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PREFACE

In recent years, there has developed, from both a mechanistic

and synthetic view point, an increasing interest in the chemistry of

carbenoid and cationic species generated by thermal decomposition of

p-tosylhydrazones.

The synthetic utility of this reaction has been

exploited in the synthesis of many new highly strained small ring com-

pounds..

our original aim was the synthesis of bicyclo(l.1l,1)pentane

(1) system, which was unknown at the time when this work was started,

by thermally decomposing the cyclobutanecarboxaldehyde p-tosylhydrazone

(2). This problem wes challenging since many attempts to synthesize this

highly strainéd bicyclic small ring system by many competent chemists

were unsuccessful.

our attempt was also unfortunately unsuccessful. During our

research, K. B. Wiberg, D. S. Connor and G. M. Lampma.n1 reported the

successful synthesis of bicyclo(l.1l.1)pentane by ring closure of 3-bro-

mocyoclobutane~l-methyl bromide (3) with sodium.

BrCH,
(3)

Br

dioxane
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The work in Part I of this thesis reports the effect of vary-
ing solvents and bases in the pyrolytic reaction of cyelobutanecarbox-

aldehyde p-tosylhydrazons.

Part II of this thesis is actually an extension of our interest
in the chemistry of carbonium ions. By reacting silver tetrafluoroborate
with organic chlorides in aprotic solvents we had hoped to produce con-
ditions favorable for carbocyclic ring closure. The products formed,
however, are those resulting from reaction of a carbonium ion with sol-

vent and the tetrafluoroborate anion.
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ABSTRACT

Part Y

)

710
Aldehyde and ketone p-ﬁgsylhydrazones react thermally with

bases in aprotic solvents to give diazo-compounds which decompose by
carbenic processes. In proton-donor solvents decomposition appears to
occur primarily by cationic mechanisms involving diazonium and/or car-

bonium ion intermediates.

Thermal decomposition of c&clobutanecarboxaldehyde p-tosyl-
hydrazone gives methylenecyclobutane by hydrogen migration, cyclopen-
tene by ring expansion, bicyclo(2.1l.0)pentane by intramoleoular inser-
tion, 2-methylbutene-1 by reorganization, methylc&clobufane by hydride

transfer, along with ethylene and acetylene by fragmentation.

The effect of varying solvents and bases on the product com-

posivions is reported.

A brief historical review is given and the mechanisms of this
reaction are discussed.
PART II

A new method for the preparation of organic fluoro-compounds

was discoversd.

Reaction of cholesteryl chloride with silver tetrafluoroborate

in monogljme gave good yields of cholesteryl fluoride and cholesta~-3,5=-




diene. In & similar way, 4-chloromethylfluorenone gave the correspon-

ding fluoride as a principal product.




PART 1

5 THE THERMAL DECOMPOSITION OF
7&;
CYCLOBUTANECARBOXALDEHYDE p-TOSYLHYDRAZONE




INTROPUCTION

The derivatives of tosylhydrazide ( p-toluenesulphonylhydra-
zine ) can be grouped in two categories: the tosylhydrazones (4)
( derivatives of aldehydes and ketones: general formula Ts-NHN:CRlR2 )
and the substituted tosylhydrazides (5) ( acyl, aryl or alkyl-tosylhy-
drazides: general formula Ts-NH-IH-R ).2

The thermal decomposition reaction of a tosylhydrazide was
first done in 1885 when Escales observed that benzenesulphonylphenyl-
nydrazide (6) was decomposed by warm alkali, giving benzene, nitrogen,

and benzenesulphinic acid (7).3

Ph-S0,-NH-NE-PA ———> FPhH + N2 + Ph-SOzH

2
(6) (7)

4 in 1952 expected

Based on this finding, Bamford and Stevens
that the p-toluenesulphonylhydrazone of an enolisable ketone might ana-
logously yield an olefin. For instence, the thermal decomposition of

ethyl p-ketobutyrate p-tosylhydrazone (8) was studied.

Ts-NH-N:CMé-CHZ-COOEt > [Ts—NH-NH-CMB:CH-COOEt] ——ely
(8)
TsH + N2 + CHMe=CH-COOH + EtOH

(9)

75 = CH3—©-302-
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This reaction gave in fact a little crotonic acid (9). As
a continuation of this work, they also found that the treatment of the
tosylhydrazones of simple, not rasadily enolisable ketones with the so-
dium salt of ethylene glycol in ethylene glycol always leads to the
formation of nitrogen, p-toluenesulphinic acid and olefins. Thus tosyl-
hydrazones of acetone (10) and cyclohexsnone (1l) afforded propylene
and cyclohexene in nearly quaniitative yields. Carbon-skeleton rear-
rengements were observed in decomposition of pinacolone (12) and camphof
(13) tosylhydrazones to give tetramethylethylens (14) (34% Yield) and

camphene (15) (94% yield).

