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Reactions of Allylsilanes with Iminium Salts: Ene Reactions with
Inverse Electron Demand
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The N,N-dialkylmethyleneammonium hexachloroantimonates 1-SbCls~ react with allyltrimethyl-
silane (2a) in dichloromethane to give the alkylideneammonium ions 3 and 3’ via ene reactions
with inverse electron demand, where the allyltrimethylsilane (2a) behaves as enophile. Under
the same conditions (2-methylallyl)trimethylsilane (2b) undergoes ordinary ene reactions with
iminium ions, with the allylsilane 2b acting as the ene component. The different course of the ene
reactions is explained by the varied steric strain in the pericyclic transition states 14—18. Sg2'
products, which are the main products under more nucleophilic reaction conditions, have only been

detected in trace amounts.

Introduction

Allylsilanes have frequently been applied as nucleo-
philic components for the formation of carbon—carbon
bonds.! In natural product syntheses allylsilane-termi-
nated intramolecular reactions of N-acyl and N-tosyl
iminium ions have been used for the construction of
heterocycles.? Sometimes the less reactive N-alkyl imi-
nium ions have also been employed in this way as shown
by the iminium ion allylsilane cyclization in Overman’s
approach to (—)-morphine (Scheme 1).2 As demonstrated
by this example, the reactions of iminium ions with
allylsilanes usually proceed with allyl inversion and loss
of the silyl group in analogy to the reactions of allylsi-
lanes with other electrophiles.t#

Further intramolecular “aminomethano-desilylation”
reactions have been described by Grieco to yield six-,
seven-, and eight-membered nitrogen-containing rings.®

Intermolecular reactions of iminium ions with allylsi-
lanes® have been observed when primary amines, form-

T Present address: Institut fir Organische Chemie der Ludwig-
Maximilians-Universitat Minchen, Karlstrasse 23, D-80333 Muinchen,
Germany. Telefax: int. +89/5902254.

® Abstract published in Advance ACS Abstracts, July 15, 1996.

(1) (a) Fleming, I. In Comprehensive Organic Synthesis; Trost, B.
M., Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 2, pp 563—
593. (b) Fleming, I.; Dunogués, J.; Smithers, R. Org. React. 1989, 37,
57—575. (c) Weber, W. P. Silicon Reagents for Organic Synthesis;
Springer Verlag: Berlin, 1983. (d) Colvin, E. W. Silicon in Organic
Chemistry; Butterworths: London, 1981.

(2) (a) Langkopf, E.; Schinzer, D. Chem. Rev. 1995, 95, 1375—1408.
(b) Hiemstra, H.; Speckamp, W. N. In Comprehensive Organic Syn-
thesis; Trost, B. M., Fleming, I., Eds.; Pergamon Press: Oxford, 1991;
Vol. 2, pp 1047-1082.

(3) Hong, C. Y.; Kado, N.; Overman, L. E. 3. Am. Chem. Soc. 1993,
115, 11028-11029.

(4) (a) Masse, C. E.; Panek, J. S. Chem. Rev. 1995, 95, 1293—1316.
(b) Horita, K.; Sakurai, Y.; Nagasawa, M.; Hachiya, S.; Yonemitsu, O.
Synlett 1994, 43—45. (c) Mukaiyama, T.; Takenoshita, H.; Yamada,
M.; Soga, T. Chem. Lett. 1990, 1259—1262. (d) Mukaiyama, T.;
Shimpuku, T.; Takashima, T.; Kobayashi, S. Chem. Lett. 1989, 145—
148. (e) Majetich, G.; Defauw, J.; Ringold, C. J. Org. Chem. 1988, 53,
50—68. (f) Nakada, M.; Urano, Y.; Kobayashi, S.; Ohno, M. J. Am.
Chem. Soc. 1988, 110, 4826—4827. (g) Kunz, T.; Janowitz, A.; Reissig,
H.-U. Chem. Ber. 1989, 122, 2165—2175. (h) Kamimura, A.; Yoshihara,
K.; Marumo, S.; Yamamoto, A.; Nishiguchi, T.; Kakehi, A.; Hori, K. J.
Org. Chem. 1992, 57, 5403—5413. (i) Kraus, G. A.; Bougie, D. Synlett
1992, 279—-280. (j) Davis, A. P.; Jaspars, M. Angew. Chem. 1992, 104,
475—477; Angew. Chem., Int. Ed. Engl. 1992, 31, 470—471. (k)
Lipshutz, B. H.; Burgess-Henry, J.; Roth, G. P. Tetrahedron Lett. 1993,
34, 995—-998. (I) Trehan, A.; Vij, A.; Walia, M.; Kaur, G.; Verma, R.
D.; Trehan, S. Tetrahedron Lett. 1993, 34, 7335—7338. (m) Hagen, G.;
Mayr, H. J. Am. Chem. Soc. 1991, 113, 4954—4961.

(5) Grieco, P. A.; Fobare, W. F. Tetrahedron Lett. 1986, 27, 5067 —
5070.

Scheme 1

SiMe,Ph SiMe,Ph
H MeO ] =
0Bn +m
DBS/m ' DBS S

O MeO |

(-)-morphine <——

Scheme 2
+ . H,0 PR~
Ph/\NHa + HCHO + /\/S'Mea m U\
CF5CO, (81 :,/o) OH
1 »
+
Scheme 3
+ ! H,0
Ph/\l\lle + HCHO + /\/S'Mea m Ph/\fr/\/\
- (76 %)
CF,CO,

aldehyde, and allylsilanes were combined to give 4-hy-
droxypiperidines (Scheme 2).62

Under analogous conditions tertiary homoallylamines
were produced from allylsilanes and N-benzyl-N-meth-
ylmethyleneammonium ions®? in situ generated from the
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Scheme 4
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FLﬁj‘\Hsm%‘ '1 +//'1 SbClg N +j\ SbClg” NaBH,, kN J
N j+\ W N~ "R . + N° H . MeCN K/\/SiMe
HC o~ SiMe, ~_SMe,  ~_~_SiMe, 3h s
1 2a 3 3 4
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Me 1a 3 99 3a (70 : 30) 3a’ 75 aa
Et 1b 075 9% 3b (85: 15) 3b' 74 ab
Pr Ac 1 91 3¢ (85: 15) 3c' 83 “
iPr 1d 3 88 3d (95:5) 3d' 74 ad
-(CHp)-2 e 2 8 - (0:100)  3e'

a8 N-Methylenepyrrolidinium.

Table 1. 13C Chemical Shifts of Compounds (3a—3d,3e')-SbCls~ (75.5 MHz, CD3CN)2 and
1-(Dialkylamino)-4-(trimethylsilyl)butanes 4a—d (75.5 MHz, CDClIs)

g

1 3 .
R"/\ﬁ/\z/\v SIMe3

4 1 .
3 ﬁ/\NSlMea
)

