
This article was downloaded by: [California Institute of Technology]
On: 08 October 2014, At: 05:07
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic Organic
Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/lsyc20

Ring Formylation of Bromobenzoate
Esters by Direct Metalation
Andrew S. Kende a & Min Zhong a
a Department of Chemistry , University of Rochester ,
Rochester, NY, 14627
Published online: 17 Sep 2007.

To cite this article: Andrew S. Kende & Min Zhong (1999) Ring Formylation of Bromobenzoate
Esters by Direct Metalation, Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic Chemistry, 29:19, 3401-3407, DOI:
10.1080/00397919908085967

To link to this article:  http://dx.doi.org/10.1080/00397919908085967

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information
(the “Content”) contained in the publications on our platform. However, Taylor
& Francis, our agents, and our licensors make no representations or warranties
whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and
views of the authors, and are not the views of or endorsed by Taylor & Francis. The
accuracy of the Content should not be relied upon and should be independently
verified with primary sources of information. Taylor and Francis shall not be liable
for any losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or indirectly in
connection with, in relation to or arising out of the use of the Content.

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919908085967
http://dx.doi.org/10.1080/00397919908085967


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.
Terms & Conditions of access and use can be found at http://www.tandfonline.com/
page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

C
al

if
or

ni
a 

In
st

itu
te

 o
f 

T
ec

hn
ol

og
y]

 a
t 0

5:
07

 0
8 

O
ct

ob
er

 2
01

4 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 29( 19), 3401-3407 (1999) 

RING FORMYLATION OF BROMOBENZOATE ESTERS 

BY DIRECT METALATION 

Andrew S. Kende* and Min Zhong 

Department of Chemistry, University of Rochester 
Rochester, NY 14627 

ABSTRACT A study on the synthesis of a benzaldehyde containing an ester 
function directly from ferf-butyl 4-lithiobenzate was described. f-Butyl 4- 
bromobenzoate reacted with butyllithium at - 7 8 T  in THF, followed by 
immediate addition of DMF to give the desired benzaldehyde in moderate yield. 
The scope of this reaction was examined 

The introduction of a CHO group to aromatic rings containing a preexisting 

COOH or COOR group is not readily achieved by mild electrophilic substitution 

such as the Vilsmeier Reaction.' In connection with our synthetic approach to 

Spirolactam I,2 we sought to prepare the trisubstituted aldehyde lb. To this end, 

we followed the procedure of Lampe er al 3 starting with t-butyl 4-bromo-3,5- 

dibenzyloxybenzoate (la), followed by lithiation in THF at -78'C and 

subsequent quenching by DMF to give aldehyde l b  in 58% yield (Scheme 1). 

* To whom correspondence should be addressed 
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3402 KENDE AND ZHONG 

Because of our need to prepare several related aldehydes, we explored the scope 

of this useful reaction. Specifically, we examined whether the observed stability of 

the f-butyl 4-lithio-3,5-dibenzyloxybenzoate at -78°C against self-condensation 

was the result of the hindered carbonyl of the r-butyl ester or of the steric 

shielding by the two dibenzyloxy group flanking the metalated site. 

Scheme 1 

Table 1. Results of the fonnylation reactions by bromide-lithium exchange 

Entry R2 R3 R4 R5 Rfj R7 Rs Yield 
1 OBn Br OBn H CHO OBn H 
2 OMe Br OMe H CHO OMe H 
3* OBn Br OBn H CHO OBn H 
4 H Br OBn H CHO OBn H 
5 H Br OMe H CHO OMe H 
6 H Br H H CHO H H 
7 H H Br H H CHO H 
8 H H H Br H H CHO 

58% 
58% 
14% 
39% 
43% 
47% 
32% 
0% 

* For entry 3, Rt was benzyl group; for entry 1-2 and 4-8, RI were t-butyl group. 

As shown in Table 1, replacement of the two benzyloxy substituents by 

methoxy groups led by this sequence to the desired aldehyde 2b in 58% yield. 

