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ABSTRACT

Cyolopropylmethylcarbinylamine and cyclopropylmethyle
carbinol were resolved and their configurations related,
The former was deaminated with aqueous nitrous acid to give
the latter with O-4% net inversion of configuration. The
solvolyses of several N-methyl-4-alkoxypyridinium salts
were investigated. Solvolysis rates for Nemethyl-4-
(eyclopropylearbinyloxy)-pyridinium iodide and perchlorate
in water and in 80% ethanol and of Nemethyl-4-(cyclopropyl=-
methylcarbinyloxy)-pyridinium iodide in water were measured.
The first-order rate constant for the hydrolysis of
N-methyle4~-(cyclopropylmethyloarbinyloxy)-pyridinium iodide
at 80° was calculated to be 6 x 10® times that of Nemethyl~
4-(cyclopropylcarbinyloxy) -pyridinium iodide, The hydrol=
ysis of optically active N-methyl-4-(cyclopropylmethylcar-
binyloxy)-pyridinium iodide produced cyclopropylmethylcare
binol with 4.4 + 1.6% inversion of configuration,

The stereochemistry of the deamination of cyelopropyl-
methylcarbinylamine and of the hydrolysis of N-methyle4-
(eyclopropylmethylearbinyloxy)-pyridinium iodide and the
ratio of rate constants for the cyclopropylmethylcarbinyl
and cyclopropylcarbinyl pyridinium salts are discussed
with respect to the possible intervention of non-classical

carbonium-ion intermediates in these reactions.
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I. INTRODUCTION

Considerable interest ettends the nature of the inter-
medistes in carbonium ion-type interconversion reactions
of cyoclopropylcarbinyl, cyclobutyl and allylcarbinyl derivae
tives, Evidence reparding these intermediates has come
principally from two sources, namely studies of solvolysis
rates and product distributions in sueh interconversion
reactions. The purpose of this thesis was to gain eddi.
tional information from the viewpoint of stereochemistry.

A wide variety of carbonium ionetype reactions of both
cyclopropylearbinyl and eyclobutyl derivatives gives similar
relative amounts of products with the oyclopropylearbinyl,
cyclobutyl and allylearbinyl structﬁros, almost independently
of which of the two starting structures is employed. Such
reactions include the reaction of oyclopropylcarbinylamine
and oyelobutylamine with nitrous acid (1, 2), the solvolysis
of cyclopropylearbinyl and cyclobutyl derivatives (1, 3),
and the reactions of cyclopropylearbinol and cyclobutanol
with thionyl chloride (1, 4) and of cyclopropylearbinol with
hydrogen bromide or phosphorous tribromide (1). This
bshavior suggests that all the above reactions go through

common cationic intermediates; small variations in product
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composition may be accounted by specific effects of each
reaction and do not require postulation of a drastic change
in mechanism,

The solvolyses of cyclopropylearbinyl and cyclobutyl
derivatives are unusually fast. For instance, in 50%
aqueous ethanol at 50°, cyclopropylearbinyl chloride is 40
times more reactive than PB-methylallyl chloride and cyeclow
butyl chloride is 15 times more reactive than isopropyl
chloride (1). Unusually high solvolysis rates are often
indicative of non-classical cationic intermediates (5).
The weight of the evidence is such, therefore, that the
common intermediate(s) in the solvolyses of cyclopropyle
carbinyl and cyclobutyl derivatives have been inferred to
be non-classical in nature (6),

More deteiled information as to the common non-classical
intermediate(s) may be obtained from isotopic labeling
experiments, Both eyclopropylearbinylamine-a-**C (6) and
allylearbinylamine-c-**C (2) have been deaminated with
agueous nitrous acid and the oyclobutanol and cyclopropyl-
carbinel produeced by the reactions were degraded in each
case with the results shown below,
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The isotopic carbon of the oyelopropylearbinol derived
from the corresponding amine is less extensively scrambled
than that of the other products examined. About 16% of this
syclopropylearbinol appears to arise from a non-rearranging
path as shown by the ratios of c¢yclopropylcarbinol to cyeloe
butanol obtained from the deaminations of cyclopropyleare
binylnmino and of allyloarbinylamine (1.39 and 1.17, respece
tively (2)). If a correotion for the non-rearranging path
is made, the oyclopropylocarbinol derived from cyclopropyle
carbinylamine-o~**C via the non-classical intermediate(s)
contains 42% of the label in the a-position and 58% in the
ring positions, in line with ths results of the other
degradations. ‘ 8

The isotopic label of the cyclopropylecarbinol and

cyclobutanol approaches but does not attain a random
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distribution among the three methylene groups. These
results have been corrslated with & scheme (p. 5) having
the three non-classical "bicyclobutonium” ions (Ia-c)
approaching but not quite attaining equilibriwm with one
another, Other systems of non-glassicsl intermediates can
account for the available experimental data but the scheme
presented here is the most attractive from a theoretlcal
viewpoint. A possible intermediate stage for the intercon-
version of ions Ia-c is the symmetrical "tricyclobutonium"
ion (II). The plane determined by the carbon and

_ : e
i / \ A
(e
H e o
_ H & _
11

the two hydrogen atoms of each methylene group of II is
perpendicular to the plane of the three methylene carbon
atoms, The ion II cannot be the sole intermediate in these
reactions because II predicts complete scrambling of the
isotopio label between the methyleme groups of the cycloe
propylearbinol and cyclobutancl formed from
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allylearbinylemine-a~**C and in the eyclobutanol from
cyclopropylearbinylamine-a-**C,

The effect of methyl substitution at the methylene
groups of the bicyclobutonium ioms Ia~-c has been investi-
gated by Silver (7) by means of a product study of the
deamination of appropriate amines with aqueous nitrous acid.
Silver's results, summarized in Table I, fit rather well
into a scheme similar to that presented for the ummethylated
amines with some understandable differences due to the
presence of the added methyl group. The methylesubstituted
ions IIIs-c are no longer equal in stability (in contrast
to the unsubstituted ions Ia-c) and their order appears to
be IIla>IIIc>>IIIb, Two of the amines, 2-methyleyclo-
butylamine and 2-methyleyclopropylearbinylamine, can form
direotly either of two noneclassical ions but only the more
stable of the possible ions actually appears to be formed.

The success of a scheme of noneclassical ions in
accounting for Silver's results suggested that the added
methyl group has not drastically altered the nature of the
intermediates in the deaminations of the methyl-substituted
compounds, Consequently, we chose to study the stereo-
chemistry of the carbonium ion-type reactions of optically
active cyclopropylmethylearbinyl derivatives with a



.7-

*93JTq8 Sp1IpLY VA sToqooTw (STTATTS) OT4emOST snId

0 0 A 3 4 ghl /\/\
. aN
g 0 6 68 | Ly .mmAV..mo
0 0 et gg 15 | .mz...mu.A
®H)
0 0 0 0 oFl |
o 0 0 0 00T ._mz.AW
| *H)
0 0 0 0 00T *Hy~Hy~< _
| b 1)
10~ Ko mooo mo.nmu.A_ NN o<
| 1) 10 HO HO

(4) SINIRTYAIYY QIOV SQOYIIN-TNINV WOUL STOHOOTV DIYANOST J0 SFOVINIIYAL
I ¥T4VL



8=

H)—2%H2
%) :w
H
Iﬂ.l.uzn_v
n_.ax.o %y
HO

4o

qTIT

_.a_ﬂ,.i_._umxo
] ~

| .
1N
HO~---°H?

4

CHNH)—C%HD

ZH) ——HO®HD
S
HO—2HD H)—2H)
N
1 N, —
N /_
°Hd----HI%HD UN®HD  HO®HD
_.__u_lmxu_
2Ha Iwmzu
ZUN
Y
I_o||~:u
€4OHD  PHOZHN
oI
HI——2H2 ZHNHD —2HD
€ Y5 _
] ™
) >
€HOHD--=-2H) €4OH) —=2LH)
Iu|/~xn_u
€4oHD  %HD

2HN



-9-

reasonable hope of obtaining evidence for a non-clessical
intermediate such as IIIa. We shall now examine the pos~
sible consequences of non-classical intermediates upon the
stereochemistry of carbonium ion-type reactions of cyolo-
propylmethylcarbinyl derivatives using water as the solvent.

B\ s F ‘\‘ - H\
. i ‘Gj\‘\;é"ﬁ ‘<:::]

X 03.0 H
Iv IITa v

The formation of the non-olassical ion IIIa (shown
here in an atomic orbital representation) from an optieally
active cyclopropylmethyloarbinyl derivative IV should proe
ceed preferentially in the deploted sense, with the ring
bond farthest from the leaving group (X) breaking to provide
p-orbital overlap on the rear side of the developing p-
orbital on the a-carbon atom, Only the preferred conformae
tion of the a~earbon atom relative to the cyclopropans ring
of the substrate IV is discussed here, However, considera-
tion of the other possible conformation with the methyl
group nearest the cyclopropane ring does not alter the
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stersochsmiocal predictions, Water should attack ion IIJa
predominantly from below, leading to cyclopropylmethylear-
binol, V, with the same configuration as the starting
material IV, Thus, if the noneolassical ion Iila 18 the
sole fonic intermediate, the transformation of the substrate
IV to the aloohol V should ocour with predominant retention
of configuration.

The asymmetric non-classical ion IIIaz may have time
to equilibrate with other loniec specles, inocluding its
nirror image, before reacting with water. However, the
isomeric ions IIIb and IIIc do not appear to form to a sige
nificant extent in water becauss no products derived from
these ions are observed when the initlally formed species
is 1IJa. The methyl-substituted tricyslobutonium ion VI

- — e

i

C
B / /B
A
B “q" H
- H ]

Vi

may approach equilibrium with IIIa., (Reastion of VI with
water oould reasonably give only cyelopropylmethylecarbinel.,)
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To the extent that this equilibrium occurs, the product,
cyclopropylmethylearbinol, will be racemized since ion VI
has a plans of symmetry. VI could alternatively serve as
the transition state for the faclile conversion of the
asymmetric ion IIJa to its mirror image, also leading to
racemized product,

While still further structures can be visualized for
the carbonium ion-type reactions of cyclopropylmethyloare
binyl derivatives, the preceding disoussion suffices to
11lustrate the general stereochemical conclusion: That
portion of the reaction proceeding through non-classical
intermediates might reasonably lead to products with any-
where from nearly complete retention of configuration to
complete racemization,

The reactions chosen for this stereochemical study were
not the customary solvelytic reactions of alkyl halides and
esters for several reasons. The syclopropylmethylecarbinyl
halides have never been obtained in a pure form because of |
their readiy rearrangsment to isomeris structures (7). Like.
wise, attempts to prepare cyclopropylmethylcarbinyl brosylate
heve not been successful (7). The solvolysis of carboxylic
esters always involves the question of acyl-oxygen vs,
alkyleoxygen fission, In addition, the solvolyses of
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halides and esters are complioated by the problem of
internal return from intimate lonepeirs (5).

The reactions actually employed were the deamination
of oyelopropylmethylearbinylamine with aguecus nitrous acid
end the hydrolysis of Nemethyl-4-(syolopropylmethylear-
binyloxy)-pyridinium iodide, giving in both cases cyclo-
propylmethylearbinol as the produet. Both of the sycloe
propylmethylearbinyl starting materials are stable and
easily handled., In addition, both gensrate the ion(s) of
interest by means of a neutral leaving group whioch should
obviate the compliocation of intermal return. Goering (8)
has shown that the solvolysis of S-methyl-2-cyclohexenyl
p~nitrobenzoate in 80% acetone is accompanied by internal
return but the acid-catalyzed solvolysis of the same sub-
strate is not, Presumably, the uncatalyzed solvolysis proe
ceeds through an ion-pair, held together largely by elsotroe
static forces, from which internal return occurs (9). The
acid-oatalyzed resotion, where the leaving group is a
neutral p-nitrobenszoic acld molecule, cammot form an lon-
pair and the leaving group escapes before internal returm
can ogeur, |

The first resotion of interest, the deamination of
primary aliphatic amines with nitrous acid, is generally
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considered to proceed through a sarbonmium.ion intermediate
although some of the more detailed aspects of the reaction

are a matter of active controversy (10).

; [ %
RNHg —2080.  RNHNO ——- RszH.:‘go- RNSN ——— R® + Np

The stereochemistry of the smins-nitrous acid reaction,
in general, is typical of Syl processes (11). The deamina-
tion in excess aqueous acid of 2-butyle, 2-ootyl-, and
lephenylethylamines is reported to give racemisation and
inversion of configuration; alanine gives retention and
phenylglyeine gives retention and racemisation (12). Wiberg
found 227 net inversion of configuration in the deamination
of 2-butylamine in excess agueous sulfuric acid and 26%
inversion in glacial acetic acid (13), The deamination of
l-butylamine-1-"H in glacial acetic mcid gives 69% net
inversion of configuration (14)., Optically active a-methe
ylallylamine is deaminated in glacial acetic acid to give
a mixture of a- and Y.methylallyl scetates. The a-acetate
showsd 167 net inversion and neither the ratio of a- to

Y-acetates nor the optical activity of the a-acetate was
affected by the addition of acetate ion (15). However, less
rearrangemsnt to the Y.acetate was observed than in the
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silver-catalyzed acetolysis of a-methylallyl chloride. To
account for the smaller smount of rearrangemsnt in the
deamination reaction, Young (15) proposed the intermediscy
of & "hot* carbonium ion (without the propér spatial orien-
tation for allylic delocalization of the positive charge)
which gives unrearranged and predominantly inverted acetate
in competition with the normal delocalized ion which gives
racemic product with the same isomer distribution observed
in the solvolytic reactionm,

Unfortunately, the amine-nitrous acid reaction hss only
rarely been used to provide stereoschemical evidence for
non-classiocal ions, An example of its use is the deamina-
tion of either endo- or exo-2-norbormylamine to give exclue
sively products of the g;é configuration (16+18) which has
been cited (18) as evidence in support of the non-classiocal
nature of the cationic intermediates derived from this
system; this non-classical nature is wsll documented by
other dats (18420), It should be noted that there are
examples in the literaturs of deamination reactions, uncome
pil&cted by neighboring group or unusual structural effects,
leading to produsts of retained configuration, u;purently
by en Syl mechanism, A particularly interesting example
is the desminstion of optically aective l-phenylethylamine,
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VII, in carefully dried acetic aeid (21). The major product
was the correaponding acetate, formed with 8% net retention
of configuration. However, & small amount of l-phenyl-
ethanol, VIII, was also formed and witﬁ 87% retention, The
formetion of VIII was explained by en Syl decomposition of
the intermediate diazoamcid IX (21).

