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chloroform). The product consisted of both CY and p anomers as 
evidenced by tlc and nmr: T~"'' 3.95 and 4.45 (m, assigned to 
H-7e and H-7a), 4.15 (t, H-l), 5.30 (t, H-2), 8.20 (m, equal to  
four hydrogens on C-5 and C-6); the mixture could not be 
separated by tlc. 

5,6-Dideoxy-l ,2-0-isopropylidene-cu-D-22/lo-hepto-l,4-furanose 
(4).-Compound 3 (0.045 g)  in methanol (20 ml) was reduced 
with sodium borohydride a t  0' for 24 hr. After the reaction 
mixture was neutralized with acetic acid (2 ml), water (10 ml) 
was added and the mixture then passed consecutively through 
columns of Amberlite IR-120 (H+) and Dowex A-4 (OH-). The 
eluent was evaporated to dryness and benzene-ethanol was dis- 
tilled from the syrup (0.035 g, 75%): [aIa4n f 2 "  (c 2, ethanol); 
Rf 0.46; nmr T~~~ 6.25 (t, H-7), 8.10 (m, equal to  4 hydrogens, 
assigned to  hydrogens on C-5 and C-6). Compound 4 had the 
same Rf as one of the components of the hydroformylation prod- 
uct mixture. 

Reaction of 3-O-Acetyl-S,6-dideoxy-l,2-O-isopropylidene-~~-~- 
sylo-hex-5-enofuranose with Carbon Monoxide and Hydrogen.- 
The 3-0-acetate derivative of 1 was subjected to  the usual oxo 
conditions1 a t  135' for 2 hr. The oxo product mixture could not 
be separated by chromatography. An aliquot of the oxo mix- 
ture was deacetylated with methanolic sodium methoxide and 
then deisopropylidenatedg with Amberlite IR-120 (H+) to yield a 
very complex mixture of free sugars which could not be separated 
by paper chromatography using 4: 1: 5 butanol-ethanol-water as 
developer. 

Registry N0.-3 (7R), 27039-90-3; 3 (7s)) 26988- 
37-4; 3 phenylhydrazone, 26988-64-7 ; 4, 26988-65-8 ; 
7-0-acetyl-5,6-dideoxy-1,2-0 -isopropylidene- CY-D- xylo- 
heptodialdo-1,4-furanose-~~-~-7,3-pyranose, 26988-66-9; 
7-0-acetyl-5,6-dideoxy-l,2- 0 - isopropylidene - CY - D - xylo- 
heptodialdo-1,4-furanose-/3-~-7,3-pyranose, 26988-67-0. 
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Considerable effort has been devoted over the past 
decade to the exploration of potential synthetic routes 
to compounds in the eremophilane-valencane family 
of sesquiterpenes.'f2 A major problem in this con- 
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nection has been the stereochemical control of the 
vicinal methyl groupings which characterize the mem- 
bers of this family. Several years ago we devised a 
straightforward solution to this problem based upon 
the stereoselective condensation of cyclohexanone de- 
rivatives with trans-3-penten-2-one.lc This report de- 
scribes our application of that synthetic concept t80 
the total synthesis of nootliatone ( l l ) ,  a sesquiterpene 
constituent of citrus fruits3 

eremophilane 
skeleton 

valencane 
skeleton 

The requisite starting material for our synthesis, 
keto ester 2, could be obtained directly in one step 
by treatment of dimethyl y-ketopimelate (1)4  with 
ethylidenetriphenylphosophorane in dimethyl sulf- 
oxide Evidently the basic reaction medium 
promotes Dieckmann cyclization of the y-ketopimelate 
either prior to Wittig condensation or as a subsequent 
step. The unsaturated keto ester 2 could also be 
prepared through reaction of the diketo ester 12 with 
the ethylidene phosphorane in DlISO. Keto ester 12 
was readily obtained from dimethyl y-ketopimelate (1) 
via ketal formation, Dieckmann cyclization, and hy- 
drolysis. This latter route to the keto ester 2, though 
longer than the direct condensation-cyclization scheme, 
proceeded in higher overall yield. 

* LPPh,p 2 

1. HqOMe),, MeOH, pTsOH 
2. NaH, DME 
3. n30+ 

12 

The stereochemically critical step of the synthesis, 
condensation of keto ester 2 with trans-3-penten-3-one, 
was effected in tert-amyl alcohol with potassium tert- 
amylate as the base. Aldol cyclization of the resulting 
Michael addition product in methanolic sodium meth- 
oxide then gave the bicyclic keto ester 3, a 3: 1 mixture 
of cis and trans CHa, C02CH3 isomers, and a 1 : 1 mix- 
ture of Z and EB double bond isomers according to 
the nmr spectrum. These conditions for the Michael- 
aldol sequence were selected on the basis of studies 
on related  condensation^.^^^^ The desired cis isomer 3 
could be readily separated from the mixture and purified 
through crystallization. Material thus secured still 
contained the Z and E double bond isomers6 in nearly 
equal amounts. 

