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Abstract A Prévost-type reaction under "wet" conditions upon the O-butyl-
dimethylsilyl derivative of (t)-methyl 5g-hydroxycyclohexa-1,3-diencate
gives (2)-methyl 3a-acetoxy-48-hydroxy-58-thutyldimethylsilyloxycyclohexene
which may be readily deprotected to afford (t)-methyl shikimate in very
high yield. Less selectivity is cbeerved in a similar reaction upon the
parent alcohol and when this compound is reacted under dry conditions

the major product is ()-methyl 48,5B-epaxy-3B8-acetaxycyclohexencate.

An analysis of Prefost reactions with exo and endo methyl 7-oxabicyclo
[2,2,1]hept-5-en-2-cate is also described.

Recently we reported' a brief synthesis of (t)-methyl shikimate (4) through the stereccontrolled
base promoted [Li(Me,S{) N] ring-opening of the 7-oxabicyclo(2,2,1]heptene (1),% followed by
cig-dihydroxylation [05041 of the product diene aloohol (2), protected as the TBOMS derivative
(3). A closely similar synthesis has recently been described by Rodrigo et al.’
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We now record that when the O-silyl ether (3) is heated with iocdine, silver acetate and acetic acid
containing water (leq.) a hydroxy acetate (5)‘15 obtained in >80% yield. This product may then be
deacetylated and desilylated to give (i)-methyl shikimate. Since the deprotection steps are
virtually quantitative the overall yield (26%) from the adduct (1) is similar to that afforded by
theomlati.onbedmix;uewehaveal.tva«udydest:ribed,1 but in practice this new procedure is far more
convenient and much less time consuming.

Previously we predicted and observed the large THMS group in the ether (3) to direct osmylation
to the less crowded a-face of the diene system. However, in the present study should the normal
mechanism® of the Prévost reaction prevail, iodination at the 4°-bond must occur preferentially
Syn to the B-orientated silyloxy group giving the intermediate iodinium species (6). Since the

hydroxyacetate (5) is the only isolable product participation of the expected a~iodinium cation (7)
is ruled out.

#Chemical shift data and coupling .constants almost identical to those for shikimic acid
and its triacetate,
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5064 M. M. CAMPBELL et al.

An alternative mechanism is possible. Thus Michael addition of acetate ion from the a-face at C-4
perhaps mediated by the silver cation, may preceed electrophilic attack of icdine at c=3[(8)+(9)]).
Eventually this would lead to the same acetoxonium ion (10) as that expected from the typical
Prévost reaction., It is interesting, however, that only one hydroxyacetate is obtained from

the ring-opening of this assumed intermediate for in a similar reaction upon the free alcohol

(2) much less selectivity is observed and seven products are obtained. These are: (i)-methyl
Ja—acetoxy-da , 5-dihydroxycyclohexenoate (12) and (i)-methyl 4o-acetouy-3a,58~dihydraxycyclohexencate
(11) (ratio 2.5:1, yleld 28.58), (4)-methyl 4a-acetoxy-58-hydroxy-38-iodocyclohexencate (13) and
() -methyl 48-acetoxy-58-hydroxy-3a-iodocyclohexencate (14) (ratio 4:1, yield 8.4%), (i)-methyl
3g-acetooy-58-hydroxy-4e-iodocyclohexencate (15} and ($)-methyl 3o-acetocy-58-hydroxy-48-iodocyclo-
hexencate (16) (ratio 5:1, yield 6.7%) and methyl 3-hydroxybenzoate, (13%). Each binary mixture
was separated by flash chromatography and the individual structures determined by '°C and 'H NMR
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Improved synthesis of (+)-methyl shikimate 5065

A longer reaction time (>11h) resulted in further reaction of the iodoacetates in the product,
but the alternative hydroxyacetates (17) and (18) were not detected. Instead the epoxide (19)
was generated, and it is noteworthy that when the mixed iodoacetates (15) and (16) were allowed
to stand in chloroform solution the iscmer (15) decamposed into this epoxide. Deacetylation
ofwmuwmmmm(zo)mmymwmmswmm
of methyl shikimate with diethyl azodicarboxylate-triphenylphosphine. Surprisingly, the epoxide
(19) is the major reaction product (yield 348) when the alcohol is reacted with iodine and silver
acetate in carbon tetrachloride. The only other compound isolated from this reaction is methyl
3-hydroxybenzoate (yield 12%).

