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Phenyl, tert-butyl, and unsubstituted propiolamidium tetrafluoroborate salts, prepared from ready alkylation
of acetylenic amides with triethyloxonium fluoroborate, undergo facile Diels-Alder cycloaddition with cyclopen-
tadiene. Propiolamidium salts also react easily with tetraphenylcyclopentadienone, ethyl diazoacetate, and a me-
soionic oxazolium compound. A qualitative comparison of the activation of multiple bonds toward cycloaddition
by the amidium group with other known substituents is discussed.

Since electron-withdrawing substituents on acetylenes
and olefins increase the rate of reaction with respect to the
usual Diels-Alder addition,? it may be anticipated that in
relation to carbonyl® and, in particular, nitro? groups, the
iminium function, >C==N<*, when substituted directly
upon a multiple bond might exert a considerable inductive
and mesomeric effect resulting in a facile Diels-Alder or
1,3-dipolar cycloaddition. The present study of iminium-
activated acetylenes, previously unknown in the literature,
shows that these compounds in fact rank among the best
partners in Diels—Alder and 1,3-dipolar cycloaddition reac-
tions.

Results and Discussion

Of all the iminium-activated acetylenes represented by
the general formula 1, acetylenic iminium ethers (1, Z =
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OR’’) were the most easily accessible from phosgeneimin-
ium salt chemistry,®® and form the basis of the present
study. Thus when the amide chloride of 3-chlorocinnamic
acid (3), initially formed from the condensation of aceto-
phenone and phosgeneiminium chloride (2), was first hy-
drolyzed with saturated sodium bicarbonate yielding the
B-chlorocinnamic amide 4, followed by HCIl elimination
with sodium methoxide, N,N-dimethylphenylpropiolamide
(5) was obtained in 76% yield. Then, treatment of 5 with
triethyloxonium fluoroborate in methylene chloride at
room temperature resulted in the formation of an air-sta-
ble, recrystallizable salt whose spectral and analytical data
conform with the acetylenic amidium structure 6. Analo-
gously, N,N-dimethyl-tert-butylpropiclamide was convert-
ed into its alkylated salt 7 in 98% yield. Compound 7 is in-
teresting in regard to tert-butylnitroacetylene, which was
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found to be much more reactive than the corresponding
ester and nitrile derivatives. The simplest and sterically
least hindered propiolamidium tetrafluoroborate deriva-
tives 8-10 were readily formed by analogous alkylation of
unsubstituted propiolamides. Compounds 9 and 10 are yel-
low, crystalline, and isolable under an inert atmosphere.
The less stable tertiary amidium 8 obtained in noncrystal-
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line form can be more conveniently generated in situ for
use in further reactions.

A systematic comparison’ of the 13C spectra of acetylenic
amides and corresponding amidium adducts indicates a
considerable polarization of the amidium triple bond, i.e., a
downfield shift of the 3-acetylenic carbon together with an
upfield shift of the a carbon, an expected result considering
the conjugative effect of the iminium group. Such a polar-
ization, explained in terms of perturbation molecular orbit-
al theory,® might facilitate an unsymmetrical transition
state within a cycloaddition reaction scheme, lower the en-
ergy requirements, and therefore produce a faster Diels—
Alder or 1,3-dipolar cycloaddition. This has been found to
be the case for acetylenic amidium compounds which ex-
hibit a marked enhancement of reactivity when compared
with their amides.

N,N-Dimethyl-O-ethylphenylpropiolamidium tetrafluo-
roborate (6) was treated with a slight excess of cyclopenta-
diene in CH,Cl; at room temperature. After 24 hr the in-
frared absorption of the triple bond had diminished to one-
half its initial intensity and after 70 hr it had completely
disappeared. After evaporation of the solvent and excess
diene and addition of ether, a compound whose spectral
and analytical data are consistent with the norbornadiene
derivative 11 was isolated. The cycloadduct 11 was charac-
terized further by its hydrolysis to 1-carbethoxy-2-phenyl-
3,6-endo-methylene-1,4-cyclohexadiene (16). The cycload-
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dition of cyclopentadiene and phenyl(trifluoromethanesul-
fonyl)acetylene occurs readily at room temperature where-
as phenylpropioloyl chloride undergoes no appreciable re-
action with cyclopentadiene.? Since an acid chloride sub-
stituent on acetylenes and olefins is more activating in cy-
cloadditions than a nitrile, aldehyde, or ester, in that
order,?® it can be thus stated that N,N-dimethyl-O-ethyl-
phenylpropiolamidium tetrafluoroborate (6) reacts faster
than any of the corresponding carbonyl functionalized
phenylacetylenes, and the amidium group activates more
strongly than an acid chloride, nitrile, aldehyde, or ester
group.

