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Abstract: A detailed study of the dipeptide catalysed enantioselective hydrocyanation of a series of O- 

substituted 4-hydroxybenzaldehydes has shown that adverse steric effects can occur leading to low 

enantiomeric excess (e.e.) values when the sub&tent is long and flexible. Similar hydrocyanation of several 

derivatives of 3,4-dihydroxybenzaldehydes have been shown to give very variable values of e.e. 

Hydrocyanation of 3,S-dimethoxy and 3,4,5-trimethoxybenz&lehyde consistently gave low values of e.e. 

Our continuing interest in the application of enantioselective cyanohydrin formation from aryl 

aldehydes to organic synthesist32 using the ‘Inoue’ dipeptide3 has led us to study reactions of a wide range of 

O-substituted 4-hydroxy, 3,4- and 3,5-dihydroxy and 3,4,Qrihydroxybenzaldehydes. In a previous paped 

we noted that asymmetric hydrocyanation of aryl aldehydes bearing electron-donating substituents in m- or p- 

positions relative to the aldehyde gave high e.e. values. We recently required a number of chiral 

cyanohydrins for use in the syntheses of chiral side chain liquid crystal polymers5 and some biologically 

active hydroxyamides6. These preparations have involved hydrocyanation of a range of O-substituted 

hydroxybenzaldehydes and the results from these reactions are presented in this paper and throw some light 

on the geometric constraints which are imposed on transition states leading to highly enantioselective 

reactions. 

Reactkms of O-substituted 4-hydroxybenzah2khydes 

(1) 
CR) - (2) 

A series of O-substituted 4-hydroxybenzakkhydes (1) was prepared by standard literature procedux~s. 

Reactions with hydrogen cyanide were carried out at -10” in toluene using the ‘Inoue’ catalyst3 which was 

activated prior to use by one of two established methods. The most successful method (method a) involved 

rapid precipitation of the catalyst from a solution in methanol by addition of ether7. Slightly worse results 

were obtained when the catalyst was activated by freeze-drying 2.8 (method b). The conversion was 

estimated from the tH n.m.r. spectrum of the total product and the e.e. values were determined by 

esterification using (R) - (+) - cyhalothrin acidd. Reactions of the alkenyloxybenzaldehydes 
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(1; R = H$=CH(CH&)where n = 1, 3, and 6 were carried out using the precipitated catalyst (entries 1, 3 

and 4) under standard conditions. (Table 1). The allyloxy compound consistently gave the corresponding (R)- 

cyanohydrin (2; R=H$=CHCHz) which contained no detectable amounts of the (S)-enantiomer. 

Table 1 Hydrocyanation reactions of O-substituted 4-hydmxybenzaldehydes (1)t 
Entry Aldedzde ( 1) Reacbon Conversion % . . Activation 

Time h % Method* 
/ 

1 H$=CHCH2 24 88 298* a 

2 HzC=CHCHz 24 58 78$ b 

3 H2C=CH(CH2)3 24 70 71 a 

4 HzC=CH(CH& 24 65 50 a 

5 CH30CH2 24 90 88 a 

6 CH30CH2 24 89 85$ b 

7 CH30CH2 48 95 80 b 

8 CH30CH2CH20CH2 48 42 5 a 

9 H2C=CHCH20 0 CO 24 85 80$ a 

10 H$Z=CHCH20 0 CO 48 95 75 a 

11 H$=CHCH20 0 CO 24 73 72 b 

12 H$Z=CH(CH&OoCO 24 60 90 a 

13 HzC=CH(CH2)90eCO 24 80 84 a 

14 H$Z=CH(CH2)90(9CO 48 95 78 a 

15 (CH3)3Si 24 <50 <5 ah 

t Reactions at -10’ for solutions of aldehyde in toluene 

* Activation methods: a rapid precipitation of catalyst, b freeze dried catalyst 

# Average of three of more experiments 

The freeze-dried catalyst gave e.e. values of 78% with this substrate. Reactions of the longer chain 

alkenyloxy compounds (1; R = H$=CH(CH2)3) (entry 3) and (1; R = H2C=CH(CH2)6) (entry 4) gave 

slightly lower conversions (70 t 65% respectively) and e-e. values which decreased with increasing chain 

length (71 and 50% for the compounds with n = 3 and n = 6 respectively). It thus appeared as though the 

longer flexible chains which could be expected to cause adverse steric interactions above and around the aryl 

ring were causing a decrease in enantioselectivity. 

