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of isochondrodendrine!! in benzene-methanol, gave arme-
pavine oxalate, mp 211-213° (lit. mp 211-212° uncor® and mp
209° ).

Demerarine.—Demerarine hydrochloride! had [«}26p — 181°,
[a]?85461 — 219° (¢ 1.0, water). Treatment of an aqueous solu-
tion with ammonium hydroxide gave demerarine which crystal-
lized in needles from methanol: mp 222-223°; [«]?*D — 162°
(¢ 0.35, 5% methanol in chloroform). The mass spectrum
exhibited a molecular ion peak at m/e 594 + 1 in accord with
the molecular formula CssHssN:0s. Other important peaks
were at m/e 168, 191, 381, and 382.

N-Methyldemerarine.—Demerarine (100 mg) in 0.5 ml of
formic acid and 0.5 ml of formalin was heated in a steam bath
for4hr. Treatment with water and ammonia gave a precipitate
which on drying weighed 91 mg. The infrared spectrum in a
KBr pellet was the same as that of a sample of repandine. In
thin layer chromatographic comparisons on silica gel (Ad-
sorbosil-1), using 12 different solvent systems, N-methyl-
demerarine and repandine had the same E; values. The mass
spectra of the two alkaloids were identical showing a molecular
ion peak at m/e 608 + 1 in accord with the molecular formula
C37H40N206~

Oxyacanthine Hydrochloride.—The addition of saturated
sodium sulfate solution to a solution of commercial ‘“oxyacan-
thine hydrochloride tetrahydrate” (Fluka AG. Buchs, Switzer-
land) gave platelets of oxyacanthine sulfate. The product was
recrystallized from water and was converted into oxyacanthine
hydrochloride by the addition of hydrochloric acid to an aque-
ous solution: [«]2p + 188° (¢ 1.0, water); K = 2.36.

Hydroepistephanine-A Hydrochloride.—A sample of epi-
stephanine in sulfuric acid and ethanol was reduced with zinc
dust by the method of Tomita and Watanabe.* Hydro-
epistephanine-A hydrochloride was obtained in small, long
rods: {a]?p + 300° (¢ 0.27, water) (lit.* [«]?®D + 208°, ¢ 0.24,
water); K = 1.03; R 0.58 for the free alkaloid with the system
amyl alcohol-pyridine-water (110:110:90) on buffered paper.}®

Registry No.—II, 6787-93-5; VIII, 15353-21-6;
N-methylocoteamine HCl, 15352-74-6; O-methylocote-
amine HCl, 15352-75-7; N-methyldemerarine, 15352-
76-8.
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Russell? reported that in the photochlorination of
2,3-dimethylbutane at 25° the relative reactivities of
the primary and tertiary hydrogen atoms varied from
4.2 in pure carbon tetrachloride to 225 in 12 M earbon
disulfide. The relative reactivities of covalently

(1) Abstracted in part from the Ph.D, dissertation of P. 8. J., Oklahoma

State University, May 1867,
(2) G. A. Russell, J. Amer. Chem. Soc., 80, 4087 (1958),

Nores 1231
bound hydrogen atoms to photochlorination in differ-
ent solvents have been determined for other com-
pounds such as n-pentane,® n-butyl chloride,* hexanoyl
chloride,® n-heptane,® octanoyl chloride,® and chloro-
cyclopentane;” relationships between the nature of the
solvent and the relative reactivities of the hydrogen
atoms being abstracted have been deveioped. Our
purpose in this investigation was to apply these
principles to the chlorination of isobutyl chloride in
order to obtain a better understanding of the transi-
tion state,

Isobutyl chloride in mixed solvents of different
compositions was allowed to react photochemically
with a small amount of chlorine and the produets
were separated and measured quantitatively by gas
chromatography. The results are shown in Table I.

