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SYNTHETIC COMMUNICATIONS, 2 2 ( 7 ) ,  1049-1060 (1992) 

A S-IC P A m A Y  TO 1R- AND lS-DIHXDI& 

c H F ( Y ~ L A C T 0 w L  (+)-3-c-. 

Alexey V. Rukavlshnikov and Alexey V. Tkaohev* 

Nouoetbirsk InetCtute of O r m f c  Chamtetry 
NovostbCrtth. 630090. UBSR 

@TRACT: A novel synthetlo approaoh to the enantlome- 
rio dihydroohryeanthemolaotonee ie desoribed. 

Enantiomerio (IS)- 7 and ( 1R)- 11 dihydn>Ohrymnthem~- 

laotonee are  the key intermediates h the egnthesie of 

h-y efflolent pyrethmld ineectloldes . We have 

worked out a new route to these oompounde etartlng rrom a 
novel lntemediate, (IR,S)-2,2-dlmethyl-3 (2-oxopropy1)- 

oyolopropane aoetonltrile 2, which I s  a readily available 
eeco-derivative of the natural monoterpene hydrooarbon 

(+)-3-oarene 1 . Laotonee 7 and 1 1  are prepared from 

i 

1 - 3  

* To whom oorrespondenoe should be addressed. 
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1050 RUKAVISHNIKOV AND TKACHEV 

ketonitrile 2, as shown in the soheme. Ketonitrile 2 is 

condensed with alkyl nitrite to the oximino derivative 3 

which ie transfonned to dinitrile 4 by BeCkmann's 

impentation. Nitrile groups of dinitrile 4 essentially 

differ in reaotivitg, which allom the selective Pinner 

reaction to be performed with the subsequent hydrolysis 

of imino-ester to give ester 5 .  Treatment of oyano-ester 

5 with excess methylmagnesium iodide leads to hydmxy- 

nitrile 6 whose alkaline hydrolysis with subsequent 

lactonization gives (?S)-dihydmo~anthemolactone 7. 

The Grignard reaotion at the keto group of ketonitrile 2 
gives hydroxgnitrile 8 whioh forms hydmxgamide 9 by the 

Radzishevsky reaction with alkaline hydrogen peroxide. On 

Hoffman rearrangement with excess hypobromite in a two- 

phase system in the preeenoe of a phase transfer cata- 

lyst, amide 9 gives hydroxynitrile 10 being enantiomer of 

hydroxgnitrile 6. Hydrolpie of nitrile 10 followed by 

laotonieation leads to (IR)-~droohrgsanthemolaotone 

11. 'Pheee synthetio sequences give fair  yields of target 

producte: from ketonitrile 2 the yields or (IS)- 7 and 

(1R)- 11 dihgdrochrgsanthemolaotones a r e  31 and 48% 

respectively. 

E x p m A I J  

NMR speotra were obtained using a Vmian 56/60 spect- 

rometer ('H 60 MHz) and a Bruker WP 200 SY spectrometer 

( I 3 C  50.32 W ) .  IR spectra were obtained using a UR-20 
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PATHWAY TO 1R- AND 1s-DIHYDROCHRYSANTHEMOLACTONES 1051 

I 
1. KOH-H2O-EtOH 
2. TsUH -benzene 

\/ t 

I1 7 
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1052 RUKAVISHNIKOV AND TKACHEV 

spectrometer. Mass spectra were obtained us- a Finn- 
U T  8200 instrument with EI ionization. Optical rotation 

was measured in C H C I ~  using polarimeter POIMAY! A (CmZ 
ZetSS J M A ) .  

( I R , 3 S ) - 2 , 2 - D t m e t ~ Z - 3 ( 2 - ~ ~ o ~ Z ~ - ~ c Z ~ ~ ~ c e ~ ~  
nttrlle 2 with [ a l ~ ~ o  -12" (pure liquid) was prepared 

from (+)-3-carene 1 as described in ref. 
3 

To a Bt*d solution of ketonitrile 2 (20.0 g, 121 

m l )  in m3w (80 mL) t-WXINO (12.6 g, 122 m o l )  and 3 N 

m,plo (50 mL, in C H ~ O H )  are added. rphe reaction mixture 

is heated to 50°C and allowed to cool down spontaneously. 

