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A method for the thiomethylation of active methylene compounds utilizing piperidinomethyl thiobenxoate 
The scope and limita- hydrochloride ( la)  and piperidinomethyl thioacetate hydrochloride ( l b )  is discussed. 

tions of this reaction as a general alkylation method were investigated. 

The common alkylation reactions involving active 
methylene type compounds usually involve modifica- 
tion of the system to be alkylated either by derivative 
formation (e.g., eneamine) or by pretreatment with 
base. The utilization of an activated form of the 
alkylating agent which would require no modification 
of the compound to be alkylated and which could 
be used under very mild conditions appeared to be 
an attractive possibility. The ideal system would em- 
ploy an activating group which could be removed during 
alkylation or which could be removed under neutral 
conditions after alkylation. A sulfur-containing sys- 
tem would meet these requirements since Raney nickel 
desulfurization following thioalkylation could be ef- 
fected under mild conditions. The tentative scheme 
is given below. 
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Piperidinomethyl thiobenzoate hydrochloride (la) 
was synthesized as a precursor for the preparation 
of “thioformaldehyde” in a thio-Prins reaction. This 
compound mas originally prepared4 by the condensation 
of hydroxyrnethyl thiobenzoate with piperidine, and 
an alternate procedure was reported from these labo- 
ratories. 

When compound 1 was allowed to react with 5,5- 
dimethyl-1,3-cyclohexanedione (dimedone) (2) , utilizing 
an excess of the latter, methylenebisdimedone was 
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b, R = CH3 
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(1) Presented jn part before the 1st Midwest Regional American Chemical 
Society Meeting, Kansas City, Mo., Nov. 4-5, 1965. 

(2) Taken in €tart from the dissertations preaented by J. R. J. Sorenson 
in Jan. 1965 and W. A. Albrecht in Dec 1965 t o  the Graduate School of the 
University of Kansas in partial fulfillment of the requirements for the Doctor 
of Philosophy DeNgree. 

(3) E. E. Smissrnan and J. R. J. Sorenson, J .  Org. Chem., SO, 300 (1965). 
(4) H. Bohme, E. Nurnberg, and W. Schlephack, Arch. Pharm. (Wein- 

heirn), 292, 585 (1959). 

obtained. When a 1 : l  molar ratio of the alkylating 
agent la  and dimedone were warmed in dioxane, a 
monothiomethylated product, 2-benzoylthiomethyl-5,- 
5-dimethyl-1,3-cyclohexanedione (3a), formed as pi- 
peridine hydrochloride precipitated from the reaction 
solution. This compound was desulfurized to yield 
2,5,5-trimethyl-l,3-cyclohexanedione (4). 

This method was utilized with a series of compounds 
(Chart I). In  all cases, C-thioalkylation occurred 
with no 0-alkylation being detectable. Proof of C- 
thioalkylation was obtained by desulfurization to the 
various methyl-alkylated systems. The use of ben- 
zenesulfonamide in this procedure yielded the N-thio- 
methylation product. 

Attempts to thiomethylate cyclohexanone, malonic 
ester, phenol, and phloroglucinol under the conditions 
utilized for the successful alkylation of P-keto esters 
and fl  diketones failed to give the desired products. 
When the reaction time and/or the temperature were 
increased, the alkylating reagent, 1, decomposed. 

An attempt a t  dialkylation by treating 3-benzoyl- 
thiomethyl-2,4-pentanedione (Chart I, eq 3) with 1 
equiv of piperidinomethylthioacetate hydrochloride 
(lb) gave only starting material. Other modifications 
of the reagent and conditions were made in the hope 
of aiding in the elucidation of the mechanism. When 
the reagent 1 was utilized as the free base in the re- 
action with dimedone, no alkylated product was ob- 
tained. 