1 1 3 .
, A2y SiMe,
(Fl A)ZN

{
N R 3a-d 2t 3e' 4a-d
Cc-1 c-1" C-1 C-2 C-3 C-4 SiMes R"and R"
multiplicity d t t t t q
3a 178.87 56.85 53.06 31.09 2154 1653 —-1.81 18.80,13.27 (2 q, C-2' and C-2")
3b 183.50 62.82 53.37 31.26 21.60 16.38 —1.83 25.84,21.42 (2t, C-2' and C-2"), 10.49, 9.70
(29,C-3 and C-3")
3c 182.94 61.55 53.62 3153 2166 16.64 —1.78 33.91,30.37 (2t C-2'and C-2"), 19.92,19.48 (2 ¢,
C-3' and C-3"), 13.91, 13.68 (2 g, C-4' and C-4")
3d 186.12 68.19 53.74 32.27 21.61 16.59 —-1.76 31.74,27.19 (2 d, C-2' and C-2"), 19.24>, 18.89P
(2q,C-3 and C-3")
3e’ 181.30°¢ 59.95d 54.65 30.82 21.27 16.39 —1.80 36.56 (t, C-2'), 20.08 (t, C-3')
multiplicity t t t t q
4a 46.91° 52.74 30.82 2210 16.72 —1.68 11.66°(q, C-2)
4b 56.30P 53.96 30.88 21.94 16.68 —1.69 20.18° (t, C-2'), 11.98 (g, C-3)
4c 54.03¢ 54.03¢ 31.02 21.98 16.72 —-1.67 29.36° (t, C-2"), 20.78" (t, C-3'), 14.06" (g, C-4")
4d 64.25b 55.06 3131 21.82 16.77 —1.62  26.76°(d, C-2'), 20.98f (q, C-3')

a For 13C NMR data of the minor isomers 3a’'—3d’, see Experimental Section. ® Doubled intensity. ¢ dt, Juc 4y = 11.7 Hz. ¢ Resonance
of C-4'. ¢ Only one signal with tripled intensity was detected for C-1 and C-1'. f Quadrupled intensity.

corresponding secondary amine, trifluoroacetic acid, and
formaldehyde in aqueous solution (Scheme 3).

Benzylideneammonium ions only react with allylsi-
lanes upon irradiation.” The formation of products with
allyl retention has been interpreted by electron transfer
processes.

During the course of our studies on the reactivities of
cationic electrophiles,® iminium salts with complex, non-
nucleophilic counterions were required. Though meth-
yleneammonium salts with complex counterions as CIO,~,
AICIl,~, SbCl,~, or SbClg~ were reported in the early
1970s,° they have only scarcely been used in synthesis.%1°
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We now report that unprecedented reactions are observed
when preformed Mannich salts are combined with allyl-
silanes under anhydrous conditions.

Results

Addition of 2 equiv of allyltrimethylsilane (2a) to
suspensions of the iminium hexachloroantimonates (1a—
1e)-SbCls~ in dichloromethane at ambient temperature
resulted in dissolution of these salts due to formation of
the readily soluble alkylideneammonium hexachloroan-
timonates. Evaporation of the solvent and other volatile
components in vacuo caused the precipitation of analyti-
cally pure mixtures of the (E,Z)-isomeric compounds (3a—
3d)-SbCls~ and (3a'—3d')-SbCls~ (Scheme 4). The N-me-
thylenepyrrolidinium hexachloroantimonate (1e-SbClg™)
gave 3e’-SbClg™ as the only product. Dissolution of these
salts in acetonitrile and treatment with sodium borohy-
dride gave the 1-(dialkylamino)-4-(trimethylsilyl)butanes
4a—4d in 74—83% yield.

Because the closely similar *H NMR spectra did not
allow one to distinguish between 3 and 3', the ratios of
the (E,Z)-isomeric iminium ions 3a—3d/3a’'—3d' had to
be determined from the corresponding 3C NMR spectra
of the product mixtures (Table 1 and Experimental
Section). In order to assign the configuration of the
individual stereoisomers, the 70/30 mixture of (3a/3a’)-
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Figure 1. Structural assignment of 3a and 3d by nuclear
Overhauser effects (indicated by arrows).
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SbCls~ was recrystallized from acetonitrile to enrich the
major component (3a/3a’ = 90/10). One- and two-
dimensional NOE experiments with this sample showed
intensity enhancements between 2'-H and 1-H as well
as between 1'-H and the N-ethyl protons (1"-H and 2"-
H, Figure 1). From these results the (Z)-configuration
of the major isomer 3a was derived. Similarly, NOE
experiments with the 3d/3d’ mixture indicated configu-
ration 3d for the major stereoisomer (Figure 1). For the
iminium ions 3b/3b’ and 3c¢/3c' with medium size of R,
the (Z2)-configuration of the major isomer was assumed
by analogy, but could not be assigned spectroscopically.

The *H and 3C NMR spectra of the reaction product
obtained from the N,N-dimethylmethyleneammonium
salt 1f-SbClg~ and allyltrimethylsilane (2a) did not show
the signals expected for 3f-SbCls~. After treatment with
sodium borohydride a mixture of tertiary amines was
obtained. NMR spectroscopy and GC-MS indicated the
formation of approximately equimolar amounts of 5 and
6 (Scheme 5).

As shown in Scheme 6 the formation of 5 and 6 can be
rationalized by the same mechanism that accounts for
the generation of the products 3a—3d/3a’'—3e’' (Scheme
4). While the reactions described in Scheme 4 yield the
weakly electrophilic alkylideneammonium ions 3a—3d/
3a’'—3e€’, the initial product in the reaction of 1f with 2a
is the methyleneammonium ion 3f which possesses a
similar reactivity as its precursor 1f. Because 3f-SbClg~
is more soluble in dichloromethane than 1f-SbClg™, its
consecutive reaction with 2a cannot even be prevented
by using less than equimolar amounts of the allylsilane.

The reaction of 3f with 2a can follow two different
pathways to yield either the methyleneammonium ion 7
or the alkylideneammonium ion 8, both [2:1] products
(Scheme 6). Because the reactivity of the latter is very
low it does not give a [3:1] product even in the presence
of a large excess of 2a. The methyleneammonium ion 7,
on the other hand, possesses a reactive site similar to
that of 1f or 3f and undergoes a further reaction with 2a
to give 9. As a consequence, mixtures of 5 (from 7 and
8) and 6 (from 9) are obtained upon successive treatment
with sodium borohydride.

The reactions of N-benzyl-N-methylmethyleneammo-
nium hexachloroantimonate and of the corresponding
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N-methylenemorpholinium salt with 2a under analogous
conditions gave complex product mixtures which have not
been identified. N,N-Diisopropylmethyleneammonium
hexachloroantimonate reacted very slowly with 2a. Since
only 15% conversion was observed within 3 days at 20
°C, this reaction has not been investigated further.
Trimethylprenylsilane [= trimethyl(3-methyl-2-butenyl)-
silane] did not react with the iminium salt 1a-SbCls~
within 12 days at room temperature.

Two of the iminium ions (1b and 1d) described in
Scheme 4 have also been employed as triflate salts. Their
reaction with allyltrimethylsilane (2a) and aqueous
workup yielded the secondary amines 10b and 10d as
major products. The formation of 10b and 10d can be
explained as above by the intermediate generation of the
iminium salts 3b-TfO~ and 3d-TfO~, the isolation of
which has not been attempted (Scheme 7).

