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ABSTRACT

1. 2.2 equiv n-Buli,

I 78°C to -40 °C Rt Re Ry ¢
/K)\ 2. 10 equiv E1OH, WOB
3
Upon treatment with  n-BuLi at low temperatures, a variety of allyl 1,1-dichlorovinyl ethers 2 undergo rearrangement to furnish y,0-unsaturated

esters 3 after alcohol addition. Compounds containing quaternary centers (3e: R 1 = H, Ry, R3 = —(CHy)s—; 3f: Ry = H, R, = CHs, Rz =
(CH,),CH(CHs),) may be formed in high yield and under mild conditions utilizing this protocol. The reaction is stereospecific and may be
applied to the preparation of ~ A%3-8-C-glycosides and a.,f-disubstituted lactones.

The [3,3] sigmatropic rearrangement of allyl vinyl ethers (the significantly lower temperatures under conditions that allow

Claisen rearrangement) is a powerful strategy for forming excellent stereocontrol and that are compatible with complex
carbon—carbon bonds that has been extensively used in thesubstrates containing thermally sensitive functionality.
synthesis of complex molecules (Figure 1, ed Uncata- Despite the enormous practical utility of these processes, the

[3,3]-sigmatropic rearrangement of the analogous allyl alkyn-
yl ethers has not been explored extensively (Figure 1, eq 2).

Early investigations by Aredsind Schmi@revealed that
substituted and unsubstituted benzyl alkynyl ethers undergo
sigmatropic rearrangement followed by intramolecular ketene
trapping to form indanones in high yield. Although Arens
refers to the rapid low-temperature rearrangements of allyl

0
@

AN = Nuc-H = A
J W . @ alkynyl thioethers$, to our knowledge, there have been no
OQ\ ° H formal reports of aliphatic [3,3]-sigmatropic rearrangements
x o . .
Nuc of allyl alkynyl ethers. In this paper, we describe our attempts
. . _ to study this potentially useful process.
Figure 1. [3,3]-Sigmatropic rearrangements.
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A current practical method for the preparation of terminal ||| AN A

apd internal e}lkynyl ethers i.nvolves treatment of dichloro— Table 1. Scope of the Rearrangement of Allyl
vinyl ethers with excess-BuLi followed by quenching with 1 1_pjchloroviny! Ethers

an alcohol or an electrophifé.We thus decided to synthesize ©. 22 oquiv Bl

allyl dichlorovinyl ethers as direct precursors of allyl alkynyl R R C'/\(C' T8l d0c R R Ry o
ethers. Greene’s method for forming 1,2-dichlorovinyl ethers, )\)\O ] WOB
2

involving reaction of potassium alkoxides with trichloro- RS 2R
ethylene® proved unsatisfactory when applied to allylic

alcohols® Instead, Bruckner's mild two-step protocol involv-  entry 2 3 R, Ry Rs yield (%)
ing alcohol formylation (acetic formic anhydritpyridine)

3

. ) . . : 1 2 3a H H CsH 91
and subsequent dichlorovinylation (BRECL,) furnished high 5 22 33 H H t-%ulsliPhZOCHz %
yields of allyl 1,1-dichlorovinyl ether&" from a variety of 3 92¢ 8¢ H ¢BuSiPh,OCH, H 95
allylic alcohols 1 (Scheme 1}? Addition of 2.2 equiv of 4 2d 3d —(CHy)s— H 92
5 2 3¢ H —(CHag)s— 85
6 2f 3t H CH; (CH3):CH(CHp)y 75
7 2 3g H H Ph
Scheme 1. Rearrangement of Substra2a
1. 2.2 equiv n-BuLi AN o ) »
R P S LA L M same reaction conditions gavel0% of the rearranged
a ° 2,33 sV RyOH R oR, homoallylic esters, providing instead a cis/trans mixture of
1 chcoscHo.py [ 1@ R Pt monodebromination product$Dichlorovinyl ether2g de-
2.CCly PPh THF[ a 3an Rymmeninyt 72% rived from cinnamyl alcohol (Table 1, entry 7) also failed
2 Rf?fk cl Ri/\/\o// to furnish useful amounts of rearranged product, likely
4a Ry=CsHy; because of intramolecular allylic deprotonation by the

initially formed vinyl anion®

In light of these results, we explored the stereospecificity
n-BuLi to a THF solution of allyl 1,1-dichlorovinyl ether  of this process by independently subjecting diastereomeri-
2a at —78 °C, followed by warming to—40 °C and cally pure dichlorovinyl ethers to the rearrangement protocol.
quenching with excess ethanol, gave, after aqueous workupUpon treatment witm-BuLi followed by ethanol quench,
not the expected terminal alkynyl ethéa but rather  cis-carvyl dichlorovinyl etheba produced rearrangecis-
rearranged esteéda in 91% yield!® Quenching the reaction ethyl ester6a exclusively, whiletrans-carvyl dichlorovinyl
mixture with methanol or menthol instead of ethanol gave ether5b furnished rearrangedans-ethyl esteéb exclusively
rise to the corresponding rearranged es8ans and3an in (Scheme 235 These results indicate that the rearrangement
85% and 72% yields, respectively.