The solvent utilized for the reaction does not appear 
to be critical. Dimedone was thiomethylated with 1 
in refluxing dioxane, ethanol, chloroform, and di- 
methylformamide. The optimum reaction conditions 
were those utilizing the reagent 1 and dioxane. Under 
these Conditions piperidine hydrochloride precipitates 
as 1 reacts with the material to be alkylated. A minor 
disadvantage in utilizing the thioacetate l b  is its in- 
solubility in dioxane. When other solvents are em- 
ployed, formation of piperidine hydrochloride can not 
be observed since it is soluble. 

In  order to determine if the stability and reactivity 
of the alkylating agent could be increased, various 
changes were made in the reagent. N-Methylpiperi- 
dine was allowed to react with chloromethyl thio- 
benzoate to produce piperidinomethyl thiobenzoate 
methochloride ( 5 ) .  This compound was utilized, under 
the conditions specified for the alkylating agent 1 
with dihydroresorcinol and acetylacetone, for periods 

0 
5 



1358 SMISSMAN, SORENSON, ALBRECHT, AND CREESE 

CHART I 

+ lb -e 

0 0 

CH,-S-C-CH, 
I1 
0 

0 0 
II II 

CH3-C-CH2-C-CH3 + la --+ 

0 0 
II II 

CH3-C-CHz-COC2H6 + la + 

0 0 

CH3-C-CH-COC,Hb 
II II 

C H , - - S - C a  I (3) 

II 
0 

0 

SOZN-CH,S-C 

up to 30 hr, but only starting material could be re- 
covered. 
N-(Phenylthiomethy1)piperidine hydrochloride (6a) 

was prepared using the procedure of Grillot.6 When 
it was refluxed with 1 equiv of dimedone in dioxane, 
an 89% yield of 2-phenylthiomethyldimedone (7) was 
obtained. Piperidine hydrochloride was observed in 
the reaction mixture within 2 min after mixing. How- 

(5) G. F. Grillot, H. R. Felton, B. R. Garrett, H. Greenberg, R. Green, 
R. Clementi, and M. Moskowitz, J .  Amsr. Chem. Soc., 76,  3969 (1954). 
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ever, W(phenylthiomethy1)piperidine methiodide (6b) 
failed to  alkylate dimedone. 

The thioalkylation of dimedone with hydroxymethyl 
thiobenzoate (8) in the presence of sulfuric acid has 
been reportede8 I n  order to produce a more sensitive 

0 

@!SCHzOH 

8 

reagent which could be utilized under essentially 
neutral conditions and to study the possibility of ex- 
tending the reaction beyond thiomethylation, it was 
decided to  make derivatives of the alcoholic function. 

Because of the ease of displacement of the tosyl 
group, i t  was selected as the derivative of choice of 
the hydroxymethyl thiobenzoate (8). Four other a- 
arylmethyl thiobenzoates (9) were prepared utilizing 
thiobenzoic acid and substituted benzaldehyde. The 
ease of condensation varied with the nature of the 
substituent on the aldehyde, the order for decreasing 
ease of condensation being p-NOz > p-C1 > 0-C1 > 
o-Me > H. All attempts to prepare tosylate de- 

0 OH 0 
@!!EX€ + @)--CHSClf) I II 

X X 
9 

a, X = p N 0 ,  c, X E o-C~. 
b,X=p-C1 d,X=o-Me 

rivatives of these thiobenzoates 9 failed. The con- 
densation with a-naphthylisocyanate to give the cor- 
responding a-naphthylurethans was successful; how- 
ever, the latter compounds were unstable and tended 
to decompose to di-a-naphthylurea on recrystalliza- 
tion, on heating, or on standing a t  room temperature 
for 2-3 days. 

Treatment of the a-hydroxy-a-arylmethyl thio- 
benzoates 9 with secondary amines resulted in the 
degradation of the benzoates to the corresponding 
aldehydes, and, in the case of the a-hydroxy-a-(chloro- 
pheny1)methyl thiobenzoates, to the salt 10. 

