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Abdxaet-The addition of bromine to pinol is shown to give 6,7-diendo-dibromocineoie (6) which on 
treatment with hydrogen bromide is converted into “pinol tribromidc” which is now formulated as 
2,6dibromo4(a-bromoisopropyl)-l-mcthyl-l-cycloItexanol (7). The reaction of cineole dibromide 6 
with lead hydroxide, epoxidation of pinol with performic acid or hydrolysis of pinol oxide afford 6,7-dien&- 
dihydroxycineole 21. Pin01 epoxide on treatment with hydrogen chloride, hydrogen bromide or boron 
trifluoride is converted into the corraponding die& &halo-7-hydroxycineole derivative. The reaction 
of pinol with potassium permanganate, osmium tetraoxide or nitrosyl chloride does not proceed with 
oxygen migration and yields pinol glycol34 and chloro nitroso dimer 35, respectively. 

THE bicyclic ether 2,6,6-trimethyl-7-oxabicyclo(3.2.l]oct-2-ene (l), better known as 
pinol, is not found in Nature, but can be obtained from a variety of naturally occurring 
terpenes and played an important historical role in the development of the chemistry 
of terpenes such as a-pinene and a-terpineol.2 

Pin01 hydrate (2) available from a number of sources,3*5*612 serves as a con- 
venient precursor for the preparation of pin01 (1). Pin01 can also be prepared from 
a-terpineol dibromide,12* r3 a-terpineol chlorohydrin,2 pinene glyc01,‘~ pin01 glycol 
chlorohydrin,r4 and by reaction of nitrosyl chloride with pinene.4 

The structure of pin01 was determined by chemical degradations performed by 
Wallach and Wagner,2 and it is sufficient to point out that the NMR spectrum of 
pinol (Experimental) is in complete accord with the acepted structural assignment. 

2 I 

Pinol is best characterized by conversion to a highly crystalline dibromide which 
Wallach4 formulated as 3 on the basis of its reconversion to pin01 by the action of 
sodium metal. The dibromide is converted by hydrogen bromide in acetic acid into 
pin01 tribromide, formulated as 4.5 The latter compound attracted our attention 
because its oxidation would afford a carvone tribromide isomer 5 in which the Br 
atoms would most likely be equatorial.* 
l Two carvone tribromidea are known and in both the a-bromo group is axiaI.” 

753 
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Three lines of reasoning led us to suspect and ultimately reject structure 3 for pinol 
dibromide and 4 for pinol tribromide. First of all, the addition of bromine to optically 
active pinol is known14 to give inactive pinol dibromide. Secondly, attempts to 
oxidize pin01 tribromide with a wide assortment of oxidizing agents met with no 
success. Thirdly, the NMR spectrum of pin01 dibromide exhibited a singlet Me 
resonance at 6 146, while pin01 tribromide displayed a similar signal at 155 ppm. 
These relatively high field chemical shifts are not consistent with the presence of a 
CHs--C--Br moeity. 

A consideration of possible mechanistic pathways for the bromine addition to 
pin01 (Scheme I) suggested 6 as a reasonable structure for pin01 dibromide and 7 for 
pin01 tribromide. Structure 6 has a plane of symmetry and would account for the 
formation of optically inactive dibromide from active pinol. Compound 7 is a tertiary 
alcohol and would explain the stability of pinol tribromide toward oxidizing agents. 
Finally, the presence of a CH3-C--0 moeity is consistent with the NMR singlets 
at 1.46 and 155 mentioned above. The correctness of formulation 6 for pinol di- 
bromide was demonstrated by LAH reduction to cineole (8). Pin01 dibromide must 
now be renamed 6,7dibromocineole, and henceforth will be referred to as such. 

6 

25 
CH, 

8 ScHeue 1 ‘I 

The conversion of cineole dibromide 6 to pin01 by sodium is explained by a 1,2- 
elimination” generating alkoxide 9. Intramolecular displacement of the allylic 
bromine atom in 9 by the oxide anion finds analogy in the formation of pin01 by the 
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action of alkoxides on a-terpineol. I’* I3 It is of course conceivable that the conversion 
of 6 -+ 1 involves a concerted mechanism, and does not involve the intermediate 9. 

Direct evidence for the die& configuration of cineole dibromide 6 is not available. 
However, the chemical shift for the gem-dimethyl group, 1.23 ppm is not markedly 
different from the chemical shift of 1.17 ppm displayed by the gemdimethyl group 
of cineole (8). This observation is consistent with the diendo formulation since an 
appreciable downfield shift would be anticipated for the diexo bromide where the Br 
atoms closely approach the gem-dimethyl group. More significant is the observation 
that, in benzene, the gemdimethyls are shifted upfield to 0.87 ppm, whereas the 
bridgehead Me remains at 1.48 ppm (1.47 ppm in CDC13). According to Ronayne 
and Williams’s benzene will complex with a polar group in a manner such that the 
benzene molecules are situated as far as possible from the negative dipole in the 
molecule. On this basis the two possible pin01 dibromides (NMR eliminates the 
exe-endo isomer) should give complexes A and B shown below. The marked shielding 
of the gemdimethyl group and the failure to observe a shift of the bridgehead Me 
group is in accord with complex A. 

CH, CH, 

de 
Br 

Br Br de 0 e 
A B 

We turn next to the configuration of “pinol tribromide” (7). LAH reduction of 
this tribromoalcohol gave two alcohols in a ratio of 56 : 1. The minor product was 
tentatively identified as y-terpineol 10 on the basis of its NMR spectrum, but complete 
characterization was not accomplished due to the lack of sufficient material. The 
major product, m.p. 42-44”. was identified as cis-pmethan-l-01 (11) on the bais of 
its m.p., l9 NMR and mass spectra. ” It is reasonable to assume that a change of 

11 10 
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configuration has not occurred during the hydrogenolytic formation of 11 and that 
the bromoisopropyl and Me groups in “pin01 tribromide” (7) are cis. 