O Me
Co,
Me Och 2
AcO H H H RO (6)
HO AcO
17 18

19, R:Ac
20.RsH

mammgmgmmm'wm'-muz, AgOAc, HOAC)
afforded 70% of the two exo- iodoacetates (21) and (22) (ratio 1:1) and the known iodolactone (23)
(248 yicld).7 The alternmative endo-iodoacetates (24) and (25) were not detected, thus it is
possible that the iodinium species (26) undergoes intra-molecular attack by the a-orientated
ester group more rapidly than intermolecular reaction with acetate ion. However, we also note
that if water (leq) is added to the reagents the proportion of the iodolactone in the products
ig increased to 608,which may imply that more than one mechanism may operate to give this product.
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These studies therefore extend and complement recent work in this area and indicate interesting
and subtle differences in oemylation and Prefost reactions with hydroxycyclohexadienes and their
derivatives.1'3'8
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EXPERIMENTAL
All m.p. are oorrected. 1}! N.M.R. spectra were recorded at 100 or 400 MHz and 13C N.M.R. spectra
at 22.5MHz; chemical shifts were measured downfield relative to tetramethylsilane as internal
standard except for those campoundsbearing a O-t-butyldimethylsilyl group. Here chloroform was

used as internal standard.

(1) -Methyl 5--O-t-butyldimethylsilyloxycyclohexa-1,3~diencate (3) t-Butyldimethylsilyltriflate
(0.7am>, 3mol) was added to 2,6-lutidine (0.5am>, 4.3mol) at 0°C and the mixture was stirred for
30 mimutes. The hydroxy diene (2), (0.31g, 2mol) in dichloramethane (2am’) was then slowly
introduced and the mixture stirred for a further 30 mimutes. After this time, t.l.c. analysis
showed that all the hydroxydiene had reacted to give a single product (Rf 0.77, smz, 30% ethyl
acetate in 60-80°C petrol). The reaction mixture was poured anto ice and saturated agueous
sodium hydrogen carbonate and extracted with dichloromethane (3x15t:n3) . The dry, cavbined
extracts were then evaporated to yield the O-silyl derivative (3) as an oil which was purified

by chromatography on a short-path silica colum eluting with 30% ethyl acetate in 60-80°C petrol
Yield 0.51g, 95%; A, 272mm; v (GHCL,) 1710am” ' 84(CC1,) 0.20 (s, 6H, (CH,),S1), 0.91(s,H
(cHy) ,CS1), 2.62(2x¢ad, 24, Jg,5=8Hz, I =3z, H)6), 3.68(s,3H,0CH,) , 4.45(bt, 1H,H-5), 5.95(m,
24 ,H-3,H-4), 6.86(m,1H,H-2); 6 ((ml })-4.56 (3xq, (013) Ccsi), 18.2(s, (0{3) Csi), 25.9(2q, (0'13)
si), 31.6(t,C-6), 51. 6(q,(X}l3), 65 5(d C-5), 123.6(s), 127. 4(5), 128.4(s),129.6(4,C-4), 131.9(4,
c-3), 132.9(4,c-2), 135.8(s,C-1}, 167.5(s,C0). m/z (EI) 268(M 2%), 253(3.4%), 211(49%),
105(1008), 75(90%). This compound was used directly in the next step.

