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ABSTRACT

R R
F*—\ /\/)CngCI = H, Me) N
/—/ Ml
)VMQCI + CrClg (2 mol %)

o
Mtl = Crl3 or MgClI

Treatment of 1,6-enynes with tetramethallylchromate induces a cyclization reaction with concurrent introduction of a methallyl group. A catalytic
amount of CrCl; combined with methallylmagnesium chloride also achieves this cyclization process. The resultant cyclic organometallic species
undergo further functionalization upon reaction with electrophiles.

The Nozaki—Hiyama—Kishi reaction, which exploits orga- Methallylchromate was easily prepared by mixing GrCl
nochromium species, has been regarded as a key tool forand methallylmagnesium chloritla a 1:4 molar ratié. To

the carbon-carbon bond-forming step in the field of total the resulting dark-red solution was added allyl non-2-yn-1-
synthesis.Organochromium reagents undergo facile addition yl ether (1a) in THF and the mixture was stirred fh at
reactions toward carbonyl compourtdslowever, they do 0 °C. Aqueous workup afforded alkylidenetetrahydrofuran
not usually react efficiently with a carbertarbon multiple 3ain 90% yield (Scheme 2). An addition of DCID before
bond. Carbometalation with organochromium species hasquenching the reaction mixture afforded the labeled product
been scarcely investigatédVe have recently reported a with 90% deuterium incorporation at the methyl group. This
CrCls-catalyzed [2+ 2 + 2] annulation reaction of 1,6-diynes  result clearly indicates the existence of organochromate
with methallylmagnesium chloride, the reaction in which the species2a as an intermediatélt proved to be crucial to
methallyl group acts as a two-carbon component (Schemeemploy the ate-type chromium reagerfor successful
1).# Here we wish to describe an efficient cyclization of 1,6- cyclization. Trimethallylchromium afforded the desired
enynes via sequential carbometalation, the cyclization for
the synthesis of a variety of heterocyclic compounds. The
resulting cyclic compound has a reactive carboretal bond
that can be used for further elaboration.
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We then devoted our effort to reduce the amount of
Scheme 2 chromiu.m chloride. The catalytic .reactiop did not go to
completion whenla was treated with a mixture of Cr¢l
R =n-CgHy3 (1.5 eq)

h— R R (20 mol %) and methallylmagnesium chloride (4.0 equiv)
0 (2\940”\"90' 2 o0w? TN, at 0 °C. To our delight, however, the reaction proceeded
//J 0°C,THF,6h LSCre (D)H smoothly at elevated temperature. An additionlafto a
2a

3a 90% solution of methallylmagnesium chloride (1.5 equiv) with
2.0 mol % of CrC} in THF at 40°C afforded3a in 80%
yield (Table 2, entry 1). The results with a variety of 1,6-
enynes are summarized in Table 2.

1a

product3ain only 12% along with recovered starting enyne
la (72%).
The cyclization of various 1,6-enynéswith tetramethal- _

lylchromate is summarized in Table 1. The reaction of 1,6- Taple 2. CrCl-Catalyzed Cyclization of Enynés

entry enyne product CrCl3 (mol %) yield (%)

o 1 la 3a 2.0 80
Table 1. Methallylchromate-Induced Cyclization of Enyfes 2b 1c 3c 10 78
(1.5eq) R 3 1d 3d 2.0 60
RI—— (/ CrMgCl 4 le 3e 2.0 71
X 4 AN 5b 1f 3f 10 88
V4 :Rz 0°C, THF a2 Enyne (1.0 mmol), methallylmagnesium chloride (1.5 mmol), THF (5
R? mL), 40 °C, 6—6.5 h.> Methallylmagnesium chloride (3.0 mmol).
entry enyne time (h) product yield (%)
n-CgH . . .
T e The cyclic magnesium specidsundergoes further func-
] 45 75 tionalization upon reaction with various electrophiles (Scheme
1o / 3). As for trapping with allyl bromide or acetyl chloride,
b
81 Scheme 3
MgCl
n-CeHis—=—\ o~ rCeftie
e — CrCl3 (5 mol%)
91 O —wwe mrsr 2D
1a //_/ 40°C, THF, 5h CMg
4
n-CgHyz
67 .
electrophile
73 PhCHO 5a 84%
I 5b 82%
CHsCOCl  5¢ 87%"
N n-Bu n-CgHyg CH,=CHCH,Br 5d 82%"
n- e
69 &3 0 45 F S 70 *cat. CUCNe2LiCl (20 mol%)
O
1a /—/ 3g
/
aEnyne (1.0 mmol), chromate (1.5 mmol), THF (5 mL)°C. P The the addition of CuCMN2LICI (20 mol %) improved the yields

