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Development of Versatile Motion Analysis Porgram(VMAP)
— Parallel processing of correlation with GPGPU -

Naoki YOKOYAMA (Research Institute of Science and Technology, Tokai University)

F—U— K EBEN. HEHE. SREETH T ST 1. GPGPU
Keywords: Motion analysis, Template Matching, High-speed videography, GPGPU

Motion analysis program for images acquired by high-speed videography was developed and tested so
far. In the case of actual analysis scene, particle or object density can be very high. So some scheme of
distributed computation will be required for practical use of this program. This time CUDA and OpenCL
were adapted to perform cross-correlation calculation. Using GPU as calculation device, processing time can
be reduced drastically.
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Estimation of the adjustment value of new Japanese national spectral irradiance scale

Shu TAKESHITA (Research Institute of Science and Technology, Tokai University)

F—0— K SRBHBERE, R LEER
Keywords: spectral irradiance standard, scale adjustment value

Abstract

All scientific equipments are calibrated against the national metrological scale provided by the national
metrology institute of each country. In the optical radiometry, a spectral irradiance standard lamp is
provided. In Japan, the spectral irradiance scale was changed at April, 2012. However, these numeric
adjustment data of each wavelength are not clearly shown by the national metrology institute of Japan. The
solar Ultraviolet-B (UV-B) irradiance has been measured at 4 monitoring stations for evaluation of
long-term variation of solar UV-B irradiance in our laboratory. When evaluation of long-term variation of
solar UV-B irradiance, correction based on the national scale is required for precise evaluation. Therefore,
an estimation of adjustment values of each wavelength was conducted. The scale adjustment value was
about 2 % less than the old scale from 280 nm to 800 nm. Furthermore, it became clear that the scale
which the National Institute of Standards & Technology, USA manages differs from the scale which the
National Metrology Institute of Japan manages in process of this research.
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Figure 2 Spectral irradiance of spectral irradiance standard lamp (SN509008).
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Figure 4 Spectral irradiance of spectral irradiance standard lamp (SN509008).
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Abstract

Temporal and spatial evolutions of a resonantly excited electron plasma wave (EPW or Langmuir wave)
in an unmagnetized inhomogeneous plasma have been experimentally investigated in detail. Three distinct
types of temporal behavior of EPWs have been identified: 1) simple convective saturation, 2) oscillatory
behavior, and 3) “overshoot”: the wave intensity rapidly increases initially, then suddenly drops to a
significantly lower saturation level. They can be classified into three regimes in terms of the driving
intensity: 1) weak, 2) intermediate, and 3) strong intensity regimes. The “overshoot” is a prominent effect
that occurs at the early stageyft = 2, wherewy: is the ion plasma frequency) of the wave evolution when
the plasma is driven by a sufficiently strong pump field. The overshoot is a result of wave-particle
interactions and the strong profile modification follows. The implication of this effect to ionospheric
modification experiments is discussed. The difference between the overshoot and the Langmuir
wave-collapse is pointed out.

1. INTRODUCTION

The important role of density profile modification to the evolution of localized, large amplitude electron
plasma waves (EPWSs) has been pointed out in various experimental [1 - 4] and theoretical [5, 6] studies
because of its implication to laser-plasma interactions [7], beam-plasma interactions [8, 9], and ionospheric
modification experiments [10]. In this paper, we present the results of detailed measurements of the
evolution of an EPW resonantly excited at the critical layer and a self-consistently developed density profile
around the wave in an unmagnetized, inhomogeneous plasma with a moderately long excitation pulse
(@W,t e =50, where w,; is the ion plasma frequency ang,,. is the pulse duration). We have
identified three distinct types of temporal behavior of the EPWSs: 1) simple convective saturation, 2)
oscillatory behavior, and 3) overshoot: the wave intensity rapidly increases initially, then suddenly decreases
to a significantly lower saturation level. They may be classified into three regimes in terms of the driver
intensity: weak, intermediate, and strong intensity regimes. The three regimes similar to our experimental
observations were obtained in the numerical study of resonance absorption by Serveniere-Heron and Adam
[11]. However, the ion-to-electron mass ratid/m =100 used in their study is too small to make a
guantitative comparison between their results and our experimental ones since our observations have shown
that the ion motion plays an important role especially in the intermediate- and strong-pump regimes.

The rest of the paper is organized as follows. In Sec. 2, we describe our experimental apparatus and
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diagnostics employed. The experimental results are presented in Sec. 3. Some discussions regarding the
results are also given. Section 4 is a concluding summary.

2. EXPERIMENTAL SETUP AND DIAGNOSTIC TECHNIQUES

A schematic diagram of the device used for this research is shown in Fig. 1. This device can be considered
a large cylindrical, plasma-filled, coaxial capacitor which is formed between the central conductor and the
grounded chamber wall. An azimuthally symmetric argon plasma column is produced by using a pulsed hf
oscillator ffur = 16 MHz, Pnax ® 100 W) connected to a long, cylindrical grid-antenna located near the
chamber wall. The measurements were performed in a quiescent afterglow of the hf discharge.

