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. We recently reported a convenient method for prep-
aration of g-hydroxyalkanethioates by the reaction of |
thioboronite and carbonyl compounds with ketene,
. ew and it was suggested that the reaction proceeded by

R SBu 3000’ YV initial formation of a coordination complex of a car- | .

5 bonyl compound with thioboronite, followed by a
L - - —- nucleophilic attack of the thiolate anion on ketene. .[- - - -
However, the present investigation shows that the key
G e e - L—_“( intermediate of this reaction is vinyloxyborane - -
JACR, 1913 _ formed from thioboroite and ketege. -
oBB, | "HNMR analysis .
Bu;B—SPh + H,C=C=0 —~[Hzc=( “ - 736 S
6 1 SPh N \
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The length of the B-O bond (1.36-1.47A) was shorter than other metal-O bonds such as Ti-Q (1.62-.73 A Ao _
s (1.92 A), Mg-0 (2.01-2.13 A) and Sn-O (2.70A). Thus, the aldol reaction of boron enolates with aldehydes
-~.—. - proceeded via rigid chair-ike six-membered transition state to afford the corresponding aldols stereoselectively.
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E cnolate = aati/syn = 100/1

Z enolate — antifsyn = 52/48
(Z crolaic— anti/syn = 61/39, TBSO) E= aniti Z = aniti z— Syn
p Table l Reaction of the Snlyl Enol Ether 2 wuh Benzaldehyde
(o]
S ( ( LOwn Eh Ia"f.ﬁ in the Presence of Various Metal Salts ’

Chom. Ledt,, 1493 (10eq) Conditions— —Yield of products, %——

Avf hfo»‘fe(!& l’)’ T, Le , (’J ACS, 1974 | -}:/]e(alz-salts Temp, Time, gnft vty 3 4

OSi(CH,), TiCl, RT? 2 82(63:19) Tracec 2
TiCl, —78 1’ 92 (69:23) Q 0
_ SnCl, - RT 1 33(25:8) Trace 28
+ CH,CHO —— — SnCl, - =78 1 83 (63:20) Trace Trace
CH Cl, FeCl, RT 1 0 0 12 -
1. AlCl, RT 1 55(41:14) Trace Trace
BCl1, RT 1 26(18:8) 0 24
osl(cH;,)3 o _ EuO-BF,  —78 1 80(59:21) 12 0
) ZnCl, RT 10 69 (51:18) 8 3
CHCGH CHC;,H,, . CHGH, ZnCl, - -78 12 Trace 0 0
+ ) , (n-CH,)sSnCl RT 24 0 0 0
@) . MgCls “RT: 24 0 0 0o -
CdCl, RT 24 0 0 [1]
4 LiCi RT 24 (] 0 0
s Threo and crythro mixture. ® Room temperaturc. y tlc
analysis.
o ' ) . y 1. : TiCl
R OSi(CH, R | B ‘Jo—s.(ca,), RS
No \C__ TiC, . \_\ . . (8) 0 -
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Scheme 1. Retrosynthesis of Taxol from optically active lincar compounds
3and 4.
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OSiMe; * EtS R
R ’ Catfuol%  Yield/% syn/ant  ec/%
E1S7 N - /)7 52 . ; ‘

N N n: 2 o B/IT %0

40 s PMePh 2 75 g/ ol

TIO—°N (B)}CHyCH~CH 2 % %/4 9

o 0 B H-CHE) 20 7 /3 B

) 4 15 67 %4 R

EtS R . 4 10 65 9515 8

CH3(CHDeCHO 20 80 100/ 0 >98
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0 oM Henideam  ° % “’“"“’" "\Z-NH whs Led‘ " Wishowt eat.  Table2. T

r OTMs
Ph)LH ' j)\OMe 3h,0°C Ph)><'LOMe e 0

(1.4 equiv) RIHTMS Ph/u\H \’/'\OMB Solv., Time, Temp. Ph)><'L

(1.4 equiv) R:H, TMS
. \/O\H ONS. ‘;D‘UO‘V\“-S wele exam W\e({ - Entty  Solvent Timem Temp.C  Yield® /%

THF; 8l</ veﬂv( H: TMS = 2: | —ﬂ\cww roduct was 1 D 1 B ”
PME; %W\Z‘l‘ T HITMS = 'l""'?/g"'} “TMS eﬂxeva(kkmdm’fed S e 1 s el