0 

&-s- R\N+ 3 
H' 

10 

Since the formation of derivatives of the substituted 
thiomethyl alcohols failed, several attempts a t  con- 
densing substituted a-hydroxymethyl thiobenzoates 
with diketones were made under both basic and acid 
conditions. In  general, under the conditions used, 
the thiobenzoate reverts to the parent aldehyde and 
thiobenzoic acid. 

(6) H. Bbhme, H. Beazenberger, M. Clement, A. Dick, E. Nilrnberg, and 
W. Schlephaok, Ann., 623, 92 (1969). 



Vol. 36, No. 6, May 1970 THIOMETHYLATION 1359 

Experimental Section' 
Hydroxymethyl Thiobenzoate .-The literature procedure6 was 

modified in the following manner. Thiobenzoic acid, 138 g 
(1.0 mol), and paraformaldehyde, 30 g (1.0 mol), were allowed 
to react a t  100' for 2 hr under an atmosphere of nitrogen. The 
hot reaction mixture was filtered, and the filtrate solidified on 
cooling. The solid was recrystallized [ether-petroleum ether 
(bp 63-68')] to give 135 g (80y0) of product, mp 45-46' (lit? mp 
46'). The nmr spectrum showed peaks at  4.55, singlet, 1 H 
(-OH); 5.36, singlet, 2 H (-SCH20); 7.60, multiplet, 3 H 
(meta and para protons); 8.08, multiplet, 2 H (ortho protons). 

Hydroxymethyl Thioacetate.-The above procedure was 
followed except that purification was accomplished by distillation, 
bp 30-35' (15 mm) [lit.6 bp 68-70' (20 mm)], yield 109 g (8OojO). 

Piperidinomethyl Thiobenzoate Hydrochloride (la).-Piperi- 
dine, 25.2 g (0.29 mol), was dissolved in ether and treated with a 
large excess of anhydrous magnesium sulfate. The mixture was 
cooled in an ice bath, and an ethereal solution of hydroxymethyl 
thiobenzoate, 50.0 g (0.296 mol), was added slowly with stirring. 
After the addition was complete, the mixture was stirred for an 
additional 15 min and filtered into 300 ml of ether saturated 
with 13.0 g (0.36 mol) of hydrogen chloride gas. The white 
solid was filterled and air-dried, yield 60.0 g (7570), mp 173-176' 
(lit.4 mp 173"). The nmr and ir are in agreement with the 
structure. 

The hydrochloride was converted to the hydriodide via ion 
exchange. The white crystalline material, mp 189-191', was 
stable to air drying. 

Anal. Calcd for CI~HI~IKOS:  C, 42.98; H,  4.99; N,  3.86. 
Found: C, 42.81; H,  4.98; N, 3.68. 

Piperidinomethyl Thioacetate Hydrochloride (Ib).-The above 
procedure was followed utilizing 4.7 g (0.056 mol) of piperidine 
and 6.0 g (0.0!56 mol) of hydroxymethyl thioacetate. The white 
precipitate waig filtered and air-dried, mp 185', yield 7.5 g (65%). 

Piperidinomethyl Thiobenzoate Methiodide and Methochlo- 
ride @).-Piperidine, 5.0 g (0.06 mol), was dissolved in 50 ml of 
ether containing 10 g of anhydrous magnesium sulfate. An 
ethereal solution of 10.0 g (0.006 mol) of hydroxymethyl thio- 
benzoate was added, dropwise, to the amine solution with stirring. 
After removal of the magnesium sulfate by filtration, 10 ml 
(0.16 mol) of methyl iodide was added and the solution was 
allowed to stand for several days. The white crystalline solid was 
collected by filtration and recrystallized (methanol-ethyl acetate), 
yield 2.5 g, mp 163-164'. 

Anal. Calcd for C14H2oINOS: C, 44.57; H,  5.34; I, 33.64; 
N, 3.71. Found: C, 44.30; H, 5.31; I, 33.82; N, 3.52. 