The reaction of cyclopentadiene with the tert-butyl acet-
ylenic amidium compound 7 afforded after 2 weeks in
methylene chloride at room temperature a stable 1:1 cy-
cloadduct whose spectral and analytical data are consistent
with its representation as 12. In comparison with other
tert-butyl acetylenes, the nitro-substituted derivative
reacted fastest with cyclopentadiene, the completed reac-
tion being observed after 2 hr at room temperature, but the
corresponding ester and nitrile were inert to such condi-
tions.* The lower reactivity of the tert-butyl derivative 7
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toward cyclopentadiene as compared with its phenyl ana-
logue 6 is apparently due to steric rather than electronic ef-
fects. The unsubstituted acetylenic amidium compounds
8-10 are therefore expectedly extremely reactive partners
in Diels-Alder and 1,3-dipolar cycloadditions under these
conditions.

Thus when the secondary propiolamidium compound 9
was initially treated in CHoCl; at room temperature with
an excess of cyclopentadiene, an exothermic reaction en-
sued immediately upon addition. Complete disappearance
of the triple bond was observed within 15 min; yet only an
insoluble polymeric substance was obtained. However,
when equimolar amounts of the two reactants were allowed
to react, a product was isolated whose spectral characteris-
tics are in agreement with the cycloadduct 13. Both the 'H
and !3C magnetic resonance spectra indicate that 13 ex-
ists in two forms, most likely owing to the orientation of the
amidium group with respect to the norbornadiene C;-Cg
double bond in a cis-trans arrangement. The hydrolysis of
13 with sodium carbonate produced an oil whose spectral
data suggest the imino ether structure 17 since an NCHj
resonance signal was observed at § 3.01 and an imine ab-
sorption at 1660 cm~! was recorded in the infrared spec-
trum. Noteworthy in the above reaction is the ease of cy-
cloaddition reminiscent of the reactions of cyclopentadiene
with dimethyl acetylenedicarboxylate!® or propargyl alde-
hyde!! at room temperature. Acetylene itself undergoes re-
action!? with cyclopentadiene only under increased pres-
sure (1-6 atm) and at 325-435°. Even acetylacetylene re-
quires heating at 90° for 6 hr in a sealed tube for reaction
with cyclopentadiene.’® Furthermore, the primary ami-
dium derivative 10 was treated with cyclopentadiene at
room temperature, yielding a 1:1 cycloadduct 14 in 71%
yield. The NMR spectrum of 14 is easily interpretabie. The
H-2 olefinic proton resonated at § 8.40 as a doublet (Jo 3 =
4.0 Hz) considerably shifted downfield with respect to the
other vinylic protons H-4 and H-5 which were observed as
a doublet of quartets at § 8.92. This downfield shift is un-
doubtedly due to the adjacent amidium group at C-1. The
allylic bridgehead protons H-3 and H-6 were found at &
4.02 as a broad doublet and the bridge C-7 protons at § 2.25
(bs). The NH, protons were nonequivalent arising at § 8.74
and 9.17 as broad singlets and the remaining ethyl reso-
nances were observed at § 4.60 and 1.50. 8, generated in
situ, readily gave with cyclopentadiene the cycloadduct 15.

As a further example of their high reactivity, the mono-
substituted acetylenic amidium derivatives 8 and 9 under-
went ready cycloaddition with tetraphenylcyclopentadi-
enone at room temperature, affording the substituted ben-
zene derivatives 18 and 19.
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Derivatives 9 and 10 also underwent a facile 1,3-dipolar
cycloaddition at room temperature. With ethyl diazoace-
tate and 9 or 10, an exothermic reaction occurred and the
amidium pyrazoles 20 and 21 were formed, respectively.
Basic hydrolysis of 21 gave the imino ether derivative 22,
The 1,3 relationship between the carbethoxy and amidium
groups is the expected!4 directiospecificity in such 1,3-di-
polar cycloadditions.

Reaction of 9 with the azomethine 1,3-dipole contained
in the oxazolium mesoionic compound?! munchnone (23)
afforded in a facile manner the imino ether pyrrole 25 via
basic hydrolysis of the intermediate 24,
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The inability of 9 to undergo cycloaddition with anthra-
cene or with tosyl azide gives an indication of the limits of
reactivity of the monosubstituted acetylenic amidium de-
rivatives.

When methyl propiolate as a reference and 8 and 9 were
compared in reactivity to tetraphenylcyclopentadienone,
only the acetylenic amidium salts reacted. Thus the mono-
substituted acetylenic compounds are more reactive than
the corresponding ester derivatives. In contrast to these
highly reactive amidium salts, the corresponding propiola-
mides were unreactive under these conditions. Preliminary
results on phenylpropiolamidinium perchlorate compounds
(1, R = CgH5; Z = NHR,; X = ClO4) obtained by aminolysis
of 3, elimination of HCl, and protonation by perchloric
acid, indicate that these derivatives are not very reactive in
cycloadditions. The synthesis of less sterically hindered
acetylenic amidinium compounds as well as other represen-
tative iminium-activated acetylenes (1, Z = H, alkyl, Cl) is
currently under investigation and will be reported at a later
date.

