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Industrial Process Development by Enzymation

Keiji Sakamoto
Product Development Department, Daiichi Fine Chemical Co.,Ltd.
530, Chokeiji, Takaoka, Toyama, 933-8511, Japan

keiji.sakamoto@kyowa-kirin.co.jp

Recently, industrial potency of enzymation has been introduced in a large variety of fields such as
commodity chemicals and pharmaceuticals. However, enzymation may not be closely related for process
chemists who are familiar to organic synthetic chemical process. The presenter is intended to provide
in-house examples using own hydrolases and dehydrogenases which are the successful results of industrial

process developments by enzymation.

BT 7 AT IANVEBEEREE - PRECT 7 A O I NNOEEBIVZFREZEBL T
Wd, FiIZ, FINVT7 /0P —E L TRELTELLEREDOS DL ERNFESTRIE, LENTEKFE
Lik, BEFREOIEERFEL, RPFNODHIFFERIEOHENICIMOBATNS, SH, R4 DEE
FIKICXDEANTOEARRICONT, MRS RERBIOBITERICLDIEAEBNT S,

1. SEINYEIVROBBRENCEDD-NFT EDERE

EYI 2B EBIFEND D-N M FUBAN DY LAZEES, RIS L U TESERE
N, TOHREMEERIZF 10,000 > THB, - " TFoBANCTLBARODEELRF S
ENVTF4 27709 ThHBD-X>8F7 b2 (D-PL) 08L&, I T LFENEREZICEK
D/IESELINRIT M2 (DL-PL) ZAW, BHENEESERRICKD B I b ThE, LHL
BNS, B TNAVRIRNF—2Z<HEL. BRSBEZSDEMIAIEDORLD. kAN
WENBHFEINTVE, 0D, BLAIEBE1IIIRYT DL-PL 57 F CBROREFMKIRIZELS
BRESBENTENBEREL L TRBEEX. RITZRBLE.

AHEIZBL TR INE T, L-BIRWAFMKSRICESBERSFENRESNhTWE, 20
HiZEZENITHDD-PLOSEESSNIED TS > TN RBEREREIETH S, D-PLENEME
K <1BBIZIEZDL-PLR DL-PLEREANIZ KA T DHLENH D LEVNDI KERRAEZBL TS,
IR L., INETHEORNEHR2D-BIRATHF K FIEIID-PLOAFEMEE A KRR
IEASINT, £/ I DONTHD)-BIRMAFAF MRS FIEIL-PLOS S b ZHARLE
FERIRZADHNRERFD,




BM1. JEINZEST b ORREIMAKSRIZ K DEERDE
1) L-selective hydrolysis

OH OH OH
_——— +
0 } COH 0

(@) OH O
DL-PL Racemization L-PA D-PL
* Lactonization |

2) D-selective hydrolysis

OH OH OH OH
T 0 The T
o0 o © 2 ©

OH o)
DL-PL L-PL D-PA D-PL

* Racemization | I Lactonization *

D-PLBIRMAFINKSREDAZ ) — VBT lao 4%, Fusarivn BESDRREIZ
ZROEMHEEZRET I ENTERE, BEFHRELU CRBIR LU = Fusarivm  oxysporum AKU3T02i%
100g/L &S HBEDDL-PLKEKR 2 1 ZITERICHEITE Y,

2. fEskik& FEERIEDO 7 O— kg

PEFE
N i e ey R s B
|
o ) AT e
[ 3
DLPL ] fvarohisto Extraction DPA ,:?:x;a:ié:{li : ca-:éls

L-PL : Racemization '- nLl.PL




FESFERINEICTECS N, Fusarium oxysporum AKUSTO2DFZNF AN O LTIE
BEECEERZMEELTINYTFRIEZBIR>TNSEA, 1EUEOBRVIRLERAMNEEEA
2TV, RI2ITRTEDIT, FEERIETIIENAEME THSH0EHOFHCERSE#ATFE &
B0, fEELSHMEBETAEAZIENBIRZ. SSRXTEIBIOTIINITho-E. BIEA
FPERIZBWTKIEREIBATIREE /257, HFREIIEBINENR AT, FEARIEELE
LTHD TR ENDNTNSN, BETERNLZ I EIbENy TSI FE®BZEITLD,
EANTEARIEERS,

2. BREERDBAENSBRETEICLSd-TIAFL T R P OAH

-7V RLT7 2 R DEPENIMHBMD U R NHB 72N T0N) =)V T I &by,
BRFELLUTHEATHHEAIND LD IR/, TOMAREERIZ 1,000 b 2B X5%, d-PEIZT
DAOE, AVFREZSVC4BONEREBVEEL., DRI AFEHNEEBZAESDRESTIX
<. R3ITRLELDIZ. BEBIZONTWS d-PE OEEHEIIBEEEZSUFETIEDOR
FEARBEBIRITOECATHS, ZHUTHL T, B4R 7O0EF T2 /o067 Ry M T
WREISFEONDITEIOMAK ZEHEEL., BNEERIFIZEOIBRETICED. ToAFY
T TAPE 25D AEERF L. MAK ZRFBITTHIHDAI V- V2B R L
WHIH DAY THEENRD S hiz,

B3. d-T7V1 RTT7x R >EMRE

1) Conventional method

Saccharomyces OH OH OH
O/CHO cerevisiae O/H‘/ MeNH, O/b 1.Ac,0 / HCI O/\/
Molasses O H,/ Pt EE"CHS 2.NaOH ”EICHS
3.HCI

d-PE Total Y:44%

2) New enzymatic method
0 % Rhodococcus QH
1.Br, erythropolis :
NHCH H-.PO O/\i%l:CH
2.MeNH, 3 3P0, 3
HCI Glucose HCI
MAK d-PE Total Y:63%

BREFHE U THHRE Rhodococcus erythropolis MAK154 %R U 7= Y. Rhodococcus erythropolis
MAKI154 13A 5% - EREZB T2, 5,000 fFICHIEEZ BT/ B RIE 23-7 2187, BRK 23-7 DK



1Bk, SEIMREERNELTY VEBBIUHBRBEREL T/ - ZAN., 5%MAK %

30C. 48 IFMIR I 2P 72D & d-PE WS 84%AERR U 7z FHBERIRIIWERIFITHA, #ETEMNEL
F—# IR H KIGIZHEAL=, REICLTREZB 0

 HAlTETEDID. REBT TR
D BEBURABTRTONEREEDOARIZRIL T3,

4. T7x RYCHEZEROTST AT VFRIRNERK
d-Pseudoephedrine (1S,2S) I-Pseudoephedrine (1R,2R)

OH OH

©/\/ threo O/'Y
NHCH, NHCH;§

Rhodococcus erythropc:is\ / Amicolatopsis orientalis
0

Rhodococcus ruber / \Spond:obolus ruineia

erythro

ZIM

HO 2

HO H2

d-Hydroxynorephedrine (1R,2S) I-Hydroxynorephedrine (1S,2R)
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How to make Dry Powder by Spray Drying-Process and Particle Design

