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The reactions of triethyl, diethyl phenyl, or tributyl orthoformate with 1,3�dialkyl�
aluminacyclopentanes results in regioselective cleavage of the sterically less hindered Al—C(5)
bond; hydrolysis of the reaction mixture gives 4�methyl aldehyde acetals. In the case of more
inert orthoformates, the process is activated with catalytic amounts of ZrCl4.
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It is known1 that functional derivatives of 4�methyl�
alkanes are valuable low�molecular bioregulators and find
use in organic synthesis. For example, 4�methylno�
nan�1�ol is a sex pheromone of big meal worm,2 and
4,8�dimethyldecan�1�al is a pheromone of little and
Rhopalocera meal worms.3 The known syntheses of these
compounds1,2 include many steps or are inconvenient.

The present work was intended to continue our in�
vestigations of the reactions of organoaluminum com�
pounds with substrates containing geminal RO groups4,5

and to develop a preparative method for the synthesis of
inaccessible 1�functionalized 4�methylalkanes. For this
purpose, we studied the reactions of 3�alkyl�1�ethyl�
aluminacyclopentanes with orthoformates.

Results and Discussion

It should be noted6,7 that the reactivities of both
endocyclic Al—C bonds in β�alkylaluminacyclopentanes
(ACPs) toward nucleophilic reagents are usually almost
the same, significantly exceeding the reactivity of the
exocyclic Al—C bond. Thus, 1,3�dialkylaluminacyclo�
pentanes oxidize nonselectively to give an approxi�
mately equimolar mixture of isomeric 3� and 4�alkyl
alcohols.6

We found that the reactions of orthoformates 1a—c
with 3�alkyl�1�ethylaluminacyclopentanes 2a,b result in
regioselective ring opening via cleavage of the sterically
least hindered endocyclic Al—C(5) bond (Scheme 1).

Scheme 1

a: R1 = R2 = Et, R3 = n�C5H11
b: R1 = R2 = Bun, R3 = n�C6H13

c: R1 = Et, R2 = Ph, R3 = n�C6H13

For example, the reaction of ethyl orthoformate (1a)
with an equimolar amount of compound 2a in heptane
at 20 °C followed by hydrolysis of the reaction mixture
gives 1,1�diethoxy�4�methylnonane (3a) (Table 1). As
in the case of organomagnesium compounds,8—10 di�
ethyl phenyl orthoformate (1c) reacts with alumina�
cyclopentane 2b with elimination of only the phenoxy
group, the ethoxy groups remaining untouched. 1,1�Di�
ethoxy�3�ethylnonane and 1,1�diethoxypropane that
would form upon cleavage of the Al—C(2) and Al—Et



Vostrikova et al.902 Russ.Chem.Bull., Int.Ed., Vol. 51, No. 5, May, 2002

bonds were not detected in the reaction products. Under
analogous conditions, butyl orthoformate (1b) proved to
be substantially more inert, as evidenced by a low yield
of dibutyl acetal 3b (see Table 1).

Earlier,4 it has been shown that splitting of cyclic
acetals with triethyl� or triisobutylaluminum is catalyzed
by ZrCl4. In connection with this, it was interesting to
study the influence of this catalyst on the reactions of
orthoformates with ACP. It turned out that ZrCl4
(3 mol. %) catalyzes the process, providing the greatest
effect for the most inert orthoformate 1b (the yield of
compound 3b was 64%).

High regioselectivity of the reactions of ACP with
orthoformates, as well as a low reactivity of butyl
orthoformate compared to ethyl orthoformate, is prob�
ably due to steric hindrances in the transition state. As�
suming that the reaction can proceed through the for�
mation of four�membered intermediates11 4 and 5, one
should believe that structure 4 is sterically more prefer�
able; its decomposition yields 4�methyl�substituted
aldehyde acetals.

