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In the oxidative cleavage of macrohdlc annblotms (methymycin,  neomethymycm, plcromycIn, and narbo- 
mycm) two groups of mvemgators have isolated the dextrorotatory lactone of 3-hydroxy-2 4 ,6 -mmethy l -hep tane -  
dlolc acid (d-II) [1-3] The establishment of the structure of this lactone was one of the decisive hnks m the chain 
of proof of the macrocyehc skeleton of these antibiotics, but the stereochemlstry of this important key compound 
has not yet been elucidated completely. As tile lactone (d-II) was formed from the CI-C 7 fragment of the molecule 
of neomethynohde (I), for which the configuration 4L, 6L has been proved [4], the same configuration must be pos- 
sessed by the C 4 and C s ~toms in the lactone (d-II). The conflgttratlon of the remaining asymmetric centers of the 
lactone (d-II) bzs not been determined, tts est~bhshment would enable us to obtain new valuable data on the absolute 
conhgura tmn of ma crohdm a ntlblotms, 

CIt3 Ctt~ CH~ CHa CH~ CHa CHs 
1 1 b I r I I 

CH3Cti (OI1) CHCHCIt = CHCOCHCH2CHCH (OH) CHCO --~ OCCHCHsCHCHCHCO2H 
la 12 ll[ 10 '~ s 7 6 ~ 4 3 : I1 r [ 6 n 4 13 2 1 

0 '0 
(I) (d-II) 

In continuation of our study of ways of synthesizing macrolides [5], we synthesized the correspondmg racemic  
lactone (II) and its stereolsomers (IIa), (IIb), and (IIc). In the course of preliminary investigations we tried the follow- 
mg possthle methods of synthesizing 3-hydroxyheptanedloic and 3-hydroxy-2-methylheptanedioic  acids. 

a) The condensauon of g lutane anhydride with sothomalonie ester. In this attempt we isolated the enol laetone 
of 6 ,6-blsethoxycarbonyl-f-oxohexanolcamd (III) as a crystalhne substance, readily split when heated with water with 
formatton of glutarm acid. Attempts to hydrogenate the enol laetone (III) over a plat inum catalyst or Raney mckel 
were not successful. 

OC (CH2).~CO -}- NaCH (COOEt)2 --~ OC (CHz)~ C = C (COOEr)2 
r f 6 

(iii) 

b) Reformatskn reaction between ethyl glutaraldehydate and ethyl 2-bromopropionate: 

CHa 
I OH- 
2 H+ I 
3 CHsN~" OC (CH2)3 CHCHCOO~[e 

I i 
- - 0  

(u 

This reaction led m low yleld to diethyl 3-hydroxy-2-methylheptanedloate  (IV), whmh on hydrolysis and sub- 
sequent esterlficatlon gave the methoxycarbonyl lactone (V). 
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c) Condensation of ethyl 4-(chlorocarbonyl)butyrate  with the tetrahydropyranyl der ivat ive of me thy lmalon ic  
monoester [6] or with the Mg salt of the same monoester [7]. As a result of these condensations (the la t ter  method 
was found to be preferable) a sansfaetory ymld  was obtained of diethyl 2 -me thy l -3 -oxohep taned ioa t e  ( V  I ) .  Ca ta ly t i c  
hydrogenanon of this compound went s tereoseleet ively and led to the hydroxy diester (IV), which was found to be 
ident ica l  to the compound obtained by method (b). 

CH8 CH3 

EtOOC (CH2)3COC1 + Na CCOO Et EtOOC (CHz)~COC1 ~ CCOO- 

i 0 0 - ( - > 1  I EtOIC I - -  O- 
[ o - -  I 

I. I 
I I 

EtOOC H ----> (Iu (C ~)~COCHCOOEt H~, N~ 
(vt) 

5,:g++ 

Since method (c) gave opm-num results, we used tt for the synthesis of the lactone of 3 -hyd roxy-2 ,4 ,6 - tn -  
methylheptanediotc  acid by the scheme: 

CHa CHs 
EtONa ] Na 

MeOOC --  CH2 -}- CH2 (COOEt)2 ~:EtOH EtOOCCHCHeCH(COOEt)2 cH~I 

(VH) 

