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Iminium salts are very reactive and attractive species in organic Table 1. Oxidation—Cyanation of Amino Ketene Silyl Acetal 1
. . a
synthesis, and therefore, the search for an easy preparation metho§nder Various Conditions

of these species has received considerable attehtiveported oTMS ELAICN (2 eq) NBny
examples using iminium species involve addition of organometallic BnoN OR Oxidant (1 eq) Nc)\cozR
reagents to the iminium s_alt for the synthesisfedimino acids, 1a:R = Me, 1b:R = Et 4
p-amino ketones, 1,3-amino alcohdlsind so orf. Use of acyl - : -
iminium and related species has been also rep&rgdntrol of enty R solvent oxidant temp (°C)  tme(n) 4 (%)
the reactivity of formaldehyde was successfully accomplished by 1 Me E&O  BPO —78tort  12.0 45
the use of the Mannich reaction and the Eschenmoser’s salt, which g mg Bmg g';% :;g Eg 2 ﬁ-g ‘312
have_beer_l us_ed extensively f(_)r the introduction of an aminomethyl Me DME NCS _50tort 120 a4
functionality into enolate equivalents. 5 Me DME  PhI(OAc) —78tort 11.0 32
We have recently reported tandeialkylation—C-allylation 6 Me DME  PhI(OTFA) —78tort 11.0 35
reaction of o-imino esters with organoaluminum reagents and 7 Et ~EO  BPO —78tort  12.0 53
allyltributyltin.” In this reaction, iminium salts were readily prepared g E: BME ggg :gg :g rnt ﬂg ?i
in situ by the oxidation of aluminum enolates, and the subsequent 1 Et DME DDG —78tort 175 80

nucleophilic addition proceeded smoothly to affdNealkylation—
C-allylation products in good yieldsDuring these studies, we aSee typical proceduré.Isolated yields¢ DDQ (0.7 equiv) was used.
focused on the generation of iminium speciedy oxidizing a

readily accessible and stable enol derivative with oxidants. This
paper describes a convenient method for the generation of OTMS DDQ (1.0 eq) NBn;

hahe ) RMgX (2.
a-alkoxycarbonyl iminium salt® from ketene silyl acetals and B”2N\/\OEt oX (2.0 eq) R~ COLEt

Table 2. Oxidation—Alkylation of Amino Ketene Silyl Acetal 1b&

subsequent reaction with nucleophiles. 1b DME-CHoCl, -50 °C ~1t 5
i b
_PMP R _PMP entry RMgX product yield (%)
N Organoaluminum reagent 1 MeMgBr 5a 51
BPO, Allyltributyltin, EICN " T>CO,Et M 2 EtMgBr 5b 66
™ CO& 2 3 EtMgBre 5b 69
| 4 n-PrMgBr 5¢c 67
NBn 5 PhCHMgCI 5d 51
+ .
TMSO Oxidation NBn, Nu 2 ) 6 PhCHCHMgCI 5e 60
BnoN OR | — Nu” COsR 7 i-PrMgBr 5f 47
X~ CO.R 8 cyclo-Hex 59 24
1 > 3 9 t-Bu 5h 0
10 Ph 5i 70
L . . L 11 CH3CgHsMgBr 5j 75
The |n_|t|al examl_natlon into the generat_lon of the iminium salt 12 KCICseI-?A\;Ithgr 5Jk 60
was carried out using the reaction of amino ketene silyl acetal 13 p-CH30CsH4MgBr 5| 68
with oxidizing reagents followed by the reaction with diethyl- 14 cycloPrMgBr 5m 41
aluminum cyanide, and Table 1 summarizes the results. 15 TMSCHMgCI on 50
As shown in Table 1, among the oxidation reagents used, benzoyl 16 CH—CHCH,CHMgBr 20 3
_ ’ 1g the gents used, Yo7 p-CH3OCsH4O(CHy)gMgBr 5p 55
peroxide (BPO)N-chlorosuccinimide (NCS), and 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DD®Qyvorked with comparable ef- a See typical procedurd.Isolated yields¢ EtMgBr in DME was used.

