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1-1. 1,3-Polyols

MR E TITAEMTENE S BRI ERICHEE T2 13- RIA— W IEICEH L, TD%
TRREA RIED BRI FE 21T > T&ET=(Figure 1-1) , 25 1,3-RUA— Va2 G TeR) 7 2 AR,
DRI E AR TEIIEZ RO A0S ERRITIR) T EHE IS LA AT
52, Bl LT, Figure 1-1 (27K L7z Rifampicin 13704 7L FER 2N 4 BAbLT- 1,3-R) A —
NAEE R B i L L CRE O DOIBIRIE TH D, ILE, KTV TURT Y a= 7 O et
H1C, Rifampicin (2730 14R BAR) A & TR FEIR A & 2 7 E DEEE IR EN R B L~ AD
FLIE R R O UGE D RS, Rifampicin B X O O EAR A ZRAE S M & L CHEH S v
%3, ZZ T, Rifampicin O EOFEMEA OB OIFE AL ITA NS G 7275 B Lo E# i E
fiCTHY, BT 1,3-RVA— /UL L 2 Be b & B D 0 B RS ETE PR BT JE 372 S 4L T
WZEITINA . Z DA BRI 135 BUA S DR R AAR T STz, LIzavo T AE & OIEH
A BE DB I IBEAF R S S DA oL — M BGE LGS 13020 Tl | IRIER2 D8 fER 725515
LD FEBUC L > TR B LR R Z I 5L Wff s s,

OH OH OH

OH OH
Q /\)\/k/
/N CO,H

PhHN =

F
Atorvastatin (+)-Zincophorin Rifampicin

O OH OH OH OH OH OH OH OH OH OH

aflastatin A

Figure 1-1. 1,3-Polyol structure in biologically active compounds

1-2. R D 1,3-RYVA— )V B RkE
1,3-RUA— /L F R OREE G BB T IEE UL, TAVR— VUGS DNET Hivd, 7VR
— VIS DFE R 1800 AEA#4 4123V . Borodin®ds L O WurtPlZ o TN IZ 3 A & 7-8, =

1 Rohr, J. Angew. Chem. Int. Ed. 2000, 39, 2847.

2 Weissman, K. J.; Leadlay, P. F. Nat. Rev. Microbiol. 2009, 3, 925.

3 Umeda, T.; Ono, K.; Sakai, A.; Yamashita, M.; Mizuguchi, M.; Klein, W. L.; Yamada, M.; Mori, H.; Tomiyama, T.
Brain 2016, 139, 1568.

4 Borodin, A. J. Prakt. Chem. 1864, 93, 413.

5 Waurtz, A. Ber. Dtsch. Chem. Ges. 1872, 5, 326.



SO 1T 72 1T L 7 BT LT RO VR =)L a fESEMELS, 9 14
TOT T VT ERICRER T2 H 2 )5S TH-7=(Scheme 1-1 a), 2O > 7V i E
BT F b BB T AT OIEFICT h AT a I — TENABAERN R TER TlEH 508, ki
MO G (L haT VR — VR DSEFT T D2 eI DO VR =V o frbiEHE LS
LTRSS LTS A2 LR B ERA 1,3-RUA—/LERIE T -l EbIT, A&
BRICEAT VT ERBOE#ER 1,3-RVA— A RIZHB T, RFEAEE T SEARIR D
HEI O, ARt 7 VT R a5 0 S ORI S b M 72D,

INETEZLDOEAEKICHEASN TEEFEEOBEmNTIED 1 LU THILIT VR — /LGRS
Evans 7 /LR — /LS E 0323817 BN 5", Evans 7/LVR — VRS Tld, ©AT /)L F AT AT )L,
TR, FATIRREO@EBACE DT )7 — iBMAN DT /T — MRS, 7/L T ERICZRL
TLFRIRMNC T VR — VS EFT), 22T ERIE T VT e R A B2 200 T2 D iSOG
HEITLR, TR — VST, AR LTz ER S U O H#E L <E T EIC > T VT R
ZIHRS 5L TED (Scheme 1-1 b), 20 3 B TFEA 1 A7V L TREDIR L FH 952 &
1280, 1,3- RV A — /AL QUK ENAIRETH D,

(@)
OH [ OH IC)
o ] acid or base OH O
R D O =
n

retro aldol reaction

desired 1,3-polyol

? X OH X 2) protection OPG ? repeat
I) . HLY 1) cross-aldol rxn MY 3) reduction N steps 1-3
- * —_— x N
R R" R R1 R R"
X=0,8
Y =OR, NR;, SR
n—n+1

Scheme 1-1. (a) The original aldol reaction reported in 1800s, (b) Coventional method for
asymmetric 1,3-polyol synthesis

4 B ETAFEZHNOTER A 2GRSV TEZR ZOIH R RERB L ONETT TR
BHIESNHONEHB) TH L, ERINHESN TE2 Lk D 13- RV A — VAL, EHEMESHD
FIETHLLD D, T O TR SOGHEZ B T D7D SO TR I D8R3 d Tz,
2T, T AT ERERUBLE A E OB A O T FBIRINT VR—BUEEATV
IOE O T VT ERICRT L TR )T — N A ST T ZER TED UG AT A
PRSI TET,

1-3. RET VT ERBIAREFRZET VR — )V

HOT VT ERIZH LT, BT VT ERE BRI NS TSR ZET VR — V% 5
B9 57O BRI THAIN, RRET VR — VRSB IO Ok 23815 1,3-
RUA— LD EFRIZB W TR 2D EHI%Z Scheme 1-2 (237, KHICRIEL 22 D1X FREd
3 THD,

6 The first examples of aldol condensation: (a) Kane, R. Ann. Phys. 1838, 120, 473. (b) Kane, R. J. Prakt. Chem. 1838, 15,
129.
7 Schetter, B.; Mahrwald, R. Angew. Chem. Int. Ed. 2006, 45, 7506.



FT. 2 FHORRDT VT ERE O ET VR — VOGS EBWTL, £ 7 VT ER SRR E
TR E FREL TEMHILENINZ LS TITED R ZET VR — UK E G Te 4 SO BRMRNE
T 5, LTed3> T, 7T EROALFRIRAIEMEAL 2 Hl A 32 2. 2538 5 (Scheme 1-2 a), RIZ
ZIHDAEINITIAFT BB ECLTEND, AR 2B RS DT I > THRE BT
AN BRI T2, ZONLABRPIE 2 K58 (I 3 5 SUS 5% DOfENL DS W ZH L 72 % (Scheme
1-2 b), HEIC, TAR =G DOEITIZE > TAEL RS U O R#EE TR WA, 2
e SS LAk DA NI BRALIZE > TP VT R R RIEHALSIND T2 IR A — 1
DA FRNNTE DIEVEAL FIEN LB L 725 (Scheme 1-2 ¢), 2D X, BFET /LT EREICEITS
RAT VR —)VEONMIZ B OEZ AL T0D, LLRnb, £OBER R OSERD 2 12%
DR RBIEZE 150 IS THFFEDM T4, BUEE TIZFE MO m\WE I3 LU S
MBIREN T, ZOFIZLLFITRT,

'OHOHo= o : OH OH {OH\ O

j - 3 |
H_, ‘E, OH ‘o »
: B : B X 3n

<Problems>
a) Chemoselectivity b) High stereo control

c) Hemiacetal :
formation

---------------------

-------------------------------------------------------------------

= undesired homo-lhetero-E ' b) OH O OH OH O '
aldol products H H * | * *
a OH O : : : Y
B B

22=4 isomers 2%= 16 isomers E

AR

by-products

---------------------------------------------------------------------

Scheme 1-2. |deal iterative cross-aldol reaction and major challenges for 1,3-polyol synthesis

PRI AR E R T VR — VRS

RFET VR — VRS BT DHEHE S S B D TR EEHZ SO\ T BTl ~7z, UL, Bflize
T /LT e R TR OB AR A2 72T VR — VOGS TE M RO TEY, #1o# 1% 2002
£ MacMillan B2 857 al Al A 7z anti BIREYARF 7 VR — LS T 5% (Scheme 1-
3 a), ARG TIE, 7V DNRRN NS/ T VT R SBEIC = AL, £ — D
TV RN U TEERAYIC ST VR — VRO DSEAT %, RIS 2 O T VT ERDMF
T 27280 18 ZOTATIT RIS 1T 2L B RIED T L 22573, MacMillan &
ISARBNZ LD NS T LT ERE slow addition 3228128k TTIAMRERL TD, ZD, (6

8 Mahrwald, R. Modern Aldol Reactions, ed.; Wiley-VCH, Berlin, 2004.
9 Northrup, A. B.; MacMillan, D. W. C. J. Am. Chem. Soc. 2002, 124, 6798.



BOTF AL SE T RVR T IR RO ATF DU L% syn BIRAY R
TR =V AIF VD )R 7 al) )= VB B E e £ O N d s S, 3 L
BB L ONARERPUEFE T O I HF AL SN TS,

F/-, 2TV ARET VR — )V RO SR A TV 28 RN Barbas, Cordova iz ko T
SITND, UM IB W TCR— D7 vl iz W56 RS KOV RF IR IHER<E
FHHLODY, Cordova Hid, 1 THRHE 2 T H CHRADH S ARELE Ofitiiiz A b2 LT
BIEOIWNFRBIOEWAFIRICT 2 # s ERK L TV 5(Scheme 1-3 b), AMESTE
35 2 WEEAIMAITERILICE S TIT B2 — VBT 5720, I5725 3 Hise S X
ENBY, — T TIATERDAREMALEND T2 | SORDEW G2 57201213 m
FUROGETRENZ BILEZBS BENRH DY,

-
CO,H

N
L -proline OH O
(10 mol%) B |
DMF, 4 C
(2 equiv.) 82%
slow addition 24/1 dr, >99% ee

(b)
(0]

(0]
H H
(2 equiv.) (2 equiv.) OH
slow addition slow addition
0 L-proline OH O D-proline OH OH O o o
| (10 mol%) H | (10 mol%) R |
Y —— A\ 'IOH
DMF, 4 °C DMF H w

4°C;rt
42%, >99% ee

Scheme 1-3. (a) First report of direct catalytic cross-aldol reactions by MacMillan, (b) The
sequential proline catalyzed asymmetric double aldol reaction

2004 fE(2iE, e AT VR — VR E A LT VR — VO W 2 AT T TTOREE
KARFA R MacMillan 512k THAESILTO A (Scheme 1-4) . F7°, 7 aU L filbltz Fv V-
anti BRI T VR — U SIC IO AR T ARG L% LT VR — V2 508, 20l XY

10 (a) Kano, T.; Yamaguchi, Y.; Maruoka, K. Angew. Chem. Int. Ed. 2007, 46, 1738. (b) Kano, T.; Yamaguchi, Y.;
Maruoka, K. Chem. Eur. J. 2009, 15, 6678. (c) Kano, T.; Sugimoto, H.; Maruoka, K. J. Am. Chem. Soc. 2011, 133, 10130.
11 Markert, M.; Scheffler, U.; Mahrwald, R. J. Am. Chem. Soc. 2009, 131, 16642.