The density gradient naturally arises in the radial direction in the afterglow plasma. A purely radial
driving oscillating electric field is provided by a coaxial line formed by the central conductor connected to a
vhf generator fp * 200 MHz) and the chamber wall. This vhf field excites an EPW at an azimuthally
symmetric, shell-shaped critical layer at a given radiyswvhere w, (r,) = 27, , where w,,(r,) is the
electron plasma frequency at ro. The electric field associated with the EPW was measured by means of
an electron beam probing diagnostic with the temporal and spatial resolution gisOahd 1 mm,
respectively [3, 4]. The density profile was measured by a small movable wire probe (0.25 mm diameter, 5
mm length). The high-energy component of the electron distribution function was measured by a shielded
energy analyzer. The typical experimental parameters are:

n, =5x10° cm?, T, =10T, =1eV, L=n,(0n/or)" =15cm = 4504,,

W, = E2/(4m_T,) <1072, andp, =10~ Torr of argon. Heren. is the electron density. is the
electron temperature]; is the ion temperaturd, is the density gradient scale length,, is the electron
Debye Iength,I/IN/0 is the normalized intensity of the driving electric fiely is the amplitude of the
driving electric field,n. is the critical density defined by, = ma)f,e(r0 )/47'122 , eis the elementary charge,
andpy is the argon neutral pressure.

130cm %
HF Discharge E”e{ﬁy Anﬁllyzers
Grid Antenna \
34cm J} u_“ on
i Electron Gun Central Conductor —/VHF in
Cg ( =
d Diagnostic Electron Beam i
__________ — Phosphor
I * ||  Screen
Langmuir Probe 1 End View

Figure 1. Experimental setup.

3. EXPERIMENTAL RESULTS AND DISCUSSIONS
When a resonantly excited EPW convectively saturates, the dimensionless intensity of the saturated wave
is given by [3, 6]

~

Wsat = Es2at/(4che) = A2 (kDL)4/3“70 (1)
where E_,, is the amplitude of the saturated wave fieddis the constantkp is the Debye wavenumber

defined by k, =1/4,, L is the initial density gradient scale length at the critical layer, H}éd is the
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dimensionless pump intensity. This initial saturation level is actually the maximum wave intensity in the
course of wave evolution. In Fig. 2(c), the logarithm Iﬁfsat(kDL)'4/3is plotted against the logarithm of

WO. The experimental plots can be fitted by eq. (1) with 2.8 [the solid straight line in Fig. 2(c)]. This

clearly shows that the wave saturation mechanism is convective under our experimental conditions. Unlike
in previous microwave-plasma interaction experiments [12], wavebreaking does not play an important role
for the initial saturation of the wave in our experiment.

Figures 2(a) and 2(b) summarize the typical temporal behavior of the spatial peak intensity of the EPW
excited at the critical layer for three levels of the pump intensity. The temporal evolution of the wave
intensity manifests a strong “overshoot” behavior [Fig. 2(b)] when the EPW is driven by a strong pump field
({/170 >107%), while the wave intensity changes only slightly after the initial saturation when the pump
intensity is weak WO <107*; the lower curve in Fig. 2(a)]. For the latter case, we have observed the
excitation of low-amplitude |@1/nc| <0.02) ion acoustic waves (IAWs) at the critical layer which
propagate upward and downward along the density gradient.

When the pump is in the intermediate intensity regim@{ < Wo <107°), the peak wave intensity
tends to oscillate with nearly an IAW period [the upper curve in Fig. 2(a)]. The measurements of the density
profile at various times have revealed the following sequence. After the initial saturation of the wave, a
density cavity kdn/nc <0.1) is formed at the critical layer. This reduces the effective local density gradient
scale length, so that the wave convection rate increases resulting in the decay of the wave. The cavity emits
IAWs which propagate upward and downward along the density gradient. This causes the cavity to relax and
to become shallower. The EPW then starts to grow again at the location of the shallow cavity. The above
process is repeated thereafter. This behavior has been observed in the numerical study of resonance
absorption by Morales and Lee [6]. This is also similar to the caviton nucleation observed in the numerical
studies of the Zakharov equations to model strong Langmuir turbulence by B0 3]

The detailed temporal and spatial evolution of the EPW excited by a pump in the strong intensity regime
(I/I70 =1.2x107°) is shown in Fig. 3. The large amplitude EPW excited at the critical layer attains the
maximum intensity kE/EO| =200) at w,t=2. The wave intensity decreases dramatically after this time.
After this overshoot, a deep density cavity or a cavi1d1/@c =0.25) is formed by w,t =5 (see Fig.

