
Tenahe&m vol. 43, No. 4. pp. 779 to 784,1981 
Printed in G-at Bhitt. 

t!em”40%/8? 53.00+ .tx 
Peqatttott loumala Ltd. 

A V RAMA RAW, M N D~~MUK~ AND G V M SHARMA 

Regional Research Laboratory, Hyderabad 500 007, India 

(Receiced in UK 18 Ddcernber 1986) 

Abstract - The aliphatic portion of (t)_zearalenone has been synthesised by 
a new simple route starting from 2,Mihydropyran and Eacetyl-r-butymlactone 
by employing dithiane for C-C bond formation. The final condensation of this 
segment with the aromatic part and subseqnet transformations led to (& 
zearalenone. 

The synthesis of macrotides is currently under intensive investigations because of their diverse , 

biological activities.. Recent developments in their synthetic strategies made the task easier for the synthe 

sis of macrolides. Zearaienone* J_ is a naturally occurring l&membered orseiiinic acid type macrolide 

with anabolic and uterotropic activity. It was the first macrolide to be synthesised by both Merck and 

Syntex groqs3 and the methodologies adopted by them for C-C bond formation involved a Wittig reaction, 

while Tsuji et al4 _ _ employed an intramolecular alkylation. All the groups have fundamentally adopted 

the same strategy in the construction of aromatic and aiiphatic segments. 

In-this paper we report (a) a simple and convenient method for the synthesis of the aiiphatic moiety 

2 from -easily accessible starting materials and (b) its condensation with the aromatic Part to get the 

key intermediate 22& The strategy used for daborating the synthesis of (&zeardenone is illustrated 

by the antithetic relationship depicted in Scheme 1. The salient features of our synthesis comprises of 

protecting the hydroxyt and. two carbonyl functionalities by suitable protecting groups which could be 

independently removed without affecting each other. To achieve this assignment, the lower segment 

of the aliphatic moiety can be looked upon as a thioketal masked hydroxy-aldehyde and the upper segment 

as an-ethylene ketal protected bromoketone. The synthesis of the aromatic part 14a reported by Hauser - 
et al’ was found to be relatively simple and therefore was duplicated. -- 

1 2 L 
Commercially availabie 2,3_dihydmpyran on treatment with aqueous hydrochioric acid at room 

temperature afforded ’ shydroxy pentanal I6 (Scheme 2) which on reaction with l,>propane&hiol in 

dry chloroform in presence of boron trlfluor&-etherate g8ve the hydmxy-dithianc 2 in 79% yield. The 

hydroxyl ‘group in I, was prettied as its THP-ether. The other segment namely bromaketal & was pre- 

pared from i!-acetyl-f-butyrolactone by the fitaature procadue7. & was converted into the iodo-ketal 
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c by treatment with sodium ioddesodium bicarbonate in acetone at room temperature. 

Metallation (Scheme 3) of the THP-ether 2 with ebutyllithium at -15*, followed by alkylation 

with freshly prepared 5-iodopentan-Z-one ethylene ketal & provided the alkylated product & in 67% yield. 

In order to cleave the THP ether selectively, 1 was treated with a mild acid (TsOH-MeOH) at room tempt 

rature, however, both the THP ether and the ethylene ketal groups were found to be cleaved as the hydroxy 

keto compound 2 was isolated in quantitative yield and its structure confirmed by spectral studies. This 

observation indicated that the preferential cleavage of THP-ether over ethylene ketal was difficult. 

Therefore? it was considered to introduce ketal group once again in the hydroxy-keto compound 2. Reac 

tion of 2 and ethyleneglycol in the presence of toluene-psulfonic acid r&d not go to completion, even 

after 76 hr, most of the unreacted starting material was recovered by chromatography. The faster moving 

product isolated in less than 10% yield was assigned the structure g by ‘H-NMR and MS (M+ 302). 