12 Mangion, I. K.; Northrup, A. B.; MacMillan, D. W. C. Angew. Chem. Int. Ed. 2004, 43, 6722.

13 Hayashi, Y.; Itoh, T.; Aratake, S.; Ishikawa, H.; Angew. Chem. Int. Ed. 2008, 47, 2082.

14 Trost, B. M.; Brindle, C. S. Chem. Soc. Rev. 2010, 39, 1600.

15 Chowdari, N. S.; Ramachary, D. B.; Cérdova, A.; Barbas Ill, C. F. Tet. Lett. 2002, 43, 9591.

16 Casas, J.; Engqvist, M.; lorahem, I.; Kaynak, B.; Cérdova, A. Angew. Chem. Int. Ed. 2005, 44, 1343.

Y i34 % DERA(2-deoxyribose-5-phosphate aldose) (7 7E F . IR % 2 @ EL7=B8Ic 72 R LS ER O 3 38
AT IIADNML R 6% TIELNAZENMEZNTUD, Gijsen, H. J. M.; Wong, C.—H. J. Am. Chem. Soc. 1995, 117,
7585.

B8RS IFA— = WLV E(-SI(TMS)) &6 T 5 UV )T — e W TIAILUT AR — VOGS E I THZE T, BRady
ENRP OIS, AR RIE T 287 3B IS BET T 522 EL QWD LnLARRL, RAFKIG
IR A STV, (@) Albert, B. J.; Yamamoto, H. Angew. Chem. Int. Ed. 2010, 49, 2747. (b) Brady, P. B.;
Yamamoto, H. Angew. Chem. Int. Ed. 2012, 51, 1942.

19 Northrup, A. B.; MacMillan, D. W. C. Science 2004, 305, 1752.



BEENA AR ZAFN T DL T N aA—R v ) — AT m—ZFERD @O IR O
WRTHELND, Fo. ZORUSRICBWTHAERD D 2 FEHOT VR —/VERISHEICERIL AR D
FETESHRDL UGS AL, BIERT HIOBRIRA T B X — L3 MFHI TV D,

OH
OTMS
(0] L-proline OH O OH OH O o OAc
| (20 mol%) T ] A0~ MgBr,eEt,0 H |
I Et,0 l . “0H
DMF, 4 °C . . 2 . . |
OTIPS " gimerization ~ OS'  OS -20t04°C LOSI 0OSi OAc 0Si OSi
75% 79%
4:1dr, 95% ee 10:1 dr, 95% ee
(Si=TIPS)
OH
OH OH O o7 \OAC
MgBr,eEt,0 T I
: - “OH
: |
20to4°C LOSi 0OSi OAc 0Si OSi
87%
>19:1dr, 95% ee
OH
OH OH O b o OAc
TiCl, : : I
———-T -
DCM [ OH
-78 to -40 °C L OSi 0OSi OAc 0OSi 0OSi
97%

>19:1dr, 95% ee
Scheme 1-4. Two-step synthesis of carbohydrates by selective aldol reactions

R R B A 2= T VR — VUi

Fx OWFFEETY 1,3-RVA— /LA OTUEH G BIEDO BT ITEVAA TERY | BHALSIZ
LB REFEDOIEMEALIED 24 U = one-pot TOMMBEAY R FT B 7 VR — VRS2 G L D
#(Scheme 1-5), KEZMEITT VLT b — Lk BAR O BV KOS P Jo TS8R IS AN TR
IR R )T — N AERLL 2SR Tl DR T ARSI NAALIZ Ko Tl = /T — R 2L
L TEMELSNDZETT AR — VRIS EI T2, Sl /7 — O IIZICITE T vk o Rn
T DN, TN ORTHZ T )T — RN T AR NAL R L= )T — AT HEE0IC
BRI OERaX L HENRRY BRI TRPR#ESND, LT3 T, Bk 7 ml Ao % 21%
B0 AR DREBRAL AR T8 3 WL OISR T T A2 LN THD, F,
WMAN O ZE TN Lo CEfE SOSEL DO HIFE A FIREZ2 Z Lo ThY 1 Y &D AT m/X ) —
VOB LD B (Scheme 1-5 @), 1 M ED/STANF LT =/ — )L OTRIMNTIE 2 @i
(Scheme 1-5 b), 3 # e ZIE 2 B EDO N =T /LTI OEMDA N THY (Scheme 1-5 ¢). 4
fRBEERIT 10 Mol% D =F LY AF LT LB EEINT D8 4 Wt SR T+ 52 803> T
% (Scheme 1-5 d),

ZIT R TORT U AAZNAIZE DR U HRORY FRH#E L, KOSH OB L - T

20 Lin, L.; Yamamoto, K.; Matsunaga, S.; Kanai. M. Angew. Chem. Int. Ed. 2012, 51, 10275.

21 Lin, L.; Yamamoto, K.; Matsunaga, S.; Kanai. M. Chem. Asian. J. 2013, 8, 2974.

22 Lin, L.; Yamamoto, K.; Mitsunuma, H.; Kanzaki, Y.; Matsunaga, S.; Kanai. M. J. Am. Chem. Soc. 2015, 137, 15418.
23 (a) Omura, T.; Shirai, Y.; Yamamoto, Y.; Miyaura, N. Chem. Commun. 1998, 1337. (b) Omura, T.; Shirai, Y.;
Yamamoto, Y.; Miyaura, N. Organometallics. 1999, 18, 413.

24 Kriger, J; Carreira, E. M. J. Am. Chem. Soc. 1998, 120, 837.

25 Qisaki, K.; Zhao, D.; Kanai, M; Shibasaki, M. J. Am. Chem. Soc. 2006, 128, 7164.

26 Kanzaki, Y. f& 133 (2017 4F 3 A | SR KK FEBZHRLRPFE



B R Z 2T D, T bbb, HWMIEE2NEIT LB ORI b Lz 7 m U filiii o
e EABRIZER IR I T B X — A G605,

Our Strateay

OCu*
Q cu P _B !
ocu* H - /H oo
Cu*OR 1 n
R2 R2 R1 R2 R1 R2
-"--"s-e-l:e;:-tl-v-t;-""-"-c-r;l-r-ai:?:-r:a-a-c-ti-v-c; ' = desired = protected aidol = controlled synthesis
enolate formation Cu-enolate cross-aldol protected aldol of 1,3-polyols
(a) OH O 18 examples
o MesCu (5 mol%) l up to >99% yield
1 (R)-DTBM-SEGPHOS (5 mol%) R? up to 97:3 dr
o) O,B\o 'PrOH (1 equiv.) R2 up to >99% ee
- THF, —60 °C, 24 h ;
R P - R" = alkyl, alkenyl, aryl, hetero aryl
one-pot R? = Me, Et, "Bu, Me,
R2
. . OBpin MesCu (5 mol%)
(1 equiv.) (1.2-2 equiv) _ (S or R)-DTBM-SEGPHOS (5 mol%)
p-MeO-CgH,OH (1 equiv.)
3 (2.0 equiv.)
(b) R

MesCu (5 mol%)

0 OBpin  (R)-DTBM-SEGPHOS (5 mol%)
: o 11 examples
1 . % p-MeO-CoH,OH (1 equiv.), THF, 60 °C, 24h up to 91% yield

R up to 98:2 dr
R2 one-pot " 00% e
(1 equiv.) (4 equiv.)
(c) ;
MesCu (10 mol%), 'PrOH (10 mol%)
o OBpin  (R)-DTBM-SEGPHOS (10 mol%) OH O
ﬂ . 2 EtsN (2 equiv.), THF, —60 °C, 24 h - 1 .
R! one-pot R OH
(1 equiv.) (4 equiv.) R'=CH,Bn 71%, 90:10 dr, >99% ee
R' = CH=CHPh 45%, 90:10 dr, >99% ee
R'=Ph 77%, 98:2 dr, 95% ee
(d) OH
MesCu (10 mol%), /PrOH (10 mol%)
0 OBpin  (R)-DTBM-SEGPHOS (10 mol%) OH OH O
H EtMe,N (10 mol%), THF, —60 °C, 5 h
+ 3> -
one-pot ‘OH
Bn
Bn

(1 equiv.) (6 equiv.) 52%, 95:5 dr, >99% ee

Scheme 1-5. Design and results of catalytic asymmetric cross aldol reactions (a) Single-aldol reaction,
(b) Double-aldol reaction, (c) Triple-aldol reaction, (d) Quadruple-aldol reaction

BRA~AIT7T B —VOBER

711)/@@#%«?3?%&‘2?5‘2 I2ED, RS LM LR TR V2NV TR TOARE 1,3-RVA
— VA BAEIZ DWW TR ATz, ZRHDFIEICE > TRK 4 A IEAETHN 12 27y 7 DR
DI ESTHERTDIENTED, 22T, Figure 1 (ZHRL7=IDIZ, 1,3-RUA— /L& 13dH
CETCHHEE S TO—HATHY, ZTNHOFIETEKLTE 1,3-RVA— /WICSBIZ R0 5011
EEHEANTHOIIE, KIS TELNABRIKAIT X — LV EZRBRUIEME LT 2L ER DD
(Scheme 1-6 a) .

IHETERIRAIT B — AV ZIEMLT A2 FIEEL T, OF 7 U ERE B E) 112U T B BR S
(Ring-Opening Reaction, ROR) %% Danishefsky 512 k> TRETS L7223, BRIKAI T 2X— LD E

10



W 220 2 EVE D T2 BIBR BUS OEITIZ — U B S N~ 728, 0% 1997 4R,
denticulatins A OEARRIZIB W IV LHENZIINT HZETY T T U TR A D BER I i 23
117952 & A Brabander Hi2E-> TGS T 5% (Scheme 1-6 b) , FE THOBRIKA~IT &4 —
NI B O 2 DA — VTR T 58 £ R TRAKZEENT AT X — AR ERT 5,
fe\ T, HENC L DT L — M RIS TRHEEB IR EA R U CRABR SIS DT 52Ty
FT U MFHNDEFRRINTND, LD, BIR~IT7 ¥ — &7 V7T eREL TIEMAL
T 57D, BIREL I TF T URIZLDER 1,3-0 A — VLD A T o F 7D
D 3 AT 7 (T5%ILR) 2 FE L TU /=,

(@)
OH
R3 /PG
A
(@) (0] (0] OI OH OH OH
—_— —_—
OH Ring-opening >
reaction further
R! R? R! R2 R3 transformation R’ R? R3
(b) OH

O OH OH S
Znl, (1.2 eq) H H

’ R S
OTBS DCM/(HSCH,), = 3.3:1
rt, 3 h, 92% =

R S
<Z‘<Z;;V\SH l
o)
iz l

OH t

Bu_ .fBu
LSig
o 979 9

Scheme 1-6. (a) ROR of cyclic hemiacetal, (b) ROR via dithian formation

denticulatins A

DFT R E R DT T —F LT, Fox ORFFEE TlIRy FE il K a VBRI~ I T v 4
— LD FZPTORRBERIRICHE B L T2 T-> C&7z, £7° 2013 4121, #EE KO T /LT R
A6 AERARE TS T L = VUSSR R OIFEE FICD BRI TT 52 L% RHLE?
(Scheme 1-7 @), ZAUTZRTICTBWT, AUEENEE RiGD 1,2-2 4 — VELE AT iR 2T )L
T 5L CTRIBREHIC R IT A ERLZ — FEIZIHI L, SR IREN EF LT VT RN
A EUTHIR S AL, 7T = VAL D ETT LD D EE 2 HiLd, 2016 FI2iE, ZDRT F#E
I LD BRRAIT X — L DIEVEALZSOITHEIEL  BEE T LT B R~ R H il i~ o
ZIVE AL E LT L72% (Scheme 1-7 b) , ASUSRICE W THEEO BB EHric 3\ )T
BABRIADT Va— VN 2R R AT L E L TR T 52 & TR LM T T D, R 35
FEL LTI B(OMe);s AR THHZEMN D> THY, T DMSO H 'H-NMR FEER TiE, b-~>
J—AITHLT 2 YD B(OMe)s IR AT 5&, BLAISI TR o727 LT ERE —277% 0.15%

27 Askin, D; Angst, C; Danishefsky, S. J. Org. Chem. 1987, 52, 622.
28 Brabande, J. D and Oppolzer, W. Tetrahedron 1997, 53, 9169.