In the NMR spectra of the compounds 10b and 10d,
contaminations by minor components were detectable.
Approximately 7% of a compound, tentatively assigned
to 3-butenyldipropylamine which may be formed by Sg2’
reaction of 1b with 2a, was accompanying compound 10b.
The secondary amine 10d was contaminated by 13% of
a side product, probably isobutyl(2-methylpropenyl)(4-
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Table 2. 13C NMR Chemical Shifts (75.5 MHz, CDCI;3) of Compounds 11 and 12
R C-1 C-2 C-3 C-4 C-5 SiMes R
mulitiplicity t t s t t q
Me 11f 5842 3625 14559 26.80 107.74  —1.26  45.43 (g, NCHs)
Et 1la 51.78 3533  146.18 27.19 107.55  —1.38  46.93 (t, NCHp), 11.79 (g, CH3)
Pr 11b 5297 3524  146.29 27.20 107.47  —1.37  56.20 (t, NCHy), 20.28 (t, CH,), 11.96 (g, CH3)
i-Pr 11g  44.85 4090  146.59 27.35 107.15  —1.35  48.91(d, NCH), 20.74 (g, CHs)
mulitplicity t t S d q q
Me 12f 58.73 35.62 153.25 126.09 26.57 0.23 45.43 (9, NCH)
Et 12a 51.89 34.82 153.74 12590  26.89 0.28 46.84 (t, NCH,), 11.89 (g, CHa)
Pr 12b  53.11 3472 153.98 125.71 26.96 0.30 56.08 (t, NCHy), 20.36 (t, CHy), 11.96 (g, CHa)
Scheme 8 observed previously in intra- and intermolecular reac-
R R RN s RN s tions of allylsilanes with iminium ions (see Introduction).
W HA 1. CH,Cl, 2 20, However, apart from traces (see Results) such “ami-
H(Ll ol 2. NHz/ H,0 1y ! A S nomethano-desilylation” products have not been observed
2 v . SiMe, SiMe, with the preformed methyleneammonium salts studied
SiMe, in this work. Ene reactions were dominating in all cases
1 2b " 12 investigated.
R= \'2 % yield In ordinary ene reactions the electron-rich species acts
Me 1f AICly 53 1 (89:11) 12f as the ene while the electron-deficient partner corre-
Me 11 ShOL- R "t (92:8 12¢ sponds to the enophile.!* This behavior seems to be
e 6 - (02:8) realized in the reactions of the N,N-dialkylmethylene-
Et 1a TO 58 Ma  (87:13) 12a ammonium ions la,b and 1f,g with (2-methylallyl)-
Pr 1b TfO 77 11b  (91:9) 12b trimethylsilane (2b). In a concerted, but nonsynchronous
iPr 1g TiO 64 11g (98:2) 12g pericyclic reaction the transition state 14 can be assumed

a8 The reaction mixture was not worked up, and the ratio 11f/
12f was derived from the ratio of the initially produced ammonium
hexachloroantimonates.

Scheme 9
Me,Si~_H
SiMe;, 1. cH,CI «/\IE/ .
1a_SbC|6' ¥ #’ /\N SIMea
SiMe, 2.NH5/H,0 )
(50 %)
2c 13

(trimethylsilyl)butyl)amine generated during the workup
by deprotonation of 3d.

In contrast to allyltrimethylsilane (2a) which reacts
with (la—1e)-SbCls~ to give the iminium ions 3a—3d/
3a’'—3e’, the reaction of (2-methylallyl)trimethylsilane
(2b) with 1a,b and 1f,g produced the unsaturated tri-
methylsilyl-substituted tertiary amines 11 and 12 (Scheme
8).

According to their 13C NMR spectra (Table 2), only one
of the two possible stereoisomers of 12 was formed.
Additional resonances detected in the *H and *C NMR
spectra of the products obtained from 2b and 1a or 1b
may be due to small concentrations of 4-(dialkylamino)-
2-methyl-1-butene generated by Sg2' reactions.

The reaction of (2-((trimethylsilyl)methyl)allyl)tri-
methylsilane (2c) with 1a-SbCls~ follows the same course
as the corresponding reaction of 2b. Aqueous workup
gave a mixture of 13 with some compounds containing
terminal double bonds, from which 13 was isolated in
50% yield by distillation (Scheme 9). NOE experiments
on 13 showed an intensity enhancement of the vinylic
resonance when the CH, group adjacent to the trimeth-
ylsilyl group was saturated, and vice versa, in accord with
the (E)-configuration of 13. Because the 3C NMR
spectrum of the crude product showed only one set of
signals, the highly stereoselective formation of the (E)-
isomer 13 is indicated.

Discussion

Allylsilanes usually react with electrophiles to give Sg2'
substitution products. This behavior has also been

to be preferred over the transition states 15a and 15b
(Figure 2) because only in 14 can the partial positive
charge developed at C-2 of the allylsilane moiety be
stabilized by Si—C hyperconjugation (5-silyl effect).*? As
a consequence the formation of 11 (from 14) is favored
over the formation of 12 (from 15a or 15b). Probably
minimization of steric strain is responsible for the
selective formation of the (E)-isomer 13 (from 16a, Figure
3) rather than the (Z)-isomer (from 16b, Figure 3)
described in Scheme 9.

The sterically least hindered pericyclic transition state
17a of the corresponding reaction with allyltrimethylsi-
lane (2a) is depicted in Figure 4. In the transition states
17a and 17b, the (trimethylsilyl)methyl substituent is
directed away from the iminium ion. Thus, nitrogen does
not get into the proximity of an allylic hydrogen being
necessary for the regular ene reaction. Instead, the
transfer of hydrogen from the iminium ion to the 2-posi-
tion of the allylsilane fragment with formation of the
alkylideneammonium ions 3 or 3' takes place. With
increasing size of R the steric interaction between the
two CH,R groups at the nitrogen grows, and 17a (— 3)
becomes more and more favored over 17b (— 3') as
observed in the 3/3' ratios of Scheme 4. As discussed for
the transition states 15a/15b, the transition states 18a/
18b which might give rise to the regular ene reaction
suffer from destabilizing steric interactions and the lack
of hyperconjugative g-silyl stabilization of the partial
positive charge at C-2.

In a recent review on imino ene reactions,*® only few
examples with inverse electron demand have been re-
ported.'**> Though allylsilanes are well documented to

(11) Hoffmann, H. M. R. Angew. Chem. 1969, 81, 597—618; Angew.
Chem., Int. Ed. Engl. 1969, 8, 556—577.

(12) Lambert, J. B. Tetrahedron 1990, 46, 2677—2689.

(13) Borzilleri, R. M.; Weinreb, S. M. Synthesis 1995, 347—360.

(14) Novak, M.; Novak, J.; Salemink, C. A. Tetrahedron Lett. 1991,
32, 4405—4408.

(15) (a) Laschat, S.; Grehl, M. Angew. Chem. 1994, 106, 475—478;
Angew. Chem., Int. Ed. Engl. 1994, 33, 458—461. (b) Laschat, S.; Grehl,
M. Chem. Ber. 1994, 127, 2023—2034. (c) Laschat, S.; Frohlich, R.;
Wibbeling, B. J. Org. Chem. 1996, 61, 2829—2838.
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Figure 2. Transition states of the reactions of 1 with 2b.
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Figure 3. Transition states of the reaction of 1 with 2c.
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Figure 4. Transition states of the reactions of 1 with 2a.

act as electron-rich ene components in ene reactions,'®
the role of allyltrimethylsilane (2a) as an enophile seems
to be without precedent.

The different behavior of allylsilanes with monosub-
stituted (2a) and 1,1-disubstituted double bonds (2b/2c)
is analogous to previous observations on iminium ion
olefin reactions. While 1,1-dialkyl- or l-alkyl-1-aryl-
substituted ethylenes react with methyleneammonium
ions under preferential formation of tertiary amines via
transition states analogous to 14 (ene reaction with
normal electron demand'’~2°), monosubstituted ethylenes
also give ene reactions with inverse electron demand.'’

(16) (a) Dubac, J.; Laporterie, A. Chem. Rev. 1987, 87, 319—334.
(b) Cai, J.; Davies, A. G. J. Chem. Soc., Perkin Trans. 2 1992, 1743—
1746. (c) Beak, P.; Song, Z.; Resek, J. E. J. Org. Chem. 1992, 57, 944—
947. (d) Salomon, M. F.; Pardo, S. N.; Salomon, R. G. J. Am. Chem.
Soc. 1984, 106, 3797—3802. (e) Abel, E. W.; Rowley, R. J. J. Organomet.
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In the latter case it can be assumed that in analogy to
the transition states 17a/17b allylic hydrogens do not get
into the proximity of nitrogen. Hence, hydrogen transfer
from the iminium ion to the alkene takes place, and
secondary amines are obtained after aqueous workup.