Prévost reaction upon (1)-methyl 5-g-O-t-butyldimethylsilyloxycyclohexa-1,3-diencate (3) under:
"Wet" oconditons: A mixture of silver acetate (0.5g, 3mmol) and icdine (0.38g, 1.Smmol) in
glacial acetic acid (15an’) was stirred at ambient temperature and when all iodine was consumed,
the O-silyl derivative (3) (0.4g, 1.5mmwol) in glacial acetic acid (8an3) was introduced. The
reaction mixture was heated at 70°C for a further two hours before glacial acetic acid containing
water (53.6ul) was added. The mixture was then heated for further 9 hours and a yellow precipitate
(AGT) which had formed was filtered off, and washed with chloroform. Glacial acetic acid was
removed from the filtrate by evaporation under reduced pressure and the residue was extracted
with chloroform and the extracts dried (}9334). Evaporation of the cambined extracts under
reduced pressure gave a brown oil, the t.l.c. analysis of which showed only one component to
be present. Chromatography on a short-path silica column, eluting with 40% ethyl acetate in
60-80°C petrol afforded (t)-methyl 3u-acetm¢y-48-hydzmcy—58-t-mtyldimthylsilylm(ycyclm (5)
(0.41g, 80%) as a yellow oil.v . (liq.film) 3150, ~1725cm ; GH(CDC13) 0.15(s,6H, (G_l3)281),
0.95(s, 9H, (CH;) ,CSi}, 2.20(s,3H CD(}_{_3) 2.30(m, 1H,H-68), 2.83(m,1H,H-6a), 3.75(3,3!!,0)20{3), 3.93(m,
1H, H-5), 4.19(m,1H,H-4), 5.70(m,1H,H-3), 6.76(m,1H,B-2); GC(CDCJ.3) -4.76 (2xq, (913)251) -4.98(q),
17.4(s, () yC81), 20. 9 {q,00CH,) , 30.8(t,Cc-6), 51.3(q,00,CH,), 68.3(d,c~3), 69.1(d4,c-4), 69.8(4,C-5),
131.0(s,C-1), 133.1(4,C-2), 166.5(5,(_!)2013). m/z (CI) 345(M+1, 63%), 327(22%), 285(63%).

(+)-Methyl shikimate.()-Methyl 3a-acetoxy-58-t-butyldimethylsilyloxy-48-hydroxycyclohexenoate (5)
(0.12g, 0.35mol) in methanol (Scm’) was stirred in aquecus amonia (2N, iom’) until all the
starting material had been consumed (+2hours). Methanol was then removed under reduced presgsure

to give a colourless oil (0.11g) (Rg 0.30, S10,, 40% ethyl acetate in 60—80°C petrol). The

physical data for this product were identical with thoee cbtained pneviously for (i)-methyl Sg-
O-t-butyldimethylsilylshikimate., It was then converted into (i)-methyl shikimate as before. This
product was identical in every respect with (t)-methyl ahikimate,1 ut as an extra proof of structure
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a sample (0.09g) was reacted with acetic anhydride (0. 14@3) and pyridine (0. 14an3) at room-

temperature (3hours) to give the t.riacetyl derivative of (t)-mthyl ghikimate (Rf 0.35, sm

408 ethyl acetate in 60-80°C petrol); (liq film) br. 1725cm ; GH((DC.13) 2,03, 2.05, 2. 07

(38, ™, &mug), 47(m,1H,._Igm=18 Qiz, I68,5 =SHz, J, Jes, 2=1 .68z, H-68), 2.95(m,1H,J__=18.6Hz,

_6° 5=5 .6Hz, J Iga, 1. 6z, J I6a, 3=1. .88z, H-6a), 3.75(8,3H ocx3), 5. 22(m,1ﬂ,_4 5-&12, g4 3=4Hz,H-4),

5. 27(m,1ﬂ,_5 4-882, Is, 68-582, —5,6a=5 .68z, H~5), 5. 73(m,1H,g3'4—4az, 33, 2--mz J3 6 =1.84z, H-3),

6.76(m,H,J., .=4Hz, J =1.6Hz, J =1.6Hz, H-2); 6c(CDCl,) 2x20.7(2»s3, COCH,), 20.9(q,00CH,.),
=2,3 =2,6a =2,68 3 =3 =3

28.6(t,C-6), 52. 5(q,0m3), 66.0(d,c-5), 66.8(4,c~4), 67.8(d,C-3), 131.3(s,C-1), 132.7(4,C-2},

165. 9(q,(x) (!13), 2x169.8(s, QOCH,), 169.9(s, cxm3); m/z (EI) 254(1008), 152(76%), 43(49%), (CI)

314" +2%), 255(148), 115(58) {Pourd: C,53.5; H,5.9 Calc. for C“H18 g: C, 53.8; H,5.78].

