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A HEM SYNTHESIS OF WUBLE LABELLED C4,6-"C,l WEVAUNWUGTOIIE. 
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SUURRY 

The chemical synthesis of double labelled mevalonolactone with 
carbon l a c  at positions C-4 and C-6 is reported. 

Key words: Mevalonolactone. carbon l a c  label1 ing. 

INllUMJCTIOW 

The mechanism of biosynthesis of trichothecenes has been postulated to include two 

methyl shifts and a 1.4-hydrlde displacement (1). The only proof known derives 

from the incorporation of C1.2-1aC,3 acetate into trichothecin (2 ) .  In order to 

demonstrate unambiguously that two methyl shifts are involved in the biosynthesis 

of 3-acetyldeoxynivalenol an efficient synthesis of double labelled C4,6-1aC,3 

mevalonolactone was needed. The incorporation of this enriched precursor with two 

simultaneous labels on a1 ternate carbons w i  1 1  yield 3-acetyldeoxynivalenol 

with vicinal l a c  labels on the carbons C(6) and C(15) (3). 

C4,6-1aC,3 Mevalonolactone has been previously synthesized (4 )  from sodium C2-1aC3 

acetate with a 5.4% overall yield. We developped a new strategy starting from 

comnercially available C1,3-1aC,l acetone., which gave the title compound in a 42% 

overall yield using a facile procedure. The different steps involved in the syn- 

thesis are illustrated in scheme 1: 
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EtOAc = ethyl acetate 

TMSCI trimethylchlorosilane 

LDA = lithium diisopropylamide 

C3.A dl-10 camphorsulfonic acid 
n-PrOH = n-propanol 

THF = tetrahydrofuran 

r.t. = room temperature 
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SCHEME 1 

The key intermediate i n  t h i s  synthesis was the acetal o f  C1,3-1’C,1 acetoacetal- 

dehyde. The dimethyl acetal of acetoacetaldehyde has prev ious ly  been described 

(5). but  the procedure i s  no t  su i tab le  for the  small scale needed f o r  l a b e l l i n g  

since the y i e l d  i s  not high (6). Moreover, the dimethyl, acetal o f  acetoacetal- 

dehyde i s  v o l a t i l e .  This problem was e l iminated by using the  d i - r g r o p y l  aceta l  

o f  C1.3-1sC,3 acetoacetaldehyde (1). (Scheme 1). Thus, by modifying the Brannock 

procedure (5) by rep lac ing acetone and methanol i c  hydrogen ch lo r ide  respect ive ly  

by C1,3-1sC,l acetone and n-propanol / t r imethy lch lo ros i  lane, we prepared acetal 1 
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wi th  66% y i e l d  a f t e r  f a c i l e  work up and pu r i f i ca t i on  by f lash  chromatography. By 

'H-NMR. compound 1 showed a doublet o f  doublet (Jc~=128 Hz. JcccH=~HZ)  

a t  2.13 ppm. assigned t o  IaCH,, and another doublet of doublet (Jc~=128 Hz. 

J H H ~ H Z )  a t  2.73 ppm. character ist ic o f  "CH,. Condensation o f  1 wi th  ETOAC- 

/LDA i n  THF a t  -78'C gave ethyl  C4.4'-rr~,1 -3-hydroxy-31nethyl-5,5-di-n-propylo- 

xypentanoate (2) wi th  98% y i e l d  a f te r  f lash  chromatography. The IH.NMR spectrum 

o f  2 displayed a doublet o f  doublet (Jc~=12B Hz. Jccc~'4HZ) a t  1.33 ppm 

f o r  IaCH3, and a d o u b l e t  o f  m u l t i p l e t  ( J c ~ ~ 1 2 8  H Z ,  JCCCH=ZHZ 

JHH=~Hz) a t  1.96 ppm for IaCH2. Deace ta l i za t i on  o f  compound 2 by 

dl-10-cmhorsul fonic acid i n  acetone gave ethyl  C4.4'-1aC11-3- hydroxy-3-methyl- 

5-0x0-pentanoate (3) with 83% y i e l d  a f te r  pu r i f i ca t i on  by f lash  chromatography. 

