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Recently the control of syn addition to an adjacent OH
group has been explored using the fert-butyldimethylsiyl pro-
tecting group in Lewis acid catalyzed reactions with remark-
able selectivity.! Similarly, in the case of intermolecular ami-
doalkylations the syn approach of nucleophiles to the OQTBS
group was observed, albeit the selectivity margins were mo-
derate.? Since the analogues of intermediate 2 are valuably
used in y-amino acids synthesis,® we have decided to investi-
gate the stereoselective amidoalkylations on the acyliminium
ion 1 (Scheme 1)

Amide 3 was prepared from {+ )-malic acid by modification
of the known sequence® (overall 51%). The optical purity
of the precursor imide of 3 was determined by 'H-NMR
analysis of the S-(-)-a-methoxy-a-(trifluoromethyl)phenyl
acetate (MTPA) ester' and found to be >90% ee.

Table 1 summarizes the results cobserved for the acid-in-
duced alkylations of 3° at C-5. Allyltri-n-butylstannane was
found to be superior to allyltrimethylsilane with MgBr, in
cis-selectivity’ (Table, Entry 1-2). In addition, the nonpolar
solvent toluene was proved to induce best selectivity, albeit
the reaction proceeded rather slowly to afford 4 in 99% yield
and a 21:1 cis: trans ratio (Entry 2).

In the allenylation (Entry 3-4), similar results were obser-
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ved. While compound §° was obtained in a 1: 7.5 ¢is : trans
ratio with propargyltrimethylsilane® (Entry 3), switching pro-
pargyltrimethylsilane to propargyltriphenylstannane!® rever-
sed the ratio in favor of ¢fs in toluene, a 6.9:1 cis : trans
ratio {Entry 4). In the propargylation with propanedienyltri-
phenylstannane," virtually a single isomer of 6* was detected
(Entry 6) in toluene, and a better yield was observed in
CHCl: (Entry 5) with slightly lower selectivity (cts : frans
19: 1). This remarkable cis-selectivity in Lewis acid catalyzed
alkylations may be equally explained by the stabilization of
the incipient o* orbital at C-5 via the interaction with o
bonds of C4 as in the case of alkylations in enones.''

In summary, high cis-selective amidoalkylations on the ac-
yliminium ion are achieved by exploiting the adjacent OTBS
group and stannane reagents in the presence of Lewis acid.
Stereoselective alkylations on properly fuctionalized enantio-
merically pure lactams and their synthetic applications are
in progress.
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Scheme L. 6. Each isomer of 3 was treated respectively, no significant
Table 1.
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Entry Nucleophile Lewis acid“/solvent Conditions*/[ conc] Product as i trans®  Yield (%Y
1 #~ SiMe; MgBr»/CH.Cl, 12 hr/[0.05 M] 4 38:1 80
2 #~~5nBu; MpBr./toluene 18 hr/[0.10 M] 4 21:1 99
3 w2~ SiMe; TMSOT{/CH:Cl, 12 hr/[0.05 M] 5 1:75 23
4 == SnPh, MgBr./toluene 18 hr/[0.12 M] 5 69:1 82
5 d.____.sf-"\Snphg MgBr,/CH,Cl, 12 hr/[0.14 M] 6 19:1 85
6 == S0Phy MgBr:/toluene 18 hr/[0.11 M] 6 >100:1 54

* All reactions were performed under anhydrous condition, adding 2.5 eq. of Lewis acid to a solution of the substrate and 3 eq.
of the nucleophile at 0°C, and slowly warming up to rt. TMSOTf:0.2 eq. * As determined by 'H-NMR. ‘ Isolated vieids.
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differences in selectivity between the two were detected.
. The stereochemistry of products was determined by the
observation of 'H-NMR vicinal coupling constants. J,5 (ca.
6 Hz in cis-products and ca. 0 Hz in frans-products)
See ref. 2(a), (b) and 3(a), (b).

. For the analytical data of the cis-products careful separa-
tions were performed on MPLC. ¢is-compound §: [alp®
—175° (=102, CHCl), 'H-NMR (300 MHz CDCl3) &
7.3-7.1 {m, 5H), 5.9-5.7 (m, 1H), 5.05 (dd, /=32, 1.4 He,
1H), 5.00 (d, /=10 Hz, 1H) 495 (d. /=152 Hz, 1H),
398 (d, j=152 Hz, 1H), 344 (dt, /=47, 66 Hz 1H)
251 (dd, /=70, 165 Hz, 1H), 2.44 (dd, J=164, 6.1 Hz
1H), 0.82 (s, 9H), 0.0, 0.03 (2s, 6H), “C-NMR (75 MHz
CDCly) & 1729, 1370, 134.5, 1289, 1281, 127.8, 1277,
1276, 1183, 67.5, 61.7, 444, 407, 320, 26.0, 182, —4.2,
—4.8, IR (CHCI,) 2955, 2931, 2858, 1702, 1422, 1362, 1309,
1256, 1126, 1101, 955, 869, 837, 778, 701, 629. MS (EI)

10.
11,

12.
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m/z 346 (M* +H). Cis-compound 6: [a]p*® —109° (c=
0.86, CHCly), 'H-NMR (300 MHz) CDCly) 6 7.4-7.1 {m,
5H), 491 (d, J=153 Hz, 1H), 438 (q, /=6.3 Hz, 1H),
4.14 (d, f=15.3 Hz, 1H), 3.54 (dt, /=50, 64 Hz, 1H),
252 (d, J=65 Hz, 2H), 25123 (m, 2H), 192 (1, /=26
Hz, 1H), 0.83 (t, /=28 Hz 9H), 0.00, 0.03 (2s, 6H). *C-
NMR (75 MHz CDCl,) 6 173.1, 136.8, 128.9, 128.1, 127.8,
81.1, 71.1, 67.1, 60.8, 44.5, 40.3, 259, 178, —4.3, —4.9.
IR (CHCI3) 3310, 2953, 2928, 2856, 1697, 1415, 1364, 1310,
1256, 1177, 1107, 1075, 970. MS (El}) m/z 344 (M* +H).
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