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Abstract-l’hc rcactwn\ of (‘I$. and rrun~.!.rrrl~hul!l.~.!.epn\~tcrr~h~dro~~ran u-lth Hllr and utth I.AH h:lbc 

been cxammcd as a m&l for the nuckophdrc slcp of the rcaclmn of the ~oncspondmg olcfin wrh SRA in 
aqueous dwranc A rcmarkahlc W. IO preference for clcctrophdlc attack Jvn IO the ~rrr-bulyl group in rhc SRA 
rcacrwn I\ found and \hows thaw the two cporldc\. as ucll as the mtcrmcdlarc cplbromomum Ions. undergo 
nuckophdic atrack with high preference for diaxial opening. cwn uhcn this rcqulres rcactmn at carbon 5. rvhlch is 

mOrc wb~ccr than carbon 4 IO ~hc unfavrmrAe mducribe cflcc~ of the pyran ring oxygen. These results conslrtutc 
a further prwf In fa\our of a mccham~m of .Y.haloamtdc promoted clccrrophdlc addiGons in uhtch the 
elccrrophlh~ \~cp I< rapIdI) rcvcr<ihlc and product tomposlbon I\ dcrcrmmcd during the nuclcophihc prep 

Ionic electrophilic additions to alkenes are normall) 
interpreted on the basis of the Adr! mechanism.’ 
whereb! the rate is dctermmed hy a \lou clecrrophilic 

step. which is assumed IO be rrreversiblc. However 
increasing evidence. mostly of stereochemical nature, is 
becoming available for the existence of a second hype of 
mechanism that applies with such reagents as amine- 
halogen complexes and .V-haloamides m aqueous 
solvents. in which the clcc[rophilic c~ep appears IO be 
rapidly reversible, so that the reaction course is deter- 

mined by steric or electronic effects operating during the 
nucleophilic step.’ MWI of the evidence has been ob- 

tained on ~ycloalkencs or dihydrop)rans having in rhc 
allylic postrlons alkyl. h)drox)-. alkoxy or halo sub- 

stituenrs.’ which can complicate the intcrprctarion of 

data because of possible repulsive or attractive inrerac. 

lions with [he incoming electrophilc or nucleophilc. 
In order IO smplify the problem we therefore cho\e a\ 

the substrate compound 5. in which the fvrr-hutyl group 

in the homoallylic position confers rhc dcslred con- 

formational rigidit) without interfering stcricall) \rirh the 
reaction \lte. and the allylic oxygen. being part of the 
ring. can cxcrt its inductive but not a slerlc efiect. WC 

also investigated the nuclcophihc opcnmg of cpoxldes 8 
‘.” and 9. since our pret ious retull\’ indicated [hat these 

reactions provide good model\ for the opening of epi- 
halonium ion\. i.e. for the nucleophili~ \~ep of elec. 

trophilic additions. 

Ws7I.Ts 

Compound I was ohtaincd in good yield from the 
reaction of 3-hurcn-I-ol v,irh plvalaldehyde in the 
prcsencc of anhydrous HCI. When I was refluxed with 
KOH in ethylcnc glycol a mixture of the two olcfins 4 
and 5 was formed in a ratio of 2:X. In this bimolecular 
elimination attack by rhe base is expected IO take place 
on the less hindered b-hydrogen atom. therefore [he 
main constitucnl should be the desired compound 5. A 
direct separation of the IWO olefins appcarcd difficult. but 
it ~a\ found that uhcn the crude &fin mixture uas 

converted into bromohydrins with .X-bromoacetamidc 

(NHAI in aqueous dioxane one bromohydrin was easily 
obtained pure in salisfactory yield. Its structure was 

proven IO be 6 through the following evidence. It was 
hydrogenolyred IO the alcohol 7. that was onidired IO the 
ketone 3. also obtained from the alcohol 2, whose strut- 

lure was made sure by its synthesis from 3-buren-l-ol 

and pivalaldehyde in aqueous HISO,. The cis contigura- 
lions of I and 2. expected for such thermodynamically 

