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Atom Economy: Aldol-Type Products by Scheme 1.Proposed Addition of Progargyl Alcohols and

Vanadium-Catalyzed Additions of Propargy! Aldehydes
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The development of synthetic reactions that involve simple HX " "
additions with anything else needed only catalytically is important \
to enhance synthetic efficienéyOne of the classical atom eco- 2
nomic reactions is the aldol condensation; however, rarely is it R\(;
employed in its original atom economic manAek. number of o i
reasons preclude ready application of the direct aldol condensation M HOUR?

a quite noteworthy one being the chemoselectivity. An alternative
strategy that overcomes this deficiency is to generate an appropri- on j\
ate enol derivative by an alternative method but one that retains r=— "+ & s
atom economy. In this paper, we report the development of such OH DCE, 80°
a process that created a new bond construction represented by eq
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1,3-Transpositions of allylic and propargylic alcohols are

catalyzed by a variety of oxo metal complexes including those

derived from vanadiurdmolybdenunt, tungster?, and rheniun.

The proposed route for the isomerization of propargyl alcohols
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the reaction of propargyl alcoh@land a stoichiometric amount
of benzaldehyde in the presence of 5 moll%n 1,2-dichloro-

ethane (DCE, 1.0 M) at 10TC gave an 84% yield of the adduct
3% as a 76:24Z:E mixture (see eq 2). Keeping the bath
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to enones, as illustrated in Scheme 1, indicates the intermediacytemperature at 106C, but changing the solvent to DME gave

of an allenolate | which is protonated. If this intermediate can be similar results. On the other hand, in THF at T@(sealed tube),
intercepted by an aldehyde faster than protonation, then inter-a 71% yield of a 91:Z:E mixture was obtained. Suspicious that
mediate Il would form which, upon protonation, generates the the internal temperature in the last case may not be quite as high,
aldol-type adduct Ill. Indeed, the Lewis acidity of the metal may the reaction in DCE was repeated at 8D for the same 12 h
promote coordination of the aldehyde to it and thus the aldol- period. Indeed, th&:E ratio increased to 95:5 with a small loss

type process.
Initial attempts with triphenylsilyl perrhendter bis(triphenyl-

in yield to 73% due to lower conversion. Performing the reaction
at 80 for 20 h increased the yield to 94% with a small loss of

silyl) molybdaté were unsuccessful. In the former case, rear- Z:E selectivity to 91:9.
rangement occurred but no trapping. In the latter case, a complex Using these latter conditions, a range of propargyl alcohols as

mixture resulted. In the case of tris (triphenylsilyl) vanada)eé{°®

(1) Trost, B. M. Sciencel991, 254, 1471; Sheldon, R. ACHEMTECH
1994 24, 38; Trost, B. M.Angew. Chem., Int. Ed. EnglL995 34, 259;
Sheldon, R. AChem. Ind.1997, 12.

(2) Mukaiyama, T.Org. React.1982 28, 203; Heathcock, C. H. In
Asymmeti SynthesisMorrison, J. D., Ed.; Academic Press: New York, 1984;
Vol. 3, Part B, p 111; Kim, B. M.; Williams, S. F.; Masamune, S. In
Comprehengie Organic Synthesigrost, B. M., Fleming, |., Heathcock, C.
H., Eds.; Pergamon Press: Oxford, 1991; Vol. 2, Chapter 1.7, p 239.

(3) (a) Chabardes, P.; Kuntz, E.; Varagnafl étrahedronl977, 33, 1775.
(b) Olson, G. L.; Cheung, H. C.; Morgan, K. D.; Borer, R.; SaucyH8lv.
Chim. Actal976 59, 567. (c) Pauling, H.; Andrews, D. A.; Hindley, N. C.
Helv. Chem. Actal976 59, 1233. (d) Erman, N. B.; Aoultchanko, I. S;
Kheifitz, L. A.; Doulova, V. G.; Novikov, Y. N.; Volpine, M. ETetrahedron
Lett. 1976 2981.

(4) Belgacem, J.; Kress, J.; Osborn, J.JAAm. Chem. S0d.992 114
1501.

(5) Hosogai, T.; Fujita, Y.; Ninagawa, Y.; Nishida, Them. Lett1982
357

(6) Bellemin-Laponnaz, S.; Gisie, H.; Le Ny, J. P.; Osborn, JAAgew.
Chem., Int. Ed. Engl1997 36, 976.

(7) Schoop, T.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H.GBgano-
metallics1993 12, 571.

(8) Huang, M.; DeKock, C. Winorg. Chem.1993 32, 2287.

(9) Sekiguchi, S.; Kurihara, ABull. Chem. Soc. Jprl969 42, 1453.

10.1021/ja003629a CCC: $20.00

shown in eq 3 were examined. Table 1, entriegtlsummarizes

the results. Most notably, a sterically hindered substrate as in entry
2 gave an excellent result. Placing an electronegative substituent
in R! slows the reaction such that a 48 h reaction time was
required for better conversion, but still the reaction was incomplete
leading to a reduced yield of 42% (entry 4).

