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The dianion of cyclopropanecarboxylic acid (2) reacted with alkyl halides and deuterated water at temperatures 
below 0 "C; however, self-condensation to the D-keto acid 3 was the only o b r v e d  product at elevated temperatures. 
This observation contrasts the self-condensation of the ethyl ester where a trimeric diester alcohol is the product. 
Attempted mixed condensations of the dianion 2 and carboxylic acids without acidic a-protons did not proceed 
aa well, 3 being the major product. Thermal decarboxylation of 3 did not yield the expected dicyclopropyl ketone; 
rather, a facile rearrangement in a sealed tube at 120 "C occurred, giving rise to 2-cyclopropyl-4,5-dihydrofuran. 
This "vinyl-cyclopropyl" type rearrangement does not occur through dicyclopropyl ketone or its enolate. 

Previous reports have demonstrated that  the dianions 
of carboxylic acids undergo nucleophilic attack a t  elec- 
tron-deficient centers.' These centers include alkyl hal- 
ides2 and the carbonyl carbons of aldehydes, ketones, es- 
ters, and acid  chloride^.^?^ An exception we reported 
previously was cyclopropanecarboxylic acid.5 Upon di- 
anion formation a t  50 "C, followed by treatment with an 
electrophilic trapping agent, the only observed product 
appeared to be a dimer of the cyclopropanecarboxylic acid. 
This dimerization was in apparent conflict with experi- 
ments already completed by Ainsworth6 and Ford' that  
demonstrated the incorporation of trimethylsilyl and 
deuterium, respectively, into the a-position of cyclo- 
propanecarboxylates, using lithium diisopropyl amide 
(LDA) as a hindered base in THF.  Concurrent with our 
own investigations, work by Pinnick* and Warnerg have 
shed light on this "anomalous" reaction of the dianion of 
cyclopropanecarboxylic acid, and this has prompted us to 
report our work on the facile rearrangement of the dimeric 
product into 2-substituted 4,bdihydrofurans. 

The a-proton of a substituted cyclopropane may be 
rendered acidic by the attachment of a heteroatom such 
as phosphoruslo or sulfur,l' and in the ylide form, these 
substituted cyclopropyl anions act as good nucleophiles, 
attacking ketones and alkyl halides. The attachment of 
a carboxylate function to a cyclopropane ring should also 
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cause the a-proton to be labile, and by analogy to our 
previous reports3 on the formation of &hydroxy acids from 

(1) (a) Krapcho, A. P.; Jahngen, E. G. E. J. Org. Chem. 1974,39,1322. 
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(c) Moersch, G. W.; Burkett, A. R. J. Org. Chem. 1971,36, 1149. 
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E.; Sibert, L. S.; Kinsel, E. Tetrahedron Lett. 1973, 1163. 
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Lett. 1974, 2721. 
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Table I. Reaction of Lithium 
a-Lithiocyclopropanecarboxylate with Electrophiles 
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Scheme I1 

recovered dimer product 
electrophile a 1, 9i 3, % (%I 

benzoic acid 14 42 4 (18) 
adamantane- 33 44  (12)  

l-methylcyclopropane- 25 54 ( 8 I b  
carboxylic acid 

carboxylic acid 

carboxylic acid 
a Used as lithium salts. 

l-phenylcyclopropane- 28 62  

Yields were determined by 
NMR. 

the condensation of the a-anion of cyclobutanecarboxylic 
acid with an appropriate ketone, we expected a similar 
finding with the dianion of cyclopropanecarboxylic acid. 
Contrary to our expectations, we observed that treatment 
of cyclopropanecarboxylic acid with 2 equiv of LDA in 
T H F  a t  -78 "C, heating to 50 "C for 1 h, followed by 
cooling to 0 "C and quenching with either D20, CH,I, 
benzyl bromide, or cyclohexanone, followed by acidifica- 
tion, led to  what appeared to be a self-condensation 
product. Indeed, leaving out the electrophile gave identical 
results, indicating that the product was formed prior to 
the addition of electrophile. I t  appeared likely that self- 
condensation occurred through dianion 2; therefore, we 
repeated the experiment but did not allow the reaction to 
rise above 0 "C. Quenching with D,O gave, in our hands, 
approximately 62 7% deuterium incorporation into the a- 
position of 1, thus demonstrating trapping of the dianion 
of the acid (Scheme I). This is consistent with the results 
reported by Warner.g 

