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Experimental Section®

Reaction of II with g-Propiolactone {Preparation of III).—2-
Benzoyl-1,2-dihydroisoquinaldonitrile (II) (0.01 mole) and g-
propiolactone (0.02 mole) were dissolved in 40 ml of dimethyl-
formamide and 309; sodium hydride in oil (0.01 mole) was added
to the stirred solution. After 1.5 hr stirring the mixture was
poured onto 500 g of ice and filtered after standing. A solid
(mp 104-109°) was obtained and recrystallized from hexane to
give a 199, yield of III, mp 111-112° (Ags: 1730 and 1665 cm 1),

Anal. Caled for CsHisNO: C, 82.73; H, 5.79; N, 5.36.
Found: C, 82.47; H, 6.03; N, 5.26.

A picrate (mp 202-204°) from ethanol, was prepared.

Anal. Caled for CeHsN,Os: C, 58.78; H, 3.70; N, 11.43.
Found: C, 58.83; H, 3.81; N, 11.32,

The 2,4-dinitrophenylhydrazone of III was prepared (mp
192-193°) from ethanol-dimethylformamide.

Anal. Caled for C;HyN:Oy: C, 65.30; H, 4.34; N, 15.87.
Found: C, 65.42; H, 4.91; N, 15.98.

Preparation of III.—Reaction of 0.01 mole of IT with 0.01 mole
of B-bromopropiophenone and sodium hydride in dimethyl-
formamide as above afforded a gum in 689, yield. Recrystalliza-
tion from hexane—ethyl acetate gave a good recovery of solid
(Vor VI), mp 172-172.5° (Ags: 1740, 1700, 1630, 835 cm ™),

Anal. Caled for CosHitNO,: C, 82.17; H, 5.24; N, 3.83.
Found: C, 81.80; H, 5.43; N, 3.59.

A picrate (mp 163-164°) from ethanol, was prepared.

Anal. Caled for CaHuN,Oy: C, 62.73; H, 3.57; N, 9.44,
Found: C, 62.52; H, 3.58; N, 9.27,

The crude intermediate (V or VI) obtained above (2.0 g) was
refluxed for 1.5 hr in 50 ml of 509, ethanol containing 8 g of
potassium hydroxide. Dilution with water and filtration gave a
white solid (mp 108-109°) in 889, yield. Recrystallization
from hexane gave mp 111-112°. This material was identical
to compound IIT as demonstrated by mixture melting point and
infrared spectra.

Reaction of II with 3-Butyrolactone (Preparation of VII).—The
reaction was carried out as described above for 8-propiolactone
on a 0.01 molar scale. A white solid was isolated and recrystal-
lized from hexane-ethyl acetate to give a 509, yield, mp 85-86°
(A\kB: 1755 and 1665 cm ™).

Anal, Caled for CsHi;j)NOs: C, 77.96; H, 5.48; N, 5.05.
Found: C, 78.13; H, 5.48; N, 5.08.

A picrate (mp 204-205°) from ethanol, was prepared.

Anal. Caled for CoHisN.Og: C, 56.92; H, 3.58; N, 11.06.
Found: C, 56.88; H, 3.64; N, 11.20.

1-(1-Isoquinolinyl)ethyl Benzoate {VII).—To a stirred solution
of 0.02 mole of 2-benzenesuifonyl-1,2-dihydroisoquinaldonitrile”
in 80 ml of dimethylformamide was added 0.02 mole of 309,
sodium hydride in oil. After 1 hr the mixture was poured onto
300 g of ice and isoquinaldonitrile (VIII) (809%) (mp 86-88°)
was collected. Without further purification VIII was treated
with methyl magnesium iodide as reported® to give l-acetyliso-
quinoline (IX) as a yellow oil in 729, yield (Age: 1700 and 1625
em™)., Compound IX (0.0115 mole) was dissolved in 30 ml of
methanol and 0.25 g of sodium borohydride was added with
stirring. After 0.5 hr the mixture was poured onto ice and
extracted with methylene chloride. 1-(1-Isoquinolinyl)ethanol
(X) was isolated in 919 yield as an oil from the dried (Na:SO,)
organic phase (Agp, 3400 and 1630 em™). The oil (X) (0.0097
mole) was refluxed with 1.8 g (0.0129 mole) of benzoyl chloride
in 50 ml of pyridine for 1 hr, After being poured onto ice, 2.61
g (979) of white solid was collected. Recrystallization from
hexane—ethyl acetate gave mp 87-88°. This material was
identical with VII prepared from g-butyrolactone as demonstrated
by mixture melting point and infrared spectra.