4 DMF 1 -78 trace
[7):.-\dyue ; %,uww"b H:TMS=(:6. i:“ ibilty ML 5 pyidne 4 0 na
[N Ca ,}’f C C)’C ?— *Yield was detarminod by "H NMR analysis (270 Mz} using
o122 as an internal
Table 3.
OTMS ﬂm” (25 mol%) 0 . )OL + Sil . éMJ (10 mot%) 1N HClag Products
n’u\u \H\ OMeo Ph” H Solv., Temgp., Time  THF, 11
(1.4 oquiv) C”N HC’-L T VL Eny _ Syl enclates _Solv. Temp /°C Time /n Yiel® /% syrranti
' v4 OSiMe,
Entry  Aldehyde Solv_ Timeh Temp/C  Yieki* % ! 1 e DMF  -45 2 95 -
1 O DMF 1 45 9% OSISD?
—< >—-( ; 0o/ oy
2 ?/ ) DMF 45 3 -
Ho Pyidine 7 0 s ( lODW»Q o 2 %;S"gh
3 DMF 1 45 28 - -0 i
4 MO y Pyidine 4 0 97 3 A ome OMF 45 3 vate -
A SR SR B C‘f HO) s g s e , ‘
Nem Pyrdne 6 0 » 5 |)\0M6 OMF 0 3  s0 16:1 5'7’y\ S'OI&V‘ W
pka 24 { 6 oy, Pwdno-19—0 18 4 16:1
' ' ’ ’ ’ ’ T T osiMes oM 4s 37 e 27T o
8 \)\ DMF 0 3 85 24:1 \l’
— OMe .
p LIZN H 9 - Pyridine -19-0 18 70 24:1 l(c 'h’VL ‘}
01 was by TH NMR analysis {270 MHZ) using at),’c NS | ol
F"O\ 25.0 11,22 tetrachioroethane as an intemal stendard. ‘5“7&"&
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/ o Y Same Fk{)\ A?/vaa, ‘/'ﬂPZ«Ok were o SMEY  pCoL (10 mol%) n/o$<'oL o
o ctive . + NP oMe —_DMEHQ. A e
pPyl (ot e [fooly | e e A R
, .

Entry Aldehyde Time/h  Yield /%
0 0o A\'/O H 1 ozN—Q—cno 3 97%69)
10"
(VV\’VH ka 2.3 CKMH ka (49 ko 2.6 2 cn—@—cuo 3 94 (63)
nor A phai2- . |
. 3 CHO 3 99
o OSiMeg ) . oR O _ H >—

+ / Meli (1.4 equiv.) o .

Ph)J\H OMe THF, 0°, 3 h Ph)><lkoMe .- 4 cHo 3 93
. (1.4 equiv.) [ QL ] 36% - 5 ——< >—CHO 16 78 (84)
Hec/ka n S ’ oMe oSives 6 m_<:>—cHo 17 62 (94)

b
OMe 7 phe~CHO 18 84°(65")

(2] o P
- J 1. e

| e © = o7 (84)
\('\O'C/ —zr\ l 1 8 CHO 25

OH
9 O 14 84

g CHO
oA

. [¢]
[} ,,“l . .
A u (A) o Jur : O’“\ 10 c§~—©—CHO 3 92
— ) ) wdo |- —hH
>_{M~ )LO’H + LiOH /Sli DMF|Li* 11 WCHO 24 (Y]
£ ) >_<0 He 270 MHz) using 1.12,2
S0 O - Wied determined by 'H-NMR analysis (270 using 1.12,2-
H )\O,SIMo, o — - OMe (;:fghl:r:ﬂum nl an internal standard. in theses were
N e * JL o k2] ) _Yiclds under non-aqueous condition (ref 2b). Pisolated yield. “Reaction
+ R™H , )]\ _SiMeg temperature was gradually wanned up 10 1
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Scheme 6. Assumed catalytic cycle of AcOLi-catalyzed OH O 2H0 o
aldol reaction in anhydrous DMF or pyridine. a R OMe RJL H Q" “OMe MeQ 0
e - P P »
. L s : Sov” I~ S sow L
Golvent ; i : OAc OAC
S ) (/ u K)j\ Scheme 8. Assumed catalytic cycle of AcOLi-catalyzed i
Y 4 aldol reaction in wates-containing DMF. |
B S
" e
Larparison. witt Denmarks oxse, JACS, 198, 2o, 12950, g oy
s
. g MeO Lo o) OMe
Scheme 1 , . Acyc,u,,-bqnsﬂwnvb‘fe R O T
OSiCly 1. cat. (10moi%) ©O OH O OH =T~ sov lLit L Solv” T~

78° H =] . o e
+ PhoHO — 20 T80 Ph Ph ) same a0 Fand Pasics.
E 2. NaHCOg/ Hp0 + '
NHaF
1 2 anti-3 syn-3 .
cal. = (5,54 (95%)  antiisyn, 60/ 1 (anti, 92%ee) ( F.— m'[r)__ -
cat. = (S,5)-6 (34%) antilsyn, 17967 (s();n. 51%ee) §—. lm_“g cm-h\yst
o o ‘;'ﬂ o _(g)/n—seled‘i"e) S
($$)-¢ y Ph

anti

Fig. 1. Difference of reactivity between E- and Z-enolate.
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R=1 P Phv £ g0 ) AW &
& 80 € 14
S _ - SR, ] [ / 5 50 r A A <
phosphoramide time, h syn/anti? yield % = 60 1 904 ""/'/ ¢ 404— /1/ ¢ ¢
5a 15 1238 99 S 404+ ® 0 ¢ N
5b 6.0 27/1 93 e | 4 \d4 20417 A
S¢ 15 311 96 - 2041 F = 1044 1 -
5d 15 40/ 95 o ( oW i
T T a0 \ 80 90100
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analysis. < Isolated. purified product. 1/ [phosphoramide 5c]) % ee of catalyst (4 (®) or 6 (W))



Transition. stute

Scheme 2.