controlled Pnnz-rypc reaclions.’ and rhe truns 

configuration of 7 were confirmed by their NMR spectra 

(Table I). The main bromohydrin obtained from the 
crude mixture of 4 and 5 had rhcreforc an axial OH in 

position 4 and [he bromine atom. owing IO the generality 
of the rule of anti additions IO aliphatic alkcnes. had IO 

occupy a vicinal axial position: this left two alternative 

structures 6 and IS. depending on whether the main 

olcfin in the starting mixture was 5 or 4. The SMR 
spectrum of the p-nitrobcnzoate was clearly in favour of 

struucturc 6 for the bromohydrin. 

The bromohydrin 6 was converted by Zn in acetic acid 
Inlo the pure olefin. the SYR spectrum of which 
confirmed structure 5. 

The olefin 5 wa\ eponidized with nt-chloroperoxyben- 

roic acid IO a mixture of [he INO diastcreoisomcric 
epoxidcs 8 and 9 in a ratio of SS.5:44.5; this low 

stereoselectivity was expected in the eponidation of such 

an unhindered olctin and provided further confirmation 
for \truclure 5. since 4 should give a much larger excess 
of WORS epoxldc. as found for 3-leti-butylcyclohcxene.’ 
The IWO epoxidcs were separated by preparalivc G1.C. 
and 8 \sas also obtained by base promoted cyclizaarion of 
bromohydrin 6. Their configurations were confirmed by 
[heir NMR spectra. mainly on the basis of the signals for 

the protons on C(6): in the spectrum of 9 they appear as 
an AB system in which one doublet is only slightly 
broader than the other. in agrccmcnl with a conformation 
in which the C-H(5) bond almosty exactly bisects the 
H(6a). C(6). H(6e) angle. In rhe spectrum of 8 there is a 
further splitting of one of the IWO doublets. as expected 
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‘Table I. NMR data’ 

2.9): Xi.,), q, opl 11. j, 2.:: Hz; \.:z: !liDR). seu:, spl 1?.C, 
11.:1, !.C Hz; ?.74.35: ii:3e + 4), D. 

i‘ i- . q f - . ._,. \. ), 9, opl 12.0, :..O Hz; :..13: !::$a), 3est, ypL i1.0. 
11 .c. :.c, XT.; ‘.5-:.:: II:<:0 t 4:, m. 

\.a(;: H(r), q. o$ l.,.O. j.0 Kz; ?.4c: H;-a). BBS:, spl Ll.3, 
i.,.C, 5.0 Hz; L.11: :its¶:, 0::. 031 12.2, 5.5, ?.O :tz; 5.3c: 
!I,::, sept, a) :! !iz. 

j.1: : Ht.,!, 9, 8pl 9.C. 4.5 Xi. 

1.6: !l;!c), tr ‘, op? l:.O i(z; A.:: Xi ja), apt, apl 1i.O. 
12 .i), ‘, . 5 il z ; i..:: Xii-), q, apl lC.3, . .O Hz; e.17: II:‘;+be*tia), 
3; 5.;: :s;.::. 9, ‘w* ‘j 32. 

3.43: H,- 
4.73 : 8: 

?.05: Ii;2 
2. ?: Il;‘.c 

3.4: i!C7) 
J i).: !Iz 

5.1: Z(5! 

