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A simple TiCl4 promoted arylation of orthoformate
and benzyl ethers by N,N-dialkylarylamines
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Abstract—N,N-Dialkylarylamines react with trimethyl orthoformate and TiCl4 under ambient conditions to give the corresponding
formyl derivatives in 75–89% yields, whereas the corresponding arylated products are obtained from benzyl ethers and acetals in
42–78% yields.
� 2007 Published by Elsevier Ltd.
Although numerous methods are available for the
formylation of arenes as a result of their importance in
chemical and pharmaceutical syntheses,1,2 there is still
a need for reliable, highly regioselective synthetic meth-
ods for the introduction of a formyl group. It was
reported from this laboratory that N,N-dialkylaryl-
amines couple oxidatively to give the corresponding
N,N,N,N-tetraalkylbenzidines in the presence of TiCl4.3

During the course of investigating the scope and limita-
tions of the reactivity of the N,N-dialkylarylamines in
the presence of TiCl4,4 we observed that these amines
react with trimethyl orthoformate and TiCl4 to give
the corresponding formyl compound 1 (Scheme 1).

For example, the reaction of N,N-dimethyl-1-naphthyl-
amine and trimethyl orthoformate with TiCl4 produced
4-dimethylamino-1-naphthaldehyde 1a in 89% yield
(Table 1, entry 1), besides the corresponding benzidine
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derivative (10%). This transformation was carried out
with other N,N-dialkylarylamines in the presence of
TiCl4 and the results are summarized in Table 1.5

We observed that in the reaction of TiCl4 with 1-phenyl-
ethanol methyl ether and N,N-diethylaniline, the
corresponding arylated product N,N-diethyl-4-(1-phen-
ylethyl)aniline 2a was obtained in 52% yield (Table 1,
entry 5). In contrast, the reaction of benzaldehyde
dimethyl acetal and N,N-diethylaniline with TiCl4 pro-
duced the corresponding triarylmethane derivative 3a
in 72% yield (Scheme 2, Table 1, entry 6). Similarly,
phenylacetaldehyde dimethyl acetal gave diaryl substi-
tuted product 3b in 80% yield (Table 1, entry 7).

Interestingly, in the reactions using aryl ethers such as
1,2-dimethoxy-1,2-diarylethane 4, the expected 1,2-
disubstituted product was not formed. Instead, 1,1-
disubstituted aryl derivative 5 was formed in 42–78%
yields (Scheme 3). For example, the reaction of N,N-di-
ethylaniline and TiCl4 with 1,2-dimethoxy-1,2-diphenyl-
ethane produced 5a in 78% yield. The reaction was
generalized with other 1,2-dimethoxy-1,2-diarylethanes
as well as using other arylamines and the results are
summarized in Table 2. Product 5c was also identified
by X-ray crystal structure analysis (Fig. 1).

The transformations would be expected to proceed
through initial substitution of the OCH3 group in the
orthoformate (Scheme 1) and benzyl ethers by the aryl-
amine (Schemes 2 and 3). The formation of 1,1-disubsti-
tuted products 5 in the reaction of N,N-dialkylanilines
and 1,2-dimethoxy-1,2-diarylethanes (Scheme 3) can be
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Table 1. Reaction of TiCl4 and N,N-dialkylarylamines with orthoformates and benzyl ethersa

Entry ArNRR0 Electrophile Productb Yieldc (%)

1 Ar = 1-naphthyl HC(OMe)3 1a 89
R = R0 = Me

2 Ar = 1-naphthyl HC(OMe)3 1b 85
R = R0 = –C5H10–

3 Ar = Ph R, HC(OMe)3 1c 75
R 0 = Et

4 Ar = Ph, R = Et HC(OMe)3 1d 82
R 0 = n-butyl

5d Ar = Ph PhCH(OMe)CH3 2a 52
R = R0 = Et

6e Ar = Ph PhCH(OMe)2 3a 72
R = R0 = Et

7e Ar = Ph PhCH2CH(OMe)2 3b 80
R = R0 = Et

a The reactions were carried out using arylamine (5 mmol), trimethyl orthoformate (7.5 mmol) and TiCl4 (10 mmol, 1:1 solution of TiCl4/CH2Cl2).
b The products were identified by 1H, 13C NMR spectral data and compounds 1d and 3b were also identified from mass spectral data.5,6

c The yields are of isolated products.
d The reaction was carried out using the ether (2.5 mmol), amine (5 mmol) and TiCl4 (10 mmol, 1:1 solution of TiCl4/CH2Cl2).
e The reactions were carried out using acetals (2.5 mmol), amine (7.5 mmol) and TiCl4 (10 mmol, 1:1 solution of TiCl4/CH2Cl2).
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Table 2. Reaction of TiCl4 and arylamines with 1,2-dimethoxy-1,2-
diarylethane 4a