Support for this suggestion came from the results of hydrocyanation of other substituted 4- 

hydroxybenzaldehydes. Reaction of the MOM-protected compound (1; R =CH@CH2) gave good yields and 

e.e.‘s under a variety of conditions (entries 5,6 & 7). In contrast the MEM - protected compound (1; R = 

CH@CH$H2OCH2) gave both a low yield and e.e. value. This dramatic decrease in yield and e.e.. appears 

to be connected with other than steric effects as the results are much lower than would be expected for a 

hydrocarbon substituent of comparable chain length (see entries 3 & 4). 

The ability of the mobile side chain to interact with catalyst surfaces in the vicinity of the aryl ring in 

the above reactions has been suggested to be the reason for obtaining low yields and e.e. values with several 

of the above compounds. Introduction of an alkenyl substituent in such a manner that it is not free to occupy 

space near the aryl aldehyde ring should therefore not lead to as significant a decrease in e.e. values. 
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9 
Accordingly the ~-~enyloxy~~yl derivatives (I; R = H$?=CIRC&jn GC ) where n =I,4 and 9 were 

prepared. Reactions of these compounds where alkenyl side chain ia remote from the a.# ddehyde ring 

under a range of conditions gave yields and e.e. values which did not show any correlation w&&he length of 

the side chain (entries 9 to 14). 

Reactions of silyloxy derivates consistently gave both low yields and e.e’s. One example &r (1; R = 

(H3C)$ii) is included in the table (entry 15). It is possible that 0 + N silyl transfer occurs render the 

reactions conditions thus leading to catalyst deactivation. 

Reuctims of O-substituted 3,4 and 3,S&hydroxybenzaiikhydes 

Previous work by us4 gave cyanohydrins from reactions of 3,4dibenzoyloxybenzaldehyde and 3,4- 

methylenedioxy~~~dehyde in both good yield (ca 70%) and e.e. (ca 75%). Reactions of other closely 

related compounds e.g. 3,4-dimethoxy~nzaldehyde, 3-me~oxy-4-benzyIoxy~nz~dehyde, and the 

methylene acetal from 3-hydroxymethyl-4-hydroxybenzaldehyde gave very variable results. Thus e.g. 

although a result comparable with the literature values was obtained for a reaction of 3,4- 

dimethoxybenzaldehyde using a precipitated catalyst (entry 16, Table 2), another worker obtained 

cyanohydrin with much lower e.e. values (entry 16). The activity of the catalyst in reactions of 4- 

~lyloxy~n~dehy~ was shown to be consistently high giving e.e. values 198% in ah cases. Very variable 

results were obtained for other aldehydes even when reactions were carried out by the same worker using the 

same catalyst (entries 16-19). If thus appears that the enantioselective cyanohydrin formation from these 3,4- 

disubstituted benzaldehydes is difficult to reproduce and should not be depended on as part of a synthetic 

plan. Reactions of 3,Mimethoxy and 3,4,5trimethoxybenzaldehydes consistentiy gave both low values of 

conversion and e.e. (entries 20.21). 

Tnble 2 Hydroeyrumtion reactions of O-substituted 3,4- and 3,Mihydroxybenmldehydes (ArCHO)~ 

Entry Substituent in Conversion E.E. 

&X-IO 46 % 

16 3*4+JI-I30)2- 60-80 20-73 

17 3,4-(PhCHzO)z- 70 794 

18 3-(PhCH20)-4-(CH30)- 70-90 <lo 

19 t-P 0 O-80 O-6.5 

CH 

20 3,5-(CII30)2- 50 O-10 

21 3,4,5-(CH30)3- 20-50 O-10 

t Reactions carried out at -10 to -So for 12 to 24h with catalysts of proven activity 

