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Development of Novel Reaction using Multiphoton Ionization

Izumi IWAKURA *
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Tit%7 747 L—¥—) (FLEE : 800 m, /YLA
RN © 100 fs, ARV UEREHEC: 1 kHz, 7VLATZR
NX— 3 W, R D ASEIRE LTHWT,
1 DEEBAREL L7 AT RERAEAL L A L—H
—HIFLLT 4 DOMFR AR CORAE S L. ORTRESRS:

(400 nm) /LA L—H =3 (NOPA-JEHELYE) DFEA.
QRS- LA L— 3 (NOPA-FEE) DF&AE.
@FIEERE T A MU v 7 BAlER: (NOPA) % VA7
S 2 BN (EIEEDFE) . @HEIRED L AR
. LA ENENOERIC WG ZRE T

3. ERELN ULR L—F—3 (NOPA-FEhiEy) DF4E
FEHLERRSE/ T A R U 7 HEE * (NOPA : noncol linear
optical parametric amplifier ) DJEhtt/ VLA L—H—
LTI 400-nm 2 VA L—H—I % FAV V= SR B IR
ENB 800-mm S YLA L—P—WE =L AT Y v H—
(B 1BS) 12k 245 L, B-BBO #Ed: (X1 BBO, : Typel,
Hy M2, JES 0.4 m) (CHEETHILT, B
W Cdb % 400-nm LA L—F WA T E ST,
WIZ, LR 100mm DATR ZFZRMSE5H 2 & T, 7L
AW Z IR 2. SV ARHEIEZ IR 5 2 L s kY,
NOPA & A5 InZe VT, FV IR Z o\ TR 41
B9~ 5 2 LASATREIC 2R D, ETz, 7OV ARFEIEZ LR
HifEiA TP 5 Z &ic kv, BBO ffdh (X 1BBO,) 24 2
—UEG2 52 R BEREIC D, T/IZ, 400-nm
DHZE T D ERLEE 77— (K 1M~M,) %
W ULA L= =& U35 2 & T, 400-nm S
HENPITTE ST 800-nm # LA L—H—NEHER L 7=,

4. [REE-AIR/ LA L—Y—% (NOPA-FEE) DF4E
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4§73 100 nm PA EOIRHHE A OV A L—Y A f
K UTHIAT 20813 H 5. T70bh, A7 ML
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(WiEfElE 450 ~ 750 nm, VARG @ #9100 fs)
Rt E L TRV
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Wt E O EE 2V 2O & DEND—D & LT, BT
WS 72 0 ONTFBERD D, AT AT I I LD
BRI EFE AN 2 &, T A L ZBRO TR
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FNCE IR L7541, &l LT DAY MVITE
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BB T L AND AR b RE BT 5.
iU, AN LTI o TR AR T
DFHOBEADER L, 7V FEIET D ETORMIC
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L7z, 100 fs T, 37 [BHEEN T 5. —75, ES 1
OV 7 7 A TR AEBRT HENC 800-nm FDOFEI
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W, BEEOIEIEERRE {ELEND.
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FESELAEED X S 7, A VA L—F =
PMIE iS5 &, R RISt L Y bR
R\, SRR At D RO K
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WEIIENTELITEDTF v —7 (IR TH) BV EL S

(43).
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NOPA-JIEYECdr D 400 nm /LA L—H—H:DT R/
—IIRFES AT, HlE L7 R & 400 nm O /LF
—FMNT DI (TA FT7=0) bikians. filz
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LTCIDOTA RT—HMHET H7-, 500 ~ 700 nm
DHDY 400-nm S THYNE SN 7= 5A121E, #9930 ~ 2000
nm O RREIRIZ IR S TR OV AR I &b
ZOXINTHELET A R —RDMmEE (X1C,) 12
ABRNESITEE LT, —EpEEE LA L—F—
% UIBEC— B B ORI L e B2 0L DI R
M5 LT 92 BBO filiel (X1 1 BBO,) IZ45: L7z
- B ORI BBO ffidh 21218 L 7= NOPA-JhE el
MEss (X 1C,) TRHL, —BEhE LA L—y—
SIS D & 512 BBO fkdh (1 1BBO,) (ZHEEL
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L—F =2 M (K1C,) TRHL, IRV
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OIBEDRIC L > TR T DR, BLW, K
FH 24 I TR L, TR LA L——
D7 S ARSI A G L7