Clls - CHe it
Cely~C-1itly ONO_ CoHgoCoN=NeOH s CoHg=C-OH + Na

H H H

VII IX VIII

The seoond reaction used in this work, the hydrolysis
of Nemethyled«{oyclopropylmethyloarbinyloxy)~pyridinium
jodide, is a new exemple of the solvolysis of a cationlc
subsirate, Similar reactions that have been studied pree-
viously are the solvolyses of sulfonium salts and of quatere
nary amsonium salts, Swain has shown that while the decome
position of trimethyle and tribensylesulfonium salts.in
solution are bimolecular processes (22), the decomposition
of t-butyldimethylsulfonium salts is & unimolecular
solvolysis (23).

(CHo)sCS(CH)e ——a (CHa)aC® + S(CHs)s
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The decomposition of benzhydryltrimethylammonium
hydroxide is reported to give benshydrol by a firsteorder
process and methanol by a second-order process (24). The
hydrolysis of isobornyltrimethylammonium hydroxide or lodide
gives camphene and triecyelene, undoubtedly through a
carbonium ion intermediate (25).

The stereochemistry of the solvolysis of cationiec
substrates is poorly documented. The decamposition of
optically active l-phenylethyltrimethylammonium iodide in
methancl, ethanol and n-butanol gives the respective ethers
of le-phenylethanol with complete racemization (26). The
starting material and the products were shown to be optically
stable under the resction oonditions. Although no kinetie
evidenoce 1s given, the racemized products are taken as proof
of a unimolecular mechanism (26). The reaction of 2~bensa«
midoalkyldimethylsulfonium salts with water gives the prode
ucts typlcal of & solvolysis with participation of a
neighboring benzamido group, except when such participation
is sterically prohibited (27). The second-order reastion
of optieally sctive l-phenylethyldimethylsulfonium iodide
with agide ion proceeds with complete inversion of confige
uration (28).



IT1. RESULTS AND DISCUSSION

Cyclopropylmethylearbinylamine, X, wes resolved by
means of its tartrate salt and the meximum rotation obtained
was a®®D +21,80° (neat). That the resolution was complete
or nearly camplete was indicated by the conversion of the
amine X of maximum rotation to the bensamide XI in 98% yield
with [a]®®D +38,7° (absolute ethanol, ¢ = 5.0)j the melting
point of the optically active benszamide XI ocould not be
improved by reorystallization,

V, X=0H
?H' X, X = w-
D—g-x XI, X =-NHCOCsHs
H

XII ’ X =.OICCOHQ coﬂH
XIII, X =«04CCeHe

Cyclopropylmethylcarbinyl hydrogen phthalate, XII, was
resolved with brucine, The almost constant melting point
and specific rotation of the resolved phthalate XII upon
fractionel recrystallization speak for its optlocal purity.
The reduction of optically pure phthalate XII with lithium
aluminum hydride gave cyolopropylmethylcarbinol, V, con-
taining impurities but a value of aD +20,1° (neat) eould



be calculated for pure V,

The alkoxide ion corresponding to the optically pure
aloohol V reacted with benzoyl ehloride to give the optiecally
pure benzoate XIII with a®"D +33,82° (neat).

The transformation of amine X to benzamide XI and the
transformation of aleohol V to bengoate XIII do not disturb
any of the bonds attached to the asymmetric carbon atom so
that amine X and benzamide IX of the same sign of rotation
have the same configuration and aleochol V and benzoate XIII
of the same sign of rotation have the same configuration,
It remains to establish the relative configurations of the
aleohol and amine derivatives,

There are at least 13 peirs of compounds with struce
tures XIV and XV whose relative configurations have been
established (29),

R 9 R ?
R-c::-NH. R-{:-Oﬂ
" i

XIV XV

For each pair, with no exceptions, the amine and aleohol
of the same configuration have the same sign of rotation,
It would not be unreasonable tc conclude that cyclopropyle
meéhylcarbinylamine. X, and cyclopropylmethylecarbinol, V,
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of the same sign of rotation also have the same configura-
tion, especially because the optical rotations of X and V
are both ocomparatively large, _

Additional information on the relative configurations
of amine X and alechol V was sought from the thermal
decomposition of N-nitroso-Ne(cyclopropylmethylearbinyl)e
benzamide, XVI, to bensoate XIII. In a variety of polar
and non-polar solvents, N-(l-arylethyl)-nitrosamides

?Bg (;’Hl
D»?m(no)coc.ﬂ. — C-0uCCeRs + Na

i H

XVI XIIT

decompose with predominant retention of configuration

(21, 80, 81), White (80) has found that Nenitroso=Ne
(2-butyl)-bengamide decomposes with retention in polar sole
vents such as dioxane, On the other hand, a2 bimolecular
inversion reaction (with benzolc acid released into the
solution by an olefin-forming side reaction) competes in
non-polar solvents such as pentane, leading to a slight net
inversion of configuration. In general, however, the
decamposition of Ne~alkylnitrosamides occurs with retention
of configuration and this reaction has besn used to relate
the configurations of at least one amine and alcohol (32).
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Vhen nitrosamide XVI, prepared by the nitrosation of
amide (+)-XI, was decomposed in dioxane and in pentane,
benzoate (+)=XITI was obtained with 21.2% and 16.8% reten=
tion of optical activity, respectively, It appears safe
to conclude that the transformation of (+)«XI to (+)eXIII,
especially in dioxane, represents retention of configuration
and therefore alecohol (+)«V and amine (+)-X have the same
configuration, in agreement with the conclusion reached
above by consideration of the signs of rotetion. Note,
however, that the per cent retention of configuration
observed here is small compared to the 40-94% (polar sol-
vents) observed in other cases (21, 30, 31),

VWhen optically active amine X was deaminated with
aqueous nitrous acid at high pH, nearly racemic alechol V
was obtained with a small (up to 4%) but definite excess
of V of the opposite sign and hence opposite configuration
to the starting amine X. The largest observed rotation of
the product was a®®D +0.27° (neat), starting with amine X
with a®°D «9.67°3 1% of the amine was in the product. If
the ocontributions of amine and elcohol to the observed
rotation are additive, then the alcohol would have aD +0,37°
when free of amine, This corrected rotation corresponds

to 4% net inversion using the maximum rotations for amine
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and aleohol given above. The product of one deamination
experiment had the same sign of rotation as the starting
amine but a similar correction for amine in the product
reversed the sign. Significant amounts of methyl cyclo-
propyl ketone were also found in the products. The aloochol
V was shown to racemize only slightly (16%) under the
reaction conditions. For one deamination experiment, the
major product was bise(cyclopropylmethylcarbinyl) ether;
the formation of ethers under mild conditions is indieative
of a highly stable carbonium-ion intermediate (33).

The observed stereochemiocal result of the deamination
of amine X might be due in part to eny of the following
effects: (1) The racemization of the product V by means
of & base-catalyzed hydride«transfer mechanism with methyl
eyclopropyl ketone; (2) an "abnormal" Syi deamination meche
anismj (8) & "normal” deamination reaction proceeding
through a diazonium-ion intermediate, The first effect
can be largely discounted., Optically active l«phenylethanol
racemizes to the extent of 60% in the presence of potassium
t-butoxide and fluorenone in t-butanol solvent at 100° after
17 hours, presumably by a base-catalyzed hydride-transfer
mechanism (34). Under the much milder conditions (partiocue
larly the much less basic conditions) employed for the
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deaminstion of cyclopropylmethyloarbinylamine, cyclopropyl-
methylearbinol should racemisze little if any due to this
mechanism. (Assumptions that corresponding derivatives of

the l-phenylethyl and cyeclopropylmethylcarbinyl structures
behave similarly will be made often in this discussion,

Justification for this assumption may be found in the fact
thet both structures are secondary carbinyl systems with
comparable steric requirements and both have the seme order
of solvolytic reaotivity.)

The second effect, the Syi mechanism, is a more serious
problem and can bs discussed in terms of the following
description of the amine-nitrous acid reaction, The "normal®

deamination, leading to inverted products, is pictured as

® @
ReBoN-OF —ple R-NEN — Re + Na —if- ROH (1)
Syi R*....0B6 + Ng —— ROF (2)

an acid-catalyzed decomposition of the intermediate diazo~
acid (path 1). However, an uncatalyzed Syl mechanism, via
" an ion-pair, may also be visualized (path 2), Evidence
for the occurrence of path 2 in glacial acetic acid has
already been presented (p, 14) but this path may also be
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available for deaminations in water, especially under the
basic conditions employed for the deamination of cyclo-
propylmethylcarbinylamine which should discourage the aclde
catalyzed path 1. Evidence for the osourrence of path 2
in an aqueous deamination reaction was obtained in this
work from a study of the deamination of optieally aat;vu
l-phenylethylemine to l-phenylethancl under various pH
conditions; the results of the study are summariged in
Table II, Examination of Table II shows a definite change
in the stereochemical result with pH, with high pH leading
to more nearly racemic product, Ixperiment H is exceptional
in that it gave racemic eloohol, undoubtedly due to the
acld~-catalyzed racemization of the same. The product should
be optically stable under the reaction conditions of at
least eiperiments B and C because cyclopropylmethylearbinel
was shown to be reasonably stable under conditions closely
approximating those of these two experiments, The most
reasonable explanation for the more nearly recemic l-phenyl-
ethanol obtained in experiments B and C (and probably A)
is the competition of an Syi mechanism (path 2) with the
normal mechanism (path 1) at high pH.

The stereochemical result of path 1 for the deamination
of eyclopropylmethylcarbinylamine may be due to contributions
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from (1) an Sy2 displacement by water of nitrogen from the
intermediate diazonium ion or (2) & "hot" eclassical carbonium
ion which can give products directly or go over to (3) the
more stable "cold" (solvolytie), presumably non-classical
ion(s) such as discussed in the Introduction. Evidence for
either of the first two possibilities may be found in the
non-rearranging path which 1s important in the deamination
of cyclopropylcarbinylamine-a=**C (see p. 8). Young (15)
found that 43% of the acetate formed in the deamination of
a-methylallylamine in acetic acld appears to come from a
nonerearranging mechanism (and the rest from a solvolytie
earbonium ion). He concluded from the calculated sterec~
chemistry of the non-rearranging process (40% net inversion
if the solvolytic carbonium ion gives racemic product) that
8 "hot" carbonium ion is most likely to be involved rather
than an Syi or Sy2 process (see p. 13).

Because of the unknown relative contributions of the
Syi mechanism and & "hot” carbonium-ion intermediate to the
ocbserved stersochemical result of the deamination of cyclo-
propylmethylcar%inylamina, it 1s impossible to determine
the contribution of the solvolytic intermediate(s). Howe
ever, it appears reasonable that the ‘stereochemical conse

quence of the solvolytiec intermediate(s) is not s high
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degree ( >50%) of retention of configuration although some
retention of configuration cannot be excluded.

The next approach to the general problem was to find
e method of generating carbonium ions from the solvolysis
of a positively charged cyclopropylmethylcarbinyl derivae
tive. Thus, the disadvantages of the amine-nitrous acid
reaction might be avoided and the advantages retained: The
carbonium ion would no longer be formed in an exothermic
step, obviating the problem of "hot" carbonium ions; the
formation of the carbonium ion would be the slow step of
the reaction and consequently accessible to kinetic investi.
gation; internal return might still be avoided. Desirable
properties of the ﬁationic substrate would be ease of
preparation and purification, ability to be rendered opti-
cally active and to be configurationally related to the
solvolysis products, ability to be followed kinetically
during solvolysis, and freedom from side reactions during
solvolysis., A class of compounds was found which generally
met these qualifications, namely Nemethyl-4-alkoxypyridinium
salts (XVII),



&
RO« N-CHs X0 -SH. RS + 0« N-CH, + HX
XVII
XVIIa, R = CeHaCHg-, X = I XVIId, R = [>CHe- ,X=C10,
XVIIb, R = CeHgCHs-, X = C10,  XVIIe, R = [>CH(CHs), X = I
XVIIe, R = [>-CHg-, X = I XVIIZ, R = ColgCH(CHs), X = I

The synthesis of XVII was sceomplished by the following

route;

ROH + NaH + Cl—CN m@ CHpI_

m@-c&. 19 AgCl0e m@-m. TR
The ylelds were 86-89% for the first step, 68-100% for the
second step and 51-72% for the third step. All of the
pyridinium salts were readily purified solids except for
XViIe and f which were viscous liquids. The former liquid
was purified by low-temperature crystallization but the
purification of the latter was not attempted.

The produots of the solvolyses of the pyridinium salts

in various solvents were determined mainly by means of
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vapor-phase chromatography. Thus, the reaction of Nemethylw
4-bensyloxypyridinium iodide, XViIa, with glacial acetic
acid at 109° gave a quantitative yleld of benzyl acetate
after 92 hours; the half.life of ths reaction was 2-3 hours,
In contrast, the corresponding perchlorate salt XVIIb was
completely unreactive under the same conditions, indicating
thet the anion must be involved in the rate-determining
step of the reaction of the iodide salt XVIIa., The sol-
volysis of Nemethyl-4-(oyclopropylearbinyloxy)-pyridinium
fodide, XVIIe, in 80% ethanol at 120° gave cyclopropyloare
bincl, eyclobutanol and allylearbinol but predominantly

the corresponding ethyl ethers as products. The ratio of
the three ethers was cyclopropylearbinyl:cyclobutyl:
allylearbinyl = 3,6:1,5:1,0; this ratio may be compared to
the ratio observed for the ether products of the solvolysis
of cyclopropylearbinyl chloride in 80% ethanol at 97° of
5.,7:2,5:1,0 (4). The hydrolysis of the cyclopropyloarbinyl
derivative XVIIe¢ at 98.6° in the presence of lithium care
bonate gave e 99% yleld of cyclopropylearbincl, cyclobutanol
and allylearbinol; 8% of the aloohol mixture was allyloar-
binol and the remaining 92% was cyclopropylearbinol and
cyclobutanol in the ratio of 1,241,656 to 1. The aqueous
deamination of allylcarbinylamine, where cyclopropylcarbinel
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and cyclobutanol can arise presumably only from non-
claslio;l ions, gives a ratio of these alcohols of 1.17 to

1 (2)., The ethanolysis of Nemethyled-(cyclopropylmethyle-
oarbinyloxy)-pyridinium iodide, XVIIe, at 98.4° gave cyclo-
propylmethylearbinyl ethyl ether with no isomeric ethers;
hydrolysis at room temperature in the presence of lithium
carbonate gave only cyclopropylmethylearbinol., On the

other hand, the acetolysis of the same substrate at 87°

gave @ host of products, including cyclopropylmethylcarbinyl
acetate; the product mixture observed at 126° aontained

no oyclopropylmethylcarbinyl acetate, undoubtedly due to

the isomerization of this substance under the conditioms

of the reaction. Acetolysis of the l-phenylethyl derivative
XVIIf gave l-phenylethyl acetate.