MechanMic Comments 

We believe that the sensitivity of the enantioseiection to the presence of long, flexible substituenta in 

the ~ru-~sition of the reacting aryl aldehyde, the very low reactivity and e.e. values spays in reactions 

of 3,5-disubstituted aryl aldehydes, and the lack of reproducibility of reactions of 3,4_disubstituted aryl 

aldehydes are in keeping with a U-shaped conformation of the dipeptido in the transition state of the type 

discussed by us previously9 and shown in the Figure. Conformational rigidity in the transition state leading 
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to high enantioselectively is provided by two hydrogen bonds and an aryl-aryl interaction. It is easy to see 

how 3,5-(Rl,R3 # H) or 3,4,5- (Rt,R2,R3 # H) substitutents could cause adverse interactions and disrupt the 

above transition state. The presence of para-substituents (RQH) would not be expected to cause adverse 

interactions unless they are both long and flexible e.g. as seen in the decrease in e.e. with increasing chain 

length noted above, (e.g. entries 1.3 and 4). First inspection of the proposed transition state suggests that 3,4- 

disubstituted aryl aldehydes (Rt,R2 # H, R3 = H) could be accommodated in the transition state. However, it 

is recognised that this transition state picture is probably an oversimplification as Danda has provided strong 

evidence for the involvement of a molecule of cyanohydrin7. 

The reason for the apparent enantiospecific formation of cyanohydrin from 4-allyloxybenzaldehyde 

(e.e. 2 98%) is difficult to explain. The result is significantly better 

so far studied where maximum e.e. values are no greater than 92%.4 

than for reactions of any other aldehyde 

Aryl-aryl 
intersection 

A possible hydrogen bond 
between the peptide and an 
aldehyde 

A hydrogen bond to restrict 
the rotation of the imidazole ring 

Figure The possible transition state between the U shape dipeptide and the aldehydes 

EXPERJMRNTAL 

General 

General conditions are as described previously.9 

Preparation of 4-substihrted benzoldehydes 

Protected 4-hydroxybenzahfehydes 

4-Trimethylsilyloxybenzaldehyde (1; R = MesSi). A typical preparation is described. 4-Hydroxy- 

benzaldehyde (1.00 g, 8.2 mmol) was added to a solution of triethylamine (1_25g, 12.3 mmol) in 

dichloromethane (40 mL). Trimethylsilyl chloride (l.O2g, 9.3 mmol) was added to the solution dropwise at 

room temperature. The solution was refluxed for 6 h under nitrogen gas, then cooled, washed with sodium 

carbonate solution (lM, 40 mL), water (3 x 40 mL), dried (Na2S04) and the solvent was removed. The 

residue was chromatographed (SiO2, dichloromethane) to afford the title product (1; R = MesSi) as a yellow 

oil (1.35 g, 85%). (Found: C, 62.0; H, 7.3. Cl$Il.+O2Si requires C, 61.9; H, 7.2%). tH n.m.r. (200 MHz) 
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6 0.29, s, 9H, SiCH3; 6.92, d, J 8.6 Hz, 2H, ArH; 7.78 d, J8.6 Hz, 2H, ArH, 9.86, s, lH, ArCHO. In a similar 

maimer reaction of c~o~rne~yl~~yl ether gave ~me~ox~e~yloxy~~~hyde (1; R = CH3OCH2)*0 

(72%) and methoxyethoxymethy~ chloride gave methoxyethoxymethylbenza~dehyde (1; R = 

CH30CH2CH20CH2)” (75%). 

Preparation of 4-(mAlkenyZoxy)ben&dekydes 

4-A~lylu~be~z~~dehyde. ( 1; R = CHz=CHCHz). Ally1 bromide (21.82 g, 0.18 mol) was added 

dropwise at roon temperature to a solution of 4-hydroxybenzaldehyde (20.01 g, 0.164 mol), potassium 

hydroxide and potassium iodide (0.20 g) in ethanol (300 mL) and water f 100 mLJ and solution was refh~xed 

for 24 h. Workup followed by c~matography (SiOz, dichlo~meth~e) gave 4-~l~y~~~~e~z~e~y~e (1; R 

= CHz=CHCHz) as a pale yellow oil (2.34 g, 90%). (Found: C, 73.9; H, 6.6. CloHloO2 requires C, 74.1; H, 

6.2%). 1H n.m.r. (200 MHz) S 4.63, m, 2H, CHzOAr, 5.30-5.40, m, 2H, C&,=CH; 5.96-6.15, m, lH, CHz- 

CH[, 7.03, m, ZH, ArR, 7.84, m, ZH, ArH; 9.89, s. lH, ArCHO. 

