NMR of. (R)-1-fluoro-4-(5-methoxypent-1-en-3-yl)benzene (94hm)
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Gurrent Data Parameters
NAME_ topic 3 3F PhiMgEr substrate ene product data
EXPNO 79
FROCNO 1

F2 - Acquisition Parameters
Date, 20230617

Time 1.34

INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

T 32768
SOLVENT CDCI3
NS 105

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec.
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 298.8 K
CNST2  145.0000000
D1 2.00000000 sec

D2 0.00344828 sec
D12 c‘occmmocc SBC

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127682 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

209



103. ’F NMR of (R)-1-fluoro-4-(5-methoxypent-1-en-3-yl)benzene (94hm)
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104."H NMR of (S)-3-(4-fluorophenyl)-5-methoxypentan-1-ol (95hm)
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105. 3C NMR of (S)-3-(4-fluorophenyl)-5-methoxypentan-1-ol (95hm)
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Current Data Parameters
NAME 4F TOPIC 3

EXPNO 67
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230701

Time 11.52
INSTRUM spect

PROBHD 5 mm BBO BB-1H

PULPROG dept135
TD 32768
SOLVENT CDCI3
NS 267

DS 8

SWH 23148.148 Hz
FIDRES 0.706425 Hz
AQ 0.7077888 sec
RG 7298.2

DW 21.600 usec
DE 6.50 usec
TE 297.6 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL {1 ========
NUCA 13C

P1 10.00 usec
P2 20.00 usec
PL1 4.20 dB
SFO1 100.6238355 MHz
======== CHANNEL {2 ========
CPDPRG[2 waltz16
NUG2 1H

P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB

SFO2 400.1316005 MHz
F2 - Processing parameters
Sl 32768

SF 100.6127694 MHz

CH

OMe
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106. ’F NMR of (S)-3-(4-fluorophenyl)-5-methoxypentan-1-ol (95hm)
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107.'"H NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-fluorobenzene (94he)
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108. 3C NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-fluorobenzene (94he)
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Current Data Parameters

NAME topic 3 3F PhMgBr substrate ene product data
EXPNO 10

PROCNO 1

F2 - Acquisition Parameters
Date. 20230205

Time 9.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

0 32768
SOLVENT CDCI3

NS 59

DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz

AQ 0.6815744 sec
RG 198.09

ow 20.800 usec
DE 6.50 usec
TE 300.3 K

CNST2  145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec

TDO 1

======== CHANNEL {1 ========
SFO1 100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLWI1 49.50000000 W
|||||||| CHANNEL 12 ===s====
SFO2 400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PLW2 12.50000000 W

F2 - Processing paramelers
Sl 32768

SF 100.6127727 MHz
wbow EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00
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109. ’F NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-fluorobenzene (94he)
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110. "TH NMR of (R)-1-chloro-4-(5-methoxypent-1-en-3-yl)benzene (94im)
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111. 13C NMR of (R)-1-chloro-4-(5-methoxypent-1-en-3-yl)benzene (94im)
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Gurrent Data Parameters

NAME topic 3 3F PhigBr substrate ene product data
EXPNO 70

PROCNO 1

F2 - Acquisition Parameters
Date 20230615

Time 0.54

INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

s 32768
SOLVENT CDCI3
NS 75

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 299.0K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing paramelers

32768
SF 1006127691 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

Cl
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112. 'TH NMR of (S)-3-(4-chlorophenyl)-5-methoxypentan-1-ol (95im)
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113. 3C NMR of (S)-3-(4-chlorophenyl)-5-methoxypentan-1-ol (95im)

Current Data Parameters
NAME  topic 3 3F PhgBr substrate ene after hydro oxi data

EXPNO 2
- - PROCNO 1
2 e NiSime L el F2 - Acquisition Parameters
o« —®®© Ls Rt Tk e Date_ 20230623
o [MESES! ~~o o o ® o ® O Time 9.16
it b [ @ mam INSTRUM  spect
PROBHD_5 mm PABBO BB/
PULPROG ~_depti35
™ 32768
SOLVENT ~_ cDCB
NS 70
DS 8
SWH 24038461 Hz
FIDRES  0.733506 Hz
AQ 06815744 sec
it 188,00
ow 20.800 usec
DE 6.50 usec
| TE 298.7 K
CNST2 1450000000
D1 200000000 sec
| D2 000344828 sec
| D2 0.00002000 sec
" 2 " " s DO 1
........ GHANNEL f1 =ssmnnnn
SFO1  100.6233319 MHz
NUCH 13C
P 10.00 usec
P2 20.00 usec
PLWI 4950000000 W
[r— [T 7 p—
SFO2  400.1316005 MHz
NUG2 1H
f T T T T T T T T T T T T T T T T T ] CPOPROI2 _ walt16