The fate of the heterocyclic ring during the solvolysis
resctions was not rigorously determined. From the sole
volyses of the syclopropylmethylearbinyl derivative XVIIe
in acetic acid and in ethanol and the solvolysis of the
l-phenylethyl derivative XVIIf in acetic acid were isolated
what appeared to be the same yellow crystalline solid. The
solid could not be obtalned in a pure state but contained
carbon, hydrogen, nitrogen and ionizable iodine, was very
soluble in hydroxylic solvents and insoluble in non-polar
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solvents, and was very acidioc. The available evidence
indicates that this material was the impure hydroiodide of
N-methyle ¥ -pyridone, es expected. When a solution of
Nemethyle ¥ «pyridone in agqueous hydrogen iocdide was evapo-
rated to dryness, a yellow solid remained with a wide
melting.point range that appeared to be similar to the
sollds obtained from the solvolytie reactions,

The kinetics of the solvolyses of Nemethyl-d-(cyclo-
propylearbinyloxy)-pyridinium iodide, XVIIec, and perchlorate,
XV1I4d, in weter and in 80% ethenol and of Nemethyl-4-
(eyclopropylmethylearbinyloxy)-pyridinium iodide, XVIIe,
in water were measured. The reactions were followed by
titration of the evolved acid and the data are summarized
in Table III, The first-order rate constants stayed relee
tively constant through the first or second helf-life of
each reaction but decreased significently in value there-
after (see Tables IV-IX). From experiments 2 and 3, an
activation energy, AEF = 31.2 # 0,9 kecal./mole, and an
activation entropy, A st = 3.8 + 2,5 e.u., may be calcu~
lated (5) for the hydrolysis of the eyelopropyloarbinyl
derivative XVIIec. The rate constant for this compound,
extrapolated to 30°, is ky = 2.656 x 10™® hr.”; therefors,
the cyelopropylmethylcarbinyl derivative XVIIe
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(ka = 0,16 hr,”*) is 6 x 10® more reactive than the cycloe
propylearbinyl derivative XVIIe in water at 30°,

The aleohols (or esters) obtained from the solvolyses
of the pyridinium salts may arise by means of three reason-
able mechanisms: (1) A direct solvolysis reaction (Syl);
(2) an Sy2 displacement by iodide to give unrearranged
alkyl iodide which then solvolyzes to give the final prod-
ucts; and (3) the displacement of the alkoxy group from
the pyridine ring by an aromatic nucleophilic substitution
mechanism, The solvolyses of Nemethyled-(cyclopropyloare
binyloxy)-pyridinium iodide in 80% ethanol and in water
cannot be Sy2 because the rates are virtually the same as
those of the corresponding perchlorate (see Table III).
The very weak nucleophilicity of perchlorate ion compared
to iodide ion (35) would demand & large difference in rate
between the iodide and the perchlorate salts if the Sy2
mechanism were operative. Furthermore, the large rate
enhancement (6 x 10°®) produced by a-methyl substitution
on the eyclopropylearbinyl substrate 1s consistent only
with the direct solvolysis reaction (5). The aromatic
nucleophilic substitution may ocompete successfully in some
of the investipated solvolyses, However, the hydrolysis
of the cyclopropylcarbinyl derivative must be proceeding
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mostly by the direct solvolysis reaction because the alco-
holis products were a mixture of isomers typical (within
the wide limits of experimental error) of carbonium ion-
type reactions of cyclopropylearbinyl systems (see p. 28)
whereas the nucleophilic displacement mechanism predicts
no isomerization. The enhanced solvolytic reactivity of
the cyclopropylmethyloarbinyl derivative should completely
overwhelm any tendency to react by the aromatic substitutlion
mechanism so the product, cyclopropylmethylcarbinol, undoubte
edly is formed exclusively by a direct solvolysis mechanism,
The observed infinity titers of the kinetic experiments
presented in Table III (84-92% of theory) were disturbingly
low and the factors responsidle for this phenomenon are
very likely related to those causing the deorease of rate
constants in the later stages of the reactions. A possible
explanation is the formation of isomeric unreasctive pyri.
diniwn salts by internal return, Streitwieser (5) has
explained the acid-catalyzed allylic rearrangements of
2-hexen4-0l to 3~hexen-2.0l (86) and of l-phenyl-2-buten-
l-0l to lephanyl-l-buten-3-0l (37) with partial net reten-
tion of configuration on the basis of internal return from
an "ionepair" with water playing the role of the anion part

of a true ion-peir. Thus, thers is some evidence for



w34-

internal return with neutral leaving groups. Cyclopropyl-
carbinyl chloride shows a remarkable propensity to rear-
range by internal return; the acetolysis of the chloride
appears to give 70% of rearranged chlorides (1) and even

the hydrolysis glves a 10% isolated yield of rearranged
chlorides (1), However, intermal return should certainly

be much less important with a neutral rather than an anlonie
leaving group (see p. 12). In addition, the fact that the
cyclopropylearbinyl derivative XVIIc gave a 99% yleld of
alochols (admittedly under different conditions than those
of the kinetic experiments) indicates that internal return
is unimportent for this substrate. Another poséibla
explanation {8 the consumption of the eveolved acid by a

slde reaction. When hydrogen lodide was dissolved in 807
ethanol under conditions approximating those of experiment
1, 15% of the initiasl ecid titer disappeared after 17 hours,
due, probably, to the formation of ethyl iodide or molecular
iodine (the spent solution was brownecolored). Thus, this
factor is undoubtedly important in experiment 1 but its
importance in the other kinetiec experiments is not known.
Still further side reactions may be occurring. A careful
investigation of the solvolysis products should shed cone
siderable light on the source of the low infinity titers
and diminishing rate constants, |
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The ratio of rate constants for the solvolyses of
Nemethyl~4-(cyolopropylmethyloarbinyloxy)-pyridinium iodide
and of Nemethyl-4-(cyclopropylearbinyloxy)-pyridinium
iodide in water at 30° (6 x 10®) is the first reliable
measurement of the effect of an c-methyl group upon the
solvolysis rate of a cyclopropylearbinyl derivative,

Silver (7) found that the acid-catalyzed solvolysis of
cyclopropylmethyloarbinyl p-nitrobenzoate is 40 times
faster than that of cyclopropyloarbinyl p-nitrobenzoate

but there 1s good reason to belleve that the slower of the
two oompounds is reacting by acyl-oxygen fission. From
the solvolysis in 50% ethanol of a mixture of bromides that
probably contained about 10% of cyelopropylmethylecarbinyl
bromide, Silver (7) calculeted a minimum rate constant for
cyclopropylmethylearbinyl bromlde whieh was about twice
that of cyclopropylearbinyl bromide.

If the solvolysis of a cyclopropylcarbinyl derivative
procesds through the classical carboniws ion, one would
expect a rate enhancement due to aemethyl substitution of
greater than 10°, The formolysis of t-butyl bromide is
about 10°® times faster than that of isopropyl bromide (38).
Since the solvolysis of isopropyl bromide is far from
limiting (39), the formolysis of isopropyl bromide is being
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assisted to some extent by nucleophilic attack and the rate
enhancement due to a-methyl substitution would be still
greater if the solvolysis of isopropyl bromide were limiting,
Available rate data (1, 40) indicate that the solvolysis
of oyelopropylearbinyl chlorids is nearly limiting (m = 0.9)
so that one would predict for this case a rate enhancement
of greater than 10° upon a-methyl substitution if a clas-
sical cation were formed in the transition state. In eddi-
tion, one might expeot the effsot of methyl substitution
upon & primary ocarbonium ion (eyclopropylcarbinyl) to be
greater than upon & secondary carbonium ion (isopropyl)
because the positive charge of the secondary carbonium ion
would be more delocalized over the additional alkyl group,
The observed rate enhancement due to a~methyl substi-
tution of the hydrolysis rate of Nemsthyl-4-(eyclopropyle
carbinyloxy)-pyridinium iodide of 6 x 10% is considerably
less than 10® and does not speak for the classical inter-
mediate, However, the factor of 6 x 10° is large enough
to raise the guestion of whether the intermediates in the
solvolyses of cyclopropylearbinyl and oyclobutyl derivatives
are better formulated as classical oyclopropylearbinyl end
cyclobutyl ions, respsctively, rather than a common "bicye
clobutonium® ion. For a classical eyclopropylearbinyl
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intermediate, one would expect very little rate enhancement
due to P-methyl substitution on oyeclopropylcarbinyl chloride
[(1-methyleyclopropyl)-carbinyl chloride], whereas a factor
of about 10* 1s actuelly observed (41). Also, for a clase
sical cyolobutyl intermediate, one would expect a solvolysis
rate enhancement due to ce-methyl substitution on cyclobutyl
chloride (l-methylcyolobutyl chloride) approaching 10® but
the observed effeot is a factor of only 10" (41). These
results indicate that the positive charge of the intermedi.
ates in the solvolyses of cyclopropylearbinyl chloride and
cyclobutyl chloride is highly delooalized and are incone
sistent with rate-determining formation of classical eycloe
propylearbinyl and oyclobutyl ions., In this connection,

it would be useful to have rates on some 2-methyleyelobutyl
derivatives. These substances should be quite reactive
(perhaps 10"-10® faster than cyclobutyl) because they should
ionize to the most stable of the three methyl-substituted
"bisyclobutonium" ions (IIla) as should cyclopropylmethyle
carbinyl derivatives; a classioal intermediate would prediot
essentlally no rate enhancement, The rather large effect

(6 x 10®) upon the solvolysis rate of N-methyl-d«(cycloe
propylearbinyloxy)-pyridinium lodide due to aemethyl sube
stitution suggests that the intermediate in the
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methylesubstituted case may be better formulated as a more
classical (less delocalized) structure such as the "hypere
conjugated™ ion XVIII or possibly as a true homoallylic
cation XIX (42).

CHa % CHy &
| >CH_-CH-CH, J: _>CH:DH-CH,
CHe Ha

XVIiII XIX

In the foregoing discussion of the effect of methyl
substitution on solvelysis rates, no mention hes been made
of groundestate free energles. This 18 a potentlially
dangerous oversight because solvolysis rates are a reflece
tion of both the transition.state (essentially the carbonium
ion) and the ground.state stabilities (42). However, the
approach taken here should minimige this peril because the
effect of methyl substitution on grounde.state stabilities
should be approximately constant for the various substrates
and oconsequently introduce a constant factor into the
observed rate enhancements, Thus, the relative values of
the rate enhancements due to methyl substitution can be
attributed to carbonium-ion stabilities even if their

absolute values cannot,
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Both Nemethyl-4-(cyclopropylearbinyloxy)-pyridinium
iodide and perchlorate are about two times more reactive
in water than in 80% ethanol. This small dependence of
rate on solvent is surprising when compared to the 3110
times greater reactivity of t-butyl chloride at 25° in
water then in 80% ethanol (43). However, Swain (23), in
a study of the Syl solvolysis of tebutyldimethylsulfonium
chloride in a wide range of solvents and solvent mixtures,
found less than a four-fold varietion in the first.order
rate constante; in general, the better solvating media gave
the slowest rates (the solvolysis in 80% ethanol was about
twice as fast es that in water). This behavior was attribue
ted to an important role played by the cationesolvating
powsr of the solvent; the better solvating media stabllize
the sulfonium ion with its localized charge relative to
the transition state where the charge 1s distributed over
sulfur, carbon and nine hyﬂrogéna (23)., It is reasonable,
then, that the pyridinium salts, where the charge of the
substrate is already delocallzed over the pyridine ring
and oxygen, should show behaviors intermediate betwsen
those of t-butyl chloride and febutyldimethylsulfonium
chloride,
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When Nemethyle4«(cyclopropylmsthylcarbinyloxy)e
pyridinium iodide was synthesized, starting with optically
active cyclopropylmethylearbinol (V), and hydrolysed in
the presence of lithium carbonate, the product, V, was of
the opposite configuration end had 4.4 + 1,5% of the origi-
nal activity., We have already shown that the eyclopropyle
methylearbinol is undoubtedly formed exslusively by an
Syle-type mechanism, However, the interpretation of this
stereochemical result is complicated by the possible come
petition between neighboring cyeclopropyl and solvent pare
ticipation. To illustrate this point we may consider the
solvolysis of l-phsnyl-2.propyl tosylate which gives ca.
85% net inversion in ethanol (44), 29% net inversion in
acetic mcld (45) and up to 70% retention in formic meid
(45), These results are explained in terms of a competiticn
between a classical ion intermediate and a non-classical
phenonium ion with the latter being important only in formie
acid (45), Even though the oyslopropyl group appears to
make a very large contribution to the hydrolysis of
Nemethyled-(oyclopropylmethylcarbinyloxy)~pyridinium lodide,
an appreciable part of the reaction may be proceeding
through a classical lon and the contributions of the clas-
sical and noneclassioal intermedlates to the product cannot



be evaluated. The acetolysis or formolysis of this pyri-
dinium salt would minimisze the possibility of solvent
participation. Consequently, the acetolysis of the pyri-
diniun salt was investigated but unfortunately no satis-
factory method of following the kinetics of the reaction
could be found and considerable amounts of rearranged
products appeared to be formed (sse p. 28), This approach
is worthy of further experimentation.