stereochemistry oBc was determined on the basis of NOE experiments.

i 9
¢ Room temperaturé'. Tetra(2-butylprop-2-en-1-yl)chromate was employed. of the coupllng product5c andsd.

The use of allylmagnesium chloride instead of a methallyl
Grignard reagent provided quite disappointing results. Al-

enynesl with the chromate reagent provided the desired though the starting materide was consumed, none of the
products3 in good to excellent yields. Both oxygen- and cyclization product was obtained under the same reaction
nitrogen-tethered enynds—f were good substrates for this conditions. After several trials, we found that an addition of
chromate-mediated reaction to furnish tetrahydrofurans andPYridine as a cosolvent to the reaction system induced the
pyrrolidines easily (entry25). The reaction ol.c provided ring formation to furnish6 (Scheme 4).
3cas a single diastereomer (entry 2). The use of 2-butylprop- — . : .

(5) Allylic Grignard reagents in THF are easily prepared according to

2-en-1-ylchromate also afforded the expected cyclized the reported procedure. Lipshutz, B. H.; Hackmann].@rg. Chem1994
product3g (entry 6). 59, 7437.
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Scheme 4 Scheme 5

CHS%\ Va CngCl CrC]S cat. + MaCl
NBn L N l )\/ g
40°C , THF, 3 h ) NBn
7 e LsCr R

Pyridine (12 equiv

( ) s N ° R—
.y X < Cr X
9 4
H® /\/&) //_/1
e NBn 4
6
R

60% L = Methally
. . . . )\,MQCA R
We propose a plausible catalytic cycle involving a X %/g‘/\
sequential carbometalation as depicted in Scheme 5. The Ler X b X
allylchromation of the carbon—carbon triple bond triggers 2 s ///

the cyclization to yield alkylchromat2. Ligand exchange
of 2 from the cyclic alkyl to the methallyl ligand furnishes

the cyclic magnesium compoundl and regenerates tet-
ramethallylchromate. accomplished by the use of catalytic C§CThe resultant

In conclusion, we have developed the chromate-induced cyclic magnesium compound can be utilized for the subse-
cyclization of 1,6-enynes. Moreover, the cyclization is quent reaction. Further investigation on carbomatalation with

chromium ate complex reagents is currently under way in
(6) The use of THF-soluble Crgtthf); afforded almost the same result our group

as CrC4, although CrQ is sparingly soluble in THF. Cr@was dissolved '

in THF upon treatment with Grignard reagents.
(7) Protonation of alkylchromium species is normally inefficient. This
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mL, 0.89 M THF solution, 2.0 mmol) was added to a THF solution of

CrCl; (4.0 mg, 0.025 mmol) at @C. After the solution was stirred for 20

min, 1a (90 mg, 0.5 mmol) was introduced and the mixture was stirred for . . . .

5 h at 40°C. The reaction mixture was then cooled t&@ To the mixture Supporting Information Available: Experimental pro-

were added allyl bromide (2.25 mmol) and CU@NICI (0.1 mmol). After cedures and compound data. This material is available free

eing stirred for another 45 min, the mixture was poured into 1 M HCI and )

extracted with ether. The organic layers were dried and concentrated. Of charge via the Internet at http://pubs.acs.org.

Purification by chromatography affordédl (121 mg, 0.41 mmol) in 82%

yield. 0OL0263620
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