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Almbact - The formarion of oxmimu ions during thc acid catalyizd reactions of thc 

hiq& cudcsmsooid orth- (3) and (4) ia Brcatly i n f l d  by thc ovaall strudural 

feabuesd thcpana tmdah .  Thcstntchuesofthcnadimprodwts,andmdecular 

modcling of thc possible oxonium ions, con fw  that thc most stabk oxmimu ion is thc 

most important intnmediatc. T h e  fmdio@ en critical to undastaodtng thc hydrolysts of 

B-*d=. 

TIE naturally ocnuring ~~an t ioadcsmm scsquitqeniods ~pstroO(1) and rupcstrino12 (2) wcn i s o ~  from ~ m t m i a  

m p d 5  Urb. (Blake) as thc'i cinoamoyl oahastcrs (3) and (4). Thci 8- wcn cdablishcd by chemistry, nmr 

and CDIORD spxkaw. Among the intriguing nadions ofthst orthastcrs wcn their acidic hydroIyscs to give only the 

esters (5) and (6) nspcctivcly. Ibc oahoformatc stcr (7) was also bydrolyscd to thc &a3 (a), showing that thc styyl 

groups of thc orthaskra (3) and (4) did not influewe thc n g i o c m  of thcsc Ecadions. 

TIE cnanti- ssquitcrpc~c chacnoccphalol(9) was also i s o M  as its cinoamatc csta (10) from V&a 

mpcrtrirand its stnwwsucturc wan c s t s b ~  by chemical tdormationa, nmr spcdrosmpy, and its m o d o n  into 

mpcstrind (3, by oomium tctrmidc catalyzed hydroxylation~ Attempts l ~ n e  also made to convert rupstrinol into 
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chaenoccphalol by dehYdmxylation4 using the tricthyl orthoformate/bcmic acid pro ad^.^ Howevn, although mpestrinol 

was subjcdcd topmlongcd heating with trkthyl orthoformate and benzoic acid at 160 OC, this d o n  provided only thc 

orthoformate CPM 0, in quantitative yield. 

Orthoformate &em of 12-diols arc converted into alkcnes via their planar, cyclic formyloxoaium ions, Schcme I. The acid 

catalyd n-adons of mmpound (7) dcsaibd abow. ought also to proceed  the formyloxoaium ion (11) or one of'thc 

oxonium ions (12) and (13). it samcd logical that the most stable oxonim ion should dircd tbc paths of these reactom. 

( 1 )  R = H, R1 = OH 
( 2 )  R = H, R1 = H 
( 5 )  R = Cinnamoyl, R1 = OH 
( 6 )  R = Cinnamoyl, Rl = H 
( 8 )  R = formyl, R1 = H 

( 9 )  R = R1 = H 
(10) R = Cinnamoyl, R1 I H 
( 2 2 )  R = Cinnamoyl, R1 z Ac 

( 3 1  R = styryl, R1 = OH 
( 4 )  R = styryl, R1 = H 
(7) R = R1 = H 

Scheme 1 

However, since we did not have any mcaos of catimating the relative stabii of the oxoaium Mns (It), (12) and 03), we 

werc unable to convinciogJy ratio& thcsc d o n s  with the data then available. 

Recent&, the molcculsr modelling of the oxonim ions (ll), (12) and (13) was pcdormd6 and this study suggcstcd tbat tbc 

oxonium ion (13) was about 18 kcalhnol less stable than the isomeric oxonium ion (12h and the oxonium ion (12) was about 

2.8 M m o l  lcssstaMc than the monium ion (11). An examination of thc calculated featuns ofthe ions (11) and (12) 

maled that the 014C16 and the 04416 bond hgths would bc about 128.4 p i n  the oxonium ion (Ilk and thc 04416 

+nd thc W 1 6  bond Icngths io oxonium inn (12) wwld be about 128.8 and 122.8 pm nspcctively. T h a  bond lengths arc 
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typical ofC-0 double boads7 and 80 thcsc ions wcrc prcdictcd to bc @y s t a b i i  by the dclocalization of their oxygcm' 

Iwc pairs into the "empty pm orbital cfC16. The hc dictana 06 and C16 in thc oxonium ion (11) was about 309.4 pm, 

whik the 014 to C16 hc in the oxonium ion (12) was about 308.7 ~ I L  k distams indicate that thm would bc 
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minimal throughpace, n-p interaction8 in each of these oxonium ions. 