The NMR spectrum of “pin01 tribromide” (7) displays a downfield ABX pair of 
doublets at 4.21 ppm, Ju+bx = 17 Hz, which is indicative of two equivalent axial 
CHBr hydrogens. On this basis “pinol tribromide” must have the stereochemistry 
represented by structure 7a 

A remarkable downfield shift of 1.15 ppm is observed for the CHBr protons when 
“pinol tribromide” is transformed into its acetate derivative 12. This shift finds no 
parallel in the spectra of a wide variety of 2JGdibromocyclohexanols and their 
acetate derivatives2’ For example, the CHBr protons in trans, trans-2,6_dibromo- 
cyclohexanol and its acetate both resonate at 3.9 ppm. However, substantial down- 
field shifts of adjacent CH-X protons have been noted for the acetate of bromo 
alcohol I3” and the N,N-diacetate of diacetylamino ether 14.23 

0 
CH, 

Bf Jv OH 

Br 

H H 

13 14 

Examination of molecular models of 12 suggests the interaction between Me and 
acetate groups destabilizes conformations such as IS, which ordinarily are favored in 
cases where Me is replaced by hydrogen, and permits high or exclusive population 
of conformations such as 16 where the acetate CO group closely approaches the 
adjacent axial hydrogens resulting in appreciable anisotropic deshielding. 

H 

IS 16 

It is seen that the ether ring opening of “pin01 tribromide” 7 by hydrogen bromide 
proceeds with inversion of configuration at C-4. To account for this we propose the 
isomer&ion pictured in Scheme 2. The reaction of cation C, produced by acid- 
catalyzed opening of the ether ring in 6, with bromide ion would lead to the highly 
strain dibromo alcohol 17. The large diaxial bromine interaction in 17 or ion C 
estimated to be about 4 kcal/mo124 or the high conformational energy of the axial 
bromoisopropyl group in 17a, might provide suIlicient driving force for elimination 
to give unsaturated dibromo alcohol 18 which is eventually converted to “pin01 
tribromide” 7 by addition of hydrogen bromide. 

The demonstration that pinol undergoes a molecular rearrangement on bromina- 
tion reopens to investigation the chemistry of this bicyclic ether and places in question 
the correctness of structural assignments of many of its derivatives. It was of interest, 
therefore, to reexamine the known reactions of pin01 in order to determine whether 
rearrangement occurs with other electrophilic reagents. 
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One compound which has definitely been assigned incorrectly is “cis-pin01 glycol” 
regarded in the literature as structure 19. This diol is obtained by hydrolysis of 
cineole dibromide 6 with lead hydroxide,’ by acid catalyzed hydration of pin01 
epoxide (20x2” and by hydroxylation of pin01 with performic acid. On the basii of 
spectral and chemical evidence it is now shown to be 6,TdMydroxycineole (21). 

Oxidation of diol 21 by the Jones procedure” afforded the crystalline dione 22. 
Reduction of this dione with LAH, followed by acetylation, afforded exe-endo 
diacetate 231 and diexo diacetate 24a in a ratio of 10: 1. By resorting to bulkier 
reducing agents such as lithium aluminum tri-t-butoxy hydride, a mixture of keto- 
alcohol 2!?! and exo-endo diol 23 was produced. The isolation of ketoalcohol 2!! 
could be avoided by extending the reaction period or employing a larger excess of 
reducing agent Catalytic hydrogenation of the diketone gave a mixture of diols with 
21 predominating. 

Diol 21 displayed a dimeric type H-bonded stretching vibration at 2.82 g, in 
addition to a weaker monomeric OH peak at 276 p, which was not altered appreciably 
by dilution. Diols 23 and 24, on the other hand, showed monomeric absorption when 
dilute solutions were examined. Furthermore, diol 21 gave a cyclic sulfite derivative 
26 which provides chemical support for its diendo assignment. 

The NMR spectrum of diol23 in DMSO showed two doublet OH signals and two 
CH-OH multiplets, whereas diol21 in DMSO displayed a single OH doublet and 
a single CH-OH multiplet. The NMR spectra of the acetates 214 231 and 24a are 
compared in Table 1 and provide additional confirmation of the exo-endo con- 
figuration in 23 and diexo configuration in 24. 

Wallach5 reported the formation of the diacetate derivative of cis-pin01 glycol on 
treatment of cineole dibromide with silver acetate. This transformation of 6 to the 
diacetate derivative 218 has been confirmed. It is seen that in the reaction of cineole 
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TABLE I. NMR SPECTRA OF 6.7-DIHYDROXYC~NEOL DIACE’TATEX 
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dibromide 6 with silver acetate and lead hydroxide the replacement of both Br atoms 
occurs with complete retention of configuration. This may be a consequence of the 
nucleophile entering from the less hindered side of the molecule or perhaps the 
stereochemistry of the reaction site is determined by participation of the ether 0 
atom as pictured in ion D or E. 

0' 

I+ . . 
‘., +... -4 \ 

‘. 