Prevost reaction an (1) -methyl Sg-hydroxycyclohexa-1,3-diencate (2) under: (a) "Wet" conditions

A mixture of silver acetate (0.87g, 5.2mmol) and iodine (0.66g, 2.6mmol) in glacial acetic

acid (20an3) was stirred at roam temperature until all the iodine was consumed. The hydroxydiene
(2) (0.54g 3.5mol) in glacial (10am’) was then introduced and the reaction mixture heated at

70°C for two hours before glacial acetic acid (2an3) containing distilled water (50ul) was added.
The mixture was then heated at 70°C for a further 9 hours, after which time a yellow precipitate
(AgI) was filtered off and washed with chloroform (5cmd). Acetic acid was removed from the filtrate
by evaporation in vacuo and the crude residue was extracted into chloroform. Removal of the
chloroform gave a yellow oil. The t.l.c. analysis (smz) indicated the presence of four
canponents (Rf 0.65, 0.40 in 30% ethyl acetate in 60-80°C petrol and 0.37 and 0.38 in ethyl-
acetate). The crude product was chromatographed on silica (60g) using 30% ethyl acetate in 60-80°C
petrol as eluant to remove the first two cawponents and then using 50% ethyl acetate in 60-80°C
petrol to elute the last two. These products proved to be (in order of elution): (i) Methyl 3-
hydroxybenzoate (0.05g, 138) as colourless prisms, m.p. 69°C (lit.,’ 69°C); Aay280, 342, 370 rm;
Vs (GHCLy) br. 3310, 1750am™'; 8;(CDCL4) 3.92(s,3H,0CH;), 7.02-7.62(m, 4H,H, Hc); vz (ET)

152 (M+,49%) , 121(100%), 93(44%).

(11) (t)-Methyl 3g-acetcxy-48,58-epoxycyclohexencate (19) (0.1g, 11.3%), as a yellow oil;
vm(cc14) 1750an-T; GH(mCla) 2.18(3,3&!,(!11:5;;), 2.50 (m, 1H,H-68) , 3.15(3,38,(!)20!_3), 3.50
(m, 1H,H-4) , 3.50 (m, 1H,H-5) , 3.75(3,38,@_3), 5.79(m, 1H,H-3), 6.50(m, 1H,H-2) ; GC(CDCI3) 20.9(q,
Oai;), 24.4(t,C-6), 50.7(4,C-4), 52.1(q,ng-l3), 52.1(4,c-5), 68.1(4,Cc-3), 128.2(s,C-1),
132.4(4,c-2), 166 (s,00,(H,) , 170.4(8,09)0{3); m/z (CI) 213(M+1, 3%), 197(1%8), 137(46%).