Experimental Section

Spectral characterizations were carried out on the following in-
strumentation: infrared spectra, Perkin-Elmer Model 257 spectro-
photometer; NMR spectra, Varian DP-60, T-80, XL-100, and
CFT-20 spectrometers, using MesSi as internal standard; mass
spectra, Varian MAT-311 mass spectrometer at 70 eV. Melting
points are uncorrected and were determined in capillaries in a “Dr.
Tottoli” apparatus and all evaporations were carried out using a
Rotovap apparatus. Microanalyses were performed by the Institiit
fir Organische Chemie, Universitdt Wien, Vienna, Austria, and In-
stranal Laboratories, Rensselaer, N.Y.

Preparation of N,N-Dimethylphenylpropiolamide (5). To a
stirred solution of N,N-dimethyl-8-chlorocinnamamide® (4) in dry
methanol was added a methanolic solution of excess sodium meth-
oxide at room temperature. After 5 min of stirring, the reaction
was quenched with a small amount of water, solvent was evapo-
rated, and the solid residue was extracted with CHyClo~H20. The
organic layer was separated, dried over NagSO,, and evaporated. 5
was recrystallized from cyclohexane as colorless needles (76%): mp
96-98° (lit.® mp 99, 101, 92°); ir (CHCly) 2220 (C=C), 1625 cm™!
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(CO); NMR (CDCl;) 6 8.08, 3.33 [2 5, 8, N(CHg)g], 7.22-7.80 (m, 5,
aromatic); mass spectrum m/e 173 (M.*), 129 (M — 44).

N,N-Dimethyl- O-ethylphenylpropioclamidium Tetrafluoro-
borate (6). 5 (1.67 g, 0.01 mol) and triethyloxonium fluoroborate!®
(1.84 g, 0.01 mol) were stirred at room temperature in dry CHzCly
(20 ml) for 24 hr. The solvent was evaporated and the residue di-
gested in anhydrous ether. Filtration, washing with ether, and
drying afforded 2.39 g (85%) of a colorless, air-stable solid which
could be recrystallized as colorless needles from ethanol (techni-
cal), but the recovery of 6 was low, possibly indicating reaction
with solvent: mp 113-115°; ir (CHoCly) 2205 (C=C), 1640 (ami-
dium), 1060 cm™~! (BF4~); NMR (CDCl3) 6 1.58 (t, J = 7.5 Hz, 8,
OCH,CH3y), 3.48, 3.73 {2 s, 6, N(CH3)o], 4.90 (q, 2, OCH3CHjy),
7.34-8.08 (m, 5, aromatic).

Anal. Calcd for Ci3H1sNOBF: C, 54.01; H, 5.58, N, 4.85. Found:
C, 53.82; H, 5.40; N, 4.99.

N,N-Dimethyl- O-ethyl-tert-butylpropiolamidium Tetra-
fluoroborate (7). Similarly, N,N-dimethyl-tert-butylpropiola-
mide!” (0.95 g, 0.0062 mol) and triethyloxonium fluoroborate (1.2
g, 0.0063 mol) at room temperature in CHyClg (25 ml) afforded an
ether-insoluble product recrystallized as colorless prisms from eth-
anol-ether (1.32 g, 98%): mp 72-73°; ir (CHoCly) 2220 (C=C), 1645
(amidium), 1060 cm~! (BF,"); NMR (CDCly) 6 1.43 s, 9,
C(CHa)3), 1.52 (t, J = 7.0 Hz, 3, OCH;CH3), 3.41, 38.51 {2 s, 6,
N(CHs)q), 4.70 (q, 2, OCH,CH3).

Anal. Caled for C;;HooNOBF4: C, 49.09; H, 7.49; N, 5.21. Found:
C, 48.87; H, 7.64; N, 5.37.

N,N-Dimethyl- O-ethylpropiclamidium Tetrafluoroborate
(8). N,N-Dimethylpropiolamide!® (0.55 g, 0.006 mol) and trieth-
yloxonium fluoroborate (1.20 g, 0.006 mol) were stirred in dry
CH:Cl; (15 ml) at room temperature for 19 hr. Solvent was re-
moved in vacuo and the orange residual oil treated with anhydrous
ether. After washing and decanting (all operations carried out
under Nj) the oil was dried successively on water and oil vacuum
pumps: yield 1.13 g (93% crude); ir (CH,Cly) 3270 (HC=C), 2120
(C==C), 1655 (amidium), 1060 ecm~! (BF4~); NMR (CDyCls) 6 1.53
(t,J = 7.0 Hz, 3, 0CH,CHs), 3.40, 3.63 [2 s, 6, N(CHa)2], 4.83 (q, 2,
OCH,CHjy), 4.93 (s, 1, HC=C).