A similar preparation was used for the fotlowing compounds: 

4-(4-Pentenyloxy)benzaZdehyde. (1; R = CHz=CH(CHz) 3) was obtained as a pale yellow oil (1.21 g, 

47%). (Found: (3, ‘75.5; H, 7.4. Ct2Ht4O2 requires C, 75.8; H, 7.4%). ‘H n,m.r. (200 MHz) 6 1.82-1.98, m, 

ZH, CH2; 2.18-2.31, m, 2H, CH2; 4.06, t, J 6.4 Hz, 2H, OCH2: 4.93-5.12, m, 2H, CR-CH2; 5.79-5.95, m, 

lH, CH=CHz; 7.00, m, 2H, m 7.83, m, 2H, ArH; 9.88, S, lH, ArCHO. 

4-(7-Octe~y~o~)benzu~ehyde. ( 1; R = CHz~H(CH2~6) was obtained as a pale yellow oil (1.55 g, 50 

%). (Found:C, 77.4; H, 8.9. C15H2002 requires C, 77.6; H, 8.6%). IH n.m.r. (200 MHz) S 1.25-2.10, m, 

lOH, KH2)5; 4.04, t, J 6.5 Hz, 2H, OCH2; 4X8-5.05, m, 2H, CH=CH2; 5.72-5.90, m, lH, CH=CH2; ‘7.00, 

m, 2H,ArR 7.84, m, 2H, A.rEk 9.88, s, lH, ArCHO. 

Preparation of 4-[4-(~Alkenyloxy)phenylcarboxy~benm’dekydes 

4-(4-AZlyoxyphenycarboxy)benzaZdehyde. (1; R= H$Z=CHCH@oCO) 4-Allyoxybenzoic acid 

(3.04 g, 16.8 mmol) and 4-hy~xy~nz~dehyde (2.06g, 16.8 mmol) were dissolved in ~~~ororne~~e (30 

r&J. The mixture was cooled to 0” and 1,3-dicyclohexyicarbodiimide (3.81 g, 16.8 mmol) and 4- 

dimethylaminopyridine (30 mg) were added to the solution. After 30 min, the solution was allowed to warm 

to ambient temperature and stirred for a further 4 h. The 1,3-dicyclohexyluma formed was removed by 

filtration. The resulting solution was washed with water (3x30 mL), dried (Na2S04) and the solvent was 

removed. The residue was chromatographed (SiO2, dichloromethane) to afford 4-(4- 

a~~yo~phe~yca~b~~~be~za~~ehy~e as white crystals (4.50 g, 95%), m.p. 80-850. (Found: C, 72.1; H, 5.3. 

C17H1404 requires C, 72.3; H, 5.0%). 1H n.m.r. (200 MHz) 6 4.56, m, 2H, CH20; 5.30-5.48, m, 2H, 

CI+CH; 6.0-6.11, m, lH, CHz=CH; 7.0-8.17, m, 8H, ArR 10.02, s, lH, ArCAO. 

4-I4-(5_Hexenyloxy)phenycarboxyjbenzaldehyde. (1; R = CH~=CH(CH~)~O~CO ) was obtained in 

a similar manner as white crystals (1.36 g, 93%), m.p. 51-520. (Found: C, 74.2, H, 6.0. C&&o04 requires 

C, 74.1; H, 6.2%). 1H n.m.r. (200 MHz) 6 1.15-2.25, m, 6H, (CH2)3; 4.07, t, J 6.3 Hz, 2H, CH20, 4.96- 

5.1 1, m, 2H, CH2=tX$S.74-5.94, m, lH, CH@I-I; 6.98, m. 2H, ArH: 7.39-8.14, m, 6H, Arm, 10.02, s, lH, 

ArCHO. 
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4-14-(lo-U~~~~~~~e~y~cu~~o~~~~de~y~e. (1; R=CH:! = CH (CH2)9OoCO) was 

obtained as white uystak (1.66 g, 72%), m.p. B-600. (Found: C, 76.0; H, 7.9. C25H30O4 requires C, 76.2; 

Y7.62). lHam.r_ @REJMHz) 6 1.28-2.10, m, 16H,(CH2)8; 4.05, t,.J 6.5 Hz, 2H, CH20; 4.91-5.02, m, 

m CH23cH; 5.-i5.=, m, lH, CH+XI; 6.97, d, .i 3.8 Hz, 2H, ArH, 7.39, d, J 8.5 Hz, 2H, ArH; 7.96, m, 

2H ArH; 8.12m, 2RI, AaH 10.01, S, lH, ArCHQ. 

Thee hywrm procedure &se&ma previously9 was used. The e.e. values of the resulting 

cyanohycirms weae aetemined using (R) - I+) -- cyhalothrin acids. 

