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Trifluoropropanoic acid reacts with 1 equiv of POCI; in DMF to generate the trifluoromethyl enamine (7). At this stage, two reaction manifolds

are available. The expected reaction with additional POCI; generates the
loss of fluoride generates an iminium ion, which sets the stage for a [2 +
vinamidinium salt (1).

2-trifluoromethyl vinamidinium salt (3c). However, thermally driven
2] cycloaddition to ultimately generate the dimethylaminomethylene

Dimethylaminomethylene vinamidinium saltsre important

On the basis of the ease of access to these interesting

synthetic intermediates. Gupton has demonstrated the broagynthons, we have continued to explore the synthetic utility

applicability of the perchloratgain heterocyclic synthesis.
Wudl has prepared the tetrafluoroborate?sHit and Ragan

of a range of vinamidinium hexafluorophosphate salts for
heterocycle synthesisand more recently in the synthesis of

has reported the thermal characterization and use of thisanilines®

lower energy alternative in the synthesis of pyrimidih&e
vinamidinium saltlc has been used in the synthesis of the
integrin av33 receptor antagonistswhich may have the
potential for moderating the outcome of osteoporosis. They
are also useful in the synthesis of inhibitors of apolipoprotein
B% and have materials applicatiohs.
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1aX =Y =CIO,

N
! 1b X =Y =BF,
| \r‘\lf X' =Y=Cl"
N 1d X =Y =PFg
I XY 1e X' =BF, Y =PFg’

In this Letter, we disclose a unique transformation that is
able to deliver the exceptionally thermally stable dimethy-
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laminomethylene hexafluorophosphate Sdtsm S-fluoro- pathway that might provide insights to the origin bd
alkanoic acids. Spectroscopic studies are used to define thgFigure 1). The controlled addition of POGPR equiv) to a
reaction pathway, which allows us to construct a mechanistic

framework involving two cycloaddition processes. This | NGNS
reaction has significant implications: it provides direct access
to these important vinamidiniums and identifies an unusual
reactivity mode fory-fluoroenamines.

We have previously reported a general method for Abs
preparation of 2-substituted vinamidinium hexafluorophos-
phate saltd? The controlled addition of phosphorus oxy- 14 {
chloride at 70°C to an appropriate acetic acid derivative in
DMF led to the isolation of the vinamidinium hexafluoro-
phosphate salts in good yield (Scheme 1).
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Scheme 1. Reaction of Trifluoropropanoic Acid and
Phosphorus Oxychloride in DMF
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Figure 1. IR spectra from the reaction of trifluoropropanoic acid
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DMF solution of trifluoropropanoic acid at 60C results in

2a-c 3aR = Cl, 78% the immediate formation of the acid chloridg® character-
3b R = Ph, 90% ized by a carbonyl stretch in the infrared spectrum at 1808
3c R = CF3 68% cm~! and chloride stretch in the Raman spectrum at 452'cm
(Scheme 2).

aReaction conditions: (i) 76C, DMF, 2 equiv of POGladdition

over 3 () NaPe -

Scheme 2. Formation of Vinamidinium Sal8c from
Trifluoropropanoic Acid

Upon further investigation of the reaction of trifluoropro-

panoic acid2c,'! we have discovered that under conditions 2¢ FOCk_ Fac/YCI -HCI_ H

of inadequate temperature control due to rate of addition or o Fi€™ "Co
poor mixing, the 2-dimethyl-aminomethylene shitcan be 4 5
obtained as a significant byproduct (up to 12%). With the N l+ DMF
observation of this unexpected reactivity, we undertook a \Nl/ CF
thorough investigation of the reaction mechanism with the 3 km ,l\l ~CO| H jo
goal of improving the yield ofld and gaining a greater THol FaCTNTN \Nig
understanding of the factors responsible for the formal loss , | :

of the trifluoromethyl group.

Initial experiments quickly established that the 2-trifluo-
romethyl vinamidinium3c was not an intermediate en route
to the dimethylaminomethylene sdlt. No reaction was
observed when a solution &c in DMF and POC] was
heated at 85C for 12 h!? This suggested that formation of
1 occurredprior to formation of 3c. Prompted by this
observation, we chose to utilize in situ*fRand Ramatf
spectroscopy to probe for intermediates along the reaction

Continued aging of the reaction mixture at 8D results
in decay of the carbonyl absorbance and the liberation of
carbon dioxide observed at 2139 crh The formation of
the trifluoromethyl enamiri€ 7 is observed by IR and Raman
spectroscopy.

The enaming is characterized by IR absorbances at 1629,
756, 693 cm! and a Raman absorbance at 1211 €nfhis

intermediate was also characterized by electrospray mass

(9) DSC: 1d, 70 J/g;1e 71 J/g.1a, 5020 J/g:dlb, 260 J/g (ref 3).