Cy4
%8k &%
B
BT
DES

T EFHEFEEY, AIERMERICE SRIRROLBRERE

7. RFT-TO—THERDMWE

BRSOV A LY L AR A S
Blzwic, Ko7 Ta—7HliER (X8) ZHEL-.
JEAAT - AR VA L— = = 22T » H— (K]
8BS) ([ZX VR T /IR L—YP =L T u—T LA
L—HF—HIZ 25 LTz, B —LRTFY » Z—b BBO i
i (M 8BBO,) ETORL T/ ILAL—H =L T m—
TINVAL—P—HOHENFELL 2D LI, AV
v —Z AV THEEEEZREDICHDET. R 7L R
L—P DN RN TIRIE R T — D AARA L, PSFRsEn]
Bl L7,

SITRTANME S AT MBI DIFAEAE 1L, Ak
R TV A L—P =W L ai-7 a—T LA L—W
YDA BBO i (X 8BBO; : Typel, JEX 0.01 mm)
CZEIY - REEIICE 2 B L D122 2D/ LA L—
—NeEENL, FEE S L TE LN EIMEEO TH
L7 SVA L= WERERT DN D, LovL, 260
nm AFEOYEL AR TE 2220, FAEDOHEDHERRIN
WThn., 0l), ZBEEIE VA L— L[]
CYEREIZ 800—nm 7SV A L—F—HE T 2 & T,
800-nm SEOFEE Td 5 400-nm 6% AR CHER L7214,
TEHERE LA L= A OO ESREESS 2 b
L7z,

1 ZHWCREM AT 5. BBO flfh CRESHE-
NOPA-RHEESEIE, 400-nm YeoDIr% S35 75BN el
8 (1M~M) ISk TR EnE. ZoFERSHE
G 400-nm YD RO LD E <, Z DB RDN
[ BFEET 5 7230, R L 72 800—nm Y38 A Tt 5.
Z®800-nm /UL ANAEBE (K 1My) ThiKh LT, B
g LA L—P— W L R U 2T e K H 127 U oo
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CEHZDHDT, TAYA (K81, ORER/NIKY
PO Lz, 80 L7 800-nm # /LA L—H =37 1 U A
DOHLEIAD KO IEOMELFIE LT WRIZ, B—A
AT Y wH— (K8BS) TRUT/YLAL—HP =L
=77 ULA L—F WIS, ENENDNRE A LT
L 72 800-nm » LA L—H—¥:23 BBO i+ (X 8 BBO,)
IZBWTHAZRY, ZMICERD X5 IS L.
A ERTORIE CIBIE R 7 — U % Rifth S, 800-nm /X
VA L—P =R LR R DR R R LT, &
FEART— R B LAY S BBO Filiih oo £4 i 4 [aliis X4,
800—nm YL LT, ZOfEE, T a—7%
N AL —P—IDIEHEI St L ThHESDOAEZK) 45° |1
L7=& &I, T T 5 400mm Yoz flsdd 5 2 L8 T
i, ZOFEEARILEHIAS L, Re77orAaL—
Pl T u—T YL A L—P—HDOFEICTT A U A
(K81, WLz

A
7|:|73'f; =y
¢ N
== BBO;
|3¥
— BS E—ARTVyS—
~ M I 74UR

8 Ko7 - Fo—THER

ZOREETIK 8 D7 Y w/—EA DAL, B
& LA L—H 3% BBO fiiih (X 8 BBO,) [T L=,
800-nm /LA L—H—JIZ L 0 FOEE 2R A S A
Bl TBRSEE LA L—H I X0 FEE A sk
S DA & CIEBBO S~ DA A EN 2 5. ZD
7o, BBO filidh % MG S W TONERD AT MLVETER
Lo, FEESRET 2MEEE-T-. TO/RE,
BPERANE L A L— P K0 R 2545 BBO
FEROFAEE I 800—nm /L AN A FVEIRA L0 37
TEEIVNE ThoT-.

