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Abstract--Total syntheses of the hiologtcally act~vc tnacrol~dc rrrralenone together wtth its optical 

resolutton and the dctmntnatlon of IIS absolute configuratton as “S” arc described.. 

Wittlg condensatton wth an ortho aldehydlc ester proceeded In p9rt with v~anal interactton and 

formation of an acetylcnic product. 

A SURSTANCF: demonstrating pronounced anabolic as well as uterotrophic activity 
was isolated in 1962 from the fungus Gihherella zeae growing as a mould on com.2 

This substance was subsequently shown by Uny er 41.’ in 1966 to be a macrolide with 
structure 1 and was designated xearalenone, namely, an enone derivative of a re- 
sorcylic acid lactone isolated from Gibberella zeoe. 

In contemplating a synthesis of zearalenone it was visualized that the penultimate 
stage would involve the ring closure of a properly functionalized hydroxyacid to its 
corresponding 14membered lactone. The final step in turn would require cleavage 
of appropriate masking substituents on the phenolic functions which in the case at 
hand were chosen to be methyl ether groupings. To test these final stages of a pro- 
jected route, xearalenone 1 was converted to its dimethyl ether derivative 2 and the 
latter was indeed found capable of retrocleavage to xearalenone 1 by means of boron 
tribromide in methylene chloride at Oc* or to a less satisfactory extent with pyridine 
hydrochloride at 1 m. 

Hydrolytic cleavage of the lactone grouping of xearalenone dimethyl ether 2 was 
not possible under normal saponification conditions but proceeded smoothly with 
sodium hydroxide in refluxing aqueous DMSO to provide an essentially quantitative 
yield of a seco acid product containing 3. The latter in turn was found to undergo 
recycltition in part to zearalenone dimethyl ether 4 on low temperature treatment 
with a benzene solution of trifluoroacetic anhydride.‘** The dimethyl ether of 
xearalenone thus obtained, however, revealed itself to be racemic. The question 
therefore arose as to whether the product was structurally homogeneous and if the 
racemization at C-10 had occurred during the saponification step oia an internal 
oxidation-reduction* or as a consequence of the trifluoroacetic anhydridccatalyzed 

l This procedure baa also box l pphal to tbc dtbydro sax acid ptoducinp xaralanone dimethyl ether. 

and IO the tctrahydro sax actd (Expcsimental). 

t Professor Uny in his structure studies on sea+systems derived from zuraknone obaetval this 

phenomenon as measured by deuterium exchange at positions alpha to C-IO. (Private communication) 

Set also Ref 3 
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ring closure. It is noteworthy in this connection that the inactive seco acid 3 ex- 
hibited no CH,--C=O in its NMR spectrum as would have been anticipated from 
an equilibration of the type 6 + 7. Despite this NMR result, however, later fmdings 
(see betow) established unequivocally the non-homog~eity of 3 relative to carbon 
atoms 6 and 10. 

1.R = 11 
2:R - Mcf[r], t 25 1 

6 

3(i) R - tf 
3a. R=Mt 

The following sequence demonstrated that the racemization had indeed oceurmd 
during the saponification step. Zearalenone dimethyl ether 2 was converted to its 
ethylene ketal derivative 8 and the latter saponified to the seco acid ketal 9. This 
compound as its methyl ester 10 possessed an optical rotation of [a):” +56”. 
Recychzation of active 9 t&a 3 with trifluoroacetic anhydride regenerated zearaienone 
dimethyl ether 2 with a rotation of [a& +25’ identical with material derived from 
natural xearalenone by methylation; the ORD curves of these two samples were also 
identical. It was thereby established that alkaline cleavage of the laaone ring of 2 is 
indeed accompanied by internaf dispro~~ionation (6 + 7) leading to racemization. 
Oxidation on the other hand of the seco ester ketal 10 with chromic anhydride in 
pyridine provided the ketone 11 (NMR 6 2.12 (s), Ii&CO). The latter on reduction 
with sodium borohydridt afforded racemic seco ester ketal10 which on ~~ni~~tion 
followad by acid removal of the ketal function provided an authentic, structurally 
homogeneous sample of racemic seco acid 3. 

Cyclization of 3 yielded racemic zearalenone dimethyi ether 4 in turn ckavad to 
(f) zearalenone 5 m.p. 187-189”. 

I 
As stated earlier, although the NMR spectrum failed to indicate a Me C=U 
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2:R -0 

8:R= _“o,: 

/// 

10 R = Me 

MeOH!HCl cfiv4 
II 

NIBH. 

12 11 

group in the disproportionated seco acid derivd by direct saponification of xarale- 
none dimethyl ether, the presence of isomeric species conforming to an equilibrium 
product (6 + 7) was observed from a subsequent transformation. Thus, the seco 
ester kctal 10 which is structurally homogeneous, was converted with methanol and 
hydrogen chloride to the cyclic methyl ketal 12 The latter exhibited a doublet 
methyl in its NMR spectrum in pyridined, at 6 I.12 (d, J = 60 c/s) and a single 
aliphatic methoxyl at b 3.18 in agreement with expectations based on 12 as well as 
with the corresponding NMR spectrum of this structural moiety derived from the 
total synthetic series (see below). By contrast the seco ester 3a derived uin direct 
alkaline cleavage of xearalenone dimethyl ether (not previously ketalized at C-6) 
afforded a product which in the NMR exhibited a doublet at 6 1.12 (J = 6 c/s) and 
singlet at 6 I.27 in the Me region as well as 2 bands in the aliphatic OMe region at 
d 3.18 and 3.21. These observations substantiate the presence of two structural 
types best accommodated by the isomers arising from 6-keto-ItShydroxy and 6- 
hydroxy- IGketo-species. 

At this juncture, the feasibility of lactone ring closure of the seco acid as well as 
subsequent ether cleavage to rearalenone having been established, we turned our 
attention to the total synthesis of the seco acid 3 itself. To this end the seco acid was 
depicted as a two component system joined by a double bond in which tbe one 
component is the aromatic system, 2-formyl4.6-dimethoxybenzoic acid 13 whereas 
the second component is the aliphatic moiety 15 in which the functionality at C-6 
and C-IO may be mutually masked tlia internal ketal formation. 

OR 
I3.R - H 

I4 R = Me IS 
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The aromatic component, 2-formyl46dimethoxybenzoic acid 13, had been 
obtained previously from natural product sources only, namely from the bitter 
principle isolated from mouldy carrots6 and from zearalenonc by ozonolysis.’ Total 
synthesis of this individual was accomplished by reduction of the known 3Jdi- 
~thox~ht~lic anhydride 16’ with lithium TV-t-butoxyaluminum hydride in 
tetrahydrofuran at 20”.** * Material obtained in this manner, m.p. 19>1%“, was 
identical with 2-formyl-4,6dimethoxybenzoic acid derived from zearalenonc by 
ozonolysis. This phthalaldehydic acid like similar systems’ of this type exists in 
solution entirely in the hydroxyphthalide form lk as evidenced by IR maxima at 
3.15 and 565)1 as well as the absence of aldehydic H and carboxyl H in the NMR 
spectrum. Urry et 01.’ had previously shown that this substance reacts with methanolic 
hydrogen chloride to give the methoxyphthalide 17. In contrast thereto and in 
~nfo~ity with recent findings” in a parallel instance, 13 reacts with diazomethane 
in tetrahydrofuran solution to give almost exclusively the open aldehydic ester 14. 
Treatment of the latter on the other hand with a catalytic amount of sodium mcth- 
oxide, in methanoldimethyI sulfoxide leads smoothly to the cyclic isomer 17.t 
Normal ester 14 was also obtained by ozonization of (+) seco acid methyl ester 38. 

* la the prcsml au rbc reagent attacks exclusively the thermally favored CO group. TM reaction 
mixture also contained 5.7-dimcthoxyphthalid (over-reduction) and 3.5dimcrhoxyphthGc acid (Ex- 

pcrtmcnull. For an alternative synthesis of 13 set ref Ir. 
in lnotbcr qqmwh to 13 cc.’ oxidation oi f was emxhai d L Sypcr, Temdudron Irrrers 4493. 