I: 

X 

E 

OAc OAc 

2lr 

The addition of hypochlorous acid to pin01 in acetic acid afforded a mixture of 
diendo-6,7-dichlorocineole (27), 6-chloro-7-hydroxycineole (28) and 7-acetoxy-6- 
chlorocineole (29). The dichloride 27 was also obtained by the addition of chlorine 
to pinol. The chlorohydrin must have the cineole structure #) rather than the pin01 
structure 30 suggested by Ginsberg” since oxidation according to the Jones procedure 
gave a chloroketone formulated as 31 on the basis of the presence of a doublet of 
doublets at 4.18 ppm attributed to a H---C-Cl proton. 

HO 
0 

30 

28 29 
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GO, 
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Chloroalcohol UI exhibited a complicated two proton downfield signal centered 
at 4-O ppm which could not be analyzed. Acetylation with acetic anhydride-pyridine 
at ambient temperature gave chloroacetate 29 which showed two doublets of quartets 
centered at 4.93 and 4.07 ppm. First order analysis ofthese signals gave J,,,,,. = 7.0 Hz, 

JH& = l@O Hz, J,,, = 1.9 Hz, JH,% = 5.4 Hz., and JHda = 1M Hz The pertinent 
feature to be noted is the small long range coupling between H6 and H,. It is well 
established that long range coupling through four bonds is favored by a “W” 
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arrangement2* and such an arrangement is only possible if H, and H, are both exo. 
Pin01 oxide affords chlorohydrin 28, bromohydrin 32, and fluorohydrin 33 on 

treatment with hydrogen chloride, hydrogen bromide, and boron trifluoride, res- 
pectively, demonstrating that shift of an 0 atom is common to all electrophilic ring 
openings of the epoxide ring. 

28: x=a 

32: X=Br 

33: X=F 

The hydroxylation of pin01 (1) with potassium permanganate14 proceeds in a 
normal fashion to give cis-pin01 glycol34.* Diol34 is obtained in much higher yield 
by hydroxylation of 1 with osmium tetraoxide. Diol34 exhibits a multiplet assigned 
to the C-3 proton which is partially superimposed on the H-C-O signal at C-l, 
however, the obvious broad nature of the signal, .I,,, = 15 Hz., is indicative of an axial 
rather than an equatorial proton. 

OH 

34 

In view of the close parallel now found between pin01 and other bicyclic olefms, 
such as norbomene, toward electrophilic agents it became of interest to determine 
whether pinol undergoes rearrangement on treatment with nitrosyl chloride. It is 
known that nitrosyl chloride adds in a cis manner from the exo side of norbomene 
and norbomadiene.2g 

The reaction of pinol with isoamylnitrite and hydrochloric acid according to 
Wallach’s procedure4 gave pinol nitrosochloride. Wallach regarded this compound 
as structure 3!J and its NMR spectrum now demonstrates that this assignment is 
correct. Pin01 nitrosochloride dimer 35 exhibits a singlet at 1.77 ppm characteristic 
of a Me group beta to a Cl atom. In addition, a doublet, J = 5 Hz, is observed at 
4.08 ppm which is assigned to the C-l proton adjacent to the ether oxygen and is 
analogous to the C-l proton in pin01 1. Examination of molecular models of these 
bicyclic compounds suggests the C-l proton forms a dihedral angle approaching 90 
with one of the adjacent methylene hydrogens resulting in a spin coupling constant 

l The literature refers to this compound as truns-pinol glycol. The terms cis and trans were employed 
by early workers to designate the relative orientation of the substituents and the ctba bridge. 
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close to zero; coupling with the other hydrogen of the methylene group gives rise to 
the observed doublet. The proton adjacent to the nitroso group appears as an ABX 
pair of doublets centered at 6.37, J (Ax +a,J = 18 Hz, which is indicative of an axial 
hydrogen. This proton resonates at much lower field than that observed in the 
corresponding addition compounds of norbomene and norbomadiene and pre- 
sumedly reflects the anisotropic effect of the neighboring 0 atom It is seen that 
addition of nitrosyl chloride proceeds without rearrangement and although evidence 
is not available at this time it seems reasonable to place the Cl atom axial and assume 
that nitrosyl chloride has undergone cis addition to pinol in the same fashion that it 
does to norbomene. 

Reaction of pin01 nitrosochloride dimer with piperidine gave the piperidino oxime 
36 in which the parent bicyclo[3.2.l]octyl ring system is retained. 

EXPERIMENTAL 

All b.ps and mps are uncorrected. NMR spectra were determined with a Varian Associates A-f0 spectro- 
meter. IR spectra were measured with Pcrkin-Elmer Model 221.421, and Infracord spectrometers. Micro- 
analyses were performed by Dr. C. S. Yeb and associates. 

Pinol(l).Toan icecooled sobt of=-terpinco1(53g;04mol)in bexanc(400ml)containingpyridine30(2ml) 
Br, (57.5 g; 036 mol) was added slowly. The yellow soln was washed with 5% HCI, 5% NaHCO, aq. dried 
(bigSO.) and concentrated to give 106 g of a light yellow oil which was added at ambient tcmp under N, to 
a soln of NaOEt in EtOH (15.8 g Na added to 500 ml abs EtOH). The mixture was stirred at room temp for 
5 days and was poured into water and extracted witb ether. The ether cxttacts wcm washed with water and 
dried. The solvent was removed and distilled gave 116 g of pure pinoL b.p. 61-65” (2 mm) and 174 g of pinol 
contaminated with co 25% of pcymene, b.p. 65-67” (2 mm.) A redistilled sample showed b.p. 176180”. 
4” 1.4716; NMR (CCl,) I.14 and 1.25 (s’s, 6. (CH,), CO), 1.68 (d, 3. J = 2 HG~&MH-), 3.88 
(broad d. 1. CH-O), and 5.16 ppm (m 1, CH=C). 