O-Ethyl-N-methylpropiolamidium Tetrafluoroborate (9).
N-Methylpropiolamide'® (0.41 g, 0.005 mol) and Meerwein’s re-
agent (0.94 g, 0.005 mol) were similarly allowed to react. After re-
moval of solvent and addition of anhydrous ether, continued agita-
tion produced a crystalline, yellow solid which was isolated (N2 at-
mosphere) and dried under reduced pressure: yield 0.83 g (84%); ir
(CHCly) 3270 (HC=C), 3220 (NH), 2130 (C==C), 1665 (amidium),
1075 em~! (BF47); NMR (CDoClp) 6 1.57 (t, J = 7.0 Hz, 3,
OCH:CHjy), 3.22 (d, J = 5.2 Hz, 3, NHCH3), 4.70 (s, 1, HC=C(C),
4.88 (q, 2, OCH,CHg), 10.2 (bs, 1, NHCH3).

O-Ethylpropiolamidium Tetrafluoroborate (10). Propiol-
amide!? (0.66 g, 0.01 mol) and triethyloxonium fluoroborate (1.82
g, 0.01 mol) in dry CHCl; (15 ml) were stirred overnight at room
temperature. A light yellow oil insoluble in CH3Cl; was formed.
Solvent was evaporated and the oily residue was washed with an-
hydrous ether causing crystallization. The product (1.44 g, 82%)
was dried under oil-pump vacuum, Owing to its insolubility spec-
tral characterization could not be carried out.

1-(N,N-Dimethyl- O-ethylcarboxamidium)-2-phenyl-3,6-
endo-methylene-1,4-cyclohexadiene Tetrafluoroborate (11).
N,N-Dimethyl-O-ethylphenylpropiolamidium tetrafluoroborate
(6, 0.2 g, 0.0007 mol) in CHsCl; (15 ml) was stirred at room tem-
perature with an excess (~2 ml) of freshly distilled cyclopenta-
diene. After 70 hr the ir triple bond absorption had completely dis-
appeared. The excess diene and solvent were evaporated and an-
hydrous ether added to the residual oil. Crystallization was in-
duced by scratching after adding a trace of ethyl acetate, and re-
crystallization from ethyl acetate afforded colorless prisms (0.21 g,
86%): mp 122-123° dec; ir (CH,Cly) 1645 (amidium), 1055 cm™!
(BF47); NMR (CDCly) 6 1.31 (t, J = 7.0 Hz, 3, OCH,CH3), 2.20-
2,56 (m, 2, Hy), 3.13, 341 [2 s, 6, N(CHz3)z), 3.90-4.20 (m, 4,
OCH,CHj3, H3 and Hg), 6.96-7.60 (m, 7, aromatic, H4 and Hs).

Anal. Caled for C1sH2oNOBF,: C, 60.86; H, 6.24; N, 3.94. Found:
C, 61.19; H, 5.96; N, 3.94.

Hydrolysis of 11. From 6 (0.2 g) and excess cyclopentadiene as
described above was obtained the 1:1 cycloadduct 11 which was
treated at room temperature with a saturated solution of potassi-
um carbonate in HyO with stirring and simultaneous extraction
with ether. After all the solid had dissolved, the ether layer was
isolated, the aqueous layer extracted once more with ether, and the
ether extracts combined, dried (MgS0y,), and evaporated, leaving a
light yellow oily residue which was distilled (horizontal bulbs,
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130°, 0.1 mm) affording 1-carbethoxy-2-phenyl-3,6-endo-meth-
ylene-1,4-cyclohexadiene (16, 0.12 g, 72%): ir (film) 1700 cm™!
(CO);'NMR (CDCl3) 6 1.18 (t, J = 7.0 Hz, 8, OCH;CH3), 2.12 (m,
2, H7), 3.95 (m, 2, Hs and Hg), 4.08 (q, 2, OCH;CHj3), 6.70-7.67 (m,
7, aromatic, Hy and Hs); mass spectrum m/e 240 (M%), 211 (M -~
Et.), 196 (M — CH3CHO), 195 (M — EtO.), 175 (M ~ CsHs+), 129
(PhC=C-CO*).

1-(N,N-Dimethyl- O-ethylcarboxamidium)-2-tert-butyl-
3,6-endo-methylene-1,4-cyclohexadiene  Tetrafluoroborate
(12). Over the period of 2 weeks was formed from 7 (0.5 g, 0.0018
mol) and excess cyclopentadiene in CHCly (15 ml) at room tem-
perature, after evaporation and trituration with ether, a colorless
solid recrystallized from ethyl acetate as colorless prisms (0.2 g,
32%): mp 135-140° dec; ir (CHCly) 1655 (amidium), 1055 cm™!
(BF47); NMR (CDClg) 6 1.08 (s, 9, tert-butyl), 1.45 (t, J = 7.0 Hz,
3, OCHCHg), 1.90-2.26 (m, 2, Hy), 3.04, 3.33, 3.40, 3.43 [4 s, 6,
N(CHQ)Q], 3.74-4.17 (m, 2, H3 and He), 4.47 (q, 2, OCH.CHzy),
6.66-7.23 (m, 2, Hy and Hj).