(1966). However. the only isolrbk produce was 2-methyl-Jarbomethoxy-S-mcthoxyquinon & mp. 
m-73” 

cooMc 
CdNtU,1NO,b 

f YmMc 

Me0 Me 90”. Mccoo1t M& MC 

I 
0 

P 

t Tbc formation Oc cyclic ester 17 from normal ester 14 wilh mctboxide anion provtdes structural 
analogy for Bender’s mechanism for the saponifiutton of o-formyl bcazorte esters” 
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Synthesis of the aliphatic component 15 proceeded from S-kctohexanoic acid 18. 
This acid was converted in 8WO% yield to 5-hydroxyhtxanoic acid lactonc 20 by 
reduction of the former with sodium borohydride to S-hydroxyhcxanoic acid 19 
followed by acidification and distillation. Treatment of this lactonc at - 15” in ether 
solution with 4-pcntenylmagncsium bromide permitted the separation of the 1: I 
reaction product as a complex. Acidification of the latter followed by distillation 
under reduced pressure produced the cyclic enol ether 22 in over 50% yield, I_ 
5.98 p (a-CH=). 609 (CH,=CH-). Isolation of the Grignard product prior to 
distillation revealed its constitution to be largely the open hydroxyketone 21 with 
strong bands in the IR at 302 p (OH) and 588 )I (C=O). Either component 21 or 

NaBH. 
MeCO(CH,t,CO,H - Me -CH _(CH,),CO,H 

tt * 
- 

I 
I8 OH 

19 

m 21 

d E$&Jj 
OMC 

22 23 

22 could be converted essentially quantitatively to the cyclic methyl ketal23 with 1% 
hydrogen chloride in methanol. The lability of both 22 and 23 was demonstrated by 
their respective rapid reversal to acyclic hydroxy ketone 21 when their deuterio- 
chloroform solutions were treated with deuterium oxide. Trace amounts of DCI 
presumably were present. The NMR spectrum of 23 exhibited the expected doubkt 
methyl at b 1.13 and singlet methoxyl at b 3.17 and thus provided an authentic 
reference for comparison with samples of scco ester ketal 12 previously discussed. 

Ozonolysis of 23 at - 60” in methanol followed by sodium borohydride reduction 
of the intermediate ozonide provided the carbinol U. The lability of this carbinol 
was quite spectacular in that its dcuteriochloroform solution on treatment with 
deuterium oxide causal almost instantanco~ convention to the spimnc 2S. The 
latter was also produced from (k) mcthyl.ester ethylcac ketal 10, dcrivd from 
zaraknone. This sequence provides synthetic idaNkation-comparisoa of tbc 
aliphatic segment of the zearaknone mokcule. 
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23 
I O,,McOH 

2 NaBH, 

The carbinol 24 was converted to its tosylate derivative 26 with ptoluenesulfonyl 
chloride in pyridine and thence to the corresponding bromide 27 with sodium 
bromide in refluxiog methanol. The latter was converted in turn with triphenyl- 
phosphinc in hot methanol to the phosphonium bromide 28 isolated in analytically 
pure although noncrystalline fotm In the several steps including tosylate formation. 
the cyclic ketal grouping suffered cleavage to a greater or lesser degree under the 
pertinent reaction conditions to the corresponding acyclic hydroxykctone species. 
This fact. however, constituted no obstacle since the cyclic kctal system was easily 

TO8C-l 
24 p). 

reformed on contact with methanol and anhydrous hydrogen halide. In actuality the 
reconstitution of the cyclic ketal was only of compelling importance at the phos- 
phonium salt stage anticipatory to phosphorane fomration. 

&fore engaging in the Wittigcoupling of the aromatic (14) with the aliphatic (a) 
component, the reaction of 14 with a model phosphoranc was studied. This was 
prompted out of consideration of the proximity of the neighboring carboxyl function 
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and the profound influence it might be anticipated to exercise on the course of the 
Wittig reaction. 

The aldehyde ester 14. therefore, was allowed to react in dimethyl sulfoxide with 
ethylidene triphenyl phosphorant 29 prepared by the sodium hydridcdimethyl 
sulfoxide technique. ” The red solution of the phosphorane retained its color for an 
extended period of time and was only dissipated in large measure after ca 48 hr. 
The reaction product yielded an acidic as well as a neutral fraction. From the neutral 
fraction was isolated in addition to triphenylphosphine oxide also triphenylphosphine 
together with at. 20% each of the expcctd olefin 31 and the methoxy phthalide 17. 
The latter could arise from intermediate 32 by methoxide displacement of ethylidene 
triphenylphosphorane 29-thereby accounting for the long retention of the red ylid 
color. However, if the reaction of 14 with 29 were slow relative to release of methoxide 
ion from betaine 30 (30 + 32). then I7 could alternatively be formed by reaction of 
methoxide with 14 as discussed earlier. The acidic fraction yielded a crystalline 
substance m.p. 132-136” with mol. wt. 220 (mass spec.) exhibiting triple bond 
absorption in the infrared at 450 )I. This substance proved to be the acetylenic acid 
34 presumed to arise together with triphenylphosphine from sequential elimination 
vi0 the intermediates 32 and 33. 

Me 

co. Me & 0 
+ Ph,P=cH+bk - 

MC0 C-HO 
29 

I4 

MQ 

<‘O,Me 

MC0 4 0 oe- 
McfiP (Ph,) 

e 
Jo 

WC0 Me 0 

McO i 

<'O,Mc 
. Ph, PO 

k4co C‘H=(‘Ii-5.4~ 

kis + rronr) 

31 

MC0 

McO f Ph, P 

34: R-H 

34a:R - MC 
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In contrast to the complex reaction course observed with the akiehydic ester 14. 
the Wittig-coupling with the sodium salt of the acid 13 proceeded rapidly and in a 
straightforward manner to yield the propenyl acid 35 in ~8.60% yield. 

MC0 MC0 

+ Ph,P=CHMe - 

M Me0 CH=CH-Me 

35 

This acid 35 like the corresponding ester was a cis-trans mixture in the ratio of 35 :65 
respectively. Fusion of this acid mixture with potassium hydroxide, according to the 
method of its formation from the carrot factor.6 permitted the isolation of rrwts 35 
in crystalline form m.p. 85-g8” identical with that reported by Sondhtimer.6*o 

The phosphonium salt 28 corresponding to the aliphatic component was con- 
verted to its ylid 36 with sodium hydride in DMSO. Treatment of this ylid with the 
sodium salt of 13 in DMSO caused immediate discharge of the red color of the ylid 
solution. The product on work-up provided 5560% of a mixture of cis and trans 

CO,Na 

CHO 
+ Ph,Pd - 

Me0 

36 

I OH 
2-I-Mcnthoxyacctate derivative [SF -39’ - 1 

1 BBr, 

l ThcCOrcglonolthc~lutlon IR spa?nofrcids34and Wwasrnomaloustn that rvoqually prominent 

bands WCR prcscn~ (5.80. 590 p), both d why& were absent m the spectra d tk comrponduy( Sally 

The 5%0~ kxl may be attributed to the monomeric form present in grxate~ equilibrium anxxntratioa 

thu! normal because d stti hindranoc to dimcrization. 
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( f ) seco acids 3. The NMR of the methyl ester of synthetic 3 exhibited a doublet 
methyl ester peak at S 390 and 3.95 in a ratio of I : 1 corresponding to the effect of 
the aliphatic side chain cis and truns respectively on the ester chemical shift. Con- 
version of synthetic 3 to the cyclic methyl ketal derivative corresponding to 12 
permitted analysis by VPC and established the cis-trans ratio, in conformity with 
NMR findings, at 4% : 52 respectively. For another route to ( + ) 3 see ref. Id. 

Ring closure of the cis-trans mixture of seco acids 3 provided (2) zearalenone 
dimethyl ether 4, m.p. 124 IX”, The latter on selective ether cleavage with boron 
trichloride in methylent chloride” yielded the J-monomethylether 37 which was 
resolved Y~O the 2-1-menthoxyacetate 38 [a]:’ -39”. Mild ~~ni~~tion of 38 to 
( -) 37 and cleavage of the latter with boron tribromidc led to (-) zearalenone I m.p. 
157-159” [z]?:’ - 190” identical in all respects with the natural product. 