Bulky prosproramide. on  §5 Swller phosphoramide. or

lower codalyct [oo-chh'} le'er cotalyet |o«c[m’~

Divergent Mechanistic and Stereochemical Pathways

(RaNP=0 l 2(R;N;P=0
t { Coordination displaces chioride ) i
o//P(mzh
! P(NR
DSiey (RNP=0 Q (NRzh
- c o.?,wm
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OH ?H
Ph Ph

syn anti

ket oxaumples

~ Trifluoromethylation, Chem. Lett., 2005.

0
L+ T™scE
Ph” H

Smol% AcOLi F;C._OTMS

DMF,0°C, 10 min Ph™ H 91% yield

p-Lactam Synthesis Chem. Lett., 2005.

_Ph TMS
N P 10 mol% AcOLl
Mo OMe — -+
Ph H DMF 1. t, 15hr

Mannich Reaction Chem.

/ll\ +

Pk H

Lett., 2005. 95% ylcld

10 mol% PhCOzNBu4 -
DMF, 20 °C, 24 hr 98% yicld

anfifsyn = >99/1

Michael Reaction Chem. Lett., 2004

Pyranone Synthesis Chem. Lett., 2004.

95% yield

. OTMS Ph 0
0 5 mol% Bu,NOPh |
M, + P om
Pl Ph THF, 98 °C, 0.5 hr I
h

Self-promoted Aldol Reaction Chem. Lett., 2004.

o OH 0
" 1) DMF, <45 °C, 24 hr
o > OMe
o \|)\0M° 2)1 M HCl
CO,Li CO,H

99% yicld

OTMS

Product-catalyzed Mannich Reaction Chem. Lett., 2004. 99% yicld

N-TS OTMS

A g om
+ P _— )%
Ph oM
P~ H j)\OMc DMF, r.t., 6 hr ' ¢

Ts \N,Ll

10 mol% (o]

Ts~ N /TW

94% yield
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')AEHQ (193)

/u\ + Ar,Hg + Reiudﬂ“’r
R” “OH )
. R0l .. 2[H] . 10)
R N \
E— + Hg + 2AMH +  BusP=0
R)J\OJLR g

Ar = CgHs, p-CH30-CgHa o
3) 2.2~ Dipyridyl disulfide (197)

1 1
--COOH + HN-C-COX' +
"XNHﬁCOO 2T H N s

2) Trans - D,Amo,t eww. (1964)

@ + Ph
2 Mom X Ph “
" o) 2 o
Yoo
29 + Ph +  BusP=0
- R)’\O)LR \g/\)kPh -
4) DEAD  (Mitsunobu~Reactisn) (1967)

PhCOOH
ROH

9 9
EtO-C-N=N-C-OEt * @

“ Esterifications of various carboxylic acids with various alcohols I
using 2,6-dimethyl-1.4-benzoquinone. [Alcohels (1.1-1.2 equiv.),
carboxylic acids (1.0 equiv.), 2,6-dimethyl-1.4-benzoguinone (1.0
equiv.)]

b Yields in the parcnthesis are inversion.