Spectral examination of this self-condensation product 
demonstrated that no ring opening occurred as in the case 
of cis,trans-2,3-diphenylcyclopropane-l-carboxylic acids7 
A product of this type would show a vinylic proton peak 
in the 'H NMR spectrum. Infrared spectroscopy indicated 
that the product was a @-keto acid, and 'H NMR showed 
the two cyclopropyl rings intact. The product was ester- 
ified with diazomethane in ether to give the methyl ester 
and reacted, albeit slowly, with Br2 in CC14 and 2,4-di- 
nitrophenylhydrazine. Mass spectroscopy and elemental 
analysis were consistent with structure 3 (Scheme I). 

Reaction of 2 with other carboxylate salts a t  room tem- 
perature gave no products from cross-condensation. 
Raising the temperature to 50 "C, however, gave rise to 
both the dimer 3 and in the case of benzoic acid a new 
@-keto acid containing both aromatic and cyclopropyl 
functions (4). Adamantanoic acid, l-phenyl-l-cyclo- 

I @/50'C 
b v 

propanecarboxylic acid, 

2. H + / H ~ O  

0 

and l-methyl-l-cyclopropane- 

I 2 0 T  0 0 
II 

OH 
I 

L A 

carboxylic acid gave only recovered starting material and 
dimer 3, with small amounts of a new product formed 
(Table I). 

With the P-keto acids in hand, we set out to form the 
appropriate ketones by thermal decarboxylation to known 
compounds. We decarboxylated the isolated 3 neat, in 
sealed tubes, a t  120 "C. Using a gas IR cell, we demon- 
strated that the dimer clearly evolved COz, yielding an oil 
upon isolation. Rather than the expected dicyclopropyl 
ketone, the isolated product exhibited a significantly al- 
tered 'H NMR spectrum, showing a single monosubsti- 
tuted cyclopropyl ring intact (multiplet, 1.0, 4 H) and a 
single proton triplet a t  6 4.26. The 'H NMR spectrum and 
the mass spectral fragmentation pattern are consistent 
with the dimer undergoing decarboxylation and a thermal 
"vinyl-cyclopropyl" type rearrangement to give 2-cyclo- 
propyl-4,5-dihydrofuran (5) and no evidence for dicyclo- 
propyl ketone (Scheme 11). 

Under the same conditions or even at  180 "C, dicyclo- 
propyl ketone did not undergo rearrangement and gave 
only trace amounts of decomposition. This is not sur- 
prising in view of the fact that  temperatures of 300-400 
"C12 or transition-metal ca t a ly~ t s '~  are usually employed 
to effect the vinyl-cyclopropyl rearrangement. In light of 
a recent finding that lithium alkoxides of vinylcyclo- 
propanols greatly accelerated the vinyl-cyclopropane re- 
arrangement,14 allowing formation of 3-cyclopentenols a t  
room temperature, we postulated that intervention of the 
enolate or enol of dicyclopropyl ketone following the 
thermal decarboxylation of dimer 3 could be responsible 
for our facile rearrangement. Attempted enolization of 
dicyclopropyl ketone by LiH or NaH in THF, followed by 
quenching with D20, led only to the recovery of starting 
material. Turning to the more reactive KH in THF, we 
observed no evolution of Hz and after 4 h a t  room tem- 
perature isolated dicyclopropyl carbinol in good yield. To 
circumvent this unusual, however, not unknown, reduc- 
tion,15 dicyclopropyl ketone was enolized as previously 
reported,16 and heated in a manner identical with the 
thermal decarboxylation reaction described above. Acid- 
ification with DCl gave 83% incorporation of deuterium 
into dicyclopropyl ketone by NMR and no evidence of 
dihydrofuran formation. Experimentally we could not 
obtain evidence for the intermediacy of dicyclopropyl 
ketone during the rearrangement. 