After the mixture was allowed to stay during 15 h at room 

temperature, methanol is evaporated at reduced pressure, 

the resulting mixture is diluted wlth H2a (I00 mL) and 

wa6hed with Er20 (2x30 mL). The aqueous phase is 

aoidified with 1 N HCI (200 mL) and extraoted with E t 2 O  

(50, 30 mL). 'Phe combined ethereal solutions are washed 

with brine (20 mL) and dried (ngso,). rphe solvent is 

evaporated at reduced pressure to give the crude oxbe 3 

(21.0 g, 89% yield) as brown visooue oil solidifying when 

staying. me analytioal Sample of oxime 3 is prepared by 

crgstallization or  the orude product from Ef,D-heXane: mp 

87°C; [a]: t103.5' ( C  4.3, CHCI.); found C 62.0, H 7.3, 

N 14.5 (Calo. for C,oHSbN2O2: C 61.84, H 7.27, N 14-42];  

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 O

f 
M

el
bo

ur
ne

 L
ib

ra
ri

es
] 

at
 1

6:
12

 1
9 

Ju
ne

 2
01

6 



PATHWAY TO IR- AND 1s-DIHYDROCHRYSANTHEMOLACTONES 1053 

[ 1R , 3S)-2,2-Dimet h# Z -3-cyanocyc Z opropaneacet ont tr 1 Z e 4. 

To a s t i r red  solution of the orude oxime 3 (17.9 g,  92 

nmol) in CH,CI~ (80 mL) pounded =Is (19.3 g, 93 mnol) i5  

added a t  0°C in small portion6 over 20 m h .  m e  result- 

eolution i e  poured into ioe water (60 a). The organio 

phase is separated, waehed oonsecutivelg with 0.5 N 

N ~ ~ C O ,  (3x10 mL) and brine (20 mL) and dried (Mgso.). The 

solvent i e  evaporated a t  reduoed pressure to give the 

crude d in i t r i l e  4 (11.7 g, 95% Held )  a8 brown liquid 

solidifying when staying. !The analytioal sample of dinit- 

r i le  4 is prepared bg orgstallization of the omde 

product rmm EtOAc: mp 63°C; [a]:‘ +74.g0 ( c  5.2, c)dctS); 

found c 72.1, H 7.8, N 21.2 (calc. r o r  c ~ ~ , , N ~ :  c 71.61, 

H 7-51, N 20-88); ( 4 2 ,  % I :  134 (421, 133 (38) .  94 

(IOO), 67 (67), 41 (28); IR (1% in CCI., om-’): 2260 and 

2240 (-1; NMR’H (6, ppm in CCI,): 1.21 s 3H, 4.27 B 3H, 
1.3-1.8 m 2EI. 2.3-2.8 m 2H; NMR13C (6, ppm, in CDCI,): 

14.23 t, 14-30 d, 15-44 q ,  23.30 e, 24.64 d, 25.29 q ,  

1j7.03 a, 117.11 e. 
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1054 RUKAVISHNIKOV AND TUACHEV 

A solution of the crude dinitrile 4 (6.7 g, 50 nawl) 

in C H , ~  (40 mL) is saturated with HCI (gas) at W 5 " C  

and allowed to stay at m o m  temperature overnight. Bmwn 

solution is separated f r o m  the crystalline precipitate 

and concentrated at reduced pressure (Tp64OoC) to a vis- 

COUB oil, orhioh is oombined with the crystalline produot 

and stirred with H ~ O  (30 mL) over 20 m i n  at room tempera- 

ture. m e  reaotion mixture is extraoted with Et10 (50 

mL), the aqueoue phaee is saturated with N&I and 

extracted with E L ~ O  (2x30 a). The oombined ethereal 

extraots are wa6hed with brine (20 mL), dried (ngsa,,), 

and concentrated at reduced preeeure to a brown oil, 

which is passed through a silioa gel oolumn (30x4 om, 

100-200 mesh, Et20- h e m e  1: l )  to give the orude ester 5 

(4.6 g,  55% yield). !l!he analytioal sample of ester 5 is 

prepared by ohmmatography of the orude produot on a 

silica gel column (10-50~ Et20 in hexane): [a]:' +26.6" 

( 0  10.0, Qlc13); found C 64.5, H 7.6, N 8.4 (OalC. for 

C,H,,IKI,: C 61.65, H 7.84, N 8.38); YS ( d c ,  %I: 167 (31, 

135 (601, 7 0 8  (601, 107 (1001, 91 ( 5 0 ) ;  IR (1% in CCI., 

cm-'1: 2240 (-1, 1740 (m); NMR'H (6, ppm in CCI.): 

1.26 s 6H, 2.3-2.6 m 2H, 3.66 s 3H; NMRq3C (6, ppm, in 

CDCI,): 14.16 d ,  15.93 q ,  22.94 s, 25.11 d, 25.84 q ,  

30.32 t ,  51.30 9, 116-04 8 ,  471.36 8 .  
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PATHWAY TO 1R- AND 1s-DIHYDROCHRYSANTHEMOLACTONES 1055 

A solution of ester 5 (1.5 g, 9 nanol) in E L ~ O  (10 mL) 

is added dmpwise at room temperature to a 8t-d 

solution of CH&J (30 nanol) in EL,O (30 mL) over 10 min, 

and 8tirrb.g is oontinued at the same tempemture f o r  4 

h. ~~0 (20 mL) is added dropwise followed by 1 N HCI (30 

mL). The organic phase is separated. The aqueoue phase is 

saturated aith NOCI and extraoted with EL,o ( 2 x 2 0  mL). 