Scheme 2 

1) HS?H, 6F3aOEt2, CHCI3 

0 = (&OH 2)D”P, %OH,C”2Ch 
* R&:x 

1. 2 R=H 

& RtfHP 

Scheme 3 

1) BOX-MaOH 

-2bHf’. TsOH, CyC 

r .n 1J 

The above findmgs prompted us to study the alkylation of the alcohol 2 with c. For instance,, 

the hydroxy-dithiane 2 was treated with two equivalents n-butyllithium at -15” followed by the iodide 

E to afford the alkylated product fi in 49% yield. The low yield of the required alkylated product is 

due to the formation ,of the anticipated O-alkyl ether (36% yield). A sofution of JI_ in methanoi was 

reacted’with toIuen+psuffonic acid at room temperature for 20 hr to effect the cleavage of ketal protec- 

tion which gave the hydroxy-keto compound 2. The hydroxyi group in 2 was protected as THP ether conven- 

tionally to give g in 89% yield. Reduction of the carbonyl group in 12 was effected with sodium bore 

hydrde in methanol and the resulting alcohof 13 was characterised by spctral studies. The above illustrated - 
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sequential reactions led to the construction of aliphatic C-IO carbon skeleton l3, suitable for further 

elaboration to (t)_zearalenone. 

The required aromatic moiety u was prepared as follows. The known ester l4a was hydrolysed - 
with alkali and then treated with thionyl chloride to give the acid chloride _Q in qmntitative yield. Conden- 

sation of &5 with the al&&tic segment fi (Scheme 4) was carried out in presence of pyridine to afford 

the product g whose ‘H-NMR spectrum clearly demonstrated the structure assigned. Subsequent removal 

of the THP-ether group with a mild acid followed by mesylation with methanesulfonyl chloride and triethyl- 

amine gave the mesylate 1Sa. The correwnding iodo derivative * was prepared by the treatment - 
of l& with sodium iodide in acetone. The attempted cyclisation of 18b using h~am~hy~~~iazane failed - - 
to give the desired product 19. The reason for this failure may be attributed to the formation of sulpho- - 
nium salt by the intramolecular reaction ofelodithiane. There are few examples reported in literature’ 

in this regard. This finding clessrly indicated that non-participating carbonyl protective group such as 

an ethylene ketal would be required to overcome this difficulty. Accordingly 18a was treated with mercu- - 
ric chloridemercuric oxide in refluxing aqueous acetonitrile. After 1 hr, the reaction mixture was worked 

up and the resulting residue was chromatographed to give two fractions. The major faster moving compo- 

nent was found to be undoubtedly the mesylate ketone 3 while the slower moving component on TLC 

isolated in 35% yield was the alcohol a. in its iR spectrum an absorption due to OH group was observed 

at 34s cm -‘. In addition, 1 H-NMR spectrum revealed the absence of a signal due to the mesyl group. 

Further _2l_ was converted into 2 by the reaction with methanesulfonyf chloride and triethylamine. 

14 Q R=Mc 
kR=H 

X=OTHP 

X=OH 

ax= 0-e 
&X= I 

KNWdMej )2 ,THF 

t 

The ketonic function of t0 was protected as ethyleneketai in the usual way and then - 
into’ the correqxmiing iodide m with sodium iodide in acetone in 78% yield. The structure of 

was confirmed on the basis of spectral data (IR, NMR, MS) and microanalysis. 

The key intermediate 2 was earlier prepared by Tsuji c & 4a by acylation of suitably 

converCed 

the iodide 

functiona- 

lised Clb alcohol (obtained from the butadi&e telomer and dlethyl malonate) with the acid chloride 

Ir, Forth&, they have reported the intramolecuIar alkyletion of the carbanion generated from&odalkyl- 

benwat& G$& and subsequent oxidative &&nation to f&?zaraienone. Therefore, our ,synthesis of the 

key inter&diatt~ would formally constitute the total synthesis of (&zearalenone. 
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EXPERIMENTAL 

The solvents and reagents were purified and dried by standard techniques. The reactions involving 

metallation were conducted under argon or nitrogen with magnetic stirring unless otherwise specified. 