T.~a-1~1:~11\*=c(0}13)cma3 —— TsH + N, + Me,C=ClMs,
(12) . (14)

CHay
X
QNNHTS
———————
(33) (15)

The hydrazones of aromatic aldehydes and ketones, on the other

hand, afforded arydiazoalkanes (16) or products of their decomposition:

T8-NEN=CHPh ————> TsH + N,=CHFh
(16)




By working at lower temperatures, substantial yields of the
diazo-compounds could be attained from the derivatives of benzaldehyde

(17 ) ’ ' ai;etophenone (18), benzophenons (19) and fluorenone (20).

It was recently reported5 that diazoalkanes and diazocyclo-
alkanes can fraquently be preparad conveniently and in high purity by
vacuum pyrolysis ( 0.2-0.3 mm. ) of dry ( preferred ) or suspended
1ithiwg or sodium salts of p-tosylhydrazones at TO - 140°, The dry
salts were obtained by precipitation after neutralization of the p-to-
sylhydrazone with butyllithium in tetrahydrofuran, sodium hydride in

mineral oil, or sodium methoxide in absolute methanol-ether.

RCH=NNE-Ts + Buli ————— RCH=NN(Li)Ts + Bu-H

RCH=NN(Li)Ts ———— RCH=N2 + TsLi

The reaction discovered by Bamford and Stevens was intensively
applied without substantial modifications, until in 1959, Powell and
Whiting® in England end Friedman and Schechter! in U. S. A. desoribed

experiments designed to.characterized this potentially useful reaction.

Acetone methanesulphonylhydrazore (21) was found to have pK,
ca. 8.5 by potentiometric titration. Accordingly, sulphonylhydrazones
are highly ionized under the basic condition used for the resaction.

The decompositions of the methane and p-ioluene derivatives of c¢yclo-
hexanone (11) énd'camphor (13)were studied kinetically. These two reac-
tions were found to be of first-order with respect to the conjugate

anions of the sulphonylhydrazones, proceeding at virtually the sama




PP P

rate, and were independent of initial alkali concentration as the hydra-

zones were present essentially as the anions.

NNHTs Ng_
(11)
. P |
. < " 7
NNHTS
— Ae—rd -

(13) - (22) ' (15) (23)

Powell and Whiting therefore classed this reaction as a Elcﬁ
mechanism and stressed the view that it was always the chosen route for
the conjugate anion of a sulphonyl hydrazone to break down, in an ini-
tiel rate-determining stage,to give an aliphatic diazo-compounde.

Positive evidence for such & mechanism was provided by the

finding that diazocamphane (22) and camphor methane and p-toluenesul-

phonylhydrazones (13) geve identical results.

Powell and Whiting also observedthe important fact that the
course of this thermal decompositions is very drasiically affected by

the solvent used and showed that changing the solvent markedly changed




Table 1. Products from cauphor sulphonylhydrazons decomposition

Hydrazone Solvent Temperature % Tricyclens
Tg Glycerol 132° 12
Ts Ethylens glycol 124 15
s Ethylens glycol 139 20
Ms Lthylene glycol 139 21
Ts Ethylene glycol 195 23
Ts Trimethylene glycol 132 46
Ms Diethylene glycol 139 53
Ts Ethanolamine 132 91
Ts 2~-Ethoxyethanol 132 92
Ms Acetamide 181 97
Ts Acetamide 181 97
Ms Acetanide 156 98
Ts Acetanmide 156 99

methanesulphonyl.

Ts = p~toluenesulphonyl; Ms =




the camphene (15).: tricyclene (23) ratios from camphor p-toluenesul-
phonylhydrazone decomposition. Generally, the formation of camphene
is prsmoted by a high concentration of acidic protons ( Table 1 ).

The explanation is that the diazo-compound can decompose ei-
ther with or without acid catalysis, undergoing: (a) proton transfer
from proton donor solvents and cationic decomposition involving dia-
zonium and/or carbonium ion intermediates, and (b) carbenic decompo-

sition in zprotic solvenis.

R R
| S
R—C ==NNHTs base R—C ==NNTs
| ® TR
R— CH—N=N RO R—C=N=N
v |
R ..
l R—C—R
R—CH®

In both cases, p-toluenesulphinic acid and nitrogen are ob-
tained. The cationic decomposition leads to olefins and Wagner-Meerwein
rearrangament products:whereas the carbenic dedomposition gives olefins

and insertion products.

In an investigation of the product compositions from the decom-

position of tosylhydrazones of a series of simple aliphatic aldehydes




and ketones, Friedman and Shech’cer7 concluded that (1) rearrangements

in carbenoid decomposition of diazo-compounds involving hydrogen migra=-
tion occur more readily than do carbon-skeleton rearrangements, (2)
carbenoid decomposition of diazo-compounds results in extensive intra-
molecular oyolization to give cyclopropanes, and (3) the secondary
carbenss presumébly formed as reaction intermediates are more selective

in their decomposition than are their primary analogs.

For example, the carbenoid decomposition of 2,2-dimethyl-
propanal p-tosylhydrazone (24) in sodium methoxide — diethyl carbitol
gave 1,1-dimethyleyelopropane (25) (92%), 2-methy1_-2-butené (26) (7%)

and 2-methyl-l-butene (27) (1%) .