4). The overshoot is also accompanied by the generation of hot electrons from the critical layer. In Fig. 5(a),
we show the time history of the hot electron currehy,,., , which consists of fast electrons flowing down

the density gradient. Electrons with energies ab@@ eV are collected by a shielded energy analyzer. The

hot electron current/, ,;,, reaches the maximum ab,;t = 6. Then, it gradually decreases. By the time the

wave intensity reaches a lower saturation leveldgft =20), 1., drops to an undetectable level. We

note that I,,,,, attains its maximum at substantially later time with respect to the time Whemeaches

the maximum. This can be understood as follows. Electrons are accelerated via transit-time-damping of the
EPW [14]. In this mechanism, electrons whose energies are high enough to spend in the region of the
localized field for only one wave period or less can efficiently gain energy from the wave. Initially, there are
only a few such electrons. However, accelerated electrons can be reflected back to the caviton region by the
chamber wall sheaths since the plasma space potential rises substantially when the vhf pump field is turned
on, resulting in the increase in the sheath potential [15]. The sheath potential can be nearly 30 V to reflect
fairly fast electrons. The reflected electrons can then be accelerated again by the localized field. Repetition
of the process causes the build-up bf,,, even after W reaches the maximum. Although the density of

the hot electrons is less than 0.2% mf even at the peak of, ., , these hot electrons can carry away

about 10% of the newly deposited energy from the wave. Therefore, the overshoot phenomenon is a result of
wave-particle interactions and the increase in the wave convection rate due to the rapid decrease in the local
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Figure 2. Time history of the peak intensity of the electron plasma wave (EPW) excited at the
critical layer. (a) The peak wave intensity gradually decreases after the initial saturation when
the pump intensity is weakVNV0 =4.8x107°, -A-), while the wave grows and decays
repetitively when the pump intensity is in the intermediate regiﬁ?@ £1.0x107™, -e-).

(b) Overshoot of the EPW. The wave is driven by an external fielﬁ791’= 1.2x107%, which
is in the strong intensity regime. (c) Logarithm izf/fsat(kDL)"”3 versus the logarithm of

I/I70 . The linear relationship between two quantities clearly shows that the saturation

mechanism is convective. The spatial profile of the envelop of the high-frequency electric field

associated with the EPW at eao‘/ﬁ0 closely follow the Airy pattern whervf/s is attained.
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Figure 3. Temporal and spatial evolution of the EPW excited by an external
field of I/I70 =1.2x10° (overshoot case). (a) Three-dimensional
representation. (b) Contour map. The increment between adjacent contours
is 5% of the peak wave intensity.
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Figure 4. Temporal evolution of the plasma density profile with an external

field of I/I70 =1.2x107°. This density profile can be compared with

the wave profile shown in Fig. 3. (a) Three-dimensional representation.

The deepest density cavity atw,t=5 corresponds to
|5n/nc|=O.25. (b) Contour map. The increment between adjacent
contours is 3.8% of the critical density.
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density gradient scale length during the caviton formation. The deep density cavity significantly detunes the
position of the resonance toward the direction of the initially overdense region (sthatléater times. This

effect is clearly seen in the contour map of the EPW evolution [Fig. 3(b)]. The successive detuning causes
the break-up of the original caviton [Fig. 4(b)], which makes the density profile significantly corrugated. The
locally steepened profile near the detuned critical layer results in the increase in the wave convection rate.
Therefore, the final saturation level of the wave intensity aftgrt = 20, Wmm, is substantially lower

than the initial saturation IeveleaX (or Wmt). In Fig. 5(c), Wmax/Wmm , which is a measure of the
degree of overshoot, is plotted as a function of the pump interﬁ%’gy The overshoot feature becomes

apparent whenW, >107°.
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Figure 5. Generation of hot electrons from the resonance layer. (a) Time history of the hot
electron current,I, ;o , Which consists of fast electrons with energies abe2@ eV
flowing down the density gradient. (b) Time history of the pump inten@gy for the
data shown in (a). The rise-time of the pumptis a);}. (c) Ratio of the maximum wave
intensity to the final saturation IeveWmaX/Wmm vs. the pump intensitWN/O. The
quantity Wmax / Wmm is a measure of the degree of “overshoot” of the EPW excited at the
critical layer.
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It is noted that the threshold intensity for the modulational instabiﬁt{/M =1.4x107°, wherem is
the electron mass and is the Ar mass) was always exceeded in our experiments. (This is probably the
reason why the clear emissions of IAWs were always observed.) However, the background density gradient
causes a strong wave convection and a fairly strong pump field is necessary to generate an “overshoot”
effect and a subsequent strong profile modification.

We should comment here that this overshoot of an EPW should not be confused with the Langmuir
wave-collapse and the subsequent wave burnt-out which is the absorption of wave energy by the plasma
particles. In the Langmuir wave-collapse, the caviton formation must precede the rapid increase of the wave
intensity since the wave trapping in the caviton initiates the collapse process [8]. On the other hand, the
overshoot of EPW observed in our experiment is followed by the caviton formation and occurs at the earlier
time than the prospective initiation time of the collapse.