The solvents were removed by distillation ipvacuo using a rotary evaporator. IR spectra were recorded 

( Gmax 
cm-‘) neat on a .Perkin-Elmer model 683 spectrometer. PMR were obtained on varian T-60 or 

A-60 in CDC13 or CC14 solutions and chemical shifts are reported in ($1 ppm with TMS as internal stam 

dard. Mass spectra were run on AEI MS-30 double beam mass spectrometer or CEC-ZI-IIOB spectra 

meter. 

5Hydroxy pentanal ‘, and 2-GbromopropyB-2-methyl-I,3dioxalane 7a were prepared from 2,~di- - 

hydropyran and 2-acetyl-r-butyrolactone respectively according to the procedure described in the litera- 

ture. Methyl 2,cdimethoxy-&methyl benzoate was prepared from orcinol 
9,lO 

and converted into methyl 

2,Cdimethoxy-6-UphenylthioI methyllbenzoate B by adopting the literature procedure5. The ester, 

&J was hydrolysed to the corresponding acid m with ethanolic potassium hydroxide. 

2-(4-Hydroxybutyl)_l,&iithiane (2) 

To a stirred solution of 2 (9.5 g, 93 mmol) and I,fpropanedithiol (10 g, 93 mmol) in dry chloro- 

form (40 ml) was added gradually BF3-etherate (13.2 g, 93 mmol) during 15 min. at room temperature. 

After 7 hr, it was quenched with water and extracted with chlroform (5 x 50 ml). The’ combined chlore 

form extract was successively washed with water, aqueous potassium hydroxide (5%), brine, dried (Na2S04) 

and concentrated to give a syrupy residue. The residue, thus obtained was chromatographed on silica 

gel (acetonebenzene 1:9) to afford 2 as a pale yellow viscous oil (I4 g, 79%). IR : 915 (characteristic 

dithiane band) and 3200 (OH). NMR (Ccl,) : 1.30-2.10 (3 8H, 4CH2) 2.64 (3 IH, OH; D20 exchange- 

able) 2.70-2.90 (no 4H, 2 SCH2) 3.57 (3 IH, CH). M+ 312. (Found : C, 49.80; H, 8.10, 5, 5.33. C,8H160S2 

requires : C, 50.0; H, 8.301 5, 5.30%) 

2-(4-Tetrahydropyranvloxybutyl)_1,9dithiane (&I 

A mixture of the hydroxy-dithiane 1 (0.960 g, 5 mmol), dihydropyran (0.63 g, 7.5 mmol) and tolu- 

enepsulfonic acid (0.050 g) in dichloromethane (I5 ml) was stirred at room temperature for 6 hr. The 

reaction mixture was diluted with dichloromethane (15 ml) and washed with sodium bicarbonate solution 

(5%). The organic layer was dried (K2C03), evaporated and the residue obtained was chromatographed 

(silica gel, benzenepet.ether, 6~4) to give the THP-derivative as a pale yellow liquid (1.10 g, 80%). IR 

: 918 (dithiane). NMR (Ccl,) : 1.2G2.10 b 14H, 7CH2) 2.60-2.90 (rr~, UH, 2 SCH2) 3.0-4.0 (3 5H, 20CH2 

and CH) 4.56 (J, IH, CH). M+ 276. 

2-(3-Iodopropyl~2-methyl- 1,3dioxalane (2) 

A mixture of 2 (2.8 g, 13.4 mmol), sodium bicarbonate (3.372 g, 40.2 mmol) and sodium iodide 

(4.016 g, 26.7 mmol) in dry acetone (I5 ml) was stirred at room temperature for 4 hr. Acetone was re- 

moved, the residue diluted with water and extracted with petroleum ether (25 ml). The petroleum ether 

layer was washed with aqueous sodium thiosulphate (5%) and filtered through a bed of anhydrous potassium 

carbonate. Evaporation of the soivent under reduced pressure gave a as a pale yellow liquid (3.3 g, 

97%). 