TasLE I
SoLveNT ErFrEcTs IN THE CHLORINATION OF
IsoBuTYL CHLORIDE®

k

‘+ (CHy),CCICH,CI
(CHy),CHCH,Cl + Cl, 6”2 (CH,),CHCHC},
&, CH,CH(CH,Cl)

Conen of
second solvent,

Solvents mol/l. k1/ka? k1/kab ka/kad
CCl, 4.5 6.1 1.35¢
CCl,-CS; 1.2 8.8 8.7 0.99
CCl,-C8, 2.2 11.4 10.2 0.90
CCl1,-CS. 3.8 14.4 11.6 0.81
CCl1,-C8: 6.2 19.7 13.6 0.69
CCl1,-CS; 8.5 24.3 14.6 0.60
CCl-CS, 9.2 24.3 14.8 0.61
CCl~C8; 11.2 27.2 15.0 0.55
CS, 29.1 15.3 0.53
CCl;~-C¢H, 1.3 8.4 9.2 1.10
CCl~C:H, 2.5 11.2 10.6 0.95
CCl~C¢H, 3.7 13.3 11.7 0.88
CCl,~C:H, 5.0 15.7 12.5 0.80
CCl~CsH, 6.3 17 .4 12.6 0.72
CCl,-C:H, 7.4 19.6 d d

¢ Each solution contained 0.87 g of isobutyl chloride and
0.024 g of chlorine in a total volume of 4.2 ml. * Each value
is the result of four or five determinations; the average devia-
tion of each valueis +39%. ¢E. M. Hodnett and P. 8. Juneja,
J. Org. Chem., 32, 4114 (1967). < Not determined because of
experimental difficulties.

For further comparison, mixtures of isobutyl chloride
and t-butyl chloride were chlorinated in the same
solvents under the same conditions; the results are
shown in Table I1.

Russell?® has suggested that relative reactivities
that are determined mainly by the availability of
electrons in the carbon-hydrogen bond are not par-
ticularly sensitive to solvent effects while relative
reactivities that are determined mainly by the stabil-
ities of the incipient free radicals are very sensitive
to changes in solvent. This is because in solvents
which complex chlorine atoms the transition state
has more radical character and therefore is influenced

(3) G. A. Russell, ibid., 80, 4997 (1958).

(4) C. Walling and M. F, Mayahi, ibid., 81, 1485 (1959).

(8) H. J. den Hertog and P. Smit, Proc. Chem. Soc., 132 (1959).

(8) P. Smit and H. J. den Hertog, Rec. Trav. Chim., 83, 801 (1964).

(7) G. A. Russell, A. Ito, and R. Konako, J. Amer. Chem. Soc., 85, 2988
(1963).

(8) G. A. Russell, Tetrahedron, 8, 101 (1960).
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TasrE II
SoLVENT EFFECTS IN THE COMPETITIVE CHLORINATION
oF IsoBuTyL CHLORIDE AND {-BUuTYL CHLORIDE®

2k,
(CH,),CHCHCI,
(CHy),CHCH,Cl + Cl, 6ky CH, CH(CH,C);

(CH),CCl + Cl, ————>=% (CH,),CCICH
Concn of
second solvent,
Solvents mol/L ka/ke® ka/ked
CCl, . 2.25¢ 1.780
CCl-CS: 2.1 2.09 2.33
CCl1,-C8; 4.2 2.38 3.12
CCl1,-CS; 6.3 2.18 3.19
CCl~-CS. 8.4 1.83 3.30
CS, . 1.98 3.94
CCl1,~C¢H, 1.2 2.12 1.97
CCl~CqH; 2.5 2.05 2.13
CCl1,~CsH; 3.7 1.91 2.18
CCl,-CsH, 5.0 1.98 2.50

e Each solution contained 0.42 g of ¢-butyl chloride, 0.44 g of
isobutyl chloride, and 0.017 g of chlorine in a total volume of
4 ml. ?Each value is the result of four or five determinations;
the average deviation of each value is +£39%,. ©See footnote ¢,
Table I.

by the stability of the incipient radicals. These
principles seem to have been observed in other
investigations of solvent effects*~7 and have been
applied to the results of this study.

The reactivities of the hydrogen atoms of isobutyl
chloride in photochlorination in mixed solvents are
compared with one another in Table I and with the
reactivity of the hydrogen atoms of t-butyl chloride
in Table II. The absolute reactivity of the hydrogen
atoms of i-butyl chloride may change with each
solvent. It is possible that the chlorine atom of
t-butyl chloride may participate in the stabilization
of the incipient radical (CH3)sCCICH:.* The results
given in Tables I and IT are summarized in Table III.

TasrE II1
CH, CH,

CH,—CH-—CH:CI} CH;—CCl—CH, Solvent

2.25 8.02 1.78 1.00e Carbon tetrachloride
1.98 31.2 2.50 1.00¢ Benzene (5.0 M) and

carbon tetrachloride
1.98 60.3 3.94 1.00s Carbon disulfide

s Assumed value.