5.;: H;5) 

j. jr?: ti(i 

) q, 3p? .g.o, 4.‘; Hz; j.':: _ j.93: H,5a + ba), E; 

:, z, sj 0 Ht. 

t ?* spl 13.:, 3.2 iiz; i.d: Hioa), d, Ypl ?I.‘, Hz; 
t 7. opl 13.‘;. :.O Hz. 

q, sp: 7.5, i.5 Hz; 3.5, 4.:: !((6e+ca), A3 system, 

‘!.J!i: H;7), d. spl 9.9 Hz; ‘;.i: H:>). =, Wj ?.l.O Uz. 

a 0cJ.v those data :.~a: u-e relcvazt to the utrxture deten;nat:on am ~ivcr. 
‘f. this table. ‘i’hc N!ii spectra 3f thcce aqd 3 ::?er tetrahydropyra? dorlva- 
t:vea r:ll be dlclcussed in doto:: :r. a acpnratc paper. 

b ma I E-51 tzwbenz3ate; chem.sh:‘tu 12 ppm :3 ); d - dol\blet; t I trIpleti 
q I quartet; seat I 909tc:; sept 1 oepteti act = octet; m = DLC1:lpletl 
br = broadj apl - spllttlng 

’ Asn:+ynemcts wer9 conrlnced by do.ubla reaonazce experlasnto. 
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for a conformation in which the dihedral angles relative gioselectivity in going from 8 to mm-2-methyl-3,4- 
to the CH(WCHd6) system are of about 20” and 100”. epoxytetrahydropyran. 

Reduction of the rr~nr epoxidc 8 with LAH in ether 
gave a mixture of three alcohols in a ratio of 82: 15.5: 2.5. 
The first two were identified as the 601s 7 and 2, the 
third one was tentatively attributed structure IO. since it 
had the same retention time as one of the two alcohols 
obtained in the hydroboration-oxidation of Il. The for- 
mation of 2 was due to the well known occurrence of 
oxidative inversion.* Similar reduction of the cis-epoxide 
9 produced 12 (the second product of the hydroboration- 
oxidation of 11) and 10 (oxidative inversion product) in a 
ratio of 96.5 : 3.5 and only a trace of a compound with the 
same retention time as 2. 

The reactions of the epoxides with HBr in ether were 
similarly stereoselective: 9 gave exclusively the 
bromohydrin 13. whereas 8 yielded a !M:6 mixture of 6 
and 14. Hydrogenolysis of 13 gave the alcohol 12. The 
structures and configurations of 10, 12 and 13 were 
confirmed by their NMR spectra (Table I). 

The reaction of the okhn 5 with NBA in aqueous 
dioxane produced a mixture of the bromohydrins 6. I3 
and 14 in a ratio of 89: IO: I; the fourth rruns-bromo- 
hydrin was present at most in trace amounts. Cyclization 
of the crude bromohydrins with base gave the epoxides 8 
and 9 in a ratio of 90: IO. 

In the reaction of 34epoxytetrahydropyran with HBr, 
the ratio of attack at C-4 to that at C-3.92:8. implying a 
difference in G’ of about I.25 kcallmole. can give a 
rough estimate of the importance of the inductive effect 
on the regioselectivity. On the other hand the value of 
6:94 (a difference of G’, at 2WK, of 1.45 kcallmole in 
the opposite direction) in the case of 8 shows that the 
stereoelectronic requirements of the Flint-Planner rule 
are by far prevailing over the inductive effect and allows 
to assign a value of at kast 1.25 + 1.45 = 2.7 kcallmole to 
the preference for diaxial over diequatorial opening. A 
similar rough evaluation. when applied to the LAH 
reductions, gives a preference of 3.7 kcallmole (at WK) 
in good agreement with what was found for the LAH 
reductions of substituted cyclohexene oxides.‘ The fact 
that rrans-2-mclhy)-3.4cpoxytetrahydropyran behaves 
like its unmethylated. analogue. rather than like 8, can 
therefore be explained by the unfavourablc inductive and 
steric effects on the diaxial opening of conformer 16e. 
that make reaction in the conformation 16a highly 
competitive. 

Addition of acetyl hypobromite in CC), to 5 gave a 
mixture of the acetyl derivatives of 6 and 13. con- 
taminated with some free bromohydrins and the cor- 
responding tram diaxial dibromide. in variable ratios 
depending on the relative amounts of reagents, work-up 
conditions, and probably on small amounts of water. 
These mixtures were not examined further, but were 
converted into the epoxides 8 and 9. which were con- 
stantly obtained in a ratio of 78:22. 