TERBSENE LA L— =N OFER R TE 72D
T, R 77 NAL—P—HEBILOT =T /LA L—
P TIFEI) - BRI E R 5 QD 2 E DR T
7. FEE DI I /L A L—— ORI - Z2RA
FRVIEKIEL TS, £, T 502 L—H—
JEDRIAED B S AR, FIER ORI 72 5.

OFY, FOVAIEAEL 70D EFIERITEREEC R D,
FIT, FUEKOMEZ R L DD, RIS BT
THAFEL, 7 OVARIEA TN Uiz, FERICHESE L
HEE A ITRT,
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TR OIRE DR RIC A D K OIS, BEAT—
DE o U HIECER L, FUSOEE0 s OIRFHER
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fEH O - BEOEUIZEY, Fry—T DO L))
BbbicH, ZNHOMEIEALETHD. 5%, F
T =T ORHNEIT, S BT YV ARHENEZ AT 572
DOF ¥ —TEEAELT DT ETHS.

8. BALGHELHY HSEEADER

Fex G A DHEE L LTI 11 ofeadz
WEL, AT HILE Le. ZOWEE, B
HEDERNT—T VUGGEIL (N D) &, Bieb 2o
DR, NN A— R E W7 ==V SEA )L
H) LT AT (T T ) BIEL,
AR D 2 8T, BRI OALHRETE S
LOLBEZI.

NaOAc, Ac0, PhSH, BF3Et,0
refux AcO JCHLCL
o 9 AcO 9
ho oH Y T yen y. 81%
D-Glucose

NaOMe, MeOH TrCl, Py.
—_—

AcO y. 98% oH y. 80%
3
oTr
Ho/&/ BnBr, NaH/DMF Bno&/ 0% AcOH aq_
sph —— >
HO o y. 83% y. T ean
4
Bno&/ PANCO, Py
Bno y. 87%

WEE (7)

N HRAGRERZHET SREEEDEH

F, L<EREET - VL o — R B HEKEE &
TR T ATEERTEF VAL LT 2457-%, =
MR F-TV =T TN —T VSR A 7 = =L
FA(SPh) 7'V @ K 3 ZBHRANTAFTZ. IRWT, 3D Ac
F% Zemplén DFAFCHRE, 6 {ﬂ% R NY 7=
VAT (Tr) FECIRAE L 4 21572, 1554072 4 OKEREL
X)L (Bn) FCE L7, Tr E?& 606 R K IAIR
THELTE %25, BRI T == YT R—h e
YU TC N7 =)L NEA )L (Car) o5 BAL, H
ML T2DRE T 20 LT,

Penta-O-acetyl-B-D-glucopyranose (1)’

To a gently refluxed Ac,0O (280 mL, 3.0 mol) containing
anhydrous sodium acetate (12 g, 0.14 mol) was slowly added
powdered D-glucose (50.0 g, 0.28 mmol) over a period of 15

min. After the mixture was heated to reflux for more 10 min,

the mixture was cooled to room temperature. The reaction was
then quenched by addition of ice, and stirred at 0 °C for 1 h.
During this treatment, 1 was precipitated as brownish white
solid (crude pentacetate). The precipitation was filtered and
washed with water until the odor of the acetic acid disappeared.
The crude product was purified by recrystallization with EtOH
to afford 1 (86.6 g, 80% yield); mp 132-135 °C (colorless
prisms); IR (KBr disk) 1755, 1740 cm'; "H NMR (500 MHz,
CDCly) 6J=5.71 (d,J=8.2 Hz, 1H), 5.24 (dd, J=9.8,9.4 Hz,
1H), 5.16-5.10 (m, 2H), 4.29 (dd, J = 12.6, 4.6 Hz, 1H), 4.11
(dd, J=12.6,2.3 Hz, 1H), 3.84 (ddd, /= 9.8, 4.6, 2.3 Hz, 1H),
2.11 (s, 3H), 2.09 (s, 3H), 2.03 (s, 6H), 2.01 (s, 3H); *C NMR
(125 MHz, CDCL) J=170.7, 170.2, 169.5, 169.4, 169.1, 91.8,
72.9,72.8,70.3,67.9, 61.6,20.9, 20.8,20.7.