CHa CII3 CHa CHs CHa CH3 
I I 1 I I I 

---> EtOOCCHCH~C (COOEt)2~ HOOCCHCH2CHCOOH --, OCCHCH2CHCO 
~WlI) meso +a, I [ 0 1 

me$o 

fix) 
CH3 CH~ CH3 

-* EtOOCCHCHaCIICOCI CCO0- 
(X) II Mg + ~ 

EtOCO- 
I I 

I 
CHs CH3 CHs Cll3 CHs CH3 
I 1 I I I I 

EtOOCCHCH~CHCOCHCOOEt --* EtOOCCHCH2CHCH (OH)CHCOOEt-~ 
(XI) (XII) 

CH~ CH3 CHa 
I I I 

--, OCCHCH~CHCHCHCOOH 
I - - I  

0 
(II, IIa, I l l ,  liB) 

In accordance wlth thls scheme we syntheslzed al l  the four possible stereoisornertc carboxy lactones wlth a cls 
dlsposmon of methyl  groups m the lactone ring (II, IIa, Ilb, IIc). 

The meso-2 ,4 -d imetby lg lu ta rm anhydride (IX) required for these syntheses has been prepared prevlously by 
several methods, of which the best is the method in [8] based on the Michael  condensation of methyl  methacry la te  
with sodmmethylmalonic  ester. To avoid the stage of preparlng methylmalontc  ester, we modlfied thls method some- 
what. By the condensation of methyl  methacry la te  wlth sodmmalomc ester we obtained the trmster (VII), which after 
methylat lon,  hydrolysis, and decarboxylat ion gave a mixture o ld ,  I - a n d  meso-2 ,4-d lmethy lg lu ta r ic  acids. The 
meso-anhydr ide  (IX) prepared from the la t ter  was converted via the corresponding monoester into the acid chloride 
(X). To avoid eplmer tza t ion  we synthesized the amd chloride (X) by the acnon of oxalyl  chloride at low tempera-  
ture, the homogenmty of the acid chloride was confirmed by its conversmn m almost quantl ta t tve yield into the 
crystal l ine amhde .  Condensatlon of the acid chloride (X) with the Mg salt  of me thy lma lomc  monoester led to the 
keto diester (XI). Hydrogenation of this over Raney nickel  gave the hydroxy diester (XII), which, according to thin- 
layer chromatography, consisted of  a mixture of ~somers; on hydrolysis it gave two crystalhne carboxy lactones,  m.p. 
122-123" (IIa) and 157-158" (IIb),whmh differed from the "natural" product m their constants and m the infrared spec- 
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tra of their methyl esters Wtth the object  of preparing other steremsomers of the carboxy lactone we therefore studted 

the reducuon of the keto dtester (XI) with complex hydrides. An attempt at reductmn wtth sodmm borohydride led to 

a stable boron-containing compound, and, when the complex of l i thmm aluminum hydrtde wtth pyrldme [9] was used, 

the mare reducuon product was the corresponding trtol. We succeeded m effectmg the se lecuve  reduction of the keto 

group of the keto dlester (XI) wtth h thmm aluminum hydrides at low temperature. This reactzon ~s d~stmgmshed by 

considerable stereospemficlty. When h thmm traethoxyhydroalummate is used it leads, after hydrolysis, mainly to the 

carboxy lactone (IIc), m.p.107-108 ~ When the reducuon of the keto dtester (XI) ~s earned out with l i thmm alumi-  
num hydride, the product is the fourth stereotsomer (II), m.p. 125-126 ~ which forms a methyl ester of m.p. 74-75 ~ . 

The carboxy lactone obtained and its methyl ester gtve melt ing pomt depressmn m admixture with the earboxy lac-  
tone (IIa) and its methyl  ester, respecuvely.  On the other hand, the infrared spectrum of the methyl ester of the 

raccmtc  carboxy lactone (II) obtained as a result of h thmm alummum hydride reduenon was found to be ldenuca l  

to the infrared spectrum of the methyl ester of the "natural" d-earboxy laetone (Fig 1), some difference m theregmn 

of 1200 cm "1 is due to difference m the eoncentrattons of the solauons, Resolunon of ~he racemm carboxy lactone(II)  

wtth the a t d o  f D- three- 1- p- mtrophenyl- 2- a mine- 1,3-propa nedml led to the enant lomer of the ~natural ~ d- lac tone  

(l -II), it had m p. 125-126" and [c~]~ -32  ~ Hence, the carboxy lactone that we synthesized was the raeemate  of the 

carboxy lactone (d-II) formed m the ox!dattve c leavage of maerohdm anublotms. 