29 Kimura, Y; Ito, S; Shimizu, Y; Kanai, M. Org. Lett. 2013, 15, 4130.
30 Wei, X.-F; Shimizu, Y; Kanai, M. ACS Cent. Sci. 2016, 2, 21.
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RTINSO EN D> TWD, ZORRKIGE AW T VEETFERO A b E L T
W5, F72, 2019 FTITEHL T 0 LA I ~D R & T IVER B EARD A A S LT
AV

INHDORTEET AT VIR I AR OMEEIZIB TR, Bk L7288y, A kT DB BRI D
R I3RS TR, 2O 7 VT R ETE NS T2 EiEE SRR DS M B Ch D, FTo, i
FoTEMRT LT NTEREZFRY R IZL> T T 5720 FBIR EOSFMHIZE > TET R AR
HETDHIVENRDH ST, LTEN-> T RES 2 LB LT DRERESCERIN~IT X — /LD OH &
FOSUTUED R T 352 &3 TEARW D3 E Toh 7= (Scheme 1-7 ¢,

(a)

OH Ph—— (3.0 eq)
— > N Br-
OH OH OH NAIIyI2 OH NAIlvI
o NHAIlyl, (1.2 eq) -~ | yl2 Ph
. CuBr (10 mol%), P(CgFs) (12 mol%) Y R o ‘_//
(7 i z 3
I OH  B(OH); (1.0 eq), ProH (10 eq) OH OH Ph %-3  on -t
OH MS 5A, di ,1t, 72 h /
foxane 84% RO
Bpin
(3.0 eq) OH OH OH OH OH OH
MesCulligand (2.5 mol%) : = or : : =
B(OMe); (2.0 eq) Y Y
' DMF. rt, 16 h “ OH OH OH OH OH OH
OH OH 95%, >20:1 dr 84%, >20:1 dr
(S,S,S)-Ph-SKP as ligand (R,R,R)-Ph-SKP as ligand

/\/OBpin (2.0 eq)

MesCu (10 mol%), PrOH (5 mol%)
(S)-DTBM-SEGPHOS (5 mol%)
B(OH); or B(OMe);

THF, -60 °C

OH OH OH Io

Y

0%

Scheme 1-7. Transformation of non-protected cyclic hemiacetals (a) Aminoalkynylation via
the first reported ROR using boronic acid, (b) Propalgylation via ROR, (c) Failed trials for
aldol reaction via ROR

2. A
2-1. BABRAIE DA%

A TR 72X, BRI T B H— L 2T VTR EL TEMEAL T2 R, OF 7o TR
ZHAWTEE B AR T2 Tk, ARV B AT VBRI LD B2 TENZT VT R E
éﬁkéﬁé%ff WZIRBITUVNZ, ZZTRAUE, BRIRAI T B X — VARV AT L L CY &

IZBABRL 7 VT ERICEH T HZ M TEIUR, IRIRS M2 & TolE N WVER SR T VT eR %
ﬁﬂ%f%ék%zt (Scheme 2-1.),

R
|
/B\
oo o OH OH OH
: R — R H
Rlng opening > (\/\)‘@

reaction H H further : :
R RZ R3 transformation R! R2 RS

Scheme 2-1. Stoichiometric transformation of cyclic hemiacetal to boronic ester

31 1shizawa, K; Majima, S; Wei, X.-F; Mitsunuma, H; Shimizu, Y; Kanai, M. J. Org. Chem. 2019, 84, 10615.
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2-1-1. FI¥AkR

ZZ T AR OFRMIEARE T VR — VT L ATy 7 TR LRI~ T &2 —)L la
AW, BIRREOMAEITo72, 1la il LT 1 B EORE B L MS 5A Z Lo Hi
100°CC 20 FEREIINEAL | RUE#£1C MS BA B X ORI DR 41T 714 crude mixture & *H-
NMRZEWTHBAERY 2a DT VTR — 2 28113 228 TSI A1T -7 (Table 2-1.)
- BRI E S KSR EERGICE->T lazd 525720, BRI 0L
DEFERA LT, £, BEOHFTE DB PN EE 5 2 D2 L RBRS QAT LR R
VERIZOW TR EIT T2 2 A, TV T ERE —208 27% IR TS 7= (Entry 1), F7-. 7
=R R O T LT ERE —2 28 6% E TELAL (Entry 2) . MS 5A 2R\ =
FOGSAFITIB W TR 30% K F L7 (Entry 3), BRBRRUSMEFT T HERIIE 2 43 F Dk
MU EINADY, MS BA N2 & R DIV RS ZETHEBM ONINAK3fFEZEHIL T ch ok
B2 TCND, IRIEE L TV 2 WG A I TR KIE AL F L7272 (Entry 4) | 5]=
EE MU RBEE L TR 2 T o 70, BB LR RO T AT )V A H ALt T 5 B ) CEF K
SR TH7 2= VAR R BRI OV TOIRFTE T o703, RO _EITMERR TE 0o
7= (Entry5,6), F7=, RURRIEITMZ , ARXBL OV A FRIEIZOWTHRFNZIT-7203, BHY
WO RIT—OIER CTERd Tz,

OH
W Boron reagent (1.0 eq)
o) MS 5A (200 mg/mol)
l\\“' . OH toluene, 100 °C, 20 h'
Bn E
1a
Entry Boron reagent Yield
1 MeB(OH), 27
2 PhB(OH), 56
32 PhB(OH), 30
4b PhB(OH), 23
5 CeFsB(OH), 47
6 3,5-CF3-CgH3B(OH), 43

a w/o MS5A Pdioxane as solvent

Table 2-1. Screening of ring-opening reagent

ZZT, EROFKMEEROCTERIRAIT B2 —/L 1a (2 A L7-BABR A% & T crude mixture (2
KU, SRR 7 VR — VG O A5 7 7= (Scheme 2-1) , L2SLZR35, B B I3RS
T HZENTERD STz, fIEEE L THWTWDEI T La o Rl IZ > T, BRBRIKRO AT FERNL
DEGITINAK ST, TR COFERBICID EE DB ARIEELL TODZENRRTZEE 2 72,
L7eD3o T, BRIRAIT X — VOB WA ZER T D7D, BBRE DR FET AT VDL E M
Zli ESEATENEE ThHD, ZOFBRKORNZEMEITHRYHE EOZEHIEITKCHT LvaFxs
RONRBEBEETEHZLITER T HEEL . ZNES ZENLZEM DM LIZFH 5T 520EL
77

13



OBpin
— 1e
oH oh (1eq)
O

= EIB MesCu/PrOH (5 mol%)
0 - PhB(OH), (1.0 eq) o7 o
N on toluene, 100 °C, 20 h; - : - _
Bn

-

(S)-DTBM-segphos(5 mol‘@
| H filtration; evaporation

J THF, -60 °C, 5h
1a 56%

Scheme 2-1. Copper-catalyzed aldol reaction to boronic ester

ZZT B SIC ko THRESH CODIFZEICHE B L7= (Scheme 2-2) ¥, Z0# SCTid, ALk
P2 2 DOBEHILAFFOT 2 = VAR a U FEFHERD 1,3 VA — VT AR L LT
HZEDMESNTND, 7= VIR BEFHEIRIZED 1,3-U 4 — VORER 3 ZEAY ) — /v
BLOEKDIREVEB R THREEL, R AL ORGSR LD A — v 4 DA p FE
ETHIETREMDFMZIT> TS, EDFER, RUFT AT /LELT 3b £/old—FH DALV R
LT DI CRy Bz F5-0 3¢ W 35E13 5 43 AT B O 53 DK SRS b DD 22
D Me 2 H 75 3d Z WG E I RO - EIE 6 i), B CR k% 2 > F 75 3a
DAL 27 H O E AT DIEE 1L LT DHZENDN-> TS,

I/Y\/\OBn
> |/\|/\/\OBn

O~g-© CDODID;0 0D 0D
JH ) ‘
1 1 1 1
YWV VN YWV YWV
FsC CF, CF; Me Me
Ar =
3a 3b 3c 3d
t2 27 days < 5 min <5 min 6h

Scheme 2-2. Stability of boronic ester in protic solvent

W HIZZNODIEEICOWNWTARRU AT AT /L 5 2F 7 VLT, MG REbatEA2TT-C
W5 (Figure 2-1) . fHROFE R, 7 == /LiRn BT AT )L 5b DIGE, XU B U BEDAFHRY
FUBRIKIEIE R EUAFET D2 e bz, LIZAR-> T, RV EDOZEEIE X 2O 12
BEATL, REKBERGITZTOT VRIS 5 LR HERIS LS, LocL, 22 TA/VME
IZ CR3 5% FFD 5c DAITIE CR L U AR F U BRED DO SRR EIZ L~ T, 2 i
IZRUNDBELTNDZENRDND(01-B1-C1-C2 D [Hiff : 45.9°), EHI2, A/VMIZIZ 2 D&
B9 5 5d, 5a DIEILZO ZHANZIEI 114.4°, T1.3°L REL7eh, HFEBREVAF
PRV UERO 2 LEBAEATICE O AR E A2 LD, THERYEDOZEIEITAIVMLO 2 DD
EHILIC > TEbDIL, REFEPTELICLLIRD ZE TR FRDELS 2> TNDEE . HID,
F7-. 5a lZBIL TIZ, Dillon 33X Fox btk > ThF DR EtEE O EiE BN ESN TS
B GEEEL TR ER -7 FR - OMICH AR IR TE P AUFEZAT VD%
EMIZZDNARFEEDHZHEL TNDEZ LD,

32 Shimada, N.; Urata, S.; Fukuhara, K.; Tsuneda, T.; Makino, K. Org. Lett. 2018, 20, 6064.
33 Cornet, S. M.; Dillion, K. B.; Entwistle, C. D.; Fox, M.A.; Goeta, A. E.; Goodwin, H. P.; Marder, T. B.; Thompson, A.
L. Dalton Trans. 2013, 4395.
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dihedral angle 5a 5b 5¢c 5d
(01-B1-C1-C2) 71.3° 0.1° 45.9° 114.4°

Figure 2-1. Dihedral angle of boronic ester

ZIT, INHDT == LR R R Z W TERIRA~I T B4 —/L la OB IS EITHIZE
T, x OEWEISIT L T E R BRI NGO D Z &2 IR L CRat 21T -7 (Scheme 2-
3), MEtORE R, AV MIOBEHILLL T Me B LN CR i E B oA WA BB UG
LT, 7V T ERERZIE I 50%, 24% CTHEH7c, EBLLDOLEIZH AR LT VT ER
RIZKITH L TLETHY ., 7=, 2ac ITHOWTIV I AN BT LIa~ T F7 —TOHEEAZR
FrfebZ A, —EREBEN FRE THDIEE DL EMEEZH L TNAZ LD DM~ 7 (FEEIEE 7%) . L