Entry ArNRR0 4 Productb Yieldc

(%)

1 R = R0 = Et Ar = Ph 5a 78
2 R = R0 = –C5H10– Ar = Ph 5b 55
3 R = R0 = Et Ar = 1-naphthyl 5c 72
4 R = R0 = –C5H10– Ar = 1-naphthyl 5d 42

a The reactions were carried out using arylamine (7.5 mmol), 1,2-
dimethoxy-1,2-diarylethane 4 (2.5 mmol) and TiCl4 (10 mmol, 1:1
solution of TiCl4/CH2Cl2).

b The products were identified by 1H NMR and 13C NMR spectral
data and product 5c was also characterized by X-ray crystal structure
analysis.5

c The yields are of isolated products.

Figure 1. ORTEP diagram of compound 5c.
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explained in terms of substitution of one OCH3 group in
the 1,2-dimethyl ether followed by the rearrangement of
the aryl group to give the carbocation and subsequent
reaction with the arylamine to produce compound 5
(Scheme 4).

Previously, it was reported from this laboratory that
TiCl4 reacts with N,N-dialkylarylamines at 0–25 �C to
give the corresponding benzidines in 57–91% yields.3

Tentative mechanistic pathways involving oxidation of
the arylamines to the corresponding radical cations or
formation of aryltitanium R2N–Ph–TiCl3 species fol-
lowed by dimerization were considered to rationalize
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this transformation, since TiCl4 is known to oxidize
amines7–9 and Lewis acids such as BCl3 are known to
react with aromatic rings to give the corresponding
Ar–BCl2 species.10 In order to examine whether such
aryltitanium species are involved in the transformations
reported here, we carried out an experiment using N,N-
dialkylaniline and TiCl4 at �40 �C and quenched the
reaction mixture after 6 h with D2O. In this case, the
corresponding benzidine was obtained in 10% yield
and the recovered N,N-dialkylaniline did not contain
deuterium. Presumably, the aryltitanium species is not
formed here or it is not stable even at �40 �C.

TiCl4 has been used earlier in combination with MeO-
CHCl2

11 for the formylation of diphenols,12 3-substi-
tuted thiophenes,13 and for the O-formylation of
phenols.14 On the other hand, it was reported that
hydrolysis of 2-arylbenzo-1,3-dithiols using mer-
cury(II) chloride and mercury(II) oxide in boiling aque-
ous tetrahydrofuran produced 1a in 37% yield.15 Also,
compounds 1a and 1c were obtained in only 32% and
22% yields, respectively, following a method using hex-
amine.16 Previously, such formyl derivatives of N,N-
dialkylarylamines have been used for the synthesis of
dyes containing a dialkylaminostyryl moiety.17 Since
these formyl derivatives are readily accessed using the
TiCl4/(MeO)3CH reagent system, the procedures
described here have considerable synthetic potential.
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Z = 2, qc = 1.152 mg m�3, l = 0.066 mm�1, T = 298(2) K.
Of the 19,581 reflections collected, 7789 were unique
[R(int) = 0.0415]. Refinement on all data converged at
R1 = 0.0710, wR2 = 0.1950 (CCDC Deposition Number
293540).

6. Balme, G.; Gore, J. J. Org. Chem. 1983, 48, 3336–3338.
7. Bharathi, P.; Periasamy, M. Org. Lett. 1999, 1, 857–

859.
8. Periasamy, M.; Jayakumar, K. N.; Bharathi, P. Chem.

Commun. 2001, 1728–1729.
9. Periasamy, M.; Jayakumar, K. N.; Bharathi, P. J. Org.

Chem. 2005, 70, 5420–5425.
10. Bujwid, Z. J.; Gerrard, W.; Lappert, M. F. Chem. Ind.

1959, 1091.
11. Groos, H.; Rieche, A.; Mattey, G. Chem. Ber. 1963, 96,

308–314.
12. Scarpat, M. L.; Bianco, A.; Mascitelli, L.; Passacantilli, P.

Synth. Commun. 1990, 20, 2565–2572.
13. Meth-Cohn, O.; Ashton, M. Tetrahedron Lett. 2000, 41,

2749–2752.
14. Garcia, O.; Nicolas, E.; Albericio, F. Tetrahedron Lett.

2003, 44, 4961–4963.
15. Nakayama, J. Synthesis 1975, 3, 170–172.
16. (a) Duff, J. C. J. Chem. Soc. 1945, 276–277; (b) Duff, J. C.;

Furness, V. I. J. Chem. Soc. 1951, 1159–1164.
17. Banerji, J. C.; Sanyl, S. A. Indian J. Chem. 1968, 6, 346–

350.


	A simple TiCl4 promoted arylation of orthoformate and benzyl ethers by N,N-dialkylarylamines
	Acknowledgements
	References and notes


