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SWMMARY: Commercial microwave ovens have been safely used to dramatically reduce the
reaction times (at comparable yield) of Diels-Alder, Claisen, and ene reactioms. Significant
solvent effects were also observed.

Microwave ovens have been virtually ignored as controllable thermal sources for
conducting organic reactions.2:3 The recent paper by Gedye, et.al. prompts us to disclose
our independent investigations in this area.’ Here we report results on reaction vessel

design, safety precautions, and solvent choice in a study of thermal reactions.

I. Reactionm Vessel/Safaty Precamtioms

Principal considerations in making this equipment applicable for laboratory use are:
1) reaction vessel choice, 2) safety precautions, and 3) assessment of reaction temperature
and pressures generated. We have safely conducted organic reactions up to one gram in
scale by using either sealed tubesa or screw-cap pressure tubes as reaction containers.4b
These reaction vessels were placed in either a Nalgene desiccator’ or a Corian box,6 each
packed with vcrdeﬂite,7 wvhich serves to absorb reaction contents in the event of an

expltn:ﬁ.m\.s In addition, all microwave-induced ther-olyns’ were conducted in a hood.

I1. Temperatwre Apprezimsation

The nature of microwave heating precludes conventional means of temperature
determination.19,11 However, temperature approximations were obtained by using sealed
capillaries comtaining compounds of known wmelting points either sealed within or affixed
to the reactiom comtainer.12,13 systematic study determined that inside and outside
reaction vessel temperatures differed at most by * 5°C, thereby allowing use of either

method for reliable temperature approximation.
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III. Solvent Studies

Figure I shows temperatures attained as a function of irradiation time for n-hexane
and DMF. In the absence of insulation, hexane reaches a thermal stationmary state of ca.
60°C after two minutes, while insulated runs attain temperatures »300°C after ten minutes.
We attribute the latter result to coupling of microwave energy with the vermiculite's water
of hydration. Empty sealed tube runs (labeled: blank) confirm this conclusion. In

contrast, DMF rapidly reaches temperatures »>300°C but requires longer irradiation when

insulated. Here the ability of vermiculite to absorb wmicrowave irradiation results in
partial "shielding" of the sample, hence the longer exposure times necessary to reach
comparable temperatures. Our results with diethylene glycol and n-hexane (without

insulation) suggest the potential for regulating the maximum temperature desired by simple
solvent choice.

Figure II illustrates that solvents possessing high dielectric constants superheat
rapidly while those with low dielectric constants heat slowly [cf. N-methylformamide and
p-xylene]. In addition, a semi-quantitative relationship exists between the magnitude
of the solvent's dielectric constant [at room temperature]ﬂ‘ and its thermal efficiency

under these conditions (cf. captions).

FIGURE 1 FIGURE 11

330
B 3V
. A o A B D GH I
rl - -
200~y
T 7
£ - BLANK 1 1
Y] 250— \ [ 20—
o M s
' ] P e
§ 18— E
A 7] --'--—-‘E 2 1304
T
U |1bﬂ T .J
R - u 210
3 R 4
130— E
19—
°C c :
vecce-dq----D .
50— Pad 150—4
A A S S S A N S A N LA S S B RS SN B B S S
TIME (MINUTES) TIME (MINUTES)

CAPTIORS: Dashed lines indicate absence of insulation; solid lines represent vermiculite
insulated runs. An asterisk (*) indicates that the sealed tubes exploded at longer
irradiation times. ©Figure I: A and B = DMF; € and D = n-hexane; E = diethylene glycol.
Figure II: A = N-methylformamide (€ = 182.4); B = dimethylformamide (& = 36.7); € =
acetonitrile* (€ = 37.5); D = diethylene glycol (€ = 31.7); E = ethanol* (€ = 24.6); F
= acetone* (€= 20.7); G = triglyme; H = n~hexane (€= 1.9); I = p-xylene (€= 2.3).

IV. Thermal Reactions

Efforts to increase the rate and yield of thermal reactions have resulted in the
development of an array of experimental conditions to realize these goals (e.g., high
1;>ressure;15 Lewis acid catalysism). The following Table depicts significant decreases

in reaction times observed using microwave heating.
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REACTIO MICROWAVE LITERATURE  CONTROL
1. OO 3 min4a 10 minl? 10 min
O p-xylene, 92% p-xylene, 90% p-xylene, 90%
160°<187°C 138°C 138°C
2. OC 10 minka,b 72 n18 4h
Pp-xylene, 87% dioxane, 90% p-xylene, 67%
325°<361°C 101°¢ 138°C
0 Et (1))
2 H
3 ~ ?O {__COEt 12 min%b 5 hl9 5 h
+ I —— NEAT, 55% NEAT, 67% NEAT, 817%
N \ COEt  325°¢361°C 150°C 150°C
? CO,EL 7/}
Et °
o : coger 10 mintd 4 h20 4 h
) + |l —— [~ NEAT, 66% NEAT, 95% NEAT, 687
i coer  325°<361°C 100°¢ 100°C
CO,E!
5. i ¢ 15 min4b 72 B2l a) 3 days, NEAT22
= N NEAT, 25% NEAT, 20% 89%, 195°C
+ » : »
d 400°<425°C 200°C b) 2 h, NEATZ2
75%, 195°C
HO X
6. | a) 10 min,%P NEAT 6 h23 6 min
_ 21%, 325°<361°C NEAT, 85% NEAT, 17%
b) 6 min, DMF 220°C 320°C
927, 325°<361°C
7 oue owe @) 12 min,*b NEAT 85 min23 a) 45 min
o H oH 71%, 370°<400°C NEAT, 85% NEAT, 71%
-] [~
; —_ j - b) 5 min,%b DMF 240°¢ 265°¢C
72%, 300°<315°C b) 12 min
~ ° NEAT, 92%
¢) 90 sec,4b 320°¢C
N-methylformamide
87%, 276°<300°C
~OH _LOH
8 —_ 15 min 12 h24 12 h
W /3 NEAT, 62% NEAT, 85% NEAT, 60%
400°<425°C 180°C 180°C
Several of these results merit further comment. First, solvent choice allows one

to vary the rate of temperature rise which accounts for the solvent effects observed (c.f.

entries 6-8). Second, several of the reported thermal conditions proved to be unoptimized.

In entry 5, for example, excellent yields of octalone products were obtained under control

conditions.?22 Finally, the intramolecular rearrangements in entries 6-8 suggest that the

results observed are due to thermal effects rather than the influence of pressure.
Although the scope and limitations of this process have yet to be fully determined,

microwave thermolysis has considerable potential for rapid acceleration of chemical

reactions. 2
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