MU RS, BT ZETHHLDD, ZHHDINRIT T == /)L g% W35 512t R T
W ZENBBBR 7 n e ACRIENH L ZENEESIZ, £ZC, GO crude mixture O H-
NMR 2R LI=E 2 A, 6 IR TRULIZEEI DT J~— D7 a2 Y § A5 — 2 23 M
ELTWAZER DD ST, ZHUE 6 OIS, REUEENFEIOE )4 — LTk L Th 22 E o i
FHEL TN CWDZ ENHERIS L=,

(OH)2 ---------------------
o (1 0 eq)
> R R '
toluene, MS 5A i 7 : 8 ;
100 °C, 20 h : i HO” o :
2aa-2ac : H “ '
A
© Q\ /©\ E I\““ i OX E
{  Bn F E
: 6 ’
2aa: 56% 2ab: 50% 2ac: 24% (7%, isolated) i (X=HorBArOR') .
unstable stable stable e ‘

Scheme 2-3. Ring-opening of cyclic hemiacetal

ZNHDRE RIS LA TR RS I TR 7 o 2 L ESN b DL ELT-
(Scheme 2-4), =7, Bk~ I 7 B&—/L la iRV BBZ N2 -4 Ra )N 1la DF /4 —
TV EBOSUTZ R RA 6-6” 2N ENAERK T HEB 2 HND, 22T, A/VMIOBEEIELN R
=HO5A . TR 6-6°12817% B-Of G IER T THEL IR HESID, DFED, 5 TRL

TND Al SO D= R )L —FERE IR E B 2 DD, LT23> T I BB 200
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BEIRHRIBTAT N 2% 525, - R=HDOLE . EM) 2 13KITH LU TREZE THH-D,
BRER DU TAEU DK 2R ETDI-OICELFaT—2 —T ADOWMBHLE TH D, L
ML, R = Me or CRs O3E | A D& E RITn 2 TH A 6-6°° D B-O fi &b ZZ ek
L CLEIOI M AMEESN T, BAR UL ESINEE 2 T2, £ 2T, ZIHLOFEE Ut
B AL LT, AW 2 DL EMEMERT DB TAVMEIIC 2 DE#ILEZF L7205, 2
THRKT D 6-67D B-O i G IIIE AL N FTRE THAR U B DO FHHLT A AT DOWNTRFTET T
Nl By alt

Bn = =

6’ 6" thermodynamicaly

. . . stable aldehyde 2
Scheme 2-4. Plausible reaction mechanism y

2-1-2. TR a BRDOBE %

HHPTO B-O#EEGOIEALZ HIEL T, H USRS ICE> THEIN QDR Y HE-~T i
FAEEAE AN E SRR B L72%, 1997 421275 (L 51% Methyl a-L-fucopyranoside (O~ ==
NRBERIZ LD REIR 7 3R L ERES L OV NEt; OFFFEAL T "Bul &L, ML EERIRAGIZ T L=
— VDT IR AP T HZ e S L TV A% (Scheme 2-5 a) . BR{L4RIE "Bul D&M AT
U, NEGIIRY FITEAL 528 T B-O i A &G L L, "Bul ~OREKEZEEL TWDHEHE
RENTWD, Fo, 1999 FFIZITFNICIERIE F2 6 328k 8 # H\WHZE T, fEbn
AR 10 2 BRL, 22T 9 A MADHTET 10 28 9 DR T 5 9T REZ IR | (7 @R A7
VAL AT LA S L TV 5% (Scheme 2-5 b) , ZHHDEH72 AR FE-~T 0 T
MEERZ#EETHZECE T, BIRAIT B X — /L O BB UGB TIERE L 70> TV N2k
F-® A — IV FEA DIGTEL N TEDDOTIHAR VW E 45 L 7= (Scheme 2-5¢) .

34 (a) Duggan, P. J.; Tyndall, E. M. J. Chem. Soc., Perkin Trans. 1, 2002, 1325. (b) McClary, C. A.; Taylor, M. S.
Carbohydr. Res. 2013, 381, 112. (c) Akgun, B.; Hall, D. G. Angew. Chem. Int. Ed. 2016, 55, 3909.

35 Oshima, K.; Kitazono, E.; Aoyama, Y. Tetrahedron Lett. 1997, 38, 5001.

36 Oshima, K.; Aoyama, Y. J. Am. Chem. Soc. 1999, 121, 2315.
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OMe » ”
O,
‘é-\" OMe
Me O OH +- ~Ph
g NN EtsN Me 07 on
SN
N NEt; (1.0 eq), Ag,0 (5.0 eq) 0
A * o OH\/\/
Ph PhH, reflux, 22 h

50%

OMe OMe ' AcO )

8, NEt,*I; E ACC&ﬁ :
, 4 1 Me O M o ' H
OMe  9(3.5eq) S OH o OAc e OH ! 9 AcOBr !
Ag,CO4 OAc : :
Me 07 oy —————— FENT OAc F—» HO© : RO '
g THF,50°C | EutN B~y 4% o o : L :
. ' ~ '

OH \( AcO OAc : ? :
Me 9 AcQ . :

10 : 8.

..................

(©)
R’ ; v
--X
R
X

Be--
U N
HO™ -0 ,  AB(OH), OH .
«R -H,0 «R B---
1) o ‘2_ 1) o - . Q/ \Q o
> > ring-opening ,\/-\)l
R" ™~ YOH R" ™~ YOH RT ™Y Y
R2 R2 R2 R3

Scheme 2-5. Boron-hetero atom interactions (a) Oxy-alkylation triggered by triethylamine, (b)
Glycosylation with oxy-tethered phenylboronic acid, (c) My strategy for ring-opening reaction

ZIT o TRNIEA~TaRE 2 TR g 12d-12u 2 AW CHER KGO BRa 21T -7
(Table 2-2), 43 FWNICERF IR - FI I EIR 720 T 57 c=/LAhn s mBiFEAR 12d BLO
12e #2554, 100°C, 5 RO ISSAIFICTT VT EROAERBEILETIL 8%, 9% DI =R
TSI, ROSREZ 20 REFICIER L7235 A ICb IR O[] BIZEIIC&E7RhoTz, LinL7R
D, XUV NMe, L2 AT 558K 12f 22846, 20 B OGStz BT
98N TLERHBRIARNGON T, Fio, RO Z LV R72 60°C, 5 RFRIIZZHEL ThH
UYL R TSI TTHZEZ R LT, ZZTHERY 2af © "B-NMR Z#lIEL7-L25, 13.7
ppm (ZHE—"—27& 7R, RIRICB W THRY E-EHH A BEEL TOBIENRIBESND,
Fo, 7= ma BE R WICRRKISOSE L R0 ZNODORISIZITELFaTF——7
ADOUWHINFIME 2L B 2 DKR~OLEEWERLTNDHEEZZLND, 22T, NMe, #4757
TFHNICHTHIENEETHINEMHER T D20, arbo— LT, Aerfi 12b BIO
NEtMe, Z5l| % [ZINZ THRESEAT o Te e 24 IOSIFTEIT L2 o T2, 72, NMey DR T ISy
TWEANLL . 7RY TR OZEHGE DO 15 5 1T 52 & THR DINK 53 i BT o Rl et %
EEL, — 5D Me HEEPRELRaUEE 129 2 G250 A UAERY OZ2 EEE 7L 72, 129
Z WA 90% D EIRE CRIBR SN TEITLIZb OO | £l a & iR E K E M2 5L
BVNKSIRDPEEITL, R DOBRIRA~IT X —/L la 252520 bhoT-, LIEA-> T,
2 FND NMe, LT EICHHER 7 o RAZBWTHEETHY , AR D2 EILIZITA VLIS 2
ODOBEMIEEH L TCWAIENEE THHEE BN,

17



\

100 °C, Time

. Ring-Opening é
o o Reagent (1.05 eq) o \(_) 0 OH
- ; OH toluene : ; : Y : Y

Ring-Opening Reagent

, NEtMe,
(1.0 eq)
OMe B(OH), SMe B(OH), NMe, B(OH), B(OH), NMe, B(OH),
12d, 8% 12e, 9% 12f, 98% (20 h) 12b + NMeEt, 0%  12g, 90% (unstable)
(5 h) (5 h) 94% (60 °C, 5 h) (60 °C, 5 h) (20 h)
X =CH, 12i,84% (5 h)
S 12j,72% (5 h)
NMe 12k, 79% (10 h) NG B(OH):
N_ B(OH ,
N_  B(OH), [ ] (OH) NEt 121, 79% (10 h) [ j
§ 7 N'Pr 12m, 83% (10 h) "oy NEt, B(OH
X O 12n, 85% (20 h) © 2 BOM),
12h, 76% 120, 88% (20 h) 12p, 87% (20 h)
(60 °C, 2 h)
CF,
ipr
NMe B(OH
NMe, (OH), . N B(OH),
iPr CF,
NMe, B(OH), NMe, NMe, B(OH), o NMe, B(OH),
12q, 87% (20 h) 12r, 57% (5 h) 12s, 76% (5 h) 12t, 28% (5 h) 12u, 85% (20 h)

Table 2-2. Screening of hetero atom-tethered ring-opening reagent

Flo, NUUNAALONT AR ERALIE NMe, 2RISR T, DM T KEH 358 B
AN A IO BB RSB T T 52 Lo Tz, E_UDVEEEIK 121 BLOTF A ENARI
PHEAR 12)% F2I5A11E 5 B O BSOS TENE I 84%, T2%U R TRIGMNHETTL , BT
DURRER 12k-12m & VAR 10 BRI O ST 79-83%, /LAY FEER 12n BLO
120 DEGFEIZIT 20 R O SO C 85-88% DX =T H WM h3MG D iz, 2318 ONLIREE
ENFEFRETHLINOORUBRIZEBNTIX, TV ENLORE T PEDMRWIEE Y H#-E5EHH
HAERDEEL, [FIFREE (~80%) DU R TS HEI T T 572 DIIF LN B WIS AL EETHh-
TRERTHDHEEZEZTND, —FH T, FAREOREHEER OB DU FFEIK 12h, B XUV
PR 120, YT LTIV FEER 12p WA T JOEOK TICET RN ZENE
2 IRfH] (60°C). 5 Rl 20 R LB 7BV MBS AL, ZAUTZE BRI OSARE E O W
Lo TR HE-ZE R ANET ORI IR AR AR AR NEE I BRI TSI T
DEZEZTND, FT2, 2 DDV NALIZZEINZE I NMe, B2%2H T 5558K 12q = W =546
2 SRS IE 87%IN R THEAT L7223, #FEA 12r ZBABR 3SR L U TR W= AT TR B A3
17U, 11 78 35%UU SR CTHERS T, ZAUTR BRI D NMe, HBAL AR 3 5+ & 3 HAE
TN | WG FL U TR O BRER A E72 13 E 5 12ar OH VR =)L a DT abh % 5]
ERLSZETHIKIEPHEIT LT DEE X TS, EBIC, KV ERBRIAEZ1S5 H AT Me &
ZEBITE E PrIEICERLZ 125 BL O 12t ITHOWTHRETEAT 7205, ZOEA T Bk
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DELNDZEN DD ST, ZHUIBHERIRIZIB W T, R o E LS FE [ EH D Me FiEa7
KR EE DT80, ZOREFNZBREY J1 & U TR BSOS T L7285 2 TWD, F72, L0iRVR
- FBHANEN LU, BT RIIMED CRy 52+ 23F8K 12u 2T L7208, IURIT
85%IZLEE T,