TACS, 2003,

- o} (o} o]
n HH
0] —H,0 2 [H] Ph—-C-OR * PhyP=0 + EtO-"-N-N-JLOEt
S
R R? .
O H L | T N S
- PhgP=O  + &8 -&-cox * 2 e =
. N
. - - . - . ae . e s e e = - U s -
In 2_002 Mukq, a Awe,[o})e,& A 0%, — r'EcJ«. mdw,gacbm U\smg ﬁ,wmohes
Chem. Le-H: 2002.
- Table L ing ol quinone derivatives on ion of . - s . J—
(pamary and secondary aloohols) benonic acid e Me
Ph,PNM ftorty yiv sl OH
) PRCOOH o PRCOOB - 7
/—\ 0 Tntry__ Ouinons c’;f:;" Gunons___Veld % R(/’gﬁ) thg@
R™ OH o T NA. ® i 4
+ ROH [PhPOR' ] _
? RJ\OR' ®
\/ crude (0] o . 2 = 55 1
R R’ = primary or
nBuLi / Ph,PCI (PHEQ ) secondary P ok
(primary. secondary, 85-96% yields 3 el n w
and tertiary alcohols) R’ = tettiary o-(ug.
72-82% yields o o nn w2
Table 2.(Bsteriﬁcation‘§of various cz:rboxylic acids using sveral _ ]
alcohols
0 NAR 13
1. n-8 RCOOH (1.0 equiv) (o] _ . g4
R'OH Tpcs’ lthPOF{] Ao R
(1.7 equiv) 0=C>=O (1.7 equiv)) o 0= -p o o%:}u NR 1«
CH,Cly \/ d
loe 7 o={ =0 1
Entry A'OH RCOOH Time /h Yield /% | Yield /% ( B %) ’ ? @
1 BnOH PhCOOH 10 98 98
- 2 P-MeO-CgH COOH 1.0 95 95 ‘ ¢
3 P-NO,-CeH,CO0H 1.0 96 95
4 PhCH,CH,COOH 1.0 92 93 \ bes“' ox(x{m\‘t CDMPQ H$0W wi '}'kv Mﬁ—sumo‘;u
5 PhCH=CHCOOH 1.0 98 92 .
6 CH3(CHz)CO0H 1.0 90 93 Table 20. Compasisor: of Esterification of Several Carboxylic Acids and ()4 —)-Menthol by Means of i;vcml Methods yea' (,fi m{
"""""""""""""""""""""""""""""""""" OH fBuLVHexane PhPO . J
MeO- RCOCH (1.0 equiv.)
CHiCH, o POOOH 10w | ot /(') Prpci) /@ L& e 1
.............................................................. " ChaCh it
8 CHa(CHz),OH  PhCOOH 1.0 90 88 Mot th (1.1 equiv) 2 ,O
Ph Present reactivn Mitsunobu reaction®  Tsanoda method®!
P oH PhCOOH 30 90 94 Eatry RCooH PR, Product  qiesh Yield/%(a/%) Yiek/%(a/%) Yield/5o(a/%)
"""""""""""""""""""""""""""""""""""""""""""""" 1 +NOPHOOOH 60 206 18 3 54(>99.9) 3%(>99.9) —
10° PhCOOH 30 et 86 2 £-NO;-PHOOOH 64 341 18b 1 89(>99.9) 84(>99.9) 26(0.082)
(>99.9%) | (>99.9%) 3 mNO;PHCOOH 6p 347 I8¢ 3 53-99.9) 55(>99.9) —
/ & -NO:-PRCOOH  6p 347 18¢ 2 86(>99.9)"
1® ‘o1t PNO2CeHCOOH 3 gegw ggf;w S MeO POOOH :: 409 1% 3 53(:9932) 0 -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, f’,?,;,j‘ﬁ’. “(f.__‘__‘j), 6 PRCOOH 62 419  1Sg 3 86(>99.9) 27(>99.9) 91(10.6)
7 pMeOPhCOOH 64 447 i8¢ 1 88(>99. 9) 17(>99.9) 98(>99)
12 —}'0“ PhCOOH 150 75 69 2) Inversion rativ. Di lectivitic: incd by 'H NMR g isomer (IS¢, 16a'. 181 18¢, 184",
"""""""""""""""""""""""""""""""""""""""""" 18¢') was prepared by using RCOCI (1.0 eq.), (1)-(—)-menthol (1 0«1) and ElsN Q 0 ©q.). b) (L4~ )menthol (1.0 eq.), RCOOH
0 (49 cq.). PPh; (40 eq.). E1O,CN=NCO, Bt (4.0 eq.). THE 1t @ “ ¢} (L-(~)-menthol (1.0 ¢q.), RCOOH (LS eq.). ‘Bu,P (1.5
13 HO@ /\ll)}';OH 150 95 96 eq.). Me;NOCN=NCONMe- (1.5 eq.), benzene, 60 “ < d) (L)-(—)-meathoxydiphenylphosphine (1.5 eq.).
"""""""""""" N f |
1w [OX " 150 95 9% gf%’l{iefl{ o Phe“)' ester
o PR “COOH Table 6. Esterifications of Various Carboxylic Acids with Phenod
Et, OH 1. "ol
150 & PhCOOH 154 95 2 PioPCl RCOOH (1.0 equiv)) o
F’h>\Me ° (>99%) (>9 %) ("l PhOH —Law [prport] = Ropy
onCaoh  (1.50quiv) O'QO (15 equiv)