Anal. Caled for C1¢HggNOBFy: C, 57.33; H, 7.82; N, 4.18. Found:
C,57.67; H, 7.87; N, 4.23.

1:1 Adduct of 9 and Cyclopentadiene. The secondary unsub-
stituted yneamidium compound 9 (0.65 g, 0.0033 mol) in dry
CH.Cl; (10 ml) was treated with an equivalent amount of freshly
distilled cyclopentadiene (0.22 g, 0.0033 mol)} at room temperature
with stirring. After the reaction was followed by ir spectroscopy,
solvent was evaporated 30 min later and the residue washed thor-
oughly (N2 atmosphere) with anhydrous ether, The ether was de-
canted and the semisolid residue of 1-(N-methyl-O-ethylcarboxa-
midium)-3,6-endo-methylene-1,4-cyclohexadiene tetrafiuorobor-
ate (13) was dried under reduced pressure: ir (CH2Clp) 3290, 3220
(NH), 1645 (amidium), 1060 ecm~! (BF4~); NMR (CD:Clo) & 1.46
(t,J = 7.0 Hz, 3, OCH,CH3), 2.38 (m, 2, H7), 3.10, 3.26 (dd, J = 5.5
Hz, 3, NHCH3), 3.95 (m, 2, H3 and Hg), 4.50 (m, 2, OCH2CHj3, non-
equivalent methylene protons presented as a ten-line multiplet),
6.88 (m, 2, Hy and Hs), 7.96 (m, 1, Hy), 9.05 (bs, 1, NHCH3).

Hydrolysis of 13. Treatment of 13 (0.13 g, 0.0005 mol) with a
saturated solution of NayCOs, extraction with ether, drying, and
evaporation afforded a crude orange oil whose spectral data were
in accord with the norbornadienyl imino ether 17: ir (film) 3000 re-
gion (CH aliphatic), 1660 cm~! (C==N); NMR (CDCl;) 8 1.25 (t, J
= 7.0 Hz, 3, OCH;CHjy), 1.92-2.17 (m, 2, Hy), 3.01 (s, 3, NCHjy),
3.55-3.92 (m, 2, H; and Hg), 3.96 (q, 2, OCH,CHy), 6.59-7.08 (m, 3,
Hy, Hy, and H;); mass spectrum m/e 177 (M),

1-(O-Ethylcarboxamidium)-3,6-endo-methylene-1,4-cyclo-
hexadiene Tetrafluoroborate (14). To a suspension of the pri-
mary amidium compound 10 (0,74 g, 0.004 mol) in dry CH,Cl, (20
ml) was added cyclopentadiene (0.27 g, 0.0041 mol) with stirring at
room temperature. The initially insoluble 10 reacted gradually into
solution (0.5 hr), After 3 hr the reaction mixture was filtered, the
solvent evaporated, and dry ether added, effecting the crystalliza-
tion of an air-stable cream solid (0.72 g, 71%): mp 120-~123° dec; ir
(CH,Cly) 3440, 3180 (NH), 1680 (amidium), 1050 ecm™! (BF47);
NMR (CDClg) é 1.50 (t, J = 7.5 Hz, 3, OCH,CHj), 2.25 (bs, 2, Hy),
4.02 (bd, 2, H3 and Hg), 4.60 (q, 2, OCH,CH3), 6.92 (dq, J = 3.0,
14.0 Hz, 2, Hy and Hs), 8.40 (d, J23 = 4.0 Hz, 1, Hyp), 8.74, 9.17 (2
bs, 2, NHy).

1-(N,N-Dimethyl- O-ethylcarboxamidium)-3,6-endo-meth-
ylene-1,4-cyclohexadiene Tetrafluoroborate (15). To trieth-
yloxonium fluoroborate (1.0 g, 0.0052 mol) in dry CH2Clz (20 ml)
was added N,N-dimethylpropiolamide!® (0.51 g, 0.0052 mol) with
stirring. After 5 min at room temperature, cyclopentadiene (0.35 g,
0.0053 mol) was introduced. Solvent was evaporated after 20 min,
and the residue was washed thoroughly with anhydrous ether and
dried under reduced pressure (0.1 mm), yield 1.28 g (87%) of an or-
ange oil contaminated by a small amount of Meerwein’s reagent: ir
(CH.Cly) 1650 (amidium), 1600 (C=C), 1050 cm~! (BF;~); NMR
(CDoCly) 6 1.42 (t, 3, OCH,CH3), 2.04-2.40 (m, 2, H7), 3.25, 3.33 [2
s, 8, N(CHs3)., 3.84-4.16 (m, 2, Hs and He), 4.30 (q, 2, OCH2CH3),
6.84-7.17 (m, 2, Hy and Hj), 7.60-7.73 (m, 1, Hy).