Discussion 
In the report by Pinnick* using ethyl cyclopropane- 

carboxylate, trimer 6 is formed after 1 h of reaction at  room 
temperature with LDA. It is of interest to note that in our 

(7) Ford, W. T.; Newcomb, M. J. Am. Chem. SOC. 1973, 95, 6277. 
(8) (a) Pinnick, H. W.; Chang, Y.-H.; Foster, S. C.; Govindan, M. J. 

Org. Chem. 1980,45,4504. (b) Pinnick, H. W.; Chang, Y.-H. Tetrahedron 
Lett. 1979, 837. 

(9) Warner, P. M.; Le, D. J. Org. Chem. 1982, 47, 893. 
(10) (a) Schweizer, E. E.; Beringer, C. J.; Thompson, J. G. J.  Org. 

Chem. 1968,33,336. (b) Marino, J. P.; Ferro, M. P. Zbid. 1981,46,1828. 
(11) Trost, B. M.; Bogdanowicz, M. J. J. Am. Chem. SOC. 1973, 95, 

5298. 

(12) (a) Paquette, L. A.; Henzel, R. P.; Eizember, R. F. J. Org. Chem. 

(13) Alonso, M. E.; Morales, A. J. Org. Chem. 1980, 45, 4532. 
(14) Danheiser, R. L.; Martinez-Davila, C.; Morin, J. L. J. Org. Chem. 

1980,45, 1341. 
(15) (a) Hudrlik, P. F.; Taka-, J. M. J. Org. Chem. 1978,43,3825. (b) 

Handel, H.; Pasquini, M.-A.; Pierre, J.-L. Bull. SOC. Chim. Fr. 1980, 351. 
(16) v. Wijnen, W. T.; Steinberg. H.: deBoer. T.  J. Red.  Trau. Chim. 

Pays-Bas 1968,87, 844. 

1973, 38, 3257. (b) Dolbier, W. R.; Sellers, S. F. Ibid. 1982, 47, 1. 
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case the dianion of cyclopropanecarboxylic acid survives 
forcing conditions (50 "C for 1 h) and terminates a t  dimer 
3. This is reasonable in light of the intermediates formed 
from these similar reactions. In the case of the ester, a 
nucleophilic attack followed by loss of ethoxide leaves the 
reactive &keto ester 7 intact and susceptible to  further 
alkylation. On the other hand, attack of the dianion 2 on 
the acid function of another molecule of 2 yields the in- 
termediate trianion 8, which precludes further attack." 
The presence of the trianion renders the acid carboxylate 
moiety less prone to attack due to  charge repulsion and 
increased activation energy. 

Earlier we reported significantly greater dianion for- 
mation from a,a-disubstituted carboxylic acids by heating 
to 50 O C . l  This heating apparently overcomes the barrier 
to the formation of the delocalized trisubstituted anion 
that is not observed in the monosubstituted case where 
complete dianion formation does occur a t  lower tempera- 
tures. While our work and the work of others has dem- 
onstrated that the dianion cyclopropanecarboxylic acid 
forms a t  room temperature with LDA and reacts readily 
with electrophiles such as alkyl halides and trimethylsilyl 
chloride but sparingly with carboxylic centers such as COz 
and the acid salts mentioned in Table I, it does appear that 
dianion 2 will readily self-condense a t  elevated tempera- 
tures. These results are fully consistent with the work 
reported by Warner? We did not study the reaction using 
esters as electrophiles since the initial product of attack, 
a keto acid, would be susceptible to  further in situ attack, 
yielding analogues of trimeric compound 6. 

The formation of the dimer a t  elevated temperatures 
may also explain Warner's negative results when he at- 
tempted to decarboxylate the dianion a t  80 "C in the re- 
action medium in an attempt to obtain the intriguing 
l,l-dilithi~cyclopropane.~ We would predict that  under 
these conditions, and certainly prior to decarboxylation, 
the dianion 2 would yield the dimer 3. 