Condensation of II with Acetaldehyde.—Acetaldehyde and II
were reacted with phenyllithium in ether-dioxane at —20° as
reported for other aldehydes.* A solid (mp 85-87°) from hexane—
ethyl acetate, was isolated in 609, yield. This material was
identical with VII as demonstrated by mixture melting point
and infrared spectra.

Treatment of g-Butyrolactone with Sodium Hydride.—g-
Butyrolactone (5 g) in 100 ml of dimethylformamide was treated

(8) All melting points are corrected. Analyses were by Spang Micro-
analytical Laboratory, Ann Arbor, Mich. We wish to thank the Tennessee
Eastman Co. for a sample of 8-butyrolactone.

(7) J. M. Wefer, A. Catala, and F. D. Popp, J. Org. Chem., 80, 3075 (1965).

(8) A. Kaufmann, P, Dandliker, and H. Burkhardt, Ber., 46, 2829 (9113).
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with 5 g of 309, sodium hydride in oil while & stream of nitrogen
was percolated through the mixture and into a reagent solution
of 2,4-dinitrophenylhydrazine. In this manner low yields of
acetaldehyde-2,4-dinitrophenylhydrazone (mp 144-146°) were
obtained. The reaction was accompanied by the generation of
considerable heat and polymer formation.

Registry No.—II, 844-25-7; III, 10293-89-7; picrate
of III, 10293-90-0; 2,4-dinitrophenylhydrazone of III,
10293-91-1; V, 10293-92-2; picrate of V, 10293-93-3;
VI, 10293-94-4; picrate of VI, 10293-95-5; VII, 10293-
96-6; picrate of VII, 10293-97-7; VIII, 1198-30-7.

a-Halo Ketones. IV.!
Dehalogenation by Substituted Pyridines

Reductive

E. W. WarNHOFF AND D. R. MARSHALL?

Department of Chemistry, University of Western Ontario,
London, Ontario, Canada

Received December 19, 1966

In part II of this series® the reaction of a typical
cyclic a-halo ketone, 2a~-bromocholestan-3-one (partial
structure 1), with a variety of alkyl-substituted pyri-
dines was examined. It was found that, in addition
to dehydrobromination (with and without rearrange-
ment) and displacement, reductive debromination to
cholestan-3-one (partial structure 2) occurred. Ac-
curate analysis for the reduction product was compli-
cated both by the fact that the starting bromo ketone
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was discovered to contain 129, of 2, and by the an-
alytical method. The difficulty in separating a small
amount of 2 from a large amount of 3 made it most con-
venient to estimate cholestan-3-one as the remainder
after Al- and A*-cholesten-3-one (partial structures 3
and 4) had been determined from tle spot intensities
and ultraviolet measurements.

In a subsequent paper, Nace and Iacona* repeated
the reaction of vy-collidine with pure 1 from which the
contaminating cholestan-3-one had been removed by
chromatography on silica gel. A shoulder correspond-
ing to cholestan-3-one was observed in the glpe chro-
matogram and infrared spectrum of the reaction
produet, but it was claimed that the saturated ketone
amounted to less than 29 of the total product. The
authors concluded that “the reduction reaction is not
significant in the reaction of bromo ketones with
collidine.”* Although the yields (20~469,) of choles-
tan-3-one reported in our earlier work® were admitted
to be subject to cumulative error, it was certain that
more than 29, of 2 was produced in the y-collidine re-

(1) Part III: E. W. Warnhoff, J. Org. Chem., 28, 887 (1963).
(2) Province of Ontario Graduate Fellow, 1966-1567.