I n  good agreement wi th i t s  structure, 'H-NHR o f  2 showed a doublet o f  doublet a t  

1.36 ppm (Jc~=128 Hz, JcccH~~HZ)  f o r  "CH,, and a doublet O f  m r l t i p l e t  

(Jc~=128HZ) a t  2.66 ppm assigned t o  "CH,. I n  addition. aldehydic proton a t  

9,70 ppm was a doublet O f  t r i p l e t  ( J c c H ~ ~ ~ H Z ,  JHH=~HZ). F ina l l y ,  C M -  

pound 2 was reduced w i th  NaBH, i n  methanol t o  the corresponding alcohol which 

underwent cycl i za t i on  i n  acidic methanol t o  give C4,6-'aC,1 mevalonolactone (4) 
with 77% overal l  y ie ld .  The structure o f  mevalonolactone 4 has been proven by i t s  

IH-NMR. i n f ra  red and mass spectra (see experimental section). 

EXPERIMENTAL 

Materials 

C1,3-"C,l Acetone was purchased from M.S.D. Isotopes. Tetrahydrofuran and d i i so-  

propylamine were f reshly d i s t i l l e d  respectively over l i t h ium aluminum hydride and 

calcium hydride. Flash chromatography was carr ied out using s i l i c a  gel (230-400 

mesh) purchased from B.D.H. chemicals. 

Instrumentation 

In f ra red  ( I R )  spectra were recorded on a Perkin Elmer 683 spectrophotometer. Pro- 

ton magnetic resonance ( I H  NMR) spectra were obtained on a Varian T-60 spectro- 

meter using internal  tetramethylsilane. Mass spectra (M.S.) were taken on a 

HP5980A mass spectrometer a t  70 e.v. under amnonia chemical ion iza t ion  condi- 

t ions. 
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C1,3-1aC.1 Acetoacetaldehyde-di-n-propylacetal (1) 
A mixture of C1,3-1aC,l acetone (1 g), methyl formate (10 mL) and dry ether (10 

mL) was added slowly at 0°C into a round bottom flask fitted with a condenser, 

containing 16.66 m o l e s  of sodium methoxide in suspension in 20 mL of ether. This 

reaction mixture was then refluxed during 4 hours and carefully evaporated to dry- 

ness. n-Propanol (20 mL) was introduced. then cooled at O'C. followed by addition 

of trimethylchlorosilane (4.22 mL). The magnetic stirring was continued for 2 

hours at room temperature, then the reaction was quenched with 2 mL of concentra- 

ted m n i u m  hydroxide at O'C. The product was extracted with ether, washed with 

brine, and dried over magnesium sulfate. After filtratlon, solvent was evaporated 

at reduced pressure below 4OOC. The crude product was purified by flash chromato- 

graphy with ethyl acetate-hexane (1:4). Yield: 66%. 

'H NMR 6 = 0.90(t), JHH = 7HZ. 6H. (CH,-CH,-CH,),; 1.53 (m), 4H. (CH,-CH,- 

CH,),; 2.13 (dd), JCH 128 Hz. JCCCH = 2Hz. 3H. ("CHI);  2.73 (dd), 

JCH = 128 Hz. JHH = 6Hz, 2H, (lY&-CH); 3.46 (m). 4H. (Ctl,-CH,-CH,),; 

4.80 (dt), JHH = 6H2, JCCH = 1.5 Hz, 1H. ("CH,-CIj). IR(CHC1,) u = 1705, 

2960 cm-I. MS m/e = 208 CM +NH,l*. 191 CM+11*, 131 CM-OCH,CH,CH,l*, 88 

CM-OCH2CH2CH3-l 'CH3C03 

Ethyl C4,4'-11C,1-3-hydroxy-3-methyl -5,5-di-n-propyloxypentanoate (2) 
Under argon atmosphere at -78OC. 33.28 m l e s  of n-butyllithium were added drop- 

wise into a round bottom flask containing 33.28 mnoles o f  diisopropylamine in 35 

mL of dry THF. After stirring the resulting mixture for 10 minutes at -78°C. 

33.28 m l e s  of ethyl acetate in 3 mL of THF were added slowly dropwise. and the 

stirring was continued for 30 minutes at the same temperature. Next compound 1 
(11.09 mnoles) in 5 mL of THF was added slowly. After stirring for 30 minutes 

more. with the temperature being unchanged, the reaction was quenched with 50 mL 

of 1N HC1 (until neutral pH) and warmed up to room temperature. THF was 

evaporated under reduced pressure, the product was extracted with ether, washed 

with brine and dried over magneslum sulfate. Flash chromatography with ethyl 

acetate-hexane (1:4) gave 3.03 g of compound 2. Yield: 98%. 