E X P E R I M E N T A L  

The melt ing points of the preparations were determined m capi l ianes ,  Infrared spectra were determined w~th 

a UR-10 spectrograph (Zelss, East Germany), * ul t rawolet  spectra were determined with an SF-4 speetrophotometer. 

Thin- layer  chromatography on sil ica gel was c a m e d  out by the procedure described m [10]; here the deteetmn of 

hydraztdes was earned out with the aid of an aqueous-butanohc ammoniaca l  s~lver solution, and the r emammg sub- 

stances were detected w~th the atd of a solutmn of potassium permanganate m 2 N H2SO 4, m thin- layer  chromatog- 

raphy on unbound alumina (Grade III activity) on plates the substances were detected by t reatment  with mdme vapor. 

Condensation of Glu tanc  Anhydride with Malome Ester. With cooling 48.0 g of malonm ester was added to a 

suspenston of 6.90 g of sodmm in 500 ml of dry benzene. The mixture was heated for 3 hours with surrmg at a gentle 

bo11. It was cooled to room temperature,  and a soluuon of 34.2 g of glutaric anhydrtde m 150 ml of benzene was 

added over a period of I hour; the mtxture was then stirred for 3 hours at room temperature and for 2 hours at the 

boil. The mixture was cooled, neutrahzed w~th glacial  acetm acid, and treated with 200 ml of water, the orgame 

layer was separated, and the aqueous layer was extracted three times with ether, The combined extracts were washed 

with water and dried with sodium sulfate, Solvents and unchanged malonie  ester were dlsulled off, and the residue 

crystall ized out on coohng. Recrystallization of the crude product from a mixture of hexane and benzene gave 25,8 g 
(35%) of the enol lactone of 6 ,6-blsethoxycarbonyl-5-oxohexanom acid (III), m.p, 72-73 ~ as a crystalhne substance 

\ 

- 1  
c m  ' 8 0 0 ' t 6 ' 0 0 '  ' f ' ' ' ' ' ~ ,000  ! t 4OO / 2 0 0  I 0 0 0  g O 0 ~  

Infrared spectra of methyl  esters of lactones 

of 3- hydroxy- 2,4,6- tr imethy lheptanedmic 
acid: A) (d-II) and B) (II) (solution m chloro- 

form; NaC1 prism). 

which rapidly deliquesced in air, Found. C 56 78, H 6.33%. C12H1606 

Calculated: C 56.25; H 6.25%. Ultraviolet  spectrum: >.max233 m~,  

e 16,600 (in alcohol). Infrared spectrum. Urea x 1795 cm - t  (enol 

ester), 1724 c m "  (a,t~-unsaturated ester), 1643 cm "I (double bond) 

Treatment  of an alcoholic  solution of the enol lactone (III) with 

ammonia gave a tr iamide,  whlch crystall ized with one molecule  

of alcohol; m.p. 180-181 ~ (from absolute alcohol). Found. C 45,77, 

H 7.62, N 16.21%. Ci0ttlgOsN 2. Calculated: C 45.97; H 7 33; 
N 16.08% 

Hydrolysis of the Enol Lactone of 6 !6-Btsethoxycarbonyl-5- 

oxohexanom Acid (III). 1,28 g of  the enol laetone of 6,6-bisethoxy- 

carbonyl-g-oxohexanoie  actd (III) was heated with 40 ml of water 

with vigorous stirring at 90 ~ for 4 hours. The mixture was cooled 

and extracted w~th 5 20-ml  portions of ether, and the combined 

ether extracts were dried with magnesium sulfate, Ether was driven 

o f f ,  and the oily residue crystalhzed out almost comple te ly  on 
standing. Recrystall ization from benzene gave 0.57 g (87%) of 

glutaric acid, m.p, 97-98 ~ undepressed by admixture of a known 
sample. 