Finally, the absolute con~guration of (-) zearatenonc was dete~in~ as “S” by 
application of Horeau’s method I4 to the dihydro seco acid methyl ester ethylene 
ketal4t. The latter was obtained by diazomethane treatment of the crystalline seco 
acid kctal 40, in turn derived from 39 by the sodium hydroxide-aqueous dimcthyl 
sulfoxidc procedure described above. 

II R - Me 

EXPERIMENTAL 

M.ps were takm on a microscope hot-staw apparatus md sm uncorrected. W spectra were &tn- 
mma! m McOH on a tiry model 11 PMS spccwomclcr and IR spectra on a Pcrkin -Elmer lnfracord 
tns~rumcnt. NMR spectra were recorded on a Varian A40 spfctromcra uring TMS u m internal 

standard. @heal rotations were wrswrd with il zein pboroekctric p&rimcta employing a 05 da% 
meter tube and ORD were dctcrmiaad on a Gary Modd 60 recording spcctro@uimctn. TLC was 
arrkd out on silia gel G coated glass plates and column charomatograpby on silica gel H columns by 
the “dry column” technique: The proper elution syskm was determine! by TLC prok and fractions 
werr collected aulomatically. 

Torrt~mdzolnofl0gd(+)2’inl00mlDNX)nuiatlinafundcrN,wu~ova5mln60ml 
20% NaOHaq. The resulting rod soln was rcfluxod gently for 2 hr (internal emp - I20”j The mixture 

was coolad lo IO IS*, acidikl with dil HQ and extracted 4 times with CHQ,. The CHCl, exewt was in 

turn extractai with dil KHCO,&q. Tbc Ialter extract was wasbal onac with CHCl, and acidified with dil 
HCL The acidified mixture was extracted with CHCl, aad tbc latter cxtraa wuhad with sat NaClq. 
dried over k&SD. and concentrated to dryness under vacuum Crude sem acid 3 was obtained (I02 g) 
as a pak yeilow viscous oil, fav 0; c 295 (t9OOk inn 255 (tt.003) 223 m (23.000): e 3034. 

5.82. S%M : NMR (CDCI,) d 1 17 (d) / = bch C&+--H. 3.85 (G--Me. 349 (s) --Me. 7Q7 (s) 2 active 

H posi~on utocmctation dcpcndcnc disappeared on adding D,O. In other runs varyrng minor amounts 

of xnohr Me doubkt d I.23 (J - 6) wu present 

l Proccdurr d T. E. Becaky of these Labonrorier” 



In a probe run attempted sapomfition of 2 utilumg 10Yb NaOHaq in aqueous McOH gave only a 

few per cxnt d acidic material after 24 hr of retlux. 

( t ) Ztaralcmne dimethyl r&r 4 /rum ( f ) 3 
To a stirred soln d 100 g (27.5 mmol) of crude ( *) 3 in 2800 ml benzene under N, and cookd to l(r 

was added over I hr 20 ml (294 g. 140 mmol) d trifluoroacctic anhydride. The cooling bath was ranova! 

and after an additional hr 5% NaOHaq was added with stirring and external oooling until tbc tifum 

was basic (-200 ml) The layers were separated. the aqueous layer was extracted twice with bcnzem. and 

the combmod bc~~.~nc layers washed twia with water. ona wirh sat NaClaq. dried over MgSO, and 

conccntratal IO dryness under vacuum to give 703 g d neutral darksolorad gum. Work up d the basic 

extract gave I.3 g of recovered 3 with NMR spectrum similar to that of starting acid. 

Crystallization d the neutral matenal from ether gave 200 mg crude 4 mp 117-123”. Chromatography 

d rhe mother liquors on I5Og sihca gel H. elution with 4% l atontCHC’l, ( -5 ml fractions). and 

crystallization of the pertinent fractions from ether gave 1068 pure 4 (c;onvcrsion yield 15%). mp 124- 

126’;[zg’ *O’;ORD(McOH *O’).(Found:C.68.94;H.7.44.~lcforC,,H,,O,:C69.W;H.7.57o~.) 

The TLC mobility, IR. UV and NMR spectra were identical with the respective properties of 2 

( + ) Zearalenont dimerhyl r&r 2 from KCO ad herd 9 

To a stirred soln of 090 g d ( + ) 9 in 5 ml THF was added 5 ml 2.2N pcrchloric a& After 2 hr at room 

temp 5Oml water was added and the mixture extracted with CHCI,. The CHCl, extract was wasbed with 

sat NaClq and dried over MgSO,. Removal d the solvent under vacuum gave 700 mg d (+) sax acid 3. 

To a stirred soln of 688 mg (I.88 mmol) d the above acid in 200 ml benzene at 6” under N, was added 

027 ml (040 g. I.90 mmol) trifluoroaatlc anhydridc. The pale yellow soln was kept at 6” for I8 hr. The 

ruction mixture was extracted with cold 4”: KOHaq. washed with NaClaq and drlal over Mm,. 
Removal d the solvent under vacuum gave 234 mg neutral material which crystallized on trituration with 

ether to allord 200 mg (80% conversion ylcld) of (+) 2 mp 107-I IO’; [a]y” + 25.. This material was 

idcntlcPl with authentic 2. mp 108-I IO-. [a]r”” + 25’ by mixat m.p.. IR. ORD and TLC cnteria. 

AcidlfKatlon of the KOH extract and CH<TI, extraction gave 400 mg d recovered 3 with idcnttil IR 

spectrum as starting ( +) 3 Llkew~sc the IR s+rum of the dcnvcd I2 was Identical with that d an 

authentx sampk. 

Zearalrnorv dimrfhyl crhtr crhylmr krcal g 

A rn~xturc d f +) rraralenonc dunethyl ether (lOOa) ptolucnaulfonK acid (525 mg) In ethylene glycol 

(75 ml) and toluenc (450 ml) was gently rcfluxcd vlth slow azeorropic distillation d the formal water. 

After 4 hr the Zimmerman test for a-methykne ketones was negative. The mixturc was c~~kd. the layers 

separated and the aqueous phase cxtraacd with ether. The combined organic extract was washed with 

5 9, NaHCO,aq. sat NaClaq. dried over MgSO, and conantntcd to dryness under vacuum. Crystallim- 

tlon of the residue from ether heunc gave 8. I09 g (94 %J m.p. IO1 103’; e” 298 ml (c 2210). 253 m)r 

(c 12850) and 223 m(r (c 32000). (Found: C. 67.51 ; H. 7-75. Calc for Cr,H,,,O,: C. 67.67; H. 7,74%.) 

I~3.5-Dinurhor~d-carho~yplun~~I(Fh~dror~I-undrctru-btrhyltruktrol 9 

By the procedure utihzai IO obtain ( *) 3 from 2 a soln d 8 (25 g) m 300 ml DMSO and I88 ml 209: 

NaOHaq was refluxcd 2 hr. Work up as In the preparation of ( * ) 3 gave 25.1 g d 9 as a pak yellow 011. 

iz, 2 85-3.2. 5%2. 6G6)6. 6.25.6.35.6.89, 8.6. 9.52. 1032. 1050. IQ70 CI. 

( + )I -(3.5-Dirmrhovy 6-carhonufhox~phcn)~I~h,drox~-l-undrccnc-6-rrhy&~~r~ 10 

Compound 9 (4.75 g) In 25 ml distilled THF was &c&cd with excess diaromethanc m ether. Con- 

antration of the ruction mixture gave hydroxy methyl ester kctal as an oil (4.92 g); [a]r + 5.6 ; 
i.2, ? 85. 298. 5 81. 606. 6.24. 6 33. 6.8% 700. 7.56. 790. 8.13. E-32. 8.60. 905. 9-M. 1031. 1050. 1068 p. 

NMR ((‘IXI,) 4 I I8 (dl J - Oc 5 (II, k-- H. 3 60. 3 82. 3 89 O-Me sInglets). 3 95 IS) 4Ii 

-0 CH,CH>-0 

l The conversion ricld of lactonc was greatly Improved when the molar ratio of trinuoroaatlc anhydride 

lo seco acid was dccruscd from 5 : I IO I I and the rcacuon run at 6’ for I8 hr (soz the following cxpcnmmt). 