N-Methylpiperidine, 3.6 g (0.036 mol), and chloromethyl 
thiobenzoate, 6.7 g (0.036 mol), were dissolved in 50 ~l of dry 
benzene. After refluxing for 18 hr, 2.4 g of product was isolated: 
mp 184-186'; nmr (DzO) 1.95 (broad singlet, 6 H,  (CH2)3); 
3.47 (singlet, 3 H,  NCH3); 3.91 (broad singlet, 4 H,  -CHtK- 
CHZ-); 4.92 (singlet, 2 H) ;  5.76 (singlet, 2 H ,  SCHzN); 7.73 
and 8.15 (two multiplets, 5 H,  aromatic). 

N-Phenylthiomethylpiperidine (6a) .-The procedure of Grillot6 
was used and 78.8 g (767,) of product was obtained by distilla- 
tion, bp 112-114" (1.0 mm) [lit.5 bp 138-141' (5-6 mm)]. 

An ethereal solution of 58 g (0.28 mol) of N-phenylthiomethyl- 
piperidine was treated with hydrogen chloride at  0'. The ether 
was decanted and the semisolid product was washed with ethyl 
acetate to yield a white hygroscopic solid 116-118'. The nmr 
and ir spectra were as expected. All attempts to recrystallize 
the product caused decomposition. Because of its hygroscopicity, 
the elemental analysis was not obtained. 

N-Phenylthiomethylpiperidine Methiodide (6b) .-An ether 
solution of 19.5 g (0.095 mol) of N-phenylthiomethylpiperidine 
(6b) and 9.4 ml (0.15 mol) of methyl iodide was allowed to stand 
for 1 week in a stoppered flask at  room temperature. The solid 
was filtered and recrystallized (methanol-ethyl acetate) to give 
24 g (7270) of product, mp 179-180'. The nmr and ir spectra 
were as expectiad. 

Anal. Calcd for CUHZOINS: C, 44.70; H ,  5.77; N,  4.01. 
Found: C, 44.77; H,  5.69; N,  3.96. 

(7) Melting points were obtained on a calibrated Thomas-Hoover Unimelt 
and are corrected. I r  data ( p )  were recorded on Beckman IR-8 and In-10 
spectrometers. IVmr data (ppm, 6 )  were recorded on Varian Associates 
Model A-60 and A-60A spectrometers (TMS). Microanalyses were con- 
ducted by Huffman Laboratories, Inc., Wheatridge, Colo., and on an F & M 
Model 185 analyzer, University 'of Kansas. 

2-Benzoylthiomethyl-5,5-dimethyl-l,3-cyclohexanedione.- 
Dimedone, 2.8 g (0.02 mol), was added to a refluxing solution of 
piperidinomethyl thiobenzoate hydrochloride, 5.4 g (0.02 mol), 
dissolved in 100 ml of p-dioxane. Almost immediately solid 
material precipitated, and after 14 min the reaction mixture was 
cooled and filtered. The residue weighed 2.4 g and was identified 
as piperidine hydrochloride, mp 244'. The dioxane solution was 
treated with twice its volume of ether and 5.0 g (86%) of product 
was collected by filtration and recrystallized from chloroform- 
carbon tetrachloride, mp 170-171'. The nmr and ir spectra were 
as expected. 

Anal. Calcd for ClsHlsOaS: C, 66.18; H, 6.25. Found: C, 
65.72; H, 6.40. 
3-Benzoylthiomethyl-2,4-pentanedione .-Acetylacetone, 1 .O g 

(0.01 mol), was dissolved in 25 ml of p-dioxane and the solution 
was heated to reflux. Piperidinomethyl thiobenzoate hydro- 
chloride, 2.7 g (0.01 mol), was added to the solution with stirring 
and heating for 5 min. Piperidine hydrochloride, 1.2 g, was 
collected by filtration, and the filtrate was reduced in volume to 
5 ml. The oil was crystallized from ethanol-water to yield 1.3 g 
(52%) of product, mp 81-62'. The nmr and ir spectra were as 
expected. 