Phenyl 2,3,4,6-tetra-O-acetyl-thio-B-b-glucopyranoside (2).°
Under an argon atmosphere the pentaacetate 1 (50 g, 128
mmol) was dissolved in anhydrous CH,Cl, (500 mL) and
BF5°Et,O (21.0 mL, 166 mmol) was added at 0 °C. At -5 °C
thiophenol (21.0 mL, 192 mmol) was added dropwise, and the
reaction mixture was allowed to warm to room temperature.
After consumption of starting pentaacetate 1 saturated sodium
bicarbonate solution was added until all BF; was hydrolyzed.
The organic layer was washed with water and saturated sodium
bicarbonate solution three times. The combined organic layer
was dried over MgSO,, filtered, concentrated in vacuo. The
resulting residue was purified on a column of silica gel with
hexane-EtOAc (3:1-2:1 v/v) to give B-thio glycoside 2 (45.6 g,
81% yield); colorless needles (hexane-EtOAc), mp
115-117 °C; IR (KBr disk) 1748 cm™; "H NMR (CDCl;, 500
MHz) 6 7.51-7.29 (m, 5 H, PhH), 5.17 (dd, /=9.2,9.2 Hz, 1H,
H-3),5.05(dd,/=9.7,9.6 Hz, 1 H, H-2),4.95 (dd,/=9.2,9.6
Hz, 1H, H-4), 4.70 (d,.J=9.9 Hz, 1H, H-1), 4.21-4.18 (m, 2H,
H-6a,b), 3.80-3.65 (ddd, 1H, H-5), 2.08, 2.07, 2.01, 1.98 (each
s, 12H, COCH;); *C NMR (CDCls, 125 MHz) 6 170.3, 170.1,
169.2, 169.0, 133.7, 128.7, 85.9, 76.2, 74.4, 70.3, 68.5, 62.3,
20.9,20.8.

OAc

0
A%‘Z@sph

OAc

K12 {EE¥2 D 'HNMR ARIMLFv—h
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Phenyl 1-thio-B-p-glucopyranoside (3).”

To a solution of tetra acetate 2 (10.0 g, 22.7 mmol) in methanol
(200 mL) sodium methoxide-methanol solution (5 mL of 1 M
solution) was added and stirred at room temperature for 1 h.
After consumption of starting tetra acetate 2 on TLC with
hexane-EtOAc (2:1 v/v), the mixture was neutralized by ion
exchange resin (Dowex SOW-X8, H" form), filtered off, and
concentrated in vacuo to give 3 (6.05g, 98% yield), which was
used without further purification; mp 103-105 °C; IR (KBr
disk) 3405, 1583, 1480 cm'; "H NMR (500 MHz, CD;0D) &
7.56 (m, 2H), 7.26 (m, 3H), 4.59 (d, J=9.8, 1H), 3.86 (dd, /=
12.0, 1.8 Hz, 1H), 3.38 (dd, /= 8.6 Hz, 1H), 3.30 (m, 2H), 3.26
(dd, J=12.0, 5.4 Hz, 1H), 3.21 (dd, /= 9.7, 8.7 Hz, 1H); °C
NMR (125 MHz, CDCl;) 6 135.3, 132.8, 129.7, 128.3, 89.4,
82.1,79.7,73.8,71.4,62.7.