The greatest solvent effect is demonstrated by the
tertiary hydrogen atom of isobutyl chloride; the rela-
tive reactivity varies from 8.02 in carbon tetrachloride
to 60.3 in carbon disulfide solutions. This large
effect probably results from the stability of the radical
(CH,;),CCH,Cl which is formed by abstraction
of the tertiary hydrogen atom; that is, hyper-
conjugative stabilization of the incipient radical rather
than polar effects probably determines the reaectivity
of this hydrogen atom.

The inductive effect of a chlorine atom normally
results in deactivation of the hydrogen atoms on the
same and adjacent carbon atoms as shown by the

(9) P. 8. Skell, R. G. Allen, and N. D. Gilmour, J. Amer. Chem. Soc., 88,
504 (1961); W. Thaler, ibid., 88, 2607 (1963); P. 8. Skell, D, L. Tuleen, and
P. D. Readio, 1bid., 88, 2849 (1963) ; W. O, Haag and E. I. Heiba, Tetraghedron

Lett., 41, 3678, 3683 (1965); P. S. Juneja and E. M. Hodnett, J. Amer.
Chem. Soc., 89, 5685 (1967).
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relative reactivities of the hydrogen atoms on carbons
1 and 4 of n-butyl chloride.#® However, the hydro-
gen atoms on carbon 1 of isobutyl chloride are more
reactive than the hydrogen atoms of {-butyl chloride
in carbon tetrachloride and become even more reactive
in carbon disulfide. Although the solvent effect on
the reactivity of the hydrogen atoms on carbon 1 of
isobutyl chloride is not so great as that for the tertiary
hydrogen atom of isobutyl chloride, these hydrogen
atoms do become more reactive in the solvent which
is more capable of complexing with chlorine. The
incipient free radical, (CH,),CHCHCI, is significantly
stabilized by conjugation of the forms!!

H H H

.. [ L.
(CH;):.CHC—CI: « (CH4),CHC=Cl: < (CH,).CHC—Cl:

-+

1 2 3

Structure 3 may also be stabilized by dipole-induced
dipole interaction with solvents having easily polar-
izable = electrons. Thus to the extent that structure
3 contributes to the resonance hydrid of the incipient
radical one would expect some solvent stabilization.
Walling and Wagner!? have suggested that the solva-
tion of the organic free radical which is being formed
is an important factor in determining the selectivity
of the reaction.

The relative reactivity of the hydrogen atoms on
carbon 3 of isobutyl chloride varies least of all with
changes in solvents. This is to be expected since it is
most like the hydrogen atoms of ¢-butyl chloride with
which it is being compared. The greater reactivity
of the hydrogen atoms on carbon 3 of isobutyl
chloride compared to those of t-butyl chloride may
be due to (1) hyperconjugative stabilization of the
incipient radical CH,CH(CH,;)CH,Cl (not possible
for t-butyl chloride) or (2) the inductive effect of the
chlorine atom of ¢-butyl chloride (which is closer to
the reaction site than the chlorine atom of isobutyl
chloride).

Experimental Section

Materials.—The benzene used in this work was obtained from
J. T. Baker Co. as their reagent grade; gas chromatography
showed that it contained no more than 0.4% impurities, of
which 0.33% was toluene. Carbon disulfide was also a reagent
grade from J. T. Baker Co. and was gas chromatographically
pure. The sources and purities of other materials used were
described previously.1?

Procedure.—The procedures were also described previously,
The solutions contained known quantities of the compound or
compounds to be chlorinated, a limiting amount of chlorine,
and known ratios of solvents. After the reaction mixture was
degassed it was irradiated at room temperature with an incan-
descent light until all the chlorine had reacted. The reaction
mixture was shaken with solid sodium bicarbonate, dried with
Drierite, and analyzed quantitatively by gas chromatography;
the peak area (peak height times width at half-peak height)
was assumed to be proportional to the concentration of prod-
ucts.!* The three dichloro isomers from isobutane were con-
sidered to have the same thermal conductivity response and
hence no calibration was employed.!?

(10) P. 8. Fredricks and J. M. Tedder, J. Chem. Soc., 144 (1960).