Masaaki Okawara*, Takasi Itou, Tosiyuki tanaka
Development Dept., Ohkawara Kakohki Co.,Ltd.
3847,Ikonobe-cho, Tuzuki-ku, Yokohama,224-0053 Japan
top@oc-sd.co.jp

Spray Drying Technology is developing as “Production method of Milk Powder” for a long
time, in resent years, it becomes to the method or the equipment of “Process of powdering or
producing particulate from liquid material”. In the pharmaceutical field, Spray Drying
technology is changed to Particle Design and Engineering Equipment. In this report, it appears
how to select the Process and Equipment, Check Point of Operation, Transportation of Powder,
Energy Reducing Technology etc. for Pharmaceutical use.

EHEEBRENT “FLPOHINT ORISR L LTREBLTEEERBEVA, EERRBO
BELTeER - BFCEBE LTOFRALEXFBRY AN TE TS, BiZ, EXLHOL
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EEDTHRET S,

1. A7V — T4 (EBERE) OBE

BRMOER - HRIEPOHBE > -EHFEBRENL, 1946 FUBR I EFSERFFTHEHENT
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Bl =—nARA T IV REOHIENREEZNTVS, TRHLDEEIIKET, BENICE
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BHETHD, ¥, ZRBETHRHREREIRERZ LNZVOT, EREET S,

4. ETXEIEL P T TINEH

B XBEORKRIL, CEBIRETBBOEBRIAZERATAZILTHAIN, ZOZLBEEXLD
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Direct Oxidative Conversion of Alcohols, Amines, and Halides into Nitriles with Molecular
Iodine and DIH

Shinpei iida, Ryosuke Ohmura, Hideo Togo*
Graduate School of Science, Chiba University, Yayoi-cho 1-33, Inage-Ku, Chiba 263-8522, Japan
togo@faculty.chiba-u.jp

Various benzylic alcohols and primary alcohols, and primaryl, secondary, and tertiary amines were
efficiently converted into the corresponding nitriles in good yields with molecular iodine in aq. ammonia and
1,3-iodo-5,5-dimethylhydantoin in aq. ammonia, respectively.  Moreover, various benzylic halides were
smoothly converted into the corresponding aromatic nitriles in high yields using molecular iodine in aq.
ammonia and 1,3-diiodo-5,5-dimethylhydantoin in aq. ammonia, respectively.  Similarly, primary alkyl
halides were also converted into the corresponding nitriles in moderate to good yields using molecular iodine
in aq. ammonia and 1,3-diiodo-5,5-dimethylhydantoin in aq. ammonia, respectively. The present
reactions are a new method for the preparation of aromatic nitriles from benzylic alcohols and benzylic
halides, and a new method for the conversion of aliphatic alcohols and aliphatic halides into the

corresponding nitriles with retention of the number of carbon atoms.

=PI NVEBEBERIEZCBVWTHRICEERELEHDO—DOTHY) = ATV . TIV . T Ik,
HEINVIERBA~ORIREL LTHLEETHD, LrLBRL, F—H/TLa—Lo=1r)L~D
— S A EANBEESRRISEIR AL TVARY, £/, E—HKT7I D= M A~OEBRK
IS ESBEINTVEN, ERKT IVREZRT I 0= M) MERISEAM LN TR,
B, —BRN e S AIOER Y T = FERAWEL= NI A~OEBRKIGIE C R E#ES LD
Thd, —F5. BEI URITEERBICH 2 FHOBERE THRVLTVE LRI THSD V. -, 1,3-
TI—R-55-VXAFLEF bA Y (DIH) IFARI VRERATH B8, EOEBILZEHFIA
ZOWTRBEHERINTWVARY, YHFRETIE, AHI URILEOHEEZITo TV B8, AR
THHEEIVERUDIHZAWERISHABEO—RE LT, BEIvRRUDIH LT =T X%
WiTa—n Ty . BLUNaF U ALHOMETE= b U AV~OB{LHOERK)IEEZRET LI,

l. 3FRLTVETKERAWVWETAN A=V EOUT I VOB = Y VRIS




-Tx=poTan)—LVEEEITRLETUE=T K(ca. 28%) ZHWT, =g, 50°C. RU60C
DELZIZBWTRIGEREZAH, MIETDHB-Tx=rTabF= b I NVEERLE, 3-T7x=
NTan)—LORIGHREEIVRRVT VE=TOYE, RIGBEICEKEFEL, REREETLV
2—/L 1 mmol (2 L CHBAEIUEN 3 mol, TV EF=7T1%45 mmol (BL#3 m) THHZ L%
WM otz, TORMEICEBNT, Fx ZEEWBET Vv a—L RUPAVRT Aa—v, BIHET I v,
RUPVRT I D= b I ANOEBRRIGET>TE A, BIRETHIETS2= NI ABE LN
(Tables 1,2)%%9,

Table 1. Oxidative Conversion of Alcohols into Nitriles with Molecular lodine in aq. NH;

I, (3.0 eq.), aq. NH (3.0 mL)
R-CHyOH — o — R—CN

Entry R- Time Yield (%)"i Entry R=- Time Yield (%)?

i @_ 2h 8 | 6 24h 91
2 2h 95 |
CI—@- {7 CHa(CHp)y §h ol

8h 68

R

L8

3 CHe.OO- 2h 9 <:>_

4 = 3h 77 P9 @ 6h 90
e s

5 [3\ 3h 67

S

2 Isolated yield.

Table 2. Oxidative Conversion of Primary, Secondary, and Tertiary Amines into Nitriles with Molecular

Iodine in ag. NH;
lp, ag. NH3 (3.0 mL)

R—CH,X 0 °C R—CN
Entry R- X I5 (eq.) Time Yield (%)?
1 NH, 3.0 1h 81
2 NH(CH,) 3.5 1h 84
CHj
3 N(CH3)» 4.0 1h 77
4 NH(CH,R) 4.5 8h 91
5 N(CH3R), 6.5 4h 83
6 NH, 3.0 24h 83
7 CH3(CHo)10- NH(CH3) 3.5 4h 76
8 N(CH3), 3.5 0.5h 73
9 NH(CH,R) 45 4h 84
10 N(CH5R), 6.5 6h 71