2-2. HeERERUCHEE

PLEORERIY . BIEAEL CWD S HEE% Scheme 2-6 12797, Scheme 2-4 THEEL 72 B3
ERARIT, BRIR AT X — /L la o7 /AR n U iz A L A b R CliE e /4 —v
PRFEIR 6-67 DR T HEE X DILD, LU, sR BRI CTIRE L 723015 T INARD B - 2 56 1
HAERIZE > TINOH RO B-0O #5 & MEMHALB L OB S L, SRR SR MRS
D, EOREF, R 6206 —REICHER D X /5512, VA — VLR RN T v
SNAHZETES N L E IR TR T AT )L 2a VG TV A EFAEITAREL TV, F-. B
i CIR AT T U DMEET D560, SEIRRFEITEY 2a DAL ELRS G IR K
JEDEFTL, 11 M5B,

I““‘ Y OH

"capped" hemiacetal 6

f

Scheme 2-6. Plausible reaction mechanism with amine-tethered phenylboronic acid

2-3. ZE i A%

PLEOFEFRED . NMe, B3R 12f 2 fi BB AR IEE U CBRR A~ 7 & — L o0 B8 i &G0
DRI 1T o7 (Table 2-3) . F/HE &L T Y AFFEE CRAZE L=t A7 7 VR — LG 2 %
AWTARKRLEZ la-lf BEOT ) e LR — VRS ® 2 VTR Lz if 2 AL, &
B FROREIRAZEE R L7 1la iz T, fillgi% Et FRICEE L 1b BL D le TIXENEN
89%. 90%IN R CTRUSIHEIT LT, Flz, XU AT LTRSS R LBk~ 7% —/L 1d %
FAWZGAIZEH T9%IETHOT VTR RGO, —FH T, — K% KRS E7- 1le D
BT U B MBSO T, F2L IOV TR, BIBREUSITEITLZH O DRI
1% o7, ZODOFE R LD Bk AIT BZ — L ORGSR I BB THhAHIEMN
VOYIRVR
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OH
ArB(OH), 12f

o (1.05 eq)
toluene
Rq OH 100 °C, 20 h
Ry
1a-1g

1 H OH
ﬁz ' H H H H R H H H
1a-1e " Bn Me Me Bn Et Me Bn Et Et Et Et
1af, 98% 1bf, 90% 1cf, 89% 1df, 79%
Me . ’ ] |
H B NM62 B NM62
i 07 o o o0 o
(\/H/“ H |
1e i Bn Me Me 1f i OBn Me Me
1ef, 0% 11f, 27%

Table 2-3. Substrate scope

ZOBARAIT B H— IV ONARAEE KT T DS E T 3572012, LLUFICalk R 5522
%1T-77, Scheme 2-6 T/RUT=AEE SRS ClIRy HiK LRI~ IT BX — L DE /4 — /L
fe DAY FIRERDE A ST IBIT DR Ry 7D 1 DL TES e, LinLenib, B
WAIT X — LV OSAREEIZL > TIBABR TORNC A E LAY FRE N L E R AR e 2T
V13 % 52 DT EINNIRIZ K o THHE R SUGIEDEWE B Z# 23R K72 L5 2 T vd (Scheme
2-7) o BN R TRISEITUIZBRIR AT X — /L la DA B b LT E0 A — LERAL AR
RITHES T HELE 13af 15 2 DD Me B[R LI LD 7H o T /U EAERIC K> TREEhah
%o LTZMD T, IVEETHY, DR THBICI DA — VAREN R AT e/l 12’ BB 7 1
TAPHEITL, B 2af 2 52 128B 20605, — 75, BRIR~IT X —/L 1le X0 1 13, BRIEL
TEFERS I FIN L ERART BT AT /L 13ef BIWN 13 24K TEDHT20 . TR L E LD
BRER SIS D SOSINR MK FLIZEE 2 TD,
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OH . Ar

ve i 1) B
o RS e: M% 1 o OH O/ \O /o)
R ST S
RU S Yo 43 J ring-open R
W i B R Bn Me M
e : n e e
1a v 13af, unstable 1a' 2af, 98%
OH ; Ar
' Me Me
Me . B
0 o, 0mss® e o
RN "oH ' e ol & "ri.n-g-.o-p.en> !
l\=/Ie R o°B R' OH Bn I\:/Ie Me
1e ' 13ef, stable 1e' 2ef, 0%
,‘i\r
B
oMe oMe OH 0" Yo o
Pagre fE7ve e A
v 1o ~5 1 ring-open ;
Me ' R o R OH OBn Me Me
1f H 13ff, stable 1f 2ff, 27%

Scheme 2-7. Plausible formation of undesired boronic ester

2-4. 7IVTF R OB # i

BB AEHEALL 72T VT e RICE T D S ORRGE A T o 72, B Chilk _7=d512, Bk
AT L DRER DB TFIE TR EOREICBWThOTMNIT VTR EESZ L5
SHHZETEESSIZHE AL T, AEIBRFE LTI /AR as Bz W TR A THZE TG
WDHLT N TR E ST ARRSEE THRISICHWDZ LN TED, 2 THBRA 2af 2 H
UWNCHE & O SISk B3 21T -7 (Scheme 2-8) , &9, -78COSMICHB N T, FA AT
NEBIORTZAT NN AESETARY R )7 —MEZEHLTLZA, EE T 61%, 73%ILE
TT IR = VST TN o1, Fio, Wittig RIECT VLAY Fil A L7 5
ATt 2af TR IRENDZ LR BUSHHETTL, sp? BE O sp® IRFEDE AL AIRETHY | i
AUTZ RS-k ARG B EDDIBIZR D ) TAEIEDOE N A RETHDH, 22T, [AFH%
BRERATOERIRAIT £&— L la lZE A L7256 ICERITZNZE I 0%, 1% THY, BAERIZLH1E
PEAL N EETHLHZENDIDY,

F72, BAFZER TR LIS AR FT 7 LR — VRS2 L2825 5 mol% D fik i 77
b, L5 M BORYRT )T — e AR BNT, BROT 7 — MR 15%IEEIZ
B0, ARSI )T — ML 2R A — AR A 5 3T% IR TEL T, RIS
BT MR DHRVHET )T — e 10 Y EITHECLED A, TiEk s IO 8 Hig A INANAFHT
55% 135D EN DT, BUE, RYFET /T —8° Table 2-2 CRLIETU/ARVERS IO
DOFAFIE S ST B W TN R E NI LN D> TND T L a— LR =7 2708 OTRNNA
DRLAE RN Lo CEFGEAT IS D[ 23 72 5 130703 > TWD, ZO I LD ARk
W% A — & I RS T D LIETE TR, BRI EOGT A AZEY B ORI A —
JARZE G R CED LR DML IS T TS, T2, BIBRIZE R L7 /A a BEAL, EE
BEOBBLAKFEE VDI LS, R DICL > THRESN WD T VA4 —L 25
WD PSR L T BEANCHRETHZEN AT RETH T,

37 See supporting information.
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H H OBCy.
(:)H (_) 0 0 2 PhsP_ CO,Et C:)H C:)H
: : S'Bu (2.5 €q) Dl : :
(2.0 eq) (\/\/\/COzEl
B —_— - -
-78°C t, 76% E F
M ' H H
Bn 61%, 3.4/1 dr © - -NMe Bn
OBCy,
N oMe A”(szBQ(OIF;r)Z
1.2 Oeq
OMe & Bn H —_—
-78°C 2af rt, 73%, 2.6/1 dr

73%, 1/1 dr

X 0Bpin (1.5 eq) TTTTTTTTTTmmmmmmmssmmsmssmssmssssssossonsonses .
Procu (5 mol%) : OH OH :
(S)-DTBM-segphos (5 mol%) |
- ' Me H
o ' -NMe \
_&0 © o, ' B 2 NH
60 C, 15 /o, 5/1dr : Q« \Q (3.0 eq§ QH QH
X -OBpin (10 eq) RN R, MeOH, 50°C, 24h RiT Y Re :

iPrOCuU (5 mol%) : quant
(S)-DTBM-segphos (5 mol%)| S===========s=cseccccccccccccccccccnncmnnnonnnns

<l

-60 °C, 55%

Scheme 2-8. Transformation of boronic ester 2af

3. MERLUASHBORE

FAE, AR IZB W T, TR ar i W ERIRAIT 2 — L OIEME L s 2 DA i
FOGDBS%1T-7-® (Scheme 2-9) , BRIRAI T2 X— /L DiEMALIE 60°C, 5 HF DI EY
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Experimental Section

Materials and Methods

Reactions were carried out under argon atmosphere unless otherwise noted. Purified compounds
were further dried under high vacuum. Diastereoselectivity of the products was determined by ‘H
NMR analysis or LC/MS analysis of the crude mixture, comparing authentic samples. Yields refer
to the diastereo mixture of compounds. Thin layer chromatography (TLC) was performed using
EMD TLC plates pre-coated with 254 pum thickness silica gel 60 F,s, plates and visualized by
fluorescence quenching under UV light and p-anisaldehyde stains. Flash chromatography was
performed using silica gel 60 (230-400 mesh ASTM) or silica gel 60N (40-100 um) purchased from
Merck or Kanto chemical, respectively. NMR spectra were recorded on either a JEOL ECX 500
spectrometer operating at 500 MHz and 125 MHz for *H and **C acquisitions, respectively, or a
JEOL ECS 400 spectrometer operating at 400 MHz, 125 MHz and 100 MHz for *H, B and **C
acquisitions, respectively. Chemical shifts are reported in ppm with the solvent resonance as the
internal standard (*H: CDCls, & 7.26; CD,0D, & 3.31; (CD5),CO, & 2.05), (**C: CDCls, & 77.16;
CD30D, & 49.00; (CDs),CO, 6 29.84). Data is reported as follows: s = singlet, br = broad, d =
doublet, t = triplet, g = quartet, m = multiplet; coupling constants in Hz; integration. All deuterated
solvents were purchased from Kanto chemical or Sigma-Aldrich. IR spectra were measured on a
JASCO FT/IR 410 spectrophotometer. High-resolution mass spectra were obtained using a JEOL
JMS-T100LC AccuTOF spectrometer. LC/MS data were obtained using a Shimazu Prominence-i
LC-2030/LCMS-2020. Preparative HPLC was performed on a Shimazu SPD-20A/CTO-20AC
using 2 cm x 25cm Daicel Chiralpak IA. Optical rotations were measured on a JASCO P-1010
polarimeter. Kessil PR160L-370 nm was used to irradiate light for photo-alkylation.