Subjection of a variety of cyclic and acylic allyl dichlo-
rovinyl ethers to these reaction conditions gave similarly high Scheme 2. Stereospecific Rearrangements
yields of rearrangement products (Table 1); notably, com- X

pounds containing quaternary centers (Table 1, entries 5 and ATt

2.2 equiv n-Buli,
-78 °C to 40 °C;

6) can be formed efficiently using this protocol. Interestingly, . CHyCH,OH CHyCH,0H
exposure of the corresponding dibromovinyl ethers to the o Comt o B o
5a X= :‘1{,0\'/\ cl
(6) For a review of methods for the synthesis of ynol ethers, see: Stang, ver M
P. J.; Zhdankin, V. VThe Chemistry of Triple-Bonded Functional Groups 5b X=H ¢
Patai, S., Ed.; John Wiley & Sons: New York, New York, 1994; Chapter = %O H/ o

19.

(7) (a) Smithers, R. HSynthesid 985, 556. (b) Himbert, G.; Loffler, A.
Synthesis1992, 495.

(8) Moyano, A.; Charbonnier, F.; Greene, A. E.Org. Chem1987,

is indeed highly stereospecific, with carbecarbon bond

52, 2, 2919.

(9) Only trace amounts of 1,2-dichlorovinyl ethers were formed using
the Greene protocol, with starting allylic alcohols recovered 9% yield (14) A similar result was noted by Bruckner in an attempted synthesis
from the reaction mixture. of alkynylsulfonamides from dibromovinyl sulfonamides; see ref 12.

(10) Huffman, C. W.J. Org. Chem1958,23, 727. (15) Treatment o2gwith n-BuLi at —78 °C gave a dark-colored solution

(11) The allyl 1,1-dichlorovinyl ethers prepared were stable at room (presumably due to formation of a highly delocalized carbanion), which
temperature and at 6T in THF under the conditions for their formation upon ethanol quench furnished a cis/trans mixture of monodechlorination
from the corresponding formate esters. The [3,3]-sigmatropic rearrangementproducts.

of allyl 1,1-dichlorovinyl ethers at temperatures100 °C has been (16) (a) 5a and 5b were obtained frontis- andtrans-carveol, respec-
described: Morimoto, T.; Sekiya, Msynthesisl981, 308. tively, by treatment with acetic formic anhydride/pyridine followed by #Ph

(12) Bruckner, DSynlet200Q 1402. See also: Lakhrissi, M.; Chapleur, CCIlJ/THF (see supporting info for detailsgis-Carveol was synthesized
Y. J. Org. Chem1994,59, 5752. by stereoselective reduction of)fR-)-carvone: Mowery, M. E.; DeShong,

(13) (a) The use of LDA instead af-BuLi under the same reaction P.J. Org. Chem1999,64, 1684 trans-Carveol was prepared by Mitsunobu
conditions failed to afford rearrangement products. (b) It was subsequently inversion/hydrolysis ofcis-carveol: Uesaka, N.; Saitoh, F.; Mori, M.;
found that warming the reaction t040 °C before quench with ethanol Shibasaki, M.; Okamura, K.; Date, J. Org. Chem1994,59, 5633. (b)
was unnecessary; high yields of rearranged prod8ctse consistently IH NMR data for6a and 6b matched those reported by Bermejo: Rico,
obtained after stirring the reaction mixture for-180 min at—78 °C R.; Zapico, J.; Bermejo, F.; Sanni, S. B.; Garcia-Grandd,esrahedron:
followed by ethanol quench and warming to room temperature (vide)infra  Asymmetryl998,9, 293.
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formation occurring on the same face of the molecule as

carbon—oxygen bond cleavage. _ Scheme 4. Rearrangement with Electrophile Incorporation
To explore the potential application of this process to the ;<0 o o OSPhtBy
synthesis of C-glycosides, we subjected glucal derivafives I 122 0quv mBuli 2 RX, 40°C o
and9 to the rearrangement protocol (Scheme 3). Exposure NN Ny 7800 3 EOH 4070 X OEt
tort
2c R

10 a,b: R= CHjs, 56%, dr=1.4:1
11 a,b: R=SiMe; , 73%, dr=1.2:1

Scheme 3. C-Glycoside Synthesis .

3% HCl/ MeOH

1
O. .
BrO n-BuLi EtOH . O cosEt tab — - O 12a:12b=1411
| S ) e
78°Cto -40°Cto

BnO Cl 46°¢ 25°C BnO (#)-12a: Ry=H; R,=CH,

o\)\ 65% (£)-12b: Ry=CHy; Ry=H
7 a 8

o~N° R Eon . occurs suggests that a pathway different from that originally
ﬁx?@ o e 4o ; proposed by Arens and Schmid for benzyl alkynyl ether
o A, sigmatropy (Scheme 8,5 — 16b}? may be operative. In
; ; ° Scheme 5. Possible Mechanism for the-BuLi-Induced