Anal. Calcd for C13H120aS: C, 62.37; H,  5.64. Found: C, 
62.29; H ,  5.63. 
2-Benzoylthiomethyl-2-phenylacetaldehyde .-Piperidinomethyl 

thiobenzoate hydrochloride, 5.44 g (0.02 mol), was dissolved in 
70 ml of refluxing p-dioxane. A solution of 2.4 g (0.02 mol) of 
freshly distilled phenylacetaldehyde dissolved in 10 ml of p- 
dioxane was added, and the reaction mixture was heated at  reflux 
for 10 min. After cooling, 2.39 g of piperidine hydrochloride was 
collected by filtration. The filtrate was concentrated to about 5 
ml and chromatographed on 40 g of silica gel. Elution was 
accomplished with carbon tetrachloride followed with dichloro- 
methane. Upon evaporation of the latter solvent, 2.8 g of an 
orange oil was obtained. The nmr and ir spectra were as ex- 
pected. The product was analyzed as its 2,4-DNP derivative, 

Anal. Calcd for C22H1,N406S: C, 58.66; H,  4.03; N ,  12.44. 
Found: C, 59.06; H ,  4.27; N, 12.30. 

N-Benzoylthiomethylbenzenesulfonamide .-Piperidinomethyl 
thiobenzoate hydrochloride, 2.72 g (0.01 mol), was dissolved in 
30 ml of refluxing dioxane. Benzenesulfonamide, 1.57 g (0.01 
mol), was added, the reaction mixture was cooled, and 1.2 g 
(theoretical amount 1.2 g) of piperidine hydrochloride was 
collected by filtration, mp 244'. The filtrate was poured into 
100 ml of ice water and the white precipitate was filtered and 
air-dried. Recrystallization from carbon tetrachloride gave 1.6 g 
(527,) of product, mp 84'. The nmr and ir spectra were as 
expected. 

Anal. Calcd for C ~ ~ H I ~ N O ~ S Z :  C, 54.70; H, 4.26; N ,  4.56. 
Found: C, 54.70; H, 4.35; N,  4.54. 

3-Benzoylthiomethyl-4-hydroxycoumarin.-To 5.44 g (0.02 
mol) of piperidinomethyl thiobenzoate hydrochloride dissolved 
in 100 ml of refluxing p-dioxane was added 3.4 g (0.02 mol) of 
4-hydroxycoumarin. The reaction mixture was refluxed for 10 
min. After cooling, 2.35 g of piperidine hydrochloride was 
collected by filtration. The filtrate was poured into 150 ml of 
ice water, and the resulting precipitate was filtered and crystal- 
lized from acetone-water to yield 5.4 g (87%) of product, mp 
166-167". The nmr and ir spectra were as expected. 

Anal. Calcd for CI~HIZO~S: C, 65.37; H ,  3.87. Found: C, 
65.61; H,  4.04. 

2-Acetylthiomethyl-5,5-dimethyl-l,3-cyclohexanedione. A.- 
To a solution of 3.08 g (0.0147 mol) of piperidinomethyl thio- 
acetate hydrochloride dissolved in 35 ml of dimethylformamide 
(DPV'IF) was added 2.065 g (0.0147 mol) of dimedone. The solu- 
tion was stirred and heated at  100" for 2 hr. On cooling, piperi- 
dine hydrochloride, 1.65 g, precipitated. Evaporation of the 
filtrate gave, after recrystallization from carbon tetrachloride, 
2.9 g (86y0) of 2-acetylthiomethyl-5,5-dimethyl-l,3-cyclohexane- 
dione, mp 135". The nmr and ir spectra were as expected. 