2 Isolated yield.



2. AVERVTVE=TKERWEN N AT AN OBEK= b Y VRIS
B2 mmol) B WITRERV PN (1 mmol)IZ 7 v E=TK(ca. 28 %, 3 mL) & BIK

Table 3. Oxidative Conversion of Benzylic Halides into Nitriles with Molecular Iodine in aq. NH3

I, aq. NH3 (3.0 mL)

Ar-CHoX ooC Ar-CN
Entry X  Ar I, Time Yield ! Enry X Ar I, Time Yield®
) ® (% eq) M (%)
I Cl  CgHs 21 4 73 ! 10 Br CgHs 24 4 T8
2 Cl pCICgH, 21 10 73 i 11 Br pCICH, 24 8 78
3 ClI pOsNCgH, 21 4 92 i 12 Br pONCgH, 24 4 88
4 Cl pCHgCeH, 21 2 82 | 13 Br pCHCgHy 24 4 88
5 Cl pCHzOCgH42.1 4 88 i 14  Br p-CHgOCgH,24 4 84
6 cCl | 21 4 8 i 15 Br | 24 4 87
7o¢C 21 4 60 i 16 B [\ 24 4 49
8 ClI ©\/% 21 4 6 | 17  Br Q 48 4 74
N ;
S '
- 24 8 78
2solated yield.  ® 1, was added after 2 h.
Table 4. Oxidative Conversion of Alkyl Halides into Nitriles with Molecular Iodine in aq. NH;
1. aq. NHg, DMF
2.1, (3.0 eq.), aq. NH3, 60 °C
R-CH,X 200eq) 26 T R-CN
Entry R- X First step Second step Yield (%)

DMF aq.NH; Temp. Time aq. NH3 Time
(mlL) (mL) (°C) (b (mL) (h)

12 CqqHo3"- | 0.01 1.0 60 72 6.0 4 75
22 Br 0.03 1.0 60 72 6.0 4 69
3%° —(CHp)g~ | none 3.0 60 4 3.0 6 54
43¢ Br none 3.0 60 24 3.0 6 58
5d I none 3.0 60 12 3.0 4 70
6 ©/\/ Br none 5.0 60 24 3.0 4 73
7 HO,C(CHo)e= | none 3.0 60 4 3.0 4 53
8 Br none 3.0 60 4 3.0 12 56
:A screw-capped reactor was used. b Yield of the starting material. 1, (6.0 equiv) was used.

First step was carried out under dark condition.



IR 1 mmol HAVME 2.4 mmol) ZRIGEEALEZA, RV = FMIABEBRETELNE
(Table 3), —F. I-"B FFHZH L TOHRIBDORISEITo720, = M vide<gohnih
ST, HMOEERFMOKR, VEODM 25 MLAET V=T AP TMBE LB LB LIEEI
IVREMIBZILCEY, METH=PIARBLNDEZERGho7, 1,10-UaFh,
3-Tx=NTBEMNTA R 1I-"e Y TFAVBEERL LTHWESEES . IF ZHVWAR LD
RIGHEITL, ®MISETHYV =PI AELEZ= PYARBFRINETH LN (Table 4),

3. DIHE T VE=TFTARKEAWVWETALa—ART I VORI = b U VLIS

1-FFHh ) =T =T K(ca. 28%) EDIHERGIEEZA, #HETHTFT o= YR

ER L, SESEALERGETRILEER . Llmmol D 1-FFH /—MZT7 »E=77K 3nl (45 mmol) .
DIH 731.9 mg (2.0 mmol) MMz, X T 60°CT 24 BfiifE# T+ 5L TFTUr=F Y LDIENE

bE ot

1-FFHh ) —nNa2EHE UTHY, DIH, NIS, NBS, RUXNCS ZE{L#H & L T 60°CIzRiT 5 Rttt

EHELUAER, DIH #AWVWEERIIHETE7 U= bV EBRETHS Z LN TE Iz (Table

5)o —7}. NBS, NCS TIZ2< BRI LN TERD oI, I-FF VAT IVEAVWTHRBEOER L

ot 9,

Table 5. Oxidative Conversion of 1-Dodecanol and 1-Dodecylamine into Lauronitrile with DIH and

Related Reagents in aq. NH3;

Reagent, aq. NH3 (3.0 mL)

Entry X Reagent eq- Time Yield(%)* ‘'Entry X Reagent eq. Time Yield (%)?

1 DIH 20 32h 97 L5 DIH 12  6h 88
2 NIS 40 32h 65(16° 1 6 NIS 24 6h 7
OH E NH;
3 NBS 40 32h 099k + 7 NBS 24 6h 0 (57)°
4 NCS 40 32h 099 : 8 NCS 24 6h 0(51)°
a[solated yield. ® Recovered starting material.
Me

,

DIH: Me N

&j;)\a

D¥E & RBEREIET NV a—N, RUODAVFZRTNAa— L BHET7 Iy, RUVPALRT IV D=}Y
WADEBRRIEEToEZ A, BNETHIETDI=FIABELNT,
INFECRRTEKIEIL Scheme 1 I RLIERIGHEBE TR I A EZELREELZ TS,



l R—CH3-OH l > R—C=N

lorDIH | - HI - Hi
2 NH; I, or DIH cl
R—CH+-0 —>» R—CH=0 ————» R—CH=NH R—C=
I -HI -H0 -HI
H H
- HI
I or DIH CI
[R'—CHZ—NHz ] —————» R—CH—N I, or DIH| - HI
-Hi lll LH

I, or DIH
-HI
R—CHzNH, + R—CH=NH
R—CHs-X | x=ci,Br,1
R—CHzNHz‘

1, or DIH

R—CHzNH-CH,R | =——— R—CH=N—CH;R _ N R—Clit‘l’\lH—CHzR
NH,

NHsT- HX

Scheme 1. Plausible Reaction Pathway for Nitriles

BE LW
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2) Mori, N.; Togo, H. Synlett 2005, 1456-1458.

3) lida, S.; Togo, H. Synlett 2006, 2633-2635.

4) lida, S.; Togo, H. Synlett 2007, 407-410.

5) lida, S.; Togo, H. Tetrahedron 2007, 63, 8274-8281.

6) lida, S.; R. Ohmura, Togo, H. Tetrahedron 2009, 65, 6257-6262.
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Optimization of drying process in scale-up manufacturing for Erythromycin A derivative

Kaichiro Koyama*, Shinichi Ebihara, Hitoshi Shimizu
Pharmaceutical Technology Div. API Process Dept.(Chemical Technology),
Chugai Pharmaceutical & Co., Ltd.