The structures of acetals 3a—c were proved using 1H
and 13C NMR spectroscopy. The 1H NMR spectra of
these compounds shows a characteristic doublet at
δ 0.85—0.9 for the methyl protons at the tertiary C atom.
Attention should also be given to magnetic nonequi�
valence of the CH2 protons at the O atoms in OCH2CH3
and OCH2CH2CH2CH3.

Experimental

Chromatographic analysis of the reaction mixtures was car�
ried out on a Chrom�5 chromatograph (stainless steel column
370×0.5 cm, 5% S�30 on Chromaton N�AW, flame ionization
detector, helium as a carrier gas). 1H and 13C NMR spectra

were recorded on a Bruker AM�300 spectrometer (300 and
75 MHz, respectively) in CDCl3 with Me4Si as the internal
standard. The starting aluminacyclopentanes 2a,b were pre�
pared according to the known procedure.6 Orthoformates 1a—c
were synthesized as described in Ref. 12, distilled in a flow of
argon over NaOH, and kept in an inert atmosphere; their physi�
cochemical parameters are identical with those reported in the
literature.12

Reactions of orthoformates 1a—c with 1�ethyl�3�n�pentyl�
(2a) and 1�ethyl�3�n�hexylaluminacyclopentanes (2b) (general
procedure). A solution of ACP 2a or 2b (20 mmol) in 10 mL of
dry heptane was added dropwise at –20 °C in an atmosphere of
dry argon to the corresponding orthoformate (20 mmol). The
reaction mixture was warmed to 20 °C, stirred for 6—96 h (see
Table 1), cooled to –20 °C, and decomposed by adding 20 mL
of aqueous 10% NaOH. The organic layer was separated, dried
with MgSO4, and analyzed by GLC. Products 3a—c were iso�
lated by distillation in vacuo.

1,1�Diethoxy�4�methylnonane (3a), b.p. 74—75 °C (1 Torr),
nD

20 1.4389. Found (%): C, 72.81; H, 12.94. C14H30O2. Calcu�
lated (%): C, 72.99; H, 13.12. 1H NMR, δ: 0.86 (d, 3 H,
H(10), CHCH3, J = 6.5 Hz); 0.88 (t, 3 H, H(9), CH2CH3, J =
6.9 Hz); 1.17 (t, 6 H, H(2´), H(2″), OCH2CH3, J = 7.0 Hz);
1.33 (m, 1 H, H(4), CH); 1.10—1.40 (m, 10 H, H(3), H(5),
H(6), H(7), H(8), CH2); 1.61 (m, 2 H, H(2), CHCH2); 3.48
(dq, 2 H, H(1´a), H(1″a), OCHaHb, J = 9.7 Hz, J = 7.0 Hz);
3.62 (dq, 2 H, H(1´b), H(1″b), OCHaHb, J = 9.7 Hz, J =
7.0 Hz); 4.45 (t, 1 H, H(1), CH(OEt)2, J = 6.0 Hz). 13C NMR,
δ: 14.1 (C(9), Me); 15.4 (C(2´), C(2″), OCH2CH3); 19.7 (C(10),
Me); 22.8 (C(8)); 26.8 (C(3)); 31.2 (C(6)); 31.9 (C(7));
32.3 (C(2)); 32.8 (C(4)); 37.0 (C(5)); 60.8 (C(1´), C(1″),
OCH2CH3); 103.4 (C(1)).