(3) E. W. Warnhoff, J. Org. Chem., 37, 4587 (1962).

(4) H. R. Nace and R. N. Iacona, ibid., 39, 3498 (1964).
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TasLe I
PropucTs FROM REACTION OF 2a-BROMOCHOLESTAN-3-ONE WITH PYRIDINES
Normal Pyridinium Amine- HBr, Ether-soluble Cholestan-3-one Al-Ketone At-Ketone

Amine bp, °C salt, % % fraction, % @), % ®, % 4. %
Pyridine 115 .. (82)s Not detmnd .. (158) .. (10) G .. (0)
y-Picoline 145 .. (88) .. (9.3) .. (12.6) (2 .. (9) .. (1.5)
B-Picoline 144 80 (82) 12(13) 14 (14) <1.8(2) 9 (10) 3(2)
a-Picoline® 129 10 92 87 <3.5 but real 26 35
2,4-Lutidine® 157 0(0) 97 (95) 97 (100) Trace? (20) 37 (55) 26 (25)
2,6-Lutidine® 144 0(0) 89 (94) 89 (100) 8 (46) 36 (24) 40 (30)
v-Collidine® 171 0(0) 99 (103) 98 (99) 5.8-14.7¢ (37) 41 (38) 30 (25)
Pyrolysis of y-picolinium salt 94 (89) 9 (29) 30 (15) 33 (44)

s All values given in parentheses are those taken from the earlier work described in the reference in footnote 3.

b The difference

between the sum of 2 + 3 + 4 and 100%, is accounted for by pyridinium salts, other products formed in the reaction which were not
examined, and incomplete recovery from thick layer chromatograms. ¢ The higher figure is crude 2 containing some impurities from
the ozonization reaction; the lower figure is the yield of pure 2. The true yield of 2 will lie somewhere in between and is estimated to

be about 109%,.

action® Therefore, to resolve the discrepancy we have
reexamined the reaction of 2a-bromocholestan-3-one
free of 2 with pure substituted pyridines and determined
the amount of reductive debromination by isolation
of the cholestan-3-one formed.

Reagent grade chloroform was found to give a partial
thick layer chromatographic separation of 2 from 3, and
in this way it was possible to separate 5.89, of choles-
tan-3-one (2). However, this figure represented a
minimum yield since some 2 remained in the 3. To
circumvent the incomplete thick layer chromatographic
separation, the unsaturated ketones 3 and 4 in one
aliquot of the reaction product were destroyed by
ozonization and the surviving cholestan-3-one was
isolated by thick layer chromatography. Since thick
layer chromatography of another aliquot of the reac-
tion product gave almost complete separation of 4 from
2 + 3, A- and A*cholesten-3-one were determined by
calculation from the ultraviolet extinction coeflicients
of these fractions at 220 and 250 mu. The results are
summarized in Table I. The figures for the a-picoline
reaction, not described previously, bear out the con-
clusion drawn earlier that the presence of only one a-
methyl group suppresses quaternary salt formation,
but not completely in this case. For the reactions with
2,6-lutidine and ~y~collidine, the most important finding
is that, although the yields (between 5.8 and 14.7%,) of
cholestan-3-one found by isolation are considerably
lower than originally reported,® nevertheless, they are
substantially greater than 29;,. Moreover, these are
probably minimum yields since 2 is slowly attacked by
ozone despite the low temperature (—70°) used.