However, the 3,5-dibenzyloxy benzyl ester gave the aldehyde 3b in only 14% 

yield. That the role of the f-butyl ester is primary is firther demostrated by the 
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RING FORMYLATION OF BROMOBENZOATE ESTERS 3403 

extension of this sequence to a variety of t-butyl bromobenzoates including two 

substrates lacking any alkoxy substituent (a, 7b). Curiously, t-butyl 2- 

bromobenzoate failed to give any aldehyde (8b) under these conditions, even 

though the 3-bromo analog gave a 32% yield of 7b. 

We have also investigated the effects of varying the alkyllithium (Table 2), 

the solvent (Table 3) and the amount of base (Table 4) in the transformation 

below. 

ABu 1. BuLi. THF. -78% x 
$r 

b 

2 DMF. -78'C-r.1 

JHO 
R 

Scheme 2 

Table 2. Effect of alkylithium structure on the formylation reaction 

Entry Substrate1 Base Base Yield (%) 

1 I.O/1.0 n-BuLi 43 
2 1 .Oil .o s-BuLi 48 
3 1.0/1 .o f-BuLi 42 

(eq.) 

THF as solvent 

Thus while the role of THF appears to be critical, the other variables above 

were not significant. 

We conclude that the low temperature metalation of a variety of r-butyl 3- 
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3404 KENDE AND ZHONG 

Table 3. Effect of solvents on the formylation reaction 

Entry Substrate/ Base Solvent Yield (“A) 

1 1.0/1.0 THF 43 
2 1.0/1 .o Ether 0 
3 1.OA.O n-Hexane 0 

(eq.) 

* n-BuLi as base 

Table 4. Effect of amount of base on the formylation reaction 

Entry Substrate (eq.) n-BuLi (eq.) Yield (“A) 
1 1 .o 1.1 47 
2 1 .o 1 .o 43 

* THF as solvent 

bromo and 4-bromobenzoates is a g e n d  synthetic route which leads to the 

corresponding new benzaldehydes in a one-pot reaction in moderate yields. 

Experimental 

All melting points were determined on MEL-TEMP and are uncorrected. IR 

and 1H Nh4R were recorded on Perkin Elmer 1600 and QE 300 GE-Nicolet 

instruments respectively. Mass spectra were recorded on VG 7070 and HP 

5989A by UCR Mass Spectrometry Laboratories. Microanalyses were due by 

GALBRAITHB Laboratories, Inc.. 

General Procedure To a solution of the f-butyl bromobenzoate (1 .O mrnol) 

in 10 mL dry THF at -78°C under argon was added into n-BuLi ( 1.6 M in heme,  
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RING FORMYLATION OF BROMOBENZOATE ESTERS 3405 

1.0 mmol), followed immediately by addition of dry DMF (2.Ommol) . The 

resulting mixture was stirred at -78OC for 30 min and then warmed to r.t and 

stirred for another hour. Subsequently, the mixture was stirred with I d  1M 

aqueous HC1 for 10 min, then the mixture was concentrated and the residue was 

dissolved in ethyl acetate. The organic phase was washed with sat. NaHC03 

aqueous solution, brine, and dried over MgS04. The solvent was removed and the 

residue was purified by chromatography, using silica gel as support, and 

hexanedethyl acetate (1 O/l(v/v)) as mobile phase to give the desired benzaldehyde 

as described in Table 1. 

lb. m.p 87-88OC (lit.3 white foam); IR (CHC13) 1713, 1686 cm-l; 'H NMR 

(CDC13) 6 10.64 (s, lH, -CEO), 7.26-7.50 (m, 12H,12 x Ar-HJ, 5.23 (s, 4H, 2 x - 

C&Ph), 1.60 (s, 9H, -C(CI13)3); MS (d~) 418(M+), 345, 327, 310, 271, 254, 

181,91(100), 65; Anal. Calcd. for C26H2605: C, 74.62; H, 6.26. Found: C, 74.68; 

H, 6.44. 