1,1�Dibutoxy�4�methyldecane (3b), b.p. 100—103 °C
(1 Torr), nD

20 1.4245. Found (%): C, 75.72; H, 13.64. C19H40O2.
Calculated (%): C, 75.94; H, 13.42. 1H NMR, δ: 0.86 (d, 3 H,
H(11), CHCH3, J = 6.4 Hz); 0.92 (t, 6 H, H(4´), H(4″),
O(CH2)3CH3, J = 7.3 Hz); 0.93 (t, 3 H, H(10), (CH2)3CH3);
1.37 (m, 1 H, H(4), CH); 1.30—1.45 (m, 18 H, H(5) H(6),
H(7), H(8), H(9), H(2´), H(2″), H(3´), H(3″), CH2); 1.56 (m,
4 H, H(2), H(3)); 3.41 (dq, 2 H, H(1´a), H(1″a), OCHaHb, J =
9.4 Hz, J = 6.4 Hz); 3.56 (dq, 2 H, H(1´b), H(1″b), OCHaHb,
J = 9.4 Hz, J = 6.4 Hz); 4.44 (t, 1 H, H(1), CH(OBun)2, J =
5.7 Hz). 13C NMR, δ: 13.9 (C(4´), C(4″), O(CH2)3CH3); 14.1
(C(10)); 19.4 (C(3´), C(3″), O(CH2)2CH2CH3); 19.6 (C(11));
22.7 (C(9)); 27.0 (C(3)); 29.6 (C(7)); 30.9 (C(6)); 31.8 (C(8),
C(2)); 32.0 (C(2´), C(2″), OCH2CH2Et); 32.6 (C(4)); 36.9
(C(5)); 65.0 (C(1´), C(1″), OCH2(CH2)2Me); 103.4 (C(1)).

1,1�Diethoxy�4�methyldecane (3c), b.p. 84—85 °C (1 Torr),
nD

20 1.4325. Found (%): C, 73.83; H, 13.08. C15H32O2. Calcu�
lated (%): C, 73.71; H, 13.20. 1H NMR, δ: 0.86 (d, 3 H,
H(11), CHCH3, J = 6.5 Hz); 0.88 (t, 3 H, H(10), CH2CH3,
J = 6.6 Hz); 1.09 (t, 6 H, H(2´), H(2″), OCH2CH3, J = 6.4 Hz);
1.12 (m, 2 H, H(3)); 1.28 (m, 1 H, H(4), CH); 1.20—1.37 (m,
12 H, H(2), H (5), H(6), H(7), H(8), H(9), CH2); 3.48 (dq,
2 H, H(1´a), H(1″a), OCHaHb, J = 9.4 Hz, J = 7.1 Hz); 3.63
(dq, 2 H, H(1´b), H(1″b), OCHaHb, J = 9.4 Hz, J = 7.1 Hz);
4.32 (t, 1 H, H(1), CH(OEt)2, J = 6.0 Hz). 13C NMR, δ: 14.3
(C(10)); 15.5 (C(2´), C(2″), OCH2CH3); 19.5 (C(11), Me);
22.6 (C(9)); 26.9 (C(6)); 29.6 (C(7)); 31.0 (C(3)); 31.7 (C(8));
31.8 (C(5)); 32.5 (C(4)); 36.8 (C(2)); 60.6 (C(1´), C(1″),
OCH2Me); 130.4 (C(1)).

Table 1. Reaction conditions and the yields of
acetals 3a—c (20 °C, heptane as a solvent)

Starting Time Acetal Yield
compounds /h (%)

1a + 2a 6 3a 45 (55*)
1a + 2b 6 3c 42 (50*)
1b + 2b 96 3b 5

6 3b 19*
24 3b 64*

1c + 2b 6 3c 53 (62*)

* In the presence of ZrCl4 (3 mol. %).
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Catalytic reactions of orthoformates 1a—c with 1�ethyl�
3�n�pentyl� (2a) and 1�ethyl�3�n�hexylaluminacyclopentane (2b)
(general procedure). A solution of ACP 2a or 2b (20 mmol) in
10 mL of dry heptane was added dropwise at –20 °C in an
atmosphere of dry argon to a solution of ZrCl4 (0.14 g, 0.6 mmol)
in orthoformate 1a—c (20 mmol). The reaction mixture was
warmed to 20 °C, stirred for 6—24 h, cooled to –20 °C, and
decomposed by adding 20 mL of aqueous 10% NaOH. The
organic layer was separated, dried with MgSO4, and analyzed
by GLC (see Table 1).

Products 3a, 3b, and 3c were also obtained from com�
pounds 1a + 2a, 1b + 2b, and 1c + 2b, respectively; they were
found to be identical with those described above.
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