Epoxidation of the ethylidene grouping of the dienone 
ester 3 followed by boron trifluoride etherate promoted 
rearrangements of the resulting epoxide mixture (syn, 
anti, and or,@ stereoisomers) led to R 2: 1 mixture of 
posium on Synthesis and Substitutes for the Food Industry, American 
Chemical Society, Division of Agricultural and Food Chemistry, 158th 
National Meeting of the American Chemical Society, Sept 8-12, 1969, New 
York, N. Y., Abstract 48. 
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@- and a-acetyl derivatives 5 and 6.  Assuming that 
the epoxide rearrangement proceeds with inversion of 
the oxirane-linked cyclohexane carbon, this finding in- 
dicates that a similar mixture of @- and a-epoxide 
stereoisomers must be produced upon epoxidation of 
olefin 3. This result would not have been expected 
on the basis of steric considerations. 

The less stable predominant @-acetyl isomer 5 could 
be isolated and purified by crystallization from the 
mixture. Basic treatment effected its conversion to 
the more stahle a isomer 6 .  Ketalization of this ma- 
terial then gave the bis-ketal derivative 7. Attempts 
to convert the 0-acetyl isomer 5 to ketal 7 directly 
were not successful. Only partial equilibration of the 
side chain could be realized and a mixture of stereoiso- 
meric ketals resulted. 

i C02CH3 y *e 0J3cHcH3 KO.tert.Am 0 

CH30,C 

1 2 

J 
4 

7 5, R = COCH,; R' = H 
6, R = H; R' = COCH, 

- 
2. H30f 

8, R = CH,OH 
9, R =  CHO 

CH2=PPh,e 
DMSO 

0 
10 11 

Reduction of the bis-ketal ester 7 with lithium alu- 
minum hydride in ether and Rfoffatt oxidationg of 
the resulting alcohol 8 led to the aldehyde 9 in high 
overall yield. Wolff-Kishner reduction of this alde- 
hyde and subsequent hydrolysis of the bis-ketal product 
afforded the dione 10. Initially we examined a number 
of schemes of the type C02CHI --t CH20H --t CH2Y --t 
CHI for effecting the methoxycarbonyl to methyl con- 
version in compounds related to keto ester 6 .  I n  
all cases the final step, reduction of the neopentyl 
sulfonic ester or halide by a variety of methods, gave 
little or none of the desired product.' 

The final synthetic operation, conversion of the dione 
10 to racemic nootkatone (1 l), was accomplished 
through a selective Wittig reaction using methylenetri- 
phenylphosphorane in DMSO.5 The spectral prop- 

(9) K. E. Pfitzner and J. G .  Moffatt, J .  Amer. Chem. Soc., 87, 5670 
(1965). 

erties of material thus secured exactly matched those 
of authentic nootkatone. 

Experimental Sectionlo 

Methyl 4-Ethylidene-2-oxocyclohexanecarboxylate (2). A. 
Via Condensation of Dimethyl 7-Ketopirnelate with Ethylidene- 
tripheny1phosphorane.-A solution of 2.00 g of dimethyl y- 
ketopimelate (1)4 in 22 ml of DMSO was added dropwise to a 
solution of ethylidenetriphenylphosphorane prepared from 9 2 0  g 
of triphenylethylphosphonium bromide and 1.01 g of 56% NaH 
dispersion, from which the mineral oil had been removed by 
pentane washing, in 94 ml of The mixture was 
stirred at  room temperature for 4 hr and the product was isolated 
via pentane extraction.1ab Filtration through 10 g of silica gel 
with benzene and distillation of the filtrate afforded 0.71 g (40%) 
of keto ester 2: bp 75" (bath temperature) (0.05 mm); 6;;; 
12.05 and 12.08 [enol OH (2 and E isomers)], 5.41 (vinyl CH, 
J = 6.2 Ha), 3.78 and 3.82 (CHtO-), and 1.62 ppm (vinyl CHs, 
J = 6.2 Hz). 

Anal. Calcd for C10H1403: C, 65.92; H ,  7.74. Found: C, 
66.1; H ,  7.7. 