It is interesting that the decomposition of Nenitroso=
N-(cyclopropylmethylearbinyl)~benzamide, the deamination
of eyclopropylmethylcarbinylamine and the hydrolysis of
Nemethyl-4-(cyclopropylmethylearbinyloxy)=-pyridinium odide
all give unusually racemic products for their respective
types of reaction. Taken together, these results suggest
the existence of a mechanism for facile racemization of
the common cationic intermediates in these reactions such

a8 the one proposed in the Introduction.
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TII. EXPERIMENTAL

All melting points and boiling points are uncorrected.
Elemental analyses were performed by Dr. Adalbert Elek,
Elek Microanalytical Laboratories, Los Angeles, California,
Infrared absorption spectra were obtained using a Perkin-
Elmer double-beam recording infrared spectrophotometer,
Model 21, or a Beckman infrared spectrophotometer, Model
IR=-7. All vapor chromatographe were obtained-with a
Perkin-Elmer Vapor Fractometer, Kodel 154-C, using dilso-
decyl phthalate (Column A) as the statiomary phase, unless
otherwise indicated., All optical rotations were observed
with a Winkel-Zeiss Polarimeter relative to air or the
appropriate solvent in the cases of neat liquids and solu=-
tions, respectively; the rotations were observed with a
1-dm, tube and are accurate to + 0.02° unless otherwise
noted. Appendix I gives detailed descriptions of some of
the fractional-distilletion columns used in this work.

Cyclopropylmethylcarbinylamine,~-In a 2-1, three-necked

flask, equipped with a pressurs-equalizing addition funnel,
& mechanical stirrer, a nitrogen inlet and a reflux cone-
denser fitted with a calcium chloride drying tube, were
placed 77 g. (2.0 moles) of lithium aluminum hydride and
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760 ml., of anhydrous ether., To the stirred mixture in a
nitrogen atmosphere was added dropwise 105 g, (1,06 moles)
of methyl cyoclopropyl ketoxime dissolved in 450 ml. of dry
ether so as to maintain a moderate rate of reflux., The
first half of the oxime solution was added over a period
of 1,5 hr.; the flask was cooled with an ice-water mixture
and the remaining oxime was added over a l-hr. period.

The mixture was stirred at room temperature for 18 hr, and-
then under reflux for 34 hr., The condenser was replaced
by a Dry-Ice condenser; the flask was immersed in an ice-
water bath and the reaction mixture was hydrolyzed with
500 ml. of 10% aqueous sodium hydroxids, Ether (250 ml,)
and water (250 ml.) were then added, The flask was equipped
for downward distillation, and distillation was conducted
until a second, aqueous phase formed in the receiver. The
aqueous phase was saturated with potassium carbonate and
the ethereal phase was removed and dried over potassium
carbonate. The solvent was stripped through Column 1 and
the residue was distilled through a 80~em. Vigreux column,
yielding 70,0 g. (78%) of material, b.p. 91-94° (740 mm.),
n*®D 1,4243 (1it. b.p. 94,2-94.8° (746 mm.), n**D 1.4265
(46)).
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Resolution of Cyclopropylmethylcarbinylamine,--From
a solution of 108 g. (1.27 moles) of amine and 190 g. (1.27

moles) of d-tartaric acid in 300 ml. of water was obtained
121 g. (41%) of the amine tartrate salt, Six reerystalli-
zations from 93% ethanol gave 69 g. of salt, m.p. 161.8=
163.,0°., A 15-g., sample of the tartrate and 30 g. of potase
gsium hydroxide were added to 20 ml, of water. The organie
layer was withdrawn and repeatedly shaken with sodium
hydroxide pellets until an aqueous layer no longer formed.
The recovered amine was dried over barium oxide and dis-
tilled through Column 2, yielding 3.6 g. with b,p. 88-92°,
The amine was redistilled through Column 3, giving 1.15 g.,
b.p. 92-94°, a®®D +21,30° (neat). Since analysis by vapore
phase chromatography (VPC) showed the sample to contain
about 5% of lmpurities, it was purified by preparative VPC.
The material which collected had a®*D +21.14° (neat) and
contained about 5% water as determined by VPC.

The remaining amine tartrate, 54 g,, was erystalliged
twice from 98% ethenol giving 46 g., m.p. 161.0-162.0°.

Ansl, Caled. for CeHayNOs: C, 45.95; H, 7.29;
N, 5.96, Found: C, 46.19; H, 7.28; N, 6.1l1,

A 15-g. sample of the analytically pure tartrate was

decomposed as above and the crude amine was purified by
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preperative VPC and dried over barium oxide, yielding
material with a®*D +21,.29° (neat). The sample contained
6% water (VPC). |

The remaining tartrate salt (31 g.), after two more
recrystallizations, gave 26,8 g., m.p. 162.6-164.2°, which
was dissolved with 60 g. of potassium hydroxide in 45 ml.
of water., The solution was continuously extracted with
ether and the extracts were dried over potassium carbonate,
The ether was removed through Column 1 and the residue was
distilled from barium oxide through Column 2, giving 8.0 g.
(838%) of amine, b.p. 92-93°, a®®D +21,80" (neat), 99% pure
by VPC.

The combined ethanolic mother liquors from all the
crystallizations were evaporated to 700 ml., and, on
cooling, 30 g. of tartrate was obtained. Decomposition
of the salt with aqueous base, continuous extraction of
the resulting solution with ether, drying of the extracts
over potassium carbonate and then barium oxide, stripping
of the solvent and finally distillation of the residue
through Column 3 gave 5.4 g. (50%) of amine, b.p. 93°,
a®®D +21,45° (neat),

The amine tartrate remaining in the original equeous

mother liquor was decomposed with 150 g. of potassium
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hydroxide., The solution was saturated with sodium chloride
and the organic phase was removed, dried with potassium
hydroxide and then with barium oxide and distilled through
Column 2, yielding 38,2 g. of amine, b.p. 88-93°%,
a®®D -11.14° (neat).
d-N=-(Cyelopropylmethyloarbinyl) -benzamide, ~-A mixture
of 5.7 g. (0,067 mols, a®®D +21,80°) of d-cyclopropylmethyl-
carbinylamine, 8.8 g. of sodium hydroxide, 12 g. (0.085

mole) of benzoyl chloride and 60 ml., of water was stirred
magnetically for 10 hr. The white precipitate which sep~
arated was collected by vacuum filtration and was recrystal-
liged from 50% ethanolewater and then from 50% benzene-
hexens. The yield of purified benzemide was 11.0 g. (93%),
m.p. 123.4-124,.0°, [a]®®D +33,7 3,0.2' (absolute ethancl,
¢ = 5,0). Further recrystallization failed to raise the
melting point of the product. The infrared spectrum of
the optically actlive benzamide was identical to that of a
sample of racemic benzamide with m.p. 96.0-97.0° (1lit. m.p.
96.8-97.6° (7)).

Cyclopropylmethylcarbinol was prepared in 62% yield

by the reduction of methyl cyclopropyl ketone (62.7 g.,
0.746 mole) with lithium aluminum hydride (11.9 g., Q.31
mole) in ether solution and had b.p. 116°, n®®D 1,4209
(1it. b.p. 123.5%, n®°D 1.4816 (47)).
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Resolution of Cyclopropylmethylcarbinol. A. 4,1

Cyclopropylmethylcarbinyl Hydrogen Phthalate.-~In & 100~

ml., round~bottomed flask was placed 75 ml., of reagentegrade
toluene and one-third was distilled to remove any moisture
that may have been present. The remaining toluene was
allowed to cool (protected from moist air with a caleium
chloride drying tube) and 10.8 g. (0.125 mole) of d,l-cyclo~
propylmethylcarbinol and 18.5 g. (0.125 mole) of phthalie
anhydride were added, The mixture was stirred magnetiocally
and heated in an oil bath at 85«90° for 12 hr.; it was then
cooled and poured into a solution of 18 g, of sodium care
bonate in 900 ml, of water, The aqueous phase was filtered
and acidified with conc. hydrochloric acid. The oil that
separated solidified upon standing and was collected and
vacuum~dried to give 20.2 g, (69%) of white crystals, m.p.
67.8-69.4°., An analytical sample, m.p. 68.4~69.8°, was
obtained by recrystallization from acetic acidewater,

Anal, Calecd, for C,sHieOut C, 66.653 H, 6,02,
Found: C, 66,663 H, 5,94,

B, Resolution of CyclopropylmethylcarbinylAﬁydroggg

Phthalate.~=-To 800 ml. of reagentegrade acetone were added
81 g. (0,345 mole) of racemic cyclopropylmethylearbinyl
phthalate and 136 g. (0,345 mole) of anhydrous brucine.
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When the mixture was heated to reflux, the reactants dis-
solved but a precipitate of crude brucine cyeclopropyle
methylearbinyl hydrogen phthalate soon formed. The hot
acetone solution was vacuum-filtered from the precipitate
and the filtrate, upon cooling, deposited crystals of the
brucine salt. The yield of crystels was 52 g. The mother
liquor was used to dissolve more of the erude brucine salt,
Filtration and cooling of the solution gave 88 g, of
crystals. Repetition of the process dissolved the remaining
crude brucine and afforded 16 g. of orystals. 6

The three crops of crystallized brucine salt (156 g.)
were dissolved in the minimum amount (350 ml.) of boiling
reagent-grade methanol end the solution was refrigerated,
affording 81 g. of salt, m.p., 166-170°, Seven additiomal
recrystallizations gave 38 g, of bruéino d-cyclopropyle-
methylcarbinyl phthalate, m.,p. 175,0-177.6°. Froam previous
experiments, it was known that this melting point sould
not be raised by repeated recrystallizations from methanol,

Anal, Calcd. for CyeHeoNeOs: C, 68,77; H, 6.41.
Found: C, 68.18; H, 6.836,

The pure salt was decomposed by dissolving it in the
minimum amount of boiling 95% ethanol and pouring the
resulting solution into 240 ml, of water and 16 ml, of
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conc. hydrochloric acid in a separatory funnel. An oil
separated at the bottom of the funnel, It was known frmm
preliminary experiments that the oil could not be induced
to erystallize directly; consequently, it was dissolved

in five volumes of glacial acetic acid; then, water was
added to the cloud point, The solution was frozen solid

in a Dry-Ice acetone bath and scratched as the solid warmed
and melted. At about 15° a finely divided precipitate
remained but turned to oil at room temperature. When the
solution was cooled before it reached room temperature,
oiling was prevented., The first crop, 4, of optically pure
phthalate was collected and dried in a vacuum desicecator
over phosphorous pentoxide, 2,8 g., m.p. 57.8-59.8°%,

[a]®*D +83.1 + 0.2° (ocarbon tetrachloride, ¢ = 10.2);

the infrared spectrum was identical to that of the E!lf
phthalate., Water was added to the mother liquor to the
cloud point. Freezing, scratching while warming, and
refrigeration of the solution gave a second crop, By 1.6 gey
m.p. 58.2-69.8°, [a]®®D +83.7 £ 0.2° (¢ = 10.2). A third
crop, C, was obtained in & similar manner, 1,0 g., MePe
57.4-59.0°, [a]*®D +32.8 £ 0.2° (¢ = 10.1). A fourth crop

could not be realized,
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Crop B was recrystallized from acetic acid-water by
the above procedure into three fractioms: B-l, 0.15 g.,
m.p. 57.8-50.6%3 B=2, 0.50 g., m.p. 57.8-59,2%, [a]®'D +33,1
+ 0.2° (¢ = 9.7); B-8, 0.3 g., m.p. 57.6-69,2°,

C. Reduotion of d-Cyclopropylmethylcarbinyl Hydrogen
Phthalate.=-The combined crops A, B-1,2,8, and C of the
d-phthalate (4.0 g., 0.017 mole, including all the samples

used for measuring optical rotations, which had been evap~
orated to dryness under an ailr stream and dried) were dis-
solved in 75 ml. of dry ether, The solution was added over
a O.5«hr. period to 2.8 g. (0,060 mole) of lithium aluminum
hydride suspended in 75 ml. of ether in a 500-ml., three=-
necked flask equipped with a mechanical stirrer, a reflux
condenser, & pressure-equalizing addition funnel and a
nitrogen inlet. A nitrogen atmosphere and stirring were
maintained throughout the reaction. The mixture was held
at reflux for 1 hr, and then 7.7 ml, of ethyl acetate was
added to decompose excess hydride. The mixture was stirred
for an additional 15 min,, the condenser was replaced by a
Dry-Ice condenser and 10 ml, of water was added. The mix=~
ture wae then stirred and heated under reflux for 1 hr.

and at room temperature for 4 hr., and was then allowed

to stand for 8 bhr. until all the grey salts had disappeared,
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leaving only a white precipitate. The ether was decanted
and the precipitate was washed twice with 50-ml. portions
of ether., The combined ethereal solutions were dried over
potassium carbonate. The ether was removed through Column 1
and the residue was distilled through Column 2, Low-boiling
materials (b.p.< 76°) were removed at atmospheric pressure
and the rest of the distillation was carried out under
reduced pressure, After 0.26 g. of forerun, 1.17 g. of a
mixture, contalning 82.6% of cyeclopropylmethylecarbinol and
17.4% of ethanol and water (VPC), was obtained with b.p,
70-72° (96 mm.), a®°D +18,25° (neat). The main fraction
was redistilled through the same column giving 0,19 g. of
forerun and 0.68 g. of a mixture, containing 93,7% of
carbinol and 6.3% of ethanol and water with b.p. 70°
(90 mm.), a®°D +19,46° (neat), Linear extrapolation of
the two observed rotations to 100% carbinol gave aD +20,1°.
d-Cyclopropylmethylcarbinyl Benzoate.-=In & 100-ml.,
round-bottomed flask, equipped with & magnetic stirrer, a

reflux condenser and a caleium chloride drying tube were
placed 50 ml. of dry ether, 0.30 g. (0,012 mole) of sodium
hydride and 0.54 g. (0.006 mole, a®°D +19.45°) of d-cyclo-
propylmethylearbinol. The mixture was stirred under reflux
for 4 hr. The white sodium alcoholate precipitated, The
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mixture was cooled to room temperature and 1.0 ml. (0,009
~ mole) of benzoyl chloride was added. The mixture was
stirred at reflux for 1.5 hr. and at roam temperature for
12 hr. After 24 more hr., 5 ml. of water was added to
decompose the remaining hydride and to dissolve the sodium
salts. The ethereal phase was separated, extracted twice
with 2-ml, portions of water and dried over magnesium sul-
fate., After removal of the solvent, the residue was dis-
tilled through Column 2, After 0,06 g. of forerun, 0.52 g.
(44%) of benzoate was obtained with b.p. 47-49° (1 mm.),
a®"D +38.82° (neat), n®®D 1.5064; the infrared spectrum
was identicael to that of an analytically pure sample
obtained from the decomposition of N-nitroso-Ne(cyclo-
propylmethylcarbinyl)~benzamide (below).