A comparison of the data presented above with those 
obtained previously on kss rigid tctrahydropyran epox- 
ides (Table 2) raises some interesting points. Both in the 
reduction with LAH and in the reaction with HBr the 
conformationally rigid epoxides 8 and 9 exhibit a high 
preference for diaxial opening, although in the case of 8 
this involves attack at the oxiranc carbon that is nearer 
to the tetrahydropyran ring oxygen and more subjected 
to its unfavourable inductive effect, that in the case of 
conformationally mobile derivatives causes a high 
preference for attack at the more distant carbon (Table 
2).B One therefore observes a striking inversion of re- 

A further point of interest is that the reaction of the 
oletin 5 with NRA gives a mixture of bromohydrins. !WZ 
of which derive from the cis-epibromonium intermediate 
17. as shown by the 90: IO ratio of epoxidcs 8 and 9 
obtained by cyclization of the crude bromohydrin mix- 
ture. Such a high stereoselectivity in the electrophilic 
step cannot be attributed to any direct steric effect of the 

\ 
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rerr-butyl substituent. as contirmed by the low 
stereoselectivity of the cpoxidation of S. that can be 
taken as a model for an irreversible electrophilic attack. 

Tahlc !. Hcgioseleclivily of epoxde ring openings 
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The co. 1.3 kcaflmole difference between the activation 
free energies for the formation of 17 and 18. that would 
be implied in such a hypothesis, would therefore be very 
diflicult IO justify. It is much more acceptable, in 
agreement with our previous data and with the me- 
chanistic hypothesis mentioned at the beginning of this 
paper, that there is a rapid equilibration between 17 and 
18 and that the I.3 kcallmole reflects the differences in 
G’ between the rate-limiting steps involving the opening 
of 17 and that of 18. The opening of epoxides has been 
proved~” to offer a good model for the nuckophilic 
attack on epihalonium ions, and the 1.25 kcallmole 
preference mentioned above for attack at the the more 
distant oxirane carbon finds a satisfactory correlation 
with the 1.3 kcallmolc by which we assume that the 
opening of 17 is favored over that of 18. The prevalent 
formation of bromohydrin 6 from 17 and of 13 from 18 
strictly parallels the conversion of epoxide 9 into 13 and 

of 8 into 6, thus providing further justitication for the 
analogy in the nuclcophilic openings of epoxides and 
epibromonium ions. 

Pcrkin-Elmer F !I equipped unh 2-m x tbmm columns tilled vvirh 
5% W-17 on 60/8@mesh rilantred Chrornosorb G. N, 
300 mllmin. column temp. I W’. vaporizer Iemp. 2OIY. 

Per eIhcr refers IO rhe fraction. b.p. 40-6U’. 
cis-2.Iert-Buryl4ch/orvrnruhydmpymn 1. Anhydrous HCI 

was bubbled inro a mixture of pivalaldehydc (25 lIg* 0.30 mole) 
am-l 3.buIen-lol (24.7 g. 0.34 mole) kep1 a1 - 15’ unril I5 g of the 

gas had been ahsorkd (2 h). ‘Jhc mixrurc was then lefl 4 h a1 
- 15’. 10 h a1 - 5”. diluIcd with EI,O I.50 ml) and wasbed with 
H,O. The organic layer was dried over K,CO, and cvaporakd; 

the residue was dissolved in pc~ ether and tihcrcd through a 

column of alumina (acl. II-111) DisIillation gave pure I W% 
yield). bp. 145’ (14Omm Hgl. nn” 1.4620. (Found: C. 61.02: H. 

