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Abstract; Two isomeric, hydroxylated derivatives of the potent insecticide/acaricide bifenthrin were prepared from a 
common precursor. A high degree of control over the relative stereochemistry at all three stereogenic centers was 

achieved by closure of the Cl-C3 bond of the cyclopropane ring using a judicious choice of ring closure substrates. 

Bifenthrin 1 is a third generation pyrethroids that is 

structurally and biologically unique:4 structurally for the 
biphenyl alcohol fragment; biologically for the strong 

acaricidal (miticidal) activity that complements potent, broad 
spectrum insecticidal activity. As part of a metabolism study, 

authentic samples were needed of hydroxylated bifenthrin 

derivatives 2 and 3.5 Very little literature on the synthesis of 

these types of important metabolites. 6 

1 R’=R2=H Bifenthrin 
2 R’=H, R*=OH 

3 R’=OH, R*=H 

The acid portion of bifenthrin is 3-cis (>95%) and so the problem reduces to the preparation of two 

diastereomers of hydroxylated bifenthrin: 2-cis-3-cis 2 and 2-trans-3-cis 3. A synthetic strategy to control the 
relative stereochemistry at all three stereogenic centers was adopted that involved the closure of the Cl-C3 

cyclopropane bond. Both isomers could then be formed from a common y-hydroxyacid intermediate (Scheme 
I). The 2-cis isomer would be formed by closure of a y-lactone and the 2-tram isomer would result from ring 

closure while the alcohol was protected with a suitably large, non-chelating group. Stereocontrol at C3 relied 
upon the observation that ring closure of 4 results in a predominantly 3-cis product.7 

The sodium salt of the key intermediate 3-hydroxymethyl-3-methyl-4-pentenoic acid 68 (Scheme II) was 

prepared using a basic peroxide ring cleavage of cyclobutanone 5,9 available in two steps from isoprene.*” 
Acidification of 6 gave lactone 7 (60% from 5). Alternatively, removal of solvent in vacua and reaction of 6 
with excess tert-butyldimethylsilyl (TBS) chloride in acetonitrile gave the silyl ether-silyl ester 8a. This silyl 
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Scheme II 
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‘I’BS = I-butyltllmcthylslly1 

L 
6 OTBS 

8a R=TBS 

CO,R 8b R=CH3 $ e 

a.) Ref. 9. 40%; b.) H,O,, NaOH c.) H+, 60% d.) xs TBSCI e.) 1. CH,OH, DBU, 2. CH,I, 40%. 

ester was then converted to the more stable methyl ester Sb by treatment with DBU and methanol m 
acetonitrtle, and alkylation of the DBU-carboxylate salt with iodomethanelt (40% from 5). 

Introduction of the halogenated side chain was accomplished, for both 7 and Sb, using a copper- 
catalyzedI addition of Freon-l 13aTM and gave a 1:l mixture of diastereomers 9 and 13, respectively (8.5%, 

Scheme III). The next step was to determine the level of stereogenic control engendered by the use of the 
TBS protecting group in 13. Ester 13 was treated with potassium t-butoxide in heptane/N,N-dimethyl 

acetamid&’ followed by treatment with DBU to complete the dehydrohalogenation.t3 Gratifyingly, only the 2- 
rtti~s isomers 16 were observed, indicating that the TBS group was sufficiently bulky to achieve the desired 
selectivity. In a similar fashion, lactone 9 cyclized to 2-cis cyclopropanes 12. 

The presence, in both 9 and 13, of equivalent amounts of both chloride epimers at C3 resulted in the 
formation of a nearly equal mixture of 3-cls and 3-vans cyclopropane isomers. Removal of this stereogenic 
center by dehydrohalogenation to 10 and 14, followed by Sn2’ ring closure, was anticipated to result in 

predominantly 3-cis products. 6 Dehydrochlorination of 9 and 13 was therefore investigated. 

Dchydrochlorination of 9 (and 13) can occur to give two isomeric products (10 and 11, or 14 and 1S 
respectively) and each case ytelded very different olefin product ratios. In the case of lactone 9, a 2: 1 mixture 
of the desired 4-pentene 10 and a diastereomeric mixture of 5-pentenes 11 resulted (84%). In contrast, similar 
treatment of ester 13 with DBU gave only a small amount of the desired isomer 14, wtth the diastereomeric 

mixture of 15 predominating by a factor of 1:lO (86%). 

Treatment of lO+ll (2: 1) with potassium t-butoxide gave a mixture of cis 12a and tram 12b in a ratio of 
X5:1. substantially more than the 1.5: 1 mixture obtained from ring closure of 9 under the same conditions. 

Assuming that ring closure of I1 produces equal amounts of 12a and 12b (see below), the ratio derived from 
10 is calculated to be >10:1! The reasons for this selectivity are unclear. Examination of the conformational 

energies of 17, on rotation about the C2-C3 bond, revealed only a minor difference in the pro-trans and pro-& 
confom7:ttions.*4 

A similar treatment of 14 and 15 (1: 10) with potassium t-butoxide resulted in a I:1 mixture of cis 16a 
and tram 16b (45%), identical with the results of ring closure of ester 13, and consistent with a product 

dtastereomer ratio determined by the C3 chloride configuration. 
Esterification of lactone 12 with the bifenthrin alcohol was accomplished in a manner similar to the 

esteriftcatton of hydroxyacid 6. Hydrolysis of lactone 12a and isolation of the salt was followed by treatment 

with excess TBSCt. The resulting silyl ester was transformed to the DBU-carboxylate salt by methanolysis in 
the presence of DBU. Atkylation of the salt with 2-methyl-3-phenylbenzyl bromide in acetonitrile gave 18 
(25% from 10). Removal of the silyl protecting group of 18 to reveal proposed metabolite 2 resulted in the 
rapid spontaneous lactonization of the hydroxyester and recovery of only 12. The apparent instability of 2 
makes it unlikely to be more than a transitory metabolic entity. Transesterification of 16a to 2-methyl-3- 

phenytbenzyt ester 19 under standard conditions, followed by deprotection. gave proposed metabolite 3 (20% 
from 168). 
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