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MS conducted in organic solvents in a c-rcial microwave w e n  in a few minutes at a 

la, energy level. Erlenmeyer flasks were adequate reaction vessels since neither high 

pressure nor high t-rature w r e  involved. Past mitoring of synthetic reactions 

was achieved by tlc separation and transfer of tlc spot material directly to a solids 

probe of a chemical ionization mass spectrmter. llicrowave Wen-induced Reaction 

mhmcament (IIORE! chemistry is not Q e  to themlysis: one reaction was conducted 

successfully in a reaction vial encased in a block of ice. 

IKfffCaJLTION 

C-rcial microwave wens provide a beam of micr-ves set for efficient heating of water. 

Such ovens can serve as a convenient source of heat in the laboratory; their c-terised ver- 

sions are coamrrcially available for the acid digestion of ores and minerals in explosion-proof 
sealed vessels. Biochemists and organic chemists have conducted and other reac- 

t i o n ~ ~ ' ~  in microwave wens in sealed tubes or in capped Teflon vessels. Highly accelerated 

rate of chemical reactions observed under these conditions has been ascribed to the high t e e  

perature and the high pressure that are reached in minutes. llro recent publications have shown 

that the generation of high pressure can be avoided in such "themlysis" reactions in microwave 

wens by using reagents adsorbed on alumina or clay.6" 

In a preliminary report we have described efficient and rapid synthesis of a variety of 5 
lact- in a microwave w e n  without resorting to high pressure or high te-rature.' We wish to 

report now that such '"llicrowave Oven-induced Reaction mhancement" (&Urn) chemistry can be uti- 
lized for highly accelerated synthesis of divergent types of heterocycles. Same illustrative 

examples of PaRE chemistry are prwided here. 

N - ~ Y W I I N D  ACIDS 

Formation of N-phthaloyl derivatives by the reaction of amino acids with phthalic anhydride is a 

useful procedure which can be conducted on a large scale by using refluxing toluene as the 

reaction medium, triethylanrine as a catalyst and a Dean-stark water separator as a trap for the 

water fo-d in the reaction. 9 

we have found that by substituting N,N-dimethylfomadde (DMF) for toluene and using a micro 

reaction vial with a septum cap as the reaction vessel, N-phthaloylation could be conducted on a 
few gram scale. When the vial was placed in a microwave w e n  and "nappd"1° for 1-3 min at a 

la, power setting of the oven, the formation of phthalimidoacetic acid (1) proceeded in high 

yield. To establish that no thermolysis was involved. the reaction vial in one experiment was 

placed in a beaker of water and the water was frozen to a block of clear ice. When this block 

of ice was rapped for 3 min inside a micrarave wen, the outer surface of the ice was melted 

slightly. Analysis of the contents of the encased reaction vial showed the formation of 
phthalimidmcetic acid in good yield. It was also found that phthalimidoacetic acid could be 

prepared on a 100-200 q scale in 5-8 min in a microwave wen. .m Erlenmeyer flask covered with 



a watch glass or f-1 was adnplate as the reaction vessel. No reflux condenser or Dean-stark 

water trap was needed. Ihe yield and the plrity of the product were comparable to those 

reported in 'Organic Synthesis'. 9 

MIS(EWAIIDDUS HgIpPDClCLES 

We have duplicated vnder micranve irradiation several preparations described in 'Organic 

synthesis' (See Table 1). In each case the reaction in ttm lnicrmve oven was highly 

accelerated and the yields w r e  comparable. earbituric acids (2) were prepared from malonic 

ester (or phenylmalonic ester) by condensation with urea in ethanol solution in presence of 

sodium ethoxide. Ihe reaction of ethyl acetoacetate with thiourea in ethanol solution gave 

2-thi-6-methyluracil (3).12 Pormic acid served as both the reagent and the reaction medim for 

the -version of o-diaminobenzene to benzimidazole(41. l3 maevenagel densation betwen 

salicylaldehyde and diethyl mlarate leading to ethyl 2H-1-benzwre2a-3-carboxylate (5) 

could be conducted in the absence of any solvent. 14 

BISCHLER-NWIERALSKI RERCTICN 

we have studied the BiscNer-Napieralski reaction in some detail to investigate the role of 

solvents in reactions under micrwave irradiation. Vnder standard d i t i o n s  this reaction is 
conducted in refluxing toluene (or scm other hydrocarban solvent) leading to a 3.4-dihydrois* 

winoline (7) in good yield frcm a Earylethylamide (6)15 a d  phosphoms oxychloride or phos- 

phorus pentoxide. In a micrarave wen, toluene proved to be an imdequate energy transfer 
medium so that no reaction occurred even after several minutes of irradiation. lhis was not 