5-1, Ukima 5-chome, Kita-ku, Tokyo, 115-8543, Japan
koyamakic@Chugai-pharm.co.jp

We succeeded to optimize the drying condition of Erythromycin A derivative for the scale-up
manufacturing. We found that the change in the crystal surface structure influenced on residual
solvents in the product. Based on the investigation, the drying was conducted at the temperature
which maintains the crystal surface structure. This condition enabled us to adopt the double corn

vacuum dryer instead of the tray dryer and the drying was successfully achieved in the scale-up
manufacturing

vsui4 FRAEDE (=) Ru<vf L A FEED GM-611i%, =F YV U ZRFETI=X
T, FFVUKROERZ2E LERBEERESEEL LTHEFTHS (Figure 1), FANZ.
BIZofEINI< K, BORETHEVWEHFHREERZF T 50RKFHMTH D, RT—NT 7D
7=, BEROERFELIIFGEREBEEN O 2= VELHRIBIIERE L &R, BEBENHE
EICBlE LV BB R L,

BRI MREELLOBRANORER L-ER. \wk
2 = VB ZS AR TEE L - BRI BB R IR o,
P, EIREEG LOED Do, £, HEE Jﬁl\
BLU-REIEERPEEEmICMAETIRRIRERS ~0 O
-, X ERERTERLEZERELa=ILVE

TR CEIR L RO MR O/MAE BT TR gjf

BLz, ZORR, 2=7VAEEBTHIRLFRE © o

DREBRE LMY RORBRA 2 < . FERRERET T

3 r5 REsgRERICEEINT (Figure 2,3), GM-611
Figure 1
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R AR TR L 1R R O EHE R R BTl LRSS0 ERSTHE

Figure 2 Figure 3

LR D 2= N @i#ic T 2 EERBETIIRENTE) bR EICBE) L mgic
XV EEERA~ERAMET D L L bIC, EEBEEORICL Y BRRESEMR LEREHEEL L
HEE LT,

IOWEICESE, FREEICEELEXLWVIEE CTER L-FR, SREEHSEO LI, ik
FEERIINEREZEE L RL AL THEREL (Figure 4), 7=, BEOFEZONBA2EF
FRPSSE CTRER L7/ 3., MsCE R T U= S & RICESRE o MMM AHER S h
Tv/= (Figure 5 ),

E‘ S o HAEsC —
PR =T Be
» MR x"c+e0’c

E SN

R SR O NC K D RS FICRRE LR CHRZEGR LIRS OERER

Figure 4 Figure 5

A oo DN ETEERE CTERBICERIEA-DI013., b fRaRmoOMILE s &
TAHZENERICEETHHZENHBA L, SEIORBERERIZEY, A7r—LT v 78EIZTR
U7 B IRHERS 2 AR LT,
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An Efficient Synthesis of Chiral Alcohols via Catalytic Hydrogenation of Esters

Osamu Ogata*, Yasunori Ino, Wataru Kuriyama, Takaji Matsumoto
Corporate Research & Development Division, Takasago International Corporation
4-11, 1-Chome, Nishi-Yawata, Hiratsuka City, Kanagawa, 254-0073, Japan

e-mail: osamu_ogata@takasago.com

A ruthenium complex was found to catalyze hydrogenation of esters under mild and neutral conditions. A
variety of optically active esters possessing protected hydroxy or amino groups at a- or B- position can be
reduced to the corresponding alcohols in excellent yield without loss of their optical purity or causing
undesirable side reactions. Catalytic hydrogenation can omit the violent quench step and extraction step,

which are necessary in conventional sodium borohydride or lithium aluminum hydride reduction.

BRLZATENTHEAFABLERAL T HRLABHFELEIZATFINOBARITKRD L TEED,
CNSIFEERBEDOFIIIN—Y LU TEAINTVNEN, TAFNBLEETLTESNSE
INWTZNIA=NBHELBENRREVFINNN—YDO—DTH 5, @HIATILOBTIZIE NaBH,
® LiAlH, ZRWVWEHBRBOSE L R REITHBRNEN, ZNSORIGERBRA Y —I)T
175 ERUHEDREREPCKBEOREEN /2 EOMBEANH D, TEAIHERTZOHHE L DO
THDEE TU—TFIA M) —DOFBZERO ANCHEEM T O AOBRRENEENTED.
FE RS TZATIVBITAER TENRE, TS ORMBEEZE IR F—CRIRTERRBITDEL
WELE T O R 2BHTES, 22T BLRBINSOFIN TN a—NEELE. 55, K.
RMITERT BT EEZEFEE L, TAFIOfEAIKFELEZ W BT RSO R % G L.

o O asymmetric hydrogenation

OH O H, OH
R)J\/U\OR' R)*\/U\OR' R/=lo=\/\OH

O O asymmetric reductive amination NH, O

H, NH,
RMOR' ] R)*\/U\OR' R)*\/\OH




INETIATI ORI FELEZ B WCBT RSB OMEFIAH HH, TEMITHIN
ARRIBREEDBNONRBRRTH S, £I T, BHKEEST b EOKRIERBITB W TIER I
EETHBIEMNS, TATNDKRBEANERATERODRIHEIT o,

ZORER, BERBICEOMIET DTN I 2ED T EITIERY LR, afLicAELANH S
HEHIIH L TEBIC T I{bAHETLE,

o 0.5 mol% Cat., 10 moi% KO'Bu,

. H, (5 MPa) . PN
*LOMe THF, 100°C, 16 h Y oH Cat. ( P’RIU‘N )
X

X

loss of optical purity

HFEREDETI, RISRVEEMETH D ENREREZ A, RPITHEENFET DL, afL
KAFRNSLEETIEETO N O5IZHRECED I EIMETLED LHEHINS, Lo
T INSOEZITH U THREMEZRETSIE, PHEFET TRISZITOLEND D EE AT,

OH 0 )

- MeOH

R R

YI\OMe — H

X X

R
H base catalyzed l T N OH

T 2 racemization > }(/\

(o) (0] loss of optical purity

R\HLOMe R\i)l\”

X X _J

FIT, BLARTEFG T TRIEVET TR VHEINCHEB LREZTo /. ZO#KZE)
Wi b UEOKRFIERISETIIERICARRERT NIV EEZBLECRHLTVWS, 22T,
IATFIECHERABEZILT SN ZT - . fligx DR OE. KA 7 1 I DPPP
Z, P7IVITDPEN ZBR UK T D HENDRNICIATINER-ITTESR L2 RHLE,

KRR HEEE R TR T IV U TRITRIGZ T2 72612 R 9 (Table 1), REFZZHA L
HICHAL THINBER S AFMMEDHER LAFEENOZ I I —IANE LB TE = (entry 1,2,3). E7=.
BIICIEFRBOT I /EEZHTHHEEIIONTD, AEMEZFHELEETEHNETET I a—-)A
BT B LITRIILE (entry 4).