9.75. C.H,CU requires: C. 61..3: H. 9.75). 

The stereochemical results could find other cx- 
planations that we think, however. much less likely. A 
prefcrcnce for the formation of the cis epihromonium 
ion 17 could be due to its greater stability. caused by an 
electrostatic attractive interaction between positive 
bromine and the oxygen atom. that could not exist in 18. 
This would imply a “product development control” and a 
late transition state. a not too likely hypothesis. Fur- 
thermore pxygen and bromine arc rather distant in 17 (at 
least 3.2 A) and the aqueous solvent should not favor 
such a type of interaction. Also a mechanism involving 
prior complcxation of the clectrophilic reagent with the 
ring oxygen. following by intramolecular transfer of 
bromine. could account for the preferential formation of 
17. but appears rather unlikely for the reaction of 5 with 
NBA in aqueous dioxane, since this reagent should not 
exhibit a tendency for complexation with the ring 
oxygen, particukuly in an ether solvent. ‘The latter two 
mechanisms could perhaps be invoked for explaining the 
results obtained with acetyl hypobromitc in CO,, hut we 
defer commenting on this reaction until more evidence is 
availabk. 

cIs-2-Ic~-Burylr~ruhydropvNn401 2 A mIxlure of p~valal- 

dchyde (18.lOg. 0.21 mokl. 3.butenl-01 (lS.lO& 0.21 mole) and 
!o(ir HrSO, aq 127 ml) u’av surred 24 h a1 100’. Ikn neuualiccd 

wiIh SCm aq NaOH and ex~mc~cd with Et,0 Tk dried CM&U 
CXI~CI ua evaporarated and disrillcd IO give 2 (52% yield). b.p. 

I&l3?’ (60 mm Hgl. m p. 39-41”. Ih. liquid. bp 125’100mm 

Hnl. tFound: C. 68.22: H. II.35 C.H,,O, rcauircs: C. 68.31: H. 
11.47;. p-Sirr&n:oof~. m.p. 41-99” cirom E(OH/HrOl. (Found. 
C. 62.30; H. 6.67; N. 4.80 C,.H,,O,N requires: C. 62.54; H. 6.84: 

s. 4.366). 
2.Iert-Burylfcrrohyd~~pyron.bonr 3. Compound 2 Il.8 g) in 

aceIonc I!0 ml) was Ireakd wiIh a slighl excess of Jones’ rePgen1 
and left I h a1 room Icmp. the excess of reagenr was dcseoyed 

wiIh a few drops of !-propanol. the soln was neutralized wirh 
K,CO,. cvaporarcd and disrilkd IO give 3. b.p. 92-W (IOmm 

Hg). The compound was characterircd as iIs Iosylhydrarolrc. 
obIained by 7.h r&x wiIh Iosylhydraxinc in elhanol; m p 126 
128” (from FISH) (Found: C. CtI.98; H. 7.50: N. 8.60. 

C,,H,.S,O,S requires: C. 59.23; H. 7.46; N. lI.63). 

~hydrohoi~morion o/ I. A soln of KOH (3Og) In 1.2. 
cIhanediol 1100mIl was healed 2 h a1 170” in an open flask IO 

climrna~e water, Ihcn I 120.7g) was added and healing was 
continued with sIirrina under reflux a1 IW for 5 h. A dislillarinn 
head was applied IO Ihiflask. Ihc Iemp was slowly risen IO 2OtPunIiI 
disIillaIion cea\ed ‘lhc Iwo-layer disIillaIc war cxIracIcd with Fl,O 

and 1hcdricdcxIrac1 uasevapor.iIed ~op~vea mixIurcll2 011.77% 

yield) of 4 and 5 in a rauo of 19.7:Ml 3 lC;LC). 
I-.(-Rn~mo-I-!-IerI-hulpllnroh~dr~~pvron~r-4-r~/ 6. The mixlure 

of 4 and 5 was dissolved in I: I H,O/dioxane (IlWml). IreaIcd 
wiIh NBA (12.1 p) and healed on a steam bath until a homo- 

geneous orange soln was obtained. EI,O (300 ml) was added. the 

orPanic laver was washed with said aa NaHCO,. dried IM(nS0.l 
a2 evaporated. The partly cvslalli& residue -(I4 g) con&cd 
abou1 7055 of Ihc bromohydrin 6. thaw was obIaincd pure by 

cry%allizaIson from per. c&r tb.p. 60-W). m.p. 121-122” 
(Found: C. 46.00; H. 7.03 CH,,HrO,. requires: C. 45 57; H. 7.17). 