Alternatively, d-carvone was converted in 37% yield to 8-bydroxycatvotanacetone, m.p. 40-42.5”. by 
the procedure of Rupe and Scblocboff.” LAH reduction of 8-bydroxyavvotanacetone gave pin01 hydrate, 
m.p. 10>107”. in WA yield. Pin01 hydrate was warmed for 30 mm with 15% HxSO.. Steam distillation. 
extraction of the distillate, and distillation gave pure ( f hpinol in 77% yield. 

“P&w1 dibromide.” diendo-6.7-dfbromocine& (6). To a stirred sobt of l(8.16 g 00537 mol) in CHrCIx 
(100 ml) at O-5” soln of Br, (91) g; 00566 mol) in (15 ml) CH,Cl, was added dropwise. After stirring 20 
mitt the soln was washed with loO/, NaxCO, aq, dried (MgS0.k and concentrated to leave 14.2 g of a pale 
yellow solid. Recrystallization from bexane and sublimation gave colorless prisms, m.p. 92-W; Lit.4 
m.p. 94”; IR (CHCl,) 6.82. 7.24. 8.88, 920. 1030, and 11.72 )I; NMR (CDCl,) 1.23 (s. 6, (CH,)&-O), 
146 (s, 3. CH,-C-O), I64 and 26 (m’s), and 416 (q. 2, Iti+,x = 17 Hz. CHBr). 

“Pin01 tribromidc” (7). To a warm soln of 6 (8.92 g) in glacial AcOH (9 ml). AcOH saturated with HBr 
(19 ml) was added. The solo was kept at 0” for 25 br and tbc ppt was collected and washed thoroughly 
with water. The solid, 790 g (70%) after drying in vucuo over Pros, was crystallized from hexane to give 
colorless needles, m.p. 160-161”; Lit.’ m.p. 160; IR (CHCl,) 28.684,7~22,7~49,8~78,898. 1071, and 1 I.45 
p; NMR (CDCl,) 154 (s. 3. CHs-C-0). 1.79 (s, 6. (CH,)&---Br), 196-2.49 (m), and 4.15 ppm (q. 2 

J *x+Ki = 15.5 Hx, CHBr). 
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“Pinol tribrornidc” was recovered from attempts to oxidize it with neutral and acidic potassium pcr- 
manganatc, N-bromosuccinimidc. chromium trioxide in pyridinc and acetone-sulfuric acid-water, and 
ruthenium tctraoxide. 

Pinol fribromide ocetote (12). A soln of “pinol tribromidc” (400 mg) in aatyl chloride (IO ml) was stirred 
at ambient temp for 40 hr with 400 ml powdered Mg (750 mg). The mixture was lilterrd and the Mg was 
washed thoroughly with ether. Water was CautiousJy added to the filtrate and the aqueous phase was 
extracted with ether and the combined ether layers were washed with water and lo”/, Na,CO, aq. The ether 
soln was dried (MgSO.) and evaporated leaving 388 mg (82%) of a colorless solid. Recrystallization from 
hcxancgavccolorlcsscrystalsm.p. 160-162”; IR (CHCI,) 5~8.7~35.895.9~80,and 1055 p;NMR (CDCl,) I.57 
(s, 3, CH,--C-O). I.77 (s. 6. (CH&C-Br), 209 (s. 3, CH,CO). 2.17-2.43 (m), and 5.37 (q. 2, J,x+,x = I7 
Hz. -CH--Br). (Found: C, 33.38; H. 4.48; Br, 5546. Calcd. for C,,H,,Br,O*: C, 31.13; H, 440; Br, 
551 I%). 

Lithium aluminium hydride reduction ofcincole dibromide. A stirred slurry of LAH (2.50 g, OQ66 mol) in 
THF (50 ml) containing 6 (29 g, OQO64 mol) was rclluxed for 22 hr. The excess hydride was destroyed with 
sat. Na,SO, aq and the mixture was filtcrcd and the salts washed thoroughly with ether. The soln was dried 
(MgSO,) and the solvent removed leaving I07 g of pale yellow oil. GLPC analysis (3 meter DEGS column 
at 90”) and separation indicated 3 components: the first clutcd compound (47%) was identified as n-BuOH 
and arises by cleavage of the solvent ; the second component clutcd (49%) was shown to bc 1.8-cincolc by 
comparison of retention time. IR and NMR spectra with those ofan authentic sample; the third component 
(4%) was not idcntilicd. 

Lithium aluminum hydride reduction of "pinol rribromide”. Compound 7 (2.0 g). was reduced with LAH 
(3.50 g) in THF as described to give 645 mg of a pleasant smelling liquid. GLPC analysis (DEGS column 
at 150”) indicated the presence of two components in a ratio of 5.6 :I. The major component 1 I. was collected 
and aftcr recrystallization from pcntanc showed m.p. 42-44.‘. lit.” m.p. 424”; IR (neat) 39, 3.45, 6.9. 
7.4, 103, 114, and 144) p; NMR (Ccl,) 0.88 (d, 6, I = 6 Hr (CH,),CH), I.15 (s. 3, CH,- -C--O), and 3.32 
ppm (s. I, OH); mass spectrum (75 cv) 156,and 71 (looO/,). (Found: C.76.63; H. 13.19. Calcd. for C,,H,,O: 
C. 76.86 ; H, 1290%). 

The minor component was assigned as 10 on the basis of its NMR spectrum: I.18 (s, 3. CHa--C-O). 
I64 (broad s. 6. (CH,),C=C). and complex multiplcts between 1.93-2.5 ppm. 