Total synthcs~s of the macrohdc. zcarrlcnone 2453 

1i3.S-D~mcrhox~-bcarhonulhoxy~y~l~~o-~~~ece~~-ethy~~~ral 11 

A win d 10 (SO g; I2 mmol) in 35 ml pyridinc was added dropwisc (30 mitt) at IS’ to a stirred mixture 

of CrO, complex m pyridine.” prepared from 3.57 g CrO, and 35 ml pyndinc. Alter I6 hr at room tcmp 

the reaction mixture was poured into ice water and extracted with ether. Tbc ctbcr extract was washed 

wrth water. NaClaq. dried over MgSO, and concentrated under vacuum to give II (4.708) as a pale 

yellow oil : en 5-82 5.85 (broad). 606. 6-25. 6.32. 6.89 u; NMR (CDCI,) d 2.12 (I) McCO , 3.81. 3.86. 

3-88 (3 Me ringlets). 393 (I) 4H 0 CH,CH, 0 -. 

I f ) 1~3.5-Dinurhor~-bcurhunurhoxyphrny~l~h~roxy~l-u~~~~~~~thyle~~r~ 10 hy redumon oj I1 

Powdered NaBH, (20g) was added rn porttons to a stirred soln of 11 (4.7Og) tn 100 ml McOH at 0 

After I hr at room tcmp water was added and most of the McOH was removed by conocntratron under 

reduced press. The mrxturc was extracted with ether and the tatter extract washed wtth water. drrcd over 

NaaSO, and concentrated to dryness under vacuum to g~vc ( +) 10 (4 7 g); the IR spectrum rn CHCl, 

was essentially the ramc as that of optreally actrvc IO 

( k ) 2-.~cfhox~6-mrrhyl-2-pmr-4-en~l~5[2-( I-~ur~onurhoxy-4.6dtnurhorypkrnyrj ~rrdrydropyran 12 

A soln of I 0o mcthanohc HCI (8 ml) was added dropwrsc to a sturcd soln of(*) 10 in 3 ml McOH 

After I6 hr at 20 powdered NaHCO, was added followed by ether and water. The organic pha_u was 

washed with water. dried over Na,SO, and concentrated under vacuum to give ( 2) 12 (818 mg) as a pale 

ycllou WI Tbc analytical sample was freed from minor polar rmpurrtia by preparative TLC (CHCI, 
I 

F.tOAc 7-3). R, tn thus system - 035. NMR (C,D,N) d I I2 fd) J -. 6 c s Cll, .C H ; 3 I8 (I) alrphatrc 

OMc. 3-72. 3 80. 3.95 (3 smglcts) ester and aromatic OMc. (Found: C. 6703; H. 8.23. Calc for CrrH,,O,; 

C. 67.32: H. 8 22 “,, I 

( + )2-Mcrkoxy-bnwthyl-2-~f4-myl-5[2_(l-c~borrufhoxy-4.6dimcrkoxp)vnyC1 ~ctrahydropyran 12 from 

(+I 10 
Tra~tof(+)1O(2~ll~)witbI~mc~olicHCI(t5ml)bycbcprocad~uti~for(f)lOpve 

2.17 g of 12: TLC CHQ,-EtOAcsingk spot nmc mobility aa ( f ) 12 A nmpk (365 m& wu molsFularly 

diatilkd at 2oo”p5 mm. Total material distilkd to give a colorkas oil (Found: C. 67.61; H. 798; Cak. 

for C,rH,,O,: C. 67.32; H. 8.2279 

Cyclic nurhyl krrol product from c-n& ( f ) wco acid 3 
( f ) Sea acid 3 (20 g) derived ob diruzt npooifrcation of ( + ) 2 io IO ml THF was coovcrtal to methyl 

cater by addition of ctbctcal diaromctbanc. A 200 ny ampk of this mctbyl ester wu wovcrtcd to cyclic 

I2 by treatment aa above with mcthanolic HCl. NMR (CDCI,) 6 I.12 (d) J - 6c/s; 1.27 (a); 3.18. 3.21. 

3.80. 390. IO addition to tbc brndr due to 12, there were prcmnt bradr at b I.27 and 3.21 iodiativc of 

thcptcacnad W40%ofao iaomcck r-g tbc IO-mcthoxy Isomer of 12 

(f) 1.7-Dioxo-2-mrrhyl-JpbaEJJ]wducvw 25 fian ownicucbn oj 10 

Arolno((f)l0(1~230)in80mllabydMeOHwuozooitadrt -3~untiltbccfRucntgaspvca 

positive atarch iodide test. Eaasa 0, was mmovcd with a N, atrum Powdered NaBH, was added at 

- W to the stirred soht and tbc mixture wu kept at 0” for 1 br and at 25” for 05 hr. Tbc solvent McOH 

was removal under vacuum, water was added and tbc mixture cxtractod with bcMae The baxzone 

extract was wasbcd with water. dried over NasSO, and unnzntrati to dryness under vacuum to give 

426 w of crystalline residue mp. 134-l4r c 568u. idcntitkd aa crude 5,7dk*hoxypMaU. Crys- 

ullixation from McOH gave pure material mp. l&151” (mpoctcd”) mp. 151-153”. 

The combined aqucoua extracts were acidifii with 2.5N HCt and extracted with ether. Tbc ctbcr 

extract was w&cd with water drial oytr Na*SO, and cmnxntratad uodcr vacuum to give 475 w of 

crude Et contaioin~ a minor amount of phthalida Tbia material was purifkd by abort path diatilktion ; 
volatik cunphoraaous colorlar oil IR aod NMR qmtn idencial with tk rupasivc apmm of material 
obtained by acid treatment dU. (Found: C. 7053. H. l&m Cak for C,&aO,: C, 7054; H. 1066%.) 

2-Formyl4.6-dkrbxybw& o&(3-hydroxy 5.7dbmcthoxypWalUe 1J. lh 

(A) R&Won oj 3.5-4fbnet~xy~hhc unhyhfe A aoln of J.IOg (2oommo0 lithium tri t-butoxy 

l luminium hydride in 60 ml THF was ad&d over 30 min to a &rut aotn of4.16 8 3.5dimctboxypbtbalic 
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anhydride’ in 60 ml THF at l(r. The wlorkr anln was kept 18 hr at r~~rn temp. It wax tbcn conentred 
tod~ontbewrcrrpump~EtOAc~colddilHCI~TbcmuturrwuextnclrdScimtr 
with EtOAc. the httcr ertmct wubed with NaClaq. drisd over MgSO, and ama&rataJ to drymx 
under vacuum. Trituntion of tbc san&yaUline ruidue with aatone pvc 670 mg of 13 mp. I&1%9”; 
smgk spar on TLC (CHCI, : EtOAc: AcOH-5 :4: IL Crystallization from acxtontethcr gave the analytical 
sample as prismatic n&la. m.p. 193-l%” (reported& m.p. 19&I%‘); &, 295 (5510). 2SA (12.!XlOl, 214 mu 
(26.400) c: 3.15 (strong). 5.65 )r (strong); NMR (pyridinc d,) 6 3.79 (6H singlet) S.?-OMe. 661 (d) 
I = Zc/s. 6.95 (d) J - 2~;s -- 4.6-H; 690 (broad s) 3-H. (similar spectrum in aatone d,); NMR (I-SN 
NaODin D,O)b954(s)aldebydc H.(Found:C. 57.17; H.468. UC. for C,OH,,O,: C. 57.14; H.4,80”.,.) 

The mother liquon contained addition~I13 as well aa 5.7dimcthoxypbtlb&c, 3~oxypbthalic 
acid and anhydride u indicated by TLC (CHCI,: EtOAc: A&H-5:J:l). In another run the total yield 
of 13 formed was determined to be 33 % by ractioo of an aliquot of the product (667 mg) with ?+dinitro- 
phcnylbydruinc in MeOH-H,SO,aq to give 415 m8 of 13 Z4dinitrophcnylbydrne. mp. 23+ 20 
(repotted’ 237-244‘) 

(B) Ozonir&on o/ (f ) uco a&f J. A solo of 5 w of (2) 3 derived cia upooifKation of 2 in 100 ad 
McOH at -w wax tratcd with 0, until one mohr r&v 0, had been absorbed. During tbc -ion a 
havy ppt formed. Tbc -Id reaction mixture was treated with 7 ml. Me,S” and allowed to stand at 
roomtempfor4br.Therolvm~wcrrrrmovbdkwcw,urdtberaiducwutrlreDup~E1OAc+be 
EtOAc wln wax extracted acvcml tima with NaHCO,aq. Acidifuzatioa of the biarbon~tc cxtr~~ 
afforded. after cxtractioo with EtOAc and concentration fn wcuo. 2.101 of U. mp. 186191’. 

loanothcrruo(lOgof fRrbepptwhicbformadduriagcbco~tioowuNteradwubcdwilb~ld 
(- 7(r) McOH and dried in air (2.8 8 mp. 18cl86’). It proved to be 1J, possibly formed In siru by tiled 
ckavage of the primary ozonidc as indicated. 