Preparation and Decomposition of Optically Active

Naﬂitroso-ﬂ-(cyclopropylmethylcarbinyl)-benzamide.--For

each of the two experiments, the nitrosamide was prepsred
from a mixture of 100 ml, of a 0.8M solution of nitrogen
tetroxide (Matheson) in reagent-grade carbon tetrachloride,
8e3 ge (0.10 mole) of sodium acetate and 4.7 g. (0,025

mole) of the above d-N=(cyclopropylmethylearbinyl)e-benzamide,
stirred magnetically for 80 min., at 5°, The mixture was

poured onto 100 g, of ice &nd the organic layer was removed
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and extracted with water and with 5% aqueous sodium bicar-
bonate and then dried over sodium sulfate; all operations
were ocarried out at 0-5°, The solution was decanted and
evaporated to dryness under vacuum at 0°, leaving the orude
nitrosamide as a yellow oil. The per cent retention of
optical activity in the produet (cyclopropylmethylearbinyl
benzoate) of the decomposition of the nitrosamide was cal~
culated on the basis that the starting benszamide was optie
cally pure and the rotation of optically pure product is
aD 33.82°,

A. Decamposition in Pentane,=-The crude nitrosamide

was stirred overnight in 125 ml. of resgent-grade pentane
at room temperature. The solution was then stirred with
sodlum hydroxide pellets to precipitate the benzoic acid
formed during the decomposition., After filtration and
distillation of the solvent, the residue was distilled
through Column 2, yielding 2,00 g. (60%) of eyelopropyle
methylcarbinyl benzoate, b.p. 56«58° (1 mm.), a®*°D +5,26°
(neat). A broad absorption band at 3200 cm. * in the
infrared spectrum of the product suggested the presence

of benzoic acid as an impurity. Consequently, the product
wag dissolved in 50 ml, of ether and the ethereal solution

was extracted with 50% aqueous potassium carbonete and
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dried over sodium sulfate, Removal of the solvent and dis-
tillation of the residue through Column 2 gave 1.25 g. of
benzoate, b.p. 56-68° (1 mm.), a®®D +5.68° (neat, 16.8%
retention of optical activity), n®®D 1,5066; the 3200 cme *
bend had disappeared. The nuclear magnetic resonance (NMR)
spectrum (see p. 78) and the infrared spestrum were
consistent with the assigned structure,

Anel, Caled. for CieHieOst C, 75.763 H, 7.42.
Founds C, 76.113 H, 7.39.

B. Decogggaition in Dioxane,=~«The crude nitrosamide

was stirred magnetically in 100 ml, of purified (48) dioxane
at room temperature for 18 hr, The solution was then
stirred with a sodium hydroxide pellet and decanted. The
solvent was stripped and the residue was distilled through
Column 2, yielding 1.40 g, (85%) of liquid with b,p. 67-72°
(1 mm.). Because of the presence of an infrared absorption
band at 3200 om. ?, the product was purified by dissolving
it in 40 ml. of ether and treating the solution as in

Part Ay yield 0.71 g., b.p. 65° (1 mm,), a®®*D +7,18° (neat,
2l.2% retention of optical activity), n"®D 1.5065; the
infrared spectrum was now identical to that of the analyte
ically pure sample of Part A.
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Deamination of Optically Active Cyelopropylmethylcar=
binylamine with Nitrous Acid,=~For all but the last experi-

ment, the reaction vessel was a 100-ml., round-bottomed
flask, equipped with a magnetic stirrer, a reflux condenser
and a gas exit tube., The evolved gases were collected by
displacing water from an inverted graduate cylinder. The
pH measurements were made with a Beckman Glass Flectrode

pH Meter, Model H, on the entire reaction mixture cooled

to room temperature. The pH of the reaction mixture was
deliberately kept high to avoid acid-catalyzed racemization
of the product, cyclopropylmethylcarbinol. The deaminations
were conducted at reflux but were still very slow, as
indicated by the rate of gas evolution, and virtually ceased
as the reaction proceeded and the solution became more
baslc., Consequently, the reaction was periocdically inter-
rupted and more acid was added to lower the pF and speed

up the reaction. The pH of the solution was measured before
and after the reaction and before and after each addition

of acid but only the extremes of the pH readings are
reported, The total pericd of time under reflux and the
total amount of acid used are given for each experiment.

The products were isolated by continuous extraction of the

reaction mixture (saturated with sodium chloride) with
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ether, The ethereal solution was dried over sodium sulfate
and decanted. The ether was removed through Column 1 and
the residue was distilled through Column 2, All optiecal
rotations were measured with neat samples,

A. The reactants were 50 ml., of water, 8.7 g. (0.052
mole) of 60% acueocus perchloric acid, 4.8 g, (0,050 mole,
a®®D +9,18°) of emine and 10 g. (0.14 mole) of sodium
nitrite and 870 ml., of gas was evolved after 9.5 hr. of
heating. The pH range was 8,2-0,2., The isolation proce=-
dure gave 0,25 g, of forerun which was mostly methyl cyclo-
propyl ketone as determined by infrared analysis and VPC.
The main fraction, 0.78 g., bep. €69=72° (99 mm.), a®D
+0,04°, had an infrared spectrum identical to that of
eyclopropylmethylcarbinol with the exception of additional
bands at 1600, 1660 and 1695 em,”*, The 1695 em, * band
cdrresponded to the carbonyl absorption band of methyl
cyclopropyl ketone and the 1600 and 1660 cm. © bands were
attributed to the N-H deformatlion mode of cyclopropyl-
methylecarbinylamine, No satisfactory method of analyzing
for small amounts (1«2%) of the amine (or the ketone) in
the presence of the carbinol by VPC could be develeped.
However, the concentration of the amine in the product was

estimated as 2% by comparing the infrared spectrum of the
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product with those of mixtures of amine and aleohol of
known concentrations.

B, The reactants were 8,6 g. (0.052 mole) of per-
chloric acid, 4.8 g. (0.050 mole, a®°D +8,18%°) of amine
and 5 g. (0.07 mole) of sodium nitrite in 40 ml. of water
end 980 ml, of ges was ocollected over 11 hr. of heating.
The pH range was 8,3«8,8, The products isolated were 0.19 g.
of forerun, mostly alcohol with scme ketone (VPC), and
0.67 g. of aleohol containing 1% of amine (infrared),
bep. 70-72° (98 mm.), a®’D -0,04°,

C. The reactants were 50 ml. of water, 8.9 g. (0.058
mole) of perchloric acid, 4.3 g. (0.050 mole, a®°D =9,67°)
of amine and 10 g. (0.14 mole) of sodium nitrite and 10850
ml, of gas was evolved over 21,5 hr. of heating. The pH
renge was 7,6-9,4, The usual isolation procedure (with
the exception that the ether was removed through a 50-cm.
Helipake-packed column) gave 0,24 g. of forerun, mostly
ketone (VPC), and 1.39 g., bepe 70° (95.5 mm,). The main
fraction was redistilled from 0.5 g, of adipiec acid (to
remove amine) through Column 2, giving 0.19 g. of forerun
and 1,01 g. of aleohol containing 1% of amine (infrared),
b.p. 70° (95 mm.), a®®D +0,27°,
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D. The apparatus was & 100-ml., three-necked flask
equipped with pH electrodes, & magnetic stirrer, a reflux
condenser, a thermometer and a gas-collecting system. To
the flask were sdded 40 ml. of water, 8.0 g. (0,048 mole)
of acid, 4.8 g. (0,050 mole, a®°D +9,18°) of amine and
5 go (0.07 mole) of sodium nitrite, The electrodes and
the thermometer were adjusted so that they were well below
the surface of the solution but did not interfere with the
megnetic stirring bar. Stirring was maintained throughout
the reaction. At 26°, the pH was 8,0, The solution was
heated to 80° with an oil bath over a 10=-min, period, during
which time 45 ml, of gas was collected, The pH meter now
read 7.8 without adjusting the temperature compensating
control. The solution was held at 80° end additional acid
was added periodically, through the condenser, closing the
system as soon as possible thereafter, By this method,
the reading of the pF meter was maintained between 6.0 and
7.8, After 10 hr., 1200 ml. of gas had been collected and
the meter read 6.4 (5.5 after cooling the solution to room
temperature). Isclation of the products gave 0.50 g. of
forerun, 1.61 g., b.p. 72-101° (98«81 mm.) and 0.28 g.,
bep. 56° (11 mm,). The main fraction contained 14% of
cyclopropylmethylcarbinol and 75% of an unknown compound,
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A (VPC). The last fraction contained 3% of the aloohol
and 91% of A (VPC) and its infrared spectrum showed no

prominent absorption in the region of 1500-5000 om,

3xoept
for bands in the C-H stretching region (2800-3100 om."").
On the basis of the NMR (fig. 1) and infrared spectra of
the last fraction, A was assigned the structure
bis=(cyclopropylmethylearbinyl) ether.

Racemigation of Cyclopropylmethylcarbinol under the
Conditions of the Amine-Nitrous Acid Reaction.=-To 50 ml,
of water were asdded 6.4 g. (0,088 mole) of 60% perchlorie

ecid, 5.0 ml, (0.039 mole) of d,1-l-phenylethylamine, 7 g.

(0.1l mole) of sodium nitrite and 1.21 g. of cyclopropyl=
methylearbinol, a®®D «1.36° (neat). The initial pH was
7.0. The solution was heated under reflux for 5 hr, and
evolved 965 ml. of gas. The cooled solution was now pH
8.9, The usual isolation procedure gave 0,08 g. of forerun
and then 0.75 g. of cyclopropylmethylearbinoel, b.p. 70-71°
(101 mm.), a®°D ~1.14° (nest), corresponding to 847 reten=
tion of optical aotivity., The still residue contained
4.6 g. of a red liquid,

Deamination of Optically Active l-Phenylethylamine
with Nitrous Acid,=-The amine was resolved by the method
of Theilacker and Winkler (49). The products were isolated
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by continuous extraction of the reaction mixture with ether;
the ethereal solution was then dried, stripped of solvent
through Column 1, and the residue was distilled through
Column 2, It was found that 1% of the starting amine in
the product could easily be detected by VPC by examining
mixtures of amine and alcohol of known composition. Some
of the products contained appreciable amounts.of amine
which could be removed by redistillation from adipic aecid
through Column 2, The final samples of lephenylethanol
contained much less than 1% of amine unless otherwise indi-
cated. All pH measurements were made at room temperaturs
with a Beockman pH Meter, All optical rotations were
measured with neat liquids. The stereochemical results
were calculated using a value of a®®D 38,80° for the opti-
celly pure amine (49); a®°D 43,44° was used (50) for the
aleohol, Amine and alcchol of the same sign of rotation
have the same configuration (51).

A. To 80 ml. of water were added 5.2 g. (0.031 mols)
of 60% perchloric aeid, 5,0 ml. (0.089 mole, a®®D +26,46°)
of amine and 7 g. (0.1l mole) of sodium nitrite; the pH
was 8,4, The solution was stirred magnetically at reflux
for 20 hr. raising the pH to 8.9, The isolation procedure
gave 0,18 g. of forerun and 2,84 g., b.p. 68-72° (4:5 mm, ) ,
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a®*7’D +3,15°, Redistillation from 1 g. of adipic acld gave
0.17 g. of forerun and 1.11 g. of pure l-phenylethanol,
b.p. 63° (2.8 mm.), n®*D 1.5253, a®°®D -1.57° (5.6% net
inversion of configuration). The reported values are

b.p. 100° (18 mm.), n*°D 1.5211 (50).

B. The reaction mixture was 35 ml. of water, 5.9 g.
(0.085 mole) of perchloric acid and 5.0 ml. (0.039 mole,
a®®D -22,18°) of amine and 7 g. (0.11 mole) of sodium
nitrite, After 0.07 g. of forerun, 3.43 g., b.p.ﬁ77-83°
(6 mma,), a®®D -1.42°, was obtained, Redistillation from
adipiec acid gave 0.04 g. of forerun and 1.75 g. of pure
alcohol, b,p. 61-62° (2,4-2.8 mm.), n®*D 1,5250, a®*°D +1,80°
(5.2% inversion).

C. The reaction mixture contained 35 ml, of water,
7.0 g. (0,042 mole) of acid, 5.0 ml, (0.039 mole, a*°D
-22.18°) of amine and 7 g. (0.11 mole) of sodium nitrite
and was stirred magnetically at reflux for 4 hr., After 0.24
g. of forerun, 3,34 g., b.p. 89° (11.5 mm.), a®°D +1.04°,
was obtained. Redistillation of the main fraction from
adiple acid gave 0.04 g. of forerun and 2.42 g. of pure
alcohol, b.p. 63° (3.0 mm.), n®*D 1,5260, a*°D +1.08°
(4.3% inversion).
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D. To 50 ml, of water were added 7.84 g. (0.047 mole)
of aeid, 5.0 ml. (0.039 mole, oa*°D +25,46°) of amine and
7 g. (0,11 mole) of sodium nitrite., The solution was
stirred for 15 min. and allowed to stand overnight. The
isolation procedure gave 0,17 g, of forerun and 3.20 g.
of pure slcohol, b.p. 72-76° (4,5 mm.), a®*D -2,11° (7.4%
inversion).

E. In 100 ml. of water were dissolved 3.1 g. (0.026
mole, a®*®D -22,18°) of amine, 69 g. (0.5 mole) of sodium
dihydrogen phosphate monohydrate and 8.0 g. (0.2 mole) of
sodium hydroxide; the solution had pH 5.9. A solution of
6.0 g. (0,087 mole) of sodium nitrite in 15 ml. of water
was added. The solution had pH 6,0 after 3 hr. at reflux,
After 1.07 g. of forerun, 1.44 g. of pure alcohol, b.p.
75-78° (6.5 mm.), o*®D +2,92° (11.6% inversion) was obtained,

F. To 150 ml. of water were added 104 g. (0,76 mole)
of sodium dihydrogen phosphate monohydrate, 12.4 g. (0.31
mole) of sodium hydroxide, 5.0 ml, (0.039 mole, a*°D -19.24°)
of amine and 7 g. (0.1l mole) of sodium nitrite; the pH
was 6,05, The solution was heated to reflux for 2 hr, and
after cooling the same over a 3«hr, period, had pH 6.07.
After 0.15 g. of forerun, 3.33 g, of pure alochol, b.p.
71-75° (5.5 mm.), a®°D +2,87° (13.2% inversion of config-

uration), was obtained.
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@, The reaction mixture consisted of 150 ml. of
water, 52 g. (0.38 mole) of sodium dihydrogen phosphate
monohydrate, 6.0 g. (0.15 mole) of sodium hydroxide, 5.0
ml. (0,089 mole, o®°®D +25.46°) ¢f amine and 7.0 g. (0.1l
mole) of sodium nitrite and had pH 6.2. The solution was
heated under reflux for 2 hr, and allowed to stand at room
temperature for 12 hr,; the pH was unchanged. After 0.36
g. of forerun, 3.33 g., b.p. 73=77° (5.5 ma.), o*°D -3.88°,
was obtelned, Redistillation of the main fraction from
adipic acid gave 0,53 g. of forerun and 1.80 g. of pure
aleohol, b.p. 56° (2.0 mm,), n**D 1,52566, a®*°D -3,91°
(13.6% inversion).