ficiency in the cases with the methyl derivatiie, whereas
iodobenzene diacetate and its bis-trifluoroacetate analogue gavestirred for 15 h, saturated aqueous NaHCWas added. The
slightly decreased amounts of the desired product (entrie®).1 aliphatic Grignard reagents underwent addition to the iminium salt
Better yields of the addudtwere obtained using the ethyl derivative  to give the addition productin moderate to good yields (entries
1b, and among the oxidants DDQ recorded good to excellent results 1—6). The reaction was influenced by the steric bulk of the Grignard
(entries 710). We next examined the addition of Grignard reagents reagents, and secondary Grignard reagents depressed the yields
to the iminium species, and Table 2 summarizes the results. (entries 7 and 8)t-BuMgBr did not give the addition product;
Under the optimized conditions, we examined the reaction with instead, hydrolysis of the ketene silyl acetal occurred to give the
several Grignard reagents. The reaction was carried out as fol-parent ester in 36% yield. Functionalized Grignard reagents can
lows: to a solution of DDQ in DME were added a solution of also be used for the present reaction. The aromatic Grignard reagents
amino ketene silyl acetdlb in CH,Cl, and a solution of Grignard bearing electron-donating and electron-withdrawing groups under-
reagent in THF or BO at—50 °C. After the reaction mixture was  went nucleophilic addition to give the addition produsts good
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Table 3. Oxidation—Allylation of Amino Ketene Silyl Acetal 12 Scheme 1. A Possible Mechanism of Nucleophilic Addition to the
. Iminiumu Salt Prepared from Amino Ketene Silyl Acetal
OR DDQ (1.0 eq), LA (2.0 eq) R?  NBn, Met
BnoN __ AlylMetal ™S o, LA o BnN."_COLEt
OEt CO,Et g 2 2
) DME, -50 °C ~1t 6 anNx/\OEt BnoN OBt —— \c5 cl o
1b
. ' o ;. o cl a
entry R allyl metal (equiv) Lewis acid R time (h) 6 (%) ~ LA NG O-LA
1 TMS (methallyl)Sn(0.5) E$AICI Me 115 68 o 0 ;7 CN
2 TBS  (methallyl)Sn(0.5) ESAICI Me 18.0 72 NE eN
3 TMS (allyl)}Sn(0.5) EfAICI  H 12.0 65
4  TMS allylSnfBu)3(1.0) ERAICI H 12.0 69 + . NB
5 TBS alyiSn(Bu)(1.0) ELAICI H 180 64 — QB N N2
6 TBS allylSiMe(2.0) snCf H 185 82 “ a0 COgE Nu” “COEt
2 3

a See typical procedurd.Isolated yields¢ In EtCN.
Scheme 3. First, DDQ reacts with the ketene silyl acBpab give

yields (entries 1+13). Cyclopropylmagnesium bromide and tri- the N,O-acetal 7, which collapses to the iminium sak The
methylsilylmethyl-magnesium bromide gave the addition products Subsequent nucleophilic attack gives an addition proguét

5in moderate to good yields (entries 14 and 15). Grignard reagents  In conclusion, we found that the iminium salt was easily prepared
bearing an olefin or an ether group were also employable (entries using the oxidation of amino ketene silyl acetal with DDQ, and
16 and 17). It should be noted that products arising from the addition that subsequent nucleophilic addition to this iminium species
of Grignard reagents to DDQ were not obtained in every case. For Proceeded efficiently to afford the amino esters in good yields.
further elaboration of these species, we next examined use of Acknowledgment. This work was supported by a Grant-in-Aid

allylation reagents. Table 3 summarizes the results. for Scientific Research from the Ministry of Education, Science,
Tetraallyl- and tetramethallyltin reagents effected allylation Sports, Culture, and Technology, Japan.
reaction to give the adducts in moderate yields (entrie3)1while Supporting Information Available: Experimental procedures and

allyltributyltin could also be used with comparable efficiency under roquct characterization for new compounds. This material is available
the influence of diethylaluminum chloride as a Lewis acid (entries free of charge via the Internet at http://pubs.acs.org.

4 and 5). Regarding the substituents at the silicon atom, TMS and
TBS derivatives recorded essentially the same range of productReferences

yields. A better result was obtained using allyltrimethylsilane, and (1) Isolation of iminium salts. See for example: Schroth, W.; Jahn, U.;

: R . T L Andersch, JSynthesid997 573.
in this case the reaction of the TBS derivative in propionitrile in  (2) (a) MooiweenyH_ H.; Hiemstra, H.; Speckamp, W.Tétrahedron.989

the presence of tin(IV) chloride was proved to be superior (entr 45, 4627. (b) Mooiweer, H. H.; Roots, E. C.; Hiemstra, H.; Speckamp,
P (v) P P (entry W. N. J. Org. Chem1992 57, 6769.