Toluene, 110°C,20h

ReooH ; cooH 88 yieh
g g\wo/-/ 909, yiell
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Table 3: of alcohols and alkoxydiphenylphosphanes (formed in situ Table 7. Effect of Quinone Derivatives on Etherification of 8 .
from alcohols, Ph,PCl, and nBulli) using fluoranil. o 0 Phenylethy! Alcohal /{2_
1. nBuli R'OH (1.2 equiy F v .
ROH [thPOR] < - R-O-R' BroH 12U, [1a]
@ 1.2 equiv) 2.2 (1.0 equiv.)
2. PrPCH (1.0 equiv) 5H4;Cl,. RT, 3h
- PR(CH2),0H (2.0 equiv.) Ph ~ T e e
Entry ROH R'OH Product Yield (%] Qunone (10 equm) ~"o
CHaCly. 1,3 h 30
o O
1 OO/\ QOH /©/\ 0 90 - entry quinone yield (%) —————————
e
MeO
! 0{:2:0 NR.
OH \>< O></Ph
2 o P~ on ,OA 94 NC_CN
MeO' 2 (o} o] 18
A~_-Ph Cl
3 ©/\OH Ph~on @Ao 9 °
OH OH (o) 3 o o 6
INCAN AN OGS G g
F .
OH o ~Ph 4 o:{’;'}:o il )72
5 ,©/\ Ph~on /C(\ 75 F (ﬂmk “"'l)
Ci (#]
Ph Ph
X ,
6 Mom PN OH ,,h)\oX, Ph 90 M e‘J\a .
niSm
7 Ph” “OH Ph~oH Ph><o/\/Ph 92 . ’
. PhCOOH 6a (1.0 equiv.)
» Q/\m )O\H MeO-@-—\ Ph Retenclion o DMBQ (1.0 equiv.) j"\
8 MeO Ph” "COOMe o-<COOMe ® lw thP’VPh CHoClp, it P 7‘03"
s 24
) /?:‘ D/\OH MeO‘@'—\ Ph I-Hg;/rsmw i’thOA h
- G % R S A S
PR “COOMe MeO o (cm “ \ PhCOOH 6a (1.0 equiv.) o
(o] Ph\g . DMBQ (1.0 equiv.) )l\
[a] 1.0 equivalent of fluoranil was used. No racemization was observed by HPLC PR"TN07 P CHaCh 1 Ph” "0Bn
{Daicel Chiralcel OD). [b] The ether was obtained with 959% inversion. % ' 7
Scheme 6.
e -
Moz N o
OH thp\o ° °
| PhyPNNe;
|\ ? /@I\ —— Ph@0 Ph, 0
8L / PhoPCI P
PH Py 0 OH
. \
17 o I\ 4<:/§7 @
Lict
“Retention” L h
27
2 HO o Ph ° HHBC
Mol “"" -Ph -~ Phenyl ester -
L “mewe
o | 5 )O @m oo [ 2]
RCOO e ...OQ.Q
HO-R . e
2 Perfect Itwerslon o
Scheme 8. Ph% (Q,i}o’*g_‘ %X
N:P:OQO ..w}‘“ ﬁ:?g:qo" g\'&o_cg wio‘O 2¢
—— - o B o 9 e 10 H
Oﬂ‘e"’ ey 0"‘"‘}’1& OTher~ Nm{mFL‘q les .
Chem Lett, 233 Chewn. Lett, 200t
m.Le .
gL 4 PhMgBr B CN . / ;
pmpoH PPl Iph POPM| B]M n 82" ¢ YIVW
THF 2 Addmve . i
THF Llo]
Entry Additive Condition Yield/%  Yicld/%*
i Nonc 100°C, 0.5h 10 53
2 None 100<C,05h 10 - (EtO FCN DMBQ Oﬂ(Qa ,Y"t 24}\,
26-Dimethyl-1 4 .
benzoquinone ~78°C, 3b N.D.
4 BnBr 50°C, 2h 38 Trace (,Q BV\O P[?)p_] o
“Yields of by-product (PPhy). *5 cquivalent of PhMgBr was uscd. S‘
BuBr — Mel g CHds r‘b MH y=Frp CHW;
[
Me o fo0. gk \ / R
pumon 1B PFCL | bopygg|_PIMOB o rb. I
2. Mel (1.0 equiv.) © THE rt. 1h H\;I’SAV ®
Enury PhMgBr/equiv. Yield/% Entry PhMgBr/equiv. Yield/%
nl 1.0 59 4 20 quant. BV\ —-g NBP\, .
2 13 75 5 30 quant. ?80/, \/i h q ’ % Yi
3 1.5 97 w A
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benzene
refiux .
X SAc+Ci,NBu X S=NBu
- ACC‘ []
8 Cl
7a: X=H 4a: X=H
7b: X=Me 4b: X=Me
7c: X=OMe 4¢: X=OMe

Scheme 2.

g OXLJO\’h o

un?/nb]e above -20%

Swern Oxidation [.
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Lnsoo, new oxidation system