Interdugly, the calculations sugBcstcd that the oxonium ion (13) should have an 0 4  to C16 distance of 268.1 pm, small 

enough for 04  to s t a b i i  the oxonium ion by a through-spaa n-p interaction8 The 014C16 and M 1 6  bond lengths 

w a r  sug~csted to be about 132.0 and 126.5 pm q c d v e l y ,  indicating that the lane pair of 0 6  would be dclocelized in the 

stabillbation of the carbonium ion muter? but the lone pair of014 would not partic'ite. n u s ,  the oxonium ion (13) was 

suggested to be a kss Cxtensively delocalizcd s p i e s  than the ions (11) or (12). but the n-p interaction would play an 

important role in the s t ab i t ion  of the ion (13). 

Thus, during heating with benzoic acid the orthcmter (7) must have been traosformed into the most dabk oxonium ion (II), 

rather than into the &as stable oxonium ions (12) or (13). This oxonium ion(l1) must also have rapidly and eBdently 

n v d  to the starting orthoester (7) rather than undergoing conversion into the akene (2). 

The wnclusion above is dramatically supported by the acidic hydrolysis ofthe orthoester (7). If the oxonium ion (12) bad 

partidpatcd in the acidic hydrolysis of the orthocster (7), then attack by water would have oaaured on its Re face, so leading 

to the intcrmcdiate (14A), which would then have nananged9 into either the stcr (15A) or (l6A). Howcv=er, the stclically 

congested rcrtiary ester (15A) would be a less favcured product than the mndary  ester (16A), and so the stcr (16A) would 

have k n  the major product of this d o n .  The fact that the stcr (MA) was not f o n d  in this hydrolysis strongly 

coofums that the oxonium ion (12) was not an intermediate in these acid catalyd d o n s .  

' b e  hydrolysis of the wthocstcr (7) must therefole have o d  via the oxonium ion (1 I). Nucseophilic attack by water 

on this oxonium ion would have oawrcd on thc S face of the ion (rcmote to the O H 4  which blodred the Re face) and so 

generated thc intecmcdiate (14). TIis intermediate &odd then nanange9 into the prim& ester(16) rather than to the 

stericdy congested rcrtiary stcr (15) and, indeed, the ester (16) was the sole product of this &on. Shnilarmcchanisms 

must undoubtdy be involvcd in the quantitative convmioua of the orthocinoamate esters (3) and (4) into the chumate 

cstas (5) and (a). 

There are many structural similarities bctw&n the orthrmtcrs (3), (4), (7) and the 1,kuhydmglyco~ranoses (17) which also 

un& m y  fade add catalyd hydroly-. However, the compounds (17) show a highly sdadivc dcavagc oftheir C1-06 

bondslo (mmparaMe to thc 014C16 bood ofthc orthocsters above), while the orthmters above show the sclcctivc dcavagc 

of thdr M 1 6  bonds (compsrabk to the CI-05 bonds of the 1,~ydroglycopyranoses). The dcctivc ckavagc of the 
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C1-06 bond of I,banhydroglyco~ran~&~ during their hydrolyss has ban attributed to nu*  interactions at the awmeric 

center (postulated to bc the principal factom in the anomeric effect&"). However, the data a h  indicate that 

considaation of t h m  interactions would not have enabled one to aocuratcly predict the paths of the hydrolyss of thsc 

oahocstm. Further, t h m  n u *  interactions have lrccntly bm shown to bc transition state effcds, rather than ground state 

featurs of sugars? (and thus not related to the ground state anomeric effects) and so the suggestion that only n a *  

intnacrim had daermincd the mechanistic pathway for the hydrolyscs of 1.6anhydr0~~gars must bc invalid. 