The combined ethereal extracts are washed with brine (20 
mL), dried (ngso,) . The solvent is evaporated at reduced 
pressure to give the orude hydroxynitrile 6 (1.4 g, 93% 

yield). The analytioal sample of hydroxynitrile 6 is 

prepared by ohmmatography of the crude product on a 

silica gel column ( 4 0 - 9 ~  Etlo in hexane): [a]? -2.20 !c 

6.2. CHCI:,); fomd C 71.6, H 10.1, N 8.1 (Calc. for 

C,oH,,NO: C 71-82, H 10-25, N 8-37); MS ( d ~ ,  46): 94(27), 

82 (301, 59 (loo), 56 (211, 13 (531,  41 (22); IR (1% in 
=Ie, Cm-'): 3620 (0-H), 2240 (QIY); IgdRlH (6. ppm in 
CCI,,): 1-17 s 6.3, 1-22 3H, 1-26 8 3H, 1.57 d J=? EZ 2H; 

N14R'3C (6, PPm, b CDCI.): 14.24 d, 16.59 q ,  23.05 8 ,  

26.35 d, 26.40 4, 28.79 q ,  29.17 q ,  38.90 t. 70.45 B. 

119.29 8 .  

~1S1-Chrt/santhmoZactone 7 .  

l o  a solution of the crude nitrile 6 (0.16 g, 1 nawl) 

ELOH (2 a) a solution Of K O H  (0.75 Q, 13 IlQOl) Hs0 
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1056 RUKAVISHNIKOV AND TKACHEV 

(2 mL) is adcled. m e  reaotion mixture is stirred. under 

reflux for 24 h. Ethanol is evaporated at recluced 

pressure, the resulting syrup is diluted with water (30 

mL) and washed eth EL20 (2x10 mL). I N  clcl (20 mL) is 

added and the & t m  i6 extraoted with E t z O  ( 3 x 2 0  mL). 

'Phe ethereal extract is washed with brine (10 mL), dried 

( H ~ % J ~ ) ,  and oonoentrated at reduced pre66ure to a brown 

oil, which is dissolved in benzene (3 mL) , p-T&H (0.05 

g, 0.3 m o l )  is added. and the reaotion mixture is 

refluzed for 1 h. 'Phe resulting solution is washed with 

ice-oold 0.5 N ~ 0 ~ ~ 3 ,  (2 mL) , dried ( IQSO, ) . The solvent 
is evaporated at reduced pressure to give the crude 

lactone 7 (0.12 g, 71% yield) as b m m  oil, a o h  

eolidiries after staying overnight. The analytical sample 

of laotone 7 is prepared by crystallization of the orude 

lactone from Et,~-hexane: mp 81-82"C, -78" (c 8.6, 

CHCI,), (lit. 82-83"CY [a1:3 -72" (-Is))- 'H HMR 

spectm of the lactone is identical with that described 

in ref. 

22 
I 

6 

(?Ry3S)-2,2-DlWth.#Z-3(2-hydr~~-2-nrethyZpropyZ)- 
cyc 1 opropaeacet onl tr l Ze 8. 

Eeto nitrile 2 (5.0 g, 30 m m o l )  in E L ~ O  (20 mL) is 

added dmpwiee over 15 m l n  to a oold (OOC) stirred 

solution of CH,M@ (41 m w l )  in Et20 (250 mL), and stir- 

ring is continfied at the eame temperature for 1 h, then 

at room temperature f o r  1 h, and under reflux for 3 h. 

The reaotion mixture is cooled down, (30 mL) and 1 N 
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PATHWAY TO 1R- AND 1s-DIHYDROCHRYSANTHENOLACTONES 1057 

HCI (50 mL! are consecutively added dropwise mder vigo- 

rous stirring. The organic layer is separated, the aque- 

OUB phase is extracted with Et20 (50 a). The oombined 
ethereal solutions are waehed with brine (60 mL), dried 

(ngso,). The solvent i t l l  evaporated at reduoed pressure to 

give the orude product 8 (4.8 g, 80% yield). The analyti- 

cal sample of hydroxynitrile 8 is prepared by ohmmato- 

graphy of the omde produot on a silioa gel ooluum (20- 

50% CH&N in C,H@): [a]:' +18.5' ( c  8.4, C H C I ~ ) :  found c 
72.8, H 10-6, N 7.8 (OalO. for C,,H,,NO: C 72.88, H 

10.57. N 7-73); MS ( d e ,  96): 108 (201, 99 (251, 59 (loo), 
13 (22); IR (1% in ma3, cm-l): 3600 (0-HI, 2260 (-1; 
NMR'H (6, ppm in wci,): 0.97 s 3H, 1.11 s 3H, 1.24 s 6H, 

13 1.42 d J=7 HZ a, 2.24 d J=7 BZ 2H; C (6, ppm, in 

=Is): 13.35 t, 14.51 q ,  17.29 a, 21.50 d, 22.00 d, 

28.12 q ,  28.70 4, 29.60 9 ,  37.37 t, 70.39 e, 119.53 e. 