The thermal decarboxylation of dimer 3, however, did 
not lead to the expected dicyclopropyl ketone. Rather, it 
yielded 2-cyclopropyl-4,5-dihydrofuran through a thermal 
rearrangement. The ease a t  which this rearrangement 
occurs makes us suspect of a simple thermal vinyl-cyclo- 
propane rearrangement. Examination of the literature 
reaction conditions18 and Dreiding models suggests that  
a formal (1,3) sigmatropic shift of either the dimer 3 or the 
decarboxylated material (dicyclopropyl ketone) is quite 

(17) It was suggested by one of the referees that the dimerization 
could occur due to the presence of trace amounts of water in the cyclo- 
propanecarboxlic acid or the reaction mixture, which would quench some 
of the dianion. We have run the reaction with up to 10 equiv of LDA and 
obtained the same results. However, it is still possible that while being 
heated to 50 "C, the dianion, 2, attacks the lithiocyclopropanecaboxylate 
that has either not formed dianion 2 or is in equilibrium with diiso- 
propylamine/LDA. Pfeffer has previously shown that removal of diiso- 
propylamine to shift the equilibrium only slightly enhances the formation 
of the a-anion of carboxylic acids: Pfeffer, P. E.; Silbert, L. S.; Chirinko, 
J. M. J. Org. Chem. 1972, 37, 451. 

(18) Bigley, D. B.; Thurman, J. C. Tetrahedron Lett. 1963, 4687. 

Scheme IV 
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unlikely. Our experimental results seem to indicate that 
a dicyclopropyl ketone or ita anion is not involved. I t  has 
been shown in the case of cyclopropanecarboxylic acid that 
thermal decarboxylation leads initially to either the 2,3- 
or 3,4-unsaturated butenoic acid through 1,3-cyclopropyl 
bond cleavage, followed by decarboxylation to yield 
propene18 (Scheme 111). This ring opening is especially 
favorable if the transient 1,3-diradical is stabilized by a 
substituent in the 3-po~ition.'~ I t  is therefore possible that 
the rearrangement of dimer 3 may proceed through an 
initial cyclopropyl ring opening. In  the case of dimer 3, 
even though there is no substituent stabilization of a 
radical in the 0-position, the 1,3-cyclopropyl bond is sig- 
nificantly weakened by the presence in the 1-position of 
both a carboxylic and carbonyl function. Initial l,&bond 
cleavage may explain the ease of decarboxylation and re- 
arrangement of dimer 3 as compared to the thermal de- 
carboxylation of cyclopropanecarboxylic acid (140 O C  for 
4 h for dimer 3, vs. 360 OC for 15 h for cyclopropane- 
carboxylic acid). 

We propose the following mechanism to explain our 
facile decarboxylation and keto-cyclopropyl rearrangement 
of dimer 3. Following l,&cyclopropyl bond cleavage, there 
is a rapid (1,2) H shift from the 2-position to either the 
1 or 3 carbon, yielding 9 and/or 10. These products may 
be in rapid thermal equilibrium through (1,3) H shifts.18 
As suggested for cyclopropanecarboxylic acid, decarbox- 
ylation would occur through the P,y-unsaturated inter- 
mediate 9, which could then directly lead to 5 by a syn- 
chronous loss of C 0 2  and collapse of the system in a 
pericyclic process, or by analogy to cyclopropanecarboxylic 
acid, 9 could stepwise decarboxylate to allylcyclopropyl 
ketone and thermally rearrange to 5. These possibilities 
are shown in Scheme IV. Examination of Dreiding models 
leads us to favor a concerted process occurring after initial 
formation of 9, due to the proximity of the olefinic and 
carbonyl moieties and the possibility of positioning the OH 
proton of the carboxyl function directly over the olefin 
?r-system as represented in 12. The concerted process 

H 

(19) McGreer, D. E.; McKinley, J. W. Can. J.  Chem. 1973, 51, 1487. 
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would also explain why we observed no allyl cyclopropyl 
ketone 11 from direct decarboxylation of either 9 or 10. 
Currently we are pursuing the synthesis of the proposed 
intermediates in order to directly implicate the ring-opened 
intermediate and shed light on whether the rearrangement 
is synchronous or stepwise. 