N,N-Dimethyl-O-ethyl-2,3,4,5-tetraphenylbenzamidium
Tetrafluoroborate (18). After triethyloxonium fluoroborate (1.25
g, 0.0066 mol) and 8 (0.64 g, 0.0066 mol) were stirred in dry CHoCl,
(20 ml) for 10 min, tetraphenylcyclopentadienone (2.33 g, 0.0061
mol) was introduced and stirring continued for 18 hr. The solvent
was then evaporated, anhydrous ether added, and crystallization
induced by scratching, and 18 was recrystallized as colorless, irreg-
ular prisms from acetonitrile-ether (3.1 g, 83%): mp 248-250° dec
(with gas evolution); ir (CHaCly) 1660 (amidium), 1060 em™!
(BF;~); NMR (MesS0-dg) 6 1.27 (t, J = 7.0 Hz, 3, OCHsCH3),
3.20, 3.40 [2 s, 6, N(CH3)g], 4.36 (m, 2, OCH,CHa), 6.96 (bs, 10, ar-
omatic), 7.25 (s, 10, aromatic), 8.00 (s, 1, He).
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Anal. Caled for CasH3sNOBFy: C, 73.82; H, 5.67; N, 2.46. Found:
C, 74.50; H, 5.26; N, 2.54.

N-Methyl-0O-ethyl-2,3,4,5-tetraphenylbenzamidium Tetra-
fluoroborate (19). 9 (0.5 g, 0.0025 mol) and tetracyclone (0.97 g,
0.0025 mol) were stirred in dry CH2Cly (20 ml) overnight. Solvent
was evaporated and ether added, precipitating a solid, which was
digested by agitation, filtered, and recrystallized from ethanol as
colorless prisms (1.31 g, 94%): mp 209-211° dec (with gas evolu-
tion); ir (CHCl3) 1665 (amidium), 1080 cm~! (BF4~); NMR
(CDClg) 6 1.18 (t, J = 7.0 Hz, 3, OCH,CH3), 2.88 (d, J = 5.0 Hz, 3,
NHCHj3), 4.24 (q, 2, OCH,CHs), 6.50-7.34 (8 bs, 20, aromatic), 7.67
(s, 1, Hg), 8.92 (bs, 1, NHCH3).

Anal. Caled for C34H3NOBFy: C, 73.52; H, 5.44; N, 2.52. Found:
C, 73.68; H, 5.49; N, 2.49.

3-(N-Methyl- O-ethylcarboxamidium)-5-carbethoxypyraz-
ole Tetrafluoroborate (20). A solution of ethyl diazoacetate (0.45
g, 0.004 mol) in CH3Cly (5 ml) was added dropwise to a stirred so-
lution of the acetylenic amidium compound 9 (0.79 g, 0.004 mol).
An exothermic reaction ensued and after stirring was continued for
1 hr, solvent was evaporated, anhydrous ether was added, and the
resultant viscous oil was washed and vacuum dried (1.04 g, 84%): ir
(CH2Cly) 3200-3300 (b, NH), 1735 (CO), 1660 (amidium), 1080
cm~! (BF4~); NMR (CD:Clp) 6 1.00-1.92 (m, 6, OCH;CH3y), 3.34
(d, J = 5.0 Hz, 3, NHCH3;), 4.42 (q, 2, COOCH,CHz), 5.05 (q, 2,
g(l;lf)lcha), 7.62 (s, 1, Hy), 9.75 (bm, 1, NHCHj3), 12.1 (bs, 1, ring

3-(O-Ethylcarboxamidium)-5-carbethoxypyrazole Tetra-
fluoroborate (21). To a suspension of 10 (1.44 g, 0.0078 mol) sus-
pended in dry CHCl; (15 ml) was added dropwise ethyl diazoace-
tate (0.89 g, 0.0078 mol) with stirring at room temperature. After
30 min all starting material had reacted and stirring was continued
for an additional 1 hr. The reaction mixture was filtered and evap-
orated and the residue digested in dry ether, yielding an air-stable
light yellow solid (1.77 g, 76%): mp 80-83° dec; ir (CH3Clo) 3000-
3400 (NH, CH aliphatic, broad), 1740 (CO), 1690 (amidium), 1640
(CN), 1065 ecm~! (BF4~); NMR (MexSO-dg) 6 1.38, 1.52 (2 t, 6,
OCH,CHjy), 4.45, 4.69 (2 q, 4, OCH,CHgy), 7.79 (s, 1, Hy), NH not
observed but addition of CF3COOD yielded a peak of approximate
integration of three protons.

Hydrolysis of 21. In the usual manner 21 (1.0 g, 0.0033 mol) was
hydrolyzed with saturated NasCO3~H20 affording the imino ether
22 as light orange needles from ethyl acetate (0.6 g, 85%): mp 148~
150°; ir (CHgClp) 3600 (NH), 3410 (NH), 1730 (CO), 1650 em™!
(CN); NMR (CDCl3) é 1.38 (dt, 6, OCH,CHj), 4.38 (q, 4,
OCH,CHa), 7.03 (s, 1, Hy), 10.1 (bs, 2, NH); mass spectrum m/e
211 (M%), 210 (M — H.), 196 (M —~ CHg), 183 (M ~ CO).