MesCu was either purchased from Strem or synthesized according to the literature." DTBM-segphos
was donated by Takasago International Corporation. Liquid aldehydes, EtsN and Triisopropyl
borate were purified by distillation. All the other chemicals were used as received. THF was
deoxidized, stabilizer-free, and organic synthesis grade; acetone was super dehydrated, organic
synthesis grade; toluene was JIS special grade. These solvents were purchased from Wako Pure
Chemical Industries and used as received without further purification. Compound 1f was prepared
according to the literature.?
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Experimental Data: Ring-Opening Reaction
A Representative Procedure of Ring-Opening Reaction

OH Ar
RS |'3
R\ PN
o ArB(OH), (12) (1.05 eq) /(:)\/9\)0
- : ; ;
R Y OH toluene R! Y Y
R2 100°C, 20 h R2 RS
1 2

Cyclic hemiacetal 1 (0.1 mmol) and boronic acid 12 (0.105 mmol) were added to a test tube,
followed by the addition of toluene (2 mL) at 23 °C. After stirred for 20 hours at 100 °C, the solvent
was evaporated. Deuterated chloroform was added to this crude mixture, followed by the addition
of 1,1,2,2-tetrachloroethane as internal standard. The solution was transferred to an NMR tube. The
yield was determined by *H-NMR taken at room temperature.

A Representative Procedure for Synthesis of Cyclic Hemiacetal

0 MesCu (5 mol%) OH
o é (S)-DTBM-segphos (5 mol%) R3
~ 4-MeO-CgH4-OH (1.0 eq) 0 -
»
R™

R THF, -60 °C, 24 h
i

R2 R2

Under an argon atmosphere, mesitylcopper (1.8 mg, 0.01 mmol) and (S)-DTBM-segphos (11.8 mg,
0.01 mmol) were added to a round-bottom flask, followed by the addition of THF (0.4 mL) and 4-
MeO-CgH;-OH (24.8 mg, 0.2 mmol) at 23 °C. After cooled to —60 °C, aldehyde (0.2 mmol) and a
solution of boron enolate (0.8 mmol) in THF (0.8 mL), prepared according to the literature®, were
added, and the mixture was stirred for 24 hours at —60 °C. Water was added, and the mixture was
allowed to warm up to room temperature. The organic layer was separated, and the aqueous phase
was extracted with EtOAc. The combined organic layers were washed with brine, dried over
Na,SO,. After evaporation, the residue was purified by column chromatography on silica gel.

Synthesis of Boronic acids
(2-(methoxymethyl)-6-methylphenyl)boronic acid (12d)

1) "BuLi (1.6 eq)
TMEDA (0.26 eq)
)@\ THF, -78 °C, 1 h /@\/OMG
Br OMe 2) B(OPPr); (3.0 eq) B(OH),
THF, -78 °C to rt 12d
Under an argon atmosphere, tetramethylethylenediamine (96 pL, 0.64 mmol) was added to a
solution of 2-bromo-1-(methoxymethyl)-3-methylbenzene* (536 mg, 2.49 mmol) in THF (20mL).
The mixture was cooled at -78 °C, and buthyllithium (2.65M, 1.46 mL, 3.87 mmol) was slowly
added to the solution. The reaction mixture was stirred for an hour. Triisopropyl borate (1.7 mL,
7.41 mmol) was added to the solution. After stirring for 20 hours at room temperature, the solvent
was evaporated. The reaction mixture was dissolved in dichloromethane, and insoluble materials
were filtrated. Water was added to the filtrate, and the mixture was stirred overnight at room
temperature. The solvent was evaporated, and the resulting residue was washed with hexane. The
obtained solid was dissolved in dichloromethane and the insoluble solid was removed by filtration.
After evaporation of solvent, obtained solid was used for the ring-opening reaction without further

Y
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purification.

(2-bromo-3-methylbenzyl)(methyl)sulfane

/@\ NaSMe (3.0 eq) )@\
Nal (0.2 eq) .

Br Br Et,O/H,0, rt, overnight
2-Bromo-1-(bromomethyl)-3-methylbenzene® (242.8 mg, 0.92 mmol) Et,O (1.0 mL), H,O (1.1 mL),
sodium methanethiolate (0.193mg, 2.76 mmol), and sodium iodide (27.6 mg, 0.18 mmol) were
added to a round bottom flask. After stirring the mixture for overnight at room temperature, the
organic layer was separated, and the aqueous phase was extracted with Et,O. The combined organic
layers were washed with brine, dried over Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel eluting with hexane to afford desired product
(116.5 mg, 0.50 mmol, 55% vyield) as yellow oil.

NMR spectroscopy: *H NMR (400 MHz, CDCly): § = 7.17-7.14 (m, 3H), 3.85 (s, 2H), 2.44 (s, 3H),
2.08 (s, 3H). °C NMR (100 MHz, CDCly): & = 139.27, 137.94, 129.66, 128.24, 127.27, 126.77,
39.55, 24.12, 15.42. IR spectroscopy (CDCl;, cm™): 2909, 2357, 1435, 1026, 786, 738. Mass
spectroscopy: HRMS-ESI (m/z): calcd for CoH1:BrS [M+Ag]": 338.8790, found: 338.8794.

(2-methyl-6-((methylthio)methyl)phenyl)boronic acid (12e)
1) "BuLi (1.6 eq)
TMEDA (0.26 eq)
/©\ THF,-78°C, 1h - Q\/SMe
Br  sMe 2 _EF‘LOF"’"_% (fé8t§f:t) B1<<23eH)2

Under an argon atmosphere, tetramethylethylenediamine (118 pL, 0.79 mmol) was added to a
solution of (2-bromo-3-methylbenzyl)(methyl)sulfane (706 mg, 3.05 mmol) in THF (25 mL). The
mixture was cooled at -78 °C, and buthyllithium (2.65M, 1.46 mL, 4.74 mmol) was slowly added to
the solution. The reaction mixture was stirred for an hour. Triisopropyl borate (1.7 mL, 8.63 mmol)
was added to the solution. After stirring for 20 hours at room temperature, the solvent was
evaporated. The reaction mixture was dissolved in dichloromethane, and insoluble materials were
filtrated. Water was added to the filtrate, and the mixture was stirred overnight at room temperature.
After evaporation, the residue was collected and washed with hexane. The obtained solid was
dissolved in THF and the insoluble solid was removed by filtration. After evaporation, the obtained
solid was dissolved in dichloromethane and the insoluble solid was removed by filtration. After
evaporation of solvent, obtained solid was used for the ring-opening reaction without further
purification.

(2-((dimethylamino)methyl)-6-methylphenyl)boronic acid (12f)

1) "BuLi (1.5 eq)
THF, -78 °C, 1 h NMe,

\i

Br  NMe, 2) B(O'Pr); (3.0 eq) B(OH),
THF, -78 °C to rt 18

(2-((Dimethylamino)methyl)-6-methylphenyl)boronic acid 12f was prepared according to the
literature®. *"H NMR was taken using deuterated acetone and a drop of D,O.

NMR spectroscopy: *H NMR (400 MHz, (CD5),CO): § = 6.99 (dd, J = 7.8 Hz, 7.3 Hz, 1H), 6.87 (d,
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J = 7.8 Hz, 1H), 6.80 (d, J = 7.3 Hz, 1H), 3.78 (s, 2H), 2.45 (s, 6H), 2.34 (s, 3H). *C NMR (100
MHz, (CD3),CO): 6 = 141.4, 141.1, 128.4, 127.5, 120.8, 64.2, 44.8, 20.4. IR spectroscopy (CDCls,
cm™): 3281, 2922, 2357, 1457, 1009, 755. Mass spectroscopy: HRMS-ESI (m/z): calcd for CyoHie
BNO, [M+Na]": 216.1166, found: 216.1171.

Synthesis of Cyclic Hemiacetals
(3R,4S,5S,6S)-3,5-dimethyl-6-phenethyltetrahydro-2H-pyran-2,4-diol (1a)

0 MesCu (5 mol%) OH
o é (S)-DTBM-segphos (5 mol%) Me
~E~ 4-MeO-CgH,OH (1.0 eq) o) -
»
o

[+ 6”0
H THF, -60 °C, 24 h
=

Me 4.0 eq Bn Me
1a

Under an argon atmosphere, mesitylcopper (82.2 mg, 0.45 mmol) and (S)-DTBM-segphos (530.8
mg, 0.45 mmol) were added to a round bottom flask, followed by the addition of THF (8 mL) and
4-Me0O-C¢H,OH (1117 mg, 9 mmol) at 23 °C. After cooled to —60 °C, a solution of boron enolate
(36 mmol) in THF (30 mL) and aldehyde (4 mmol) were added, and the mixture was stirred for 24
hours at —60 °C. To this solution was added water, and the mixture was allowed to warm up to room
temperature. The organic layer was separated, and the aqueous phase was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na,SO,. After filtration and
evaporation, the residue was purified by column chromatography on silica gel eluting with
hexane/EtOAc = 4:1 to 1:1 to afford desired product (1.5g, 6.0 mmol, 67% yield) as a white solid
(1a:anomer =1:0.15).

NMR spectroscopy: *H NMR (400 MHz, CDCls): & = 7.31-7.28 (m, 2H), 7.23-7.18 (m, 3H), 4.80
(dd, J = 6.5, 4.6 Hz, 1H), 4.17 (dt, J = 10.9, 4.3 Hz, 1H), 3.44 (dd, J = 12.6, 6.0 Hz, 1H), 3.03 (d, J
= 6.5 Hz, 1H), 2.86-2.80 (m, 1H), 2.68-2.62 (m, 1H), 2.00 (d, J = 6.0 Hz, 1H), 1.89-1.79 (m, 2H),
1.77-1.64 (m, 2H), 1.12 (d, J = 7.2 Hz, 3H), 1.00 (d, J = 7.2 Hz, 3H). **C NMR (125 MHz, CDCl5):
d = 142.2, 128.7, 128.5, 126.1, 96.0, 75.8, 69.9, 42.6, 39.9, 32.4, 31.4, 14.6, 13.1. Mass
spectroscopy: HRMS-ESI (m/z): calcd for Cy5H,,05 [M+Na]™: 273.1461, found 273.1460.

(3R,4S,5S,6S)-5-ethyl-3-methyl-6-phenethyltetrahydro-2H-pyran-2,4-diol (1b)

MesCu (5 mol%) MesCu (10 mol%) OH
(S)-DTBM-segphos (5 mol%) (S)-DTBM-segphos (10 mol%) wMe
IPA (5 mol%), NEt; (2 eq) IPA (1 eq)
Q OBpin oH e OBpin .
[ e (15eq) ¢ I Me” X~ pin (3 eq)‘ l“« ' OH
THF, 60 °C,24h H THF, 60°C,24h  Bn Et
Bn Bn Et 1b

Under an argon atmosphere, mesitylcopper (27 mg, 0.2 mmol) and (S)-DTBM-segphos (177 mg,
0.2 mmol) were added to a round bottom flask, followed by the addition of THF (2 mL) and
isopropanol (152 pL, 2.0 mmol) at 23 °C. After cooled to —60 °C, a solution of boron enolate (6.0
mmol) in THF (6.0 mL) and (2S,3S)-2-ethyl-3-hydroxy-5-phenylpentanal (2.0 mmol) were added,
and the mixture was stirred for 24 hours at —60 °C. To this solution was added water, and the
mixture was allowed to warm up to room temperature. The organic layer was separated, and the
aqueous phase was extracted with EtOAc. The combined organic layers were washed with brine,
dried over Na,SOy, filtered and concentrated. The residue was purified by column chromatography
on silica gel eluting with hexane/EtOAc = 3:1 to 1:1 to afford desired product (228.9 mg, 0.86
mmol, 43% vyield) as a white solid (1b: anomer =1 : 0.09).
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NMR spectroscopy: ‘H NMR (500 MHz, CDCl5): § = 7.30-7.26 (m, 2H), 7.23-7.18 (m, 3H), 4.72
(dd, J = 6.6 Hz, 6.3 Hz, 1H), 4.17 (dt, J = 11.5, 4.0 Hz, 1H), 3.45-3.41 (m, 1H), 3.17 (d, J = 6.6 Hz,
1H), 2.85-2.83 (m, 1H), 2.66-2.64 (m, 1H), 1.96 (d, J = 6.6 Hz, 1H), 1.86-1.82 (m, 1H), 1.72-1.58
(m, 4H), 1.29-1.23 (m, 1H), 1.12 (d, J = 6.7 Hz, 3H) , 0.89 (t, J = 7.2 Hz, 3H). *C NMR (125 MHz,
CDCly): 6 = 142.0, 128.6, 128.5, 126.1, 95.2, 73.6, 70.9, 47.1, 44.4, 32.4, 29.8, 20.4, 13.9, 12.1.
Mass spectroscopy: HRMS-ESI (m/z): calcd for Ci6H,,05 [M+Na]": 287.1618, found 287.1620.