Cyan&&ins 

Key spectral data lcor tie c:yanohydrins ankl their cyhalothrin esters are sumnkked below. 

2-Jij~froxy-2-(4-mekxym &ykqphenyl)acetonibilc. (2; R = m umax(film): 3400 br.s, 2250 cm- 

l. tH n.m.r. 6 3.47, s. 3H, OCIH3;5,$9, s,Bi, OCH2OW;SAk6, s, lH, CH(OH)CN; 7.08, d, J 8.8 Hz, 2H, 

Arm 7.43, d, J 8.7 Hz, 2H, ArH. 

(R)-(+)-Cyhalothrin ester. 1~ m;m.r. (300 MHz]: c(E~R,3R.,2R)~isomer 6 6.32, s, CH(CN),. 

(l’R,3’R,2S)-isomer 6 6.39, s, CH (CBB), e.e. 85%. 

2-Hydroxy-2-(4-methoxyethe ~~yfoxyphenyi)ace&&&iile. (2; R = MEM) u,,,ax(film): 3400 br.s, 

2250 cm-l. ‘H. n.m.r. (200 MHz) 6 3.36, S, 3H, CH$B; 352, m, 4H, OCH2CH20; 5.29, S, 2H, OCH20; 

5.47, s, lH, CHCN(OH); 7.11, d, J h 8.8 Ek4I-k ArH; 7.41, d, JSi.8 Hz,2H, ArH. 

(Rj-(+)-Cyhalothrin ester. 1 H wn:r. (300 MHz): (l’R,YR,2R)-isomer 6 6.33, s, CH(CN). 

(l’R,3’R,2S)-isomer 6 6.38, s, CH(Ch I). e-e. 5%. 

2-Hydroxy-2-(4-trimethysilyloxy, vhe@ketonitrile. (2; R = A@Si) $,&film) 3400 br.s, 2250~ cm- 

1. 1H n.m.r. (2OOMHz) 6 0.07, s, 9H, Si(CH3kxd.80, s, H-J, CH(OH)CN,; 7.92, d, J &6 Hz, 2H, ArH; 7.8 1, 

d, J 8.7 Hz, 2H. ArH. 

(R)-(+)-Cyhalothrin ester. ‘II’ n.m.r. @(Jo MHZ]: (l’R,3’R,2R)-isomer d 6.36, s, CH(CN). 

(l’R,3’R,2S)-isomer 6 6.41, s, CH(CN) e. e. 2%. 

2-Hydroxy-2-{4-[4-(2-propenyloxyA~heny~~~~lph~~acetonit~le. (2; R = 

CH2=CHCH&==&O ) ~max (film): 3430 br.s, 2250~ cm-t. 1H n.m.r. (2OOMHz) 6 4.64, m, 2H, CH20, 

5.32-5.39, m, 2H, C&=CH; 5.56, s, lH, CB(OH)CN; 5.98-6.17, m, lH, CHz=CH; 6.97-8.17, m, 8H, ArH. 

(R)-(+)-Cyhabthrin ester. ‘H p-mc (200 -3: (1’R. 3’R 2R)-isorrqr 6 6.40, s, CH(CN). (l’R, 3’R, 

2S)-isomer 6 6.45, s, CH(CN), ee. 78%. 

2-Hydraxy-2-~4-[4-(5-he~ny~O~)p~~a~~~]P~nYlf~~tQR~i~. (2; R = 
CH~=CH(CH~)~~~CQ) q-(fil&: 34QO br.s, 2250 w-1. 1H n.m.r. (2OOMHz) 6 1.55-1.62. m. 2H, 

CH2, 1.79-1.90, m, 2H, CH2; 2. J-2.2, m, 2H, CTl2; 4.08, m, 2H, CH20; 4.95-5.10, m, Z-J, CHFCJ-J; 5.55, s, 

1~ CH(OH)CN; 5.75-5.95, m, lH, CH2=CH; 6.98-8.61, m, 8H, ArH. 
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(R)-(+)-Cyhalothrin ester. tH n.m.r. (300 MHz) (l’R,3’R,2R) -isomer 6 6.32, s, CH(CN). (l’R,3’R,3S)- 

isomer 6 6.38, s, CH(CN), e.e.90% 

2-Hydroxy-2-{4-[4-(1O-~ecenyloxylphenyIcar~~]p~nyi~acetoni~~. (2; R--CH2=CH(CH2)g 

CGCC) vmax(film): 3400 br.s, 2250~ cm- *. 1H n.m.r. (200 MHz) 6 1.31-2.08, m, 16H, (CH2)s; 4.04, t, J 

6.5Hz, 2H, CH20; 4.92-5.03, m, 2H, CH2=CH, 5.56, s, lH, CH(OH)CN, 5.74-5.88, m, lH, CH;?=CH; 6.94- 

7.0,2H, m, 2H, ArH. 7.27-7.31, m, 2H, ArH, 7.57-7.62, m, 2H, ArH 8.10-8.15, m, 2H, ArH. 