* The infrared spectra were determmed by L. B. Senyavlna 
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. Dlethyl 2 -Methy l -a -oxohep taned ioa te  (VI). a) A solution of 17.52 g of ethyl hydrogen methy lmalona te  in 

25 ml of dry benzene was added dropwlse over a period of 30 minutes to a solution of 15.12 g of dihydropyran in 
50 ml of benzene containing three drops of a 10% solution of p- to luenesulfomc acid in methanol ,  The mixture was 
then left  at room temperature  for 20 minutes, after which excess of dihydropyran and benzene were vacuum-dis t i l l ed  
off, The ethyl tetrahydropyranyl  methylmalona te  obtained (27,0 g) was dissolved in 50 ml of dry benzene,  and the 
solution was added dropwise over a period of 1 hour with cooling to a suspension of 2.76 g of sodmm in 100 ml of 
benzene.  The mixture was stirred for 30 mmutes at room temperature,  and then, at the same temperature,  21 42 g 
of e thyl  4-(ehlorocarbonyl)butyrate  was added over a period of 40 minutes, in the course of which the mixture thick-  
ened. The mixture was stirred for 5 hours at room temperature,  5 ml of g lac ia l  acet ic  acid was added, and stirring 
was continued further for 90 minutes at a gentle boil  (until  carbon dioxide ceased to be l iberated) .  The mixture was 
cooled and t reated with 100 ml of 2% hydrochloric acid, the benzene layer was separated,  and the aqueous layer  
was extracted with three t 5 0 - m l  portions of ether, The combined extract  was washed with saturated sodmm bicar-  
bonate solution and with water; it was dried with magnesmm sulfate. Solvents were d~stilled off, and the residue 
was vacuum-dis t i l led .  We obtained 14.68 g (51%) of diethyl  2 -me thy l -a -oxohep taned ioa te ,  b.p. 99-100 ~ (0 1 mm); 
n~ 1.4410; d~ ~ 1.0642; found MR 60.62; ca lcula ted  MR 60 79; u l t raviole t  spectrum: Xmax 255 mtt ; ~ 3610 (m hep- 
tane). Found:C 59.20; H 8.25%. Cl~Hz005. Calculated:  C 59.00; H 8,25%. 

b) A solutmn of one mole  of lsopropylmagneslum bromide in 600 ml of dry tetrahydrofuran was added to a 
solution of 73,0 g of ethyl  hydrogen methy lmalona te  in 150 ml of tetrahydrofuran over a period of 1 hour at 5-10 ~ 
The mixture was stirred for 30 minutes at room temperature and then for 30 minutes at 40-45 ~ The mixture was 
cooled to -5 ~ and with wgorous stirring 89 25 g of ethyl 4-(chlorocarbonyl)butyrate  was added over a period of 90 
minutes. The mixture was stirred further for two hours at room temperature  and then for one hour at a gentle boil.  
Solvent was dist i l led off, and the residue was acidif ied with 1% hydrochloric acid and extracted with three 200-ml  
portions of ether, the combined ether extract  was washed with sodium bicarbonate soluuon and w~th water,  and was 
then dried with magnesium sulfate. Ether was driven off, and the l tqmd residue was vacuum-dis t i l led .  We obtained 
86.0 g (71%) of diethyl  2 -me thy l - a -oxohep tanedmate ;  b.p. 100-101" (0.1 mm); n~ 1.4410; d~ ~ 1.0645, 

Dtethyl 3 -Hydroxy-2-methy lhep taned ioa te  (IV). a) A solution of 4.32 g of ethyl glutaraldehydate  [11] and 
13.58 g of ethyl 2-bromoproplonate  m 40 ml of dry benzene was added dropwlse over a period of 45 minutes w~th 
vigorous stirring to 4.90 g of zinc turmngs m 50 ml of benzene heated to the boil.  The mixture was heated further 
at  the boll  for two hours, cooled,  and treated with 5% sulfuric acid; the orgamc layer was separated, and the aqueous 
layer  was extracted with three 75-ml  poruons of ether. The combined extract  was washed with water and dried with 
magnesium sulfate. Solvents were disti l led off, and vacuum dist i l la t ion of the residue gave 2.29 g (31%) of dtethyl 
3 -hydroxy-2-methy lhep taned ioa te  (IV); b.p. 112-114" (0,1 ram); n~ 1,4494; d~ ~ 1.0638, found MR 62.20; ca lcula ted  
MR 62,45. By heating (IV) with hydrazme m methanol  at 80 ~ m a sealed tube for 16 hours we obtained a dthydrazide 
of m.p 148-149 ~ (from absolute alcohol).  Found: N 25.80%. C8H18 N408. Calculated:  N 25.69%, 

b) 17.4 g of dlethyl  2 -me thy l -3 -oxohep taned ioa te  (VI) was hydrogenated m 150 ml of 95% alcohol over 1.0 g 
of W-2 Raney nickel  in a rotating autoclave at 95 ~ The in i t ia l  hydrogen pressure was 78 atm, and after 40 minutes 
it  had fallen to 61 atm; no further absorption of hydrogen was observed. When the mixture was cool, catalyst  was 
f i l tered off, a lcohol  was dist i l led off, and the l iqmd residue was v a c u u m - d l m l l e d .  We obtained 16.85 g (95%) of 