~(~Hydroxybutyl)_I,~dithian-2-yl~l-(bmethyl-I,~dioxalan-2-yl)_propane (II) - 

To a stirred cold solution of the hydroxy-dithiane 1tO.960 g, 5 mmol) in dry THF (5 ml) was added 

E-butyllithium (2M, 5.5 ml, 11 mmol in hexane) during 10 min. at -15’. After 4 hr at -l5’, a solution 

of the freshly prepared ketal fi (2.56 g, 10 mmol) in dry THF (10 mB. was introduced dropwise. Then 

the contents were stirred at -1P for 2 hr and O0 for 12 hr. The reaction mixture was quenched with 

aqueous sodium bicarbonate (5%) and extracted with chloroform (5 x 10 ml). The combined chloroform 

extract was successively washed with sodium bicarbonate solution (5%), water, dried (K2C03) and evapo- 

rated to give a syruP,y liquid. It was subjected to column chromatography on silica gel (acetonepetroleum 

ether lr9) to furnish two fractions ‘A’ and ‘B’. Fraction ‘A’ was found to be 0-alkylated product. Fraction 

‘B’ containing the title compound was collected and concentrated to a colourless oil (0.78 g, 49%). IR 

: 915 (dithiane), 3450 (OH). NMR (CC14) : I.21 (3 3H, CH3) 1.30-2.0 cII1, IQH, 7CH3 2.50-2.80 b 4H, 

2 SCH2) 2.96 (s, IH, OH, D20 exchangeable) 3.50 (3 2H, CH20H) 3.83 (3 4H, 0CH2CH20). M+ 570. 

(Found : C, 56.0; H, 8.75, 5, 17.40. C,5H2803S2 requires : C, 56.20; H, 8.7% S, 17.65%) 
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A solution of the compound 8 (0.808 g, 2 mmol) in methanol (10 ml) and toluene-psulfonic acid 

(0.030 g) was stirred at room ternpaturc for 20 min. Methanol was removed under reduced pressure, 

residue quenchedw&h water and extracted with chloroform (2 x 10 ml). The chloroform layer was washed 

with water, dried (Na2S04) and solvent distilled off. The residue on chromatography over a column of 

silica gel (acetonebenzene 0.5~9.5) provided 2 as a colourless liquid (0.560 g, 81%). IR : 915 (dithiane), 

1720 (GO) and 3450 (OH). M+ 276. 

F[(cTetrahydropyranyloxybutyl~l,~dithian-2-yl~pentan-2-one (2) 

The THP derivative 12 was prepared from the hydroxy-keto compound 2 (0.6 g, 2.17 mmol) dihydro - 

pyran (0.53 g, 6.3 mmol) and toluenepsulfonic acid (0.020 g) in the usual way. Purification of the crude 

product on a column of silica gel (acetonepetroleum ether, 1:9) furnished 12 as a pale yellow oil (0.70 

g, 89%). 1R : 1720 (C=O). NMR (CDCI,) : 1.30-1.80 (3 18H, 9CH2) 2.10 (i, 3H, COCH3) 2.40 (3 2H, 

COCH2) 2.60-2.90 (3 OH, 2 SCH2) 3.20-3.90 (m 4H, 2 OCHZ) 4.50 (b IH, HC$). M+ 360. 

~(4-Tetrahydropyranylxybutyl~l,3-dithian-2-yl~pentan-2-ol (E) 

To a stirred solution of the keto compound 12 (3.60 g, 10 mmol) in methanol (30 ml), sodium bore 

hydride (0.74 g, 20 mmol) was added in two portions and the mixture stirred at room temperature for 

8 hr. Excess of the borohydride was decomposed with water , methanol was removed, the residue was 

diluted with water (10 ml) and extracted with chloroform (3 x 30 ml). The chloroform extract was washed 

with water and dried (K2C03). The residue obtained after evaporating the solvent was chromatographed 

(silica gel, acetonebenzene 0.5~9.5) to get 13 as a thick colourless oil (3.00 g, 82%). IR : 3450 (OH). 