(111) A mixture of (1)-methyl 3a-acetoxy-4a,58-dihydroxycyclohexencate (12) and (#)-methyl
my-klss-dihl&mcldmmce (11) (ratio 2.5:1, 0.2g, 59.8%) as a yellow oil;
3420, br 1720c:n ; m/z (CI) 171 (22%), 153(57%), 139(75%); m/z (EI) 212(0.3%), 198(1%),
170(22!) Data for compound (12) 6 (CDC13), 2.07(s,3H, _3), 2.25(m,1H,J__ =19. Mz, J Ies, 5-1 .6Hz,
H-68), 2. 90(m,1H,J =19 ,2Hz, J, Toa, 5=6Hz, g&x =1.2Hz, H-6a), 3.73(s,3H ('.02(}13), 3.98(m,
9.2z, —5,68’5 le, _5'6;6}{:, H—S), 5.58(t, 1H,g3'4- 4.6Hz, g3'2-? .4Hz,H-3), 6. 75(11\,1!{,_2'3
2,442, g2'6°=1.2!12, 12'68=1.6Hz,n-2); GC(G)Cl3) 21.0(q,crgi3), 31.9(t,C-6), 52.2(q,(I)29~I3),
67.1(4,c-5), 68.5(d4,Cc-4), 70.6(d,Cc-3), 132.3(s,C-1), 136.3(d,C-2), 166.4(s,(1) ), 170.8(s,
g)ai3). Data for compound (11) 6 ((DCl ) 2.10(s,3H C!X}I3), 2,32(m,H,J __ =18, 8Hz, Zés, 5-5 .8Hz,
—68 2=2Hz,H—68), 2.74(m, 1H, ggen- 18 &iz, e 5-5 84z, J, 6o 2-1 .6Hz, J I6a, B-ZHZ H-6a), 3.70(s,3H,
0)2(}!3), 4, 2O(qd,1H,_5 & =7.6Hz, J, I5,6a = 5, 8Hz, I5, 68'5 .84z, H-5), 4. 63(m,1H,J3 4-4Hz J3 2-3 6Hz,
_3 6°=2Hz B-3), 4. 94(di 1H,_4 5—7 .6Hz, J 2, 3-4Hz,H 4), 6.81 (m,1H, -3 6Hz, J 93,66° =2Hz, J 92,6a =1.6Hz,
H-2), § (CIXZl3) 21. 1(q,m{3), 31.1(t, C-6), 52.2(q,Q0 (}13), 64, 9(d C-3), 67.1(a,c-5), 71. 6(d,C-3),
132.9(s,C-1), 136.8(d,C-2), 166. 2(3,9)2013), 171. 2(5,@013)

1H,__‘54

Atterpts were not made to separate the two hydroxyacetates since on hydrolysis they both
afford (t)-methyl shikimate.

(b) "wet" conditions but rather more mild conditions than above. A mixture of silver acetate 1.17g,

7mvol) and iodine (0.89g, 3.50mol) in glacial acetic acid (30<:n3) was stirred at ambient
tenperature and when all iodine was consumed, the hydroxydiene (2) (0.54g, 3.5mmol) in glacial
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acetic acid (20an’) was introduced. The reaction mixture was then heated at 50°C, before
glacial acetic acid (4cn3) containing water (63ul) was added. The mixture was heated at

50°C for a further 5 hours, the yellow precipitate (AgI) which had formed was filtered off

and washed with chlorofomrm. Acetic acid was removed fram the filtrate under reduced

pressure and the crude residue was extracted into chloroform. The solution was dried

(m&%) ard evaporated to affard a yellow residue. The t.l.c. analysis of this residue showed
five components to be present R.0.65, 0.38, 0.35, 0.15 and 0.14 (Si0,, 308 ethyl acetate , 60-80°C
petrol). However, seven products were cbeserved when the t.l.c. analysis was carried out on a
long plate with multiple elutions of 15% ethyl acetate in 60-80°C petrol. Preparative chromato-
graphy on the Chramatotron (2m, S10, plate, 6cm>/min, 158 ethyl acetate in 60-50°C petrol)
afforded firstly methyl 3-hydroxybenzoate (0.06g, 11.3%). Further elution gave an iscmeric
mixture of the iodoacetates(13) and (14) (4:1 ratio, 0.1g, 8.4%) as a yellow oil continued
elution ylelded the iodoacetates(15) and (16) (5:1 ratio, 0.08g, 6.7%). The final products were
the hydroxy acetates (12) and (11) (2.5:1 ratio, 0.23g, 28.5%, a colourless oil).

Physical data for the products:

(1) (#)-Methyl da-acetoxy-58-hydrouy-38-iodocyclohexencate (13) v, 3500, kx 1750

cﬂ(am:,) 2.10(s, 38,00CH;) , 2.51(dq, 1HJgem=18.8iz, -63,5"'“" g-z a1z, H-68), 3. oudd,m,
=18.88z, J _60 g=1-THz, B-6a), 3.48(dq, M,y co=4.8Hz, Iy ,=2.4Hz, B-5), 3.53(dq,MH,J; (=2.4Hz,

3-3). 3.70(s,38,00,G;) , 5.74(qd, 1,3, ¢=2. 4ﬂz,_4 3=2.482,H-4), 6.56(dq, 18,3, y*3.28z, J) ¢ =

1.7Hz,B-2) ; sc(axn3), 20.9(q,00GH,), 24.5(t,C-6), 50.7(d,0-3), 52. 1(q,oozc_x3), 52.1(d,0-4) ,

68.2(3,C-5), 128.2(s,C-1), 132.4(d,C-2), 166.2(s,00,CH;), 170.5(s,00CH,).