0 ~ n~ dl 0 62,16: dlethyl  3-hydroxy-2-methylheptaned~oate  (IV), b.p, 11 -111 (0.1 mm); 1.4486, 1,0630, found MR 
calcula ted  MR 62.45. Found: C 58.46; H 8.84%, C12Hz205 Calculated:  C 58.51; H 9.00%. Infrared spectrum: 

Urea x 1736, 3370, 3410, 3450 cm -~. 

The dthydramde,  prepared by the above-descr ibed method, had the same mel t ing  pomt as before,alone and tn 

admixture  with the sample obtained previously, 

According to the results of th in- layer  chromatography, the hydroxy diester and its dlhydrazide were homogeneous 
substances On a plate  carrying a bound layer of s lhca  gel the hydroxy dtester had R] 0,35 m 1 : 4 ethyl aceta te  - 
hexane; on a plate carrying an unbound layer  of a lumina (development  with ethyl acetate)  tt  had Rf 0.76, The d~- 
hydraztde,  on a p la te  carrying a bound layer of s i l ica gel (development  w~th methanol) ,  had Rf 0,22. 

Methyl Ester of the Laetone of 3 -Hydroxy-2-methy lhep taned imc  Acid (V), 86,2 g of diethyl 3-hydroxy-2-  
methyiheptanedtoate  (IV) was added with coohng to a solution of 46,2 g of potassium hydroxide m 350 ml of 80% 
alcohol.  The mixture was heated for 6 hours at 45 ~ after which alcohol was vacuum-dis t i l led  off and the residue was 
dissolved m 300 ml of water. The aqueous solution was washed with ether, acidif ied with 5% hydrochloric acid,  and 
extracted with four 200-ml  portions of ether. The combined extract  was washed with water and dried with magnesmm 
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sulfate. The vtscous oily residue obtained after ether had been dr lvenoff  (56.6 g) was treated with ethereal  drazo- 
methane.  Ether was driven off, and the residue was vacuum-dis t i l l ed .  We obtain6d 46.2 g (72%o) of the methyl  ester 
of the ]actone of 3 -hydroxy-2-methy lhep taned io ic  amd (V); b.p,94-95 ~ (0,1 mm), n}~ 1.4658, d~ ~ 1.1153; found MR 
44.70; ca lcu la ted  MR 44,87. Found: G 57.80; H 7.60%. C9H1404. Calculated:  C 58.05; H 7.58% Heating of (V) 
with hydrazme in methanol at 80 ~ in a sealed tube for 16 hours gave a dihydramde of m.p,  149-150 ~ (from absolute 
alcohol),  undepressed by admixture of the dihydrazide prepared from (IV), 

Tne thy l  2 ,2 ,4-Pentanet r lcarboxyla te  (VIII). 210 g of t r iethyl  1 ,1 ,3-butane tnearboxyla te  (VII), prepared by the 
condensauon of ma lomc  ester with methyl  methacry la te  [12], was added to a solution of 17.9 g of sodium m 800 ml 
of absolute alcohol.  The mixture was heated to 50-55 ~ and over a period of 90 minutes 142 g of methyl  iodide was 
added with stirring; the mixture was then stirred at the boll  for two hours, after which it became neutral Alcohol 
was dlsnl led off, the residue was treated with 250 ml of water,  and the react ion product was extracted with ether 
The combined ether extracts were washed with sodium thiosulfate solution and wlth water, and they were dried with 
magnesmm sulfate. Ether was driven off, and the l iquid residue was vacuum-dis t i l led .  We obtained 198 g (89%) 
of tr lethyl 2,2,4-pentanetrmarboxylate (VIII); b.p. 112-114" (1.0 mm); n~ 1.4342 [8, 13, 14]. 

meso-2 ,4-D~methylg lu tanc  Anhydride (IX). By the hydrolysis and decarboxylat ion of tr lethyl  2 ,2 ,4-pentane-  
t rmarboxyla te  (VIII) with 70~ sulfuric acid we obtained an 85% yie ld  of a mixture of meso- and d, l - 2 , 4 - d l m e t h y l -  
g lu tanc  acids [13], and the mixture of meso- and d , l - 2 , 4 - d l m e t h y l g l u t a r i c  anhydrides prepared from this was sep- 
arated by crysta l l izat ion from ethyl acetate  [14]. The yield of meso-anhydr!de was 29~ ca lcula ted  on the amount 
of (VIII) taken. 