Reaction ofdicndo-6,7-dibromocineole (6) with sodium. A soln of 6( 1.30 g) in dry benzene (7 ml) was heated 
with Na (220 mg) for I9 hr.’ Work-up gave 250 mg of oil which was shown by GLPC analysis on a DEGS 
column at loo” to bc a mixture of two compounds in a ratio of 4:l. The major component was collected 
and WBS shown to be 1 by spectral analysis. The minor component was not identified. 

6,7tndo,cndo-Dihydroxy cineole (21) 
A. Dibromide (6) and lead hydroxide. A mixture of (4.0 g). freshly prepared lead hydroxide (3.0 g) and 

water (60 ml) was rcfluxed for I hr. The soln was eoolcd and decanted from the solid which had not dis- 
solved. The solo was extracted with chloroform, the chloroform was dried (MgSO,) and evaporated under 
diminished pressure to leave a white solid. Recrystallization from hcxanc-EtOAc gave colorless needles, 
m.p. 122-124”; lit.’ m.p. 124’. IR (CHCI,) 2.79, 3M), 7.33. 8.80, 908, and I@22 )I; various dilutions of the 
diol in chloroform showed no variana in the relative intensities of the peaks at 2.76 and 2.82 )I; NMR 
(CDCI,) I.20 (DMSO) I.10 (s, 6. CH,-C-O), I.13 (s, 3. CH,--C-- O), 474 (d, 2, J = 7 HL -OH). 

C. Hydroxylation ofpinol. To a stirred soln of 300/, H,O1 (2.73 ml) formic acid (I I.7 ml), l(30 g) was added 
over a 1 hr period. During the addition, the tcmp was maintained at 3545” by means of a water bath. The 

mixture was stirred at ambient tcmp overnight and the volatile reagents were removed under diminished 

pressure. The resulting oil was stirred with dil NaOH aq at ambient tcmp for I hr, and then at 45-50” for 

2 hr. The mixture was extracted with chloroform, the chloroform soln was dried and evaporated to give 

an ON-white solid which was rccrystallizcd from hcxanc-EtOAc to afford I.85 g (50%) of colorless needles, 

m.p. l22-124”.Thc IRand NMRspcctra ofthissolid wcrcidcntieal with thoscofthcdiol21 prcparcdabovc. 

C. Acid hydrolysis ofpinol oxide. Pinol oxide was obtained by treating 1 with m<hloropcrbcnzoic acid 

and showed b.p. 47-S I o (065 mm). n, ” 14657; NMR (Ccl,) 1.10, 1.18, and 1.26 (s’s, 9, CH,-C-O), I.82 

0 

(broad s, AH- -CH,-_), 2.70 (m, 1. J>--H), and 4G2 ppm (d, 1, -CH-0). 

A soln of pinol cpoxidc (168 ml) in acetone (3 ml) water (2 ml) and 15% H,SO, (I ml) was stirred at 

ambient tcmp for 1 I hr. On work-up there was obtained 71 mg (38%) of a pale yellow solid. Recrystallization 
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from hcxanc-EtOAc (Norit) afforded fine white needles, m.p. 124-126” whose IR and NMR spectra were 
identical with those of 21. 

Sulfite deriuatfw Mo/diol21. To a cooled and stirred solo of SOCI, (284 mg; 2.1 mmol in pyridinc (25 ml) 
was added dropwise a soln of 21(372 mg: 2a2 mmol) in 6 ml pyridine. The mixture was stirred overnight. 
water was added. and the soln extracted with ether. The ether was washed with 5% HCi. saturated cadmium 
chloride soln. dried, and evaporated to afford 240 mg (51%) of sulfite which was purified by sublimation 
in wcw. m.p. 138-140”; IR 8.10, 8.92, 940, 9.98. and 1 I05 u; NMR (WI,) 1.21 (s, 6. (CH,),C-O). 1.54 
(s, 3, CH~--C-O), 1.85 (m, 1, I,, = I2 Hz), 2Q3.2@,4),4.33 (q, 2. I,, = 20 Hz -CH-OSO-_). (Found: 
C. 51.74: H. 7.17: S. 13.55. Calcd. for C,,H,,O,S: C. 51.72; H. 6.89; S, 13.78%). 

7dtcndo-Dihydroxy cineole dbcetare (21a) 
A. Cineolo dibromide and silver acetate. A mixture of cineok dibromidc (304 mg) silver acetate (550 mg) 

and AcOH (5 ml) was heated at 98” for 21 hr. NaBr (200 mg) was added and after stirring at room temp 
for 30 min the mixture was filtered. The filtrate was added to water and extracted with ether. The ether 
soln was washed with water, 10% Na,CO, aq, dried (MgSO,), and concentrated leaving 254 mg (96%) 
of a colorless oil which soon solidifted. Recrystallization from hcxane afforded fluffy white needles, m.p. 
92” (Lit.’ m.p. 97”); IR (CHCI,) 5.78.7.25.7.8-8.3.9.33, and 968 p; NMR (CDCI,) I.1 I (s, 3, CH,-C 0). 
1.29 (s. 6. (CH,),-C-0). 2.10 (s, 3. 0- CO-CH,), I66 and 2.68 (complex m, CH-, and <Hz--), 
492 (q, 2. I,, = 14 Hz CH-OAc). 

In another experiment, a soln of 545 mg of cineole dibrontide and 985 mg AgOAc in 20 ml glacial AcOH 
was stirred at rt for 28 hr. The usual workup afforded 508 mg of 21a. 