Ho'd?- i The Present Oxidation ; wos ngqllor@(i .
H;,C‘s COCH; HG , " HG O no»cr‘? Ar - )
T R nd T NI S o ¥ Benayl; Hylicaleh ‘dized
c i€ | Cre SR 8M2>l (* a Jltealeehols were oXiat
2 4 s - . . o-- - - s
. . even ok -0, Using HRese subshats, o
2ELN $9 gt HyC R' 5t ' M
i ,:, 3 ; + 0=C__ {rsaction 1) B, "f‘.s qczn' A'> A! Sh\ku o -t ’O‘P 0\”‘7[ 61\'100‘"46 WCVC"OLﬂ“\‘
HCHEN w2 HR? S « 0=C (reaction 2)
3 + = /2 ot vt (ca.5o%)
un,;(eaam b -
ome n ¢ T [+
4 < ‘ §. M
Table 3. Oxidation of Various Alcohols 10a and 28-45a to the Corresponding Carbony) Compounds 10b and 28-45b by using da PhCH,OH St = PRCHCl + PR N
and DBU . ) g By B
X S 4a (1.5 mot am) PHV‘M'V “[W‘“/S' MW( "
™ S Mri OH DBU (2.0 ol amt) 0 4 l Scheme 3.
b il A Sedndary aleohols were T .
) Pl\ 0! o 108, 280458 106.204%  OX) d\‘ ok 0c-v1. o M"—d\ﬁ"’sh O'P d\[ﬂ"d( ‘ka’ﬂm
H woo afso . . g
Eotry Alcohol Conditions ___ Yield/%" Entry Alcohol Conditions __ Yield/%" 4"75 L% Aewu Poseo‘ unJe » .bas: c wndr} L)
1 Ph{CH,);0H 282 0°C, 30 min 9" . Table 4. Effect of Solid Bases on the Oxidation of 2-Phen-
2 CHYCH,);,0H 292 0“C, 30 min 97(9B)P 13 >"O“" 39 1t,30 min 49 ylethanol (47a) to Phenylacetaldchyde (47b) by Using da -
3 BO(CH)OH 302 0°C.30min 87 HO
4 8n0(CH,) 3la 0" o 4a(1.5 mol s seaveeger ef ke
woH a C,1h 92 o Base / .
5 Ao 32 0°Crlh 75 4 NA 0 4m o 30min % iyl ot
Ph. 0\;\/\ . an 'd o ' o
6 Y OH 332 0°C.30min 767 15 A~N 41a n30min 82 Y
. a Ma 0°Cat1h % on Entry Base Yield/%*
NNNNon s ) ] DBU (2 mol amt) Y]
- ' 16 AN 42 A 30min ;’f,} 2 MS3A (1 g/mmof) 2
8 O 35a 11, 30 min 82 830 3 MS4A (1 g/mmot) 73(56)”
4 MSS5A (1 ol 5
9 O“"‘ 102 130min  >99 ﬂ 5 CSF (5 f,,og,’:::) ) 6
10 O 36 30min 91 v o Bromth " 6 Mg (10 mol am) % o
7 CaO (5 mol amt) 56
1 Oeon M, 30min 87 18 #a 1,30 min 97 : '13:‘(()’1 (é mol “‘“‘t’) n
1 mal aml
N 10 NiO (5 mol amt) trace
12 38a . 30 min 82 19 45a 30 min 74 11 CuO (5 mol amt) 37
oH 12 Zn0 (5 mol amt) 91(350* (0
T 13 ALO; (5 mol amt) trace
) Determined by GC-analysis unless otherwise mentioned. b) Isolated yields of the cor ding 2,4-dinitrophenylhyd . . - P ., -
¢) Isolated yield. d) Reactions were quenched by addition of saturated aqueous sodium hydrogencarbonate. €) Reaction condi- ;; m Egmgf wa;dugz u:;"zg,:: ;::ed?é f:)?ﬁ‘:)
tions: rt, 30 min, f) 4b was used instead of 4a. g) 4c was used instead of 4a. was used. d)da was not used )
4a {1.5 mol an) o
1
Bt 2n0 (5.0 mol amt) M BCSJ, 2002,
AR R
28a, 363 CHCl gb, 28b, 36b,
282, 363, , 28D, 36b, \ 48 (1.5 mol amt)
47a-5Ta 4T0-57% OL M
M QhAn)Sine oo DUEOMAST L esction )
Entl'y Alcobol Conditt Yield/_—%"’ 28 CH,CL. 0°C. 30 min 29b
1 o~CH  47a 0°C, 30 min 91 (24) 7%
2 Swem Oxidation 239 Jothe P
3 PDC 31 ? ncHNon G 0BU (1.1 mol ami) o’Ln )""7"'5 S, M
4 47a TPAP/NMO trace Syt St & o? + 1" (eacton2)
5 Dess-Martin % CH,Cl,. o1, 421 /1\ toluene, it, Th N 200
Oxidation ! 9% A 8%
58 on
59
6 N)\,ou 484 0°C, 30 min 94 (0) CHyg
potha | o L,
7 48a Swern Oxidation ~ 38% aCH s ‘Z‘N ENI\X/ADBU
i hT N
Ph ACH5 J :
o . o DBU Et om-
8 O 4% 0°C,30min 91 8a o o o it
9 ™ Soa 30 nin 66 (62) B aixizh ©om foluene, 1y e
on bt 9% 81 :DBUY J"’CI“H N’j
o . ) b T —_— + + 60 + 61 (reactiond)
10 m/@/\/ Sla 0°C.30min 84 prrg o, Qﬁ PraR
& o % o (¢ H,,
62 !
34%
t
Scheme 6.
Ph