Experimental Section 
Melting points were determined on a Thomas-Hoover apparatus 

and were uncorrected. All reactions involving LDA or KH were 
run under argon in glassware that was flamed out. Tetra- 
hydrofuran was distilled from sodium, benzophenone being used 
as an indicator. Cyclopropanecarboxylic acid was dried over 
molecular sieves and distilled prior to use. Microanalysis was 
performed by Galbraith Labs. Infrared spectra were obtained 
on a Beckman Model 5240 spectrophotometer. Proton NMR 
spectra were determined on Varian T-60 and EM-360 spectrom- 
eters. Mass spectra were determined on a Hewlett-Packard Model 

Preparation of Lithium a-Lithiocyclopropanecarboxylate 
(2). A 100-mL three-necked flask was fitted with a magnetic 
stirrer, serum cap, argon inlet, and addition funnel containing 
10 mmol of cyclopropanecarboxylic acid (0.86 g) in 5 mL of dry 
THF. The flask was charged with 25 mL of dry THF and 20 mmol 
(2.04 g) of diisopropylamine and cooled to -20 "C. To the 
magnetically stirred solution was injected 20 mmol (12.5 mL of 
1.6 M in hexane) of n-BuLi, and the resulting LDA solution then 
stirred an additional 30 min. Cyclopropanecarboxylic acid was 
then added dropwise over 10 min at -20 "C and the reaction stirred 
an additional 10 min before thermal dimerization or the addition 
of electrophiles. 

Preparation of 1-(Cyclopropylcarbony1)cyclopropane- 
carboxylic Acid (3). A solution of 10 mmol of 2 was heated to 
50 "C for 2 h and cooled to room temperature. (In the initial 
studies, 10 mmol of cyclohexane, methyl iodide, or DzO was added 
at this point.) The pale yellow solution was then poured over 50 
mL of ice acidified with HCl and extracted with 4 X 25 mL of 
ether. The organic phase was dried over MgSO,, the solvent 
removed by rotoevaporation, and the semisolid mass (0.59 g, 76%) 
recrystallized from ether-pentane (2:l) at 4 "C, yielding 0.48 g 
(62%) of a solid (mp 85-87 "C). The oil recovered from the filtrate 
gave 0.32 g (38%) of starting material 3: IR (CCl,) 3400-2450 
(br), 1690,1440, 1230,925 cm-l; 'H NMR (CDC13) 6 12.7 (br 1 
H), 2.2-1.8 (m, 4 H), 1.7-1.0 (m, 5 H); mass spectrum, m / e  154, 
126, 113, 95, 69, 41, 39. Anal. Calcd for CsH10O3: C, 62.34; H, 
6.49. Found: C, 62.62; H, 6.53. 

Preparation of 1-Methylcyclopropanecarboxylic Acid. To 
a solution of 10 mmol of 2 at -20 "C was added dropwise 20 mmol 
(2.8 g) of CH31 in 5 mL of THF, and after removal of the bath, 
the mixture was stirred an additional 1 h while being warmed to 
room temperature. The reaction mixture was worked up as de- 
scribed above, yielding 0.9 g of an oil. 'H NMR confirmed that 
the reaction mixture was 32% 1-methylcyclopropanecarboxylic 
acid and 68% starting material. Further confirmation was ob- 
tained from VPC (10% FFAP, Chromosorb W), which gave a 3:7 
ratio of material with identical retention time with an authentic 
sample from Aldrich and starting material. No other products 
were observed. 

Preparation of 1-Benzylcyclopropanecarboxylic Acid. To 
a solution of 10 mmol of 2 was added 20 mmol(3.4 g) of benzyl 
bromide in 5 mL of THF at -20 "C. The cooling bath was removed 
and the reaction mixture allowed to warm to room temperature 
with stirring for an additional hour. The reaction was worked 
up as described above, yielding a solid that upon recrystallization 
from pentane gave 0.39 g (22%) of a crystalline solid mp 101-104 
"C; IR (CC,) 3450-2400,1710, 1610,1500,1430,1225 cm-'; 'H 

4 H); mass spectrum, m / e  176,148,132,91,77. Anal. Calcd 
for CllH1202: C, 74.96; H, 6.81. Found: C, 74.91; H, 7.10. 

Preparation of 1,l-Cyclopropanedicarboxylic Acid. To 
a solution of 10 mmol of 2 at -20 "C was added a steady stream 
of dried COz. The reaction was allowed to warm to room tem- 
perature over 1 h. The standard workup was performed, and a 
solid mass was obtained from pentane. Recrystallization from 
a pentane-ether mix (41) gave a solid (0.72 g) containing starting 

5985-B GC-MS. 