B. Acerylarion ojdiol21. A soln of 21(lOO mgl in acetyl chloride (5 ml) was stirred at ambient temp with 
Mg powder (500 mg) for 30 hr. The soln was decanted and neutralized with NaHCO, aq. The mixture was 
extracted with ether and the ether soln was dried (MgSO,), and evaporated leaving I33 mg (92%) ofa white 
solid. Recrystallization from hexane gave 21a as fluffy white needles, m.p. 90-92”. 

1.3.3-7Hmethyl-2-oxabicyclo[2.2.2]octa-6,7-dione (22). Oxidation of 21 (IO g) in acetone (20 ml) with 
Jones reagent (3 ml) gave crude dikctone (557 mg). A pure sample of 22 was obtained by recrystallization 
from hcxane, m.p. l22-l26”, and sublimation in uacuo, m.p. 125-128”: IR 567.5.76 u: NMR (CDCI,) I.18 
(s, 3. Cd,-C-O), I.39 (s, 6, (CH,),-C- 0), 2.1-3.2 (complex m). (Found: C, 65%; H, 7.93. C&d. for 
C,,H,,O, : C. 6591; H, 7.74%). 

Lithium aluminium hydride reduction of cineo&-6.7-dione (22). To a stirred soln of LAH (150 mg; 3.96 
mmolcs) in ether (25 ml) was added dropwise a soln of 22 (200 mg; 1.10 mmola) of ether (10 ml). The 
mixture was stirred at ambient tcmp for 30 mitt and then was worked up to yield 179 mg of white solid 
which showed a wide melting range and was not purified further. 

A soln of crude diol (100 mg) in acetyl chloride (5 ml) was stirred with powdered mg (05 g) for 24 hr. 
The mixture was worked-up in the usual manner to give 128.6 mg of a colorless oil. GLPC showed the 
oil to be composed of two primary components in a ratio of 10:l. The major component, 23a, was isolated 
by preparative GLPC as a solid, m.p. 580-595”; IR 5.75 u; NMR (CDCl,) la7 (s, 3. CHx-C-O), 1.28 
and I.33 (S’S, 6, (CH,)r-C -0). 2.07 and 2.12 (s’s, 6. 0 -CO-CH,). I.69 and 2.55 (m’s). 482 and 5a3 
(pair of 4 line signals, 2, J,, = 26 Hz, H--C--0Ac). (Found: C, 6209; H. 8.31. Calcd. for C,,Hx20,: C, 
62.19; H, 8.21%). 

The minor component Ua, was also isolated by preparative GLPC and purified by sublimation, m.p. 
82-85”, JR 5.78 )I; NMR (CDCI,) 103 (s, 3, CH,--C--O), 1.34 (s, 6. (CH,),-Ca). 2.12 (s, 6. 
C&CO-CH,), 15-30 (m’s, and 4.73 ppn (t. 2 J = 6 HI H-C-OAc). 

Addition of a 10 M solution of LAH in ether to 22 (102 mg) followed by the usual work-up and analysis 
by VPC indicated the formation of 71% exo-endo- 23a, 21% diendo 21o, and 7% diexo 24r 

When the LAH reduction was carried out in the presence of an cquivaknt of AICI, the product was 
comprised of 69?< exo- endo- 23a 24% dhdo 21a and 7% of an unidcntilied acetate. 

Catalytic hydrogenation ofdione 22. A mixture of 22 (311 mg) in EtOH (50 ml) and Rancy Ni (I g) was 
shaken at ambient tcmp for II hr in a Parr apparatus. The catalyst and solvent were removed and the 
residue was acetylated to give 327 mg yellow oil. Analysis on a Carbowax 20 M column at 180” indicated 
the presence of 90% of a mixture of 211 and 23a, and 10% of diexo-24a 

When I.02 g of 22 ~8s reduced using PtO, as catalyst and AcOH as solvent, 889 mg of yellow semisolid 
was obtained. Recrystallization from hcxanc afforded 162 mg of dhde21a m.p. 82-87”. raised to m.p. 
95%” by a second recrystallization. Column chromatography of the mother liquors on silica gel gave 
218 (220mg) diem-23a,(45 mg) and unidentified yellow oil (170mg) whose IR showed .OH and CO 
indicating it was most likely a hydroxy-ketone. 
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6,7-zxo-endo-Dihydroxycineole (23). A soln of 23a (300 mg) LAH and (212 mg) in ether (50 ml) was re- 
fluxed under N, for 3 hr. The reaction was worked up in the usual fashion to give 214 mg (99%) of 23, 
m.p. 1625-164”. An analytical sample was obtained by recrystallization from hexantEtOAc and showed 
IR 2.83. 2.91 u; NMR (CD&) 1.2 (s, 6. (CH,),-C-O) m 1.31 (s, 3, CH,-C--O), 3.91 (q. with super- 
imposed t. 2. -CH-O); (DMSO) 099. 1.10, and 1.20 (s’s, 9. CH,-C--O), 419 (d. 1, J = 5.5 Hz. -OH). 
and 461 (d, 1. J = 5 Hz. -OH). (Found: C. ti35; H, 9.58. C&d. for C,,H,sO,: C, w57; H, 9.67%). 