Further, this oxidation method has some advantages over Swem
oxidation. (i) The oxidizing agent 4 is quite stable and can be
used directly without any treatment. (ii) The reaction conditions
are not required to be strictly controlled and the oxidation reac-
tion can be conducted even at room temperature. (iii) The oxida-

A+

Sho
Bu—N7 (o MCrHs
WH

Fig. L.

tion reaction is applicable to the oxidation of acid-labile com-

pounds since the present reaction can be conducted under basic
conditions.
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CH,Cly, 0 °C, 30 min Y f
20 PBUS b/ e ey
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Chem.Lett., 2003 . o-=<—>=° 19 ‘Bu !
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OH NO, .l,
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Bry (1.1 i - N
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OH 10 (2.0 mol N;)Bu 1 A
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: Yield/%" oo
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60 eq.), DMAP (2.0 eq.), toluene, 73 °C, 95% based on 93%

' (LA, Chen Lett., 1976,
I’,",LDO‘P, hew Veaﬁev{i‘, wa) Jw»[orwi or0

Synl-[xes}s of 2-DTC
)

Chem. Lett., 1976,

WAP wad hee«lul o~ b#’v{wo svaS‘

2-pTC
ChC. _CCl
i o By o s’ NS . ka L+ et
0" s fProNEL, CHLCN s’ 0" 07 s s DMAP (0.1 equiv)
1 73% 2 Et20, rt 997
(tast) can.|Ewin 99%
Scheme 1. Synthesis of di-2- thienyl carbonate.
, hon . Ph(CH,),OH /\i 1
) DMAP (0.1 equiv.) Ph 0 ""ph
Chem. Lett., 200¢f, CH,Ch, rt 5
Table 2. Esterification using various carbexylic acids. _E'ﬁﬂ)_ 93%
Q 2-DTC (1.0 equiv.) o
oy R —— W, Chem.lett, 20°4\L Vavious addifives were oxamined .
(100quiv)  (1.0equiv) CHCly, 1 Table 3. Esterification using various carboxylic acids and—
Entry RCOH R'OH Time /h Yield /% aleohols add .
1 PRCH;CH,COOH Ph(CHz;;g}: s 5 B To wag best additive
2 15(CH,);CO0H Ph(CH,);01 . i ‘
;  Chogear  achon : :; vy — LI Fonliean) N
4 el
5 PhMeCHOOOH o-CyHyyOH 1 83 (10equnv) DMAP (0.05 equiv) [ T> (105 equivy |
6 cCsHy COOH Ph(CHz);,0H ;; 98(7), CH,CN. t
7 <CHy COOH Ph;CHOH S Yield
8 PinCHCOOH PH(CI);0H 1 95* Entry RCO,H R'OH T"ml() Y,;:'d()
9 Ph;CHCOOH Ph(CH;);CH(OH)CH, 2 86° m
*1.2 equivalent of alcohol was used. ®3-pyridinepropionic acid. ! CH;(CH,);COOH Ph(CH,);OH 0.5 86
2 PhMeCHCOOH Ph(CH;);OH 2 @6 9379
3 PhMeCHCOOH c-CgH(OH 2 (1) 81 (83)
4 ¢-C¢H, COOH Ph(CH,);0H 05311 91 (87
5 c-CeHCOOH  Ph(CH,),CH(OH)CH; 0.5(48) 93" (69)
6 Me;CCOOH Ph(CH,);OH 05(22) 91 (ND)
7 Me;CCOOH Ph(CH,):CH(OH)CH; 0.5 81
8  (E)-PhCH=CHCOOH Ph(CH,);OH 05(22) 88 (37)
) ) 9 (E)PhCH=CHCOOH Ph(CH;);CH(OH)CH; 0.5 83
) 10 PhCOOH Ph(CH,);0H 6 (22) 89 (33)
Gﬂﬂ_l Tie amount -P H‘/’[OT’P)# wan IA//S'D e]aﬁwfym Il p-McOPhCOOH PR(CH:,0H  05(22) 87 (3)
'l‘nblel Esterification of 2-thienyl sllzlemnylpmgmnalc by l 2 Values in parentheses are those obtained previously in CH«CI; in the preseace
iyl eth icohol wis acids
using silyl ether or alcol :Mléi::)g:nmm is ( /Bm et—(:j 1005 srl;“ equiv. of DMAPS )
r2equiv) [+} dcaaax:ztsc \[':;ercel perfonan by using 0.1 equiv. of DMAP and 1.1 equiv. of
/\/II\O,Q %ﬂ&aﬁd) Ph/\)l\o’\/\Ph iodine 2Clz as a solvent.
B
O+ | ﬂ.e, medhanlsm %Ha %+|Vo~‘]lﬂ~ 05, H\r@“‘y l
ot Lewis acid R=H W Wt"e\/ lvo‘.l he/ (C,. h-?b
Y e e Yield/%
1 BF,-OFt, 4 7 (0704
2 TiCl, 4 17 o . .
3 Sucl 4 16 BN DM‘ /"\ Q'—’ROH j: ' D
4 oy 4 66 R” 0" s RO R ~o R S
s Mg(OT#) 4 2
6 Cu(oTY), 4 6
7 Se(OT 4 29 OTH
8 HIOTH, 05 92 (:la Ds (OTf) 3
_— 9 LaAOTH); 4 NR. ———— O M o s
10 GdoT, 4 4 PN 3 Moo J'\O/Q fron /Q
1 Yb(OTH), 4 7 0" s R
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In basic science it is critical to find the first approach
(“seeds-oriented” work). but it is equally important to
optimize the approach and to develop new systems (“needs
oriented”). In cither case, ample time and energy need be
invested before a chemist can gamer anything useful. Once
the fundamental target is reached, however, the whole
process appears so easy that anyone else could have done it,
like the episede of “Columbus’ egg”. H , to win
through to the result, a her must go through unre-
warding months and years of making hypotheses and repeat-
ing experimeats, and this is exactly what makes a chemist. The

