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Desilylative Nitration of Alkyl- and Allylsilanes
 with Nitronium Salts!

Summary: Desilylative nitration of methyl- and ethyl-
silanes with nitronium tetrafluoroborate in sulfolane so-
lution gives nitromethane and nitroethane, respectively.
Higher alkylsilanes are also nitrated, but the reactions are
followed by HNO, elimination. The method represents
the first successful nitrodesilylations at saturated carbon.
Allylsilanes react cleanly with NO,BF, in methylene
chloride solution to give nitropropenes in good to excellent
yield. These reactions, however, involve initial attack by
NO,* on the allylic 7-system followed by fluoride-induced
trimethylsilyl elimination and not direct desilylative ni-
tration at saturated carbon. 1-(Trimethylsilyl)but-2-ene
gives exclusive secondary 3-nitrobut-1-ene and not the
primary direct nitrodesilylation product 1-nitrobut-2-ene.

Sir: Nitration of hydrocarbons is one of the best studied
and well-understood organic reaction.?? Generally, the
nitration of aliphatic compounds takes place via a free
radical mechanism,?? whereas aromatic compounds are
preferentially nitrated by electrophilic reagents.

The isolation and characterization of stable nitronium
salts has been an important development?® in the study of
nitration. Nitronium salts such as NO,*BF~, PF;", and
SbF,~ are extremely active for aromatic nitration and give
high yields under mild conditions. Nitronium salts have
also been found to nitrate aliphatic hydrocarbons. Olah
and Lin* showed that even alkanes were nitrated by ni-
tronium salts, but the reactions are generally complex and
yields frequently low.

Due to the difference of electronegativity of carbon and
silicon®® and consequent higher nucleophilicity of Si-C
bonds, we have considered the reaction of alkylsilanes with
nitronium salts, as means of enhancing the reactivity of
aliphatic compounds toward nitronium salts (eq 1). The
reaction should also be favored due to the very high affinity
of silicon for fluorine.

—Si—(|3—~ + NO3"BFy~ —= —(I:—Nog + -—-S|i—-F + BF3
|

(0

Desilylative nitration of arylsilanes was observed by
Benkeser, Speier, and Eaborn,” respectively, with intact
ring nitration predominating and protodesilylation playing
a significant role. Olah et al. reported!® that nitronium
salts in pyridine/(HF), solution add to olefins, giving 1-
fluoro-2-nitroalkanes, which then can be dehydrofluori-
nated to nitroolefins. Recently Schmitt and Bedford!!
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reported that bis(trimethylsilyl)acetylene with NO,BF,
gives nitro(trimethylsilyl)acetylene. The reaction that is
promoted by fluoride ion is in all probability proceeding
through an addition—-elimination path. To our knowledge
no desilylative nitration at a saturated carbon was ever
reported. We report now our initial findings of this re-
action, which offers a new way to nitroalkanes and also
ascertains for the first time true desilylative nitration at
saturated carbon without the involvement of addition-
elimination in desilylative nitration of w-systems.

The reaction of (trimethylsilyl)methane, i.e., tetra-
methylsilane with an equivalent of NO,BF, was first
studied. Due to its low boiling point (27 °C), the reaction
was carried out in a pressure reactor. At temperatures
between ambient and up to 80 °C, we observed that tet-
ramethylsilane in sulfolane solutions is desilylatively ni-
trated by NO,"BF,” to give nitromethane, trimethyl-
fluorosilane, and boron trifluoride (eq 2).

Me,Si + NO,*BF,” — MeNO, + Me,SiF + BF; (2)

The reaction is complete in 2 h to give ~80% (isolated,
>90% GLC) vield of nitromethane (distilled isolated
product) and the corresponding amount of trimethyl-
fluorosilane and boron trifluoride (GC and MS analysis).
If the reaction is continued for one more hour and the
temperature is increased up to 140 °C, trimethylfluoro-
silane formed reacts further with NO,"BF, to give a
second nitrolysis of a carbon/silicon bond (eq 3).