TO a B t h d  BOlUtiOn Of K O H  (2.5 g, 45 -1) in HzO 

(20 mL) a solution of the crude hydmxy nitrile 8 (4.8 g, 

26 m l )  in CH&H (35 mL) i6 added, and 30% H 2 0 2  (33 mL) 

is then added dropwise, the temperature of the reaotion 

mixture is not allowed to rise hlgher than 35+4OoC during 

the addition of ~ ~ 0 , .  !Phe reaotion mixture is saturated 

with NoCI and the resulting solution is extracted with 

CHCl. (4x50 mL). The oombined organio extract6 a m  dried 
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1058 RUKAVISHNIKOV AND TUACHEV 

( m e , )  and the solvent is removed a t  reduced pressure t o  

give the crude hydroxy amide 9 (4.5 g,  87% yield) a 

yellowish visoous o i l  orystallieing when stay*. The 

analytioal sample of amide 9 is prepared by 

orgetal lhat ion of the orude produot f r o m  Ef,o-hexane: mp 

103-104°C, [a];' -2.4" ( C  3.7, MI3); found C 66.9, H 

14.1, N 6.5 ( O d O .  fo r  CsSH2+NOz: C 66.30, H 10.62, N 

7.03); MS ( d z ,  %): 140 (571, 83 (221, 59 (1001, 55 (241, 
43 (29); IR (1% h - I 3 ,  om-'):3600 (0-HI. 3520 and 3110 

(N-H), 1680 and 1590 (w); NMRIH (6, ppm in CDCI.): 0.91 

e 3H, 1.09 e 3H, 1.22 8 6H, 1.41 rn 2H, 2.16 m 2H; NMRI3C 

(6, ppm, in aoetone-4,): 22.63 d, 38.42 t, 70.08 8 ,  

175.73 e, 31.75 8 ,  23.00 13, 16.96 8 ,  28.91 4, 15.56 4, 

29.07 9 ,  30.48 ci. 

( l R , 3 S ) - 2 , 2 - D t ~ t ~ Z - 3 ( 2 - h y d r ~ - 2 ~ t h ~ Z ~ ~ Z ) -  
cycZopropmecarba1 trt Ze 10. 

To a solution Of KW (13.5 8, 240 m m O l )  H20 (30 a) 
Brz (4.16 mL, 81 m o l )  is added dmprriee over 30 min with 

vigorouS st*% and with the temperature kept (oooling 

with ioe water) between 0 and +5"C. EL,N+CH#~CI- (0.3 g, 

1.3 mnol) is added. A eolution of the orude hydro= amide 

9 (4.0 g, 20 lrmol) in cHacIz (30 mL) is then added 

dropwise over 10 min at 0°C and s t i r r ing  is continued at 

mom temperature for  1 h, and then under reflux for  2 h. 

The organic layer is separated and the aqueous pha6e is 

extracted w i t h  m2cl2 (20 mL). The oombbed organic 
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PATHWAY TO 1R- AND 1S-DIHYDROCHRYSANTHEMOLACTONES 1059 

extracts are washed with brine (20 mL), dried (ngso,). 

Removal of solvent at reduoed pressure gives the orude 

hydroxy nitrile 10 (3.1 g, 93% yield). !he analytical 

sample of nitrile 10 is prepared by chromatography of the 

crude pmduot on a silioa gel oolumn (40-9096 E t o O  in 

hexane): [al~' +5.7" (c 5.6, ulna); found c 71.5, H 

10.4, N 8.2 ( O d l C .  f o r  C,,H,7NO: C 71.82, H 10.25, N 

8.37); speotral data are identioal with those of hydroxy- 
nitrile 6. 

( 1 R i ) ~ a a n t h e m o Z a c t o n e  11. 

Hydrolysis and lactonieation of nitrile 10 (as 

desoribed above for the traneformation of nitrile 6 to 

(lS)-laotone 7 )  result in the formation of (18)-lactone 

1 1  (68% yield): mp 81-82"C; [a1580+730 18 (0 5.0, C H C I ~ )  
6 (Lit. mp 82-83'C, [alga +72' ( 0  1.5, -is)); IH NMR 

speotnrm of the laotone is identloal with that desoribed 
in Fef. 

b 
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