B. Via Diketo Ester 12.-A solution of 2.02 g of dimethyl 
yketopimelate and 0.2 g of p-toluenesulfonic acid in 18.0 ml of 
trimethyl orthoformate and 12 ml of methanol was heated at  50' 
with stirring for 72 hr.108 The solution was poured into aqueous 
sodium bicarbonate and the product was isolated with etherlob 
affording 2.42 g (987,) of the ketal diester: bp 90' (0.10 mm); 

Anal. Calcd for CtlHnoOe: C, 53.22; H,  8.12. Found: C, 
53.0; H ,  8.0. 

A 1.98-g sample of the ketal in 20 ml of 1,2-dimethoxyethane 
was stirred with NaH (0.41 g of 57% oil dispersion washed with 
pentane to remove the oil) a t  50" for 9 hr.1Oa Most of the solvent 
was removed under reduced pressure, the residue was acidified 
with ethereal acetic acid, and the product was isolated with 
etherlob affording 1.53 g (997,) of ketal keto ester: bp 112' 
(0.2 mm); 6.01 and 6.08 p ;  6,":;; 11.95 (enol H ) ,  3.69 (COZ- 
CH,), and 3.12 ppm (OCHt). 

Anal. Calcd for c1oH1605: C, 55.55; H ,  7.46. Found: C, 
55.8; H ,  7.6. 

A 40-g sample of ketal keto ester comparable to that described 
above was stirred at  room temperature for 12 hr with 250 ml of 
acetone, 35 ml of water, and 1 ml of concentrated HCl.'O& The 
solution was concentrated under reduced pressure and the product 
was isolated with benzenelob agrd ing  25.7 g (82%) of solid 
diketo ester 12: mp 34-37'; X,,, 5.82, 6.01 and 6.15 p;  6,";; 
12.10 (enol H )  and 3.76 ppm (C02CH3). 

Anal. Calcd for CsHloOa: C, 56.47; H ,  5.92. Found: C,  
56.7; H, 6.0. 

To a solution of ethylidenetriphenylphosphorane, prepared as 
described above from 55 g of ethyltriphenylphosphonium bromide 
and 5.9 g of 577, NaH oil dispersion in 345 ml of DMSO, was 
added a solution of 10.0 g of diketo ester 12 in 100 ml of DMS0.l')" 
The solution was stirred for 4 hr and the product was isolated 
with pentmelob affording 8.50 g (79%) of keto ester 2 ,  bp 75' 
(0.05 mm). 

Condensation of Keto Ester 2 with trans-3-Penten-2-one.-To 
a solution of 2.00 g of keto ester 2 in 10 ml of KO-tert-Am in 
tert-AmOH (from 0.05 g of K )  at  -10' was added portionwise 
with stirring, 1.35 g of trans-3-penten-2-one.10~ The solution was 
allowed to stand a t  0' for 18 hr and the product was isolated with 
ether.lOb The material thus obtained was treated with 10 ml of 
2.3 M methanolic NaOMe at  room temperature for 22 hr to effect 
aldol cyclization.loa Isolation via extraction with etherlob af- 
forded 2.04 g (75%) of gale yellow solid keto ester 3 (a mixture 
of 2 and E isomers): A,:; 5.80, 6.01 p ;  6::; 5.92 (vinylic CH), 
5.35 (vinylic CH, quartet, J = 6.2 Hz), 3.71 (OCH,), 1.60 and 
1.70 ppm [vinylic CHa (2 and E isomers) doublet, J = 6.2 Hz] . 

Purification via short-path distillation, recrystallization from 
hexane, and, finally, sublimation gave material of mp 93-102'. 

A,,, film 5.75 p ;  6::; 3.58 (COaCHs) and 3.08 ppm (()CHI). 

(10) (a) The apparatus described by W. S. Johnson and W. P. Schneider 
("Organic Syntheses," Collect. Vol. IV,  Wiley, New York, N. Y., 1963, p 
132) was used to  maintain a nitrogen atmosphere. (b) The isolation proce- 
dure consisted of thorough extractions with the specified solvent, washing 
the combined extracts with saturated brine solution, and drying the extracts 
over anhydrous magnesium sulfate. The solvent was removed from the 
filtered extracts under reduced pressure on rotary evaporator. (0) Micro- 
analyses were performed by Micro-Tech Laboratories, Inc., Skokie, Ill. 
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Anal. Calcd for C16HzoOa: C, 72.55; H, 8.12. Found: C, 
72.6; H ,  8.2. 