More extreme examples are known in which reduc-
tive debromination is the major reaction leading to the
only product isolated. The most closely related case
is the reaction of pure 3e-bromocholestan-2-one (partial
structure 5) with pure 2,6-lutidine in which 289, of
cholestan-2-one (partial structure 6) was formed (see
the Experimental Section). Other instances are the
attempted dehydrobromination of the bromofluorenone
7 with refluxing ~y-collidine which gave 319, of the de-
brominated ketone 8,° and the reaction of the earyophyl-
lene derivative 9 with refluxing +-collidine which af-

(56) Comparison of the carbonyl infrared absorption of the fraction con-
taining 3 and 8 obtained by thick layer chromatography of the crude product
from pure 1 (see the Experimental Section) with the carbonyl infrared absorp-
tion of known synthetic mixtures of 2 and 8 indicated that 5-10% of cho-
lestan-3-one (2) was present in the crude reaction product.

(6) H. O. House, V. Paragamian, R. 8. Ro, and D. J. Wluka, J. Am.
Chem. Soc., 82, 1461 (1960).

forded 229, of the monobromo ketone 10.7 (See
Scheme I.) Therefore, reductive debromination is
definitely a significant path in the reaction of bromo
ketones with the a-disubstituted pyridines 2,6-lutidine
and y-collidine.

ScueME I
0 0
———
Br” : i
H H
5 6
H H
e o
0 Br o} H
7 8
Br. Br.
Br — g
Y OAc Y OAc
9 10

If these debrominations were taking place by nucleo-
philic attack of nitrogen on the bromine atom to pro-
vide an N-bromocollidinium ion and the enolate anion
of 2, the reverse rebromination reaction would pre-
sumably be occurring also. An attempt to increase
the amount of reduction of 1 to 2 by intercepting any
N-bromocollidinium ion formed with S-naphthol gave,
however, no noticeable increase in the amount of 2 pro-
duced.

It can be concluded that, in those a-halo ketones
where displacement or dehydrohalogenation by an a-
disubstituted pyridine is retarded or prevented for
structural or stereochemical reasons, reductive de-
bromination becomes a product-forming path.

Experimental Section

General.—Infrared spectra were determined on a Beckman
IR-5 spectrophotometer. Ultraviolet analyses were carried out
on a Cary Model 14 spectrophotometer. Nmr spectra were
determined on deuteriochloroform solutions with a Varian A-60
instrument. Thick and thin layer chromatograms were run on

(7) A. Aebi, D. H. R. Barton, and A. 8. Lindsey, J. Chem. Soc., 3128
(1953).
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Camag DF-5 silica gel containing fluorescent indicator. Ultra-
violet light, iodine vapor, and sulfuric acid charring were used
for detection, Petroleum ether refers to the fraction of bp 60-80°,

Purity of the substituted pyridines was ascertained from their
nmr spectra. 2,6-Lutidine (B.D.H.) and «- and B-picoline
(Eastman) were of greater than 999, purity. +-Collidine (East-
man) and 2,4-lutidine (Baker) were purified via their hydro-
bromide or hydrochloride salts.?

2a-Bromocholestan-3-one® was purified by column chromatog-
raphy on silica gel and its degree of purity was assessed by tlc
comparison i ether-benzene (2:98) with a set of synthetic
mixtures (1 + 2) of known cholestan-3-one content run on one
plate. Typical Rs values were 0.21 for 2, 0.42 for 1, and 0.52
for traces of 28-bromocholestan-3-one. By this method 0.59, or
more of 2 could easily be detected. In all experiments less than
0.59, of cholestan-3-one was present in the 2a-bromocholestan-3-
one used. In each of the reactions described below the absence
of any remaining 1 in the ether soluble part of the crude product
was verified by tle (ether-benzene, 3:97).