In ionospheric modification experiments [10, 16], it has been noted that the Thomson radar returns due to
artificially excited EPWs in the ionosphere, so-called plasma lines, overshoot if the conditions are right [17,
18]. It appears that our experimental observation can give a reasonable explanation of the ionospheric
overshoot phenomenon. To demonstrate this, we first estimate the overshoot time for the ionospheric
conditions from the overshoot time o6t observed in our experiment, wherés a unit time with an Airy
scaling factor [3, 6], which is a relevant parameter to compare the laboratory result with the ionospheric one
and is defined by2 kDL/\/E)Z/3 /@, , where w, is the angular frequency of the pump field. With the
typical parameters in ionospheric modification experiments,/277=5.1MHz, T, =0.1eV, and
L =50-100 km , we obtain the overshoot time of 16 — 26 ms. This value agrees reasonably well with the
ionospheric overshoot time of 20 — 40 ms determined in the ionospheric modification experiment [18]. The
ratio of the peak intensity to the final saturation level has been found~td®eThis can also be compared
with our results favorably [see Fig. 5(c)]. Finally, in the ionospheric experiment [18], it was observed that
the overshoot was suppressed when the off-time of the pump wave was less than 100 ms. We speculate that
this is due to the fact that it takes longer than 100 ms for the ionosphere to relax its modified density profile
so that the ionospheric plasma can again support a strong EPW which can undergo the overshoot. Our
experiment has shown that the significantly corrugated density profile cannot support strong EPWs.

4. CONCLUSIONS

We have experimentally investigated in detail the evolution of a localized electron plasma (or Langmuir)
wave (EPW) driven by an external pump field at the critical (or resonance) layer, where the local electron
plasma frequencyw,,(r,) equals the frequencyw, of the pump field, in an unmagnetized,
inhomogeneous plasma. Three distinct types of temporal behavior of the EPW have been identified.

(1) The wave simply propagates down the density gradient, resulting in the convective saturation of the
wave intensity, when the pump intensity is weak(< 107%).

(2) The peak wave intensity oscillates with approximately an ion-acoustic-wave period when the pump
intensity is in the intermediate regimeq ™ < Vl~/0 <107°). This behavior is attributable to the generation of
moderately large amplitude ion acoustic waves (IAWs) and the associated density fluctuations of
lon/n,|<0.1.

(3) The peak wave intensity rapidly increases; then, it suddenly drops to a significantly lower saturation
level. This “overshoot” behavior occurs when the system is driven by a rather stronglﬁgmaO‘s ).

In this strong pump regime, the ponderomotive force of the initial intense localized EPW generates a
well-defined caviton at the critical layer (see Figs. 3 and 4). The caviton field accelerates plasma electrons
via the transit-time-damping mechanism [14]. We have experimentally observed the generation of hot
electrons that follows the formation of the caviton (see Fig. 5).
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Particle-in-cell (PIC) computer simulations are very useful to visualize the plasma behavior including
particle distributions. In order to demonstrate the caviton formation and the associated generation of hot
electrons, we have performed a one-dimensional PIC simulation (see Fig. 6). In this simulation, a uniform
external oscillating field is applied to a plasma with an initially linear density profile. In Fig/8, =0
indicates the initial resonance location. The number of spatial grids used is 256. The initial velocity
distribution functions for both ions and electrons are Maxwellian Wiih=107,. The generation of a
caviton, which is a density cavity accompanied by a localized EPW that is actually trapped inside the cavity,
is clearly seen in Fig. 6. In the electron phasespdot, it can be seen that some electrons are strongly
accelerated by the localized EPW to form a stream of hot electrons. We note here that the threshold for the
modulational instability is exceeded for this simulatios, I/I~/0 =0.01>m/M =1/900 =107

The overshoot of enhanced plasma lines of Thomsor ragturns observed during ionospheric
modification experiments [17, 18] can be understood by a similar effect observed in our laboratory
experiment.
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Figure 6. Formation of a caviton in a one-dimensional particle-in-cell computer simulation.
In this simulation, a uniform oscillating fieldl/f(0 =0.01 ) is applied externally on the
inhomogeneous plasmd (= 2504, ). The profiles of the envelope of the high-frequency
field and the electron density, and the electron phase-space plot are shayt at220 .
By this time, the resonantly excited EPW has fully developed and a well-defined caviton
(|Jn/nc = 0.4 , width= 304, ) has formed at the critical layer. The ion density profile
has already become identical to the electron density profile. Note that fast electrons are
ejected from the critical layer due to the intense localized field. The ion-to-electron mass
ratio M/ m is 900 and only 5000 particles for each particle species are used.
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Abstract
It is well known that oxirane is one of the most useful functional groups in organic synthetic chemistry.
In this paper, we described the method for the preparation of useful synthetic intermediate phenylsulfinyl
oxirane and phenylsulfonyl oxirane by using t-butyl hydroxyperoxide(TBHP) in the presence of potassium
t-butoxide.

