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Abstract Opcniagafthe~~riagaadconcomitsntcl~~aofa~~riagarasobscnnd 
in the reacxkm of 2-mctho%y- and 2-~t~~ with ~~~~~~~)~~~~a 
(trims-BTE). EIcctropbiIic Sattack gives rise to a zwittuion which can rotate about the acceptor 
bond, dbociate to reactants, or fu&sb diastereoisomcric ci&kyclopropylaayktes. III the pre- 
sence of pyrisimc, 1,3-prototropy converts the zwittcrion to 5-substituted furans. 

Nomtal Die&Alder reactions are fast if the diene is electron-rich and the dienophile electron- 

deficient; the interaction is controlled by HO(diene) - LU(dienophile) 3. However, in extreme cases the 

“two-bond nucleophilicity” of the diene may be superseded by the “one-bond nucleophilicity”.4 

In the reaction of 2-methoxyfuran (1,1-l equiv) with pure 2,3-bis{trifIuorometh#umaronitriie 5 

{~~uJwBTE, 3, subtimed and twice recryst. from CS2} in CDCI, at 2YC, the orangered charge-transfer 

color faded in several hours. Quantitative @F NMR analysis with ~~uo~~le as weight standard 

revealed complete formation of the cis-3-substituted methyl acrylates 4 and 6 (77~23) containing tmns- 

or c&located CF3 groups at the newiy formed cyciopropane ring. After distillation at 9OT/O.2 ton: the 

diastereoisomers were separated by thick-layer chromatography (tic) on silica gel; 4 was crystalline (mp 

44-46”C), and 6 remained oily.6 

25% 
- 

3 

t R=CH3 3 hzns-BE) 4 R= CH3 6 

2 R = p-CHaCsHL, 5 R = p-CH,C& 7 

A sfower opening of the furau ring was observed with 2p-tolyloxyfuran (2. 1.3 equiv) ’ aud pure 

WUWBTE (CDC$, r.t.). The ‘* NMR spectrum after 14 d indicated 86% of the p-tolyl acrylates 5 and 

7 in the ratio of 76:24; 3% of the substituted furans 11 and 13 occurred, and 6% of 3 being still uncon- 

sumed. An analogous work-up afforded pure 5 (mp 42-43”C) and 7 (mp 90-92°C). 
IR frequencies of 1722 and 1726 cm-l for 4 and 6 reveal a conjugated ester carbonyl. The 2-H 

and 3-H signals appear at 6u6.42 and 6.15 with + = 11.1 Hz for 4, and 6.51,6.12, J= = 10.9 Hz, for 
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6. These are cis-vinyhc couphngs; Jcis for methyl actylate amounts to 10.2 Hx whereas Js,4 = 3.5 Hz for 

2-methoxyfuran is much smaller. The multiplicity of the 3-H signal is dd (.& = 7.2 Hz) for 6, but ddq 

(J35 = 6.7 Hx, 5Jn,p = 2.3 Hx) for 4. Fluorine couplings are transmitted through space, and a cis-vie 

relation of 2’-CF3 and the acrylic ester residue at C-3’ in 4 is diaguosed from the long range H,F coup 

ling, 

The cyclopropane 4 is chiral, and 6 contains a plane of symmetry. ‘The stere~e~~ is reflec- 

ted by 6, 29.631.2 (C-l’, C-2’, *Jcp = 39 Hz) and 31.4 (C-3’, “Jc,r =i 1.9 Hz) for 4 as well as by 34.3 
(C-l’ + C-2’. ‘Jcr = 45 Hz) and 29.3 (C-3’, 3JGr N 2 Hz) for 6, the low 6, values are indicative of the 

three-membered ring. Only the diastereoisomer 4 with nans-located CF3 groups shows non-equivalent 
pairs of CF3 and CN groups. 

The ‘% NMR spectrum of 4 consists of a d at 6 -61.3 (2’“CF,$ and s at -65.8 (I’-CF.&; the lack of 

F,F coupling is consistent with &zt+CF3 groups at the cyclopropane ring. The equivalence of l’-CF, 

and 2’-CF3 in 6 gives rise to s at JF -61.9. There is no coupling between the CF3-groups and the vinyl& 

3-H in 6, thus excludiig a third conceivable stereoisomer with a&c& relation of substituents at the 

three-membered ring. The NMR data of the p-tolyl acrylates 5 and 7 are closely related. 

1,2+ 3 _-) 

F3C, FF3 9 
‘c=$ 

NC’ CN 

8 kis-ETEl 

three 10 R= CH, 12 erythro 

11 R = p-CH3C5H4 13 

Zwitterion 9 resulting from the ele~roph~ic attack of 3 at the ark-~-~sition is a plausible 

intermediate. An intramolecular nu~eop~ic su~ti~tion (SN2 type) may be responsible for the ope- 

ning of the furan ring and the simultaneous closing of the three-membered ring When c&-BTE 8 was 

reacted with the nucleophilic furans 1 and 2, its equilibration with rra?ts-BTE (318 = 955) was much fa- 

ster than the opening of the heterocycle which furnished virtually the same ratios of 4/6 and S/7, 
respectively, as observed with WWLS-BTEZ 3 8. Thus, the twe&ble dissociation and the inwe&& intra- 

molecular substitution are taking place from an established rotational equilibrium of 9 about the mar- 
ked bond. 