NMR (CDC13) 6 12.3 (9, 1 H), 7.3 (5, 5 H), 3.0 (9, 2 H), 1.5-0.9 
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material (78%) and a new product (22%) corresponding in 'H 
NMR to authentic 1,l-cyclopropane dicarboxylic acid obtained 
from Aldrich Chemical Co. 

Preparation of Methyl 1-(Cyclopropylcarbony1)cyclo- 
propanecarboxylate. The cyclopropanecarboxylic acid dimer 
(0.5 g, 3 "01) was dissolved in 20 mL of ether, and to this stirred 
solution was added diazomethane (-0.05 M) in ether until a 
persistent yellow color was obtained. The solvent was evaporated 
in vacuo. The residual oil was redissolved in ChC13, dried with 
MgS04, and evaporated. Molecular distillation of this oil (pot 
temperature, 85 "C) under vacuum (21 mmHg) afforded 0.42 g 
(82.8%) of the ester: IR (neat) 3150,3050-2900,1725,1690,1450, 
1385, 1325, 1200, 1160, 1060, cm-'; 'H NMR (CDC13) 6 3.6 (e, 3 
H), 2.6-2.2 (m, 1 H), 1.4 (s,4 H); mass spectrum, m / e  168, 140, 
127,113,109,99,55. Anal. Calcd for C9H12O3: C, 64.28; H, 7.14. 
Found C, 64.73; H, 6.82. 

NaBH, Reduction of 1-(Cyclopropylcarbony1)cyclo- 
propanecarboxylic Acid. To a solution of 0.76 g (5 mmol) of 
dimer 3 in 15 mL of dry propanol was added 0.75 (20 mmol) of 
sodium borohydride over 20 min, keeping the reaction temperature 
below 30 "C. The mixture was stirred an additional 2 h at room 
temperature, after which the milky white suspension was cooled 
to 4 "C, acidified with 3 N HCl, and diluted with 50 mL of water. 
The aqueous solution was extracted with 3 X 25 mL of ether, the 
combined organic phases were dried with MgSO,, and the solvent 
was removed by rotoevaporation. The residual oil (0.71 g, 90.4%) 
would not crystallize and decomposed upon attempted distillation: 
IR (neat) 3700-3300 (br), 1690,1425,1250,1175,1025 cm-'; 'H 

(m, 5 H), 0.65-0.25 (m, 4 H). Anal. Calcd for C8H1203: C, 61.54; 
H, 7.69. Found: C, 61.62; H, 7.27. 

General Method for 1-Acylcyclopropanecarboxylic Acids. 
A solution of 10 mmol(O.86 g) of cyclopropanecarboxylic acid in 
25 mL of dry THF and 30 mmol (3.06 g) of lithium diiso- 
propylamide wa s held at -20 "C, and a solution of the carboxylic 
acid in 5 mL of THF was added slowly. The reaction was then 
heated to 50 "C for 2 h, and workup was done as previously 
described. 

Cyclopropanecarboxylic Acid plus Benzoic Acid (4). The 
product was recrystallized from ether-acetone (41), yielding 0.68 
g (35.8%) of a solid that was a 50% mix of dimer 3 and 1- 
benzoylcyclopropanecarboxylic acid (overall yield 18% ). Further 
fractional crystallizations gave a sample (mp 146-152 "C), while 
the residue contained unreacted acids and dimer 3. 4 IR (CClJ 
340-2500,1695,1600,1455,1425,1330,1275,1010 cm-'; 'H NMR 
(CDC13) 6 12.8 (s, 1 H), 7.9 (m, 2 H), 7.6 (m, 3 H), 1.6 (A2B2, 4 
H). Anal. Calcd for CllHloO3: C, 69.47; H, 5.26. Found C, 69.73; 
H, 5.61. 