We, therefore, conclude that the factors that control
the type of ene reaction of iminium ions with alkenes also
influence their reactions with allylsilanes. In addition,
the hyperconjugative g-silyl stabilization which is pos-
sible in the transition states 17a/17b, but not in 18a/
18b, favors the ene reaction with inverse electron de-
mand over the regular ene reaction.

Experimental Section

All reactions with moisture-sensitive reagents were run
under an atmosphere of dry nitrogen at room temperature.
IH NMR spectra (300 MHz) refer to d-chloroform (o = 7.24
ppm) or ds-acetonitrile (64 = 1.93 ppm). 3C NMR spectra
(75.5 MHz) were calibrated to d-chloroform (6c = 77.00 ppm)
or ds-acetonitrile (6c = 1.30 ppm). DEPT experiments were
used to obtain information about the multiplicity of 3C
resonances. Dichloromethane was freshly distilled from CaH;
prior to use. Acetonitrile was distilled from P,Os. Diethyl
ether was dried over and distilled from sodium/benzophenone.
O,N-Acetals were prepared by the method of Duboudin et al.?
from corresponding secondary amines, paraformaldehyde, and
methanol or ethanol. Salts of N,N-dimethylmethyleneammo-
nium (1f-AICl,~ and 1f-SbCls~) were prepared from com-
mercially available 1f-Cl~ (Merck-Schuchardt) by the proce-
dure of Knoll and Krumm.®® Other N,N-dialkylmethylene-
ammonium hexachloroantimonates were obtained from the
corresponding O,N-acetals, chlorotrimethylsilane, and SbCls.?
Allyltrimethylsilane (2a) was purchased from Merck, Darm-
stadt, and trimethylsilyl triflate from Fluka, Steinheim. (2-
Methylallyl)trimethylsilane (2b)*™ and bissilane 2c® were
synthesized according to methods from the literature.

General Procedure for the Generation of 3/3'-SbClg™
from N,N-Dialkylmethyleneammonium Hexachloroan-
timonates (1-SbCls™) and Allyltrimethylsilane (2a). Two
equivalents of allyltrimethylsilane (2a) were added by syringe
to a stirred suspension of iminium salt 1-SbCls~ in dried
dichloromethane (5 mL of CH,CI, per mmol of 1-SbCls~). The
mixture was stirred until the dissolution of 1-SbCls~ was
complete. After another 30 min of stirring all volatile com-
ponents were evaporated in vacuo without heating. The solid
residue consisted of analytically pure mixtures of isomers
3-SbCls~ and 3'-SbCls~. The 3/3' ratios (+3%) were determined
from characteristic resonances in the 13C NMR spectra of the
mixtures.

(E/Z)-N-Ethyl-N-(4-(trimethylsilyl)butyl)ethylidene-
ammonium Hexachloroantimonate (3a/3a’-SbCls™). Re-

(19) For analogous reactions of 2-azaallenium ions, see: Geisler, A.;
Waurthwein, E.-U. Tetrahedron Lett. 1994, 35, 77—80.

(20) For analogous reactions of nitrilium ions, see: Hamana, H.;
Sugasawa, T. Chem. Lett. 1985, 575—578; 921—924.

(21) Rochin, C.; Babot, O.; Dunogues, J.; Duboudin, F. Synthesis
1986, 228—229.

(22) Ofial, A. R.; Mayr, H. Unpublished results.

