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Abstract-Trisubstituted olefins. activated with I>. are changed into iodohydrins and epoxides by pyridinium 

dichromate. The conversion shows 10 proceed in regiospecific and stereospecific manner. Moreover some naturally 

occurring polyenes, submitted 10 similar treatment, afford selectively only terminal iodohydrins. These latter are 

converted into the corresponding epoxides through a new and convenient alumina supported reaction. 

Although the preparation of bromohydrins and chloro- 
hydrins from reaction of dilute aqueous solutions of 

halogens with alkenes is a well-known preparative and 
industrial process, the formation of iodohydrins, under 
the same conditions, is preparatively unsatisfactory 
because of the reversibility of the reactions (a) and (b). 

(a) >c=c( + I> + H,O 
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On the contrary. this procedure represents a useful 
route both lo iodohydrins and epoxides if the iodination 
is carried out in presence of reagents operating as 
scavengers of iodide ions. such as mercuric oxide, silver 
oxide or salts. oxidizing agents (iodic acid or oxygen and 
sodium nitrite).’ 

In the course of recent investigations on the reactivity 
of pyridinium dichromate (PDC). a reagent originally 
introduced for the oxidation of alcohols to carbonyl 
compounds.’ we have pointed out its nucleophilic pro- 
pertics towards some unsaturated systems. activated 
with iodine.‘.” 

Now, we wish to report the easy conversion of trisub- 
stituted olefins into iodohydrins and epoxides through a 

new original dry procedure, involving the exploitation of 
PDC both as nucleophilic and iodide removing agent. 

Usually, equimolar amounts of the starting materials 
and iodine, in anhydrous CH& were reacted with an 
excess of PDC. This treatment turned rapidly ( - 3hr) the 
conformationally mobile olefins la-e into the fruns- 
iodohydrins 2a-e:. whose stereochemistry was assigned 
on the ground of ‘H-NMR data (Experimental). The 
different conformations assumed by 2a-b (frans-diequa- 
torial) and 2c (frons-diaxial) could be attributed to the 
greater preference of the phenyl group for the equatorial 
position than do alkyl groups.’ 

More prolonged reaction times ( - 16 hr) led to epox- 
ides h-b in good yields, while 3c. whose formation was 
clearly monitored by comparison with an authentic 

sample on TLC, could not be isolated because of its 
instability under the usual reaction conditions. 

When the conformationally rigid olefins ld-e and 4 
were submitted to the reaction with iodine and PDC, the 

isolation of appreciable amounts of iodohydrins was 
generally prevented from their fast conversion into the 
epoxides 3d-c and 5. 

lodohydrin 2e could be isolated only in rather low 
yield (10%) and it showed a rrons-diaxial relationship 
between -OH and -1 groups. Furthermore, the stereo- 

chemistry of the oxirane ring in 3d+ and 5 was unam- 
bigously assigned on the ground of physical and spec- 
troscopic data; for ex., 5: m.p. 132-34” (reported 132- 

337.” ‘H-NMR (Ccl,, S): 2.81 (d. IH, 2-H; J = 6 Hz). 
The above reported results pointed out that the con- 
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version both to iodohydrins and epoxides occurred in 

regiospecific and stereospecific manner. The regios- 
pecificity could be easily explained assuming, in the first 

step of the process, the formation of an iodonium ion, 
which underwent the preferential nucleophilic attack of 
dichromate anion on the tertiary C atom rather than on 

the secondary one. 
In the case of rigid olefins (as summarized in Scheme 

I). the existence of an equilibrium between two iodonium 
ions, of type 6 and 7, could not be excluded; however, 

only the antiperiplanar opening of the 3-membered ring, 
caused by the axial attack of the dichromate anion on 
the tertiary C atom, could lead to the rransdiaxial iodo- 

hydrin k. 
Furthermore, just because of the extremely favourable 

steric disposition of I and OH groups. 2d-e changed so 
rapidly into the epoxides 3d-e. that their isolation could 
not be generally achieved in efficient manner. 

The application of this methodology to the linear 
olefins 8 and 9 emphasized the regiospecific behaviour of 

PDC again, although some differences of reactivity could 
be observed. 

In fact, a-iodoketone 10 was isolated in rather low 

yield (25%), as only identifiable product, while most of 
the starting material (55%) was recovered unchanged. 
Furthermore, the expected conversion of iodohydrin 11 
(isolated in 65% yield) into epoxide 12 took place in 
unsatisfactory way also after very prolonged reaction 
times. On the contrary, we have found that the same 
conversion could be achieved through a new and efficient 

synthetic procedure, involving an alumina supported 
process. In fact, the simple adsorption of 11 on neutral 
AIIO, afforded rapidly 12 in appreciable yield (70%). 