Reaction of 2qa-Bromocholestan-3-one with ~-Collidine. A.
Without Ozonization.—The bromo ketone 1 (1.000g,2.15 mmoles)
was refluxed (oil bath 195-200°) with 4 ml of ~-collidine for 12 hr.
Dilution with ether and filtration gave 430 mg (999) of v-
collidine hyrobromide. Extraction of the filtrate with dilute
hydrochloric acid removed the y-collidine. Evaporation of the
dried ethereal solution left 810 mg (98%) of amber, partly crys-
talline produet. Thick layer chromatography of 358 mg of crude
product in ethyl acetate-petroleum ether (15:85) yielded 223
mg (629, of total product) of a mixture of 2 4+ 3 (R; 0.31) and
118 mg (339 of total product) of 4 (R 0.22). Visual comparison
of the carbonyl infrared absorption of the 2 4+ 3 mixture with
prepared mixtures of 2 + 3 containing 59, and 109, of 2 (con-
centration, 10 mg/0.10 ml of carbon disulfide in a 0.10-mm cell)
indicated that about 5-109, of 2 was present in the crude ether-
soluble product. Part of the 2 + 3 zone (213 mg) was put
back on thick plates and developed in reagent grade chloroform
(contained 0.75%, of ethanol). Although the cholestan-3-one
did not quench the fluorescence of the ultraviolet indicator in the
silica gel, the area just ahead of the blue Al-ketone band under
ultraviolet light was separated and extracted to yield 20.1 mg
(5.89 of total product) of crystalline cholestan-3-one, mp 126~
129°, undepressed by authentic 2 (mp 129-130°), whose tlc
spot showed only the faintest trace of 3. The blue zone yielded
193 mg of Al-cholesten-3-one which still contained cholestan-
3-one.

B. With Ozonization.—A solution of bromo ketone 1 (3.209
g, 6.90 mmoles) in 10 ml of y-collidine was refluxed (oil bath
180°) for 18 hr. Dilution with ether and filtration removed
1.434 g (989%,) of y-collidine hydrobromide. The ethereal filtrate
was washed with dilute sulfuric acid to remove collidine, dried,
and evaporated to give 2.588 g (98%,) of crude product which was
dissolved in carbon tetrachloride and made up to 10 ml in a volu-
metric flask.

Thick layer chromatography of 1.00 ml of the stock solution
in ether-benzene (4:96) and separation of zones yielded 160 mg
of mainly 2 + 3 and 68 mg of mainly 4. Calculation from the
ultraviolet absorption of these fractions at 220 (e — e 2000)
and 250 mu (e¢ — e 10,300) and that of authentic specimens
[Al-cholesten-3-one, A¥% ®OF 930 my (e 11,050), and A-cholesten-
3-one, AS%FOM 241 my (e 16,500)] at these same wavelengths
showed that 649, of 3 and 11.3%, of 4 were present in the 2 + 3
band while 767, of 4 and 99 of 3 were present in the 4 band.

A solution of 1.00 ml of the stock solution in 20 ml of redistilled
ethyl acetate was cooled to —70° and ozonized for 8 min.?
The reaction was quenched by the addition of 10 ml of 259,
potassium iodide solution, and the mixture was shaken until it
reached room temperature. The organic solution was washed
with aqueous sodium thiosulfate solution and water and dried
over magnesium sulfate. Filtration and evaporation left 306 mg
of amber gum which was separated on thick layer plates de-
veloped in ether—benzene (4:96). The position of cholestan-3-one
was ascertained by charring monitor plates run under identical
conditions. White, erystalline, impure cholestan-3-one (38 mg,
14.7%, mp 100-112°) was recovered. Two recrystallizations
from 959, ethanol gave 11 mg (4%) of pure 2, mp 126-128°,
undepressed on admixture with authentic cholestan-3-one, mp

(8) L. F. Fieser and X. A. Dominguez, J. Am. Chem. Soc., 75, 1704 (1953).

(9) Control ozonizations on pure 2, 8, and 4 showed that 8 and 4 were
converted completely to much more polar (tle) substances within this time,
but that 2 was detectably changed only during longer reaction periods,
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129-130°. The recrystallized product gave a single tlc spot with
the same R value as that of authentic 2.

Ozonization of another sample of 868 mg of combined crude
products in ethyl acetate at —70° gave a crude product which
was separated by thick layer chromatography. The 2 band
revealed by iodine vapor was extracted to give 96 mg (119,) of
crude cholestan-3-one which was recrystallized twice from acetone
to give 18 mg (2.0%) of small, colorless prisms, mp 125-127°,
R;: 0.24 in benzene—ether (94:6).