Phenyl 2,3 ,4-tri-O-benzyl-1-thio-6-O-triphenylmethyl--p-
glucopyranoside (5).*

A solution of 3 (1.0 g, 3.67 mmol) and triphenylmethyl
chloride (1.33 g, 4.77 mmol) in pyridine-CH,Cl, (50 mL, 1:1
v/v) was stirred at room temperature for 24 h. After completion
of starting compound on TLC with CHCI3-MeOH (8:1 v/v),
the reaction mixture was poured into brine and extracted with
CHCl;. The combined organic layer was washed with water,
dried over MgSO,, and concentrated in vacuo. The resulting
residue was purified on a column of silica gel with EtOAc to
give phenyl 1-thio-6-O-triphenylmethyl-B-D-glucopyranoside
4)* (1.51 g, 80% yield). To a mixture of 4 (1.0 g, 1.94 mmol)
and NaH (312 mg, 7.8 mmol dispersed in 60 % mineral oil) in
dry DMF (30 mL) was added dropwise benzyl bromide
(BnBr) (0.83 mL, 7.0 mmol) at 0 °C. The resulting mixture
was stirred at room temperature for 5 h. Excess BnBr and NaH
was quenched with Et;N (0.5 mL) and methanol (I mL),
poured into brine, extracted with EtOAc. The combined
organic layer was washed with brine, dried over MgSOs, and
concentrated in vacuo. The resulting residue was purified on a
column of silica gel with hexane-EtOAc (3:1 v/v) to give §
as a yellow syrup (1.27 g, 83% yield); "H NMR (500 MHz,
CDClL) ¢ 7.16-7.52 (m, 35H, PhH), 4.56-4.93 (m, 6H,
OCH,Ph),4.31 (d, 1H,J=10.2 Hz, H-1), 3.74 (dd, I1H, J=9.5
Hz, H-3), 3.58-3.69 (m, 3H, H-6, H-6’, H4), 3.45 (dd, 1H, J=
9.5 Hz, H-2), 3.26 (m, 1H, H-5); "C NMR (125 MHz, CDCl;)
01383, 138.1, 137.6, 133.8, 131.9, 128.9, 128.8, 128.5, 128 4,
128.2,128.1, 127.8, 127.6, 127.4, 126.9, 87.3, 86.8, 86.5, 80.8,
78.8,76.7,76.0,75.4,75.0,72.1, 62 4.

Phenyl 2,3,4-tri-O-benzyl-6-O-(/N-phenylcarbamoyl)-1-
thio-B-p-glucopyranoside (7).

A mixture of 5 (1.01 g, 1.29 mmol) in 70% acetic acid solution
(50 mL) was stirred at room temperature for 12 h. After
consumption of 5 on TLC with hexane-EtOAc (2:1 v/v), the
mixture was concentrated in vacuo. The resulting residue was
purified on a column of silica gel with hexane-EtOAc (2:1-1:1
ViV) to give 6° (642 mg, 92 % yield). Next to a solution of 6
(501 mg, 0.923 mmol) in dry pyridine (20 mL) was added
phenyl isocyanate (0.12 mL, 1.1 mmol) at 0 °C and stirred for
1 h. After completion of the starting compound on TLC with
hexane-EtOAc (2:1 v/v), the mixture was evaporated in vacuo.
The resulting crude crystal was purified by recrystallization
with hexane-EtOH to give 7° (532 mg, 87% yield); [o]p®
+8.9° (¢ 151, CHCL);, mp 131-132 °C (hexane-EtOH,
colorless needles); IR (KBr disk) v 3369 cm™ (NH), 1703 cm™
(C=0); 'H NMR (600 MHz, CDCLy) & 7.55-7.06 (m, 25H,
PhH), 6.55 (brs, 1H, CONH), 4.94, 4.87 (each d, 2H, J=10.8
Hz, OCH,Ph), 4.93, 4.75 (each d, 2H, J = 10.2 Hz, OCH,Ph),
4.85,4.62 (each d, 2H, /= 10.2 Hz, OCH,Ph), 4.67 (d, 1H, /=
10.2 Hz, H-1), 444 (br d, 1H, J = 12.0 Hz, H-6), 4.34 (m, 1H,
H-6%),3.74 (br dd, 1H, J=9.0, 9.0 Hz, H-5), 3.57-3.53 (m, 2H,
H-3, H-4), 3.50 (dd, 1H, J=10.2, 9.0 Hz, H-2); C NMR (150
MHz, CDCL;) 6138.2, 137.8, 137.5, 133.3, 132.4, 129.1, 128.8,
1285, 128.5, 128.5, 1284, 128.3, 128.2, 127.8, 123.5, 118.5,
87.6, 86.7, 81.0, 77.2, 77.1, 75.8, 75.5, 75.0; Anal. Calcd for
CyH3oNOgS (661.81) C, 72.59; H, 5.94; N, 2.12, found C,
72.21; H, 5.60; N, 1.99; HRMS (ESI-TOF) calcd for CyH
39NOGS m/z [M+Na]™  684.2396, found 684.2376.
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