MC 

Methyl 2-jamy/4.6dhuthoxylmuoate l4 

(A) Mrthylurbn o/ U. D&~~&Mc generated from N-methyl-N-oitroso-ptolucoc sull& was 
snptby~~tkN,rt~into~rolno(~~d13inlOmlMF.Aha30miaexart~ 
and solvent wctz IWIMJV~~ under vacuum The solid ruidue wax crystaUixod from aatooecthcr to give 
14, mp. 8Hr; 1,327(1840). 264(39201207~ (23.000); ~3.7O(wak), 579.5.86u; NMR (CDCI,) 
d 3.85. 3.g7. 3.W (3-3H singkts) QMe. 6.73 (d) J - 2 c’s, 6-99 (d) J = 2 c’s - 2-rromatK H. 100 (s) aldc- 
hydic H. (Found- C 59.23; H. 5.28 : Cak for C, , H ,10, : C. 5892 ; K 540 ‘/.., 

(B)Ozonlrolbno~JI(f)Sscoa~~(7~~oclointioain180mlMcOH~t -WfoUowcdby 
Me,S work up u daaibed for the ozonimtion of 3 eve 2068 of 14 mp. 7e84’. r8ixaJ to 8HP oo 
crystallization from ether. A 148 ozonixatioo worked up by hltralion of the intermediate ppt (u da- 
cribcd above). grvc after crystallization of the crude product from ether-hcxanc. 3.8 g of l4 mp. SW. 

3.5.7-7umerhoxyphrkUe 17 
To a stid soolo of 206 m8 (092 mmol) methyl 2-formyl4.&dimcthoxyba~~tc in 10 ml DMSO was 

added 025 ml 044N NaOMe io McOH (011 mmol NaOMc). Ma 75 min TLC (5% acdoac in CHCI,) 
of an aliquot indicated compktc convcrsioo to I7 (aiogk spot) Water wax added to the mixture which 
was then extracted 4 tima with CHCI,. The latter extract was w&cd with water. sat NaCl4. dried over 
MgSO. and cowentrated IO dryness under vaau~m. Crystallization of the raiduc (210 mg) from aqueous 
EIOH gave prisms m.p. Il%121’ (rrportai’ 117 II9”) On crystallization from ether needle, mp. 91-93’ 
were obtamal i,, 295(6140L258(13.6001213mu(27.100);;_. cu 5 69 p; NMR(CDCl,)b 3-59(s) -3-OMc. 
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392. 3.96 (2 smglctr) -5.7-OMe. 6.13 (I) -3-H. 651 (d) I - I.5 c’s. 660 (d) I = I 5 c/s - 4.6-H. (Found 

C. S917; H. 541. Cak for C,,H,,O,: C. 58.92; H. 5400/,) 

To a stirred soln d I.85 g (SGO mmol) ethyl triphatylphosphonium bromide m IS ml DMSO maintained 

under N, was added 3.45 ml UJSN methyl sullinyl arbanion (SO mmol) in DMSO.” After 20 min a soln 
d14(l~l2~Smmol)~I5mlDMSOwuadd~duriogSmintothcuirrrddaeprado~~~ylidenc 

triphcnylphosphoranc solo. The &our faded to yellow ova 48 hr II which time water was added and tbc 

weakly basic mixture extracted with ether. The e&r ex~ntct was washed with NaClaq. dried over Mg!jO, 

and concentrated IO dryness to yield I.IPg neutral gum. The aqueous eatnet on acidifiation with dil 

HCl and CHCI, extraction gave 740 mg rcldic material as a cream colored foam Trituratton dtbc neutral 
product wrth ether-hcxanc gave tnphcnylphosphmc oxtdc, m.p. ISI 153’ on recrystallization from ether 
The filtrate was concentrated to dryness and chrotttatographal on 21 g s~ha gd H (dry column) Elution 

with 5% aatonc in CHCl, gave 3 idcntiIIcd rubstanccr In order d increasing polaricy these were: 

tnphcnyl phosphittc m.p. 75-77 (idcntiul mobility and IR spectrum as authcntlc material); mtrhyl-2- 

propl-cn~l-4.6dimnhox~~~c31 (210 trig). pale yellow oil &, 295 (2430). 253 (ll.300), 22s mu 

(25.000); c 582 607 (weak). 1035 u (strong); NMR (CDCl,) 6 I.86 (d) I w 4c/s Me -CH=. 3.79. 

3.81. 3.88 (3-OMc), 5.96 660 (4H multtpkt) and 3.S.7-rrimcchoxyphfh/1dt I7 (ISOmg) m.p. 119-121 

(from aqueous EtOH) identical with an authentic sampk. VPC analysis of 31 tndiatal two main compo- 

nents (cis. rronc) (area ratio c 30 : 70) 
Dry column chromatography ol the acidic extract (740 mg) on 25 g silia gel H and clution with CHCl, 

EtOAc AcOH 5.4: I (3 ml fractrons) gave 200 mg of essentially single spot 2-propl-yny14,6dl- 

mcrhoxykruoic acid 34, prisms from acetone-ether. mp. 132-136”; I_, 303 (3100). 297 inll. (2970). 251 

(I 1.000). 218 mu (33.000); c, 4.50 (weak). 5.78 (strong). 589 (strongl both CO bands were absent m the 

spectrum of the Na salt, NMR (CDCl,) 6 207 (s) SIC Cs 3-X1. 3.87 (6H) 2-OMc. 6-45 (d) J = 2 c S. 

6-63 (d) J = 2c:s-2 arotnattc H. I075 (s) COOH (Found: C. 65.34; H. 512 mass peak 229 Calc. for 

C,,H,,O; C. 6544: H. 549 ‘.; mol wt 2202.) 

Propynyl acid 34 with diazomcthanc tn ether-THF gave methyl 2-popl-ynyl4.6 dimcrhoxybcruoatc 

34a mp. 84-88‘). c 4-50 (weak). SgOu (Found: C. 6665; H. 6-31. Cak. !or C,,H,,O,: C. 6665; H. 

6G2”,.) 

Racrionofl3wirh trhylUrnrrrfplvny/phosphomrvtisMd trans 2-popI-tny/4.6dimrihoxybmzo~acid35 
To the stmcd yld soln prepared from I.gS g (SO0 mmol) ethyl triphcnylphosphonium bromtdc under 

N, as in the praxdtog experiment was addod. over 5 mitt a soln o! IOSg (SU3mmol) 2-fomty14.6 
dimctboxybcnzoic acid in IS ml DMSO and 3SS ml (SU3 tnutol) IJIN mctbylauUtttyl arbion in 

DMSO. Tbc sohr color ligbtatcd from deep tul IO otangc witbitt IS mitt. After 2 hr tbc tuctiou mixture 

was added to cold water and ocutml ttbatcrial (ttiphcnylpboaphinc oxide, 55 ‘4 yield. m.p. 14&I- 153” from 

ether) tcmovcd by ctbcr extraction. Tbc aquoow Ntntc was l ctdiRcd with dil HQ and utractal with 

CHCl,. The latter cx~ract was wasbed witb sat NaClaq. dticd over MgSO, and coacrntntcd to dryness 

under vacuum to give 35 aa a colocku vtacous oil 643 atg (Sg %j Tbc NMR spectrum (CDCl,) indiatal a 

2 compoocnt mixture: 2 sets of split doublets 6 I.73 (I - 7 l d 2 c/r), I.88 (I - 6 and 2c/s) area ratio 