At last, we examined the reactivity of PDC/I: system 

towards some naturally occurring polyenes, like 13, 14, 

15 and 16. 
It must be noted that different procedures had to be 

introduced in order to limit as much as possible iodine 
induced processes of intramolecular cyclisation.’ 

In all cases we observed a selective attack on the 

Table I. 

Compound Product Reaction time (ti) Yield (X)’ 

12 (E.Z)-geranyl-acetate 12 6,7-epoxide 23 65 

14 (z)-linalyl-THP 2 6,7-epoxide 20 4Bb 

lJ farnesyl-acetatec 19 lO,ll-epoxide 20 46b 

5 (z)-cis-nerolidyl-THP - 20 lO,ll-epoxide 20 3ob 

a) 

b) 

cl 

All yields refer to isolated, chromatographically pure products and are based upon the 

starting polyenes 13-16. -- 

About 10-15X of 14 and 2, and about 30% of 16 were recovered. 

This was obtained fro? Fluka AG, as a mixture of 65% (F,E)- and 35% (Z.E)-isomers. 
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C8H17CH=CH;! c&7COcH21 
8 10 

$J*= ;’ CA= 
9 11 

terminal double bound of polyenes, leading to the cor- 
responding iodohydrins; but, because of their instability 
during the purification procedure, only iodohydrin 21 

could be isolated in low yield (37%). 
However, the adsorption of the crude, just isolated 

iodohydrins on alumina afforded the terminal epoxides 
17, 18, 19 and 20 with fair yields. 

In conclusion, while the other available routes are only 
partially successful* or lead to mixtures of different 
epoxides.“ on the contrary, PDC/l, treatment, combined 

with the alumina supported process, allows an efficient 
and completely selective epoxidation at all the polyenes 

13, 14, 15 and 16. 

EXPERIMEVTAL 

‘H-NMR spectra were recorded on a Varian EM-360 spec- 
trometer, usually in Ccl, soln, and shifts are reported in ppm (6) 
relative to Me,S. IR spectra were recorded on a Perkin-Elmer 
257 spectrometer, in I% Ccl, solution. and are given in cm-‘. 
Mass spectral data were obtained with an AEI-MS I2 spec- 
trometer (70 cV). Mps were determined on a Kofler block and are 
uncorrected. 

Procedure A (for olefins ta-e, 4,E and 9). 1, (1.5 mmol) and 4A 
molecular sieves (lg) were added to a well siirred soln of olcfin 
(1.5 mmol) in dry CH+& (30 ml) at room temp under NI. After 
30min. PDC (3.7 mmol) was added and the mixture stirred 
for several hr. The best yields in iodohydrins and epoxides were 
obtained respectively after 3 and 16hr. The crude products, 
isolated after the usual work-up.* were purified by column 
chromatography on silica gel cluting with n-hexaneldiethyl ether 
mixtures. 

12 

Procedure B (for polyenes 13 and 14). I2 (I.5 mmol), PDC 
(3.7 mmol), 4A molecular sieves (Ig) in dry CHICll (30 ml) were 
stirred for 30min under Nz at room temp. Then the starting 
material (1.5 mmol) in CHrCI, (5 ml) was rapidly added. The 
mixture was stirred for 20 hr. 

Procedure C (for polycncs 15 and 16). I1 (I.5 mmol) was slowly 
added under stirring to a mixture of PDC (3.7mmol). polyene 
(I.5 mmol). 4A molecular sieves (Ig) in dry CH2CII (30 ml). The 
reaction was prolonged for 20 hr. 

The crude products coming both from procedures B and C 
were submitted directly to chromatography on AlTO, B HI. The 
elution with n-hexane/diethyl ether yielded to pure epoxides 17, 
IS, 19 and 20. 

I-n-Pentyl-trans-2-iodo-cyclohPxane- I-o/. Compound 21. 
C,,Hr,IO. oil, yield 48%. IR: 3570. 3520. 1455. 1380, 1332, 1180, 
940. ‘H-NMR: 4.30 (dd. I H, CH-I; I, = 8 Hz. Jt = 4 Hz; W,,, = 
14Hz). 1.50 (s. I H. -OH; the &nal disappeared after shaking 
with D,O). Mass spectrum, m/e 2% (M + ). 