H., The reactlon mixture was the same as that of
experiment F (except that the scdium hydroxide was omitted)
end had pH 3,95, After heating the solution under reflux
for 4 hr., the pH was 4,20, The isolation routine gave
0.58 g. of forerun and 2.32 g., b.p. 65-70° (4 mm.),
a*®D «0.23°, of alcohol containing 1% of amine (VPC).

4-Pyridylpyridinium Dichloride was prepared by the
method of Bowden and Green (52), From 1000 g. of technicale

grads thlonyl chloride and 340 ml. of pyridine was obtained

293 g. of a golden-brown powder, m,p. 160-166° (1it. m.p.
158-160° (52)).
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4-Hydroxypyridine was prepared by the method of Koenigs
and Greinmer (563). From 120 g. of 4=pyridylpyridinium
dichloride was obtained 34.3 g. (69%) of tean crystals.

4-Chloropyridine was prepared by the method of Leis

and Curran (64). From 38 g. of phosphorous pentachloride,
38 g. of phosphorous oxychloride and 33 g. of 4-hydroxy-
pyridine was obtained 24 g. (61%) of product, n®*°D 1,5200
(11it. n"®D 1.5280 (54)), which was stored at -5° to prevent
polymerization. ¢
4~Benleoizgxgidine was prepared after the method of
Shaw (55) and had m,p, 51.6-54,8° (1it, m.p. 55-56° (55)).
NeMsthyle4-bensyloxypyridinium Iodide.--On a steam
bath were heated 0,50 g. of 4-bensyloxypyridine and 0.50 g.
of methyl iodide. The solution solidified after a few
minutes, The solid was crystallized from ethanol-ethyl

acetate giving 0.70 g. (79%), m,p. 146.8-149.8°, Two

reorystallizations from absolute ethanol gave 0.6 g. of

light-tan crystals, m.p. 149.4<150,8° after vacuum drying,
éggi. Calod. for CysHi(INO: C, 47.72; H, 4.31;

I, 38,79, Found: C, 47.34; H, 4.49; I, 39.09.
N-Methyl-4-benzyloxypyridinium Perchlorate was prepared

from 88 mg. of Nemethyl-4-benzyloxypyridinium fodide dis-
solved in 6 ml, of 80% ethanol to which was added & soclution
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of silver perchlorate in ethanol until no more yellow
precipitate would form. The solution was filtered from
the precipitate and evaporated to dryness under vacuum,
The residue was dissolved in 10 ml, of methylene chloride,
filtered, and ether was added to the cloud point., Cooling
gave 4) mg. (51%) of white crystals, m.p. 141.4.142,2°
after vacuum drying over phosphorous pentoxide.

Anal. Celcd. for CigHieClNOg: €, 52.09; H, 4.71;
€1, 11.83; N, 4.67. Found: C, 51.68; H, 4.69; C1, 11.96;
N, 4.89,

4-(Cyolopropylearbinyloxy)epyridine ,--In & §0-ml.,

round-bottomed flask, protected by a calcium chloride

drying tube, were placed 2.4 g, (0.032 mole) of cyclopropyle
carbinol, 0.76 g. (0.032 mole) of sodium hydride and 10
al. of purified (56) dimethyl sulfoxide. The mixture was
stirred magnetically for 1 hr., when 3.2 g. (0.028 mole)
of 4-chloropyridine was added, and stirring was continued
for 8 hr, The red solution was filtered and the precipi.
tate was washed with hot bengzene. The dimethyl sulfoxide
solution and benzene washings were combined, the benszene
was removed under vacuum and the residue was distilled
through Column 2 at 1 mm. After the dimethyl sulfexide
(b.p. 81°) was distilled, 3.73 g. (89%) of a colorless
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liquid, b.p. 57° (1 mm.), was obtained which was redistilled
through the same column giving three rractions, b.p. 85°
(3 mm,), n**D 1,5214-1,5260. The third fractionm,
gf'D 1.5268, was analyzed,
Anal, Caled. for CeHyaNO: C, 72.45; H, 7.43; N, 9.39,
Found: C, 72.83; H, 7.82; N, 9.29,
The KMR spectrum of the third fraction was consistent
with the assigned structure (see p. 78).
55!55931-4-(quloproﬁz}carbigzgg;x)-pxridinium Iodide

was prepared from 1.5 g. of 4-(eyclopropylcarbinyloxy)=
pyridine and 2 ml., of methyl iodide in a tightly stoppered
test tube., The exothermic reastion was moderated by peri-
odically cooling the tube in ice water. The mixture became
thiock and then crystallized. Reorystallization from methe
ylene shloride-sther gave 2.00 g. (68%) of yellow crystals,
m.p. 110,4-111,1° after vaouum drying, The NMR spectrum
was consistent with the assigned structure (see p. 78).
Anal, Caled. for CioHaoINO: C, 41.25; H, 4.85;
I, 43,693 N, 4,81, Found: C, 41.403; H, 4.85; I, 44.79;
N, 5.04,
N-Methyl-4-(cyclopropylearbinyloxy)-pyridinium Per.

chlorate was prepared from 0,40 g, of Nemethyl-4.(cycloe
propylearbinyloxy)-pyridinium iodide dissolved in 10 ml.
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of absolute ethanol to which a solution of silver perchlorate
in ethanol was added until no more yellow precipitate would
form, The mixture was boiled and filtered and the precipl-
tate was washed with 10 ml. of hot ethanocl., The combined
ethanoliec filtrates were evaporated to 10 ml. under vacuum
whereupon & white precipitate separated. Subsequent boiling
and ocooling gave 0,28 g. of white orystals, which, after
vacuum drying, hed m.p. 87.0-87.6° (oloudy). The product
was taken up in 2 ml. of methyleme shloride and filtered
from a small amount of grey insoluble meterial. Addition
of ether to the filtrate and cooling gave 0.26 g. (72%)
of material having m.p. 87.6-88,0° after vacuum drying.
Anal, Caled. for CioHaeClNOg: C, 45.56; H, 5.85;
Cl, 13.45; N, 5,31, Found: C, 45,803 H, 5.52; C1l, 13.50;
N, 5.80.
4-!Cxolbprogzlﬁathxﬂcarbig;i#;y)-gyridlna was preparsd
in a similar manner to 4«(cyclopropylearbinyloxy)-pyridine.
From 5.6 g. (0.065 mole) of cyslepropylmethylcarbinol,
1.56 g. (0.065 mole) of sodium hydride, 20 ml. of purified
dimethyl sulfoxide and 7.4 g. (0.065 mole) of 4-chloropyrie
dine was obtained 9.1 g. (86%) of a colorless liquid, b,p.
72° (1 mm,). Redistillation gave three fractioms, b.p.
77° (2 mm,), n**D 1.5130-1,5160, The third fraction,
g?'D 1,6160, was redistilled from barium oxide and analyzed.
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gégl. Caled. for CioHigNO: C, 73.59; H, 8.03;
N, 8,58, Found: C, 73,91; H, 8,023 N, 9.083.

The NMR spsctrum of the product was consistent with
the assigned structure (see p. 78).

N-Methyl-4-(eyolopropylmethylearbinyloxy)-pyridinium
Iodide.«~~In a stoppered flask were placed 2.54 g. of

4-(cyolopropylmethylcarbinyloxy)-pyridine and 3 ml, of
methyl iodide. The exothermic reaction was moderated by
cooling the flask under a stream of water. The excess
methyl iodide was removed under vacuum leaving 5.74 g.
(104%) of a viscous orange oil. It was known from pre-"
liminary experiments that this 0il could not be induced
to crystallize from methylene chloride-ether; however, its
NMR spectrum was consistent with the assigned structure
(see p. 78). The oll was dissolved in 15 ml, of reagente
grade acetone and filtered, Crystallization was induced
by cooling the solution in a Dry Iceeacetone bath with
vigorous scratehing. Just after the first crystal appeared,
the solution was cooled at 0°, and orystallisation slowly
continued, The white crystals were collected in a 2.ml,,
sintered-glass Beuchner fumnel, The funnel was gquickly
transferred to & stoppered, 15-ml, centrifuge tube and was
centrifuged for 5 min., in a centrifuge cocled by placing
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Dry Iee in the guard bowl., The centrifuged crystals, 1.8
g.,vuurn gquickly placed in a vacuum desicoator where they
began to fuse, Before fusion was complete, the product
was cooled and 1,2 g. of acetone was added. The mixture
was stirred until solution was almost complete and cooled
again, The precipitate that formed was collected as before
end was placed in a vacuum desiccator where it melted to
a slightly yellow oil weighing 0.90 g. Two more crystal-
lizations from acetone gave 0,40 g. of a nearly colorless
oll which wes dissolved in methylene chloride and filtered
to remove a few particles of foreign material. The meth-
ylene chloride solution was plased in a vacuum desicoator
over phosphorous pentoxide for four days, leaving 0.41 g.
of oll whioh was analyzed.
| Anal. Caled. for Cy3HyoINO: C, 43.29; H, 5.29; I, 41.59;
N, 4.59, Found: C, 43,48; H, 5,585 I, 41.23; N, 4.52.
Metathesis of samples of the methiodide with silver
perchlorate and with silver trifluorcacetate produced
colorless oils which could not be induced to crystallisze,
4-(1-Phenylethoxy)-pyridine was prepared in a similar

mamer to 4-(cyclopropylcarbinyloxy)-pyridine. From 5.1 g.
(0.042 mole) of l-phenylethanmol, 1.0 g. (0.042 mole) of
sodiwm hydride, 10 ml, of purified dimethyl sulfoxide and
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5.1 g. (0.045 mole) of 4-chloropyridine was obtained 7.2 g.
(86%) of a viscous ysllow liquid, b.p. 120° (1 mm.). The
product was refractionated and a nearly colorless central
cut,AS.O g.; bad b.p. 94° (1 mm,), n®%D 1.5644,

Amal, Caled, for CisHigNO: C, 78.36; H, 6.57;
N, 7,03, Fownd: C, 78.02; H, 6,79; N, 7.04,

The analytical sample darkened upon standing unless
sealed under nitrogen. The KMR speotrum of the product
was conslstent with the assigned structure (see p. 78).

The reaotion of the alkoxypyridine with methyl ilodide
produced a viscous orange oil which could not be induced
to orystallize although its NMR spectrum (see p. 78) was
consistent with the structure Nemethyled-(l-phenylethoxy)=
pyridinium iodide. From 1,00 g, of the alkoxypyridine was
obtained 1.73 g. (101%) of an orange oil after removing
the exoess methyl iodide under vacuum, The oll was dise
solved in 1,90 g. of glacial acetic acid and heated on a
steam bath for 4 hr., at which time two phases formed.
The lower phase solldified upon cooling the system to room
temperature. The precipitate was collected and washed with
ether and had m,p. 129-187°, Reerystallizetion from acetone
gave 0,14 g. of yellow crystals, m.p. 125-137°, The liquid
phase of the reaction mixture was distilled through a
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simple head at 1 mm,, the receiver being cooled in Dry Ioce-
acetone, Examination of the distillate by VPC showed acetiec
acld and one other peak, The unknown peak was collected

on a preparative scale giving 182 mg. of a yellow liguid.
Repurifiocation by preparative VPC falled to remove the
yellow color, The unknown material was assigned the struce
ture l-phenylethyl acetate on the basis of its NMR spectrum
(see p. 78).

Optically Active 4-(Cyclopropylmethyloarbinyloxy)-
pyridine was prepared in a similar fashion to the racemic
compound. From 3.0 g. (0.035 mole, a®"D «3.39°) of cyclo-
propylmethylearbinol, 0.84 g. (0.085 mole) of sodium
hydride, 15 ml, of purified dimethyl sulfoxide and 4.0 g.
(0.085 mole) of 4-chloropyridine was obtained 4.1 g. (72%)
of produect, b.p. 85-66° (1 mm.), Redistillation of the
product gave 0,57 g. of forerun and 3.40 g., b.p. 106-107°
(6.5 mm.), n®*D 1.5156, a®*D -0,87° (neat).

Preparation and Hydrolysis of Optlecally Active

N-Methyle4-(cyclopropylmethyloarbinyloxy)-pyridine .--The

reaction of 2.37 g. of the above optically active 4-(cyclo-
propylmethylearbinyloxy)-pyridine with excess methyl iodide
gave 4,36 g, (98%) of a viscous orange oil, [a]®*°D +0,3°
(chloroform, ¢ = 6.8), after removal of the excess methyl
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iodide in a vacuum desiccator over phosphorous psntoxide
for five days. The infrared spsctrum (neat) of the oil
was similar to but not superimposable with that of the
racemic methiodide. The variations were minor except for
a broad band at 3440 em.”* which was much stronger in the
spectrum of the racemic methiodide,

The optically active methiodide (3.85 g.) was dissolved
in 50 ml. of triply distilled water and 2 g. of reagent-
grade lithium carbonate was added to buffer the solution.
The mixture was stirred magnetically at room temperature
for 36 hr, and was then continuously extracted with ether,
The ethereal extracts (75 ml.) were dried over sodium sule
fate and then magnesium sulfate, stripped of solvent through
Column 1 and the residue was distilled through Column 2,
giving 0.57 g. (53%) of product with b,p. 70° (98 mm.),
n®®D 1.4378, a®°D +0.15 + 0,05° (neat). The infrared
spectrum of the product was identical to that of an authene
tic sample of oyclopropylmethylearbinol except for the
presence of additional, weak absorption bands at 965, 1170,
1240, 1645, end 1715 cm.™, The latter two bands were
broad and highly suggestive of an amine,

Solvolysis of N-Methyl-4-(cyelopropylearbinyloxy)-
pyridine in 80Z Ethanol.--A mixture of 51.8 mg. of the
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methiodide, 0.73 ml, of absolute ethanol and 0.15 ml. of
water was sealed in a glass tube and heated at 120° (bath
temperature); the solid dissolvﬁd. After the solution was
heated for 18 hr,, it was analysed by VPC under the oper-
ating conditions used by Graham (4) for the analysis of
the products from the solvolysls of cyclopropylcarbinyl
chlorlde. Three major peaks appeared in the chromstogram,
corresponding in retention times to the ethyl ethers of
cyclopropyloarbinol, cyclobutanol and allylecarbinol. The
cyclobutyl and oyclopropylcarbinyl ethers were poorly
resolved, but could be separated under different operating
conditions, The peaks were cut out of the chromatograph
and weighed; the ratio of the weights of the three ethers
was oyclopropylearbinyl:cyclobutyl:allylearbinyl =
3,6:1,5:1,0, Peaks with retention times equal to those

of cyolobutanol, cyclopropylearbinol, and allylearbinol

were also deteotable but were too small to measurs.