Concentration measurements by t9F NMR analysis in CDC13 at 2YC afforded the rate constants 

for the opening of the furan ring with runs-BTE: k2 = 6.6 10d M’4’l for 1 and 7.6 10d M!@ for 2. 

Tfius, the heterocycle of the more nucleoph~i~ 1 is opened 85 tunes faster than that of 2. ‘These overall 

kz values pertain to the reversible electrophilic attack mrd the substitutive ~ng~~~g (see formula 

scheme). The influence of solvent polarity is positive: cyciopropane formation from 2 + 3 in nitro- 

methane was 30 times faster than in CDC$. 
The xwitterion 9 can regain furan aromaticity by base-catalyxed If-prototropy. When the reac- 

tion of 1 or 2 with nanr-BTE was run in the presence of 0.24 equiv of pyridine, cyclopropane formation 



was suppressed in favor of the substitution products 10 + 12 and 11 + 13. respectively. Only 12 wus ob- 

mined crystalline (mp 73-75°C); the lability towards silicagel (see below) thwarted the chromatographic 

separation. The ‘H NMR spectra signaled furan derivatives, e.g., two d at $5.32 (3-H) and 6.85 (4-H) 

with J+, = 3.5 Hz for 11; the q at 6,4.38 (2-H) displays the coupling by CF3 (/u,r = 6.1 Hz). The ten- 

tative ass@ment of f&o and eryf!uu ~~~tio~ ~~#) is based on the premise that conformatious 

with au ~~~ole~l~ hydrogen bond of the acidic 2-H with the furan oxygen play a major rolep In the 

system 2 + --BTE in CDC& at UT, 0.50 M in pyridine, the rate of BTE consumption was measu- 

red: k, = 1.0 lo3 M-k’ is 130 times higher than k2 for the opening of the furan ring. 

fmlr 223) 100 % M+ f312J 19% f2&uJ 97 % 

14 15 16 

The MS (70 eV, 2YC) of 10,lZ reveals two major pathways fkom the molecular radical. ion 15 to 

stabilized onium ions. The elimination of HF. followed by loss of CF:, provides 14 with its oxonium., al- 

lylic and benzylic resonance as the parent peak. The breaking of the central C-C bond of the penta- 

s$xtituted ethane furnishing 16 has a share of 87%. A fragment C4H202 (m/l 82, 18%) is probably 

OtC-CH=CH-k-0. All the formulae were secured by high resolution. 

57 yN 
-HI= 

FJf F +HzO 
“7 FN 

-HF 
F3f f” 

R-Y-F-H - - R-TT-=~ - 

NF 
R--F-C+ 

NC cF2 

R?-Y-C 

NC CF3 NCH NC H % 

13113 +H$ -HF 
I 

3 c F$ $N 
R-C-C* 

T,‘ FN -co2 5$ YN 

R = P-CH$&O 
N:: C~OCH~~2 

R-F--$H2 - R-7-7C02H 

CN NC H 

17 18 

Surprisiqly, the attempt of separating the fiareo and emhro forms, 11 and 13, by tic on silicagel 

led {after distillation at llC$C/O.OOl torr) to 72% of 18 in which the 2’-CF3 is formally replaced by H, 

The CXQ group appears as au AB spectrum at 6u3.29 and 3.38 with Jg_, = 16.8 Hz. The C-2’ of f!ueo- 
11 at 6,41-S (2JGF = 33.9 Hz) is shifted in 18 to 22.5 (3JcF- 2 Hz) whereas the C-l’ signal has hardly 
changed (bc 48.4 with *JGF = 32.4 Hz in 11 aud 46.6 with 2Jw = 32.3 Hz in 18). Two d at 6,555 and 

6.80 (J = 3.5 Hz) for 3-H and 4-H establish the intact furan ring of 18. 

A plausible solution of the “whodunit” is depicted in the formula scheme above. In contrast to 

general belief, commercial silicagels are basic lo and can deprotonate 11/13 and intermediate species. 

The conversion of H/13 to 17 (38%) with 2 equiv of sodium m&oxide in methanol may follow a simi- 
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lar mechanistic pattern. Tbe ketene aceti 17 shows the OCHs signals at 6,3.87 and 4.2!5; the rema& 

nin&CFsoccursasdat&, -70.8, coupled by tbe 4-H of the &ran with 0,s Hz. 

19 20 21 22 

Dilute HCI in aqueous DMSO catalyzes tbe bydroIy& of 1; 16% of metby 4_bydroxy-&-croto. 

nate (21) and 60% cratonolactone (22) were reported; l1 the mechanism via 19 and 20 is not closely re- 

lated to our ring opening. Greater is the similarity with the ring opening of 5-alkoxyoxazoles with 

TCNE$ triazolinedione or other electrophilic double bond.@ however, in the stabilization of the in- 

termediate zwittcrions, no three-membered rings are formed. The closure of tbe cyclopropaae ring by 

su~ti~tio~ 9 + 4 - 7, reminds of the first synthesis of a ~~10~~~~ from the anion of dietbyl2-bro- 

rn~t~~oMte carried out by W. H. Perkin jr. in the Mm&b laboratory 110 years ag~.~ 
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