Addition oj hypochforous acid to pinof. To an ice cooled soln of pin01 (20 g) in 90% AcOH (15 ml) was 
slowly added (33 ml) 5.25% NaOClaq. The mixture was stirred for 5 mm and extracted with ether. The 
ether soln was washed with 5% NaOHaq. dried, and evaporated to leave a yellow oil from which a solid 
slowly crystallixed. The solid, 119 mg was removed and sublimed in oacuo to afford a pure sample of 27, 
m.p. 75-78”; NMR 1.23 (s. 6. (CH,),--C-O), 1.42 (s. 3. CH,-C-O), 16-2.2 (m 3). 26-3.1 (m, 2, 
-CH-C--CI), 410 (d of d. 2, J,,x = 6 H2, Jax = 9.5 Hz. -CH--Cl). Addition of Cl, to pinol in chloro- 
form gave the same 27in 68% yield. (Found: C 53.54; H. 7.22; Cl, 31.81. Calcd for C,,,H,,CIIO: C. 52.81; 
H. 7.17; Cl, 31.84%). 

A portion of the oil (310 mg) remaining after separation of 27 was chromatographed on florisil to give 
27 (50 mg) 28 (120mg) mp. 49-51.5” (lit.” m.p. 52-54”); NMR 1.21 (s. 6, (CH,),C-O), 1.38 (s, 3. 
CH,-C-O), 15-2.2 (m 3). 2.26 (s, 1. -OH). 25-3.1 m, 2, endo-CH-C-C. --CH-C--CI). 3743 
(m, 2, <H--O. -CHCI); and 10 mg of acetate 29, NMR (CDCI,) 1.25 (s, 9, CH,-C-O), 1.72 (m,2), 
206 (s, 3, CH,-CO). 26-31 (m 2). 4% (d of d of d, 1. CH-CI), and 492 (d of d of d. 1, CH-OAC). 

7Chloro-l,3J-trimetkyl-2-oxablcyc~[2.2.2]oct~n~~~ (31). A portion of the crude material (238 mg) 
obtained from the addition of hypochlorous acid to pinol was oxidized by the Jones procedures6 and the 
product was chromatographed on 30 g silica gel. Elution with 15% ether-hexane gave 27 (40 mg) followed 
by 31 (102 mg). A pure sample of 31 was obtained by sublimation in uactw and displayed m.p. 745-77” 
(lit.” m.p. 74-755”); IR (CCl,) 5.72 u; NMR 1.21, 1.28. and 1.31 (s’, s, 9. CH,--C-O), 1.7-2.3 (m. 2), 
24-3.2 (m, 3). 4.18 (d of d, 1, I = 9.5 Hx and I = 41 Hz. CH-CI). 

endo-7-Bromo-endo-6-hydroxycineole (32). A soln of pin01 oxide (500 mg) in chloroform (10 ml) was 
stirred vigorously with 4749% fuming HBr (3 ml) at ice bath temp for 1 hr. The reaction was worked up 
in the usual fashion and the solvent was removed without heating above room temp. to afford 32 (630 mg, 
77%) which gradually solidi8ed;m.p. 50-51~5”; IR(CHCl,) 279 u; NMR(CDCI,) 1.19 (s,6,(CH,)s-C~). 
1~38(s,3,CH,-C-+ I.SS(m. 1),2.7-2.9(m, 1),2.23(s, 1,-OH),3~98(broadm,2,CH-BrandC~-OH); 
mass spectrum, molecular ions at 248 and 250. (Found : C, 48.37 ; H. 665 ; Br. 3268. Calcd for C ,,H, ,BrO, : 
C. 48.19; H, 6.83; Br, 32.73%). 

Similar treatment of pinol oxide with HCl afforded 28. 
6-Flwro-7-hydroxycineofe (33). A solo of pinol epoxide (100 mg) and a few drops BF,- etherate in dry 

benxene (2 ml) was kept at ambient temp for 5 min and then washed with 5% NaHCO,aq and dried. 
The solvent was removed leaving an oil which slowly solidified. Sublimation in vacw gave an analytical 
sample, m.p. 46-50”; IR 2.9 p; NMR (CCl,) 1-16, 1.30. 154 (s’s. 9, CH,Ca). 2.94 (s, 1, aH), 3.34408 
(complex m, 2, H-C-O and H--C-F). (Found: C, 63.58; H, 9.13; F, 1012. Calcd for C,,,H,,FO: 
C. 63.82; H, 909; F, lO-10%). 

Hydroxyfation ojpinol, dial 34 

A. Potassium Manate. To an ice cooled soln of KMnO, (2.30 g 00148 mol) and NaOH (040 g, 
001 mole) in 40 ml water was added a soln of pinol(1.52 g 001 mole) in t-BuOH (50 ml) and water (20 ml). 
Approximately 50 g cracked ice was added and the mixture was stirred vigorously for 5 mm. A few drops 
of isopropyl alcohol was added and the mixture was ftltered. The MnO, was washed well with ether, 
t-BuOH and water. The combined filtrate and washings were concentrated under diminished pressure and 
the residue was thoroughly extracted with hexane. On cooling the hexane soln deposited fine, white 
crystals of 34,% mg. m.p. 127-129”; lit’4 m.p. 129”; IR (CHCI,) 295.93597, and 997 )I; NMR (CDCI,) 
1.17.1.26, and 1.33 (s’s 9.3 CH,), 1.s2.2 (broad m’s). 284 and 3Q2 (broad S’S, 2, -OH). 394 (d, 1. J = 3.5 
Hr H--C-O) superimposed on 3.8 (t or q, 1. HZ-O). 

B. Osmium terrooxide. To a soln of pinol(500 mg; 3.29 mmoles) in dry pyridine (5 ml) and freshly distilled 
THF (2.5 ml) at - 78” was added a soln of osmium tetraoxide (845 mg 3.33 mmoles) in THF (6 ml). The 
soln was allowed to stand at - 78” for 2.5 hr. MO ml ether was add& and the mixture was kept at - 78” 
another 30 min to insure complete precipitation of the osmium complex. The ppt was filtered otf, washed 
with ether and immediately dissolved in CH#Zl, and treated with H,S gas. The black ppt was removed 
and the solvent evaporated under diminished pressure to afford a solid. Recrystallization from hexanc 
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EtOAc afforded 258 mg colorless plates, m.p. 128-129” whose spectra were identical with those of 34 
prepared as described above. 