. uda, M.; Hioki, H.; Miyagi, W.; Ito, STetrahedron Lett ,

6) (3) Okuda, M.; Hioki, H.; Miyagi, W.; Ito, STetrahedron Lett1993 34,

Close examination of thé4 and'3C NMR spectra of the reaction 6131. )

. . . Lo . (4) (a) Yoshida, J.; Suga, S.; Okajima, Vetrahedron Lett2001, 42, 2173.
mixture revealed a possible formation of the iminium spee@ies (b) Yoshida, J.; Suga, S.; Watanabe, M.Am. Chem. So@002 124,
Upon treatment of the ketene silyl acetdd with DDQ in CD;CN éﬁmd (c%'KEOChEI'\E’\/’;- l\éillft, N.; F’Iiaﬁzas,rct.; Ahvcalio, Sﬁ/n:thzeg(i)%gg
at—40°C and grad_ual warming of the mixture to room temperature 667. fe; Shziﬁ(r)’ue" M Ugh?i\r’fT_’; Yarhari?ort%, i_[‘murgkamﬁ_mg'_
during 12 h, new signals appeared at 9.27 and 193.6 ppm ftthe kett (2:?104 6,S‘1é%70.4(f1)21\gu5r888?(; ';/lgtolj, Y., Orl\l/tla,J.;]P/IurLakﬁAml, adl. )

1. - H H H m. em. S0 .9 uginome, vi.; Ueniin, L.; Murakaml,
and 3C NMR spectra, respec_tlvely, which acrually |nd|cared the M. J. Am. Chem. So@004 126 13196.
formation of the iminium specie (see Supporting Informatiof). (5) _(I_a) Qﬂméard'f' Pz‘b%i‘?é‘"%%& F(E)Baalflfdet, I';RGr\i?n?\lc' F. L.;’\'ll'olli]pet, L.

T . - etrahedron Lett , . offman, R. V.; Nayyar, N. KJ.

Furthermore, to check a possibility of_the |nvolyement of a radical Org. Chem 1994 59, 3530. (c) Fisher, C.. Carreira, E. MDrg. Lett
mechanism, the reaction was carried out in the presence of 2004 6, 1497. (d) Black, D. A.; Arndtsen, B. AOrg. Lett 2004 6, 1107.

; _ : ; (e) Kinderman, S. S.; van Maarseveen, J. H.; Schoemaker, H. E.; Hiemstra,
galvinoxyl or 1,4-cyclohexadiene as a radical scavenger (eq 3). H. Rutjes, F. P. J. TSynthesi€004 1413,

However, the yields did not considerably decrease, indicating that (6) See for example, Yun, Fsynlett2004 1321 and references therein.

F i B R ; (7) (a) Niwa, Y.; Shimizu, MJ. Am. Chem. So@003 125, 3720. See, for
an ionic mechanism might be involved. related reactions: (b) Niwa, Y.; Takayama, K.; Shimizu,Bdl. Chem
Soc Jpn 2002 75, 1819. (c) Niwa, Y.; Takayama, K.; Shimizu, M.

SnCly (2.0 eqg), DDQ (1.0 eq) Tetrahedron Lett2001, 42, 5473.
Allyltrimethylsilane (2.0 eq) (8) Oxidation of alkyl benzyl ethers with DDQ was recently used for the
oTms Galvinoxyl (0.5 eq) or NBn C—C bond formation. See: Ying, B.-P.; Trogden, B. G.; Kohlman, D.

1,4-Cyclohexadiene (1.0 eq) 2 T.; Liang, S. X.; Xu, Y.-C.Org. Lett 2004 6, 1523.

BnoN OEt = COEt (3) (9) For thelH and?3C NMR spectra of iminium salts, see ref 4g and earlier
EtCN, -78 °C - 1t 2 references therein.

1b 69% (with Galvinoxyl ) 6 (10) It was reported that the reaction Oftrimethylsilyl imidate with DDQ

61% (with 1,4-Cyclohexadiene) gave C-alkylation products. See: (a) Williams, J. M.; Marchesini, G.;

Reamer, R. A.; Dolling, R. U.-H.; Grabowski, E. JJJOrg. Chem1995
60, 5337. (b) Bhattacharya, A.; DiMichele, L. M.; Dolling, R. U.-H;

On the basis of these resullts, a possible mechanism of the present ~ Douglas, A. W.; Grabowski, E. J. J. Am. Chem. S0d 988 110, 3318.

iminium formation and nucleophilic addition reaction is shown in JA042330F

J. AM. CHEM. SOC. = VOL. 127, NO. 10, 2005 3297