1. [FC®IC
HHEFECAMO—FETH 5 AVHRFX Y FEML, 2OREHO R S o AHARIF L, EE
BREREDO—DOTH Y flix OFHAEMRISIISHEN TS, £z, %7 VBRSO RRLEWE
DR A RARLEWCE EN L EERMRER L LTS MBNTWD, KHE - RFEEFEGD
TARF ACBUSIEE < 22 BAE BTV D KR 2 VW2 71k, gz v 5 k7 E8% <
SR TWAA, Sharpless B L2t R ~ULAd % RIZXk 0 7 U ATV a—/LiFEko i
BaETRF AT D HER, U —7 L ARRMEE LT, & 512, Sharpless, Katsukil 21435
AT R TNaxy REBEAHBRY T VX UNLTHE LSRG S5 2 L2k, 7T ILT
NA—NVDRFZRXAEFREE Lz, FA - VX — 7 VAREFZ R ARSI ARG b
FEERKISEO—2E LTHLNA TN,

Corey & Seebach® N3 13-DF 7 LN T FAUF U LEEHNEELZLICkoTHELND T
NRT =d e F AT VTNV E RIS SE %, VF AT v 2=V EKGRT DL, TAT
B RBEANEONDZEEHE L, ZOXIICLI3-PFTVOHVRT =400, GkREE
TINHVRT =F v L%l bDE LTEZLNDZ END, CoreyPiZz DXk 57202 & &%
fbL Ty > b (synthon) &4FHT7=,

—J7. A BRI A E D ARSI OV TRA R L, SV AT LT E RY
AFNIFFT ' HE—N-S-F X% RFAMSO)D ARk & I NVR=L v kb L TORIEWE R
FUG~DISHAS % B%E L, FAMSO 238 LWARGRIEE L THIRENDICE-> TV 5,

KBTI, BUEE TIZZDOBMFENMONTWRNT = =)V AVT 4 = FH T L (3)D
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AE &5 3 I CEANRMETH V2035 R 1203 4 OB TH D A LR F v
RMAEGHIT 6 fliDIRAED AV AR U FHERANEL S D 2 & D ZOEFITEITHEL S TR,
3 DAL scheme LIT/R L7z/b— R b — K TH D L ZE X BNDD . £TIIL I LT
ERF AL L%, 722 BV ANLRF Y RQR)EB(LL 3 25584, 3 THESHZ L
R, MEFRFNESITEBLENTZT = =V AV AT )VR = )VEFERO AR, £7213. 208~ A 47
WAL UCER LRIRIGASE 2 2 FTREMEAS 0 | 658 « IRFE_EM A2 =R MO L2585,
T d R Otz PRIOBLRETH D, ALEF T F3ORETHDDLEND D,

2. HBRBLUSBE

£, Scheme 1 ISR L7=FIEICEY 7= =L 207 4 RQ)EBAL LG 5 2Lk % s
K& L7tk RFE - IREBE_EHMEEZMRILLAF T UFERICES Z L L, R Z ==L
=V AT 4 ROBRESRE DUV TR Lz, B FRELA 2 U CTRORSM 2 Mt LIz fi i, SUG
DOEIFESEZBEL T m-7 m n@LZBHFBRE AW HEEZHWL e L, Thbb, 7
na AR 0C, m-r r iR EEEAE VT, 30 I LIS EIT o7 & 2 AU 91%
THWTHL 7 ==V EZ L ANVRF Y RR) G-, RIT, 2 DRI MRS E MG L7,

F9°. Meth-Chon "5 238 U 7= SUGSME & RBE DSOS & TR 21T o 12, T 7 b EHR T
KAWL LTT o Fer Iy smL 2Z, -18CITmAIL7-1%, 1.5 Y&ED tert-7F /L b
RKa LA R(TBHP)/T 7 U2 A, 1.1 ¥&ED n-7 F V) F 0 Af~FH R % T L.
-78°CT 10 R AT -T2, 72 =V E= L AKX Y RR)ZM L, MAT-, TD% 0CE
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CROSRE 2 BT 2 K8 EE L 7o, ROSKE T3 SONR S D NMR AT MV EFRIT LTo & 2 A,
REIGDOE =)L AANVEKRF Y R2NDELFESTW2H DD, NMR A7 hLVOFENTIZ L0 B9
THD 3 PENPRNLAER L TWDZ ERHERTEXEN, YISV T LIa~ NI T 7 4
—IZ XD B RICIEE S e o Tz,
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LU D, ZOSEE TIERMISOFEENZES>TWDE 00, W18 X HICERb
SN ANV VFEERITER L TWRNWZ EBRH LN LR o770 & DITRIGSEM 2 3R/ R
THZLETT 2=V ALT 4 =N FF T URQ)BELNDLDTIERNNEE R T,