WTN. 

Mps (uncorrected) were Iakcn on a Kofler block. IK spectra. 
taken wnh a Pakin-Elmer 137 on ncal hquids or parafhn oil 

mulls. were used for all comparisons bcrwcen compounds. NMR 
spccua were recorded on CO. 10% solns in CM, U’MS inlcmal 
sIamlard) on a JELL CdOHL spccIromcIcr; double resonance 

experiments were performed on a JEOL PSI00 insIrumcn1 

GLC analyses were run on a Carlo Frba Fraclovap GV and on a 
Perkin-Elmer F- Il. boIh equipped with 13arnc iomzalion detec. 
Ion. under the followmg condilions: rUrl(ns: 2-m glass column. 
IO% Carbowax 2OM on 8O/lO@mcsh silanized Chromosorb W. 

N, 30 ml/mm. programme d lcmp. 60-17ff. 6Olmin; relalivc rclen- 

Iion Iimes of 4 and 5. 1.00: 1.17. hpoxidrs: 1.5-m glass column. 
same stationary phase and gas flux as for okhns. column Iemp. 
W, relative rcIcntion rimes of 8 and 9. 1.00: 1.64 .4lcoholr: tame 
column and gas flux as for olchns. column Iemp. 155’: relalivc 
reIenIion Iimes of 12. 7. 2 and IO. 1.00~1.91:2.@4:! 18. 
Hromohydtins: 1.5-m glass column. 10% eIhykne glycol (UC- 
cinaIc on Ro/loO mesh I’hromosorb W. S: Sp. 30 mllmm. column 

Iemp 125’: relaIivc reIcnIIon limes of 13. 0 and 6. 
1.00:1.31:3.26. 

Arrfafr of 6. m.p 100-101’. from per. ether. tFound: C. 46.97: 
H. 6.88. C,,H,.O.Br requires: t’. 47.32; H. 6.86). 

p-.X’ifmbm.-oafr of 6. m p l!l-I??, from per. elhcr (hp. 

~&WI. (Found. I’. 4996. H. ( 25: S. 3.64 C,,H& KC), 
requires: C. 49 74: H. .5 IX: $. 3 62) 

When Ihe rcacuon with SHA was repealed on pure 5. CiLC 
analysis of the crude reaclion mixIure showed 1ha1 it contained 
compounds 6. I3 and 0 in a ralio of 89 10: I This mIxlure 
10.65g) was dissolved In 2’ I dioxanc-H,O. Ircatcd drop-wise 

wnh 40% NaOH aq II ml) and slured 20 min a1 room lemp. 
FxIracIion wiIh EI,O and cvaporarion of Ihe washed and dried 
CXI~~CI gave an 01ly residue 1ha1 was composed of the cpoxides 8 
and 9 in a raIio of 9u. 10 1CiI.C). 

!.IcrI.Huf\/.3.6-dihvdn~.!H.p~ron 5 A \oln of 6 r?gl in 
acetic acid (50 ml1 ua\ Ircakd uirh %n povdcr 16.OOgl and 
retlured in 3 h. .Thc fihcrcd soln was dilulcd u_iIh H,O t 100 ml). 
cxrractcd wifh pet cIkr. rhc extract was washed wiIh said aq 
NaHCO,. dried and evaporated and the residue was dlstillcd IO 
give pure 1cil.C) S, bp. t32-134’ 176Omm Hgl 

AI kasr IWO analyses wcrc performed on each mIxIurc and Ihc 
mIios of producrs so determined should be accurate within ~2%. _ 
The pnparalIvc xpn of cpoxldec 8 and 9 was carried oul on a .-- -. ---,m ~-- 

rr_ans. ond ~~~.~.IcrI.Huf~ld.~.rpo.t~rrfrclh~dn~pvron 8 and 9 

r\ win of S tO.C.Jp. 3.X mmolc) rn dry CHCI, US Ircatcd with 
n,.chloropero)knrol~ acid and kcp1 aI 5’ for Jo h Lrual 
work-up gave a rcstiue (0.43 TV) of 8 and 9 in a ram) of Cs.6:44.4 
IGI.CI. Prcnararive G1.C led IO comaklc senaralion. 
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rranr~lsomcr 8. n,,” 1.4!!5 rFound: C.. 6x99; H. 10.44. 