Ph
0 1 mol% Cat., H, (5 MPa) Ph, | N Ph
R - R \ j’
ﬁ)]\OMe THF, 80 °C, 16 h TOH - ca <:P|\ .y
X X
pn” L H, Hz
Ph BH



Table 1

entry Substrate Product Yield dee”
OBn OBn
1 i < 95 <1
> 00,Me ~~OH
NHBoc NHBoc
Py 4 OH
2 Y\COZMe \r\/ 94 <1
TBSO 0 OTBS
3 92 <1
OMe /'\/\OH
NH, O NH,
4 64 1
OMe /'\/\OH

 Aee = (ee of substrate) — (ee of product)

Ll offiCEREDT I /&, KBEEZETIIATIVTIIRNRNEL . EFOS5E3Ikd
BRlchTLEo 7%,

phPh. H
WH M2 pp
NH, 1 mol% Cat., H, (5 MPa) NH, Ry N
: no reaction : OH Cat. C Ru |
~Sco,Me  THF,80°C, 16h A o N
\ 2
Ph ‘g
OH 1mol% Cat, Hy(5MPa)  OH
s > _A__OH
> Co,Me THF, 80°C, 16 h NS
30%
Aee=6%

UE WTZOLPRAT 4 2PT2OORT PHERPUERKLEITBNT, TAFINDOKELK
RICADTHBZLERLE. CORBREAOVNISHEICARERREGICOBAT L 2 EMNTE,
Ko, aAEFPLERF OAREREIATINIC DOV TOREHMEDR TEMA B I EMTE S,
LOALERS, MOERAECRERECODVTEELSFFARETREIFEIBRINTED, 35
AR, BIEETIOAEICHEATRESAMEROBEAELBIEL TREBRVHA TN S,
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Development of very mild and highly selective deprotection method of methylene acetals

Hiromichi Fujioka, Kento Senami*, Ozora Kubo, Yutaka Minamitsuji, Tomohiro Maegawa
Graduate School of Pharmaceutical Sciences, Osaka University
1-6, Yamada-oka Suita, Osaka 565-0871, Japan
fujioka@phs.osaka-u.ac.jp

Methylene acetal is known as a stable protective group of 1,2- and 1,3-diols. However, deprotection of
methylene acetals require strong acidic conditions. Herein, we describe a new deprotection method of
methylene acetals in combination with TMSOTS and 2,2’-bipyridyl under mild conditions. Moreover, the
present method can provide various protected 1,2-diols from methylene acetals by modification of work-up

conditions.

AFLUTEI =T 12-BER13-VA—NVOFETIRERRBEEEL LTHONTWAR, £
DOBRHEITIT BCL R EDMOERESRMG Y 2H4E L3570, FIATEZ2EZICHRESHY, &
LFEICBT 2HBHRFARSE Y 2EINTVWRY, ZZTHRAIATF VT RZ—VEZEMRE
BT CHREESTIZENTENE, LVFARRERL LTRIATE 2 LEX, FHBREEOR
RIZEF LT,

BxIIKBEDT £ 5 —LEURH SN )

#£TH%B THP =—F L° MOM =— J\ - TESOTf or TMSOTf )R\ ot H,0

B RO 0O > |ROTONTYY | —2=. ROH
TNMIVIND)T7T—FeEDY pyridine derivatives ¥ V—R
CVHBHEERIGIERE, VY U=

ULEPREERR L, < AKTD

HARSARIZ X 0 BRARSMET ChREESETT S Z L 2 RH LT3 (Scheme 1), ?

SEIBLIIZOMREZL LI, AFLY TR —NAEEBIENREETCREET I ZLITK
WLt &6, BUBEHEELD

R : acid labile groups Scheme 1

T AF LT —NVOBRE OH OH

V- LOBRERTRELER o REOT e omEsfl Ao
BACHEAT S e RREBEEEY S AT g, —ovor [ ovom )
O FELRELI-OTRET D kama R)\pH
(Scheme 2), ¥ Scheme 2 | {




[(A—N~OBREHE] “hETOMRELEIIC, AFLUTEZ—VOBRRHELZ I
M) 75— e ) PUBEEDAAS DY EBARITI LI L 25, TESOTE & 2,2 -bipyridyl % A
WBZETHRIE ) D=0 AEFEEEZERI YD Z ENRTE R, HOTKICK D IMKSHEE
Tolt A BREETHDZ VAN TR —FOKBEEN TES ETR#ESNEE/ VIV
EDREMNELNT-, FI T, VA AB% TMSOTFIZE %, PBEAMSMGT CRET S Z & TIRE
B VA= EBIRIC R (Table 1), RBRISSFFITBEICTREE 2 triphenylmethyl (Tr) /2 &, il
DIRBEEAFTHIEEIIBNTHAF LU T —ADOHREBROIZBRETETDH D,

0 TMSOTf (2 eq.)
’\O 2,2"-bipyridyl (3 eq. ) 1N HCI
R/K/ >

CH,Cl,, 0 °C, time (x) Et,0, rt, time (y)

OH
OH

Table 1

entry  substrate time (x/y) (h) yield(%) entry substrate time (x/y) (h) yield(%)
0\ 0\
1 \(")’k/o 0.3/15 83 ROMJ\,O
7 9
o\ 4 (R=Bn) 05/3 72
2 Ph/\/K/O 25/1 8 5 (R=Bz) 05/3 75
6 (R=Tr) 1/45 86
o\
3 O 03/1 95 oo
’ 7 2/15 84
Ph

ARIEDRIGHE#EIILTO L S 12X TV 5 (Scheme 3), £ TMSOTF B AF LU T EZ—LD
ZOOBERFOMKRELREL., RKEOBRERFICRIEICEM T 5, EhIT 2,2-bipyridyl
BRBETAHZ LTI =y AEPRIENERT D, E5IC, BERFTTIASETHZ LIk
DB TMS (L ZESTAITEY—A~NEERIN, FVLTATE FOBBEE L b7 > THIEHE
BETLELDEEZTWS, £, YT E LT 2,2-bipyridyl RBWERZ5X7-01X H,0
ERISREE DT, MARDBEEREL TWBEDEEEZL TS,

S
| L
N | N I P
0—\ TMSOTf N Nus N+ N
o] LR L
A
= /1 R OTMS
N N THSCOTT )\/
1 | BEERIRMSIZTMSOTAS
‘OTf BRI F(ZER
I N
H,0 P S oo OH
N ] OH
O NS T g O& N R OH
o -.—
w : ){)/0"' 0
R OH R Iy
H”H
Scheme 3