B.-Dimedone, 1.4 g (0.01 mol), and piperidinomethyl thio- 
acetate hydrochloride, 2.1 g (0.01 mol); were dissolved in 25 ml 
of chloroform and refluxed for 1 hr. Carbon tetrachloride, 25 
ml, was added to the solution and the chloroform was removed 
by heating the open flask on a steam bath. The hot carbon 
tetrachloride was filtered to remove 1.3 g of piperidine hydro- 
chloride. The product crystallized, after cooling the filtrate, 
to give 1.76 g (78%), mp 134-135'. 

mp 161-162'. 
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2-Acetylthiomethyl-l,3-cyclohexanedione .-A solution of 1.1 g 
(0.01 mol) dihydroresorcinol and 2.1 g (0.01 mol) piperidino- 
methyl thioacetate hydrochloride dissolved in 50 ml of chloro- 
form was refluxed for 1 hr. The chloroform solution was reduced 
to half its volume, and 100 ml of ether was added to precipitate 
piperidine hydrochloride, 1.55 g (lOOyo). The solvent was 
removed to give an orange semisolid which was recrystallized 
from dichloromethane-petroleum ether (bp 63-68') to yield 1.1 
g (55%) of product, mp 132'. The nmr and ir spectra were as 
expected. 

Anal .  Calcd for CgHlzOaS: C, 54.00; H, 6.04. Found: C, 
53.72; H, 5.94. 

2-Phenylthiomethyl-5 $-dimethyl- 1,3-~yclohexanedione .-To 
25 ml of refluxing p-dioxane was added 2.4 g (0.01 mol) of N- 
phenylthiomethylpiperidine hydrochloride. Dimedone, 1.4 g 
(0.01 mol), was then added to the refluxing solution. Within 2 
min, a white precipitate was observed. After cooling the re- 
action mixture, 1.1 g of piperidine hydrochloride was collected 
by filtration. The filtrate was pourcd into 100 ml of ice water and 
allowed to stand overnight. The precipitate was filtered and 
air-dried to yield 2.3 g (89%) of product. The solid was re- 
crystallized from acetone-petroleum ether (bp 63-68'), mp 
139'. The nmr and ir spectra were as expected. 

Anal .  Calcd for CLSHI~O~S: C, 68.67; H, 6.91. Found: C, 
68.65; H, 6.90. 

Desulfurization Procedure.-Raney nickel, the catalyst, was 
prepared by the method of Pavlic and Adkins.* Examples of the 
general procedure follow. 

2,s ,5-Trimethyl-l,3-cyclohexanedione .-2-Benzoylthiomethyl- 
5,5-dimethyl-l,3-cyclohexanedione, 2.9 g (0.01 mol), was dis- 
solved in 125 ml of ethyl acetate a t  65-70'. About 20 g (wet 
weight) of Raney nickel was added to  the solution with stirring 
and heated for 1 hr. The reaction mixture was filtered while hot 
and the residue was washed with three 50-ml portions of hot 

(8) A. A. Pavlic and H. Adkins, J .  Amer. Chem. Soc., 68, 1471 (1946). 

ethyl acetate. The washings and original filtrate were combined, 
and the solvent was removed to yield 0.96 g (62%) of product 
melting a t  163-165' ( k g  mp 163'). An authentic sample was 
prepared by the method of D e ~ a i . ~  The melting point and in- 
frared spectra were identical with those of the desulfurized 
product. 
3-Methyl-4-hydroxycoumarin.-The above procedure was fol- 

lowed to desulfurate 2.1 g (0.0067 mol) of 3-benzoylthiomethyl-4- 
hydroxycoumarin dissolved in 80 ml of ethyl acetate using 14 g 
(wet weight) of Raney nickel. Upon removal of the solvent, 
0.86 g (74%) of product was isolated and recrystallized from 
chloroform-carbon tetrachloride, mp 225-228' (lit.10 mp 231'). 