Ethyl Hydrogen meso-2 ,4-Dtmethylg lu ta ra te .  71.0 g of meso-2 ,4 -d lmethy lg lu ta rm anhydride was heated with 
32 ml of absolute alcohol at ] 00 ~ for 5 hours Excess of alcohol was driven off, and the residue was vacuum-dis t i l l ed  
We obtained 80.0 g (35%) of ethyl hydrogen meso-2 ,4-d tmethylg lu ta ra te ,  b.p. 100-102 ~ (0.4 ram), n~ 1.4350 

Ethyl 4 - (Ch lo roca rbony l ) -2 -me thy lva le ra t e  (X), 84.4 g of oxalyl  chloride was added at 0 ~ to 50.0 g of ethyl  
hydrogen meso-2 ,4 -&methy lg lu ta ra t e .  The mixture was left  at the same temperature for 3 hours and then overnight 
at room temperature.  Excess of oxalyl  chloride was then v a c u u m - d l m l l e d  off, and by dis t i l la t ion of the residue we 
obtained 53.9 g (98%) of ethyl 4 - (ch lo rocarbonyl ) -2 -methy lva le ra te  (X), b,p, 56-57 ~ (0.1 ram), Anil ide,  m,p. 73-74 ~ 
(from a mixture of petroleum ether and dtethyl ether). Found: C 68.31; H 7.92% C~H~INO s. Calculated:  C 68 41; 
H 8.0,!% 

Dtethyl 2 ,4 ,6=Trlmethyl-3=oxoheptanedioate  (XI). A solution of 0.98 mole  of lsopropylmagnesmm bromide m 
550 ml of dry tetrahydrofuran was added over a period of I hour with vigorous stirring at 5-10 ~ to a solution of 7~[ 5 g 
of ethyl  hydrogen methylmalona te  in 150 ml of dry tetrahydrofuran. The mixture was stirred for 30 minutes at room 
temperature  and for 30 minutes at 40-45. ~ It was then cooled to 10=15 ~ and with vigorous stirring 100.7 g of ethyl  
4 - (ch lo rocarbonyl ) -E-methy lva le ra te  (X) was added over a period of 90 minutes; the mixture was then stirred for 2 
hours at room temperaruze and for 1 hour at a gentle  boll.  Tetrahydrofuran was driven off, and the residue was ac id i -  
fied with 1% hydrochloric acid and extracted with three 200-ml  pornons of ether; the combined ether extracts were 
washed with saturated sodmm brcarbonate solution and w~th water, and they were dried with magnesium sulfate, 
Ether was driven off, and the residue was vaeuum=dlst l l led,  We obtained 90.8 g (68%) of diethyl  2 ,4 ,6 - t r lme thy l -S -  
oxoheptanedloate  (XI); b.p. 113-115 ~ (0.2 mm); n}~ 1.44(58; d~ ~ 1.0300; Found MR 69.81, ca lcu la ted  MR 70,17, 
Found: C 61.80; H 8.80%. G14H2405. Calculated:  C 61.76; H 8.82%. 

Dtethyl 3 -Hydroxy-2 ,4 ,6 - t r lmethy lhep taned loa te  (XII), a) 10,9 g of the keto dlester (XI) wa~ hydrogenated 
over Raney nickel  under the above=described condmons.  We obtained 7,2 g (66%) of diethyl  3 -hydroxy-2 ,4 ,6=tn-  
methylheptanedioa te  (XII); b,p, 99-100 ~ (0,07 mm), n~ 1,4488; dl~ 1,0304; found MR 71.38; ca lcu la ted  MR 71.68. 
Found: C 61.32; H 9.43%o. C~4H2eO 5. Calculated:  C 61.81; H 9,49~ 

On hydrogenauon of the keto diester (XI) over a chromium-nicke l  catalyst  ~n 98% alcohol  at 120 ~ under an 
ini t ia l  pressure of 140 a tm,  the yie ld  of the hydroxy diester (XII) was 86%. According to the results of thin-layer 
chromatography the hydroxy dlester (XII) consisted of a mixture of  two substances: on a p la te  carrying a bound layer  
of s i l ica  gel (deve lopment  with a 1 : 2 mixture of ethyl ace ta te  and hexane) these had Rf 0.20 and 0,59; on a p la te  
carrying an unbound layer  of alumina (development  wlth ethyl aceta te)  they had Rf 0,54 and 0,81. 