C. In the Presence of 3-Naphthol.—2«-Bromocholestan-3-one
(247 mg, 0.53 mmole) and 171 mg (1.19 mmoles) of 8-naphthol
were refluxed in 5 ml of y-collidine for 18 hr. Dilution with ether
and filtration gave 93 mg (879%,) of collidine hydrobromide. The
B-naphthol and collidine were removed from the filtrate by ex-
traction with 109, sodium hydroxide solution and dilute hydro-
chloric acid. Evaporation of the dried ethereal solution left
198 mg (97%) of product. Ozonization and isolation of the
cholestan-3-one fraction as described in B gave 22 mg (119,) of
crude 2 which tle showed to contain impurities.

Reaction of 2a-Bromocholestan-3-one with Other Pyridines.
A. g-Picoline.—The bromo ketone 1 (2.782 g, 6.00 mmoles) and
10 ml of B-picoline were refluxed for 3 hr. Dilution with ether
and filtration gave 2.969 g of crystals which were triturated with
water and filtered. There remained 2.680 g (809,) of water-
insoluble B-picolinium salt of 1. g-Picoline hydrobromide (123
mg, 129,) was recovered from the aqueous filtrate. The ether-
soluble product (326 mg, 149%,) was isolated and analyzed as
described for the y-collidine reaction in B.

B. o-Picoline.—2a-Bromocholestan-3-one (1.592 g, 3.43
mmoles) and 10 ml of a-picoline were refluxed for 19 hr, Dilu-
tion with ether-water and filtration gave 194 mg (109,) of water-
insoluble a-picolinium salt of 1, mp 332-334° dec when placed on
the hot stage at 185°. The salt was shown to be different from
the pyridinium, g-picolinium, and +-picolinium salts of 1.3
Evaporation of the aqueous layer left oily a-picoline hydro-
bromide whose yield was estimated as 929, by precipitation and
weighing of silver bromide. The ether-soluble product (1.148 g,
87%) was isolated and analyzed as described for the ~v-collidine
reaction in B.

C. 2,4-Lutidine.—The bromo ketone 1 (545 mg, 1.17 mmoles)
in 5 ml of 2,4-lutidine was refluxed for 5.5 hr. Dilution with
ether and filtration gave 213 mg (97%) of 2,4-lutidine hydro-
bromide. Evaporation of the filtrate after acid extraction of
excess 2,4-lutidine left 437 mg (97%) of dark greenish brown
gum which was analyzed as described for the y-collidine reaction
in B.

D. 2,6-Lutidine.—2a-Bromocholestan-3-one (614 mg, 1.32
mmoles) in 10 ml of 2,6-lutidine was refluxed for 22 hr. Dilution
with ether and filtration gave 219 mg (899,) of 2,6-lutidine
hydrobromide. Evaporation of the ether from the filtrate after
removal of excess 2,6-lutidine by acid extraction left 451 mg
(89%) of pale yellow solid which was analyzed as described for
the y-collidine reaction in B.

Pyrolysis of y-Picolinium Salt of 2a-Bromocholestan-3-one,.—
The pyrolysis of 259 mg of pure salt was carried out at 300-320°
(0.02 mm). Complete decomposition occurred within 4 hr.
The sublimate consisted of 24.9 mg of sublimed v-picolinium
salt of 1 and 151.9 mg of ether-soluble product which was analyzed
as described in B for the y-collidine reaction.