T
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F2 - Processing parameters
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SF 100.6127691 MHz
wow EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00
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114. "TH NMR of (R)-1-chloro-4-(5-ethoxypent-1-en-3-yl)benzene (94ie)
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115. 3C NMR of (R)-1-chloro-4-(5-ethoxypent-1-en-3-yl)benzene (94ie)
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Current Data Parameters

NAME topic 3 3F PhMgBr substrate ene product data
EXPNO 94

PROCNO 1

F2 - Acquisition Parameters
Date 20230703

Time 19.27
INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG dept135
0 32768
SOLVENT CDCI3
NS 200

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20.800 usec
DE 6.50 usec
TE 299.3 K

CNST2  145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec

TDO 1

======== CHANNEL {1 ========
SFO1 100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLWI1 49.50000000 W
|||||||| CHANNEL 12 ===s====
SFO2 400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PLW2 12.50000000 W

F2 - Processing paramelers
Sl 32768

SF 100.6127691 MHz
wbow EM

SSB 0

LB 2.00 Hz

GB 0

PC 1.00
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116. '"H NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-(trifluoromethyl)benzene (94je)
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117. 3C NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-(trifluoromethyl)benzene (94je)
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Gurrent Data Parameters

NAME  topic 3 3F PhigBr substrate ene product data
EXPNO 18

PROCNO 1

F2 - Acquisition Parameters
Date, 20230205

Time 10.23
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

s 32768
SOLVENT CDCI3
NS 87

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 3005 K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL [ ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 49.50000000 W
==m=sm=s CHANNEL [2 =e==a===
SFO2 400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PGPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127681 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00
FiC
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.118. ’F NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-(trifluoromethyl)benzene (94jm)

0eg-
1

0F-
1

—-62.3720

08T- 09T1- 0FT- 0ZT- 00T- 08- 09-
1 !

00Z-

udd

225



119. 'TH NMR of (R)-1-(5-methoxypent-1-en-3-yl)-4-methylbenzene (94km)

] 7.1187
= ;J_‘? i;%égz ;'éggj
1 — ] T—7.0904 :
] ] 7.0767 \ [
. 5.9525
© ] = 5.9480
1 o 5.9364
e \ 5.9356
T
g ] _ 5.9240
I -5.9195
o ] -5.9069
o 5.9651 |f-5.0574
] /5.9525 5.0547
%5.9480 5.0525
] 5.9364 5.0292
3.992 = ] ™ . % %5.9356 -5.0277
o X5.9240 I-5.0266
5.9195 5.0251
- 5.9069 |f-5.0240
g I-5.0124
o - 5.0107
0.991 — 771 = 5.0574 5.0098
5.0547 M5 o080
5.0525 3.4086
o 5.0292 3.3960
2.019>= ud FB= = 5.0277 3.3488
— 5.0266 3.3380
. ; 5.0251 3.3331
7 5.0240 3.3272
= 5.0124 3.3224
. - 5.0107 3.3115
g 5.0098 3.2983
] = 3.2952
1.026\ ] ‘j 3.4086 3.2913
1.036 = | == 3.3960 3.2871
4,038/ R /3.3380 3.2826
w 3.3331 3.2760
S 3.3224 3.2715
/3.3115 3.2604
3.000>= ] /3.2983 2.3185
1017 v h /3 2913 2.0044
1.019 ] @ “\‘*3.2871 1.9927
1.019/ \3.2760 1.9815
g 3.2715 1.9696
i = 1.9531
-4 2.0044 1.9422
1.9927 1.9400
1.9815 1.9315
o] /1.9696 1.9295
o 1.9531 1.9186
1k 21.9422 1.9063
- . 1.9400 1.5571
g I 1.9315 0.0000
0 \1.9295
\1.9186
§ 1.9063
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120. BC NMR of (R)-1-(5-methoxypent-1-en-3-yl)-4-methylbenzene (94km)
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Gurrent Data Parameters