Me,SiF + NO,BF, — MeNO, + Me,SiF, + BF;  (3)

If the reaction of tetramethylsilane is carried out with
2 equiv of NO,*BF,” for 8 h, 2 equiv of nitromethane are
obtained. However, no further reaction is observed with
excess of NO,*BF,”. Work with NO,*BF," is limited by
its decomposition temperature of about 150 °C. More
thermally stable salts, such as NO,*SbF;™ react similarly
with tetramethylsilane, giving no further nitrolysis, in spite
of applicable higher reaction temperatures up to 200 °C.

The desilylative nitration of tetramethylsilane is con-
sidered to involve typical o-nitration of the C—Si bond via
a five-coordinate two-electron three-center bonded silico-
nium-carbonium ion, which then cleaves giving nitro-
methane and fluorotrimethylsilane (eq 4). The reaction
if greatly facilitated by the high affinity of fluoride for the
developing trimethylsilyl cation.

CHa CH3z
| NO3z
CH3SiCH3 + NO,'BFy~ —~ CHasng BFy~™ —
| | CH4
CHa CH3

CH33‘i+ BFs~| + CHaNO»

CHa

&

(CHg)gSiF + BFg (4

We attempted to extend the desilylative nitration to
homologous alkylsilanes to prepare higher nitroalkanes.
The reaction of tetraethylsilane with NO,BF, at 50 °C
gives a 25% vyield of nitroethane (as well as ethylene oli-
gomers indicative of HNO, elimination from nitroethane,
giving ethylene). No improved yield of nitroethane was
observed if higher temperatures were used, only enhanced
decomposition of the product. The reaction of tetra-
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propylsilane did not give isolable nitropropane but only
propene indicative of ready HNO, elimination. When
trimethylpropylsilane was reacted similar results were
obtained together with 10% of nitromethane, indicating
competing nitrodesilylation at the methyl carbon.

Subsequently the desilylative nitration of expected more
reactive allylsilanes was studied with NO,BF,. In fact,
allylsilanes are known to be very reactive toward electro-
philes but give the corresponding products of allylic re-
arrangements.>%12

The reaction of allylsilane with NO,BF, in dichloro-
methane solution was found to give 80% yield of the
corresponding 3-nitroprop-1-ene (eq 5).

CH,Cl,
CH2=CHCHQSiM63 + N02+BF4—
CH,—CHCH,NO, + Me,SiF + BF, (5)

Representative is the reaction of allyltrimethylsilane
with NO,*BF,~. In a 50-mL three-necked flask was added
0.001 mol of allyltrimethylsilane to 10 mL of dry di-
chloromethane. The system was cooled to -78 °C.
NO,*BF, (0.001 mol, 1.33 g) was slowly added during a
period of 20 min. A slow stream of dry nitrogen was passed
through the system to purge trimethylfluorosilane and
boron trifluoride formed in the reaction. After 30 min all
the nitronium salt had disappeared. The mixture was then
allowed to warm to room temperature, dichloromethane
distilled off at atmospheric pressure, and the product
distilled under vacuum: bp 62 °C/(25 mm); yield, 80%;
13C NMR 6 77.75 (Cs), 123.86 (C,), 126.62 (C3); 'H NMR
6 4.95 (CH,NO,, 2 H, d), 5.40 (CH, 1 H, m), 5.75-6.00
(CH,;=, 2 H, m).

Other allylsilanes such as 2-methyl-3-(trimethylsilyl)-
propene and 1-(trimethylsilyl)but-2-ene were also reacted
under similar conditions and gave the corresponding 2-
methyl-3-nitropropene and 3-nitro-but-1-ene in 65% and
75% yields, respectively (eq 6 and 7).

CH2=C(CH3)Csti(CH3)3 + N02+BF4_'-’
CH,~=C(CH;)CH,NO, + (CH;);SiF + BF; (6)

CH30H=CHCH2Si(CH3)3 + N02+BF4~ -
CH;CH(NO,)CH=CH, + (CH;);SiF + BF; (7)

The desilylative nitration of allylsilanes is considered
to proceed through initial electrophilic attack of NO,* on
the allyl system followed by desilylative elimination {(eq
8).

NO2*BF{™
BFg

+
CHp =CHCH 2 Si(CHa)3 OzNCHgCiiCHz BFy ™

Si (CH3)3

|

OaNCHCH=CH, + (CH3)3SiF + BFg (8

This is clearly borne out in the reaction of 1-(tri-
methylsilyl)but-2-ene, where the product is not 1-nitro-
but-2-ene (the direct desilylative nitration product) but
only secondary 3-nitrobut-1-ene (eq 9).