C,H,,r+ requrrcs. C. 69.19. Ii. IO !YZb,. 
&-Isomer 9, m p 26-Y 1Found: C, 69.3;: H. 10.37. C,II,~O: 

requires: C. 69.19: H. 10.32). 
Epoxidc 8 was also ohtamed as follows~ a soln of 6 12.Ogl in 

?:I dioxanclH,O was treated drop-wise with 4EX aq KaOH 
12 mll and stirred for 20 mm. I:\ual workup pave f& 8. idenltcal 
tiR, &MR, G1.C) wi1h 1hc compound oh1arned by prtparativc 

GLC. 
1ran~~?.lert-Hul~lrtlfuh~clrt~p~run-4~o/ 7 .A mixlure of 6 

11 Iygf. Rant! NI suspcn\ion ll2ml. washed ui1h EtOHt. 1.R A. 

400 resin 14 ml) and EIOH (40 ml1 was stirred for Jw h a1 room 
1emp.. hlrcrcd and evaporared IO give 0.538 of pure 7. m.p. 

6!-6f’. from per ether. 7 IS reported as a liquid in the literature. 
(Found: c’. 69 10: H. I I.94 C.H,.Or requires. C. 6ll 31; H. 11.47). 

Oxidarion of 7 under the condi1rons deccnbcd for 2. gave the 

ketone 3 
Rtducfion of 8 and 9. I-&h of ~hc epoxtdcs IO.2 mmok) was 

rcflurcd for IO h wi1h LAH 10.5 mmok) in E1,O (IOmll. H,O 
10.2 ml). 15% aq KaOH (0 2 ml) and H,O 10.6 ml) were added in 
succcss1on. 1hc precrpttare was filtered off and the soln was 

direc1ly anaIy;rrd by GM Eporidc 9 gave a 96 5: 3.5 mixture of 

12 and 10 and only a ~racc of 2. tpoxide 8 gave 7.2 and 10 in a 
ratio of RZ~l!.5:2.5. 

HIS-I? and 1ran~~!.lcrl~Wu/~lf~rfo~~~r~~p~ron.~-~~I IO (‘om- 
pound 1 I (4 3 g. 0.031 mole). prepared according IQ Colonge and 
Gran1c1.” was dissolved in hexanc t30 ml) and rreated at 0” with 

Me,SBH,‘” (I.05 ml. 0.011 mok), then with KIOH (IO ml). 3% aq 
SaOH (4 ml) and 36% H,O, (4 ml). and stored overnight at room 

temp. Dilution wi1h H,O. extraction wi1h b&O and cvaporallon 
of rhc washed and drrcd cx1ract gave an oil 13 7 g). Ci1.C analysis 
of which showed 1ha1 II contained 12. 10 and a rhird component. 
iden1iIicd as trans.?.1Crt-hur?/r~luhvdN,p!run.~.o/ 20’ in a 

ratio of 24: 17.59. A scpara1ion of these 1hree compounds w-as 

HO.. 