Z T, 3 LRBRARIEDIIFRFCRIERD THLH Y . LVEZHICHRBFAEELE B2 HILD AR
SNF XV T UFERG)DERFIFIZONWTIHRE Lz, T72bb n-7FALYFULalis LT
VN 4 & THF 380 0 °C T 2 Bl TBHP Z (bl L CTHWRIGZ To72 L 2AH, *IST 57
T VANV =V A X T T U (B) I 90% TR D Z & AT E 72, (Scheme 3),

O\ Ph
O\\S/Ph TBHP, n-BuLi - \S/
—_/ N\ THF, -20°C, 2h \\O
O
@)
4 5(90%)
Scheme 3

ZDE DI TBHP BDE = VAR DRI AUKISIZAEN TH D Z LN aholed T, R

EEETFTTO, TBHPIZEA 7 == A E = L ALK F Y ROTRIF AR LD T ==L 2L 7
4 =NF X T (5) ORI G RDWTREA ROSSRE 2 ET LTz,
SOSRBT THF & L, FESEHEL L Cn-7F VI F UL, T RITAET RSV R, B
TAtT MR RO=ZFEEE AW, £z, BLAlE LTHWAS TBHP X, T UV IERO b O, 7
B UG MLV ACEE A T MV VO b O & AV, ROGIREE, FURRFHEIC O TR % it
Lize ZOfEHE%EZ Table I2F &7z,
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Table

The reaction condition of preparation of phenyl sulfinyl oxirane THF

entry base / eq solvent of TBHP / eq time/h  temp./ C yieli(%)
1 n-BuLi’ /1.1 Decane / 1.5 2 0 Trace
2 n-BuLi”/ 1.1 Decane / 1.5 1 -20 8
3 n-BuLi/ 1.1 Decane / 1.5 1 78 1
4 n-BuLi /1.1 Toluene / 1.5 1 -78 22
5 t-BuONa /1.1 Toluene /1.5 1 -78 24
6 t-BuONa/ 1.5 Toluene /2.0 1 -78 31
7 t-BUuOK /1.1 Toluene /1.5 1 -78 33
8 t-BUOK /15 Toluene / 2.0 1 -78 46

* 1.6M n-butyl lithium in hexane was used

FPHEEELTn-TFAYF 7 LZ O TBHP 70 IR 2 B b & L CHWRISIRE A 0°C,
-20C, -78°C% L L S HIGEIT o712, entry 1, 2 DA, BIERWNE < AR L, HINETS 3
IHEIR T UED Z E R o T, entry 3,4 DBE, 5ITEIE LW DEETH S 2 A3
NENT=, IHI, WA M U NIEZ IS EIT T2 8 ZAWEN 2% Em b3 252 L85
nelpot-, (entry 4) ARJGICBWT, @Y ORIFISHEZBND, —DIFEITRA 2 LR
XV RMMDANVKR U ~DOEE, b9 — D3R LI E= 0 ALk F o RBEK (2) o “EfEE 2,
i - AR _HEA B L QWD D, 208~ A FAZFERE LTEI 2 EnEx b, &ML
Ehize Fa~utx v I — b7 =F v, £, 147566 @E S5, IiiE &l
FOGHAECRWERE, 372 5-78C & LEIGHM 24 Mt L7z,

Wi, /R AEFT NV L7 b R AV AT Ry REHV, TBHP OY &% 1.5 Y&,
2.0 Y& L S ERSR R Z MGt LTz, £ ORER. entry 8 IT/R L72SfE, T70bh, THF I H
78CT, WHELTH VUL ET MY RIFET, 2 M&D TBHP( M= UEIR) & 2 kA & LT
AV 2SS E ZARMETH T 2= VAL T 2= F X2 T 2 (2) IR 46% TH BN
HZEERH UL, 213fHEAEETH Y 2R LBEE TICZORMRIEFMONTE LT, 404
O THBRIZERTY LT,

Eth. 2 EREGRIE L ORIGICEY, o - TEFAIF AL hrrd LTHWDRIGIZOWT
ETd %,

3. EER

IR A7 R VOREIX, HORIBA 77— U =28 MR NG EE R FT-700 B A5 L 72,
NMR 227 MALORIEIL, EZ mrki s (CDCly) % MV BRUKER ADVANCE 500 THllE %17
5720 *H-NMR TIZPEREHE & LTI — 2 (7.26ppm) Z *C-NMR TIZPERIEAE & L Tl e —
2 (77.00ppm) % v 7=, APCI-MS (%, JEOL - T100LP Y& %z v CHEVEYE 13 = o F ik
124.0398(1r). L&/ 609.2812(1r) & L 7=,
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M1 TLC 1% Merck 10 Kiesegel 60Fs, %, BT L7~ 777 4 —ML U 7, BAE
fe%horra~ 777 0—H2 Y7 060N (Bkik, 1, pH=7.0£0.5, 100~210 mesh) %
W, 7T v vazuvw NI 74—y B FVE, BEILEA T A a~ ST T =YY
7147 v 60N (Bkifk, #PE, pH=7.0£0.5, 40~100mesh) % HH\ 7=,