' H  NMR(CDC1,) 6 = 0.93(t), JHH = 7Hz. 6H, (CH,-CH,-CtI,),; 1.26(t). 

JHH = 7Hz. 3H. (CH,-CH,); 1.33(dd). JCH = 128Hz, JCCCH = 4Hz, 3H, 



( l sCH, ) ;  1.53(m), 4H, (CH,-CH,-CH,),: 1.96(dm), JCH = 128Hz, JCCCH = 

2Hz, JHH=6Hz, 2H, ( l aCH, ) ;  2 . 5 3 ( t ) ,  JCCCH = JCCCH = 4HZ. 2H, 

(Ctl,-CO,Et): 3.46(m), 4H. (CtJ,-CH,-CH,),: 4.03(s). 1H. (OH): 4.16(q). JHH = 

7Hz, 2H, (CtJ,-CH,): 4.76(t). JHH = 6Hz, 1H. (lsCH,-CtJ). 

IR(CHC1,) u = 1720. 2950, 3470 cm-'. 

MS m l e  = 219 CM-OCH2CH2CH31 , 201 CM-H20-OCH2CH2CH21 

Ethyl C4.4' - I  'C, 3 -3-hydroxy-3-methy 1 -5-oxopentanoate (3) 
A t  room terrperature, 1.21 g o f  dl-10-camphorsulfonic acid was added i n  one port ion 

t o  a f lask  containing 3.039 g (10.93 moles)  o f  compound 2 i n  120 mL o f  acetone. 

The mixture obtained was vigorously s t i r r e d  f o r  10 minutes. then quickly neutra- 

l i z e d  by the addi t ion o f  anhydrous NaHCO, (12.14 9). F i l t r a t i o n  on c e l i t e  was 

followed by evaporation under reduced pressure t o  dryness. Flash chromatography 

with ethyl  acetate-hexane (1:2) gave pure aldehyde 2 (1.607 g. 83% y ie ld ) .  

'H NMR 6 = 1.26(t). JHH = 7HZ, 3H. (CH,-CtJ,): 1.36(dd), JCH = 128Hz. 

JCCCH = 4H2, 3H. ("CH,); 2.56(t) .  JCCCH = JCCCH * 2H2, 2H, ( C b -  

C0,Et): 2.66(dm), JCH = 128Hz, 2H, (laCtl,-CHO); 4.13(q), JHH = 7HZ, 2H. 

(Ctl,-CH,): 9.70(dt), JCCH = 22H2, JHH = 2H2, l H ,  (CtJO). 

I R  (CHC1,) u = 1715, 3500 cm-'. 

MS mle = 194 CM + NH,I*, 177 CM+lI, 176 CMI', 159 CM-H20+11* 

C4,6-13C.1 Mevalonolactone (4) 
1.555 g (8.83 moles)  o f  aldehyde 3 were. dissolved i n  21 mL o f  methanol. This 

solut ion was cooled t o  O'C i n  an i ce  bath, NaBH, (231 mg) i n  16 mL o f  methanol was 

added dropwise and the mixture was magnetically s t i r r e d  f o r  20 minutes a t  0% 

then a t  room temperature f o r  an addit ional hour. Neutral izat ion wi th 1N HC1 was 

followed by evaporation t o  dryness under vacuum. The crude product was dissolved 

i n  7 mL of methanol, then ac id i f i ed  t o  pH 2 wi th 1N HCl .  A f t e r  s t i r r i n g  a t  room 

temperature fo r  2 hours, tr iethylamine was added t o  the mixture t o  give a pH o f  

7. A f te r  evaporation t o  dryness, the resu l t ing  product was dissolved i n  ethyl  ace- 

ta te  and f i l t e r e d  through a c e l i t e  column, Flash chromatography w i th  ethyl 

acetate-hexane (2 : l )  gave pure mevalonolactone 4. Yield: 77%. 
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1H NMR 6 = 1.36(dd), JCH = 128Hz. JCCCH = 4Hz. 3H. (I 'CH,); 1.93(dm), 

JCH = 128Hz, 2H, (13CH2) ;  2.56(m), 2H, (CH,-CO); 2.63(s), lH ,  (OH); 4.46(m). 

2H. (CH,-O). 

IR(CHC1,) u = 1720, 3420 cm-l. 

MS m/e = 150 CMtNH,l+, 133 CM+lI+ 
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