0 0 
20 

carrtcd OUI through chromatography on alumina lac1 II-III). by 

cluting with pet etkr confining mcrcasing amounts of EI,D, 
which gave in succession U. 12 and 10 

Compound U. m p. 646.5”. purified by subhma1ion. (Found: 

C. 68.70: H. 11.67. C~& requires: C. 6ll.31; H. 11.471; p 
nifmbnzoorr. m.p. ‘Z-93”. from pc1 e1her. (Found C. 62 52. H, 
7.05; N, 4.51. C,,H,,O,, requires: C. 62.54; H. 6.x4: $. 4..569$). 

fompuund 12. liquid; pnifmhm:o:oclfr mp I??-124’. from pei 

ether. (Found. C. 62 67; H. 6.49; S. 4.40: C,,H,,O.N requires. C. 
62.54; H. 6.K4; N. 4.56cf). 

Vhc formation of t) is due to the fact 1ha1 the product 
prepared by alumma promoted dehydration of ?~~tnbu~yl-5- 
hydroxy~1hyltetr~ydrofu~n’ and rcportcd IO be pure II is 

aclually a 30:70 mirlure of II and 19. as clearly cvnknl from 
G1.C and KMR analysis and in accordance with more recent 
mechanistic studies on this type of dchydration-rcar- 

rangemcnts.” Compound 19 gives #I on hydrobora1ion-oxda. 
lion This reaction will be discussed m dc1atl In a scpararc paper. 

Compomrd IO. liquid; pnifmbrrr:oar~, m.p. 104-106’. from pet 

ether. (Found: C. 62.81; H. 6.90; S. 4.36 C,,H&N requires: C. 

62.54; H, 6.84; K. 4.56citl. 
r4.Rmmc~~u~?-Ierl~hur~/lefrah~dro~p~run-r~~-of 13. A soin of 

9 192mgl m F1&3 (IOmll was saruramd al I!’ with gaseous 

HBr. After 30 min the solvent was ctaporatcd m UJCUU. dry 
knzcm (20 ml) uas added repcatcdlp and evaporated again unlit 
all HBr had dtsappeared and the rcsrduc cootainmg I3 as 1he only 
hromohydrin iGI.Cl was puritied hy clution from sdica gel with 

pc.1. c1her: m.p. X-73’ (Found: C. 4s.gl. H. 7 27. C‘H,.BrO? 

rtquircs: C. 45.57; H. ?.l?Ctl 
Similar reac1ion on 8 gave 6 and I4 in a ratio of 94.6 (GLCl. 

The hromohy-drm I4 could no1 k isola1cd but i!s presence in 1hc 
rcac1ion mtxture was ascertained rhrough IIS hydrogenolysis 

under the condmonr described ahuvc for 1he prcparauon of 7. 

1hat gave the alcohols 7 and II in a ratio of 94.6 
Rtacfion of 5 rifh accryl hypobmmifc. A win of 5 (0.17g. 

I.3 mmokl in CCI, (5 ml) was trcarcd drop.wcse al 0’ during 1 h 

with a 0.035 M CCI, toln of acrryl hypohromttc 143ml. 
I.50 mmokl. prepared from silver ace1a1c and brommc.” After 
anoiber $h a1 (P. [he soln was washed with aq F;a&O,, aq 

h’aHC0, and H+3. and cv-aporatcd. G1.C’ analysis of ~hc residue 
showed II IO k a complex mixture of the hromohydrms 6 and 13. 

of the corrcspondmg diacetatcr and of r~4,t-!~~ibntmc~~1-?-ter1- 

hufylftfrahydrup~ron la sample of which was prepared from 5 
with Br+. A second run w-ith a diffrrcn1 IOI of acctyl hypohromitc 

gave the same products bul m different ra1ios 
‘The crude producr from each of the fwo runs 10.2 g) in MeOH. 

f?O ml), was treated wrth K&O, (1 gt in H+) (5 ml) and rcfluxcd 
2 h Dilmion with waler and cxlraction u11h PI ether gave a 
mixlure of the epoxidcs 8 and 9 in a ratto 78:X! for both runs. 

A&tw/td~rmenf-We thank C&R. for finanoal support. Dr. 
Y. 1.. Barili for the n.StR spectra. Dr V. Kuii for rhc ckmen1al 

analyses. Dr M. Fcretri for G1.C analyses 
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