Reaction of 3a-Bromocholestan-2-one (5) with 2,6-Lutidine
(with P. NaNonggai-Suwanrath).—3«-Bromochlolestan-2-one
[mp 152-155°, [«]?Dp +198° (¢ 2.22, chloroform) (lit."* mp 151-
153°, [a]p +184°] was prepared by chromic acid oxidation of
3a-bromocholestan-2-ol by the procedure of Alt and Barton.®
A solution of 233 mg (0.50 mmole) of the pure bromo ketone 5,
in 2 ml of 2,6-lutidine, purified via the crystalline picrate,® was
refluxed under a nitrogen atmosphere for 48 hr. Dilution with
ether and filtration gave 43 mg (45%) of 2,6-lutidine hydro-
bromide. The filtrate was extracted with dilute sulfuric acid
and water and dried. Chromatography of the residue (210 mg)
left after evaporation of the ether on 7 g of activity II Merck
alumina gave 86 mg (449%) of crude cholestan-2-one (6) eluted
with benzene-ether mixtures. The product had no ultraviolet
absorption peaks in the 200-260-mu range. Two recrystalliza-
tions from methanol afforded 55 mg (289) of short needles, mp

(10) G. H. Alt and D. H. R. Barton, J. Chem. Soc., 4284 (1954).

(11) That there was no cholestan-2-one in the 8 follows from the method
of preparation and tle examination., With reagent grade chloroform as
developing solvent, the sample of 6 gave a single spot, B¢ 0.60, on the same
plate on which 6 had R¢ 0.43,
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127-128.5°, [a]®p -+51° (¢ 2.00, chloroform). The mixture
melting point with authentic cholestan-2-one (mp 130-131°,
] #¥p +51°) was undepressed. Tlc alongside authentic 6 gave
a single spot with the same Ry 0.35 when developed in reagent
grade chloroform.

Registry No.—1, 1452-34-2; pyridine, 110-86-1;
y-picoline, 108-89-4; B-picoline, 108-99-6; «-picoline,
109-06-8; 2,4-lutidine, 108-47-4; 2,6-lutidine, 108-48-5;
v-collidine, 108-75-8; wv-picolinium salt of 1, 10294-
04-9; 5, 2042-01-5.

Chromic Acid Oxidation of
endo-5,6-Trimethylenenorbornyl Alcohols

IrviN RoruBeRG AND RoBERT V. Russo

Department of Chemistry, Rutgers The State University,
Newark, New Jersey 07102

Recerved December 8, 1966

Solvolysis studies of the tosylate esters of the endo-
5,6-trimethylenenorbornane! system have recently been
the subject of much interest.? In connection with this
work, comparisons of nonbonded interactions being
relieved by movement of the oxygen atom would be of
value. Some of these ground-state interactions which
could be relieved in the transition state assuming a
decrease in steric strain have been estimated,?® but not
experimentally evaluated. If the chromic acid oxi-
dation of these alcohols behaves normally, that is, if
the rate is increased by greater steric strain in the
ground state, then this should permit an evaluation
of free-energy differences.®* The rates of oxidation
are given in Table 1.

The results indicate that the oxidation rates are
normal. endo-5,6-Trimethylene-endo-2-norbornanol (2)
is oxidized 151 times faster than its epimer (1), repre-
senting a AF difference of 3.0 kecal/mole. endo-
Trimethylene-endo-2-norbornanol (2) is oxidized 48
times faster than endo-2-norbornanol. We believe
that this difference is due almost entirely to steric
effects corresponding to a free-energy difference of 2.3
keal/mole. Comparison of 3 with exo-2-norbornanol
shows that the inductive effect of the exo-trimethylene
bridge is negligible and comparison of 4 with endo-
2-norbornanol shows only a very slight rate increase,
part of which may be due to greater rigidity of the

(1) The nomenclature used is described by P. v. R. Schleyer and M. M.
Donaldson [J. Am. Chem. Soc., 82, 4645 (1960)] and in ref 2a.