.35’6S (3Hbi.s: rrcvu McCHKH-. 3.85 (rL 3.88 (s), 392 (s) 6H OMc. 575-7QS (m) IH-aromatic 

and vinyl H. and 1035 (broad s)-COOH 
A 280 mg l hquot of this product was gouttd with 850 tug powdered KOH sod tbc mixture kept II 

I80 18s‘ (or I hr.’ Water and dil HCl were added to the cooled mixture. which was tbcn cxttactai with 

ether. The ether extract was washed with sat NaCIq. dried over MgSO, and concctttntcd to drytusa 

under vacuum. Crystallization of tbc raiduc from ether-bcxanc gave rrons 35 m.p. 85 88” (IO5 mg); 

reported* 8s87’; i._ 298(2lSO).tttR. 2SS(ll.700). 223 mu(26,UD); c S+IO.S90. lOMu; m morpholmc 
the 580 and 590 bands were abacnt; NMR (CDCl,) split doublet b I90 (I - 6 and 2 c/s) 3H I~UIU 

McCH<H -, 3.85 (s) 3% (s) 6H .- OMc. 580-705 (m) 4H-aromatic utd vinyl H. 1065 (br& I)- 

COOH (Found: C. 64.77; H. 633; Cak. for C,,H,,O,: C 64.85; H. 63SY_) 

A IOOmg ahquot d the Wittig product (c& rraru m was coovcrtal to tbc corrcapondiog 31 with 

diazotocthanc in ether. VPC analysis indiatcd a 2 componatt mixture with area ratio 33:67 in l gramcnt 

with the NMR tinding oo clr. trora B. 
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3OOmg mp 108-111‘; IR and UV xpcctra identical WI& the respective xpectra of (-) 37 (Found: C. 

6884; H. 7.12; Glc for C,,HI,O,: C. 6865; H. 7.27%). 

( - ) Zcm4leauru Cmrthyl trkr 37 
A. From ( + ) zmmdmme dhnerhyl rrhm 2 By he procedure of the preceding expcnmcn! 50 g of ( + ) 

2 wax converted into 3.768 of (-) 37 mp II8 120 (from MeOH) (repotted’ m.p. l&122’); IR and 

UV spectra identical wnh I& rupcctivc rpectn of an l u~hcntic xampk. 

B. From ( - ) 1. Compound ( - ) Xl (60 mg) in MeOH (I-2 ml) wax xaponifrcd with 25N NaOH (03 ml) 

a~ 25 for 2 hr. The reaction mixture was acidiftcd with cold 2.SN HCl and extracted wtth CHCI,. The 

latter extract was washad with 5% NaHCO,aq. water, SPI NaClaq. dncd over MgSO, and co~ntratai 

under vacuum to give 40 mg crystalline ( -1 n m.p. I I4 116’. undeprcsxai on admixture with an authentic 

sample. The mpective IR spectra were idcnttcal. 

To a sttrmd soln of I3014 g (01 mol) d I8 in RO ml waler contaming 100x2 g (0 I2 mol) NaHCO, at tY 
was added portionwise I.89 g (MS mol) NaBH,. The raulting reactton mixture was sttnal at room 

tcmp for 4 hr and then cautiously made acidic with HCI to pH 2 After I9 hr at room temp rhc reaction 

mtxturc was saturated wtth NaCI and extracted wnh ether. The ether extract wax wuhal with sat NaCIaq 

and dried over Na,SO, Evaporation of ether followed by dtsttllation alforded 9.5288 (83,5”,) of 20. 

hp. ll2- 1~3~~21 mm(ht.‘v bp. 107’:14mm). 

ZiPe~tr&m~f) 6-mtfhyl-A’-dihydropyrM 22 and I~hydrox)-l-undrcrru-6-oru 21 

An ethereal soln of I-pcntenylmagncsium bromide” prepared from 35.397 g (02375 mol) I-bromd- 

pcntcnc and 7-296 g (03 mol) Mg in I30 ml ether, was added dropwtr to a stirred soln of 27.108 g (02375 

mol) S-hydroxyhexanotc acid bctone tn 300 ml ether at - IS’ over 2 hr under an atmosphere of N1 The 
heterogeneous reactton mtxtum was sttrrcd at - IO for another 4 hr and daomposcd wtth sat 

NHJ‘Iaq. The aqueous layer was extracted wtth ether The combined ether layers were ut turn extracted 

wtth S”, NaOHaq. sag NH,Claq and NaClq rapcctivcly After drying over Na,SD, and removal of 

ether followed by dtsttllation there was afforded 20363 8 (51.5”;) of 2.2 h.p. S2. 54’065 mm; cy 3-31. 
I I 

5 98. 609, 1092 and I3.12u. NMR (<XXI,) d l-26 (d. I = 6 SC/~ H C CH,); 3-93 (m. M H). 

I 
I ; 

447 (broad triplet. 0 -C=C H). 545 (m. CH=CHx)and 5.75 lm. CH-KH,). The NMR spectrum 

changed on addition of Da0 exhibitmg a signal at I.18 (d) due to a secondary Me group and a broad 

I I I 
multtplet at 3.78 (0. C -H); the broad tripkt due to 0 C=C- H wax absent. The compound. when 

recoveral from the NMR sampk. showed bands at 302 and 5.88p tn its IR spectrum and consequently 

was 21. 

To a sttnal umple (I S-3 8 0092 mol) of 22 at U wax added 40 ml I oL methanolic HCl Wtth the 

addition of the first I ml the tcmp of the reactton mtxturc roxc to 50”. II wu cookd IO 25” and the mt of 

the tncthanoltc HCI was added at that temp. After 3.5 hr excess xolid NaHCO, wax addad to the reaction 

rmxturc. After stirring for 15 mm at room tcmp the reaction mixture wax filtcrod to remove tnorgamc 

material. the tiltntc evaporated at 30’ m vocyo and linally dtsttllal IO yield 16.2lUg (88.8”h) of 23; b.p 

I 
57 59 Dlmm. c 3 30. 609 and 109~. NMR (CDCl,L d l-13 (d. I = 6-Sc’r H .C- <‘H,); 3.17 (s. 

OMe) F0und.C. 73-I). H. 11.33. Glc for C,IH,aO,: C. 72-68; H. ll.l89.,.) 

’ II was our expcncnce that squcnttal ckavsgc ofrcaralcnone dtmcthyl ether. tnttlally at C-2 wtth BCI, 

and tinally PI C4 wtth BBr,. was a rubstanttally better process than direct BBr, clcavar of both ether 

functtons affording rnraknonc tn an overall yield of S&550/.. 
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2J&Hudrorvhvrvn 2-~1hnx~~rrvlhvlrr~rnh~oawrm 24 and l.l-didr~2-rrv~hvl-.~~~~~ 5lundrmru 2S - ,_ __,_._..,--,_, - ..- _._._ I - ------ ,----- -- ,__~,.__ -_ -._ _.. __-..- _ ..-_.. ,__~__L_ .-,_____ - - 
A slow stream or 3”, 0, was passed through a soln of 99l5g (005 mot) d 23 m IOOml McOH •~ 

. -60’ until the reaction mixture was saturated wtth 0,. 

The exms ozone was removed in a stream d Nx and soltd NaBH, (945 g, 025 md) was addal slowly 

IO the reactton mixrum at such a rate that rhc temp d the Iatta did not excaed OY After stirring for 4 br 

at w and Ii hr II room temp. rhc McOH was removed nt -40’ in tvrcuo. Water was addal IO tbc scmi- 

solid residue and lhc organic materiel cx~ractal with ether. The ether extract was washed with water. 

dried over Na,SO, and ftnrlly evaporated IO yield 9.13g (92’9 of U c 305~ NMR (CDCI,) d I.15 

(d. J - 6,5c!s. H C- CL,); 6 3.46 (a OMcj The NMR spectrum changed on addition d D,O. The 

compound when recovered from CDCl,-H,D after I5 hr had quantitatively chart@ IO 2S. It did not 

show ebsorptton in the OH region in its IR spectrum. It-s NMR spectrum in CDCl, displayed a 3 proton- 

multiplct centered II 6 3.71 and a doublet 11 d I.12 (H C- CH,); no ugnal due IO OMc group was 

present. II was tdmtial in its IR and NMR spectra with the rhphafic malcrial obtained from oronolysis 

of ( f) IO followed by NaBH, treatment. 