1-Adamantanecarboxylic Acid plus Cyclopropane- 
carboxylic Acid. The product after normal workup gave 1.8 g 
of a semisolid mass (72%). This contained a 4:l ratio of dimer 
3 and 1-(acyladamanty1)cyclopropanecarboxylic acid (12% overall 
yield). An analytical sample was obtained by fractional recrys- 
tallization: mp 80-83%; IR (CCl,) 3450-2450,1700,1550,1420, 
1390, 1225, 1010 cm-'; lH NMR (CDCl,) 6 12.4 (s, 1 H), 2.0-1.7 
(m, 15 H), 1.3-0.9 (m, 4 H). Anal. Calcd for Cl5HmO9: C, 72.58; 
H, 8.06. Found: C, 72.68; H, 8.41. 

1-Methylcyclopropanecarboxylic Acid plus Cyclo- 
propanecarboxylic Acid. After standard workup, 2.4 g of an 
oil was isolated. Repeated attempta at  purification by recrys- 
tallization or distillation failed to give a product free of dimer 
3. The NMR yield was 54% of dimer 3 and 8% of 1-(1- 
methylcyclopropylcarbony1)cyclopropanecarboxylic acid. 

1-Phenylcyclopropanecarboxylic Acid plus Cyclo- 
propanecarboxylic Acid. The only isolated product of this 
reaction was 0.88 g (62%) of dimer 3. 

Decarboxylation of 3 and 5. The compounds were sealed 
in an evacuated tube and heated at 120 " C  for 2.0 h. During the 
heating period evolution of a gas was noted. Upon cooling, the 
tubes were opened and the residual oils washed out with ether. 

2-Cyclopropyl-4,5-dihydrofuran (5). The oil from the sealed 
tube gave 1.47 g (96%), which was fractionated by molecular 
distillation at 0.4 mmHg. At a pot temperature of 80 "C, a fraction 
(0.13 g) was collected. NMR, IR, and VPC analyses confirm this 
to be dicyclopropyl ketone when compared to an authentic sample 
(Aldrich). The yield of dicyclopropyl ketone is 6.5%. Raising 

NMR (CDC13) 6 6.5 (5, 2 H, OH and C(O)), 3.0 (d, 1 H), 1.5-1.0 
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the pot temperature to 125 "C gave the major fraction (1.02 g) 
as a clear oil identified as 2-cyclopropyl-4,5-dihydrofuran 5 (72%): 
IR (neat) 3020, 2990, 1450, 1400, 1320, 1075 cm-'; 'H NMR 
(CDC13) 6 4.26 (t, 1 H), 2.65 (m, 2 H), 2.05 (m, 2 H), 1.45 (m, 1 
H), 1.0 (m, 4 H); m a s  spectrum, m / e  110,95,82,69,55,41. Anal. 
Calcd for C7H100: C, 76.36; H, 9.09. Found: C, 76.44; H, 9.34. 
2-Phenyl-4,5-dihydrofuran. The oil from the sealed tube 

(0.70 g) gave a mixture containing both phenyl cyclopropyl ketone 
and 2-phenyl-4,5-dihydrofuran. Distillation could not fully sep- 
arate the products; however, yields by NMR indicated the material 
contained 420 mg (78%) of phenylcyclopropyl ketone and 58 mg 
(8.3%) of 2-phenyl-4,5-dihydrofuran. 

Reaction of Dicyclopropyl Ketone with KH. Formation 
of Dicyclopropylcarbinol. To a suspension of 8 mL (90 mmol) 
of KH (21% in oil) in 25 mL of dry THF (oil was removed by 
three repeated decantations from 25 mL of THF) was added 5 
g (45 "01) of dicyclopropyl ketone in 5 mL of THF. The mixture 
was stirred at room temperature for 14 h, during which time no 
evolution of gas was noted. Workup consisted of slow addition 
at 0 "C of 10 mL of 5% HC1 (again only a limited evolution of 
gas), followed by extraction with 3 X 25 mL of ether. The com- 
bined organic phases were dried over %SO4, and the solvent was 
evaporated. The dark oil was distilled (pot temperature 80 OC), 
yielding 3.8 g (76%) of dicyclopropylcarbinol and 0.8 g (16%) of 
the starting ketone. The carbinol was identical with an authentic 
sample from Aldrich. 