The structuns ofthe Mtho*ltcrs dhssed above show that during their hydrdyscs at least one ofthe lone pairs of O4,06 

and 014 is always properly oriented to pmti i i te  in the s t a h i i o n  of a dmloping carbooium ion at C16, as the molecule 

m o m  toward the transition state for the cleavage d a  CO bond Thus, a mechaoistic sppleciation o f k  hydrolyss 

nquircd an examination of the structural and encrgctic cooscqueum ofthe ckavagc of each cnQcyclic CO bond. S i a r l y ,  

a more mature appmiation of the hydrolyxs of the 1,6-aohydroglympyranoscs must e l l c a m p  an equilibrium bctwacn the 

protonated sugar and the two possible oxonium ions (18) and (19), S i  each ring oxygcn can participate in the s t a b i o n  

of an incipient carbonium ion at the an& enter. However, the mon stable six-membcrcd ring ion (18) is usually formed 

mom rapidly and easily because ofthe relcasc of strain than the much iss stable mn-membcrcd ring ion (19). 

S i i y ,  the msbanistic appmiation of the h y d r o b  of a- and $-gly.mids must fm consider the availability ofthe lone 

pairs of the aatal o x y p  for participation in the traosition state kading to the formation of a0 oxonium ion. Then, 

especially if this fmt condition is met by more than onc oxygcn, thc relative stab~litk of the W b l c  oxonium ion 

intmcdiats must bc detcamioed in orda to & at any did conclusion as to which oxooium ion was indeed the most 

likely intcrmcdiate. % a p p d  would also enable researdlm to examine the influence of the otha substituents on the 

glycmidic molecuk on the path of the readion. 

The estg (20) had a h  ban isolated3,11 from Vkkviampcstrirand its stcrcostrudun was easily stablished by the 

dehydrauon of the diester (21) with thionyl chloride in pyidinc to giw the alkenc (22) in 97% yield. Hydrolysis of the ester 

groups of &em (22) gave chacnoccphalol(9). This stemspeclr~c dehydration was indicative of an axial methyl group at C4 

since it is WCU known that equatorial, tertiary qdohcxanoIs an seledivcly converted into exocyctic alkencs and their axial 

isomen an sclcdivdy convatcd into endoqth  &ems, by thionyl chloride (or phosphoryl chloride) in pyidine.12 The 

dehydration of the equatorial tatiary almhol(23) produced enQcyctic alkencs (24) and (25), in 65% and 10% yields, 
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(241 R = Cinnamoyl, R1 = H 

( 2 7 )  R = Cinnamoyl, R1 = OBz 

(231 R = cinnamoyl, R1 = H 
(261 R = cinnamoyl, R 1  = OBz 

(291 R = cinnamoyl, R1 H 

(30) R = cinnamoyl, R1 = OBz 

( 2 5 )  R = Cinnamoyl, R1 H 
( 2 8 )  R = Cinnamoyl, R1 = OBz 

respectively. S i y ,  the dehydration of the quatorial tcaiary alcohol (26) prc tduced cndocydic alkcnes (27) and (28), in 

75% and P h  yields, nspcdiycly. Thm d o n s  must have mumd hthc com~ponding oxonium ions (31) in which the 

C%O4 bond was now axial. Thsc ions wen f d  by neighbowing group participation in the d c p m  of thc 

chlorosukphitc leaving group, and were isomeric with the oxonium ion (11) d h d  above. Thc en01 cstcrs (29) and (30) 
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mpDduculiD 14%and 5%yidds lcspcaiKIy. 

Thc0~&iw(31)~cah.ulatcdtohavean06toCl6~0f314.5~toolsrgcfor~tostab'~the0~~ 

ion by a through- space n-p intcradim, and the O K 1 6  and 014C16 bond Icagtba wae prcdidcd to be about 128.4 pm, 

indicating that thcsc bonds would be dd- C=O (double) Although oxonium ion (31) was p d d d  to be only 

about 0.5 kcalhnole !m stable than thc ion (ll), the ion (31) was obviously not g c n d  in the hydro rn  of the oahocptug 

dcscrikd above, nor was it intcrmnvated with the ion (11) ria the tcnisry C4 carbonium ion. 

All new ompounds gave satisfactory maly id  and spctrosmpc data, whicb wae complady MnsistMlt with their 
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