I-n-Decyl-trans.2.iodo-c-yclohexmte-l-of. Ccmpound 2b. 
C,,H,,lO. oil. vield 52%. IR: 3575. 3525. 1461. 1385. 1355. 1335. 

.” I. 

1195. 955. ‘H-NMR: 4.47 (dd. 1 Ii, Clj-I; I, = 9 H;, JI =4 Hz: 
Wu2 = 16Hz). I.51 (s, I H. -OH; the signal disappeared after 
shaking with DtO). Mass spectrum, m/e 366 (M’). 

I-Phenyl-trans.2-iodo-cycloherone-l-o/. Compound Zc, 
C,~H,~lO; oil. yield 60%.~1R: 3560, 3520. 1440, 1160, 960, 700. 
‘H-NMR: 7.20 (m. 5 H. aromatic orotons). 4.54 (m. I H. CH-1: 
W,,,=6Hz). 1.78’ (s, I H. -DH:‘the signal disappeared after 
shaking with D,O). Mass spectrum, m/e 302 (M’). 

trans-2-Iodo-l-pheny/-cis-4-f-bufy/cycloherane-I-of. Com- 
pound k. Ci6H1s10, oil, yield 10%. IR: 3570. 3520, 1445, 
1158, 980. ‘H-NMR: 7.22 (m, 5 H. aromatic protons), 4.60 (m, 
I H, C&I; Wuz = 7 Hz), I.65 (m. I H, -OH; the signal disap- 
peared after shaking with DtO). Mass spectrum. m/e 358 (M’). 

I-n-Penryl-I, 2-epoxycycloherone. Compound 31. C,,Hj,O, oil, 
yield 50%. IR: 2910,284O. 1465.1385.865. ‘H-NMR: 2.75 (m. I H, 
2-H). Mass spectrum, m/e 168 (hi’). (Found: C 78.40; H 12.09. 
Calc for C,,HmO: C 78.51; H Il.98%.) 

I-n-Decyl-I, 2-epoxycycloherone. Compound 3b. Cr6Hw0, oil. 
yield 50%. IR: 2903, 2838, 1465, 1382, 1125. ‘H-NMR: 2.86 (m, 
I H. 2-H). Mass spectrum, m/e 238 (Me). (Found: C 80.80; H 
12.75. Calc for C,6HmO: C 80.61; H 12.68%) 

I-n-Nonyl-cis-4-r-bury/-l, 2.epoxycyclohexclne. Compound 3d. 
CIPHXO, very dense oil, yield 86%. IR: 2900, 2835, 1470, 1435. 
1397. 1370. ‘H-NMR: 2.85 (d. I H, 2-H; J =6Hz), 0.85 (s. 9H. 
-C-(CH,),). Mass spectrum, m/e 280 (M’). (Found C 81.50; H 
13.03. Calc for C,PH160: C 81.36; H 12.94%.) 

I-Phen~l-cis-4-r-huf~l-l,2-ep~~.~~c~cfohex~ne. Compound 3~. 
C16HzI0, blades from EtOH. m.p. 67-69” (reported 67-C@)“‘. 
yield 51%. IR: 3040. 3008. 1455. 1370. 1260. 700. ‘H-NMR: 2.93 
(d, I H. 2-H; J = 6 Hz). 0.90 (s. 9 H, -C-(CH,),). Mass spectrum. 
m/e 230 (Mm). (Found C 83.61: H 9.55. Calc for C,6H210: C 
83.43; H 9.63%.) 
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!~-.~~rh~l-la.3a-rpor\(.h~~fesfune. Compound 5. C:xHlxO. 

needles from EtOH. m.p. 132-34”: yield 60%. IK: 2910. 2850. 
1471. 1452. 1385, ‘H-NMR: (Introduction). Mass spectrum, m/e 

400 (M ). (Found C 84.02: H 12.21. Calc for C?sH40: C 83.93: H 

12.07%) 

I-lodo-&curt-!-one. Compound IO. CIOH,,fO. oil, yield 25%. 

IR: 1710. ‘H-NMR: 3.68 (s. 2 H. -C&I]. 2.62 (I. 2 H, <J&CO). 
Mass spectrum, m/e 282 (M-J. 

hlnd~~-7-h~dro.~~-3.7-di~n~fh~l-~~~fr~n.I-1:I (ICCIUIY. Com- 
pound II. Cr:H:rlO. oil. yield 654. IR: 3460. l?34. 1460. 
I?XZ. 1369. 1240. ‘H-NMR: 4.10 (m. 3 H. overlapping of 

I 
-C&I and -CH?-OAcJ. 2.13 (s. I H. -OH; it disappeared after 

shaking with D:O). 2.00 (s. 3 H. -OCOCH,) 1.35 (s, 6 H, - 

C(CH&J. Mass spectrum. m/e 342 (M’J. 
6.7-Epox~-3.7-dimerk~l~o~~f~~n-I-ol rrcefrlte Compound 12. 