By heat ing the hydroxy diester (XII) in methanol  at 80 ~ in a sealed tube for 16 hours we obtained a mixture of 
two d~hydrazldes (Rf 0.43 and 0.68 m chromatography on a plate  carrying a bound layer of s i l ica  gel  (deve lopment  
with methanol)) .  
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b) In an atmosphere of nitrogen a solutionof45 m m o l e s o f l i t h i u m  tr ie thoxyhydroaluminate  m 100 ml of ether 

was added over a period of 90 minutes at -65 ~ to a vigorously stirred solution of 10.90 g of the keto diester (XI) in 
50 ml of dry ether. The mixture was stirred further at this temperature  for 40 minutes, and the excess of l i th ium 
tr ie thoxyhydroaluminate  was then decomposed with acetone; at 0 ~ the mixture was ac id ihed  with 1% hydrochloric 
acid and extracted with three 50-ml  portions of ether. The combined ether extracts were washed with water and 
dried with magnesmm sulfate. Ether was driven off, and the hquid residue was vacuum-dis t i l led .  We obtained 7.66 g 
(71%) of the hydroxy diester (XII); b.p, 102-104 ~ (0.09 ram); n~ 1,4480; d~ ~ 1.0308, found MR 71.25; ca lcu la ted  

MR 71.68. Found: C 60.70; H 9.15%. C14HzeOs. Calculated:  C 61.31; H 9,49%. 

c) In an atmosphere of nitrogen a solution of 11 mmoles  of l i th ium aluminum hydride in 25 ml of dry ether 
was added over a period of two hours at -65" to a vigorously stirred soluuon of 10.90 g of the keto dicster (XI) in 50 
ml of dry ether. The mixture was stirred at this temperature for 45 minutes, after which the excess of h th ium a lumi-  
num hydride was decomposed with acetone.  Then, at 0 ~ the mixture was acldlfed with 1% hydrochloric acid and 
extracted with three 50-ml  portions of ether. The combined ether extracts were washed with water and dried with 
magnesium sulfate. We obtained 5.23 g (48%) of the hydroxy diester (XII), b.p. 105-107" (0.1 mm); n~ 1.4480; 

d~ ~ 1.0300; found MR 71.31; ca lcula ted  MR 71.68. 

Lactone of 3 -Hydroxy-2 ,4 ,6- t r imethy lhep tanedlo ic  Acid (IIa,  IIb, IIc,  and II). a) 5.0 g of the hydroxy dlester 
(XII) prepared by ca ta ly t i c  hydrogenation and 2.24 g of potassium hydroxide were dissolved in 20 ml of 80% alcohol 
The solution was left  overnight at room temperature and then heated for three hours at 45 ~ after which alcohol was 
dist i l led off The residue was dissolved in 40 rnl of water,  and the solution was washed with ether to remove neutral  
products. The solution was acidif ied to pH 1 with 5% sulfuric acid,  saturated with ammomum sulfate, and extracted 
with four 50-ml  portions of ether. The combined ether extracts were washed with water and dried with magnesium 
sulfate. Ether was driven off, and we obtained 2.95 g of viscous residue, which, according to the results of chromatog- 
raphy on plates carrying bound layers of s i l ica  gel (solvent system - ] : ] e ther-benzene) ,  consisted of a mixture of 
two substances, Rf 0.09 and 0.62, The mixture was chromatographed on a column containing 300 g of ASM s i l ica  
gel  (deve lopment  with a 4 �9 5 mixture of ether and benzene),  and 20-ml  fractions were col lec ted .  Fractions IV- 
VIII contained a crystal l ine product,  by the recrystal l izat lon of which from dlpropyl ether we obtained 0.33 g [9 3% 
on the hydroxy diester (XII)] of the lactone of 3 -hydroxy-2 ,4 ,6- t r imethylheptanedlo lc  acid (IIa), m,p. 122-123 ~ 
Found: C 60.07, H 7.84%. C10HleO 4. Calculated:  C 59.99; H 8.05%. The methyl  ester of the carboxy lactone (IIa) 
prepared by the action of ethereal  d lazomethane,  had m.p. 72-73 ~ (from hexane). Found: C 61,58, H 8.44% CllHI804 

Calculated:  C 61.68, H 8.41%. 