If R? is different that Ph, then there is the prospect that the
allyl alcohol of the product may equilibrate as in eq 3. Indeed,
using p-anisaldehyde in eq 34( Rt = n-C4H,, i.e., 2), a 2:3
mixture of the unrearrange@ and rearranged products was
obtained in 90% yield. On the other hand, aromatic aldehydes
bearing electron-withdrawing groups led to a strong preference
for isolation of the kinetic produd (Table 1, entries 58).1° As
expected based upon eq 3, the amount of rearranged préduct
depends on the reaction time. For example, the reaction time of
entry 6 is 10 h. If it is doubled, théf:7f ratio decreases to 89:11
from 95:5 with some loss of:E selectivity as well §f 98:2, 7f

(10) New compounds have been characterized spectroscopically, and
elemental composition has been established by high-resolution mass spec-
trometry and combustion analysis.
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Table 1. Vanadium-Catalyzed Addition of Propargyl Alcohols and
Aldehydes8

Entry R! R? Isolated Cmpd 6(Z:E).7(Z:E)
Yield Suffix
1 n-C.H, Ph 94% a N.AF(91:1)
2 +C.H, Ph 95% b N.AZ(98:2)
30 Ph Ph 3% c N.AE(88:12)
44 TDBMSOCH, Ph 42% d N.Af (only Z)
5° n-C;H, CFG—Q% 77% e 93 (only Z):7 (only Z)
6° n-C,H, o N_@_{ R% f 95 (only Z):5 (only Z)
!
i n-C;Hy NC_©_§ 9% g 95 (96:4):5 (only Z)
8f n-CH, Q_g 81% h 92 (only Z):8 (only Z)
NO,
9b n-C,Hy n-CH,CH,CH, 55% i Only 6 (89:11)
10 n-CH, 58% i 90 (96:4):10 (58:42)

O

@ Reactions performed using 5 mol % 1.2 equiv of propargyl
alcohol, and 1.0 equiv of aldehyde at 80 in DCE at 0.2 M unless
noted otherwise? Reaction time of 20 h¢ Reaction performed at 100
°C. 9 Reaction time of 48 h? Reaction time of 10 hiReaction time
of 12 h.9N. A. = not applicable.

86:14). Use of aliphatic aldehydes (entries 9 and 10) also led to
good selectivity for the unrearranged prodécéf However, the
Z:E selectivity is not as high as for aromatic aldehydes.

The formation of6 in preference t@ can derive either from a
thermodynamic effect (i.e., th&7 ratio represents a thermody-
namic ratio) or a slower rate of rearrangement of the kinetic
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were employed. The observed substituent effects on the rear-
rangements of both the propargyl alcohols and the allyl alcohols
indicate that electron-withdrawing groups slow and electron-
donating groups speed the reactions. For example, the reaction
of entry 5 proceeds twice as fast as the reaction of eq 5.
Furthermore,6e rearranges significantly faster thate as il-
lustrated by their ratios in entry 5 and eq 5. The existence of the
rearrangement in eq 1 was demonstrated by the use of deuterated
benzaldehyde as shown in eq 6. After a reaction time of 10 h, a
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76:24 ratio 0f9:10 was obtained (62% vyield). Increasing the
reaction time to 20 h increased the conversion (86% yield) and
equilibration to 65:35.

This process represents a new paradigm for formation of aldol-
type products which cannot be easily obtained by other metiods.
Furthermore, the reaction favors formation of the normally less
stablez-f-arylenones. Direct aldol reactions between enones and
aldehydes are prohibited by the difficulty of direct enolization to
the allenolate. The products are analogous to Bayidiman
adducts’? However, the BaylisHillman reaction normally
requires B-unsubstituted acceptors. This vanadium-catalyzed
reaction also should lend itself to asymmetric induction, a goal
currently under investigation.
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by comparison of entry 5 with eq 5. Thus, the!%7e ratio for
entry 5 of 93:7 for eq 3 becomes 12:88 in eq 5. In the latter case,
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7eis the kinetic product anée the rearranged one. If th&7
ratio of eq 3 reflected a thermodynamic equilibrium, then the same
ratio of products would form regardless of which pair of reactants
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(11) A general procedure follows: In a screw cap reaction vial sealed with
a Mininert syringe valve, aldehyde (1.0 mmol) followed by propargy! alcohol
(2.2 mmol) was added to a suspension of VO(OSPtd mol %) in 0.5 mL
of DCE. After heating at 80for the specified time followed by cooling, the
reaction mixture was diluted with 20 mL of ether and checked by TLC. The
solvent was evaporated in vacuo and the residue purified by flash chroma-
tography eluting with pet. ethetethyl acetate to give the products.

(12) For reviews, see: Ciganek, @rg. React1997, 57, 201; Basavaiah,
D.; Rao, P. D.; Hyma, R. STetrahedron1996 52, 8001; Drewers, S. E.;
Roos, G. H. PTetrahedron1988 44, 4653.