(i1) (s)-Methyl 4p-acetoecy-5p-hydrouy-3a-iodocyclohexencate (14) vpax3500, br 1750"“-1’
GH(C!X:13), 2.11(s8,3H, m{3), 2. 33(m,1H,§qm-17ﬂz, -8 8Hz ,H-68), 2. 95(&1,1B,gqm-17ﬂz,
J& 5-4 8Hz, H-6a), 3.73(s,M, (02013), 4. O(m,m,J3 ‘-2 lﬂz, B-3), 4. 10(dd,1H,J5 68-8 .88z,

I5, g4 8z, B-S5), 5.78(m, 1H,J, ;=6.4Hz,J, y=2.4Hz,H~4), 6.51(m, 1,3, y=2.58z, B2); m/z (ET)
tor iscmeric mixture 213 (3%), 195(1.43), 181(38), 153(100%).

(114) (1) -Methyl 3p-acetooy58-hydrony-4a-iodocyclohesnoate (15) v 3500, bx 1750<:n‘l
GH(CDCl3) 2.18(:,31{,&0_13), 2.34(s,1H,0H - removed on addition of Dzo), 2.46(m,1H,J __=17,.6Hz,

J=4.8Hz, J I6a, 2'1 .6Hz, B-6a), 3. 82(m,1H,g5'6-9.2Hz, J=4.88z, H-5), 3.78(8,38,@201_3), 4.40(m,
1H,g4 5-5 .24z, H-4), 5.85(m,1H, 33 4 =48z, H-3}, 6.75(m,1H,g’_2'3-2.4Hz, gz'&ﬂ.ﬂlz, H-2);
60(01213) 20.8(q,(!g13), 31.5(¢t, C-6), 36.7(a,C-4), 52.5(q,®2(_!’13), 67.5(4,Cc-5), 73.1(4,C-3),
131.8(4,c-2), 131.8(4,C-1}, 166.2(8,_(_!)20-13), 169.6(s,gn'13).

v (¢ 1 5g e lohexencate (16) vpay3500, br 1750cm s
SRICDCL,) 2.16(8,3H,Q0CH;) , 2.35(m, 1H,J_ g 17Hz, J=6z, H-68), 3.05(m, 1,3 o =17z, JeGHz,

H-6a), 3.76(s,3H,00,G;) , 4.05(m,1H,J, ;=9.6Hz, B-4), 4.16(m, 18,J5 (=6Hz,B-5), 5.80(m, 1H,J; ,=d.8z,
H-3), 6.56(m,H,J, ;=2.8H2, J, c=2.5Hz, H-2); 6c(DCLy), 20.9(q,000H;), 24.4(t,C-6), 31.7(d,C-4),

L4
53.1(q,00,01;) , 69(d,C-4), 74.8(d,C-3), 130.7(d,C~3), 133.9(s=C-1), 166(8,00,CHy), 169.5(s,Q0CH,) .

(c) "Dry" conditions
Amixt:neofsuveracemﬁ 29, 7mol) and iodine (0389,15m1)1.ndx'yeuba1tet:radmlor1da_

(15@)msstnredatmancqperam:emtuallﬂamdinemm The hydroxy diene
(2) (0.53g, 3.4mol) in dry carbon tetrachloride (SGn) was then introduced and the reaction
mixture was heated at 70°C for 11 hours. After this time a yellow precipitate (AgI) which had
formed was filtered off and washed with chloroform (Sana). The filtrate was dried (MgSO,) and
evaporated to give a yellow residue, t.l.c. analysis of which showed the presence of two components
with nto.ss, 0.41 and base-line material (Si0,,308% ethyl acetate in 60-80°C petrol). Preparative
chromatography on silica (60g, eluant 30% ethyl acetate in 60-80°C petrol) afforded firstly methyl
3-hydroxybenzoate (0.06g, 12%)as awhite solid. Further elution gave the epoxide (19) (0.25g,
34.3%), as a yellow oil. The same reaction was also carried out in "dry" acetic acid and the
crude product was analysed in the same way. This indicated a very oomplex mixture with at

