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Abstract

BREBECERISICI A VORBHANO TEAE N 21986F U , RISKBOEMH- BRSO
WEl- REOEEBZEOMRIBEET QD , NA VOKEFOEHRIRILF —RFILERBEEDO
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tHmEEN, "FBRNMR) K YA I7ORBEVR, ELTEREIATEL, CHETI
BEEGF , FTHEERRISCHNTEIVAVOKRBHICKY) , BRI SYA VORBENRED
BMLULTRAETDCEICKIILE, 20 |, iMFEICL2 T HFO7RIERBICHLY A VOKRE =
BALEL, TOER , ERYRBRINAVOKREN (RISROBRRIRILF—8 ) ICKETHC
& BERHFBREN A VORICED RISINERNRA & VW EHE IV BASSEMEE D& ZH
S5AICL, NA1VORBEDROFEEZRLEZ, N/ VORBEMRRREEREFLEEHLICE
TS EDEERFHSS , RIBEERBNZTEOLEFER , NAVOKXHTRERTZLIZVAORICS
IREERFANREL BB EN DA 21z, CORRE , XA VOKRBHICKY) BAEEHLZY
ORSEEBEOHBADBNEERZ N TED, COFEERJAICETE  N-EROF>7O
NLFLTIVOFARCRBICEEL , NI VOKBEVWROKRIAZTE >, NILIVE
WBARATRUZLAOXR D AWK BEZMEE L THAVSDERET , RISBES30 CTRISOZER
TLZEBHL 2. TORR , NAVORBHFFAZFHTREEEMRARGFICENTRE-RISRE.
B—-RISHBICS VWVTERYRRA DL RISEEZEHLLECS, XA 7ORBE AR
T*0.27 h-1, BEMEZM TE0.12

h-1&BY), YA VORBEMRICIDRISMEN2IBETHD EANDA I 1=,

Since microwave was first applied to synthetic organic chemical reactions in 1986, effects such as
shortening the reaction time, suppressing side reactions, and improving the yield have been
reported. But the microwave energy is too small to break chemical bonds, therefore these effects
have been understood as "thermal effects" due to direct rapid heating inside the reaction system.
On the other hand, effects such as reduction of catalyst loading amount and specific chemo-
selectivity have been reported though it is difficult to explain by thermal effects, and "non-thermal
effects" or "microwave-specific effects" have been discussed. Recently this reporter has
succeeded to observe the microwave-specific effect separately from the thermal effect in the
asymmetric reactions with microwave. This time, microwave irradiation was applied to the copper-
catalyzed Nazarov cyclization reaction. It was observed that the product yield depends on the
microwave output (the amount of absorbed energy of the reaction system), and that the reaction
was remarkably accelerated by the microwave up to 5.8 times under the lower temperature
conditions. Based on the working hypothesis that the microwave would activate the conformational
equilibrium, reaction rate analysis revealed that the frequency factor A in the Arrhenius equation
increases under microwave conditions. This result can be considered as an increase in the
possibility of the optimal conformer per unit time irradiated by microwave. Based on this working
hypothesis, examination of the microwave-specific effect in the intramolecular cyclization of N-
hydroxypropargylamine. The reaction time-course was observed at 30 °C catalyzed by silver
trifluoromethanesulfonate in toluene. As a result, the product yield with the microwave was
improved under the same reaction temperature and the same reaction time. The reaction rates
were calculated to be 0.27 h-1 with the microwave, whereas 0.12 h-1 without microwave, therefore
the reaction acceleration by the microwave-specific effect was concluded to be 2.3 times.
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Microwave Specific Effects for Synthetic Organic Chemistry: Generalization and Understanding the Mechanism

1. HIREBRFROBE

EREBIEERICICTAIOKEBHE N NH GERASNT- 1986 FLUE, RICHREOERE -8 RSO - IRED M L4ZE DRI R
LN, YA VORBEOBHEIRILF—FERESOURIZEHTYIZH/NEN D ChoDOMEBIT REREO EREDRZEM
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StEERALE=, TOHEER, £ERYMINEEITAIDEHAD(RISEROBIRIRIILF—2)IZIKET S L REEHIFETIIORKIZES
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IAUDEBEFRAEE CILEEMBERICTERTE—RIGEE. A—RICEMICBWTERMINELSRL, RIGEEEZEHL:
ECA RAUOKRBHREFRAEHETIX 027 -1, BEMBAEHETIX 012 h-1 E4Y I/ VOFBEEMNRIZKSRIGINEN 23 ETH
e HhoT=,

2. MREBRRAEEOBE FER)

Since microwave was first applied to synthetic organic chemical reactions in 1986, effects such as shortening the reaction time,
suppressing side reactions, and improving the yield have been reported. But the microwave energy is too small to break chemical
bonds, therefore these effects have been understood as “thermal effects” due to direct rapid heating inside the reaction system. On
the other hand, effects such as reduction of catalyst loading amount and specific chemo—selectivity have been reported though it is
difficult to explain by thermal effects, and “non—thermal effects” or “microwave—specific effects” have been discussed. Recently this
reporter has succeeded to observe the microwave—specific effect separately from the thermal effect in the asymmetric reactions
with microwave. This time, microwave irradiation was applied to the copper—catalyzed Nazarov cyclization reaction. It was observed
that the product yield depends on the microwave output (the amount of absorbed energy of the reaction system), and that the
reaction was remarkably accelerated by the microwave up to 5.8 times under the lower temperature conditions. Based on the working
hypothesis that the microwave would activate the conformational equilibrium, reaction rate analysis revealed that the frequency
factor A in the Arrhenius equation increases under microwave conditions. This result can be considered as an increase in the
possibility of the optimal conformer per unit time irradiated by microwave. Based on this working hypothesis, examination of the
microwave—specific effect in the intramolecular cyclization of N—-hydroxypropargylamine. The reaction time—course was observed at
30 ° C catalyzed by silver trifluoromethanesulfonate in toluene. As a result, the product yield with the microwave was improved under
the same reaction temperature and the same reaction time. The reaction rates were calculated to be 0.27 h—1 with the microwave,
whereas 0.12 h—1 without microwave, therefore the reaction acceleration by the microwave—specific effect was concluded to be 2.3
times.
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