[E)VINZ—FA~DEHR] KEROWEMAKGBOBIZCA—NVEE ) VY NVEDRED
BEONZEND, RIZE VY NMEOHREBRE L FEER LI, TO/RER. VA B
IZ TESOTf # AWV CTHhREIEE 2 A%, HEMRE T TIAZEEIT D Z & TLHEKEEDHHL
ERINANIC TES R NT-F /) VY MEEEIRE, BmEIRIICE S Z LTI L7z (Table 2), £72.,
2IRAKBEEN ) ML ENT-ERDITE2L BoNRD o7z, ARISTH TrX° Bz Ei2 LW O EREE

REFLTHTHRIBER S RISHET L,
Table 2 TESOTf (2 eq.)
O’\ i % OH
R CH,Cly, 0 °C, time (x) Et;0, 1t, time (y) R

entry  substrate time (xy) (h) yield(%) entry substrate time (x/y) (h) yield(%)
0\

0\
1 \MJ\,O 0.5/12 30 Rowk/o
7 9

0\ 4 (R=Bn) 0.5/10 87
2 Ph/\/K/O 1185 90 5 (R=Bz) 0.5/10 92
6 (R=Tr) 05/7 81
% o\
3 75125 80 7 . 0 551/8.5 87
nPr® DA
nPr

[MOM =—FA~DO%E#H] HlEE LTERTIEY D=yt L, H0 offHYHIZ
MeOH THET 3 & NEKEEEMBIRIZ MOM ETRBEINZOTIIRV ML EZ -, xR
LEfER. VA AERIZ TMSOTS % AV THRAERIZ MeOH 2 HMT 5 Z & T, MEMICIARH T
PR EREE O 2 (L EBIRAIC MOM H CTRET 2 Z L A T& /2 (Table 3), AFEIZ o I v
L RRHOMBERIREE R L., 1 RABEFETIZBOT 2K E i 3HRKEBEE L EIRIICRET
LZLARETH D,

Table 3 0 TMSOTf (2 eq.)

/OO 22bipyridyl (3eq)  (MeOH)
R R

CH,Cl,,0°Ctort,0.5h  t, time

entry Product time (h) yield (%) entry Product time (h) yield (%)

OMOM OMOM

1 OH 45 92 3 BHOHJ\/OH 6 89
9
7
OMOM
OMOM 4 BzO\M/K/OH 4 86
2 OH 1 87 ®
OMOM

5 T0 M/K/OH 7 80
9




[(MOM-TES R#BE~DEH] ULOMREZEIX T, VA—NDOEFRENOKEEICS L,
A% DIREE% one-pot TEHAT S Z & #RA7, TESOTE & 2,2°-bipyridyl 2> & 4K L 7= FEHEIC
LT 3 YED EuN FET MeOH BB 21T o7- & Z 5, 1 #R/KEEE NS TES . 2 /KB MOM
ETENTNREINI-VA—/L% one-pot THED Z LIZHKZI L7 (Table 4),

TESOTf (2 eq.)
Table 4 )O\:\o 22°bipyridyl (3eq)  Et;N (3 eq.) E .
R R

CH,Cl,, 0°Ctort, time (x)  rt, time (y)

entry Product  time (x/y) (h) yield (%) entry Product time (xfy) (h) yield (%)
OMOM
OMOM
3 BnO OTES 05/5 92
1 \Td;L\/OTES 0.5/6.5 88 n $4§L~’
OMOM

OMOM 4 B0 WK/OTES 0.5/11 88

9
28 OTES 4,4 92
OMOM

5 10 OTES 05/45 81

24 eq. of TESOTf and 6 eq. of 2,2"-bipyridyl were used.

Fio, KERRULIVA—NOTZ—NVBURBETHVBEEEETMAGRRENDIR ST/
VA NEFEBICBOWTHLBIRALAF LY TEZ—NLOLZDOBIREMNRTTEETIH 5 (Scheme
4),

Ph
Ph TMSOTf (2 eq.) Ph
gLo O\  2,2-bipyridyl (3 eq.) 1IN HCl Ph7Lo OH
o}

0
\)\M/ak/ CH,Cl,, 0°C,1h  Et,0,rt,3h

Scheme 4 78%

(K] AEERXITEMREIET TCOAF LT EZ—VEDOREH#BICRILE, EbiZ, Kb
FEEDTMIEZDET TRA 2 P4 —NVRBEDIEY 53T b T L7 (Scheme 5), 414138
REDL Y BEHELEEEFOILEM~LEBBE LTV FETH S,

OH
8

OH sat. K,COj3 aq. 1N HCl aq. OH
A ores | Tesomt msort  ——= | _1_on
\enwrtr— | 2:2-bipyridyl O’\O __Z_Z_ML SANERE

OMOM MeOH CHC, R CH,Cl, MeOH OMOM
R OTES|~ oy | OH
— Scheme 5§ —
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Synthetic Organic Reactions with Iodobenzenes as Organocatalysts

Masahito Ochiai
Graduate School of Pharmaceutical Sciences, University of Tokushima, 1-78 Shomachi, Tokushima
770-8505, Japan
mochiai@ph.tokushima-u.ac.jp

Transition metal-catalyzed oxidative cleavage of carbon-carbon multiple bonds has emerged as a powerful
tool in organic synthesis. High-valent oxometals, mostly of Ru, Os, and Re, were used catalytically as
reactive oxygen transfer agents to the multiple bonds. Reported here are the organocatalytic versions of the
oxidative cleavage reactions. Our method involves use of iodomesitylene as an organocatalyst, which
generates an active aryl(hydroxy)-A*-iodane in situ, and m-chloroperbenzoic acid as a terminal oxidant under

metal-free conditions.