(23) Ochiai, M.; Arimoto, M.; Fujita, E. J. Chem. Soc., Chem.
Commun. 1981, 460—461.
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action of 1a-SbCls~ (2.25 g, 5.35 mmol) with 2a (1.71 mL, 10.8
mmol) yielded a 70/30 mixture of 3a-SbCls~ and 3a’-SbClg~
(2.83 g, 99%) after 3 h. A NOESY spectrum of a sample with
the enriched major isomer (3a/3a’ = 90/10) was recorded for
structural assignments: pale yellow powder; *H NMR (300
MHz, CDsCN) 6 8.22 (1 H, q, J = 5.8 Hz, 1'-H), 3.89—3.79 (2
H, m, 1"-H), 3.75 (2 H, t, 3 = 8.0 Hz, 1-H), 238 3H, d, J =
5.8 Hz, 2'-H), 1.82—1.67 (2 H, m, 2-H), 1.43—1.28 (2 H, m, 3-H),
1.37(83H,t,J=7.3 Hz, 2"-H), 0.56—0.49 (2 H, m, 4-H), —0.03
(9 H, s, SiMeg); 13C NMR data (75.5 MHz, CD3CN) of 3a-SbClg~
are listed in Table 1, additional resonances (minor isomer 3a'-
SbCls™) 6 179.36 (d, C-1'), 61.00, 48.74 (2 t, C-1 and C-1"), 31.75
(t, C-2), 21.10 (t, C-3), 18.69 (q, C-2'), 16.43 (t, C-4), 12.36 (q,
C-2"). Anal. Calcd for C13H26CIlgNSbSi (534.9): C, 24.70; H,
4.90; N, 2.62. Found: C, 24.86; H, 5.00; N, 2.60.
(E/Z)-N-Propyl-N-(4-(trimethylsilyl)butyl)propylide-
neammonium Hexachloroantimonate (3b/3b'-SbCls~). Re-
action of 1b-SbCls~ (1.15 g, 2.56 mmol) with 2a (0.820 mL,
5.17 mmol) resulted in a 85/15 mixture of 3b-SbCls~ and 3b'-
SbCls™ (1.38 g, 96%) after 45 min: colorless powder; *H NMR
(300 MHz, CDsCN) 6 8.12 (1 H, t, J = 6.0 Hz, 1'-H), 3.82—
3.69 (4 H, m, 1-H and 1"-H), 2.76—2.67 (2 H, m, 2'-H), 1.87—
1.67 (4 H, m, 2-H and 2""-H), 1.42-1.31 (2 H, m, 3-H), 1.25 (3
H,t,J=7.4Hz 3-H),093 (3H,t,J=7.3Hz 3"-H), 0.56—
0.50 (2 H, m, 4-H), —0.04 (9 H, s, SiMej3); 13C NMR data (75.5
MHz, CD3;CN) of 3b-SbCls™ are listed in Table 1, additional
resonances (minor isomer 3b'-SbCls™) 6 61.19 (t), 54.85 (1),
31.75 (t), 21.21 (t), 20.93 (t), 16.25 (t), 10.93 (q). Anal. Calcd
for Ci3Hz0CIlsNSbSi (562.9): C, 27.74; H, 5.37; N, 2.49.
Found: C, 28.04; H, 5.29; N, 2.55.
(E/Z)-N-Butyl-N-(4-(trimethylsilyl)butyl)butylidene-
ammonium Hexachloroantimonate (3c/3c’-SbCls™). Re-
action of 1¢-SbCls~ (1.68 g, 3.52 mmol) with 2a (1.20 mL, 7.56
mmol) gave an 85/15 mixture of 3c-SbCls~ and 3c’-SbClg~ (1.90
g, 91%) after 1 h: colorless powder; *H NMR (300 MHz, CDs-
CN) 06 8.12(1H,t,J =59 Hz 1'-H), 3.81-3.71 (4 H, m, 1-H
and 1"-H), 2.65 (2 H, q, J = 6.9 Hz, 2'-H), 1.83—1.65 (6 H, m,
2-H, 2"-H, and 3'-H), 1.43—-1.28 (4 H, m, 3-H and 3"-H), 1.01
(BH,t,J=7.4Hz,4'-H),0.94 (3H, t,J = 7.3 Hz, 4"-H), 0.56—
0.51 (2 H, m, 4-H), —0.02 (9 H, s, SiMej3); 1*C NMR data (75.5
MHz, CD3CN) of 3c-SbClg~ are listed in Table 1, additional
resonances (minor isomer 3c'-SbClg™) 6 32.03 (t), 29.81 (1),
21.20 (t), 20.37 (t), 16.50 (t). Anal. Calcd for C15H34ClgNSbSi
(591.0): C, 30.48; H, 5.80; N, 2.37. Found: C, 30.68; H, 5.89;
N, 2.34.
(E/Z)-N-1sobutyl-N-(4-(trimethylsilyl)butyl)isobutyl-
ideneammonium Hexachloroantimonate (3d/3d'-SbClg").
Reaction of 1d-SbCls~ (1.04 g, 2.18 mmol) with 2a (0.700 mL,
4.41 mmol) gave a 95/5 mixture of 3d-SbClg~ and 3d'-SbClg~
(1.14 g, 88%) after 3 h. Structural assignments were based
on NOESY experiments: pale yellow powder; *H NMR (300
MHz, CDsCN) 6 7.95 (1 H, d, J = 9.9 Hz, 1'-H), 3.77-3.72 (2
H, m, 1-H), 3.61 (2 H, d, 3 = 7.7 Hz, 1"-H), 3.08 (1 H, d sept,
J = 9.9 Hz, 6.6 Hz, 2'-H), 2.23—-2.09 (1 H, m, 2"-H), 1.82—
1.69 (2 H, m, 2-H), 1.46—1.33 (2 H, m, 3-H), 1.24 (6 H, d, J =
6.6 Hz, 3'-H), 0.93 (6 H, d, J = 6.7 Hz, 3"-H), 0.57—-0.51 (2 H,
m, 4-H), —0.02 (9 H, s, SiMej3); *C NMR data (75.5 MHz, CDs-
CN) of 3d-SbClg~ are listed in Table 1, additional resonances
(minor isomer 3d'-SbCls™) 6 61.47 (t), 59.88 (t), 32.07 (t), 27.83
(d), 21.04 (t), 20.06 (q), 19.56 (q). Anal. Calcd for C15sH34Cle-
NSbSi (591.0): C, 30.48; H, 5.80; N, 2.37. Found: C, 30.35;
H, 5.83; N, 2.44.
N-(4-(Trimethylsilyl)butyl)-1-pyrrolinium Hexachlo-
roantimonate (3e'-SbCls™). Reaction of 1e-SbCls~ (1.19 g,
2.84 mmol) with 2a (0.910 mL, 5.73 mmol) gave 3e'-SbCls~
(1.22 g, 81%) after 2 h: greenish needles (from acetonitrile/
acetone), dec 140—141 °C; *H NMR (300 MHz, CD3CN) 6 8.42
(1H,brs, 1'-H), 4.12—4.06 2 H, m, 4'-H),3.81 (2H,t,J=75
Hz, 1-H), 3.13 (2 H, br s, 2'-H), 2.28 (2 H, quint, J = 8.0 Hz,
3'-H), 1.78 (2 H, quint, J = 7.5 Hz, 2-H), 1.40—1.29 (2 H, m,
3-H), 0.55—0.49 (2 H, m, 4-H), —0.03 (9 H, s, SiMe3); 1°C NMR
data of 3e'-SbCls~ are listed in Table 1, signal assignments
were based on 'H,’*C and 'H,'H COSY experiments. Anal.
Calcd for C11H24CIsNSbSi (532.9): C, 24.79; H, 4.54; N, 2.63.
Found: C, 25.05; H, 4.39; N, 2.66.
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General Procedure for the Reduction of the Iminium
Salts 3/3'-SbCls~ with NaBH,4. Under an atmosphere of dry
nitrogen NaBH, was suspended in acetonitrile (10 mL). After
the addition of the iminium salt 3/3'-SbCls~ the mixture was
stirred for 3 h at room temperature. A black suspension was
obtained. The excess of hydride was carefully hydrolyzed with
2 M HCI (15 mL). The solution was basified with concd NHa3/
water (10 mL, 1/1), subsequently filtered through Celite, and
extracted with dichloromethane (4 x 15 mL). The combined
organic extracts were dried over MgSQy, filtered, and concen-
trated in vacuo. Pure tertiary amines 4 were obtained after
bulb-to-bulb distillation.

Diethyl(4-(trimethylsilyl)butyl)amine (4a). Reduction
of 3a/3a’-SbCls™ (2.44 g, 4.56 mmol) with NaBH,4 (723 mg, 19.1
mmol) yielded 4a (689 mg, 75%): colorless liquid, bp 110 °C/
0.10 mbar (lit.* bp 60 °C/2 Torr); IR (film) 2975, 2955, 2930,
2902, 2878, 2800, 1465, 1383, 1370, 1294, 1260, 1250, 1204,
1096, 1085, 1071, 863, 835, 756, 691 cm™1; *H NMR (300 MHz,
CDCl3) 6 248 (4 H, q, J = 7.2 Hz, 1'-H), 2.40—-2.34 (2 H, m,
1-H), 1.48-1.38 (2 H, m, 2-H), 1.31-1.19 (2 H, m, 3-H), 0.99
(6H,t,J=7.2Hz 2'-H), 0.51-0.44 (2 H, m, 4-H), —0.06 (9
H, s, SiMe3); 3C NMR data of 4a are listed in Table 1; MS (70
eV, El) m/z (rel intensity) 201 (M*, 4), 186 (6), 86 (100), 73
(10), 72 (10). Anal. Calcd for C11H27NSi (201.4): C, 65.59; H,
13.51; N, 6.95. Found: C, 65.33; H, 13.65; N, 6.60.

Dipropyl(4-(trimethylsilyl)butyl)amine (4b). Reduction
of 3b/3b'-SbCls~ (1.37 g, 2.43 mmol) with NaBH, (320 mg, 8.46
mmol) yielded 4b (412 mg, 74%): colorless liquid, bp 130 °C/
0.07 mbar; IR (film) 2968, 2941, 2881, 2805, 1468, 1460, 1388,
1380, 1263, 1250, 1196, 1082, 866, 838, 692 cm~; ITH NMR
(300 MHz, CDCl3) 6 2.38—2.29 (6 H, m, 1-H and 1'-H), 1.47—
1.34 (6 H, m, 2-H and 2'-H), 1.30—1.18 (2 H, m, 3-H), 0.83 (6
H, t, J = 7.4 Hz, 3'-H), 0.49-0.41 (2 H, m, 4-H), —0.07 (9 H,
s, SiMes); 3C NMR data of 4b are listed in Table 1; MS (70
eV, El) m/z (rel intensity) 229 (M*, 5), 214 (8), 200 (24), 114
(100), 86 (95), 73 (25). Anal. Calcd for C;3H31NSi (229.5): C,
68.04; H, 13.62; N, 6.10. Found: C, 67.82; H, 13.62; N, 6.07.