(R)-(+)-Cyhalothrin ester. 1H n.m.r. (300 MHz): (‘R. 3’R, 2R)-isomer 6 6.32, s, CH(CN). 

(I’R,3’R,2S)-isomer S 6.48, s, CH(CN), e-e. 78% 

2-Hydroxy-2-[4-(2-propenyloxy)phenyl]acetonitrile. (2; R = CH2=CHCH2) m-p. 57.559O, *(film): 

3400 br.s, 2250~ cm-l. lH n.m.r. 6 4.54, m, 2H, CH20, 5.27-5.40, m, 2H, CHz=CH; 5.46. s, lH, 

CH(OH)CN; 5.93-6.15, m, lH, CH2=CH; 6.90, m, 2H, ArH; 7.43, m, 2H, ArH. [ot]g= + 45.3 (C = 1, 

CHCb). 

(R)-(+)-Cyhalothrin ester. 1H n.m.r. (300 MHz): (l’R,3’R2R)-isomer 6 6.32, s, CH(CN), e.e. 198%. 

(R,S)-isomer was not found. 

To check the apparent enantiomeric purity an (R)-(+)-MTPA ester was also prepared. 1 H n.m.r. (300 

MHz): (R,R)-isomer S 3.56, d, J 1.15 Hz, 3H, 0CH3; 4.55, m, 2H, CH2; 5.28-5.45, m, 2H, CH2=CH; 5.96- 

6.11, m, lH, CHz=CH, 6.54, s, lH, CH(CN); 6.90-7.93, m, 9H. ArH, e.e. 298%. (R,S)-isomer was not found. 

I?-Hydroxy-2- [4-(4-pentenyloxy)phenyl]acetonitriZe. (2; R = CH2=CH(CH2)3 ) vmax (film): 3400 

br.s, 2250~ cm-l. 1H n.m.r. (200 MHz) 6 1.82-2.0, m, 2H, CH2; 2.18-2.31, m, 2H, CH2; 3.98, t, J 6.4 Hz, 

2H, OCH2; 4.97-5.10, m, 2H, CH=CH2; 5.47, s, lH, CH(OH)CN; 5.80-5.93, m, lH, CH=CH2; 6.95, m, 2H, 

ArH; 7.43, m, 2H, ArH. 

(I?,)-(+)-Cyhalothrin ester: 1H n.m.r. (300 MHz) : (l’R,3’R,2R)-isomer 6 6.3 1, s, CH(CN). (l’R,3’R,ZS)- 

isomer 6 6.37, s, CH(CN) e.e. 80%. 

2-Hydroxy-2-[4-(7-octenylony)phenyl]acetonitriZe. (2; R = CH2=CH(CH&) ~~~(film): 3400 br.s, 

2250 cm-l. 1H n.m.r. (200 MHz) 6 1.25-2.15, m, lOH, (CH2)5; 3.97, t, 6.5 Hz, 2H, OCH2; 4.90-5.10, m, 2H, 

CH=C&; 5.46, s, lH, CH(OH)CN; 5.70-5.92, m, lH, CH=CH2; 6.95, m, 2H, ArH; 7.45, m, 2H, ArH. 

(R)-(+)-CyhaZothrin ester: lH n.m.r. (300 MHz): (l’R,3’R,2R)-isomer 6 6.31, s, CH(CN). 

(l’R,3’R,2S)-isomer 6 6.37, s, CH(CN), e.e. 80%. 

Reactions of di- and tt? - substituted benzakiehydes 

The aldehydes summan ‘sed in Table 2 were reacted under the standard conditions and the e-e. values 

determined using (R)-(+)cyhalothrin acid. Catalyst which gave e.e. values 2 98% for reactions of 4- 

allyloxybenzaldehyde were used and gave the wide spread of results recorded in Table 2. 
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