EMOBRFEERI VRIS V-3 —F ) X, aVvRCFERIZLALRbRRW D,
ERGHERCBRENEL . FOERAMGEALE VWD, RERFANT2HELBREA L L TRES
ASnTW3, RETRZOREBL 2 2HER, RIGECHEILOWTOBRRL—BLEEEY -
b3, BINTOWARIEIT, SR TRILZERBROICERT Z2EEY—MO2 vRLED (BEIX
B—FRUEY) Bhote, TERTF Y CEEINEEELRRRBRTH S 3 VENEKICEED
EROTHTHATLE), RIZ, ZO—lin 3 VEILEVEERLR=ZMOBRFME I vFRILED
~NERISERGTICBERETENE, —f0 3 VRILEDNEEREY L1372 b0 H LW EBMERISA
T3 Lici2b, 7281994 &£, BHEEBILIZEY, a—FRUEBUR2EBETIMELEDOT
yERIUREBARIKRBPEESOMEIN—TICL > THRES W TWS D, £EHRFRESL LWVHIRR
Rth3,

1. 3—FRUEVEERAE LTI oD aMBRIERE

A— FRUB ML 757 b OBERIEOBRRBICIZISENDARZE LM 20034E 2 F 7
R oL EER (m-CPBA) 2 BRAEMLANE LTERTAZLIZEY, Y hvDai7TEREFY
LIS DL 2B+ 5 Z LTI L (Scheme 1) R % B AEZR B 1232 TRELL Y,
LEHFEICLY, RO —foFHKa VRILEMEAY., ZHOBRFEI VRILEMEEL
BRI & ¥ 2 A B L RIS DBRRIZ RS LI BRI DB TH B,



(o] (@]
mCPBA(1.4) oAc
dMe BF2E0 3), F0 6)
AcOH, 25-30°C, 24 h, Ar
Phl: 10 mol % 84%

5 mol % 75%
Scheme 1 lodobenzene-catalyzed a-acetoxylation of acetophenone.

10 mol %D Phl VN3 &, 7T b7 =/ VOMBRBRILAEITL, a-TEFXT 7 b8 84%
DENRTEOLNE, HBD Ph(OAc), T AVEERAIRIEL Y bEMCBVINETH S, ARG
T Tl MM S iz Baeyer-Villiger B{LIZ£EITL TV ARW, BETLEHIZIFTHATHS
DB ERMT A KOBBNBICKESHEL, KEMARZWEEBRITIZE A LT L2 25 (Figure
Do SUBOKEMIIEZHRCELEVRNERELNE, BEHKRD m-CPBA 2R OEDOK

(17-33%) ZEA TS, %> T, m-CPBA IRIGOHEBNCEZER Y 72 AW TRIE C—RHEER
SHEDLDOERAWE, 228, ARSI Phl 2l LTERA LRV ELETLRY, RDVIZ,
Baeyer-Villiger BRILASE Z 5 L 51272 %, Phl OEHLELN R % Table 1 2. FISHEHE % Scheme 2 (77
¥, BF3-E;0 I m-CPBA {2 X 3 Phl OBMELRISOIE, KISTEMTE PhI(OAc), DIEM L. 7 Fr oD
T ) —NWERUBEBIC L B - 3a—F =7 P DS REOMER EEIFIZhI 388 % —%5IC
ZRLTWB Y,

yield (%)

100

Figure 1.

Table 1. Substituent Effects of lodobenzene?

m-CPBA, BF3-Et,0

o o Arl, H,0 o
: OAc
P Me ACOH, 25-30 °C, 24 h, Ar Ph

(o]
o]
o o
Entry Anl a-acetoxyacetophenone (%)
° 1 PMEOCH,! 67
2 pMeGgHyl 84
3 Phl 84
4 Pp-CiCgH,l 81
e — e A - . 'y ' 3 5 pNW‘I &
2 4 6 8 10 12 .
HZO (equiv) #Reaction conditions: m-CPBA (2 equiv), 1,0 (5 equiv), BFy-E1,0 (3 equi
Effects of water on a-acetoxylation of acetophenone. .nﬁfs'i?g‘nm\fi" e CPBA G eqiv). 10 (5 equivk O $120 G oquiv.
(o}
A _oac
Ar
Phi
AcOH
Sn2 m-CPBA
(o}
)|\/|/0Ac BF5-ELO
Ar * AcOH
Ph
Onc mCBA
(o] OH —_
X, - AN e
Ar Me Ar OAc

Scheme 2 Mechanism for 10dobenzene-catalyzed a-acetoxylation ot ketone.



I A—FRVEVEREMBPL T 5L T 1 Y ORBIENYITR G
RE—RBE_EFBSTBRILAOICEN L. VK= MEE8HE RT3 R38R ARILECRIT
LERIRIE L LTHESIT HNTWS, TV R Ru0,. OsO, FNEEBREAVDHikL
BEHONTWAN, TOREM (TENBETOAY = FOBREER) LEMEITIIE K ORMBERN
BEhTWd, RFIBHEOBMNINONESEMELY, FHERETIRVWAERMEICRILZ

L Z#HBE L7 (Scheme3),

RuCI;,, NalO4

nCeHi __ CCly-CHCN-H0
or 0sOg4, Nal04
mCeths dioxane-H,0

f)'CsH1 1002H

RuCl,0s0, [———)  Organocatalyst

Scheme 3 Transition metal-catalyzed oxidative cleavage of C-C double bonds.

{LR2BBMLAL I« LUBRG

SHEOBREFMEI VERLEWER DL, AL T 4 L OBRLAYIMRIE SR #EITTH L
% B U7z (Table 1) ¥, EABE D, RISHEOEW T — F AR E Y (PhIO, R Y <—) % Br¢nsted
B2 HBF, CIEHMELL T, PV ARBORWRTIBEHAEI—FIARVEUE/)v—A 2RES
¥3L, RE-RF_ERBASOBILAOYINRISHET L, ZMOBRFEI UvFRILEHE AV
MDTOF V7 4 OIS TH B,

FIGH#E % Scheme 4 1Z7%, ZHOBRETFMHEI vRILEDIIZTV 7 4 VOBN-BRILAIL LT
BT 5, BRI — FIARVEVE/) v—ARBREFHORERTHY . SKBEP CORIET
BArv7z4rne Fexd .3 —F=VLRIE (ant f50) RISHEITL T, B-b FrF -
a—FUBRETERT D, 3—F BTl ZMOBRFEI VREBEREOBLHE " HHEN
LR, KICED S KISHETFLTYY a—ABERT B, Bl&K ZMOBRFMI VHELE
PIcLB7) a—VoOBLRMBREKGEIBEAORIETHD, —HOBRFMI VRILEMEIERS
HT, ALT7 4 UMD HEEL12-CA—NVEARTOIRIGHRANDORIETH o1,

TN

HBF4 ©_|+ =/ /OH H20
PhIO ———— I--OH ] —— — RCHO
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A B RCH,CHO

Scheme 4 Reaction mechanism for oxidative cleavage of C-C double bonds.

