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STABLE AND REACTIVE CONFORMATIONS OF N-ENOYL-BORNANE-10,2-SULTAMS IN THE ABSENCE OF LEWIS
ACIDS: ASYMMETRIC 1,4-HYDRIDE ADDITIONS.

Wolfgang Oppolzer”, Giovanni Poli, Christian Starkemann and Gérald Bernardinelli.

Département de Chimie Organique, Université de Genéve, CH-1211 Genéve, Switzerland.

Abstract: Ground-state conformations of non-chelated N-enoylsultams were determined by X-ray-
1, 3 and 'H-NMR-LIS evidence. Conjugate additions of lithium tri-s-butylborohydride to 1 and
3 followed by O-acylation of the non-isolated "enolates" furnished stereoselectively either
(Z) or (E)- O-acyl-N,O-ketene acetals (1L + 2, 3 + 4) depending on the s-cis/s-trans-
conformation of the N-enoylsultams. X-ray diffraction analyses of sultam derivatives 1, 2, 3
and 4 show a pyramidal nitrogen atom. This information provides an insight into the n-face
discriminations observed on addition reactions to non-coordinated enoylsultams (e.g. I - II, 1

- I111).
R? = H undergo remarkably efficient and selective inter- and intra-

N-Enoylsultams I

=1

molecular Diels-Alder additions of 1,3- dienes (X—CH2 or H2) from the Ca-Re-face 1 - 1II, when
coordinated with EtA1012 or TiCl, [1] (Scheme 1).
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In extension to these results, various other addition reactions of I have been studied and
found to proceed with high =n-face discrimination [2], even in the absence of a Lewis acid [3].
Thus, osmylations [4] and simple hydrogenations [5] of B,B-disubstituted enoyl sultams 1
proceeded predominantly from the Ca-Re-face. Opposite (Ca-Si) face attack on 1 (90-94% d.e.)
was, however, observed with conjugate hydride additions 1 - IIL [6].

To predict and understand the topology of these additions an X-ray diffraction study of the
non-coordinated (E)-crotonoylsultam 1 was carried out [1l] (Scheme 2).
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This X-ray analysis shows (in contrast to an acyclic N-acylsulfonamide [7]) a pyramidal
nitrogen [8] with its three substituents tilted away from the bridgehead C(8)-methyl group.
The S0,- and C=0 groups are anti, the C=0/Ca,CS- bonds s-cis disposed and the 0-S$-0O-angle
bisects the plane of the conjugated carbonyl system. 'H-NMR measurements in the presence of
Eu(fod)4 (Figure 1) show also a predominant 50,/C=0- anti- and C=0/Ca,CB-s-cis arrangement in

solution (Figure 1) [9].
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Figure 1: Eu(fod)3-induced downfield-shifts of H-NMR signals (100 MHz, CDCl3) of 1, R! = CHsy.

We now provide experimental evidence for a reactive conformation of 1 via 1,4 hydride
addition and O-acylation of the resulting O-lithium-N,0-ketene acetal. Thus, successive
treatment of (E)-2-hexenoylsultam ], R! = n-C3H7 (0.64 mmol) with lithium tri-s-butyl-
borohydride (0.77 mmol, -78°, 30 min) and TMEDA (0.9 mmol)/pivaloyl cHpride (0.8 mmol) in THF
(-78° - r.t. over 15 h) furnished the O-pivaloyl-N,0- ketene acetal 2 (67%, Scheme 2). X-ray
diffraction analysis of 2 [10] confirms the (Z)-configuration of the olefinic bond which
carries a pyramidal nitrogen. It thus appears that the s-cis-conformation of the enoylsultam
1l, R = n-CgHy translates into the (Z)-configuration of 2 via the corresponding (Z)-0-lithium-
N,0-ketene acetal [11}. In view of previously reported hydride additions to conformationally
defined enones [13] (which correlate to the resulting enolate configurations) we expected Ca-
substituted enoylsultams 3 to adopt rather the C=0/Ca,CB- s-trans arrangement. X-ray
diffraction measurements [l4] of the N-tigloylsultam 3, R! = CH3 (Scheme 2) displayed as before

a pyramidal nitrogen atom flanked by anti-disposed 50,- and C=0 groups, but a s-transoid
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conformation (46° out of plane) [15]. Conjugate hydride addition/enolate O-acetylation of 3, R!
= CyHg [16] gave exclusively the (E)-O-acetyl-N,0,-ketene acetal 4 as confirmed by X-ray
structure elucidation {17].

Based on the above evidence we propose as a general working hypothesis the following

topicities for addition reactions to enoylsultams (Scheme 3):
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(1) Disposition of the C=0 and 502 groups anti (A, C) in the absence, but syn (B, D) in the
presence of chelating metals [3].

(2) s-Cis-relation of the C=0/Ca,CB- bonds when the Ca-substituent R3=H (A, B) but s-trans when
R=alkyl and R%=H (C, D).

It is therefore plausible to ascribe the Ca-Si-face preferred hydride additions I -+ III to
a reactive conformation A. Consequently, the hydride approaches the n-face of 1 opposite to
the lone pair on the N-atom.

We believe that the observed n-face discrimination originates in the chiral information
provided by the bornane skeleton which is transmitted, via the pyramidal nitrogen atom, to the
remote CA-position. Recently, the possible role of pyramidal nitrogen in n-face-selective
electrophilic reactions with enamine derivatives has been increasingly considered [12].

It is interesting to note that lithium tri-s-butylborohydride adds to 1 from the olefinic
Ca-Si-face (I -+ III) in contrast to cyclopentadiene which undergoes non-catalyzed Diels-Alder
additions (I + II) predominantly (53 - 66% d.e.) from the Ca-Re-face. Depending on the
reaction type, it seems that additions to mon-coordinated I can proceed either from the r-face
anti or syn to the lone electron pair on the N-atom. Nitrile oxide additions to I as
discovered by Curran and coworkers [18] present a striking example of the latter topicity.

There is no doubt that the practical, but theoretically puzzling stereoelectronic bias of
N-enoylsultams I [18] deserves a more precise understanding. To this end, further work is in

progress.
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