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ABSTRACT

R1\ R4 \L,RZ

CI L L4 Ry = alkyl
PFs ]
R2 25 0C Dioxane NRe R, = alkyl
Ry
assay 85 -100 %

HI cleanly reduced chlorovinamidinium salts to the vinamidinium salt in essentially quantitative assay yield and 55-85% isolated yield following
recrystallization. The reaction proceeds via protonation of the f-carbon atom of the vinamidinium and dechlorination via the formation of I-Cl.

Vinamidinium salts are synthetically useful intermediates in ladium Suzuki cross-coupling reaction using the conditions
the synthesis of heterocycles, e.g., pyrroles and pyridines,recently developed by Fdor aryl chlorides (Scheme 1).
and may also have materials applicatiérisThey have also

been used for the preparation of other aromatic compounds_

e.g., phenols. We have recently started to explore the Scheme 1

reactivity of chlorovinamidinium salts which are the most

accessigle members of this family. The Suzuki cross-coupling /L J\ Pd(dba)s /L J\ )\ J\
reaction of the 2-chlor®¥,N-diisopropylvinamidinium hexaflu- Pt B”)3

orophosphatda was selected as a prototypical palladium- K[ dloxane K[ J\ Pre K[ J\
catalyzed process. To our knowledge only a single study has PhB(OH),

examined palladium-catalyzed C—C bond formation of

heteroaromatic catiorfsProbe studies examined the pal- 1a 2 65% 3a20%

(1) (@) Gupton, J. T.; Petrich, S. A.; Hicks, F. A.; Wilkinson, D. R.; L . .
Vargas, M.; Hosein, K. N.; Sikorski, J. Adeterocycles1998,47, 689 and For an initial reaction, the conditions worked remarkably

references therein. (b) Kase, K.; Katayama, M.; Ishihara, T.; Yamanaka, ; ; idiniunw ; ;
H.; Gupton, J. TJ. Fluorine Chem1998,90, 29. (c) Petrich, S. A.; Hicks, well and the desired phenylvmamldlnl as obtained in

F. A.; Wilkinson, D. R.; Tarrant, J. G.; Bruno, S. M.; Vargas, M.; Hosein, 65% assay yield. One other compound was observed by

K. N.; Gupton, J. T.Tetrahedron1995, 51, 1575. (d) Gompper, R; HPLC at 20% assay yield and was confirmed to be the
Harfmann, C.; Polborn, KJ. Prakt. Chem1998,340, 381. (e) Gupton, J. . P .
T.; Krolikowski, D. A.; Yu, R. H.; Riesinger, S. W. Sikorski, J. A. Org. reduced vinamidiniun3a by LC-MS. Buchwald has previ-

Chem.1990,55, 4735. (f) Lloyd, D.; McNab, HAngew. Chem., Int. Ed.  ously reported the reduction of the aryl chloride in Suzuki

Engl. 1976,15, 459. ; ; ; ; u " ;
?2) Marcoux, J.-F.; Corley, E. G.; Rossen, K.; Pye, P.; Wu, J.; Robbins, reaction$ which have implicated a “Pd-H speméé—.low—

M.; Davies, I. W.; Larsen, R. D.; Reider, P.Qrg. Lett.2000,2, 2339. ever, control experiments revealed that palladium was not
(3) Reichdart, C.; Halbritter, KLiebigs Ann. Cheml975, 470. involved in th mpetitive r ion After excludin
(4) Barchin, B. M.; Valenciano, J.; Cuadro, A. M.; Alvarez-Builla, J.; 0 .ed the co pett' e reduction 8a. After exc Ud. 9
Vaquero, J. JOrg. Lett.1999,1, 545. palladium, further experiments revealed that phosphine and

(5) Littke, A. F.; Dai, C.; Fu, G. CJ. Am. Chem. So2000,122, 4020. the boronic acid or the boronic acid/halide led to significant

Chf%y\g)gfcel’gjégp'lﬁ'ngseébﬁ' A Young, B. H.; Buchwald, S.L.Am. reduction at a bath temperature of 18D. Further studies

(7) Zask, A.; Helquist, PJ. Org. Chem1978,43, 1619. revealed that a boric acid/nucleophile combination, e.g.,
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B(OH)s/Kl, also led to reduction. In this Letter we describe an unoptimized 83% yieltP. With optimal conditions for the

our studies which have uncovered a remarkable reductionreduction determined, the scope of the reaction was examined
mechanism and have led to a simple, convenient two-stepusing a range of nitrogen-substituted vinamidinium salts
preparation of the parent vinamidinium salts from chloro- (Table 3). The chlorovinamidinium salts—d were prepared
acetic acid®