Zihiso?lgﬁgrz]zlf]g;tj—(il%v"? ga?/lél_rli:; tozii(é-]cgll)l/%v(\)lsi((jjebg Rearrangement of Allyl 1,1-Dichlorovinyl Ethers
with exclusivef-anomeric stereochemistry in 76% yiéld. Cj[m m-Bui CIRZ
In contrast, conformationally restricted glu&bave none R SN Ny BT L NN
of the desired rearrangement product when subjected to the . taReLi
same conditions; TLC analysis indicated that a compound 13bRo=H

decomposing as the reaction mixture was warmed to ambient
temperatures. Clearly, geometric factors in the substrate are
important for the rearrangement, and this result points toward  16ar,-vi
the existence of a pathway involving a cyclic transition state. ~ "®*%™"
For glucal derivatives, such a transition-state geometry may

only be achieved by ring flip, which is impossible for EtOH QOB {_‘205,
Ry H R4 H H
3

other than9'® present at-40 °C after ethanol quench was /o o -
TN [
EtOH = R, Ri o H

R R, R,

14

——15aR=H
Bl 45 b Ro- Li

substrate9.

Finally, to assess if the anionic intermediate generated
uponn-BuLi treatment of allyl dichlorovinyl ethers would
react with electrophiles other than the proton, the rearrange-
ment reaction oRc was performed with addition of either
methyl triflate (2.0 equiv) or TMSCI (2.0 equiv) at40 °C
prior to addition of ethanol (Scheme 4). Indeadgsubstituted
ethyl esterd0a,band1la,bwere isolated in 58% and 73%
yields, respectively; in each case-d.:1 mixture of diaster-
eomers was obtainéd.Exposure ofl0a,bto 3% HCI in
CH30H for 7 h atroom temperature gave a separable 1.4:1
cis/trans mixture of racemic butyrolacton&®a and 12b2°

Although the mechanism of this rearrangement has not
been established the low temperature at which the reaction

experiments to probe the reaction mechanism, it was found
that treatment of dichlorovinyl ethe?a with 3 equiv of
n-BuLi in THF at—78 °C for 10 min followed by addition
of excess ethanol gave, upon warming to room temperature,
a 10:1 mixture of rearranged proddzand monochlorovinyl
ether13b (Scheme 5, R=CsH11). Treatment of2a instead
with 1.5 equivn-BuLi in THF at —78 °C for 10 min followed
by ethanol quench and warming to room temperature gave
a ~1:1 mixture of2a/3a; again, approximately 9% of the
reaction mixture consisted of monochlorovinyl etHsb.

(17) In a two-dimensional NMR (NOESY) experiment performedon These results, and also the observation that the use of LDA
an NOE was observed between carbohydrateald H', thus confirming instead ofn-BuLi in the reaction does not furnish rearrange-

the assignment of thg stereochemistry shown above. See the Supporting 1 ant productéz suggest that halogemmetal exchange is a
Information for details. For a discussion of the stereochemical assignment . . T :

of 2,3-unsaturated C-glycosides, see: Brakta, M.; Farr, R. N.; Chaguir, B.; likely first step in the mechanism. Once formed, the
Massiot, G.; Lavaud, C.; Anderson, W. R.; Sinou, D.; Daves, Gl.[Drg. alkenyllithium specied3a may undergo transformation to

Chem.1993,58, 2992. . ; o )
(18) Based on our proposed mechanism (Scheme 5, vide infra), we another intermediate that consumes an additional 1 equiv of

suggest that this unstable species present at low temperature is an allyin-BuLi before the next transmetalation can take place. A
alkynyl ether (e.g.15a, Scheme 5). ; ; ; ; ;

(19) Trapping the anionic intermediate with benzaldehyde (1.5 equiv, 1 possible reaction pathway, outlined in Scheme 5, involves
h, =78 °C, followed by 1.5 equiv of TMSCI;-78 to +25 °C) was also
successful, giving rise to a mixture of aldol diastereomers. (21) Attempts to trap the anionic intermediate by reaction with acetyl

(20) The stereochemistry df2aand12b was assigned by comparison  chloride, tosyl chloride, ethyl chloroformate, TIPS-CI, or TBDPS-CI led
of their'H NMR spectral data with literature values: Tamaru, Y.; Furukawa, only to a complex mixture of unidentifiable products.

Y.; Mizutani, M.; Kitao, O.; Yoshida, ZJ. Org. Chem1983,48, 3631. (22) See refs 3 and 4 above.
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formation of an allyl alkynyl ethed5a (via carbenel4), nucleophiles to the proposed ketene intermediate, allowing
followed by deprotonation—¢ 15b) and accelerated rear- the one-pot preparation of diverse estery @f-unsaturated
rangement? producing lithioketend 6aprior to addition to carboxylic acids (Scheme Ba, 3am, and3an). Further

ethanol; protonationl6 — 16b), ethoxide trap of the ketene,  studies on the utility and the scope of this reaction are in
and ester enolate protonation would furnish the product. progress.

Experiments to elucidate the latter part of the pathway shown,
in particular to distinguish whether speci&Sa or 15b is
undergoing sigmatropic rearrangement, are currently under-
way.
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