2i6-p-To/~suljon~lor~htr~~ 2-nuthoxyd-mtrhylrrrr~ydroppon 26 
To a sttrrud soln of 8526 g (04214 mol) of U in 40 ml dry pyndtne a10 was added 16205 g (0085 mol) 

ptolucncsulfonyl chlondc under an rtm of N,. The clear soln immediately became heterogeneous due IO 

the mpmntion d pyridinc hydrochloride. After I7 br at 5’ the reaction mixtutz was pouraJ into an ic+ 

water mixture (250 ml) containing 3864 g (046 mol) NaHCO,. Alter stirring for Ii hr lhc reaction mixture 

was ex~ractcd with ether. The ether extract was washed with 57; NaHCO, dried over Na,SO, and 
evaporated at -40‘ in wcyo to yield 12,945 g (86.2 ‘/,, d 26 as a viscous oil; e 6.27. 7.38 and 848 u: 

I I 
NMR (CDCI,) d lo9 (d. J - 6-5c,‘s H C-CAj 2.43 (s, k--Me), 309 (% G Me). 40) (I. 

I 
CH, CH,-OSO, ) 7.33 and 7.79 (uch broad doublet; 2-aromatic hydrogcnsj The product u 

described above was sometimes accompanied by varying amounts d end erhcr and hydroxy ketone 

forms. the la11cr IWO forms were readily convcrtibk almost entirely IO rhc tctrahydropyran fona by 

treatment of the entire product with I ‘/. HCl-MeOH. 

2+%Bromot~u1yl) 2-mrrhoxyd-nurhy/rrrrohydropyrM 27 
A rImed soln d 9.368 g (002628 mol) of 26 and 55 ml dry &OH CoclUiIIing 6.761 8 (0657 mol) 

NaBr was gently refluxcd for 5 hr under an l tm d N,. A ftnc ppt d NaBr appund immcdialely after 

the rcfluxing had started II redissolved in I hr and thcrcakr crystalline sodium p~olucnaulfo~te was 

deposited. The solvent was removal in cwcwo md rhc residue treatal with ether and filtered. The f&rate 
._ ^.. _ . . 

was evaporated lo yieid an oiiy tmletii which her lrealmcnl with i ‘4 H^ar-MCUH tottowcd by soiid 

Na,CO, gave 6.7528 of 27 The IAII~~ did not show the pnscna of the starting material tn IU IR and 

NMR spectra. 

a42- Merhoxpb~hylvrr4hydtopyM-2-yl) bwylrriphmyl phosphonium bromide a 
A soln of 39758 (0015 mol) d 27. 4.3386 (00165 mol) triphcnylphosphinc in 3Oml dry McOH was 

rcfluxcd for 20 hr under an l tm d N,. Most d the McOH was evaporated at Cm in mcuo and lo the 

rcstduc wa< added dry hcnxene IO prutpitatc the phosphonium bromtde. The bcnrznc layer was decanted 

OK the rcstduc was washed with more kntcnc and finally evaporated IO a ltght yellow foam In order 10 

convert a smell amount d the hydroxy ketone form d the phosphonium bromide present in the product 

10 the termhydropyran form. the materiel was treated wtth 30 ml I “/. HBr M&H for 3 hr at room temp. 

An ethereal soln dduxomcthanc was added IO dccompor the cxces HBr and fi~lly ~hc reaction mixture 
was evaporated lo yield 5-21 I g (65.9%) of a as a foam; =‘I 6.30, 6.98. 898 and 14.45 u; NMR (CDCI,) 

6 I04 (d. I = 6 5 c/s H CAH,), 309 (s, OMcj 7.75 (cmter d multiple1 due IO aromatic protons). 

I 
(Found. C. 66.28; H. 7+X Br. 15.45. Calc for C,,H,,O,PBr: C, 6603; H. 688; Br. IS.lS%.) 
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2-( IWfydroxy-6-oxo-I -undcctnyl) 4.6dlmcrhoxybcnzoic acid 3 

To a stirred soln of 4.972 g (@00942 mol) of 28 in I2 ml DMSO was added 401 ml d a 2.35 molar dn 

of methyl wlfinyl urbanion” in DMSO at 0” under an atm d N,. The Qcp rsd soln was stirred at room 

temp lor IOmin and to this was added sodium 2-formyl4.6-dimcthoxybcnxoatc (prcpamd by adding 

401 ml d 2.35 molar soln of mcthylsulfonyl carbanion in DMSO to I981 g (0430942 mot) of 1% in IO ml 

DMSO whereby the red color d yhd 36 was immcdUtcly dcoolorixcd Aftu 15 br at room tcmp the 

reaction mixtum was added to water and the neutral material removed by extraction with ether. The 

aqueous layer was made acidic with dil HCI and extracted with ether. Tbc organic layer was extracted 

with 5% NaHCO,aq. tbc alkaline layer made acidic with dil HQ and tinally extracted with ether The 

latter extract was washed wtth water. dried over NalSO, and evaporatal to yield 1892 g (WI ‘/.) d 3 as 

a gum. L “nc’1 2.W.3. 5.81. 588. 6.24 and 1031 u. This synthetr sampk d 3 was found to be a mixture d 

tic (48R”,J and frans (SZ”,) isomers; this ratio was arrived at by VPC and NMR studies d the cyclic methyl 

kctal dcnvstivc d the methyl ester of 3 obtained by its successive treatment witb diaxomcthanc and 1% 

HCI-McOH. The NMR spectrum of the totally synthetic I2 was very instructive especially in the OMc 

rcgton. It exhibited 6 welldefined peaks in that area, the assignment d which with rcasonabk certainty 

could be made by comparison with the NMR spectrum of pure rrans 12 The chemical shift (b 3.71 or 

3.78) of OMe protons at positron 4 was difkrcnt from that due to the 2-OMe hydrogrns but again was 

independent of the ci.s and rrons nature of the compound. The remaining two OMc’s gave rise to 4 peaks 

(6 3.14. 3-17. 390. 3.95); two corresponding to cis and two due to the rrans isomer. Integration d the area 

of the two peaks at b 3.90 and 3.95 (CO,CH,) indicated the ratio of ci.s and rrans csomcrs to be d the same 

order as obtamcd by VPC analysts. 

( * ) %curolownt dimerhyl ether 4 from sytuhe~ic 3 
To a stirred soln 010911 g of synthetic 3 in 300 ml dry bcnxcnc at _ 12‘ was added 2.8 ml trilluoroacctrc 

anhydride over a period of IS mm under an atm d N,. After Ii hr at 12’ 10% NaOHaq was added until 

the reaction mixture was basic The layers were separated. the alkaline layer was extracted with bcnxcnc 

and the combmal benzene layers washad with water. dried over Na*SO, and evaporated to yuld 0475 8 

gummy neutral material. Chromatography d the latter on 20 g silica gel H. followed by clution wnh 5 ‘4 

aCttone CHCI, and crystallixation d tbc pertinent fractions from ether-n-hexanc gave t309Og d * 4 

rdentical In every respect wrth the sampk derived from a similar cyclixation d(f) 3 which in turn had 
been obtained by alkahnc hydrolysis of (+) raraknonc dimcthyl ether. 

The acrdic matcrtal obtained from the alkaline layer was essentially starting material as shown by its 

TLC and IR spectrum. No attempts were made to ascertain the ratio of cu and rrans Isomers in the 

rccovcrcd acrd. 

By the procedure utrlizcd to obtam ( f) 3 from 2 a soln of 3” (lag) in IO ml DMSO and 6 ml 20% 

NaOHaq was rdluxcd 3.5 hr. The mixture was cooled. water added and it was extracted with CHCI,. 

The latter extract was washed with water. drial over MgSO, and conantratal to dryncas under vacuum 

to give 400 mg d recovered 3) m.p. 88-90’. Tbc original aqueous basrc layer was rcidifled with 2.SN HCI 

and extracted with CHCl,. Tbc latter extract was washed with water. dried over MgSO, and the solvent 
removed under vacuum to give 65008 d 48 which crystallircd on trituration with ether hcxanc. m.p. 