least five components and a base-line material. This mixture was not investigated further.
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(1) Methyl 43,58MM (20) The epcxdde (19) (0.03g, 0.14mmol) was

stirred in aqueous ammonia (2N,0.5am™) until t.l.c. analysis showed that the starting material

had been consumed (2hours). Methanol was then remowed under reduced pressure to give a

colourless oil (23ng, 96%), which crystallized on standing, m.p. 81°C (EtOH/60-80°C petrol)

(Lt.,% 81-82°C); v (CHC1;) 3560, 3400, 2920, 1710, 1650cm s 6,(CDCL,) 2.40 (bws, TH, CH,

this signal is exchanged with DO} 2.50 (m,H,J  <20Hz, H-68), 3.01(m, 1H,J  =20Hz, H-6a),

3.55 (brs, 2H,H-4,H-5) , 3.72(s,3,0GH,) , 4.55(m, 1H,H-3), 6.70(bws, 1H, H-2); 6o(CX1;), 24.3(t,C-6),
52.1(d,C-4), 52.1(q,00,CH,), 54.6(d,C-5), 65.5(d,C-3), 126.6(s,C-1), 136.0(d,C~2), 166.6(8,00,CH) ;
m/z (C.I., isobutane) 171(M+1), 2.4%), 153(100%); m/z (EI) 169(M-1,38), 155(308), 138(61%),
111(1008), 81(618), 53(858), 39(63v).

Prevost reaction upon endo-~ and exo- 2-methoxycarbonyl-7-oxabicyclo(2.2.1]hept-5-enes (1) under:
(a) "Dry* conditions® A mixture of silver acetate (4.7g, 28mmwol) and icdine (3.6g, 14mmol) in

glacial acetic acid (50m3) was stirred at ambient temperature under an atmosphere of nitrogen.
When all the iodine had been consumed the adducts (1) (2.1g, 14nmol) in glacial acetic acid
(200n3) were added. The mixture was then heated at 100°C for 5 hours and a yellow precipitate
(AgT) which formed was filtered off and washed with chlaroform (10am’). Evaporation of the
filtrate in vacuo gave a vhite solid, the t.l.c. analysis of which (5102: 158 ethyl acetate in
60-80°C petrol) ghowed three products to be present (R. 0.40, 0.34 and 0.33). This material
was then subjected to preparative chramatography on a Chromatotron (2mm silica plate, eluting
with 158 ethyl acetate in 60-80°C petrol, drop rate 6am>/min) to afford the iodolactone (23)
(0.87g, 24%) and a mixture of the exo iodoacetates (21) and (22) (ratio 1:1, 3.3g, 708) as
colaurless crystals. Further chramatography of the mixed iodoacetates separated the two isomers,
hut these campourds are very unstable in the solid state and evolve iodine. They are, however,
quite stable in chloroform solution, remaining unchanged after a week or two, provided they
are kept below 0°C in the dark.

Physical Properties:

(1) Iodolactane (23), m.p. 157°C (lit.,’ 157-157.5°C); v, (CHCl;) 1780cm™';6(CDC1;) 2.20 (m, 2H,
H;=S), 2.80(dt, 1H,J=3.88z, J=2.5Hz, J=2.58z, B-6), 3.88(s,1H,H-3), 4.80tm,1H,H~4), 5.1(d,1H, J=2.5Hz.
H-2),  5.4("t", W, J=2.SHz, K-1, couples equally to H-2 and H-6); 6c(CD;) 0D 36.4(t,C-5),
38.7(d,0-3 or C-6), 82.8, 85.3, 88.4(3xd, C-1, C-2, C~4), 146.6(5,C=0), one signal for either

C-3 or C-6 was not detected; m/z (EI) 266(M*, 708), 139(M-I, 1008), 111(568) [Found: C, 31.8; H,