(3R,4S,5S,6S)-3,5-diethyl-6-phenethyltetrahydro-2H-pyran-2,4-diol (1c)

MesCu (5 mol%) MesCu (10 mol%) OH
(S)-DTBM-segphos (5 mol%) (S)-DTBM-segphos (10 mol%) \Et
o Ig/;(? eq) oH o [PA(10mol %c)),BNI_Ets (2 eq) O <
s PPN (4 6q) N P8P (3eq)
| Et7 X > Et7 X > . OH
THF, -60 °C H THF, -60 °C B ét
Bn Bn Et n
1c

Under an argon atmosphere, mesitylcopper (36 mg, 0.2 mmol) and (S)-DTBM-segphos (236 mg,
0.2 mmol) were added to a round bottom flask, followed by the addition of THF (4 mL) and
isopropanol (304 pL, 4 mmol) at 23 °C. After cooled to —60 °C, a solution of boron enolate (16
mmol) in THF (16 mL) and aldehyde (4.0 mmol) were added, and the mixture was stirred for 24
hours at —60 °C. To this solution was added water, and the mixture was allowed to warm up to room
temperature. The organic layer was separated, and the aqueous phase was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na,SO,. After filtration and
evaporation, the residue was purified by column chromatography on silica gel eluting with
hexane/EtOAc = 3:1 to 1:1 to afford (2S,3S)-2-ethyl-3-hydroxy-5-phenylpentanal (770.3 mg, 3.7
mmol, 93% yield) as a white solid.

Under an argon atmosphere, mesitylcopper (18 mg, 0.1 mmol) and (S)-DTBM-segphos (118 mg,
0.1 mmol) were added to a round bottom flask, followed by the addition of THF (2 mL),
isopropanol (7.7 pL, 0.1 mmol), and trimethylamine (279 pL, 2 mmol) at 23 °C. After cooled to —
60 °C, a solution of boron enolate (3.0 mmol) in THF (3.0 mL) and (2S,3S)-2-ethyl-3-hydroxy-5-
phenylpentanal (1.0 mmol) were added, and the mixture was stirred for 24 hours at —60 °C. To this
solution was added water, and the mixture was allowed to warm up to room temperature. The
organic layer was separated, and the aqueous phase was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na,SQ,, filtered and concentrated. The residue
was purified by column chromatography on silica gel eluting with hexane/EtOAc = 3:1 to 1:1 to
afford desired product (108.3 mg, 0.39 mmol, 39% vyield) as a white solid (1c : anomer =1 : 0.11).

NMR spectroscopy: *H NMR (500 MHz, CDCls): & = 7.30-7.27 (m, 2H), 7.23-7.18 (m, 3H), 4.98
(dd, J = 6.5 Hz, 2.6 Hz, 1H), 4.29 (dt, J = 10.3 Hz, 3.6 Hz, 1H), 3.83-3.79 (m, 1H), 3.29 (d, J = 6.5
Hz, 1H), 2.88-2.82 (m, 1H), 2.67-2.66 (m, 1H), 2.20 (d, J = 5.7 Hz, 1H), 1.92-1.84 (m, 1H), 1.70-
1.63 (m, 1H), 1.61-1.38 (m, 6H), 0.99 (t, J = 6.9 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H). °C NMR (125
MHz, CDCl;): 6 = 142.2, 128.7, 128.5, 126.0, 94.7, 71.6, 67.6, 48.4, 46.8, 32.6, 32.1, 22.0, 19.6,
13.0, 12.6. Mass spectroscopy: HRMS-ESI (m/z): calcd for Ci7H,0; [M+Na]": 301.1774, found:
301.1773.

(3R,4S,5S,6R)-3,5-diethyl-6-phenyltetrahydro-2H-pyran-2,4-diol (1d)
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o~ o IPA (5 mol%), NEt; (2 eq)

)l * 50 ° P P N VOH
Ph % THF, -60 °C, 24 h i
Et  40eq 1d
Under an argon atmosphere, mesitylcopper (46 mg, 0.25 mmol) and (S)-DTBM-segphos (295 mg,
0.25 mmol) were added to a round bottom flask, followed by the addition of THF (5 mL),
isopropanol (19 pL, 0.25 mmol) and trimethylamine (1.4 mL, 10 mmol) at 23 °C. After cooled to —
60 °C, a solution of boron enolate (20 mmol) in THF (20 mL) and aldehyde (5 mmol) were added,
and the mixture was stirred for 24 hours at —60 °C. To this solution was added water, and the
mixture was allowed to warm up to room temperature. The organic layer was separated, and the
aqueous phase was extracted with EtOAc. The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated. The residue was purified by column chromatography
on silica gel eluting with hexane/EtOAc = 4:1 to 1:1 to afford desired product (402.8 mg, 1.6 mmol,
32% yield) as a white solid (1d : aldehyde form =1 : 0.08).

OH
o) MesCu (5 mol%) Et
o é (S)-DTBM-segphos (5 mol%) 1) -

NMR spectroscopy: *H NMR (500 MHz, CDCl5): & = 7.33-7.32 (m, 4H), 7.26-7.22 (m, 1H), 5.62 (d,
J =3.4 Hz, 1H), 5.28 (d, J = 5.2 Hz, 1H), 4.08-4.01 (m, 1H), 3.70 (brs, 1H), 3.01 (brs, 1H), 1.81-
1.77 (m, 2H), 1.67-1.60 (m, 1H), 1.54-1.46 (m, 1H), 1.28-1.13 (m, 2H), 1.03 (t, J = 5.7 Hz, 3H),
0.58 (t, J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCl5): & =140.8, 128.2, 126.9, 126.0, 96.3, 72.0,
67.1, 48.2, 46.3, 23.0, 19.4, 13.4, 13.3. Mass spectroscopy: HRMS-ESI (m/z): calcd for Ci5H,03
[M+Na]": 273.1461, found 273.1462.

(3S,4R,5S,6S)-3,5-dimethyl-6-phenethyltetrahydro-2H-pyran-2,4-diol (1e)
OH

MesCu (5 moI%) . MesCu (10 mol%)
(S)-DTBM-segphos (5 mol%) (R)-DTBM-segphos (10 mol%) o Me
IPA (1 eq) IPA (1
) OBoi OH O o)
in < N K
| e~ " (12eq) T | M X~ (2eq) o |“ " ""0H
» = =
THF, -60 °C, 24 h H THF, -60 °C, 24 h Bn Me
Bn Bn Me 1f

Under an argon atmosphere, mesitylcopper (36 mg, 0.2 mmol) and (S)-DTBM-segphos (236 mg,
0.2 mmol) were added to a round bottom flask, followed by the addition of THF (4 mL) and
isopropanol (304 pL, 4 mmol) at 23 °C. After cooled to —60 °C, a solution of boron enolate (4.8
mmol) in THF (4.8 mL) and aldehyde (4 mmol) were added, and the mixture was stirred for 24
hours at —60 °C. To this solution was added water, and the mixture was allowed to warm up to room
temperature. The organic layer was separated, and the aqueous phase was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na,SQO,, filtered and concentrated.
The residue was purified by column chromatography on silica gel eluting with hexane/EtOAc = 2:1
to afford desired product (607.5 mg, 3.16 mmol, 79% vyield) as a colorless oil.

Under an argon atmosphere, mesitylcopper (30 mg, 0.16 mmol) and (R)-DTBM-segphos (194 mg,
0.16 mmol) were added to a round bottom flask, followed by the addition of THF (3 mL) and
isopropanol (125 pL, 1.6 mmol) at 23 °C. After cooled to —60 °C, a solution of boron enolate (3.2
mmol) in THF (3.2 mL) and aldehyde (1.6 mmol) were added, and the mixture was stirred for 24
hours at —60 °C. To this solution was added water, and the mixture was allowed to warm up to room
temperature. The organic layer was separated, and the aqueous phase was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na,SOq, filtered and concentrated.
The residue was purified by column chromatography on silica gel eluting with hexane/EtOAc = 4:1
to 1:1 to afford desired product (102.6 mg, 0.41 mmol, 26% yield) as a white solid (1e : anomer =
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1:0.5).

NMR spectroscopy: *H NMR (500 MHz, CDCls): & = 7.30-7.27 (m, 2H), 7.21-7.18 (m, 3H), 4.30
(dd, J = 8.0, 6.3 Hz, 1H), 3.43-3.39 (m, 2H), 3.21 (d, J = 6.3 Hz, 1H), 2.80-2.71 (m, 1H), 2.67-2.57
(m, 1H), 2.10-1.85 (m, 2H), 1.73-1.53 (m, 3H), 1.08 (d, J = 6.3 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H).
3C NMR (125 MHz, CDCl,): 5 = 141.9, 128.6, 128.5, 126.0, 99.7, 74.2, 71.6, 40.2, 38.2, 34.1, 32.3,
12.7, 5.7. Mass spectroscopy: HRMS-ESI (m/z): calcd for CysH»,05 [M+Na]™: 273.1461, found
273.1461.

Ring-Opening Reaction of 1la

OH

o wMe 12f (1.05 eq)
toluene, 100 °C, 20 h
W Y OH

Bn I\E/Ie
1a 2af

Cyclic hemiacetal 1a (12.5 mg, 0.05 mmol) and 12f (10.1 mg, 0.053 mmol) were added to a test
tube, followed by the addition of toluene (1 mL) at 23 °C. After stirred for 20 hours at 100 °C, the
solvent was evaporated. Deuterated chloroform was added to this crude mixture, followed by the
addition of 1,1,2,2-tetrachloroethane (10.6 pL, 0.1 mmol) as an internal standard. The solution was
transferred to an NMR tube. *H-NMR and *'B-NMR were taken at room temperature. The yield was
determined by *H NMR using the internal standard.