NMR (Ccl,) : 1.16 (5 3H, CH ) 1.20-2.10 (b 
.b 

m 20 H, 10CH2) 2.60-2.80 (3 4H, 2 SCH2) 3.20-4.0 (IJ, 

4H, 2 0CH2) 4.50 (3 IH, HCS). M+ 362. (Found : C, 60.20; H, 9.40; S, 17.80. C18H3403S2 requires 

: C, 59.8% H, 9.40; S, 17.60%) 

4-[2-(4-Tetrahydropyranylxybutyl)-1.3-dithian-2-yl]_I-methylbutyl-2,4-dimethoxy-6(phenylthiomethyl) 
benzoate (16) -- 

(A) The acid chloride 15 was prepared from the acid 14b (0.28 g, 0.94 mmol) and thionyl chloride - - 

(0.5 ml, 6.9 mmol) in the usual way. It was used in the next step without further purification. 

(B) To a stirred mixture of the alcohol 11 (0.330 g, 0.92 mmol) and pyridlne (0.148 g, 1.87 mmol) 

in dichloromethane (5 ml) was added a solution of the acid chloride fi (0.28 g) in dichloromethane over 

a 10 min. period at room temperature. After stirring overnight at room temperature, the reaction mix- 

ture was treated with sodium bicarbonate solution (5%). The aqueous layer was extracted with ether, 

dried (K2C03) and concentrated. The resulting residue was purified over a short column of silica gel 

(acetone-benzene 1:9) to give the ester 16 as a thick gummy material (0.360 g, 59%). IR : 1720 (ester 

C=O). NMR (CDC13) : 1.30 (cJ, 3H, CH3) 1.4tL2.0 (n 20 H, 10CH2) 2.60-2.90 (&, 4H, 2 SCH2) 3.20-3.80 

(3 4H, 2 CCH2) 3.68 (3 3H, 0CH3) 3.71 (f, 3H, 0CH3) 4.09 (3 ZH, CH2SPh) 4.50 (& IH, Hc=,o) 5.00- 

5.30 (3 IH, 3OH) 6.28 (3 2H, ArH) 7.0-7.20 (3 ZH, SPh). M+ 648. (Found : C, 62.60; H, 7.30; S, 14.40. 

C34H4806S3 requires : C, 62.90; H, 7.40; S, 14.80%) 

4-[2-(4-Methanesulfonyloxybutyl)-l,3-dithian-2-yl~l-methylbutyl-2,~~m~hoxy-~(ph~ylt~o) methyl1 
(I&) benzoate 

A solution of methanesulfonyl chloride (0.228 g, 2 mmol) in dichloromethane (5 ml) was added 

dropwise to a well stirred solution of the hydroxy-ester 11 (0.564 g, 1 mmol) and triethylamine (OXJ>g, 

3 mmol) in dry dichloromethane (10 ml) at 0”. The contents were then stirred at room temperature for 

2 hr. The reaction mixture was decomposed with water and the aqueous layer was extracted with dichloro 

methane (3 x 25 ml). The combined dichloromethane solution was washed with water, dried (Na2S04) 

and concentrated to give the mesylate m as a dark brown material (0.560 g, 87%) which was used with- 

out any purification. NMR (CDCl,) : 1.31 (6 3H, CH3) 1.50-2.10 (3 lBH, 7CH2) 2X-2.80 (3 4H, 2SCH2) 

2.96 b 3H, S02CH3) 3.60 (3 3H, 0CH3) 3.73 (J, 3H, 0CH3) 4.09 (3 ZH, CH2S03) 4.18 (3 2H, CH2SPh) 

4.80-5.20 (m- IH, CH) 6.50 (3 2H, ArH) 6.90-7.20 b SH, SPh). 