2.8 Calculated for CH,051: C, 31.6; H, 2.78)

(11)  20-Acetoxy-38-iodo-68-methaxycarbonyl-~7-oxabicyclo(2.2. 1]heptane (21) v, (CXC1;) 1800, 1740am” 1
6H(CDCL4) 1.85(m,1H,g_gen-13Hz, J5g-¢=4- 482, H-58), 2.19(s,3H,C0CH,), 2.60(dd,1H,._Igan-13az, I50,6°
4.4z, also find coupling with H~4, H-5a), 2.70(m,1H,H-3), 3.01(m,1H,846 , 3.72(s,3H,00,0,),

4.01 (singlet with very fine coupling, 1H,H-4), 4.59(d,1H,g1'2=2Hz,H-1). 6.46(t,1H,_.12’1=2Hzl,

also fine coupling of <<2Hz, H-2).

Nuclear Overhauser enhancements for the exo-iodoacetate (21) (spectrum recorded in CDC13)
Signal irradiated Observed miclear overhauser
(Chemical shift §) enhancement.
H-5a (2.60) H-5a(58%), H-6(4%)
H-3 (2.70) H-5a(78) , H-4(4%), H-2(8%)
H-6 (3.01) H-58(58), H-3(38), H-4(5%), H-1(6%)
H-4 (4.00) H-58(38), B-3(3%), H-6(4%), H-1(28)
H-1 (4.60) H-4 (S8), H-6(3%)
H-2 (6.45) H-3 (7%)

éc(CDCl3) 21.0(q,<x>gl3), 22.2(t,C~5), 25.8(4,0-3), 45.3(4,C-6), 47.3(4,C-2), 52.1(q,cnzgx3),
84.9, 99.6(2xd, C-1, C-4), 170.0(s,C=0). Signal for gozcn3 was not detected.
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(i1i) 3a-Acetoxy-28-iodo—68-methoxycarbonyl-7-oxabicyclo(2.2.1]heptane (22) Vmax (GC1,) 1800,
1740m?r; GH(GX!l3) 1.84-2,00 (nm, 2H,H~5a, H-58), 2.04(3,3!‘1,01}_1_3), 2.64~3,02 (m,2H,H-6,H~2),
3.70(8,33,(020_’1_3), 3.80(singlet with fine coupling, 1H,H-4), 4.63(4,14,J=2Hz,H-1), 5.82(s,1H,H-3);
sc(coc13) 18.4(4,C-2), 21.2(d,a!_?{3), 26.7(t,C-5), 45.1(4,c-6), 48.0(4,Cc-3), 52.3(q,a)29{3),
87.6, 98.9(2ad, C-1, C-4), 170.5(s,C-0) . Signal for C0,CH, was not detected; m/z (EI) for both

iscmers 340(M*, 0.9%), 297(6%), 280(11%), 171(5%), 153(27%), 43(100%).

() "Wet conditions® A mixture of silver acetate (2.5, 15mwol) and iocdine (1.9g, 7.S5mmol) in
glacial acetic acid (35@3) was stirred at ambient temperature until all the iodine was consumed.
At this point the adducts(1) (1.2g, 7.8mol) in glacial acetic acid (10cm’) were added. The
mixture was heated at 50°C for further 20 mimutes.before glacial acetic acid (5<:n3) containing
distilled water (0.14am’, 7.8mol) was added. The reaction temperature was raised to 100°C and
the reaction mixture left stirring for 5 hours. The yellow precipitate (AgI) was then filtered
off and washed with chlorofarm (Som’). Evaporation of the filtrate under reduced pressure gave
a colourless residue which was dissolved in chlaroform, dried {MgSO,) and evaporated. The t.l.c.
analysis (Sioz, 15% ethyl acetate in 60-80°C petrol) of this material showed three components

(Rg 0.40, 0.34 and 0.33). The first component, which was also the major product, was separated
on the Chramatotron fram the two less polar components using the same conditions as those used
in the previous experiment. It proved to be iodolactone (23) (1.20g, 60%) while the minor
products (0.51g, 20%) were the mixed iodoacetonates (21) and (22) (ratio 1:1). A prolonged
reaction time made little difference to the product composition, but an increase in temperature
brought about destructionof the iodoacetates.
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