In our first panel of experiments, the effect of the acid s

was examined using iodide as a nucleophile in toluene at 25
9 P Table 3. Reduction of Chlorovinamidinium Saltka—gto

C (Table 1). 3a—gin Dioxane at 0.20.3 M Using 1.1 equiv of 57%
Aqueous HI at 25°C for 14 h

" + +
R“\N’R2 R1\N,R2

Table 1. Reduction of Chlorovinamidiniuniato 3ain |

|
Toluene at 0.3 M Using 1.1 equiv of Kl and 1.1 equiv of Acid PFs || “ - PFg K[H
at 25°C for 14 h ,I\,'Rs N-Ra
entry acid pKa 3a assay yield (%) Ra ||?4
1 CH3CO2H 4.76 4 1a-g 3a-g
2 CF3CO,H —-0.25 39 -
3 CH3SOsH —26 30 assay isolated
4 PhSOH -3 53 yield yield
5 Hel -80 86 entry vinamidinium (%) (%)
6 HBr -9.0 87 1 1a,Ri4 =i-Pr 95 83
7 HI -10 93 2 1b,Ry, Ry, R3, Ry = (CHy)s 100 85
3 1c,Ri-4a =Me 69(85) 55
4 1d, Ri, R3 = Ph, Rz, R4 = Me 0
A clear trend was observed, and the stronger the acid the 5 1e,R; = Me, Rs=Me, R;, Rs=(CHz), 55 49
higher the rate and assay yield of reduced product. The mass 6  1f, Ry, Rz =i-Pr, R3, Ry = (CHg)4 97 82
balance closed and is accounted for by unreacted starting 7 19.Ri =Ph,Re=Me,Rs, Ra= (CHz)s 0

material. The use of HI alone in the absence of Kl led to the
formation of 3a in 94% assay yield. The reactions were _ ) ) )
accompanied by the generation of an orange/brown colorationfrom the corresponding commercially available formamides,
which we speculated to be I-Cl. The identity was confirmed Which significantly extends the scope of the formylation
qualitatively by thiosulfate /starch—iodide titration and €action.lewas prepared by a substitution reactionlef
capillary zone electrophoresis. with the dimethylethylene diamindf,g were prepared by
With HI selected as the optimal acitucleophile partner, straightforward monosubstitution reactionslafand1d in
we examined the effect of solvent in our next panel of toluene with pyrrolidine and piperidine, respectively, fol-

experiments (Table 2). Dioxane proved to be an optimal lowed by recrystallization from ethanBlThese differentially
masked 1,3-dicarbonyl compounds may prove to be syntheti-

I, <) uselu]

Table 2. Reduction of Chlorovinamidiniuniato 3a at seﬁ?ZIIplfhegISQ%L(ﬁgxig\r/?sbmgzgftrjxszo) ?oeh?\:ndalg] ez-
0.2—0.3 M Using 1.1 equiv of 57% Aqueous HI at 26 1ally . . p Py gu :
and the reduced product was isolated in 99% crude yield

entry solvent time (h) 3a assay yield (%) (>99 A% by HPLC) and an unoptimized 85% yield
1 toluene 14 81 following recystallization from ethanol. In the case of
2 dioxane 25 95 dimethylamino vinamidiniumlc (entry 3), the yield was
3 CH,Cl, 14 84
4 THF 14 85 (10) Representative procedure:To a solution ofla (1.00 g, 0.24 mmol)
5 methanol 14 0 in dioxane (10 mL) at 25C was added hydrogen iodide (57 wt % aq.,

0.35 mL, 1.1 equiv). The mixture rapidly developed an orange/brown color
and was monitored by HPLC for the complete consumption of starting
. . . material (2.5 h). The mixture was diluted with dichloromethane and washed
solvent in terms of rate and yield although all of the reactions with saturated aqueous sodium hydrogen sulfite followed by water. The
were complete after 14 h with the exception of methanol extract was concentrated to a yellow solid which was recrystallized from

. . . - ethanol to give 0.765 g of an off-white solid (83%): mp 26263 °C
which failed to lead to reaction under these conditidns. (decomp)H NMR (400 MHz CDCh) 6 1.33 (d, 18 H,J = 6.8 Hz), 1.39

The reduced compour8hwas isolated in analytically pure  (d, éLSH,J =6.8 Hé)' 3.81 (sgepéeg 2H, = 6.88 Hz)i;(l:.13—4.13908m, 2H),
; igatinn in 948 (t, 1H,J=11.8 Hz), 7.79 (d, 2H) = 11.8 Hz);:3C NMR MHz,

form after a simple aqueous workup and recrystallization in CDCIg) Shes e, %0.7‘ 58_9’ o1 18 Hz) CNIR (3 e
FeNoP: C, 46.87; H, 8.13; N, 7.29. Found: C, 46.94; H, 8.25; N, 7.22.