(10) Davies, I. W.; Marcoux, J-F.; Wu, J.; Palucki, M.; Corley, E. G.; SPectroscopyrt/z 140, [M + H']). Enamine7 arises via
Robbins, M.; Tsou, N.; Ball, R. G.; Dormer, P.; Larsen, R. D.; Reider, P. the intermediacy of the trifluoromethylketéné followed

J.J. Org. Chem200Q 65, 4571. - . .
(11) Yamanaka, H.; Takekawa, T.; Morita, K.; Ishihara, T.; Gupton, J. by [2 + 2] cycIoanltlon with I_DMF and eXtrl_J_S'on of GO
T. Tetrahedron Lett1996 37, 1829. Subsequent reaction of enamine by the addition of B&CI

(12) Heating3cin DMF at 100°C for 8 h did not lead to the formation i i i idini
of 1 or 8. However, heatin@c and anhydrous HCI in DMF at 10TC for DMF y|eIds the mﬂuoromethyl vinamidinium safic.

20 h led to the formation d (50%) with no trace of. We have rationalized We reasoned that enaming might be a competent
these results on the basis on protonation/retro-Vilsmeier reaction to jntermediate in the formation df. To test this hypothesis,

regenerate enaming since there is no competent loss of ££Arom an . .
intermediate analogous tO. Retro-Vilsmeier accounts for formation of POCE was added in a stepwise manner at BD. As

an amidine from the chloro-analogue 2¢; see ref 18. described above, addition of 1 equiv of P@@koduces
2970 Org. Lett., Vol. 4, No. 17, 2002



trifluoropropanoyl chloride4 followed by formation of cafluorooctanoic aci@ 12 with 1 equiv of PO in DMF
enamine7. No further reaction is observed until 86 where at 60-85 °C, the vinamidiniun8 was obtained in 20% assay

enamine7 is converted to vinamidinium sa#!® with a ty;, yield®® and perfluorohexanoic acid6 was observed by
= 120 min (Scheme 3). LCMS and®®F NMR spectroscopy’
Scheme 3. Conversion of Enamin& to Vinamidinium Salts3 Scheme 4. Conversion of Perfluorooctanoic Acit? to
and1l Perfluorohexanoic Acid6
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Examination of the DMF solution by*P and®F NMR
spectroscopy revealed the formation of a range of fluoro-
substituted phosphate anions, including PEemonstrating This intriguing mechanistic departure from the expected
that phosphorus serves as a fluoride scavenger in thereactivity suggests that two key parameters are the concen-
reaction® Vinamidinium 8 can be converted to the dim- tration of Vilsmeier reagent and the reaction temperature.
ethylaminomethylene vinamidiniunl by addition of a At high concentrations of Vilsmeier reagent and low tem-
second equivalent of PO£With a t;, < 10 min (60°C). peratures, the enamiffds converted t@&c. The small amount
Consistent with this observation, independent reactiod of of 1 observed in the synthesis 8t is likely the result of
with 1 equiv of PO in DMF gaveld in a quantitative  the exotherm produced upon rapid addition of POI
assay yield and in an unoptimized 87% isolated yield. DMF. After reaction at 85C, the bis-hexafluorophosphate
Remarkably, this is the first report of the direct formylation 1d may be isolated in 67% yield, although the process clearly
of a vinamidinium salf® remains to be optimized in order to maximize recoviry.

The conversion of to 8 is formally the result of Ckloss
coupled with the addition of 1 equiv of Vilsmeier. We (22) A[2 + 2] cycloaddition of DMF and FC=C(CF;)C(O)F liberating
propose the mechanism outlined in Scheme 3 to rationalize g b ¢ - Sopaon L+ Riospon 6 6 Puor Chamioma s 63
these observations. Thermally induced elimination of fluo- For additional [2+ 2] reactions of fluoro-olefins and DMF with the
ride?! yields a gem-difluoride iminiun®, which undergoes Eﬁt_“l‘zsr"%rl‘_1057%??2‘?”%’(')‘;'2_“0”‘16' see: England, D.Ahgew. Chem., Intl.

a [2 + 2] cycloaddition with DMF to givel0.2? Subsequent (23) Bp —83 °C. Franz, RJ. Fluor. Chem198Q 15, 423.

bond reorganization via a retro [2 2] liberates difluoro- ~_ (24) Carbonyldifluoride reacts with DMF to give difluoromethylamine
carbonyl11to produceB. We were unable to detect carbonyl ' 29@;?3?‘- Aﬁ‘,;?“gﬁe%fggiugg%?g3'*"' Grunwald, M.; Pawelke, G.; Wilke,
difluoride in the reaction mixture presumably due to its  (25) Achilefu, S.; Mansuy, L.; Selve, C.; Thiebaut, B.Fluor. Chem.
volatility?? or reactivity?* However, upon reaction of tride- 19?256)7%i§§t'i0n1 i also observed in-10% yield.

(27) The identity of the undecafluorohexanoic adiglwas confirmed
(13) ReactIR 4000, ASI Mettler Toledo. Please note that etching of the by comparison with an authentic sample obtained from TCI.