Tz )LEZ LRV EFR YV K QDEK

BEREHLXT, 7 2=/ E=/L AT ¢ K 0.5494g(4.03mmol) Z ik A T L > 10mL (ZiafR S
O A7 Z 22 50mL 21z, OCIZHHAI L7, 25mL Db A F L ACEME St /om-27 o ol
Z R AW 1.0749(6.05mmol) 2 > < Vi~ L7z, BUSIREZ 0OCITRB A6, 2 RFfEfH: LS
S/, RS THR, FAREET NU v LA 059 2N EEORBIEAIZ OB L, S 6 RERK
FF P T AKEETHMU%, 7 oL L THIlE Ui-, A8 2 fafn &k Cueid LA RS
KRS~ 7 320 LT LTz, BHERNER., VBN AT 60~ N5 7 40— (B
I B F L ~F =3 )ZHWKER L, kD7 = =L =L Z LR F T K 0.569(91%)
T,
'H NMR(500MHz, CDCl,): 6 =5.88(1H, d, J=9.6Hz), 6.19(1H, d, J=16.5Hz), 6.59(2H, dd, J= 9.6Hz,

J=16.5Hz), 7.42-7.62(5H, m, Ph).

BC NMR(125MHz, CDCl,) : § =120.7, 124.7, 129.4, 131.3, 143.0, 143.4.

T 2= )L E= VALK Y (D)DERR

EHRFHX T, 7z=/LE=/L AL 7 ¢ K 0.9953g(6.5mmol) Z it A F L > 10mL [ Z¥fiE S &
HFAZ7Z 22 50mL IZhiz, OCIZHMAI L7, 25mL DL A TF L IR IElom-7 m o
7R 3.2259(18.7mmol) 2= b > < DT L, HIRIZRE Lk, 6 R LS S W72, T4
g kU v 2 0.500g & 00z @R O R LA A2 ALE U fafniRER KSR T b U U AOKIEIR TR L7214,
suaaiR)V AT U, B8 ZafREK CHRe Liztk, BAKMEE~ 722U A THELE,
WIERMER, U AT VBT Ara~v N7 T 70— (BHGEE BT L) THERL, BaEEo
7 = =)L E =)L ALK > 0.99890(91%) & £ 7=,

'H NMR(500MHz, CDCly): § =5.99(1H, d, J=9.8Hz), 6.39(1H, d, J=16.6Hz),6.62(2H, dd, J=9.8Hz,
J=16.6Hz), 7.43-7.85(5H, m, Ph).
BC NMR(125MHz, CDCl,) : 6 =120.68, 124.66, 129.47, 131.26, 143.02, 143.34.

T2 VALK AT R T B)DEAK

BEFHRT, L2 0T A7 7 23 50mL (2-78CCtert-7 /b e Ka~LA4 % RIT 0
VERIEE 0.716mL(L.07Tmmol) & > U U E W T WS < VI F ULIMA 7=, T THF20mL 1%,
n-7F N F T AA~FH R E 1.69mL2.7mmo)Il 2 72, & 512 THF %2 20mL iz, 10mL @
THF [Z3fi# L7~ 0.4412g(2.6mmol) D 7 = =L E =)L 2R 4 - < VT LTz, ROGEEA -
200CE C EA S 2 REEBHE L7z, ROSKE T2, MRS b Y O L& ERO £ £ 02085 O FR 1l Al
ALER L, fAFniE LT VB =T AKIER TR L2, YT —T L CThitH L7z, AiRE % A
FEHK CHe- 724, ARG 2 BKRINE~ 7% 0 L THIME LTz, BUERME L7z, > U o
T7Iv¥aigsruvs N7 0 —(HEE YT —7 ) THRE L, ARaD 5 &
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0.46849(90%)157-,
IH NMR(500MHz, CDCL,): § =3.04(1H, dd, J=3.7Hz, 5.3Hz), 3.30(1H, dd, J=1.9Hz, 5.3Hz), 4.10(2H, dd,

J=2.0Hz, 3.7Hz), 7.46-7.83(5H, m, Ph).
BC NMR(125MHz, CDClIs) : 6 =45.38, 63.26, 128.82,129.26,133.78,136.86.

T2 )VANLNT L Z)VF X T A DDER

BREHKT, O FATZ7 T A=A Y U A tert-7 ¥ K 0.1113g(0.99mmol) = iz, # Z1Z
15mL @ THF iz, -78CIZmHAI L7z, T tert-7 F /L& R ~UbA4 3 R R L= (3.3M) A
0.4mL(1.32mmol)x >V P E AN T - < Ui F UINA Tz, IREA-78CE L LI L7z, =
212 10mL @ THF IZHfE LT= 7 = =/L E =L AL 7 ¢ K 0.10449(0.69mmol) & > U o P& AN T
2> VT L-78CT 30 7o fid#k Uiz, RIS T#, FAMERT b Y ¥ L& il AR o Al 2 AL B
L, L7y =Fro—7 1 30mL Nz, 1@ LN ORE~ER L, 20%, 74
N & SiEHEA & L THWT A L, AIRZBERM L%, EHIC ATV ERNET T vy
2N T LT av NTTT 4 —(RHEEE ~F Y IR TV 35 ) CHEERR L& 2 A, kD
T VAT 4 =LF R LT L 0.05349(46%) & 15T,