Dibutyl(4-(trimethylsilyl)butyl)amine (4c). Reduction
of 3¢/3c¢’-SbCls™ (1.73 g, 2.93 mmol) with NaBH, (774 mg, 20.5
mmol) yielded 4c (626 mg, 83%): colorless liquid, bp 165 °C/
0.15 mbar; IR (film) 2955, 2935, 2875, 2862, 2799, 2770, 2738,
1467, 1458, 1377, 1259, 1249, 1085, 863, 834, 690 cm™; 'H
NMR (300 MHz, CDCls) § 2.37—2.32 (6 H, m, 1-H and 1'-H),
1.46-1.20 (12 H, m, 2-H, 2'-H, 3-H, and 3'-H), 0.87 (6 H, t, J
=7.2 Hz, 4'-H), 0.49—0.44 (2 H, m, 4-H), —0.06 (9 H, s, SiMey);
13C NMR data of 4c are listed in Table 1; MS (70 eV, EIl) m/z
(rel intensity) 257 (M*, 7), 242 (11), 214 (52), 143 (10), 142
(100), 100 (71), 98 (12), 73 (33). Anal. Calcd for Ci5H3sNSi
(257.5): C,69.96; H, 13.70; N, 5.44. Found: C, 69.70; H, 13.90;
N, 5.37.

Diisobutyl(4-(trimethylsilyl)butyl)amine (4d). Reduc-
tion of 3d/3d'-SbCls~ (1.43 g, 2.42 mmol) with NaBH, (390 mg,
10.3 mmol) yielded 4d (463 mg, 74%): colorless liquid, bp 150
°C/0.15 mbar; IR (film) 2961, 2935, 2910, 2878, 2801, 1471,
1461, 1386, 1365, 1262, 1251, 1085, 865, 837, 692 cm™%; 'H
NMR (300 MHz, CDCl3) 6 2.28 (2 H, br t, 3 = 6.9 Hz, 1-H),
203 (4H,d,J =7.2Hz 1'-H), 1.66 (2 H, nonet, J = 6.7 Hz,
2'-H), 1.43-1.26 (4 H, m, 2-H and 3-H), 0.86 (12 H,d,J=6.5
Hz, 3'-H), 0.50—0.45 (2 H, m, 4-H), —0.04 (9 H, s, SiMe3); *C
NMR data of 4d are listed in Table 1; MS (70 eV, EI) m/z 257
(M*, 4), 242 (11), 215 (15), 214 (84), 142 (22), 100 (100), 98
(11), 73 (33). Anal. Calcd for C15H3sNSi (257.5): C, 69.96; H,
13.70; N, 5.44. Found: C, 69.72; H, 14.06; N, 5.42.

Generation of the Tertiary Amines 5 and 6 from N,N-
Dimethylmethyleneammonium Hexachloroantimonate
(1f-SbClg™) and Allyltrimethylsilane (2a). Six equivalents
of 2a (4.80 mL, 30.2 mmol) were added to a stirred suspension
of 1f-SbCls~ (1.94 g, 4.94 mmol) in dry dichloromethane (14
mL). The salt 1f-SbCls~ dissolved completely after stirring for
45 min at room temperature. After another 3 h of stirring all
volatile components were evaporated in vacuo without heating
to yield 3.20 g of a colorless, solid residue. Reduction of this

(24) (a) Stadnichuk, M. D.; Sleta, T. M.; Petrov, A. A. J. Gen. Chem.
USSR (Engl. Transl.) 1968, 38, 2488—2494. (b) Petrov, A. A.; Kormer,
V. A.; Stadnichuk, M. D. Zh. Obshch. Khim. 1961, 1135—1139.
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residue with NaBH, (612 mg, 16.2 mmol) in acetonitrile (20
mL) and workup as described above yielded a 48/52 mixture
of methylbis(4-(trimethylsilyl)butyl)amine (5) and tris(4-(tri-
methylsilyl)butyl)amine (6) as a colorless liquid (1.45 g, 85%,
product ratio determined by 'H NMR): *H NMR (300 MHz,
CDCls) 6 2.44—2.39 (6 H, m, 1-H of 6), 2.30—2.25 (4 H, m, 1-H
of 5), 2.16 (3 H, s, NCHj; of 5), 1.49—-1.32 (4 H, m, 2-H of 5; 6
H, m, 2-H of 6), 1.26—1.15 (4 H, m, 3-H of 5; 6 H, m, 3-H of 6),
0.44—0.38 (4 H, m, 4-H of 5; 6 H, m, 4-H of 6), —0.12 (18 H, s,
SiMe; of 5; 27 H, s, SiMe; of 6); 3C NMR (75.5 MHz, CDCls)
0 57.35 (t, C-1 of 5), 53.47 (t, C-1 of 6), 42.07 (q, NCHjs of 5),
30.66 (t, C-2 of 6), 29.87 (t, C-2 of 5), 21.82 (t, C-3 of 5), 21.75
(t, C-3 of 6), 16.57 (t, C-4 of 5), 16.49 (t, C-4 of 6), —1.80 (q,
SiMe; of 5 and 6); GC-MS (column, DB 5 30 m, helium;
temperature range, 40—300 °C) MS 5 (tg = 6.90 min, EI) m/z
(rel intensity) 288 (3), 287 (M*, 13), 273 (11), 272 (M* — CH3,
42), 173 (33), 172 (100), 98 (11), 73 (89), 58 (100); 6 (tr = 8.83
min, E1) m/z (rel intensity) 401 (M, 4), 387 (9), 386 (25), 288
(10), 287 (28), 286 (100), 172 (40), 98 (6), 73 (27), 58 (51).

Propyl(4-(trimethylsilyl)butyl)amine (10b). The imi-
nium salt 1b-TfO~ was generated by addition of trimethylsilyl
triflate (0.500 mL, 2.77 mmol) to a solution of (dipropylamino)-
methoxymethane (356 mg, 2.45 mmol) in dichloromethane (10
mL). After 30 min of stirring, 2a (0.480 mL, 3.02 mmol) was
added with a syringe. The reaction mixture was stirred for
14 h at room temperature, before a saturated, aqueous solution
of K,CO3 (15 mL) was added. The mixture was transferred
to a separatory funnel and shaked vigorously. After separation
of the organic layer and extraction of the aqueous phase with
dichloromethane (4 x 20 mL), the combined organic layers
were dried over MgSOQ,, filtered, and concentrated in vacuo.
Bulb-to-bulb distillation yielded 10b (306 mg, 67%, purity
93%): colorless liquid, bp 90 °C/0.10 mbar; IR (film) 3270 (br,
N—H), 2945, 2918, 2863, 2795, 1452, 1405, 1372, 1255, 1243,
1123, 851, 828, 740, 686 cm™*; *H NMR (300 MHz, CDCls) &
2.57—2.50 (4 H, m, 1-H and 1'-H), 1.53—1.35 (4 H, m, 2-H and
2'-H), 1.33—-1.23 (3 H, m, 3-H and NH), 0.87 (3 H, t, J = 7.4
Hz, 3'-H), 0.50—-0.42 (2 H, m, 4-H), —0.07 (9 H, s, SiMe3); 1°C
NMR (75.5 MHz, CDCl3) 6 51.99, 49.77 (2t, C-1 and C-1'), 34.05
(t, C-2), 23.18 (t, C-2'), 21.76 (t, C-3), 16.64 (t, C-4), 11.77 (q,
C-3'), —1.72 (q, SiMe3); MS (70 eV, EIl) m/z (rel intensity) 187
(M*, 4) 172 (6), 158 (6), 114 (7), 73 (27), 72 (100), 59 (11), 44
(89). Anal. Calcd for C10H2sNSi (187.4): C, 64.09; H, 13.45;
N, 7.47. Found: C, 63.91; H, 13.33; N, 7.08.

Contamination by 7% of 3-butenyldipropylamine was indi-
cated by the following NMR signals: *H NMR (300 MHz,
CDCl3) 6 5.80—5.71 (1 H, m, 3-H), 5.03—4.91 (2 H, m, 4-H),
2.37-2.30 (4 H, m, 1'-H), 2.19—-2.11 (2 H, m, 1-H), 0.83 (6 H,
t, J = 7.3 Hz, 3'-H); ¥C NMR (75.5 MHz, CDCl3) § 137.15 (d,
C-3), 115.17 (t, C-4), 56.29 (t, C-1), 56.09 (2 C, t, C-1'), 31.44
(t, C-2), 20.21 (2 C, t, C-2'), 11.93 (2 C, g, C-3).