Resction of N-Methyl-4-bensyloxypyridinium Jodide and
Perchlorate with Glacial Acetic Acid.~-In 0.98 g, of glacial

acetloc acld was dissolved 96 mg. of the methiodide by
warming the mixture on a steam bath, In capillary tubes

were sesled approximately 30 ul, samples and the tubes were
heated in an oil bath at 109°, Capillaries were
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periodically withdrewn and their contents analyzed with a
F and ¥ Programmed Temperature Gas Chromatograph, Model
202, using a silicone rubber columm. The appearance of
benzyl acetate was measured by comparing the chromatographs
to that of a solution of benzyl acetate in acetic acid of
known eoncentration. By this method the half.life of the
reaction was estimated as 2-3 hr,

A 34-mg,. sample of the perchlorate was treated in the
same way, Little or no benzyl acetate could be detected
after 36 hr, of heating. |

For compariscn, bensyl chloride was found to be unre-
active under the same conditions,

Reaction of N-Methyl-4-(cyslopropylmethylcarbinyloxy)-
pyridinium Iodide with Ethanol,--The methiodide (0.69 g.)
was a sample of unknown purity that had been recrystallized

from scetone and dried under vacuwm, A solution of the
methiodide in 0.63 g. of absolute ethanol was ssaled in a
glass tube and heated for 80 min. at 98.4°. The resulting
orange solution deposited a yellow precipitate when cooled
to room temperature. The volatiles were removed under
vacuum and collected in a Dry Icesacetone trap., The residue
was orystallized from ethanol giving 0.18 g. of yellow
orystals, m.p. 141.5-149.5°, Recrystallization from ethanol
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gave 0,10 g., m.p. 145-149°, which was triturated with
boiling acetone in which it was insoluble. The vacuum-
dried yellow crystals, m.p. 148.0.149.7°, were soluble in
ethanol and the solution gave an immediate yellowuﬁrecipi-
tate with alcoholic silver perchlorate., A soclution of the
crystals in water, in which it was very soluble, turned
pH peper red (pH 2).

Anel, Found: C, 35.51; H, 3.54.

The volatiles from the original reaction (0.73 g.)
were examined by VPC and were found to contain one product
besides ethanol. The product was separated by preparative
VPC, giving 66 mg. of a colorless liquid which was assigned
the structure oyclopropylmethylecarbinyl ethyl ether on the
besis of its NMR spectrum (fig. 1),

Reaction of N-Methyl-4.(oyclopropylmethylearbinyloxy)e-
pyridinium Jodide with Glacial Acetic Acid.--A sample of
the methiodide of unknown purity was dissolved in glacial
scetic acld and was heated at 125° (bath temperature) for

8 hr, The solution became dark red. The volatiles were
transferred to & Dry-Ice trap under vacuum. The dark-orange
crystalline residue was crystallized from ethanol giving
yellow crystals, m.p. 14?.4-149.8°. A mixed melting point
with the crystalline product from the reaction of the
methiodide with ethanol (above) was 147.8-145,7°,
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Anal, Found: I, 48.18; N, 7.72.

The volatiles were examined by VPC and were found to
contain, besides acetic acid, four major products, none
of which corresponded in retention time to cyclopropyl-
methylcarbinyl acetate.

The reaction was repeated with 0.28 g. of methiodide and
0.32 g. of glacial acetic acid at 87° for 12 hr. The non-
volatile portion of the product was 0.15 g. of a dark-red,
partially crystalline oil, The volatiles (0.32 g.) were
examined by VPC., Three of the four peaks of the chromato-
graph from the 125° reaction were present but in different
ratios. A new peak appeared which had the same retention
time as cyclopropylmethylcarbinyl acetate.

Hydrolysis of N-Methyl-4-(eyclopropylcarbinyloxy)-
pyridinium Jodide.--A solution of 25.0 mg, of the iodide

in 83.2 mg. of triply distilled water was sealed in a glass
tube and heated in an oil bath at 98.6° for two days. The
reaction mixture was examined by VPC and was shown to ocone
tain, besides water, allylearbinol, cyclobutanol, and
cyclopropylearbinol, although the latter two alcchols were
poorly resolved from each other, The peaks of the chromato=
gram were weighed giving a ratio of cyclobutanol and eyclo-
propylcarbinol to allylecarbinol of 3,8 to 1. The ratio
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of ocyclobutanocl to cyclopropylearbinel was judged, visu-
ally, to be 10 to 1, That this ratio of alcohols resulted
from rearrangement of the initially produced alcohols was
indicated by adding 1 pl. of cyeclopropylecarbinol to about
one-third of the spent reaction mixture, sealing in glass,
and heating for two days at 98,6°, The ratio of alcohols
was esssntially unchanged.

Consequently, a mixture of 12,2 mg., of iodide, 7.3 mg.
of 1lithium carbonate and 48.0 mg. of water was sealed in
glass and heated for two days at 98.6°, The concentrations
of the alcoholic products were estimated by VPC and a
solution of the alcohols in water of the estimated concens
tratlons was made, Comparison of the ratios of peak areas
of the chromatograms of the reaction products and of the
solution of known concentrations gave a more refined esti-
mate, The totel yleld of alcohols was 99%; the ratio of
cyclobutanol and cyclopropylearbinol to allylecarbinol was
12.0 to 1; the ratio of cyclopropylearbinol to cyclobutanol
was 1,2«1,5 to 1.

N-Methyl- ¥ -pyridone was prepared by the method of

Toomey and Riegel (57). The extremely hygroscopic solid
had m,p. 96.2«98.4° (sealed capillary), 1lit. m.p. 92-94°
(58). |
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In an attempt to prepare the hydroiodide, 0.10 g. of
the pyridone and 0.69 g. of 48% aqueous hydrogen iodide
were mixed and the water and excess hydrogen iodide were
removed in a vacuum desiccator over phosphorous pentoxide,
The yellow crystalline residue had m,p. 131-140°, |

NMR spectre were observed at 60 Mc. with a Varian
Model V4300B spectrometer equipped with & Super Stabilizer,

The samples were either neat liquids or solutions in methe
ylene chloride with tetramethylsilane as an internal stand-
ard, The chemical shift between two prominent peaks in
each spectrum was measured by the audio side-band supere
position method and other chemical shifts were obtained
by interpolation or extrapolation, assuming a linear
sweep-rate,

The proton resonances of the following compounds were
observed: 4-(cyclopropylcarbinyloxy)-pyridine and methio-
dide, 4-(cyclopropylmethylcarbinyloxy)-pyridine and
methiodide, 4-(l-phenylethoxy)epyridine and methiodide,
cyclopropylmethylcarbinyl ethyl ether, bis-(cyclopropyl-
methylearbinyl) ether, cyclopropylmethylcarbinyl benzoate,
l-phenylethyl acetate and l-phenylethanol (containing one
drop of conc. hydrochloric acid), For the two compounds

containing the cyclopropylearbinyloxy structure, the
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secondary ring protons appeared as a highly split pattern
centered lat 9.4 and 9.6 % the tertiary ring proton
appeared as a guartet, each peak of which was split again,
at 8,7 and 8,8 7; at 6.3 and 5,7 7 appeared a doublet for
the methylene group. In the case of the five cyclopropyl-
methylcarbinyloxy structures, the secondary ring protons
were et 0.4-9,7 7 ; the tertiary ring multiplet was at
8.8-9,3 7, partially obscured by the methyl doublet at
8.5-8.9 7 ; the tertlary proton was & guintet at 5.5-7.1 7.
The four l-phenylethoxy structures had phenyl multiplets
at 2.4-2.8 7, tertlary proton quartets at 3.9-4.7 7 and
methyl doublets at 8.1-8.3 7. The aromatic protons of
the three alkoxypyridines appeared as a doublet at 1.6-1.7 7
and & doublet at 3.2-3.3 7; in two of the cases, each peak
of the doublets was resolvable into two lines. In the case
of the three methiodides, the protons of the pyridine ring
appeared as doublets at 0,8-0.9 and 2.4-2.5 77 the N-methyl
group was & singlet at 5,5.5.6 7,

Two spectra are worthy of special comment. The tertiary
proton of bis-(cyclopropylmethylearbinyl) ether (fig. 1)
was observed to be a quintet at 7,0 77 with each peak of
the gquintet split into two lines by about 3 c.p.s. This

® 7 (in p.pom.) = 10.0 - 10%( V), - 1)Me.51)/vu"651'
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6.3 7.1 8.6 87 9.4

i i i PESEENT
7.0 8.8 97
Fig., 1. - Proton nuclear magnetic resonance spectra at

60 Mc., Chemical shifts are in p.p.m. relative to tetra-
methylsilane = 10.0 as internal standard (not shown). Top:
cyclopropylmethylcarbinyl ethyl ether in methylene chloride
(not shown). Middle: region of top spectrum near 6,3 7
at slower sweep. A satellite resonance produced by *°®C in
the solvent is indicated. Bottom: bis-}()cyclopropylmethyl-
carbinyl) ether (neat).
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additional splitting is understandable if the ether is an
approximately equal molar mixture of the meso and d,1 forms
and the tertiary protons of the two forms have slightly
different chemical shifts. The ten<line pattern is then

a superposition of the five lines of each diastereomer.
The methyl protons of the ether, farther removed from the
center of asymmetry, show the same effect but to a smaller
extent; both peaks of the methyl doublet at 8.9 7 are
split by about 1 c.p.s. While the methyl protons of the
ethyl group of eyclopropylmethylecarbinyl ethyl ether

(fig. 1) are unexceptional (triplet at 8.7 7 ), the meth-
ylene group at 6.3 7 is a very complicated pattern which
can be explained if the two methylene protons are uneguiva-
lent due to the proximity of an asymmetric center (59),
The observed spectrum sgrees well with that calculated for
an ABCy system with Jyp = 9.4 c.p.s., QAC = 7,35 c.p.8.,
Ipe = 6.68 c.p.s., and Sap = 9.0 c.p.8. We are indebted
to Mr. Donald R. Davis for recording the spectra in fig. 1
and to Dr, Stanley L. Manatt and the Computing Center of
the Jet Propulsion Laboratory for IBM 704 calculations of
comparison spectra to check the chemical-shift and spin-
coupling parameters for cyclopropylmethylcarbinyl ethyl

ether.
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Kinetics of the Solvolyses of the N-Methyl-4-alkoxy-
pyridinium Salts.--A stock solution of 80% ethanol was made
up from 400 ml. of purified absolute ethanol (kindly sup-
plied by Mr, E, F, Kiefer (60)) and 100 ml. of freshly

boiled distilled water., For solvolyses in purely aqueous
solvent, triply distilled water was used., The reactions
were followed titrimetrically with 0,026M aqueous sodium
hydroxide, made from the appropriate amount of 50% aqueous
sodium hydroxide filtered into freshly boiled distilled
water. The base was standardized agalnst potassium acid
phthalate before and after the two-month period during
which the rate measurements were made. The titer decreased
by 1.5% during this period and the base concentration at
intermediate times was determined by a linear interpolation
of concentration with time. All titrations were performed
in a rubber-stoppered beaker protected from atmospheriec
carbon dioxide by an Ascarite tube and fitted with pH
electrodes, a magnetic stirrer, and a leml, Koch burette
with a cepillary tip extending below the surface of the
solution being titrated; a Leeds and Northrop pH Indicator
was used, The temperatures of the constant-temperature
baths were measured with a National Bureau of Standards

standardized thermometer. The temperature variation during
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e single run was no more than +0,04° as observed with a
Beckmann thermometer.