IR probe was observed during this study. (28) To a solution of trifluoropropanoic acid (5.3 g, 0.041 mol) in DMF
(14) Raman Holoprobe, Kaiser Optical Systems, Inc., Ann Arbor, Ml. (50 mL) at 60°C was added POglover 15 min while maintaining the
(15) Xiao, L.; Kitazume, TJ. Fluor. Chem1997, 86, 99. temperature below 68C. After the addition was complete, the mixture
(16) Cullen, W. R.; Dawson, D. S.; Styan, G. Ean. J. Chem1965 was heated to 73C and POQ (6 mL, 0.05 mol) was added while

43, 3392. maintaining the temperature below 85. The mixture was heated for 6 h
(17) Allen, A. D.; Andraos, J.; Kresge, A. J.; McAllister, M. A.; Tidwell, and cooled. The dark red DMF solution was added to a solution of sodium

T. T.J. Am. Chem. S0d.992 114 1878. hexafluorophosphate (9.2 g, 0.06 mol) in water (100 mL) while maintaining
(18) Davies, I. W.; Taylor, M.; Marcoux, J. F.; Wu, J.; Dormer, P. G.; the temperature below 1. The slurry was aged for 30 min at-30 °C,

Hughes, D.; Reider, P. J. Org. Chem2001, 66, 251. filtered washing with 5:1 water/DMF, and dried to gitd as an off-white
(19) The exact identity of all the counteranions produced in the reaction solid (13.2 g, 67%): DSC, peak 21228 *H NMR (400 MHz CD;CN) 6

is unclear, although RF is clearly a major component by NMR9F NMR 8.02 (1H, s), 3.53 (3H, s), 2.89 (3H, SFC NMR (100 MHz CIXCN) 6

(376 MHz, C.xCN) 6 —73.3 (d,J = 709 Hz). Quench into excess NaBF 165.7, 92.1, 50.5, 44.6°F NMR (376 MHz, CQCN) 6 —73.3 (d,J =

leads to 1:1 salte 709 Hz). Anal. Calcd for @H21F12NsP2: C, 25.38; H, 4.47; N, 8.88; P,
(20) Mannich reaction of 1,4-diazapenium has been noted: Mohrle, H.; 13.09. Combustion analysis found: C, 25.50; H, 4.33. ICP-AES analysis,

von der Lieck-Waldheim, UZ. Naturforsch. Sect. B996 51, 421. found: P, 12.86. Compountle was prepared analogously using sodium
(21) Use of fluoride abstracting agents at, e.g., AgOAc, AgOTf, TMSCI tetrafluoroborate: colorless solid; DSC, peak 21%0H NMR (400 MHz

and BF, did not improve the yield 08 substantially. CD3CN) ¢ 8.05 (1H, s), 3.51 (3H, s), 2.89 (3H, S¥C NMR (100 MHz
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Finally, the work on the mechanism presented here allows ||| | | N A

us to provide a framework for understanding the formation Scheme 5
of dimethylaminomethylene saltea—d from bromoacetic | | | | |
and phosphonoacgtlc qmdg. Reaction of either bromoacetic SN T NGNS = ING A N
or phosphonoacetic acid with PQG@h DMF generates the
enaminel8. Subsequent reaction with Vilsmeier gives the
bis-iminium 19, which is analogous to the intermediates
produced in the HI reduction of chlorovinamidinium salts
(Scheme 5% Nucleophilic attack at bromine or phosphorus
releases the unsubstituted vinamidini@nThis in agreement  salts from trifluoropropanoic acid and reported an example
with the report that the unsubstituted vinamidinidrhas of productive C-F activation. We are currently examining
been observed in reaction mixtures obtained from phospho-the scope of this [2+ 2] cycloaddition reaction with
noacetic acid. additional formamides.

In summary, we have identified all the key intermediates
on the reaction pathway in the formation of the vinamidinium

X =Br, PO3H2

Supporting Information Available: Kinetic plot of rate
CD:CN) 0 165.7, 92.1, 50.5. 44.6%F NMR (376 MHz, CDCN) & —73.2 data generaFed from Fhe Rea_ctIR data an.d Raman data for
(d, J =709 Hz),—151.8. Anal. Calcd for GH2z:1BF1oNsP: C, 28.94; H, the conversion of acid chloridd to enamine7 and the

5.10; N, 10.12; B, 2.60; P, 7.46. Combustion analysis, found: C, 28.92; H, i i i

4.94; N, 9.95; ICP-AES analysis, found: B, 3.04; P, 6.96. experl_me_ntal pr_ocedure for the formy!atlon & This
(29) Davies, I. W.; Taylor, M.; Hughes, D. L.; Reider, P.Ckg. Lett. material is available free of charge via the Internet at

2000Q 2, 3385. For analogous reactions in the 1,4-diazapenium series, see:http://pubs.acs.org.

Lloyd, D.; McNab, H.Adv. Het. Chem1993 56, 1. The timing of events

may involve generation of the bromovinamidinium followed by subsequent

reprotonation to givel9. 0OL026383I
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