Registry No. -Hydroxymethyl thiobenzoate, 23853- 
33-0; la (HI), 23853-34-1; l b  (HCl), 876-24-4; 
5 (methiodide), 23853-36-3; 5 (methochloride), 23853- 
37-4; db, 23853-38-5; 2-benzoylthiomethyl-5,5-di- 
methyl-1,3-cyclohexanedione, 23853-39-6; 3-benzoyl- 
thiomethyl-2,4-pentanedione, 23853-40-9; 2-benzoyl- 
thiomethyl-2-phenylacetaldehyde (2,4-DNP), 23853- 
41-0; N-benzoylthiomethylbenzenesulfonamide, 23853- 
42-1 ; 3-benzoylthiomethyl-4-hydroxycoumarin, 23853- 
43-2 ; 2-ace tylthiome thyl-5, 5-dime th yl-l,3-cyclohexane- 
dione, 23853-44-3; 2-acetylthiomethyl-1,3-cyclohexane- 
dione, 23853-45-4; 2-phenylthiomethyl-5,5-dimethyl- 
1 , 3-cyclohexanedione, 23853-46-5, 
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Additions to Bicyclic Olefins. 11. 
A Convenient Synthesis of Apobornene and Apocamphor 
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A convenient five-step synthesis of apobornene (7,7-dimethylnorbornene) from the readily available cam- 
This procedure makes pos- 

Through minor 
phenilone (3,3-dimethylnorcamphor) has been developed in an overall yield of 30%. 
sible the synthesis of apobornene in relatively large quantities in purities of 98% or better, 
modifications the synthesis can be directed to the preparation of apocamphor. 

A considerable quantity of pure apobornene (7,7- 
dimethylnorbornene) was required for our studies of the 
stereochemical aspects of additions to bicyclic systems. 
The synthesis of apobornene has been described pre- 
vi0usly.~*5 However, the procedures do not lend 
themselves to the preparation of apobornene in ap- 
preciable quantity or in the desired purity. Conse- 
quently, we undertook to develop a more satisfactory 
procedure. 

The most direct procedure would be the Diels-Alder 
reaction of 5,5-dimethylcyclopentadiene with ethylene. 
However, the synthesis of the diene appeared to offer 
severe difficultiesS6 Another possibility was the con- 
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National Institutes of Health. 
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(4) (a) G. Komppa and T. Hasselstrom, Ann. Acad. Sci. Fenn. Ser. AB, 
84, 3 (1925); (b) G. Komppa and T. Hasselstrom, Ann., 497, 116 (1932); 
(0) G. Komppa and R. H. Roschier, ibid., 489, 175 (1922). 

(5) P. Lipp and J. Daniels, Ber., 69, 586, 2251 (1936). 

version of P-nopinol into apobornyl brosylate,' followed 
by an elimination (eq 1). However, P-nopinol is not 

I 
OH OBs 

easily synthesizedug Solvolytic methods can be used to 
obtain apoisoborneol as a mixture with isomeric alco- 
h o l ~ . ~  However, we observed that the isolation of 
pure alcohol on a large scale was quite time consuming. 

After examining a number of such approaches we 
decided that the most convenient procedure appeared 

(6) (a) C. F. Wilcox, Jr. and M. Mesirov, J .  Org .  Chem., 25, 1841 (1960); 

(7) P. von R. Schleyer, W. E. Watts, and C. Cupas, J .  Amer. Chem. Boo., 

(8 )  S. Winstein and N. J. Holness, ib id . ,  77, 3054 (1955). 
(9) (a) See ref 8; (b) S. Beckmann and R. Bamberger, Ann., 574, 73 

(1951); (c) Y. Chretien-Bessiere and J. P. Monthiard, Compt. Rend., 858, 
937 (1964). 

(b) R. S. Rouse and W. E. Tyler, ibid., 86, 3525 (1961). 

86, 2722 (1964). 