~Methanesu~fonyloxy-1-methvl-~ox~nonyl-2,Cdimethoxy-b[~phenylthio) methyl] benzoate (20) 

A mixture containing the mesylateester m (0.5 g, 0.78 mmol) mercuric chloride (0.462 g, 1.71 

mmol) and mercuric oxide (0.184 g, 0.85 mmol) in aqueous acetonitrile (IO ml, 80%) was refluxed for 

1 hr. The reaction mixture was filtered through celite and washed thoroughly with ammonium acetate 

solution (5%), dried (Na2S04) and the solvent evaporated. The resulting residue was subjected to chro 

matographic purification (silica gel, acetone-benzene 1:9) to afford two fractions ‘A’ and ‘B’. Fraction 
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‘A’ and ‘8’ were identified as the mesylateketone a (0.177 g, 41%) and the hydroxy-keto compound 

21 respectively on the basis of the spectral data. The hydroxy-keto compound was converted into the 

mesylateketone 20 in the ususl way using methane sulfonyl chloride and triethyl amine. - 

4-[Z-(I-Methanesulfonytoxv butyl~I.~dioxalan-2-y1~1-methylbutyl-2,Cdimethoxy-~(phenvlthio) methyl1 
benzoate (22a) -- 

A solution of the ket*compound 20 (0.160 g, 0.29 mmol), ethylene glycol (0.06 g, 0.87 mmol) - 

and catalytic amount of toluenepsulfonic acid in dry benzene (20 ml) was refluxed for 6 hr, with ate+ 

tropic removal of water. The mixture was cooled, washed with soium bicarbonate solution (5%), dried 

(K2C03) and eMporated to get the mesylate-ketal 22a as a thick gummy material (0.160 g, 94%). IR 

: 1720 (C=O). NMR (CDCI3) : 1.34 (6 3H, CH3) 1.40-1.80 b 12H, 6CH2) 2.94 b 3H, S02CH3) 3.65 

(s_, 3H, 0CH3) 3.75 (3 3H, 0CH3) 3.86 (JI 4H, 0CH2CH20) 4.00-4.20 (s, ZH, ArH) 7.0-7.20 b IH, SPh). 

M+ 596. (Found : C, 58.60; H, 7.0; S, 10.40. C29H4009S2 requires: C, 58.40; H, 6.7@ S, 10.70%) 

U-[2-(Clodobutyl)_l,Pdioxalan-2-y1~ I-methylbutyl-2,~dimethoxy-6_I~henylthio) methyl] benzoate (2zb) 

A mixture containing the mesylate-ketal & (0.150 g, 0.25 mmol), sodium iodide (0.075 g, 0.50 

mmol) and sodium bicarbonate (0.063 g, 0.75 mmol) in dry acetone (5 ml) was stirred at room tempe- 

rature for 24 hr. Acetone was evaporated, the residue treated with water and extracted with chloroform 

(2 x 10 ml). The chloroform solution was washed with brine, dried (K2C03) and evaporated to give the 

iodide, 22b as a thick gummy material (0.123 g, 78%). IR : 1720 (C=O). NMR (CDC13) : 1.31 (3 3H, CH3) 

1.40-1.60 b 12H, 6CH2) 3.12 (3 2H, CH21) 3.68 (J, 3H, 0CH3), 3.75 b 3H, OCH3), 3.81 b UH, 

0CH2CH20) 4.10 (3 ZH, CH2SPh) 4.90-5.20 f.. IH, 3OH) 6.25 (J, 2H, ArH) 7.00-7.30 (. 5H, SPh). M+ 

628. (Found : C, 53.10; H, 6.20; 5, 5.70. C28H37106S requires : C, 53.41; H, 5.92; 5, 5.38%). 
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