I 
63-67 [xTo” +7,4’. c 28 3 3. 58>5-8Ru; NMR (CDCI,) d I.18 (d) J = 6c!s CH, -“ H. 3.82, 

3.87 (2-OMc singlets). 3-92 (I) JH .aH,CH,& (Found: C. 64.33; H. 8.56 Glc. for CsIH,,O,: 

C. U-38; H. 8.35 ‘:.) 

I-(3.5-Dimrrho~y-bcnrbomrrhoxyphnyl) I~hydror)wdrcarub-rfhylnr Ircrol41 
To a soln of 55 mg of Y). m.p. 63-67’ m 5 ml ether was added cxass dotillal diaxomcthanc rn ether. 

After IS min the soln was taken to dryness under vacuum leaving 41 as a colorless 01l(56 me); TLC (So/, 

acetone in CHCI,) R, 02-single spot ; [up + 30” ; E 280.290 ( 4H). 58Ou (ester C=O). 

Dcrrrmirwrwn o/ absolurr con&war&n of 41 by rhe Horcon prucedve’4 
To SO mg(0l2 mmol)d41 in 07 ml pyridinc wasadded 73 mg(e24 mmol) a-phcnylbutyncanhydridc.s* 

After I8 hr at room tcmp water and benacne were addal and the mixture was extracted several timos nth 
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02N NaJOs. The basic extract was washed several tunes with ether, acidilial wcth 6N HCI and extracted 

with bcnzcnc The bctucnc extract was warbcd with wa~cr. dncd over MgSO, and concentrated to dryness 

under vacuum. The miduc (44 mg) had IR and NMR spectra identical with those of raceaGe a-pbcnyl- 

butyric acid; [xl,,, -4.8’ : [a],., - 5 8’; [a],,, - 17 (C-2 93bcnzcne); [a],.. -4Y (extrapolated); 
mintmum optical ytcld 14% assuming 100”; cstcritiation yield. Smcc the rccovcral z-pbcnylbutyric acid 

was kvorotatory. 41 has tbc “S” contigumtion at its asymmctnc center. 

2il~Hydtoxyb-oxoun~un.v~ 4.Wimtrhoxyhmroir acid 

A soln of 550 mg of 40 in 4 ml THF and 4 ml 2N pcrchloric l crd was kept 90 min at room temp. Water 

was added and the mixture was extracted with CHCl,. The latter extract was washed with water, dried over 

MgSO, and conccntratai to dryness to give dihydro scco and (500 mg) as a colorless 011; NMR (CDCl,) 

I 
6 I-18 fd) J - 6 c;s CH, C -H. 3-83. 3.88 (2-OMc ungkts). 6.20 (broad I) 2 active H dtsappcarcd on 

D,O cqutlibratton. 6.38 (s) 2H-aromattc. The kctal band at 6 3.92 (compare Utl was absent 

Zroralanone dinvrhyl trhrr 
To a sttrrcd win of 450 mg (I.23 mmol) dihydro sao actd in I SO ml benzene at 5’ was addod 320 mg 

(1.5 mmol) tnlluoroacctic anhydridc After 2 hr at 10. and 17 hr at 4’ the mixture was extractal with cold 

4% KOHaq. Tbc aqueous layer was washed with bcnnnc. and the combined benzene soln washed with 

water. =I NaClaq dned over MgSO, and taken to dryneu under vacuum. The neutral residue (61 mg) 

crystallized spontaneously from l cctontcthcr to gtvc 4Omg rvralanonc dimcthyl ether. m.p. 129-131 ’ 
tundcprasal on mixed m.p wrth an authentic sample). The rcspccttvc IR spectra welt idcnttal. 

Aadtticatton of rhc ortgnal basic extract and CHCI, extractton gave 303 mg of recovered dthydro 

scco acid ’ 

l The tctrahydro scco acid iu (m.p. 93-95.) dcrtvcd from zcaralanol dtmcthyl ether IV (m.p. 90 93’) 

cychzcd to give both possible lactona iv and v in roughly equivalent yield, as determined by oxidation 

tNa,Cr,O.dil H,SO, ether). and tsolatton of the respective ketones. 

He0 . MC 

Mc(~)H - 
Ill 

IV V 

AcknowLdgmmeu The authors gratefully acknowledge samples of rcaraknonc from Commercial 

Solvents Corpontton as well as dtruuions wtth members of Its stall and wtth Prdcssor Urry d the 

University of Chtcago It IS also a pleasure to acknowledge Dr Peter Pollak for his mtbustastic support 

and parttctpation m thts work as well as Drs Max Ttshlcr and Karl Pfistcr for the opportuntty to engage 

tn this problem 

REFERENCES 

For prchmmary accounts of thts work see l D. Taub. N. N. Gtrotra. R. D. Hoffsommcr. C. H Kuo. 
_a_ ,...*... 

ii i. Gates. S. Wcbcr and N i. Wcndicr. Ciwmfcoi Commlm 11) I Iybl); ’ C ii Kuo. i3 Taub. R. ii 
Hoffsommcr. N I. Wcndlcr. W H Terry rnd G Mullenbach. lhtd 761 11967); see also’ H 1. Slates, 

S. Wcbcr and N. I_ Wendlcr. Chrmur 21. 468 (IW7). ’ N. N Grotra and N. L. Wcndlcr. Chrm & /tsd 

1493 (lW7) 



Total synthesis of the macrolide. rearoknoac 246) 

2 M 9enh P C blA,.,in 1 T,,itr F N AnA,w.,. *,.A Y C fiilhor Nnrur. ~,,m,f I- 111% flOA>l . . . . .,._“, . . . . ---.... -. ._.._. . . . . . . . . . .._-_-- -_. _. _“‘-.._ . . . .._.. -,_ _<_ .<.“,.,“_,. 

’ W. H. Urry. H. L. Wcbrmeistcr. E. B. Hodgrc and P. H. Hidy. Terrdudron Irfferr 3109 (1966). 

’ See for example J. F. W. McOmie and M. L. Watts Chm d fnd. 1658 (lW3). 

’ Cf W. Baker. W. D. Ollis and T S. Zulley. 1. Chem Sot 1447 11952). 

’ E. Sondhetmer. 1. Am. Chrm. Sot. 79.5036 (1957). 

’ P. Fritsch. Ann. g7. 344 (1897): See also H. Brockmann. F. Kluge and H. Mufeldt. <‘Item. Ber. 90. 

2302 (1957) 

’ Cf. The reduction of acid chlorides to aldehydes. H. C Brown and R. F. McFarlin. 1. Am. Clam Sot 

80.5372 (1958). 

’ Compare opianrc acid B. Paul and W. Korinyk. Chum & Id. 230 (1967). 
” N. L. Wcndkr and H. L. Slates. I Org. Chem. 32.849 (1967). 

” M L. Bender. J. A. Remstein. M. S. Silver and R. Mikulak. I Am. C/rem. Sot 87.4545 (1965). 

‘r Method of R. G. Greenwood. M. Chaykovsky and E. 1. Corey. J. Ory. Chem. a, I128 (IW3). 
1) r..-^-- ,..- -----I- = L, -_ I c^^.4A.:IA 

cvuryrts IUI r*mmrps r. RI. -81. I. uuuuuu~u. L. E. HOii@iiGi iiib I. A. Mliiiii. TiiididiOii 

farm 4153 (1966). 

” A Horeau 7irrahtdron Laws 506 (1961); A Horeau and H. B. Kayn. Tmahcdron Zo. 2431 (1964). 
” &e also B’Loev and K. M Snader. Chem d Id I5 (1%5i 
” cf. G I Poos. G E. Arth. R. E. Beylcr and L. H. SarctL J. Am. Chm. Sot 75.422 (1953). 

” W. R. Logan and G T. Newbold. J Chum. Sot. 1946 (1957). 

” d. J 1. Pappas. W. P. Keavency. E. Gancher and M. Bergcr Terruhedron Ltfrcrr 4273 (1966). 
” R P. I-instead and H N. Rydon. J. Clam Ser. 1995 (1934). 

r” G H. Elliott and R. P. Linstad. J. Ckm. Sot. 660 (1938) 

I’ W’e thank our colleague, T. B. Windholr for a sampk of kctal r). m.p 90 93’ prepared by catalytic 

hydrogenatron of ketal 8. 

” Thu material was prepared as described by H Falk and K Schlogl Monorxch 96. 276 (lW5) 