For the experiments at 71 and 96°, a weighed sample
of salt was transferred to a volumetric flask and diluted
to the mark with the appropriate solvent, Approximately
5.5-ml, samples were sealed in freshly cleaned and dried
glass empoules. After the ampoules were placed in the
bath, a "zero time" sample was withdrawn when the bath
re-attained equilibrium (about 5 min,). Ampoules were
periodically withdrawn, quenched in ice water, brought to
room temperature and a 5-ml. aliquot of the contents was |
added to 20 ml., of carbon dioxide-free distilled water,
The endpoint of the titrations was taken as the pH corre-
sponding to the point of maximum slope in a plot of pH vs.
volume of base, determined for a few of the points in each
run., Although the endpoint ranged from pH 7.0 to 7.4 during
the various runs, the variation during a single run wes
no more than 0.2 pH units., Solvent "blanks" were treated
in the same manner as the kinetic samples; the blank core
rections were negligible in all cases, Solutions of the
iodide salts turned noticeably brown during the kinetic

runs; the perchlorate salt solutions remained colorless,
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For all the experiments, the data were treated by cal=
culating a first-order rate constant for each sample rela-
tive to the "zero time" sample. The "constants" determined
in this fashion fell off seriously after the first or second
half-life. Consequently, the semples where this decrease
was noticeable were ignored, and the remaining constants
were averaged to give the final rate-constant. The kinetic
data are presented in Tables IV-IX and the individual
experiments are discussed below,

N-Methyl-4-(cyclopropylcarbinyloxy)-pyridinium Iodide
in 80% ethanol at 98.4° gave an infinity titer of 89.4%
after 72 hr, at 119-121°; in water at 98.6° gave infinity
titers of 90.7 and 91.9% after 49 hr. at 98.6°; in water
at 70,7° gave an infinity titer of 89.4% after 54 hr, at
100°,

N-Methyl-4-(cyclopropylcarbinyloxy)-pyridinium Per-
chlorate in 80% ethanol at 98.4° gave an infinity titer
of 84,0% after four days at 119-121°; in water at 98.6°
gave an infinity titer of 90.7% after 49 hr. at 98.6°,

N-Methyl-4-(cyclopropylmethylearbinyloxy)-pyridinium

lIodide.--A sample of the analytically pure iodide was placed
in a vacuum desiccator over phosphorous pentoxide for six

days to insure dryness. The sample did not reach a constant
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weight during this time but lost about 2% of its weight
each day. After dissolution of the sample with thorough
mixing in triply distilled water (previously equilibrated
in the thermostat) to the mark of & volumetric flask, the
"gero time" aliquot was withdrawn immediately. The ali-
guots were quenched by pipetting them into 20 ml. of 96%
ethanol, precooled in the titration vessel in an ice-water
bath; the time was recorded when the pipetting was come
plete. The potentiometric titration was carried out imme-
diately, keeping the titration vessel in an ice-water bath,
The effectiveness of the quenching technique was indicated
by the complete absence of drift in the pH reading at the
endpoint., The titration curves were unusual in that the
pH rose rapidly at pH 6,1-6.3, leveled off at around pH
7.5 and then rose rapidly agein. The point of maximum
slope (pH 6.1-6,3) was taken rather arbitrarily as the
endpoint, A solvent blank, treated by the quenching teche
nique, had pH 7,6, The infinity titer was determined after
90-51 hr,; using the quenching technique, the titers were
80.1 and 80,7%; however, the titration method employed for
the rest of the kinetic experiments (described above) gave
infinity titers of 84.5, 84.7 and 86,1% with an endpoint
at pH 7.2,
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Reaction of 80% Ethanol with Hydrogen Icdide,==
A 3.1 x 10 ®M solution of hydrogen iodide in 80% ethanol

was titrated using the technique described for the kinetie
experiments in the same solvent. Samples were sealed in
ampoules and heated at 99.2°. After 13 hr,, titers of
88,2 and 97,5% of the original titer were observed; after
17 hr,, the titer was 84,.,8%. The sample with the titer

of 97.5% was nearly colorless while the other two were

brown-colored,
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TABLE IV

SOLVOLYSIS OF 6.77 x 10 °¥ N-METHYL-4-( CYCLOPROPYLCAR-
BINYLOXY) -PYRIDINIUM IODIDE IN 80% ETHANOL-WATER

AT 98,4°
Time (hr.) % Unreacted ks (hr.”?)

0.0 100,0
5.5 92.4 0.0146
11.6 86,5 0.0126
23.1 73.2 0,0185
38,5 62.0 0.0124
49,7 60.8 0.0136
73.8 38.6 0,0129
148.6 19.9 0.0109
196.8 17.0 0,0090
264.6 13.7 0.0076

ka = 0,018 hr,?



-88=

TABLE V

SOLVOLYSIS OF 7,08 x 10 °M N-METHYL-4-(CYCLOPROPYLCAR-
BINYLOXY)-PYRIDINIUM IODIDE IN WATER AT 98.6°

Time (hr.) % Unreacted ky (hr. ?)
0.00 98.0
0.52 88,6 0.198
1.00 79.0 0.215
1.62 71.9© 0.204
2.00 64.2 0.211
2.50 59.6 0.199
3.02 63.4 0.201
3.50 49.4 0.196
4,00 43.8 0.201
5,06 36,1 0.198
6.07 30.4 0.1938
7.00 26,3 0.188
8.02 22,5 0.184
9.00 19,0 0.182
12,00 12,3 0.178

ky = 0,20 hr,™?
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TABLE VI

SOLVOLYSIS OF 6,94 x 10 ®M N-METHYL-4-(CYCLOPROPYLCAR-
BINYLOXY)~PYRIDINIUM IODIDE IN WATFR AT 70.7°

Time (hr.) % Unreacted ka (hr.”?)

0.0 29,7

9.3 02.7 0.00778
23.8 85.1 0.00665
32,9 80.5 0.00658
44,7 74,5 0.00652
56.8 68.7 0.00657
71.3 63.1 0.00643
80,9 60.0 0.00627

ky = 0.0065 hr,”*



TABLE VII

SOLVOLYSIS OF 6,60 x 10 °M N-METHYL-4-( CYCLOPROPYLCAR=
BINYLOXY)-PYRIDINIUM PFRCHLORATE IN 80%
ETHANOL-WATFR AT 98.4°

Time (hr.) % Unreacted ky (hr. %)
0.0 99.0
7.7 90,7 0.01183
18.8 82,5 0.0110
24,2 78.2 0.0097
32.8 70,7 0.,0102
43,0 65.7 0.0095
95,9 45,0 0,0082
142.3 87,1 0.0069

ky = 0,010 hr.™*



TABLE VIII

SOLVOLYSIS OF 7.14 x 10 ®°M N<METHYL-4-(CYCLOPROPYLCAR=-
BINYLOXY)-PYRIDINIUX PFRCHLORATE IN WATER AT 98.6°

Time (hr.) % Unreacted ky (hr. ?)
0.00 95,0
0,76 84.1 0.161
1.50 71.4 0.190
2.2b 62.0 0.189
3.01 538.7 0,190
3.75 45.4 0.197
8.00 22,7 0.179
12,00 14.2 0,168

ky = 0,19 hr, *



TABLE IX

SOLVOLYSIS OF 2,95 x 10™ ®¥ N-METHYLe4-(CYCLOPROPYLMETHYLCAR«
BINYLOXY) -PYRIDINIUM IODIDE IN WATER AT 30.0°

Time (hr.) % Unreacted ky (hr, ")

0.00 89.9

1,03 77.0 0.151
1,30 74.2 0.148
2.08 64.4 0.161
2,50 60.0 0.168
3,20 54.0 0.159
3.67 49,2 0.165
4.24 46.0 0.158
9.52 24,7 0,136 ’

10.61 23,9 0.125

11,58 23,3 0,117

b

.k_; = 0016 hl'.-
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APPENDIX I
DESCRIPTION OF FRACTIONATING COLUMNS

Column No. 1. = A 1,8 x B80-cm, column packed with glass

helices and equipped with an electrically heated

air jacket and a total reflux head.

Column No, 2, = A 0,6 x 80-cm, column packed with a

tantalum wire coil and carrying a partial reflux
head (61) .

Column No, 3, - A 0.8 x 3b~om, spinning-band column

equipped with an electrically heated air jacket and
a total reflux head, The band was a stainless-steel,
wire-gauze spiral and was operated at about 1100

rop P9
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PROPOSITIONS

1. The pyrolysis of an ester and the pyrolysis of
the corresponding amine oxide usually give very similar
mixtures of isomeric olefins (1). In contrast, the
pyrolysis of l-methylcyclohexyl acetate ylelds an olefin
mixture containing about 76% of the endocyclic isomer (2)
while pyrolysis of the corresponding dimethylamine oxide
gives almost exclusively the exoeyelic isomer (8)., This
apparent anomaly hes been explained (2) in terms of the
transition states for the two elimination reactions, that
of the acetate being a six-membered ring and that of the
amine oxide a five-membered ring, The carbonyl oiygen of
1-methyleyclohexyl acetate can reach one of the gauche
hydrogens in the cyclohexane ring while the ring is in the
chair form and eliminate to form the more stable endo-
olefin, In contrast, the oxygen of the corresponding amine
oxide cannot reach a gauche hydrogen without considerable
strain and consequently eliminates an eclipsed hydrogen
in the methyl group to form the exo-olefin,

It would be of interest to determine the isomer dis-
tribution of the olefins produced by the pyrolyeis of the

acetates of exo- and endo-2emethylnorbornecl and the
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corresponding dimethylamine oxides. Elimination into the
cyclohexane ring would oecur by removal of a proton con=-
strained to an eclipsed configuration by the bicyclie
structure and consequently any difference in the ismmer
distributions of the olefins from the acetates and from
the corresponding amine oxides would have to be ascribed
to factors other than those believed to be responsible for
the behavior of the l-methyleyclohexyl system., Also, the
known instability of the norbornene structure (4) might
have an interesting effect on the ratio of exocyelic to
endocyclic olefins,

2, Cis and trans isomers of vinyl lithium compounds

(5) and cis and trans isomers of vinyl Grignard reegents

(6) have been prepared. The vinyl lithium ccmpounds pre-
pared from cis- and trans-l-bromo-2-(p-chlorophenyl)-l,2-
diphenylethylene are slowly interconverted at elevated
temperatures (7).,

It 1s proposed to measure the rates of isomerization
of c¢is and trans vinyl lithiums and of the corresponding
Grignerd reagents to elucidate the mechanism of the
isomerization reaction.

8. Whitmore (8) has thoroughly investigated the
reaction of methylamine with aqueous nitrous acid and

although as little as 25% of the starting amine was
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recoverable in some cases, no products (methanol, dimethyl
ether, methyl chloride or methyl nitrite) could be detected.
This puzzling observation should be reinvestigated with
the aid of recently developed analytical tools such as
vapor-phase chromatography and nuclear magnetic resonance
(NNR). It is suggested that diazomethane may have been
evolved and have escaped detection by Vhitmore. If so,
this reaction would be an extremely convenient preparation
of diazomethane,

4, Divalent carbon intermediates are probably involved

in the Arndt-Eistert synthesis (9).
RCOC1 + CHgNg == RCOCHNg == RCOCH: + Ng == RCH=(C=0

In view of the recent successes in generating carbenes
by a-elimination of hydrogen halide from alkyl halides
(10), it is suggested that a-haloketones may be capable
of eliminating the elements of hydrogen halide and rear-
ranging to ketenes. The loss of halide ion may not occur

0
C,Ha-E-CH.CI + NaH -*-CQH.-E-EHCI —-—-C,H.-E-CH: + Cl9

S CeHs=CH=C=0

spontaneously but might take place in the presence of
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silver ion. Acylecarbenes may add to olefins, providing a
useful synthesis of acylecyclopropanes,

5. The NMR spectra of compounds of structure

RiRsRsCOCHgCHs exhibit ABX=-type spectra (11) for the ethyl
protons (12). While the non-equivalence of the methylene
hydrogens is clearly due to the presence of the asymmetric
center in the molecule, the detailed menner in which this
center exerts its influence is debatable. It (a) undoubte
edly makes the two methylene hydrogens unequivalent in eny
one of the possible rotational conformations about the
carbon-oxygen bpnds and (b) may make the populations of
the various conformations unequal, The relative contribu-
tions of effects (a) and (b) to the observed chemical shift
between the methylene hydrogens are difficult to assess.
Txeminetion of the NMR spectra as a function of temperature
of a series of compounds RyRgRgCOCHaCHs where Ry = R,
Re = CHs or Cl, and Rs is variable should allow an evaluse
tion of the relative importance of effects (a) and (b) and
also provide information about the enthalples of the rota-
tional conformetions about the carbon-oxygen bonds.

6. Swain (13) has suggested that "participation of
acetic acid as a nucleophilic reagent in the rate-determining

step may be the general rule for solvolyses in acetiec
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acid.” In particular, t-butyldimethylsulfonium perchlorate
is believed to behave in this ﬁay (14). It is proposed

to determine the 222 (15) values for the solvolyses of a
series of p-substituted phenyldimethylearbinyldimethyl-
sulfonium perchlorates in different solvents. The rho
value for acetolysis should be quite anomalous if Swain's
suggestion is correct.

7. Dipole moment, infrared, ultraviolet, and optical
rotatory dispersion studies have been used to differentiate
between an axial halogen and an equatorial halogen in
a=halocyclohexanones (16). We propose that NMR may prove
effective toward the same end., The NMR spectra of ocise

and trans-2-chloro-4-t-butyleyclohexanone should show the

feasibility of the method. In particular the splitting

pattern of the hydrogen alpha to the halogen atom should

be characteristic of an axial or an equatorial conformation,
8. Recent work by Dessy (17) indicates that the

Grignard reagent has the formula Rglig.MgXs and not RMgX,

The MR spectrum of the Grignard reagent prepared from

l-phenylethyl bromide may show the presence of a meso and

e d,1 form which would be compatible with the RelMg-MgXe

structure but not with the RMgX structure.
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9. To account for the direction of addition of
reagents such as iodine nonochloride, bromine chloride,
hypochlorous aeid, and hypobromous acid to allylic double
bonds, de la Mare has considered it necessary to postulate
2 rapid equilibrium between more than cne carbonium-ion

intermediate (18).

[ ==

X, ® X o
CHe=CHCHaY + X° — EH:;‘CHCH.J Zepll _q’},f,,-\-‘cHCH,.y_
| and/or
products X &
_cﬁ;-CHcH.Y_
X=2¢(Cl, Bry or I l
Y=H, OH, Cl, or Br products

The same results can be accommodated by cme bridged
intermediate which is distorted one way or the other
depending on the nature of X and Y, It is proposed to
study the products from hydrolysis of 2-chlcoro-2-methyl-
3-butyl brosylate and the isomeric S-chlorc-2-methyl-2«
butyl brosylate and the products from addition of hypo-
chlorous acid to 2e-methyl-2-butene. All three reactions

should proceed through the same carbonium~ion
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intermediate(s). This would be a very favorsble case in
vhich to detect the presence of more than one carbonium-ion
intermediate if there is any validity to the 1dea. If
there is more than one intermediate and equilibration
between the intermediates is slow compaered to the rate of
product formation, different product mixtures should be
obtained from the isomeric brosylates. )

10. It is proposed to study the stereochemistry of
double 1,2-carbonium ion shifts. For instance, the deamina=-
tion of optically active I could reasonably be expected
to give IT after two 1,2-hydride shifts and it would be

interesting to determine whether or not 11 has the same

?aﬂu ?aHs
HOCHg=CH=CHgNHg + HNOg ==+ CHQO=CH=CHa

I 11

configuration as I. Also, a study of the migratory apti-
tudes of Ry and Re in the deamination of III and IV and
the pinacolic rearrangement of V should illuminate the

nature of the carbonium-ion intermediates involved in these

reactions,
OH OH OH
RiReCCHgCHgNHg R1RgCCHCH4 R;R;CGHCH,
NHag OH

II1I IV v
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