2b. m.p 124-125OC; IR (CHCI3) 1716, 1686 cm-1; 1H NMR (CDCl3) 6 10.52 

(s, 1H, -CEO), 7.20 (s, 2H, 2 x A r - 9 ,  3.95 (s, 6H, 2 x -C3) ,  1.62 (s, 9H, - 
C(CH3)3); MS ( m h )  266(M+), 210, 193, 181, 168, 149, 134, 120, 107, 91, 77, 66, 

57(100), 41; HRMS Calcd. for C14H1805 266.1 15424, found 266.1 15002. 

3b. m p  101-102°C; IR (CHC13) 1718,1689 cm-1; 1H NMR (CDC13) 6 10.64 

(s, 1H, -cHO), 7.33-7.48 (m, 17H,17 x Ar-HJ, 5.37 (s, 2H, -C&Ph ), 5.23 (3, 
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3406 KENDE AND ZHONG 

4H, 2 x -C&Ph); MS (m/z) 452(M+), 361, 344, 253, 181, 91(100), 65; Anal. 

Calcd. for C29H2405: C, 76.96; H, 5.35. Found C, 76.87; H,5.48. 

4b. m.p 9596°C; IR (CHC13) 1711, 1686 cm-1; 1H NMR (CDCI3) 6 10.58 

2H, J= 6.0 Hz, 2 x Ar-HJ, 7.37-7.48 (m, 5H,5 x Ar-HJ, 5.25 (s, 2H, -C&Ph), 

1.61 (s, 9H, -C(C5)3); MS (dz) 312(M+), 239, 199, 165, 91(100), 57; Anal. 

Calcd. for C19H~004: C, 73.06; H,6.45. Found: C,72.96; H.6.57. 

5b. m.p 63-64OC; IR (CHC13) 1711, 1686 cm-1; 1H NMR (CDC13) 6 10.50 

(s, lH, -CEO), 7.85 (d, 2H, J=6.0 Hz, 2 x Ar-HJ, 7.62 (s, IH, -Ar-HJ, 7.61 (d, 

2H, J= 9.0 Hz, 2 x A r - 9 ,  3.98 (s, 3H, - C s )  1.61 (s, 9H, -C(C5)3); MS (dz) 

236(M+), 180, 163, 148, 135, 119, 105, 77, 57(100), 41; Anal. Calcd. for 

C13H1604: C, 66.09; H, 6.83. Found: C, 66.53; H,7.02. 

6b. m.p 48-49OC; IR (CHCl3) 1706 cm-1; 1H NMR (CDC13) 6 10.10 (s, IH, 

-CEO), 8.16 (d, 2H, J= 6.0 Hz, 2 X Ar-HJ, 7.95 (d, 2H, J= 9.0 Hz, 2 x Ar-9 ,  

1.62 (s, 9H, -C(CI-L3)3); MS (d~) 207(MH+), 191, 151, 133, 105, 77,65, 57(100), 

41; Anal. Calcd. for C12H1503: C, 69.89; H, 6.84. Found C, 70.20; H, 6.97. 

7b. m.p 3 1-32OC; IR (CHCI3) 1702 cm-1; 1H NMR (CDCI3) 6 10.07 (s, lH, - 

CEO), 8.45 (s, lH, Ar-HJ, 8.25 (d, lH, J= 9.0 Hz, Ar-HJ8.05 (d, lH, J= 6.0 Hz, 

Ar-HJ, 7.60 ( t ,  lH, J= 7.5 Hz, A r - 3 ,  1.62 (s, 9H, -C(C&)3); MS (4') 

207(MH+), 191, 151, 133, 105, 77,65,57(100), 41; Anal. Calcd. for C12H1503: C, 

69.89; H, 6.84. Found C, 70.03; H, 6.89. 
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3407 RING FORMYLATION OF BROMOBENZOATE ESTERS 
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