NAME  topic 3 3F PhigBr substrate ene product data
EXPNO 46

PROCNO 1

F2 - Acquisition Parameters
Date, 20230425

Time 816

INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

s 32768
SOLVENT CDCI3
NS 72

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 297.8 K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL [ ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 49.50000000 W
==m=sm=s CHANNEL [2 =e==a===
SFO2 400.1316005 MHz
NUC2 1H

CPDPRG[2 waltz16

P3 15.00 usec

P4 30.00 usec

PGPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127685 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

227



121. '"H NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-methylbenzene (94ke)
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o g 3.3697
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3.030\ /3.4194 S 3o
1.026>= _— " 3.4111 KOS 3000
1.007/ - So3-4078 W 33500
“ XB'”% 3.3208
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E AC3-3541 N 3Tioee
3.000>= ; ’ \3'3208 3.3052
T.021— o ] 7 } 2302 \3.2938
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122. 3C NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-methylbenzene (94ke)

Current Data Parameters
NAME 4F TOPIC 3

EXPNQ 74
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230702
Time 15.44
INSTRUM spect

PROBHD 5 mm BBO BB-1H
PULPROG dept135

TD 32768

SOLVENT CDCI3

NS 286

DS 8

SWH 23148.148 Hz

FIDRES 0.706425 Hz

AQ 0.7077888 sec

RG 7298.2

DwW 21.600 usec

DE 6.50 usec

TE 298.1 K

CNST2 145.0000000

D1 2.00000000 sec

D2 0.00344828 sec

D12 0.00002000 sec

TDO 1

======== CHANNEL {1 ========

NUC1 13C

P1 10.00 usec

P2 20.00 usec

PL1 4.20 dB

SFO1 100.6238355 MHz

======== CHANNEL {2 ========

CPDPRG[2 waltz16

NUGC2 1H

P3 15.00 usec

P4 30.00 usec

PCPD2 90.00 usec

PL2 10.20 dB

PL12 26.00 dB

SFO2 400.1316005 MHz
\

o
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123. '"H NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-methoxybenzene (94le)
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Gurrent Data Parameters
NAME  topic 3 3F PhigBr substrate ene product data

EXPNO )
[a) ) %3 n ) PROCNO 1
= — [=+] Cal @ [aR=N-] " oo o~ ™ o~ —
> q 3 3 3 aevw s “ o - R F2 - Acquisition Parameters
2 § = & i ~ew 0w w0 n n n Date. 20230702
— — — — — -~ WWw W e (ol — Time 456
INSTRUM specl
PROBHD 5 mm PABBO BB/
PULPROG dept135
T 32768
SOLVENT CDCI3
NS 80
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.8815744 sec
ARG 198.08
ow 20,800 usec
DE 6.50 usec
TE 299.6 K
CNST2  145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL 1 ========
SFO1  100.6233318 MHz
b i S T T s e T e ey s NUCT 135G
| P1 10.00 usec
| P2 20.00 usec

PLW1 4950
T T T T T T T T T T T RN T T ] P 9.50000000 W

T I 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 o i e

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing paramelers

32768
SF 1006127703 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

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

OO O o
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124. 3C NMR of (R)-1-(5-ethoxypent-1-en-3-yl)-4-methoxybenzene (94le)
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125. '"H NMR of (R)-2-(5-ethoxypent-1-en-3-yl)naphthalene (94me)
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126. 13C NMR of (R)-2-(5-ethoxypent-1-en-3-yl)naphthalene (94me)

Gurrent Data Parameters
NAME  topic 3 3F PhigBr substrate ene product data

F2 - Acquisition Parameters
Date, 20230219

Time 11.33
INSTRUM specl
PROBHD 5 mm PABEQ BB/
PULPROG depi135

T 32768
SOLVENT CDCI3
NS 118

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20,800 usec
DE 6.50 usec
TE 300.2K
CNST2  145.0000000
D1 2.00000000 sec

TDO

======== CHANNEL 1 ========
SFO1  100.6233319 MHz
NUC1 13C

P1 10.00 usec

P2 20.00 usec

PLW1 4950000000 W

m=m====s CHANNEL 2 sessz===
SFO2  400.1316005 MHz

NUC2 1H
CPDPRG[2 waltz16
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec

PLW2 12.50000000 W
PLW12 0.34722000 W

m_m - Processing parameters

32768
SF 100.6127693 MHz
wow EM
S5B a
LB 200 Hz
GB ]
PC 1.00

OEt
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