Anal. Caled for CgH13N303: C, 51.18; H, 6.20; N, 19.89. Found:
C, 50.99; H, 5.92; N, 19.85.

Reaction of 9 with Munchnone.?! To 9 (0.36 g, 0.0018 mol) in
CH:Cly (15 ml) was added in small portions the oxazolium me-
soionic compound 23 (0.46 g, 0.0018 mol) whereupon an immediate
evolution of gas was observed (COs). After 1 hr of stirring at room
temperature, solvent was evaporated but the oily residue could not
be induced to crystallize and was directly hydrolyzed with saturat-
ed Nas;CO3-H20 in the usual manner, affording the imino ether
pyrrole 25 as colorless needles from cyclohexane (0.51 g, 89%): mp
94-98° dec; ir (CH2Clg) 1670 em~! (C=N); NMR (CDCl;) 6 1.12 (t,
J = 7.0 Hz, 3, OCH.CH3), 2.90 (s, 3, NCH3), 3.52 (s, 3, NCH3), 4.08
(g, 2, OCH,CHy), 6.40 (s, 1, Hy), 7.17-7.59 (m, 10, aromatic); mass
spectrum m/e 318 (M.%), 317 (M — H.), 303 (M — CHa-), 298 (M —~
CO), 289 (M - Et.), 273 (M — EtO-), 105 (PhC=0%), 77 (Ph*).

Anal. Caled for Co;H2oN20: C, 79.21; H, 6.97; N, 8.80. Found: C,
79.22; H, 6.98; N, 9.04.

Acknowledgment. The authors gratefully acknowledge
support of this research by BASF, le Fond National de la
Recherche Scientifique (Belge), and Professor E. Dubois of
the Université de Paris. The authors also wish to thank
Drs. R. Sustmann and P. Kollman for theoretical insights.

Registry No.—4, 40233-44-1; 5, 26218-50-8; 6, 56676-94-9; 7,
56676-96-1; 8, 56676-98-3; 9, 56724-30-2; 10, 56724-28-8; 11,
56677-00-0; 12, 56713-52-1; 13, 56724-34-6; 14, 56724-32-4; 15,
56677-02-2; 16, 57273-96-8; 17, 56724-33-5; 18, 57273-98-0; 19,
57274-00-7, 20, 57274-02-9; 21, 57274-04-1; 22, 57274-03-0; 23,
13712-75-9; 25, 57274-05-2; sodium methoxide, 124-41-4; trieth-
yloxonium fluoroborate, 368-39-8; N,N-dimethyl-tert-butylpropi-
olamide, 56677-03-3; N,N-dimethylpropiolamide, 2682-34-0; N-
methylpropiolamide, 2682-32-8; propiolamide, 7341-96-0; cyclo-
pentadiene, 542-92-7; tetraphenylcyclopentadienone, 479-33-4.



Cycloadditions with Thiazolium N-Ylides

References and Notes

(1) Address correspondence to FMC Corporation, Box 8, Princeton, N.J.
08540.

(2) R. 8. Glass and D. L. Smith, J. Org. Chem., 39, 3712 (1974), and refer-
ences cited therein.

(3) J. Sauer, Angew. Chem., Int. Ed. Engl., 8, 16 (1967); S. Seltzer, Adv. A-
icyclic Chem., 2, 1-57 (1968); W. Carruthers, ‘‘Some Modern Methods
of Organic Synthesis”’, Cambridge University Press, New York, N.Y,,
1971, pp 115=-171.

(4) V. Jager and H. G. Viehe, Angew. Chem., Int. Ed. Engl., 8, 273 (1969).

(5) Preliminary communication: H. G. Viehe and J. S, Baum, Chimia, 29,
300 (1975).

(6) H. G. Viehe and Z. Janousek, Angew. Chem., 85, 837 (1973); Angew.
Chem., Int. Ed. Engl., 12, 806 (1973).

(7) J. Baum, M. Baum, and R. Merényi, unpublished results.

(8) Reference 2; R. Sustmann, Pure Appl. Chem., in press.

(9) J. Sauer, H. Weist, and A. Mielert, Z. Naturforsch., B, 17, 203 (1962).

(10) O. Diels, K. Alder, and H. Nienburg, Justus Liebigs Ann. Chem., 490,
236 (1931).
(11) A. A, Petrov, Zh. Obshch. Khim., 24, 2136 (1954); Chem. Abstr., 50,

233e (1955).

J. Org. Chem., Vol. 41, No. 2, 1976 187

(12) M. A. Pryanishnikova, G. V. Golovkin, A. F. Plate, N. F. Kononov, and V.
V. -Zarutskii, Jzv. Akad. Nauk SSSR, Ser. Khim., 1127 (1967);, Chem.
Abstr., 68, 29299u (1968).