~ most important thing here is “not to imitate others™. If
someone has aiready been involved with the topic, dare not to

stick to the same topic, but find something of your own. This is
our code, which should ncver be forgotten.

Experience and the accumulation of experiences play a
very important role in pursuing research work. If a mature
hypothesis does not iead you to a satisfactory result, just try
once more from the beginning and continue to do the
experiments. You will then eventually find an interesting clue,
unless you give up balf way. Chemistry is still more or less
unpredictable. Wisdom lcarned not from books or what
others said but from one’s own experience—which I call

“chemical wisdom —will become a motivating force for
associating problems with questions that give you a different
" idea. Those who have accumulated a lot of such “chemical
wisdom” should be able to formulate a seminal hypothesis by
the association of small clues. By overcoming difficultics
without compromise, hard and steady work done (especially
at the time of onc's youth) will give you love for your work
and will furaish you with “chemical wisdom”, and conse-
quently will lead you 1o successful later development.

The fun of chemistry is in its unexpectedness. There are
times when you come to face-to-face with an unexpected
phenomenon while carrying out experiments You simply
have to be sufficiently aware and open to accept the
seemingly unbelievable. There are still many morc valuable
ideas remaining to be discovered. The question is how to find
them and how to develop them into new possibilities.
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LIS DM, BRICUY B <MELIBEIE > THBL, TIICRTFROE RN Eh,
{LEEOHTORMEIBULND, ST, “BERILV IERSRITHS,
ABRa T b, EHERTTTLA LA CERVHLOILERD T IES
ERLKEI LB THE),

BEOEROBRIL. B4 OFRLEHS LCEBLLOTHS, $FEOER
RESVGCREKHRTFo—F 385 E50, (LEIRIIC unpredictoble RERNS
VOT, EFLLECTHLA BN T2V, bBLTFRACRUEER WS, &
TEROFEREEL, ThIESOTRETS. ZOBRDELOIHITAKO 8 #ICE
#TA5.

IOEH DR £ M TS, FEON T 2bY, RE RS
RATHIHTAE, TROG, R CHARIERLANLBV =S L TR, B4H
HOBYIL>THEBLLNNY, BLREIcRS, Shit ‘B8 (CXo>TEDFOH:
B LEOMUALEUH-T, HLWTAF7HREENSD, O EEEE R+
BENTOIMRERL. AHESVE/MORBAICE ST, KERFENREV KB
EBRAMTENTES, PoT, BV ARMIC, "MELTHIETS", LV MM
EFAIEATIGART IR THE ST ALY, MELE D, (LRI &S
DTEDERELTRERBRUCEE LI I LA CADELERFICHILTKLL,

{LEDRAEE, O BIME" LI~ bHD, TR FITERTDILIC, By
H&H% VB (unexpected phenomenon) I THIEAHY . EOREITMIEICX
S>TRVETOh  EERRMICL>TRMEND, T, ZXTLRAD 2L
H&or-8 ThEREICETANIEBLRIAXTHD, LABCRERSICLE
Hh, §RELO. MELILLOO R BB KEISKNEA TASE, Bbly—
ZHBESNEEOWTHEYT S, FEERMLENRORGLRY XL RR
BCBERTVS, ThEVAZRIEL, FILO TR TR IR, £
DINPLORBOBERINAMCHY, ChhbEDLEL KRBV 2REA
DFRALEBSLOLMBLTS,

ﬁ Akgw. Chem. Int. Ed.. 2004, 4.3 5570,
“Reviw”