Aa—FZUBIRBWTHE, BRERD 12-BUBRERIG LD, BlZE, AF L LORIETIX
Zxz=NTEITATE FREERDIZZ>TLE D (Table 1, entry 18), TRF T FOER LI
SGRIGERY, AF= b XF LU OBLHEINIRETIE, =FR* Y FOERB TR 2 RGERE L
72oTLED (entry22),



Table 1. Oxidative Cleavage of Olefins with Iodosylbenzene

R R PhIO (2.2 R! R?
nz R4 R? R4
A: 48% aq. HBF, (6.0), CH,Cl,-H,0 (9:1), RT, N,
B: 48% aq. HBF, (2.2), CH,Clp-HFIP-HZ0 (9:3:1), RT, N,

entry olefin method time h yield (%)°

1 O B 1 79 (50)
2 O B L5 20 (41)
3 o8 A 0.5 53

4 C A 2 76 (72)
5 A 3 (57
6 O B 15 58 (44)
7 A Ar= Ph A 2 75 (82)
8 B 2 80 (77)
9 p-MeCGI-L A 1 66 (64)
10 -MeCeH, B 1 56 (57)
11 p-CICeH, A 5 61 (56)
12 p-CICeH, B 2 83 (84)
13 p-CF3C5H4 A 8 13

14 p-CF3CsH, B 4 71 (66)
15 o B 2 57(57)
16 ncn“a\):Me B 2 54 (55)

Me

17 ij)\m A 2 72)
18 r Ar= Ph B 1 4(5);
19 =/ m-CF;CsHs B 8 57 (543"
20 p-CF,CeH, B 8 67 (53)°
21 p-MeO,CC¢H, B 4 58 (54)”
22 m-NO,CeH, B 72 61 (56)°

? Yields of carbonyl compounds were determined bl' 'H NMR. Parentheses are isolated yields of alcohols (or
their derivatives), after reduction with NaBH, in MeOH. ° Yields of phenylacetaldehydes: 85%, 24%, 21%, 32%, and
8% for entries 18-22.

R A Lo ¢« VUIRREG
LHMOBMTHEEBILAA LT 4 VEIRIE ORI L ER TE Y, BHEDOMEL Ru0, =X 050,
EOESBMEICTDLAFEMBL LT Ilnol%DI—FAYF Ly (3—FRUVPLrEo LELE
FHMETHD) 2AVD L. KRE-REZERFS OBRALIN IS B AENICHER S ETTS
(AWE), HREZE LD T Table2 IZFRT, T2 THILERARAREERLAIL LTI, m-CPBA % 1{&
AL,



Table 2. Iodomesitylene-Catalyzed Oxidative Cleavage of Olefins and Alkynes

entry olefin method® equiv’  timeh  yield (%)°
1 R R=H A 4.1 168 40(40
2 or Me A 31 9 p2ged
3 R=H A? 4.1 42 49
3 [::]’R Me A 31 49 8479
5 n-Bu A 31 19 70(66
6 »MeCH, A 31 14 76(73
7 »-CIC A 3] 14 86(83
8 P-CFCs A 3] 25 79(61
9 “\(IM" R=H A 22 PR 100
10 " SO,Ph A 23 36 89 (93
11 @ A? 4.1 48 (48)
12 & B 4.1 10 77 (65)
13 , A 4.1 48 19

e B 41 10 8467
14 P Py B 4.1 10 75 (74)°
15 MOt _ Me B 4.1 12 87 (71)°
16 PO g, B 4.1 13 82 (70)°
Me
17 LN B 3.1 10 90 (57)
Me
18 Mo Ao A 22 21 87 (69)°
Me

19 LENPN B 4.1 10 57 (42)
20 — R=OH B 4.1 10 78 (67
21 e e Ac B 41 10 73 (67
22 NHCOCF; B 4] 10 78 (68
23 HTs B 41 10 98 (95
24 = R=H B 4.1 10 93 (81)°
25 ACtide CH,0H B 4.1 10 72 (60
2% CHCl B 4] 10 o1 (82
27 COMe B 41 10 84 (88
28 p—= Ar=Ph B 4.1 10 66 56 ;;
29 p-CFCeH, B 41 10 58 (58
30 nCats—==—nCyhhs B 4.1 10 68 (43)°

? Method A: iodomesitylene (1 mol %)/m-CPBA/48% aqs. HBF, (2.2 equiv)/CH,Cl,-HFIP-H,O 9:3:l/roonz
tenclﬂ;eraturc/‘N . Method B: iodomesitylene (10 mol %)m-CPBA/48% aq. i—IBF‘ 2.2 equiv)/V e(’?N-H,O 8:1/50 °C/N,,
m-CPBA. ° "HNMR yields. Parentheses are isolated )_rflelds of diketones or methyl esters obtained after methylation with

TMSCHN,. “ Iodomesitylene (10 mol %). ° GC yields.” Methyl 11-hydroxyundecanoate was obtained.

“EHEAOUM LRI, RFE-REFZEESOMEMDBIRELHRE L EIT LR (Table 2,
entries 24-30), Scheme 5 IZRISHEEZ R L TW A M, RIEERAIIR0ED Z0FDAMBERAM LT A
a—¥r CThs,



m-CPBA
RCHO " RCOzH

Ol
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Ar

/
A

O o

/(/ m-CPBA
AN G >\ '_'" OH,

m-CBA
= T o OHz BFy
m-CPBA
Ar= 2,4,6-M3305H2

Scheme 5 Reaction mechanism for catalytic cleavage of C-C double bonds.

BETIR, BEFEI VFRLESDHLY bEPCHBVRGELZTTZMOBRFERFLEVDOS
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Seventy years ago, Gilman and Wittig independently and concurrently observed the ortho-deprotonation of
anisole by alkyllithium reagents and thereby discovered the Directed ortho Metalation (DoM) reaction.
The systematic studies by Hauser in the early 1960s on other Directed Metalation Groups (DMGs) and,
subsequently, the discoveries of Beak, Christensen, Gschwend, Meyers, Muchowski, and others in the
late1970s propelled this process into the arsenal of the synthetic organic chemist. The last decade has

seen increasing application of DoM chemistry in large-scale industrial processes.

Our group aims to enhance the earlier findings, develop new carbanionic aromatic chemistry, and connect
the methods to evolving modern methodology. The end point is to contribute new practical methodology
with scope and application for synthetic chemists. This lecture will provide a perspective of the evolving
opportunities, as exemplified graphically below, which are offered by DoM, its offspring DreM, and
connecting links to cross coupling, especially the venerable Suzuki reaction. Hopefully, it will give a
flavor of the utility and advantage of the Neue Aromatische Chemie in chemical synthesis.

Clm Clyx ™
“—\u "
"R

E'M‘L Met? = B(OR),, MoX,
ZnX,SnRy
DMG = Directed Metalation Group X=ha . . OTF

Directed ortho Metatation (DolV) Met' =Pd, N
Cross Coupling (XCOUPL)
QO QO .?Cw Q
ovg)
OQZ
DMG = CONEY,, OCONEt, X= ONRSOz
Directed Rermote Metalation (DreM)

Directed remote alkeny! Metalation (DrealVl)
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