Conversion of the Dienone Ester 3 to the Enedione Ester 6.- 
A solution of 1.02 g of dienone ester 3 in 20 ml of DME and 10 
ml of water was stirred a t  room temperature with 0.83 g of 97T0 
m-chloroperoxybenzoic acid for 5 hr. The product was isolated 
with etherlob (10% KOH wash to remove acidic material) 
affording 1.02 g of crude epoxide 4, a mixture of stereoisomers. 
This material was dissolved in 50 ml of benzene and 1.0 ml of 
boron trifluoride etherate was added via hypodermic syringe.*)108 
After 1.5 min aqueous sodium bicarbonate was added, and the 
product was isolated with benzeneloa to give 0.88 g (88%) of a 
colorless semisolid mixture of acetyl epimers 5 and 6 (2: 1 accord- 
ing to  the integrated nmr spectrum). The major isomer 5 was 
purified by recrystallization from hexane-ether to give a white 
solid: mp 148-148.5'; 5.80, 5.88, and 6.00 p ;  8::; 5.96 
(vinylic CH), 3.62 (OCHa), and 2.30 ppm (CHaCO). 

Anal. Calcd for C ~ S H Z ~ O ~ :  C, 68.15; H, 7.63. Found: C, 
68.0; H, 7.5. 

A 0.44-g sample of the aforementioned 2:  1 mixture of enediones 
5 and 6 was stirred a t  room temperature with 25 ml of MeOH, 1 
ml of water, and 0.03 g of sodium carbonate for 5 hr.108 Isolation 
with benzenelob afforded 0.44 g (99%) of oily enedione 6: Ai&! 
5.78, 5.85, and 6.01 p;  8::; 5.93 (vinylic CH), 3.73 (CH30), 2.17 
(CHaCO), and 0.98 ppm (CHa doublet, J = 6 Hz). 

Anal. Calcd for C16HzoOl: C,  68.15; H ,  7.63. Found: C,  
68.4; H ,  7.8. 

Conversion of the Enedione Ester 6 to the Bis-Ketal Aldehyde 
9.-A solution of 0.44 g of enedione ester 6 in 40 ml of benzene 
containing 6 ml of ethylene glycol and 0.13 g of p-toluenesulfonic 
acid was stirred a t  reflux with a Dean-Stark trap for 12 hr.108 
Solid sodium bicarbonate was added and the product was isolated 
with benzenelob affording 0.58 g (95%) of bis-ketal ester 7: 
A,f$ 5.78 p;  8:;; 5.58 (vinylic CH), 3.82 (-OCHZCH20-), 3.63 
(CHaO), 1.20 (CHa), and 0.95 ppm (CHa, unresolved doublet). 

The above material in 50 ml of ether was treated with 0.50 g 
of lithium aluminum hydride and the mixture was stirred a t  reflux 
for 24 hr. Water (0.5 ml), 15% aqueous NaOH (0.5 ml), and 
water (1.5 ml) were added in turn, stirring was continued for 0.5 
hr, and the mixture was filtered. Removal of ether under reduced 
pressure left 0.50 g (95%) of bis-ketal alcohol 8: A:: 3.0 and 
9.51 p ;  f$gP 5.60 (vinyl H ,  unresolved triplet), 3.87 (-OCH2- 
CH,O-), 1.24 (CHa), and 0.98 ppm (CH,, unresolved doublet). 

The above alcohol in 3 ml of DMSO was treated with 0.12 ml 
of pyridine, 0.06 ml of trifluoroacetic acid, and 0.94 g of dicyclo- 
hexylcarbodiimide in 3 ml of benzene.9*"Js After stirring for 18 hr 
a t  room temperature, the mixture was poured into 25 ml of 
ethyl acetate, and a solution of 0.42 g of oxalic acid in 4 ml of 
MeOH was added. After 0.5 hr, the mixture was filtered and the 
filtrate was washed with water, aqueous sodium bicarbonate, and 
saturated brine and dried over anhydrous sodium sulfate. Re- 
moval of solvent under reduced pressure left 0.46 g (93%) of 
bis-ketal aldehyde 9: kc: 3.7 and 5.81 p ;  8:;'; 9.75 (CHO), 
5.68 (vinyl H ,  unresolved triplet), 3.91 (-OCH&HzO-), 1.27 
(CHs), and 1.10 ppm (CHa, unresolved doublet). 