C,:H!:O,. oil, yield 70%. IR: 1732. 1460, 1380. 1369. 1240. ‘H- 

NMR: 4.1 I (I. 2 H, -CH,OAc; J = 7 Hz). 2.50 (m, I H. epoxydic 

proton). 2.00 (s. 3 H, -OCOCH,). I.29 (s, 6 H. -C(CH&). Mass 
soectrum. m/e 214 (M’I. (Found C 67.31; H 10.42. Calc for 

6,>Hr20,: C 67.26; H’ lO.jS%., 

IO.1 I-Epoty-3.7.1 I-frimrfhyl-!,6-dodpl,udien.I-ol wetate. 
Compound 19. CI-H:rO~. oil. yield 46%. IR: 1740. 1670. 

I 
1382. 1370, 1230. ‘H-NMR: 5.32 (1, I H, =C-H: J=6Hz). 502 

, 

(m. I H. =C-H). 4.50 (d. 2 H. -CHIOAc: J = 6 Hz), 2.50 (1. I H. 

epoxydic proton: J = 5.5 Hz). Mass spectrum, m/e 276 (M-j. 

(Found: C 74.01: H 8.80. Calc for C,,H,,O,: C 73.88; H 8.75%.) 
IO.1 I-Epoxv-3.7.1 I-frimPth~l-1.6.doderadien-3.ol tetru hydro- 

pyranyl ether Compound LO. C?,IH~dO~. oil, yield 307r. IR: 

3030. 1640. 1460. 1388. 1120, 1030. ‘H-NMR: 5.82 (complex m, 

I H. CH&f-), 5.30-5.00 (m. 4 H. oletinic protons). 2.58 (1. I H. 

epoxydic proton: J = 6Hz). Mass spectrum, m/e 322 (M’J. 

(Found C 74.31; H 10.71. Calc for C,,,H,,O,: C 74.49; H 10.63%.) 

6. Iodo - 7 - hvdrory 3.7 - dimethyl . 2. ocfm - I . 01 occtutc. 

Compound 21. C,:H:,IOI. yield 37%. IR: 350. 1740. 1670. 

1390. 1370. 1230. ‘H-NMR: 5.35 (I. I H. =C -H: J = 9 Hz). 4.50 (d, 

2H. -CH:OAc: J =9Hz). 3.92 (m. I H. -CH-I). 1.95 (s, 3 H, 

I I 
-OCOCH,,. I.72 (s. 3 H, =C-CH,l. 1.38 (s. 6 H, -C(CH,):). Mass 

spectrum. m/e 340 (M’). 

6.7.Epoxy-3. ‘I-dimefhyl-2-ocren-I-of ocefote. Compound 17. 

C,,H,,,O,. oil, yield 65%. IR: 1740. 1670. 1390. 1370. 1235. ‘H. 

NMR: 5.35 It. I H. =C-H; J = 9 Hz). 4.50 (d. 2 H. -CH,OAc: 

J = 9 Hz), 2.50 (1. I H. epoxydic proton; J = 7 Hz), 1.9s (s. 3 H. 

I I 
-OCOCH,J, 1.72 (s. 3H. =C-CH,). 1.22 (S. 6H. -C(CH,)!). 

Mass spectrum. m/e 212 (M’). (Found C 68.00; H 9.43. Calc for 

C,IH~,IO,: C 67.89: H 9.50%) 
6.7 - Epc~.ry - 3.7 dintefh!l . I - octen 3 - 01 fefruhydropvranyl 

cfhrr. Compound 18. CI,H2eOI. oil, yield 48%. IR: 1645, 1464I. 
I 

1450. 1382. 1330. 992. ‘H-NMJ?: 5.82 (m. I H. -C-H). 5.12 (m. 

2 H. =CH:J, 2.52 (I. I H. epoxydic proton: J = 7 HZ). 1.30 (s. 6 H, 

I 
-C(CH,)+ Mass spectrum. m/e 254 (M’). (Found C 70.69; H 

10.24. Calc for C,,H:,,O,: C 70.83; H 10.30%). 
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