'H NMR(500MHz, CDCls): 6 =2.93-3.07(2H, m), 3.98(1H, dd, J=2.4HZ, 3.7Hz), 7.43-7.59(5H, m, Ph).
BC NMR(125MHz, CDCl,): § =44.3, 67.3, 124.4, 129.4, 131.8, 140.0.
APCI-MS m/z CgHy0,S*: 169.03232, found: 169.04013.

SE 3

[1] B. M. Trost, Acc. Chem. Res., 11, 453 (1978).

[2] K. B. Sharpless and T. Katsuki, J. Am. Chem. Soc., 102, 5974(1980).

[3] E.J.Corey, D. Seebach, and R.Freedam, J. Am. Chem. Soc., 89, 434(1967).
[4] D. Seebach, Angew. Chem., Int. Ed. Engl., 18, 239(1979).

[5] E.J.Corey, Pure & Appl. Chem., 14, 19(1967).

[6] K. Ogura, J. Synth. Org. Chem.,Jpn, 37, 903(1979).

[71 ©O. Meth-Chon, et al., J. Chem. Soc., Chem Commun., 1967, 1378.

31



32

AUBTSERS RIgT
{ﬁ%%*:l’?ﬁﬁ;] M%F }i “El—‘%iij] Eafﬁ Research Institute of Science and, Technology

W5 240 PR G RIEARINIT SR =

H K:20114 10 H 12 H (/K) 10:00 ~ 11:00

7= ¢ DRSS BN OBIR & 3E

At JE RRAREARAR IS HEBUR TR 55
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ZO%, BIRZEO U, BIETE. JLEHEND SRl dMHRIR ARG X T 4 4 M TBHHIZ ik
FiL T2, AT, TOBPOBIREWIE LOREZ X LD, KEGHE OHREN TR E
HEGZC LR, FHIERORERIE & Z O RMIZF ORI TH %5, 2003 FERELIRESFHZ fikfi L7
M5, TNE OFEFRD 72D D752 BERICIHL TV D, TN X TITAKR; UV-B GHOREERIE
FEZZIFHEL L. TOFEZHMBIZ Uz, £z, T O@E TRIEICHH I 2 RHEERICDNT
DIEDNHS T E 5Tz F1RIE TN S OFEICH O AT &S, KIGHE O -RIZE BT 72 52
ERAH

W2 241 MRS REARAN iR ah =

H Bf:20114 10 H 19 H (7k) 10:00 ~ 11:00

T I aviiz o aENREm T S X a Y BT Y OWSERHFE | HEAT

Ty 7 s OHEHRIL

Fr & RSOREARINIT BdR B BER

SRR, WUERTEHBEOHET Y LT, @R, EEMALEORNRICKD, I X<z
HEtEA L 92 o XA~y LYYV ORRIHIENFE SN TV, #EEEATHZ T T X
< CIEREREART B EO R (BES TR NS 3 AUEH IS HIRED R 22 75 A=y
LYYV THD [5ERfEm TS A<xury YV ] BFRICBET 5 kRiEs 2 5 2 5 X<
2D TS, @MHENML TS A 2 @R CREME KT 5 55OV TEINY aY T IR
SR NV OV EEEIN AT S A iE 2 RIS 5 @R s s R 72 X< i) 2R
THYLLTWBM, TONY AV T 5 A7z &% VT ahR TEMLE S 20805 5 .
COF 72T TN HFR TR FOBRBE 2 — X — &9 % HEAT (Helicon Electrodeless
Advanced Thrusters) B0 =7 b & UTHARKEZED T2, 2OTTY 7 MIRAZEE
BB EREZE (S) (2009 - - 2013 ) ZN—RA L LTW5, BUTE DO OMEM TS X<
IEEARRLUTE O, M, HEE I 2 L—a v, 2R, WAL ARMED S hmEE O R
Rl 7Z=se i T Tt %,
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FHREATTAE  LHER RIS DN B . T OEiRO—BUE I AR K % T & TS % 55,
ARZ T RT %2 & TUFHEAATRETH S, DF D CPU X GPU Z G L CliF 7 U Z175 C
& T, WUHIRRY 2 KIEIC M T 5 2 &N TE %, HiRIETT, v MY =720 radliz PC
RA—IR=A V2 —ZDBFHICDOVTRAN L TE I, ShlEFHCRaEH SN DDdH % GPU 2
O TOSEILEE BT 750, ZOAEMEIC OV THRE Lz, A% 7% 3 X ko CPU ISR LT GPU
UG ORI EUIRRE ) 2 FFD T e b o Tz,
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