(13) A. A, Petrov and N. P. Sopov, Zh. Obshch. Khim., 23, 1034 {1853);
Chem. Abstr., 48, 8181b (1954).

(14) J. Batisde, N. El Ghandour, and O. Henri-Rousseau, Tetrahedron Lett.,
4225 (1972).

(15) R. Epsztein, C. R. Acad. Sci., 240, 989 (1955); B. Fischer and C. A.
Grob, Helv. Chim. Acta, 39, 417 (1956); J. Klein and N. Aminadav, J.
Chem. Soc. C, 1380 (1870).

(16) H. Meerwein, Org. Synth., 46, 113 (1966).

(17) J. C. Motte, Ph.D. Thesis, Université de Louvain, Louvain-la-Neuve, Bel-
gium, 1974,

(18) W. D. Crow and N. J. Leonard, J. Org. Chem., 30, 2660 (1965).

(19) C. Moureu and J. C. Bongrand, Ann. Chim. (Paris), 14, 47 (1920).

(20) Calculations have shown that acetylenic iminium compounds should be
more reactive than olefinic iminium derivatives: P. Kollman in ‘‘Chemis-
try of Iminium Salts’, H. Béhme and H. G. Viehe, Ed., Wiley-inter-
science, New York, N.Y., in press, Chapter 1.

(21) H. O. Bayer, R. Huisgen, R. Knorr, and F. C. Schaefer, Chem. Ber., 108,
2581 (1970).

Bridgehead Nitrogen Systems. X. Cycloadditions with Thiazolium N-Ylides!

K. T. Potts,* D. R. Choudhury, and T. R. Westby

Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12181

Received April 7, 1975

The thiazolium ylides, derived from 3-(2-aryl-2-oxoethyl)-4-methylthiazolium bromides and triethylamine,
gave with dimethyl acetylenedicarboxylate and dibenzoylacetylene derivatives of the 1H -pyrrolo[2,1-¢][1,4]thiaz-
ine system that were formed by rearrangement of the intermediate 5,7a-dihydropyrrolo[2,1-b]thiazole system.
With ethyl propiolate a 1,2 adduct was formed by further reaction of a hydroxyl substituent in the thiazine sys-
tem with ethyl propiolate and, in one instance, dibenzoylacetylene gave a dihydrothiazolo[3,2-a]azepine deriva-
tive. N-Phenylmaleimide also formed an adduct of the above pyrrolo{2,1-bjthiazole system but with phenyl isocy-
anate and phenyl isothiocyanate, ring closure of the initially formed 1,5-dipolar intermediate did not occur, these

betaines being readily isolated.

Thiazole and its alkyl derivatives? undergo condensation
with dimethyl acetylenedicarboxylate, giving 1:2 adducts.
In contrast to the reaction of pyridine with acetylenic di-
enophiles, reactions of this type have recently been
shown?®-5 to lead to isomeric rearrangement products such
as 1. A2-Thiazolines also react® with acetylenic esters and
an interesting variation occurs when 2-ethyl-A2-thiazoline
and the acetylenic ester react in the presence of 1 mol of an
unsaturated compound such as methyl vinyl ketone. In this
case the pyrrolo[2,1-b]thiazole derivative 2 was formed,
with the ethylenic compound being involved in a transient
quaternization of the thiazoline nitrogen atom.” Other 2-

R
R R CH,
S \ S
SK/N A R \NJ
R R
H 0

1 2
R =CH,00CCH
COOCH,
S CH,00C
Q-
N 7
N NC N
C(CN), ’
L NH
3 4

alkylthiazoles, converted into 3-acetonyl- and 3-phenacyl-
2-alkylthiazolium salts, are cyclized with sodium acetate in
aprotic solvents into pyrrolo[2,1-b]thiazoles.8 Thiazole it-

self reacted® with tetracyanoethylene oxide to form the
ylide 3 which, with dimethyl acetylenedicarboxylate, gave
4. The ready quaternization of thiazoles suggested that de-
protonation and subsequent 1,3-dipolar cycloaddition of
the resulting ylide with dipolarophiles would be an attrac-
tive and versatile route to pyrrolo[2,1-b]thiazole derivatives
with a variety of functional groups in the 6 and 7 positions.
Our efforts to obtain these products, intermediates in the
synthesis of analogues of the thieno[3,4-c]pyrrole system,'©
are described below.

4-Methylthiazole and 2-bromoacetophenone, as well as
2,4’-dibromoacetophenone, reacted readily in boiling etha-
nol, giving the corresponding thiazolium salt 5 (R = Ph, p-
BrCe¢H,4, respectively). Similarly, ethyl bromoacetate in
ether at room temperature gave the corresponding salt 5 (R
= OEt). In the reactions described below the ylide 6 was
generated in situ from the salt 5 and triethylamine in the
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