CHaCH==CHCH,NO;

CH3zCH=CHCH,Si({CH3)a ~
+
NO,BF CHa?HCHCHQ‘Si(CHa):ﬂ BF4™

NO,

{

CHaCHCH==CHp + (CH3)sSIF + BFg (9

NO3z
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The desilylative nitration of alkylsilanes such as tetra-
methylsilane with nitronium tetrafluoroborate proceeds
readily. This is the first example of desilylative nitration
at saturated carbon and extends the scope and knowledge
of electrophilic reactions at saturated Si-C bonds. As
boron trifluoride is also formed as byproduct in the reac-
tions it can facilitate in case of secondary and tertiary
systems HNO, elimination and formation of olefins. 2-
Nitropropane and 2-methyl-2-nitropropane when treated
with BF; indeed were found readily eliminate HNO, to the
corresponding olefins with subsequent polymerization.
Allylsilanes in contrast give generally high yields of ni-
troalkenes. Their reactions, however, proceed via initial
NO,* attack on the w-system followed by desilylative
elimination. Our work is continuing to overcome limita-
tions and to make the desilylative nitration of aliphatic
silanes a general method for the preparation of nitro-
aliphatics.
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Asymmetric Reduction of Phosphinyl Imines with
Hydride Reagents. Enantioselective Synthesis of
Chiral Primary Amines

Summary: Prochiral diphenylphosphinyl imines are
asymmetrically reduced by chiral hydride reagents to chiral
diphenylphosphinylamines. For dialkyl examples, the
enantioselectivities obtained are the highest thus far for
hydride reductions of imine derivatives.

Sir: In contrast to the considerable successful attention
devoted to the asymmetric reduction of prochiral ketones
to chiral alcohols! with hydride reagents, corresponding
studies and identification of useful enantioselective con-
versions of imine derivatives to amines have been sparse,
and only very limited success has been obtained.?

(1) For reviews, see: (a) Midland, M. M. Asymmetric Synthesis;
Morrison, J. D., Academic: New York, 1983; Vol. 2, Chapter 2. (b)
Grandbois, E. R.; Howard, S. I.; Morrison, J. D. Asymmetric Synthesis;
Morrison, J. D., Ed.; Academic: New York, 1983; Vol. 2, Chapter 3. (c)
Haubenstock, H. Top. Stereochem. 1983, 14, 231. Recent additional
studies include the following. (d) B-(3-pinanyl)-9-borabicyclo[3.3.1]no-
nane: Brown, H. C.; Pai, G. G. J. Org. Chem. 1985, 50, 1384 and cited
references. (e) Diisopinocampheylchloroborane: Chandrasekharan, J.;
Ramachandran, P. V.; Brown, H. C. J. Org. Chem. 1985, 50, 5446; Brown,
H. C.; Chandrasekharan, J.; Ramachandran, P. V. J. Org. Chem. 1986,
51, 3394. (f) K 9-O-DIPGF-9-BBNH: Brown, H. C.; Park, W. S,; Cho,
B. T.J. Org. Chem. 1986, 51, 1984; Brown, H. C; Cho, B. T.; Park, W.
8. J. Org. Chem. 1986, 51, 3396. Other dialkylmonoalkoxyborohydrides,
Brown, H. C.; Park, W. 8.; Cho, B. T. J. Org. Chem. 1986, 51, 3278. (g)
Chiral sulfamides/LiAlH; Hawkins, J. M.; Sharpless, K. B. J. Org.
Chem. 1984, 49, 3861. (h) 8-Amino alcohols/BHy Itsumo, S.; Ito, K,;
Hirao, A.; Nakahama, S. J. Org. Chem. 1984, 49, 1984 and cited refer-
ences. (i) Polymeric (S)-prolinol/BH;: Itsumo, S.; Ito, K.; Hirao, A,;
Nakahama, S. J. Chem. Soc., Perkin Trans. 1 1984, 2887.

0022-3263/87/1952-0702$01.50/0 © 1987 American Chemical Society