Isobutyl(4-(trimethylsilyl)butyl)amine (10d). As de-
scribed above for 10b, diisobutylmethoxymethane (384 mg,
2.22 mmol), trimethylsilyl triflate (0.460 mL, 2.55 mmol), and
2a (0.450 mL, 2.84 mmol) reacted in dichloromethane (14 mL)
to give 10d (411 mg, 89%): colorless liquid, bp 160 °C/21 mbar;
IH NMR (300 MHz, CDClg) 6 2.55 (2 H, t, J = 7.2 Hz, 1-H),
236 (2H,d,J=6.8Hz 1'-H), 1.71 (1 H, nonet, J = 6.7 Hz,
2'-H), 1.52—1.42 (2 H, m, 2-H), 1.41—1.20 (2 H, m, 3-H), 1.06
(1 H, br s, NH), 0.87 (6 H, d, J = 6.6 Hz, 3'-H), 0.51-0.41 (2
H, m, 4-H), —0.06 (9 H, s, SiMe3); 13C NMR (75.5 MHz, CDCls)
0 58.22 (t, C-1'), 49.90 (t, C-1), 34.05 (t, C-2), 28.27 (d, C-2'),
21.73 (t, C-3), 20.66 (2 C, g, C-3'), 16.65 (t, C-4), —1.71 (q,
SiME3).

The NMR spectra show a contamination (of about 13%)
probably by isobutyl(2'-methylpropenyl)(4-(trimethylsilyl)-
butyl)amine: 'H NMR (300 MHz, CDClg) ¢ 5.07 (1 H, sept, J
=1Hz 1'-H), 245-240 2 H, m, 1-H), 219 (2 H,d, 3 =7.2
Hz, 1"-H), 1.63, 1.57 (each 3 H, 2d, J = 1 Hz, 2'-(CHa)>), 0.83
(6 H, d, 3 = 6.6 Hz, 3"-H), —0.07 (9 H, s, SiMejg); °C NMR
(75.5 MHz, CDCls) ¢ 136.06 (d, C-1'), 123.42 (s, C-2'), 64.55,
56.34 (2 t, C-1 and C-1"), 31.95 (t, C-2), 27.41 (d, C-2"), 22.16
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(q, 2'-CHg), 21.60 (t, C-3), 20.72 (2 C, g, C-3"), 17.61 (q, 2'-
CHg), resonances of C-4 and SiMes; seem to be identical with
those of 10d.

Reaction of N,N-Dimethylmethyleneammonium Tet-
rachloroaluminate (1f-AICl;”) with (2-Methylallyl)tri-
methylsilane (2b). The silane 2b (0.557 mL, 3.20 mmol) was
injected at ambient temperature into a suspension of iminium
salt 1f-AICl,~ (762 mg, 3.36 mmol) in dichloromethane (23 mL).
After 21 h of stirring, the reaction was quenched by addition
of a mixture of concd NHs/water (15 mL, 1/1). The resulting
heterogeneous mixture was stirred vigorously and filtered by
suction through Celite. The filtrate was extracted with
dichloromethane (3 x 20 mL), and the combined organic layers
were dried over MgSQO,, filtered, and concentrated in vacuo.
Bulb-to-bulb distillation gave a 89/11 mixture of isomeric
compounds 11f and 12f (313 mg, 53%, product ratio deter-
mined by *H NMR): colorless liquid, bp 70 °C/0.10 mbar. All
analytical data were obtained from the mixture of isomers.
11f/12f: IR (film) 3075, 2955, 2860, 2815, 2765, 1633, 1461,
1260, 1250, 1160, 1042, 853, 694 cm™*; 'H NMR (300 MHz,
CDCls) 11f 6 4.55—4.53 (1 H, m, 5-H), 4.49 (1 H, br s, 5-H),
2.35—-2.30 (2 H, m, 1-H), 2.17 (6 H, s, NMey), 2.09—-2.04 (2 H,
m, 2-H), 1.48 (2 H, d, J = 0.8 Hz, 4-H), —0.04 (9 H, s, SiMe3);
12f65.20 (1 H, 9, 3 = 1.3 Hz, 4-H), 2.29—2.24 (4 H, m, covered
in part by signals of 11f, 1-H and 2-H), 2.19 (6 H, s, NMey),
1.78 (3 H, d, J = 1.3 Hz, 5-H), 0.04 (9 H, s, SiMe3); ¥C NMR
data of 11f and 12f are listed in Table 2; MS (70 eV, EI) m/z
(rel intensity) 185 (M*, <1), 73 (9), 58 (100). Anal. Calcd for
Ci0H23NSI (185.4): C, 64.79; H, 12.51; N, 7.56. Found: C,
64.48; H, 12.48; N, 7.57.

Reaction of N,N-Diethylmethyleneammonium Triflate
(1a-TfO™) with (2-Methylallyl)trimethylsilane (2b). Fol-
lowing the procedure described for the formation of 10b (see
above), (diethylamino)methoxymethane (204 mg, 1.74 mmol),
trimethylsilyl triflate (0.317 mL, 1.75 mmol), and 2b (293 mg,
2.28 mmol) were combined in dichloromethane (7 mL) for 15
h. Bulb-to-bulb distillation of the crude product (80 °C/0.02
mbar) gave a 78/12/10 mixture (207 mg, 58%, product ratio
determined by 'H NMR) of three components, 11a, 12a, and
probably 4-(diethylamino)-2-methyl-1-butene. Further distil-
lations yielded a fraction of a mixture containing only 11a and
12a (86/14): colorless liquid, bp 70 °C/0.05 mbar. All analyti-
cal data were obtained from the mixture of isomers. 1la/
12a: 'H NMR (300 MHz, CDCl;) 11a 6 4.58—4.56, (1 H, m,
5-H), 451 (1 H, s, 5-H), 2.58—2.46 (6 H, m, 1-H and 1'-H),
2.11-2.06 (2 H, m, 2-H), 1.52 (2 H, d, J = 0.9 Hz, 4-H), 1.01
(6H,t,J=7.2Hz, 2'-H), 0.00 (9 H, s, SiMe3); 12a 6 5.23 (1 H,
g,J = 1.3 Hz, 4-H), 2.58—2.46 (6 H, covered by signals of 11a,
1-H and 1'-H), 2.28—-2.22 2 H, m, 2-H), 1.82 3H,d, 3 = 1.3
Hz, 5-H), 1.02 (6 H, t, J = 7.2 Hz, 2'-H), 0.07 (9 H, s, SiMe);
13C NMR data of 11a and 12a are listed in Table 2; MS (70
eV, El) m/z (rel intensity) 213 (M*, <1), 87 (42), 86 (100), 73
(25), 58 (32). Anal. Calcd for C12H27NSi (213.4): C, 67.53; H,
12.75; N, 6.56. Found: C, 67.51; H, 12.80; N, 6.57.

The assignment of 4-(diethylamino)-2-methyl-1-butene as
one of the components in the mixture after the first distillation
was based on the following *H and *3C resonances: *H NMR
(300 MHz, CDClg) 6 4.67, 4.64 (each 1 H, 2 br s, 1-H), 2.13—
2.06 (2 H, m, covered in part by 2-H of 11a, 3-H), 1.69 (3 H, s,
2-CHa); 13C NMR (75.5 MHz, CDCls) 6 144.46 (s, C-2), 110.53
(t, C-1), 51.36 (t, C-4), 35.02 (t, C-3), 22.60 (g, 2-CHg3),
resonances of C-1' and C-2' seem to be identical with either
1la or 12a.