3 unexpected since Gedye et al. have reported that solvents with higher dipole -nt have higher 

energy transfer rate. llms, PIF and 1.24ichloroethane (DCE) are heated much faster in a micro- 

wave w e n  than hexane or carbon tetrachloride. When the reaction was attempted in PIF with 

phosphorus oxychloride as the condensing agent, an intractable complex mixture was produced upon 

microwave irradiation. Rlly trace amounts of (7) was formed when CCE was the reaction medium. 

Phosphorus pentoxide has been used as the condensing agent for the Bischler-Napieralski reac- 
tion. lt~s, the 3.44ihydroiscquinoline (7) was the major product from ( 6 )  when refluxing tolu- 

ene was the reaction d i m  and phosphorus pntoxide was the condensing agent. When this reac- 
tion was conducted in a micrmve oven with toluene replaced by DCE, a crystalline product ( 8 )  
was obtained in nearly quantitative yield. From its mlemlar wight determined by chemical 

ionization m s s  spectretry this c m p w d  appeared to be formed from two mlemles of the 

starting anride with the loss of one rmlemle of water. Single crystal X-ray diffraction 

studies16 on this ccmpound indicated that it was the addine (8 ) .  lhe sane addine was also 
obtained when ( 6 )  was heated under reflux for 1 h - outside the micr-ve w e n  - with phos* 
NS pentoxide in methylene chloride, chloroforn or DCE solution. Intrmlemlar versions of 

this amidine forming reaction is under study for the formation of heterocycles. 
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we have investigated the effect of micranve irradiation on the reaction between Schiff hases 
and certain acid anhydrides leading to intermediates for various alkaloids. castagnolil' had 

discovered that the reaction of succinic anhydride with henylidenemethylamine in reflwing 

benzene w e r  a pricd of 36 h led to a mixture of trans (major product) and cis forms of the 

shtituted 2-pyrrolidinone (9) in 82.5% yield. We substituted pu for benzene and c d c t e d  

the s- reaction in a microwave oven for 5 min and obtained trans (9) in 59% yield. Pollaring 

mshmn and Madajl8 we reacted hrmophthalic anhydride with benylideneaniline. ?he same cis 

ccnpound (10) was obtained inside a micr-M wen as outside when the reaction medim was o(g. 

FRST MtNITORIffi OF FECI'ICNS 

~t is ~stcmary in our laboratory to monitor M3P.E chemistry by a rapid method consisting of thin 

layer chromatography (tlc) follwd by chemical ionization mass s p c t r m t r y  (cIKs)~~. Spots on 

the tlc plate are rapidly and conveniently transferred to a w s s  spctrcmeter with a solids 

probe the tip of hich carries a bead of Carbarax 20H made sticky by warming. MleNlar weight 

and fragmentation informstion fram positive ion and negative ion CIlCS generally permits quick 

identification of the p r d c t s  of a reaction - often without the behsfit of additional data frw 
ir and m r  spectral measurements. 

CONCLUDIK, m 
(*lr experiments clearly shov that highly accelerated chemical reactions in organic solvents need 

not be due to the high temperature and high pressure that can be reached in sealed systems when 

irradiated at high energy level settings of a micrarave wen. Reactions at la, settings of 

micrmve wens using nr, LXE, dioxane, ethanol and esters can he conducted at near r- tee+ 

prature or l w r  temperatures in a few minutes. Since the reactions proceed very rapidly, UH 
use of reflw condensers, drying tubes, water traps, etc. are redundant for conducting IIM(e che- 



mistry. If exclusion of air is preferred, a reaction vial with a septum as a cap can be used. 

Fast onitaring by tlc-cims adds to the overall efficiency of synthetic expriments conducted in 

a p i c r m  wen. Tne course of reaction in wm cases can bs altered by changing the reaction 
d i m .  Lxtension of m chemistry to other areas of heterocyclic Md ~n-hsterocyclic reac- 

tions is in proqress in our labratory. - 
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