NaBH4 Reduction of Dicyclopropyl Ketone. A solution of 
1.12 g (1.01 mol) of dicyclopropyl ketone in 20 mL of ethanol, dried 
by distillation from M$, was cooled to 4 "C. Sodium borohydride 
(1.2 g, 0.03 mol) was added slowly, dipping the temperature below 
30 "C, and the mixture was stirred an additional hour. After the 
solution was cooled in an ice bath for 10 min, water was added 

followed by 10 mL of 2 N HC1, The reaction was then boiled for 
5 min, cooled, and extraded with 3 X 25 mL of ether. The organic 
phases were combined and dried with MgS04, and the solvent 
was evaporated. A 70% yield (0.78 g) of a clear oil was obtained, 
identical with the above dicyclopropylcarbinol. 

Reaction of Dicyclopropyl Ketone with Sodium Meth- 
oxide. A solution of 1.12 g (1.01 mol) of dicyclopropyl ketone 
in 20 mL of CH30D containing 0.05 mol of sodium methoxide 
(previously prepared from Nao) was stirred at room temperature 
for 14 h. The reaction was diluted with 50 mL of D20 and 
extracted with 3 X 25 mL of ether. The organic phases were 
combined, dried with MgS04, and evaporated. The resulting oil 
had a 'H NMR spectrum that showed 63% incorporation of 
deuterium in the a-position to the ketone (6 2.2). 
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1'-Methylthiaminium ion reacts with 2-amino- and substituted 2-aminopyridines in methanol by sub- 
stitution-cyclization steps to give derivatives of pyrichromine. Similarly, 2-aminothiazole forms a thiochromine. 
All these tricyclic products show brilliant fluorescence under ordinary light. The quantum yield of a pyrichromine 
in aqueous solution at room temperature is 0.8. The thiamin also reacts with thiourea to yield a fluorescent fused 
bicyclic product. Structures were proven by magnetic resonance studies. 

Fluorescent compounds which efficiently emit light have 
found many applications. For example, those fluorophores 
whose emissions are sensitive to environment are used as 
bioprobes (reporter molecules) to provide information 
about local solvent polarity, conformations, and dynamics 
within regions of macromolecules.lV2 Moreover, intersite 
distances within large molecules can be measured by using 
the efficiency of energy transfer between a fluorescent 
donor and an acceptor as a "spectroscopic r ~ l e r " . ~  By 
contrast, environmentally insensitive fluorophores are 
prepared as derivatives to enhance detection limits, often 
markedly, in quantitative analy~is .~  

(1) Kanaoka, Y. Angew. Chem., Int. Ed. Engl. 1977, 16, 137. 
(2) Beddard, G. S.; West, M. A., Eds. 'Fluorescent Probed'; Academic 

(3) Stryer, L. Annu. Reu. Biochem. 1978,47, 819. 
Press: New York, 1981. 

We report a simple synthesis of fluorescent heterocyclic 
compounds. Our method which is capable of being ex- 
tended6s6 uses a vitamin B1 derivative, 1'-methyl- 
thiaminium ion' (1, C6H9N3+CH2L), as the principal 
reactant (Chart I). 

Results and Discussion 
Syntheses. Heating a methanolic mixture of 1 and 

2-aminopyridine (2) at reflux gives rise to a fluorescent 
product. Elemental and spectroscopic analyses show that 

(4) Wehry, E. L. Anal. Chem. 1982, 54, 131R and references cited 

(5) Zoltewicz, J. A.: Wyrzykiewicz, E. J. Org. Chem., following paper 
therein. 

lrg. Chem. 1982, 47, 1352. 
,thesis 1980, 217. 
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