Fractions XIII-XXI contained 1.28 g (35%) of the stereolsomeric carboxy lactone (IIb), m.p. 157-158 ~ (from 
dipropyl ether). Found: C 59,88; H 8.06%. C10H1604. Calculated:  C 59,99, H 8,06%, The methyl ester, prepared 
by the act ion of e thereal  d iazomethane,  had m.p. 55-56 ~ (from a mixture of hexane and ether). Found: C 61.61; 

H 8.41%. CllHlsO4. Calculated:  C 61.68; H 8,41%. 

Judging from the results of th in- layer  chromatography, Fractions IX-XII contained a mixture of the carboxy 

lactones (IIa) andffIb). 

b) By the hydrolysis of 5.48 g of the hydroxy dlester (XII) prepared by method (b), with 2.65 g of potassium 
hydroxide in 30 ml of 80% alcohol under conditions anal'ogous to those described above we obtained 1.0 g (25%) of 
the crystal l ine carboxy lactone (IIc), m.p. 107-108 ~ (from dipropyl ether). Found: C 60.08; H 8.13%. C10HleO4. 

Calculated: C 59.99; H 8.05%. 

c) By the hydrolysis of 4.8 g of the hydroxy diester (XII) prepared by reduction with l i thium aluminum hydride 
with 2.15 g of potassium hydroxide in 20 ml of 80% alcohol under conditions analogous to those described above we 
obtained 3.18 g of an oily product, by the chromatography of which on a column containing 300 g of ASM sihca  gel 
(development  with a 4 : 5 mixture of ether and benzene) we isolated 2,03 g (58%) of the earboxy lactone (II), re.p, 
125-126 ~ (from dipropyl ether). A mixture with the carboxy lactone (IIa) mel ted  at 84-105" Found: C 60,28; H 8 16% 
CIoHleO4. Calculated:  C 59 99; H 8.05%. Methyl ester, m.p. 73-74 ~ (from a mixture of petroleum ether and diethyl  

ether). A mixture with the methyl  ester of the carboxy lactone (IIa) had m.p. 54-62* Found: C 61,84; H 8 56%. 

C11H1804. Calculated:  C 61.68; H 8.41%. 

Resolution of the Lactone of 3 -Hydroxy-2 ,4 ,6 - tnme thy lhep taned io i c  Acid (II.). 0.38 g of the earboxy lactone 
(II) was added to a suspension of 0.36 g of D - t h r e o - l - p - m t r o p h e n y l - 2 - a m m o - l , 3 - p r o p a n e d l o l  in 20 ml of boil ing 
ethyl ace ta te  The homogeneous m~xture was left overnight at room temperature,  The crystals that were prec ip i ta ted  
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(0.52 g) were filtered off and crystalhzed three nines from a mixture of ethyl acetate and butanone. The salt ob- 
tained (0.25 g), which had m.p. 128-129 ~ and [ a ]~ -50  ~ (c 1.674; alcohol), was dissolved m 5 ml of water, the solu- 

non was acidified to pH 1 wtth 1% hydrochloric aczd and extracted with five 10-ml portions of ether. The combined 
extract was dried with magnestum sulfate. Ether was driven off, and two crystalhzatmns of the residue from dipropyl 
ether gave the ievorotatory carboxy lactone (l -II), m.p. 125-126", [ a ]~  - 32 ~ (c 5.26; chloroform). 

We thank Prof. Djerassl, who kindly agreed to make a comparison of preparations and provided us with the 
infrared spectral curve of the methyl ester of the carboxy lactone (d-II). 

S U M M A R Y  

1. The synthesis was earned out of all four possible s t e r e o l s o m e n c  lactones of 3-hydroxy-2,4,6-tr imethylhep o 
tanedwm acid having cls-dtsposmon of the methyl groups m the lactone ring. 

2. One of the lactones obtained is the racemate of the product of the oxidative cleavage of methymycm, 
neomethymyem, pmromycm, and narbomyem. 
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