(8) The chlorovinamidinium hexafluorophosphate datwas prepared (11) We are aware of one other method for the preparation differentially
from the commercially available diisopropyl formamide by a slight substituted vinamidinium salts. TifeF vinamidinium iodides were prepared
modification of the procedure published for dimethylformamide. Davies, in a rather unique reaction of a geminyl difluoride. Yamanaka, H.;
I. W.; Marcoux, J.-F.; Wu, J.; Palucki, M.; Corley, E. G.; Robbins, M.;  Yamashita, S.; Isihara, Tetrahedron Lett1992,33, 357. Yamanaka, H.;

Tsou, N.; Ball, R. G.; Dormer, P.; Larsen, R. D.; ReiderJFOrg. Chem. Yamashita, S.; Isihara, TSynlett1993, 353. Kase, K.; Katayama, M.;
2000, 65, 4571. Ishirara, T.; Yamanaka, H.; Gupton, J.Chem. Lett1997,9, 893. Kase,

(9) Addition of Kl restored the reactivity, anda was formed in 78% K.; Katayama, M.; Ishirara, T.; Yamanaka, H.; Gupton, JJTFluorine
assay yield. Chem.1998,90, 29.
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somewhat depressed by competing hydrolysis reaction to thevinamidinium to give the dicatiof initiates the reaction and
vinylogous amidet.’? However, increasing the concentration nucleophilic attack at Cl generates the reduced vinamidinium
of the nucleophile by the addition of 1 equiv of Kl restored and I-Cl. This mechanism is reminiscent of the Meyer
the yield to acceptable levels. TiN-dimethyl analogue

3c has previously been prepared from propargyl alcohol or RaR

ethyl vinyl ether!® The 1,4-diazepinium hexafluorophosphate C'j)

salt 1e (entry 5) was also reduced under these conditions. Rf'/ !
TheN-methylaniline derivativeld (entry 4) failed to give *z

3d,** and monosubstitution with piperidine (entry 7) failed
to restore the reactivity. In both cases, additional iodide did method® for determination of enolic content in haloketones
not lead to reactivity and presumably the aniline substantially using acidified potassium iodide and joins the small class

reduces the basicity of vinamidinium salts. of reactions involving nucleophilic attack at chloride.

The use of bromo- and iodovinamidinium satand6 8 In summary, we have described a novel reduction of
was briefly examined, but in these cases only decompositionchlorovinamidinium saltda—f promoted by HI. This reac-
was observed. tion coupled with the general formylation of chloroacetic

acid represents an efficient, straighforward way to prepare

Me* Me a series of vinamidinium sal@&a—f. The data obtained from
-

0 ! this study should enable us to optimize the Suzuki reaction
C'])kH 4 x]) - 5X=8r to minimize the competing reduction pathway, and this is
Me Me. 6X=I the focus of our current research.
[
Me Me Supporting Information Available: Combustion analysis

and NMR spectroscopic data for all new compounds. This
The mechanistic hypothesis consistent with all our obser- Material is available free of charge via the Internet at
vations is as follows. Protonation at tifecarbon of the  Nfttp://pubs.acs.org.
0L006497Z

(12) Arnold, Z. Collect. Czech. Chem. Commufh961, 26, 3051.
Spectroscopic and MS data are included in the Supporting Information. (14) The perchlorate and tetrafluoroborate saltéadfiave been reported.
(13) Arnold, Z.; Dvorak, D.; Havranek, MCollec. Czech. Chem. Jutz, C.; Kirchlechner, R.; Sidel, H.-Chem. Ber1969,102, 2301. Jutz,
Commun.1996,61, 1637. Malhorta, S. S.; Whiting, M. Q. Chem. Soc. C.; Schweiger, ESynthesis1974, 193.
1960, 3812. (15) Meyer, K. H.Ann.1911,320, 212.
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