Conversion of the Bis-Ketal Aldehyde 9 to the Enedione 10.- 
A solution of 0.46 g of bis-ketal aldehyde 9 in 25 ml of ethylene 
glycol and 3.5 ml of 85% hydrazine hydrate was heated a t  120' 
with stirring for 1 hr.lo& The solution was allowed to cool, 1.5 g 
of KOH was added, and the temperature was increased to 205' 
and maintained near that point for 2 hr. The solution was 
allowed to cool and the product isolated with ether.lob The 
resulting material in solution with 10 ml of acetone, 1 ml of 
water, and 3 drops of concentrated HC1 was stirred a t  reflux for 
1 hr.10a Extraction with benzenelob followed by short-path distil- 
lation a t  130" (0.01 mm) afforded 0.24 g (78%) of pale yellow 
enedione. Further purification by preparative layer chromatog- 
raphy (silica gel) and short-path distillation yielded the analytical 
sample: 5.85 and 6.00p; 8::'; 5.93 (vinylic CH), 2.07 (CHa- 
CO), 1.04 (angular CHs), and 0.93 ppm (CHa doublet, J = 6 Ha). 

Anal. Calcd for C14H200: C, 76.33; H, 9.15. Found: C, 
76.1; H, 9.3. 

A solution of methylenetriphenylphosphorane was prepared as 
previously described from 0.48 g of NaH and 7.65 g of methyl 
triphenylphosphonium bromide in 40 ml of DMSO. A 2.60-ml 
sample was removed via syringe and added to 248 mg of enedione 
10 in 2 ml of DMSO. The mixture was stirred a t  room tempera- 
ture for 4 hr, and the product was isolated with pentanelob and 
chromatographed on silica gel to give 55 mg of (&)-nootkatone: 
mp 44-45'; 5.98 (CO), 6.16 (C=C), and 11.3 p (C=CHz); 

8:;; 5.60 (H-4), 4.66 (C=CHz, doublet, J = 1 Hz), 1.66 (vinyl 
CH,), 1.10 (angular CH3), and 0.95 ppm (CHs, doublet, J = 6 
Hz). The spectral characteristics of the synthetic material were 
identical with those of the natural material.3 

Anal. Calcd for C~SHZZO: C,  82.52; H ,  10.16. Found: C, 
82.39; H ,  10.16. 

An early fraction amounting to 8 mg was obtained with hexane 
elution. This material exhibited spectral properties suggestive 
of the expected bis condensation product of dione 10. 

Registry No.-1 dimethyl ketal, 27024-77-7 ; ketal 
keto ester [bp 112' (0.2 mm)], 27024-78-8; 2, 27024- 
79-9; 3 (cis), 27024-80-2; 3 (trans), 27024-81-3; 5, 
27024-82-4; 6 ,  27024-83-5; 7, 27024-84-6; 8, 27024- 
85-7 ; 9, 27024-86-8; 10, 27024-87-9; 11, 20071-81-2; 
12,27024-89-1. 
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Cleavage of the antibiotic lincomycin in refluxing 
hydrazine hydrate led to the isolation of methyl 6- 
amino- 6,8-dideoxy-l-thio-~-erythro-a- D-galacto-octopy- 
ranoside (methyl a-thiolincosaminide) (MTL) (1) in 
good yield2 Treatment of this sugar with triphenyl- 
phosphine dichloride afforded methyl 7(S)-chloro-7- 
deoxy-a-thiolincosaminide which when coupled with 
various 4-alkyl-~-prolines gave a series of potent anti- 
bacterial and antimalarial agents. a Further chemical 
transformations of methyl cy-thiolincosaminide (1) 
to form methyl N-methyl-a-thiolincosamjnide (8) 
and methyl N,N-dimethyl-a-thiolincosaminide (2) are 
now described. 

Reductive alkylation of methyl a-thiolincosaminide 
(1) with excess formaldehyde readily formed N,N- 
dimethyl sugar 2. I n  the presence of but 1 molar equiv 
of formaldehyde, reductive alkylation gave no evidence 
of the mono-N-methyl sugar 8, but only a lowered 
yield of 2 and unreacted amino sugar 1. 

Examination by tlc (thin layer chromatography) of 
partially completed reductive alkylations revealed the 
presence of two new compounds both less polar than 
starting sugar 1 as well as N,N-dimethyl sugar 2. 
These compounds could not be detected after further 
reduction. After separation by chromatography, the 
least polar of these intermediates was shown to be the 
initial condensation product of 1 with 2 mol of formal- 
dehyde. This compound was assigned structure 3 on 

(1) Previous paper in this sequenoe: R. D. Birkenmeyer and F. Kagan, 

(2) W. Sohroeder, B. Bannister, and H. Hoeksema, J. Amer. Chem. Soc., 

(3) E. J. Magerlein and F. Kagan, J. Med. Chem., 12, 780 (1969). 

J. Med.  Chem., 18, 616 (1970). 

89, 2448 (1967). 