Reaction of N,N-Dipropylmethyleneammonium Tri-
flate (1b-TfO™) with (2-methylallyl)trimethylsilane (2b).
As described for the formation of 10b (see above), (dipropyl-
amino)methoxymethane (410 mg, 2.82 mmol), trimethylsilyl
triflate (0.544 mL, 3.01 mmol), and 2b (403 mg, 3.14 mmol)
reacted in dichloromethane (20 mL) for 19 h. Bulb-to-bulb
distillation of the crude product (110 °C/0.04 mbar) gave a 77/
8/15 mixture (502 mg, 77%, product ratio determined by *H
NMR) of three components, 11b, 12b, and probably 4-(dipro-
pylamino)-2-methyl-1-butene. Further distillations yielded a
fraction of a mixture containing only 11b and 12b (90/10):
colorless liquid, bp 100 °C/0.04 mbar. All analytical data were
obtained from the mixture of isomers. 11b/12b: IR (film)
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3075, 2960, 2875, 2800, 1633, 1462, 1380, 1249, 1192, 1165,
1075, 850, 692 cm~*; *H NMR (300 MHz, CDCl3) 11b 6 4.56—
4.55 (1 H, m, 5-H), 4.50 (1 H, br s, 5-H), 2.57—-2.52 (2 H, m,
1-H), 2.39—-2.34 (4 H, m, 1'-H), 2.10—2.04 (2 H, m, 2-H), 1.51
(2 H,d,J = 0.6 Hz, 4-H), 1.50—1.37 (4 H, m, 2'-H), 0.85 (6 H,
t,J =7.3 Hz, 3'-H), 0.00 (9 H, s, SiMe3); 12b 6 5.21 (1 H, q, J
= 1.3 Hz, 4-H), 2.27-2.21 (2H, m, 2-H), 1.81 (3 H,d, J =1.3
Hz, 5-H), 0.07 (9 H, s, SiMej3), all other signals are covered by
11b; 3C NMR data of 11b and 12b are listed in Table 2; MS
(70 eV, El) m/z (rel intensity) 241 (M*, <1), 115 (10), 114 (100),
86 (10), 73 (18), 72 (12); MS (FI) m/z (rel intensity) 243 (7),
242 (27), 241 (M*, 100). Anal. Calcd for Ci4H3;NSi (241.5):
C, 69.63; H, 12.94; N, 5.80. Found: C, 69.60; H, 12.98; N, 5.77.

The assignment of 4-(dipropylamino)-2-methyl-1-butene as
one of the components in the mixture after the first distillation
was based on the following *H and *3C resonances: *H NMR
(300 MHz, CDCls) 6 4.67, 4.63 (each 1 H, 2 br s, 1-H), 2.14—
2.05 (2 H, m, covered in part by 2-H of 11b, 3-H), 1.69 (3 H, s,
2-CHg); 13C NMR (75.5 MHz, CDCls) ¢ 144.55 (s, C-2), 110.45
(t, C-1), 56.09 (t, C-1'), 52.60 (t, C-4), 34.95 (t, C-3), 22.69 (q,
2-CH3), resonances of C-2' and C-3' seem to be identical with
either 11b or 12b.

Reaction of N,N-Diisopropylmethyleneammonium Tri-
flate (1g-TfO") with (2-Methylallyl)trimethylsilane (2b).
Following the procedure described for the formation of 10b
(see above), (diisopropylamino)ethoxymethane (260 mg, 1.63
mmol), trimethylsilyl triflate (0.300 mL, 1.66 mmol), and 2b
(269 mg, 2.10 mmol) were combined in dichloromethane (5 mL)
for 15 h to give 11g (251 mg, 64%): colorless liquid, bp 120
°C/0.03 mbar; IR (film) 3065, 2950, 2860, 2800, 1628, 1460,
1379, 1357, 1244, 1200, 1158, 1104, 1040, 843, 689 cm~1; 'H
NMR (300 MHz, CDCl3) 6 4.56—4.55 (1 H, m, 5-H), 4.49 (1 H,
br s, 5-H), 2.99 (2 H, sept, J = 6.6 Hz, 1'-H), 2.52—-2.47 (2 H,
m, 1-H), 2.07-2.01 (2 H, m, 2-H), 1.51 (2 H, s, 4-H), 0.99 (12
H, d, J = 6.6 Hz, 2'-H), 0.00 (9 H, s, SiMe3); *C NMR data of
11g are listed in Table 2; MS (70 eV, EI) m/z (rel intensity)
241 (M+, <1), 115 (61), 114 (100), 73 (30), 72 (77). Anal. Calcd
for C14H31NSi (241.5): C, 69.63; H, 12.94; N, 5.80. Found: C,
69.78; H, 13.10; N, 5.90.

Ofial and Mayr

(E)-4-(Diethylamino)-1-(trimethylsilyl)-2-((trimethyl-
silyl)methyl)-1-butene (13). (2-((Trimethylsilyl)methyl)al-
lyl)trimethylsilane (2c) (1.89 g, 9.43 mmol) was injected at
ambient temperature into a suspension of iminium salt la-
SbCls™ (2.05 g, 4.87 mmol) in dichloromethane (18 mL). After
30 min of stirring, all volatile components were evaporated in
vacuo without heating. The viscous residue was hydrolyzed
by addition of a mixture of concd NHz/water (15 mL, 1/1). The
resulting heterogeneous mixture was stirred vigorously and
filtered by suction through Celite. The filtrate was extracted
with dichloromethane (2 x 20 mL), and the combined organic
layers were dried over MgSO, and concentrated in vacuo.
After bulb-to-bulb distillation (125 °C/0.08 mbar) of the
residue, 1.09 g of a mixture of at least three components was
obtained. Further bulb-to-bulb distillations yielded a fraction
of pure (E)-4-(diethylamino)-1-(trimethylsilyl)-2-((trimethylsi-
lyl)methyl)-1-butene (13, 700 mg, 50%): colorless liquid, bp
110 °C/0.08 mbar; IR (film) 2958, 2936, 2899, 2875, 2800, 1600,
1455, 1383, 1370, 1258, 1247, 1200, 1171, 1145, 1065, 845, 689
cm~%; 'H NMR (300 MHz, CDCls3) 6 4.98 (1 H, s, 1-H), 2.57—
2.50 (2 H, m, 4-H), 2.53 (4 H, g, J = 7.2 Hz, 1'-H), 2.22—-2.16
(2H, m, 3-H),1.63 (2H,d,J=0.5Hz 2-CH,), 1.04 (6 H, t, J
= 7.1 Hz, 2'-H), 0.08 (9 H, s, 1-SiMe3), 0.00 (9 H, s, 2-CH,Si-
(CH3)s3), structural assignments were based on NOE experi-
ments; 13C NMR (75.5 MHz, CDCl3) 6 155.76 (s, C-2), 122.43
(d, C-1), 52.45 (t, C-4), 46.83 (2 C, t, C-1'), 35.17 (t, C-3), 31.03
(t, 2-CHy), 11.90 (2 C, g, C-2'), 0.54 (g, 1-SiMes), —1.35 (q,
2-CH3Si(CHs3)s); MS (70 eV, EI) m/z (rel intensity) 285 (M*,
<1), 270 (2), 86 (100), 73 (15). Anal. Calcd for C;5H3sNSi>
(285.6): C, 63.08; H, 12.35; N, 4.90. Found: C, 62.97; H, 12.61;
N, 4.67.
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