Pino/ ninosochloride dimer (36). To a cold sohr of piool (09 g) and isoamyl nitrite (1.4 ml) in AcOH 
(2 ml) was added dropwir cone HCI (1.2 ml). The mixture was kept at 0” for 30 mitt and the crystalline 
ppt. 570 mg (44%). wax removed and washed with MeOH, m.p. 11 l-l 13”. lit: m.p. 113”. JR (CHCl,) 687, 
722850,997, 1@44, and 11.35 p (very weak peaks at 305 and 609 p indicated the presence of a small 
amount of oximc); NMR (CDCl,) 1.26 and 146 (s’s. 6. (CH,)+Z-O), 1.77 (s, 3. CH,C--Cl), 4Q8 
(d, 1. -H--C--G), and 6.38 ppm (q. 1. J,, = 185 Hz_ H-C-NO). 

Pinol nirrolpiperidide (36) was prepared as described by Wallach’ and was recrystallized from hexanc 
EtOAc to give colorless cubes, m.p. 158159”; lit: mp. 154”; IR (CHCI,) 2.80, 307, 7.32, 8.32. 899, 947. 
984, 107. (bd. I. H-C-O), and 9.76 ppm (s. 1, =NOH). 

REFERENCES 

1 l Presented at the 153rd National Meeting of the American Chemical Society, Miami. Fla, April. 
1967; 

b David Ross, Research Fellow, Purdue University, 1964-1966; 
c Abstracted in part from the Ph.D. Thesis of J. H. T.. Purdue University, June (1970) 

2 For an excellent account of the early work on the preparation and transformations of pin01 see J. 
Simonsen, The Terpenes (2nd Edition) Vol. I, p. 436445. Cambridge Press, Cambridge. 

’ A. Sobrero. C.R. Acad. Sci., Paris. 33,67 (1851) 
A 0. Wallach and A. Otto. Lie&s Ann. 253.249 (I 889) 
’ ’ 0. Wallach, Ibid. 259. 309 (1890); 

b Ibid. 281. 147 (1894) 
6 H. Armstrong, 1. Gem. Sot. 59.314 (1891) 
’ G. Blanchet and K. Sell. Liebigs Ann. 6,259 (1833) 
’ A. Sobrero. Ibid. 80, 106 (1851) 
9 G. Henderson and J. Agnew, J. C/rem. SIX. 95.289.1465 (1909) 

lo K. Ward, J. Am. Chem. Sot. 60,325 (1938) 
’ * A. Kergomard, Ann. Chim. 8. 153 (1953) 
‘x 0. Wallach, Liebigs Ann. 277, 105 (1893) 
” R. Lombard and G. Heywang, Bull. Chim. Fr. 1210 (1954) 
” G. Wagner and K. Slawinski, Ber. Dtsch. Chem. Ges. 32.2064 (1899) 
I5 M. Delcpine, A. Horeau and M. Grandperrin Harispe, Ann. Chim. 18,250 (1943) 
I6 cf. J. Wolinsky, R. 0. Hutchins and J. J. Hamsher. J. Org. Chem. Jb, 207 (1970) 
” H. Dykstra, J. Lewis and C. Boord, J. Am. Chem. Sot. 52, 3396 (1930); T. Jacobs. R. Cramer and 

J. Hanson. Ibid. 64,223 (1942) 
‘a J. Ronayne and D. H. Williams, J. Chem. Sot. (B), 540 (1967) 
I9 H. Hcnbest and R. McElhinney, Ibid. 1834 (1959) 
2o A. Thomas and B. Willhalm, Ibid. (B), 219 (1966) 
I’ B WaegclL Bull. Sot. Chim. Fr. 855 (1964); H. Piotrowska W. Wojnarowski. B. Waegell and G. Ourisson. 

Idid. 3511 (1965) 
22 R. 0. Hutchins. Ph.D. Thesis, Purdue University, Jan. (l%7) 
23 R. Bannard, Canad. J. Chem. 44,775 (1966) 
” E. Elicl, N. Allinger. S. Angyal and G. Morrison, Cor$ormarionaI Analysis, pp. 453-456, 467. Wiley, 

New York, N.Y. (1965) 
2’ K. Piatkowski and H. Kucxynski, Rozcnicki Chem. 35,239. 1579 (1961) 
26 A. Bowers, T. HalsaIl, E. R. H. Jones and A. Lemin, J. Chem. Sot. 2555 (1953) 
27 A. Ginsberg J. Russ. Phys. Chem. Sot. 30,681 (1898) 
2‘ L. M. Jackman and S. Stemhell. Nuclear Magnetic Resonance Spectroscopy in Organic Chemtiry, 

p. 334. Pcrgamon Press (1969) 
z9 G. Youngblood. C. Trivettc and P. Wilder, J. Org. Gem. 23,684 (1958); J. Miller, Ibid. 26.4905 (1961); 

J. Meinwald. Y. Meinwald and T. Baker, J. Am. Chem. Sot. bs, 2513 (1963); lt6.4074 (1964) 
” J. Wolinsky. R. W. Novak and K. L. Erickson, J. Org. C/tern. 34,490 (1969) 
” H. Rupe and P. Schlochoff. Ber. Drsch. Chem. Ges. 38, 1719 (1905) 