(2} (a) H. C. Brown, 1. Rothberg, P. v. R. Schleyer, M. M. Donaldson,
and J. J. Harper, Proc. Natl. Acad. Sci. U. S., 86, 1653 (1966); (b) H. C.
Brown, ‘“Chemistry in Britain,”” Veol. 2, 1966, p 199; (¢) J. A. Berson, in
‘““Molecular Rearrangements,” Part 1, P. DeMayo, Ed., Interscience Pub-
lishers, Inc.,, New York, N. Y., 1963, Chapter 3; (d) G. D. Sargent, Quart.
Rev. (London), 20, 301 (1966); (e) P. D. Bartlett and R. S. Barnes,
Abstracts of the 12th National Organic Symposium of the American Chemi-
cal Society, June 1951, p 1; (f) K. Takeuchi, T. Oshika, and Y. Koga, Bull.
Chem. Soc. Japan, 88, 1318 (1965); (g) M. M. Donaldson, Ph.D. Thesis,
Princeton University, Princeton, N. J., 1958; Dissertation Abstr., 23, 738
(1961); (b) P. v. R. Schleyer, Ph.D. Thesis, Harvard University, Boston,
Mass., 1956.

(3) For discussion of the use of chromic acid oxidations as a measure of
free-energy differences, see (a) E. L. Eliel, S. H. Schroeter, T. J. Brett, F, J.
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Curomic Acp OxmaTioN RaTEs (25.0° in 759, Aceric Acp
AND 0.1 M PrrCHLORIC AcCID)

ks X 102,
L. mole-t Relative
Aleohol sec 1 rate
exo-2-Norbornanol 4.08 1.00
endo-2-Norbornanol 26.4 6.47

endo-5,6-Trimethylene-exo-2-norbornanol (1) 8.43 2.07
endo-5,6-Trimethylene-endo-2-norbornanol (2) 1270 311

ex0-5,6-Trimethylene-exo-2-norbornanol (3) 4.43 1.09
ex0-5,8-Trimethylene-endo-2-norbornanol (4) 35.8 8.77
Cyclopentanol 4.03 1.00
endo-5,6-Trimethylene-ezo-8-norbornanol (5) 4.93 1.22
endo-5,6-Trimethylene-endo-8-norbornanol (6) 124 30.8

endo-5,6-Trimethylene-exo-9-norbornanol (7) 9.33 2.31
endo-5,6-Trimethylene-endo-9-norbornanol (8) 7.22 1.79

endo-5,6-hydrogens because of the attached trimethyl-
ene ring. There are reactions where exo and endo sub-
stituents have different effects,® but the considerably
lower value of the p expected here® and the relatively
poor electron-donating ability of the uncharged methyl-
ene groups should lead to very small differences. endo-
5,6-Trimethylene-endo-8-norbornanol (6) is oxidized
25 times faster than its less strained epimer (5), which
corresponds to a free-energy difference of 1.9 keal/mole.
Comparison of the epimers 7 and 8 shows that there
is essentially no difference in their ground-state non-
bonded interactions.

Comparison of 1 with exo-2-norbornanol and 5 with
cyclopentanol shows that, as steric strain becomes
greater on the methine hydrogen, the rate becomes more
rapid with the ease of approach of solvent apparently
playing no major role in determining the rate of oxi-
dation.” The rate of 7 is 1.89 times faster than 5.
This was unexpected because both steric and inductive
effects would have predicted the opposite result.
Possibly this is due to conformational differences.
In summary, the results with one exception of minor
magnitude appear to be self-consistent and to provide
experimental evaluation of the ground-state differ-
ences due to nonbonded interactions. In the com-
pounds where comparisons can be made, the experi-
mental values are in reasonable agreement with the
values previously estimated.2®

Experimental Section

The alcohols are known compounds and the properties agreed
with those reported in the literature .1

Rate studies were carried out using essentially the procedure of
Stewart and Lee? in 75%, acetic acid and 0.10 M in perchloric
acid. Treatment of the slope of a plot of Cr(VI) concentration
vs. time by the procedure of Benson!® for second-order reactions
with stoichiometric concentration yielded the rate constants.
The rate plots all gave straight lines up to 709, of reaction. All
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Ed., Academic Press Inc., New York, N. Y., 1965, Chapter 2; (b) R. Stewart,
“Oxidation Mechanisms,” W. A. Benjamin Inc., New York, N. Y., 1964,
Chapter 4.
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