(11) G. A, Russell and A. Ito, J. Amer.Chem, Soc., 86, 2983 (1963); J. M.
Tedder, Quart. Rev. (London), 14, 336 (1960).

(12) C. Walling and P. J. Wagner, J. Amer. Chem. Soc., 86, 3368 (1964).

(13) See footnote ¢, Table I.

(14) R. P. W, Scott and D. W. Grant, Analyst, 89, 179 (1964).
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Identification of Products.—The products of the reaction
were identified by nimr spectra and retention times on the gas
chromatograph.!3

Registry No.—Isobutyl chloride, 513-36-0; t-butyl
chloride, 507-20-0.
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The primary hydrogen atoms of 2-methylpropane-
2-t are removed by photochlorination less rapidly than
are the primary hydrogen atoms of isobutane. This
difference in rates indicates that tritium has a S-sec-
ondary isotope effect in this free-radical chlorination.
Secondary B-isotope effects of deuterium have been
reported,?? but few of these are for reactions with
free-radical mechanisms, 012

The photochlorination of hydrocarbons occurs by a
chain reaction. For the chlorination of methane, the

RH + CIl- - R- + HCl I
R: + Cl; = RCl + CI- an

calculated heat of reaction of step I is —1 keal/mole
and that of step II is —23 kcal/mole;!® step I is
probably rate determining. The rate of chlorination
of a mixture of isobutane and tracer amounts of
2-methylpropane-2-, therefore, is determined by the
first step of each of the four reactions given in Scheme
1.

Equations 1-3 may be used to compare the four

reaction rate constants with each other: eq 1
log Na/Na, _ Skt ks 1 )
log 4/A4, Ok1 + k2

(1) These results were presented at the Oklahoma Tetrasectional Meeting
of the American Chemical Society, Tulsa, Okla., March 1087; abstracted
from a portion of the Ph.D. dissertation of P. S. J., Oklahoma State Uni-
versity, May 1967,
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ScHEME T

H, Iﬂs
HCl + CH¥~C—CH, —2» CHs-—,-—CHZCI + C

fast
H
Hy ok,
CH—(—CH, +
h
H
CH,. H,
HOl + CH—C—CH, o> CH—(—CH + O
a
CH, H,
T + CH—~C—CH, =~ CH~C—CH, + O
a
H3 ks
CHg_C—CH3 + CI
% ok,
CH, CH,
HOL + CHe—(~—CHy - CH—(—CHO +
T T

where N4, and N, are the specific radioactivities of the
isobutane-t at the start and at the end of the experi-
ment and A /A, is the fraction of isobutane remaining
at the end of the experiment; eq 2 shown below

k:/9k, = B/C )

where B/C is the ratio of t-buty! chloride and isobutyl
chloride formed in the reaction (under these condi-
tions ks/k1 has a magnitude®* of 3.5); and eq 3

kl/k4 = NAo/NB (3)

(for low extents of reaction) where Ny is the specific
activity of the isobutyl chloride formed at low extents
of reaction. Equation 3 assumes that the specific
radioactivity of the isobutane-t does not change for
low extents of reaction. However, if one assumes that
the primary isotope effect has a magnitude? of 5 and
the 8 secondary isotope effect has a magnitude of 1.04,
the radioactivity of the remaining isobutane-t after
1.5% reaction can be calculated by eq 1 to have in-
creased by 0.37%. Since the isobutyl chloride was
formed from isobutane-t with an initial radioactivity of
59.92 ucuries/mmole and a final one of 60.14 ucuries/
mmole, an average value of 60.03 ucuries/mmoleis used
in the calculations of the 8 secondary isotope effect
shown in Table 1.

2-Methylpropane-2-t, prepared from {-butylmag-
nesium chloride and tritiated water, was treated in
carbon tetrachloride solution with enough chlorine to
react with 1.5% of the isobutane. The reaction mix-
ture was irradiated at room temperature until the
chlorine color disappeared and the hydrogen chioride
and part of the remaining isobutane were removed.
Samples of the remainder were injected into a gas
chromatograph which was attached to an ionization
chamber. The components of the mixture were sep-

(14) E. M. Hodnett and P. S, Juneja, J. Org. Chem., 88, 4114 (1967).

(15) Preliminary work by E. M. Hodnett, 8. Scheppele, and P. 8. Juneja
indicates that the magnitude of the primary isotope effect in this reaction
under these conditions is between 4 and 5.