NMR spectroscopy: *H NMR (500 MHz, CDCls): & = 9.82 (d, J = 2.3 Hz, 1H), 7.30-7.27 (m, 2H),
7.25-7.15 (m, 3H), 7.10 (dd, J = 7.3 Hz, 7.3 Hz, 1H), 7.01 (d, J = 7.3 Hz, 1H), 6.84 (d, J = 7.3 Hz,
1H), 4.20 (dd, J = 8.9 Hz, 2.5Hz, 1H), 4.11-4.07 (m, 1H), 3.74 (d, J = 13.7 Hz, 1H), 3.70 (d, J =
13.7 Hz, 1H), 2.90-2.83 (m, 1H), 2.77-2.69 (m, 1H), 2.67-2.59 (m, 1H), 2.53 (s, 6H), 2.47 (s, 3H),
2.01-1.92 (m, 1H), 1.80-1.68 (m, 2H), 1.22 (d, J = 7.3 Hz, 3H), 1.07 (d, J = 7.3 Hz, 3H). 'B NMR
(125 MHz, CDCly): 6 =13.7.

ethyl (4S,5R,6R,7S,E)-5,7-dihydroxy-4,6-dimethyl-9-phenylnon-2-enoate

OH OH

Q) PhspﬁcozEt @ ea R M/CozEt

2) deprotection reaction Bn = =

To a solution of 2af (0.05 mmol) in THF (1.0 mL) was added ethyl(triphenylphosphoranylidene)
acetate (34.8 mg, 0.10 mmol) at room temperature. After stirring for 5 hours, the solvent was
removed by evaporation. To this residue, MeOH (1.0 mL) and 2-amino-2-methyl-1,3-propanediol
(15.8 mg, 015 mmol) were added. After stirring for 24 hours at 50 °C, the reaction mixture was
concentrated under reduced pressure. The resulting mixture was diluted with EtOAc and washed
with brine, dried over Na,SO,, filtered and concentrated. The residue was purified by column
chromatography on silica gel eluting with hexane/EtOAc = 2:1 to afford desired product (12.1 mg,
0.037 mmol, 76% yield) as a colorless oil.
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NMR spectroscopy: *H NMR (500 MHz, CDCl5): & = 7.31-7.28 (m, 2H), 7.21-7.18 (m, 3H), 6.75
(dd, J = 15.6, 9.5 Hz, 1H), 5.85 (d, J = 15.6 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.83-3.82 (m, 1H),
3.60 (d, J = 8.6 Hz, 1H), 3.07 (brs, 1H), 2.75-2.71 (m, 1H), 2.67-2.63 (m, 1H), 2.51-2.46 (m, 1H),
2.29 (brs, 1H), 1.88-1.82 (m, 1H), 1.74-1.70 (m, 1H), 1.56-1.53 (m, 1H), 1.30 (t, J = 7.2 Hz, 3H) ,
1.13 (d, J = 6.7 Hz, 3H) , 0.90 (d, J = 6.7 Hz, 3H). **C NMR (125 MHz, CDCls): § = 166.7, 150.3,
141.7, 128.7, 128.6, 126.2, 121.7, 80.2, 77.0, 60.6, 41.1, 39.1, 37.2, 32.6, 17.0, 14.4, 44. IR
spectroscopy (CDCls, cm™): 3413, 2932, 1717, 1651, 700. Mass spectroscopy: HRMS-ESI (m/z):
calcd for CygHp504 [M+Na]™: 343.1880, found 343.1881. Optical rotation: = -28.5 (c = 0.23,
MeOH).

(3S,4R,5S,6S)-4,6-dimethyl-1-phenyldec-9-ene-3,5,7-triol

OH OH OH

*

1)/\/B(O’Pr)2 (2 eq), toluene, rt

-
v

2) deprotection reaction Bn

2af

To a solution of 2af (0.05 mmol) in toluene (1.0 mL) was added diisopropy! allylboronate (20.8 pL,
0.10 mmol) at room temperature. After stirring for 2 hours, the solvent was removed by evaporation.
To this residue, MeOH (1.0 mL) and 2-amino-2-methyl-1,3-propanediol (15.8 mg, 015 mmol) were
added. After stirring for 24 hours at 50 °C, the reaction mixture was concentrated under reduced
pressure. The resulting mixture was diluted with EtOAc and washed with brine, dried over Na,SO,,
filtered and concentrated. After the determination of diastereoselectivity by '"H NMR, the residue
was purified by column chromatography on silica gel eluting with hexane/EtOAc = 1:1 to afford
desired product (10.7 mg, 0.036 mmol, 73% yield, 2.6/1 dr) as a colorless oil.

NMR spectroscopy: Major isomer: *H NMR (500 MHz, CDCly): & = 7.31-7.28 (m, 2H), 7.22-7.18
(m, 3H), 5.83-5.74 (m, 1H), 5.16 (d, J = 5.7 Hz, 1H), 5.13 (s, 1H), 3.87 (dd, J = 4.6 Hz, 4.6Hz, 1H),
3.84-3.79 (m, 2H), 2.75 (m, 1H), 2.64 (m, 1H), 2.23 (m, 1H), 2.17 (brs, 1H), 2.04 (brs, 1H), 1.87 (m,
1H), 1.71 (m, 2H), 0.98 (d, J = 7.4 Hz, 3H) , 0.96 (d, J = 6.9 Hz, 3H). *C NMR (125 MHz, CDCl,):
d=142.0, 135.0, 128.6, 128.6, 126.1, 118.5, 79.7, 75.1, 74.0, 40.1, 40.0, 39.7, 37.3, 32.7, 6.9, 6.7.
IR spectroscopy (CDCls, cm™): 3383, 2924, 1716, 1456, 699. Mass spectroscopy: HRMS-ESI
(m/z): calcd for Cy7H,603 [M+Na]*: 315.1931, found 315.1931.

(4S,5S,6R,7S)-4,6-dimethyl-9-phenylnonane-1,3,5,7-tetraol

l: :l 1) o
) /JLs@u(4QQ) OH OH OH OH

Cy,BOTf (2.5 eq) *
NEt; (3 eq), THF

2) reduction
3) deprotection reaction

2af
To a solution of dicyclohexylboron trifluoromethanesulfonate (122.4 mg, 0.38 mmol) in hexane
(0.85 mL), trimethylamine (62.8 pL, 0.45 mmol) and S-t-butyl phenylthiothioacetate (85.6 pL, 0.6
mmol) were added at 0 °C under an argon atmosphere. After stirring for 2 hours, this boron-enolate
solution (0.5 mL) was transferred to a solution of 2af (0.1 mmol) in dichloromethane (0.33 mL) at —
78 °C. The mixture was allowed to stir for 2 hours. To this solution, a solution of LiBH, (0.5 mmol)
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in THE THF (0.25 mL) was added. The mixture was allowed to warm up to room temperature, and
stirred for overnight. To this mixture was added HCI (1 M). The organic layer was separated, and
the aqueous phase was extracted with Et,0. To the combined organic layers, water and an excess of
H,O, and NaOH were added. After stirring for overnight at 23 °C, Na,SO; was added to the
solution. The layers were separated, and the aqueous phase was extracted with Et,O. The combined
organic layers were washed with brine, dried over Na,SO,, filtered and concentrated. After the
determination of diastereoselectivity by LC/MS analysis, the residue was purified by column
chromatography on silica gel eluting with EtOAc to afford the title compound (18.0 mg, 0.061
mmol, 61%, 3.4/1 dr) as colorless oil. Stereoisomers were separated by preparative HPLC using
Daicel Chiralpak IA.

NMR spectroscopy: Major isomer: *"H NMR (500 MHz, CD;0D): & = 7.27-7.20 (m, 4H), 7.14 (t, J
= 7.16 Hz, 1H), 3.79-3.64 (m, 5H), 2.77-2.72 (m, 1H), 2.65-2.59 (m, 1H), 1.85-1.59 (m, 6H), 1.00
(d, J = 6.9 Hz, 3H), 0.89 (d, J = 6.9 Hz, 3H). **C NMR (100 MHz, CD;0DMeOD): § = 143.5, 129.4,
129.4, 126.8, 75.2, 73.0, 72.3, 60.6, 41.4, 41.3, 38.1, 37.3, 33.5, 10.5, 8.7. IR spectroscopy (CDCls,
cm™): 3375, 2924, 1681, 1455, 1203. Mass spectroscopy: HRMS-ESI (m/z): calcd for Cy7;H,504
[M+Na]": 319.1880, found: 319.1880. Optical rotation: =-61.5 (c = 0.26, CHCI5).

Minor isomer: *H NMR (500 MHz, CD;O0DMeOD): & = 7.27-7.20 (m, 4H), 7.14 (t, J = 7.16 Hz,
1H), 3.88-3.84 (m, 1H), 3.72-3.63 (m, 4H), 2.80-2.74 (m, 1H), 2.65-2.59 (m, 1H), 1.86-1.62 (m,
6H), 0.96 (d, J = 6.9 Hz, 3H), 0.90 (d, J = 6.9 Hz, 3H). *C NMR (100 MHz, CD;0DMeOD): § =
143.6, 129.5, 129.4, 126.8, 78.2, 73.9, 71.8, 60.4, 41.0, 40.7, 38.7, 38.3, 33.4, 8.1, 8.1. IR
spectroscopy (CDCl,, cm™): 3381, 2924, 1682, 1455. Mass spectroscopy: HRMS-ESI (m/z): calcd
for C;7H,50, [M+Na]": 319.1880, found: 319.1880. Optical rotation: =-138.5 (¢ = 0.13, CHClI,).
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(2S,3R,4S,55,6R,7S)-2,4,6-trimethyl-9-phenylnonane-1,3,5,7-tetraol

j% 1) MesCu (5 mol%)
S)-DTBM- hos (5 mol¥
) (S) segphos (5 mol%) OH OH OH OH

OBpin
Me/\/ pin (1.5 eq)
THF, -60 °C, 24 h

2) reduction
3) deprotection reaction

2af

Under an argon atmosphere, mesitylcopper (0.9 mg, 0.005 mmol) and (S)-DTBM-segphos (5.9 mg,
0.005 mmol) were dissolved in THF (0.2 mL) at 23 °C. After cooled to —60 °C, a solution of boron
enolate (0.15 mmol) in THF (0.15 mL) and 2af (0.1 mmol) were added, and the mixture was stirred
for 24 hours at —60 °C. To this solution, a solution of LiBH, (0.5 mmol) in THF (0.25 mL) was
added. The mixture was allowed to warm up to room temperature, and stirred for overnight. To this
mixture was added HCI (1 M). The layers were separated, and the aqueous phase was extracted with
Et,O. To the combined organic layers, water and an excess of H,O, and NaOH were added. After
stirring for overnight at 23 °C, Na,SO; was added to the solution. The organic layer was separated,
and the aqueous phase was extracted with Et,0. The combined organic layers were washed with
brine, dried over Na,SQ,, filtered and concentrated. Yield and diastereoselectivity was determined
by LC/MS analysis according to the literature®.
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Control Experiments of Transformation of Ring-Opened Aldehyde 2af
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Wittig reaction

1) PhapﬁcozEt

B N=Me (2 eq) o oA
Q THF, it, 5 h ('\/'\/\/002'3
2) deprotection Bn E g
76%
Ph,p? “CO,E OH OH
(2 eq) (\/\/\/COZEt
THF, rt, 5h Bn & £
0%
Allylation reaction
1) A~ BOP

(2 eq) OH OH OH
toluene, rt, 2 h - b

*

\

2) deprotection

A B(OPr),
(2 eq)

toluene, rt, 2 h

1%

In order to demonstrate that ring-opening of hemiacetal la by amine-tethered
phenylboronic acid 12f is critical for the transformations of 1a, control experiments were
conducted using 1la without the ring-opening procedure. In the Wittig reaction, the desired
product was not obtained. The allylation reaction afforded the desired product in 1% yield
at all.
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