CHz - . CH3

| I . o
CH;— (IZ-CH=N NHTs ——— | CHs— cl_ —CH | —m
CH, CHy
(24)
CH; CHj ICH3 $H3
+ CH3—C :CH"CHa + CHFC"‘CH{'CH3
(25),92% : (26),7% (27),1%

On the other hand, decomposition of 3,3-dimethyl-2-butanone
p-tosylhydrazone (12) gave 3,3-dimethyl-l-butene (28) (52%) and 1,1,2-

trimethyleyclopropane (29) (47%). o L




C|-H3 l'\llNHTS (I:H3
: CH3—,C_C"'CH3 —_— CH3—C|:—C—CH3  ———
~ CHy CHy
(12)
< - CH~C—CH=CH
CHy R 7 R
CHy
(29),47% (28),52%

5

Since that time, the topic of the thermal decomposition of
tosylhydrazones has aittracted a great deal of interest, especially +the
carbenic decomposition in aprotic solvenis because of its unusual cap-
2bility of undergoing intramolecular insértion reaction to form highly
strained polycyclic small ring systems.

6,8

The resction mechenisms suggesied by Powell-Whiting '’

29710,11 hazve been gensrally accepbed until recently.

and
Friedman-Shechter
Work is still in progress, however, in order to find more detailed and
satisfactory explanation for the mechanisms of this potentially useful

reaction.

A survey of the types of reeactions which have been observed

in the decomposition of diazo-compourds will now be made:
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I FRAGMENTATION

Friedman and Shechter have observed that acetylene and ethy-
lene are formed in the carbenoid deconposition of cyclopropeanecarbox-
aldehyde p-tosylhydrazons (30) and methylacetylene and ethylens from
the related reaction starting with cyclopropyl methyl ketone (31) by
9

requisite shifts of slectrons and bond breaking.

HaC | H,C
I \CHCH =NNHTs > >CH CHNg —Na
i*ﬁ: HzC-
(30) |
H,C

|4/\ch&}1 ———  HyC=cH, 4 HC=CH

H.C

It would appear that the formation of an acetylens and an
olefin may be general fqr cerbenes in which one of the substituénts
is a cyclopropene ring. This speculation is supporied by the fact
that the p-tosylhydrezone of noriricyclenone (32) gives a mixture of
69% of 4~-ethynylcyclopentene (33) and 29% of 4-vinylidenecyclopentene

(34) which is formed by base-catalyzed isomerization of the acetylene

(33). 12012
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NNHTS . ®

ﬁf/\}/ —_— E\/—CECH + C=CHy

(33) (34)

ITI _RING RUPTURE

A representative of this type sf reaction is the formation of
1,3-butadiense (35) as minor reasction product from carbenoid decomposition
of cyclobutanone tosylhydrazone (36) or cyclopropenecarboxaldehyde p-tosyl-
kydrazone (30).9 Allene wes also found as the principel product in ther-

10,14 It has not yet been

mal decomposition of diezocyclovropane (37).
established whether butadiens is formed dirsctly in decomposition of
cyclobutanone tosylhydrazone (36) or by subsequent decomposition of the

cyclobutene (38).

A 67.2% yiel&s of opan~chain isomers has been obtained from
the decomposition of 2-bicyclo(3.l.0)hexanone p-tosylhydrazone (39).15

1l-hexen-5-yne (40) was produced as the primary product which isomerized
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to give some 1,2,5-hexatriene (41) and 1,3,5-hexatriene (42) under the

reaction conditionsenmployed. This {ype of ring-cicavage mechanism may

possibly involve the electrcnic shift picturad velow.

’ ~NNHTs -z , KiS
J—0— -

(39) (40)

CHz=CH-CH;— CH=C=CH,  (a1)

v

" CHy=CH—CH=CH—CH=CH,  (42)

IIT RING CONTRACTION

Cerbenoid decomposition of cyclobutanone p-tosylhydrazone (36)9
in diethyl carbitol or N-methylpyrrolidone is of significance in that
ring-contraction to give methylenscyclopropans (43) ( 79,80% ) occur;
hydrogen-migration to yield cyclobutene (38) (18,20%) and formation of

1,3-butadiens (35) ( 2,1% yield ) are also reported to be minor reactions.

CHz : CHa H C
2

Hzc<‘\/C=N2 N H3C</7b — C=CH,

cHy | CH, HaC
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IV _RING EXPANSION

Formation of cyclobutens (38) from cyclopropanecarboxaldehyde
p-tosylhydrazone (30) reacting with sodium methoxide in aprotic solvent
is 2 prime example of ring expansion rearrangement in a simple carbenoid
system.9 The ability of a cyclopropylcarbenyl system (44) to undergo
ring-expansion is also illustrated in the base-catalyzed reaction of
cyclopropyl methyl ketone p-tosylhydrazone (45) in diethyl carbitol to

give l-methyl-l-cyclobuitens (46) (924).

CH=NNHTS 00° CH:_-N
D< +  NaOCHz —> 2 .

H ~TeNa, CH,0H H
(30) |
- H?_C———C,:H 4 H,C=CH—CH=CH,
H )
Hoil——CH 4 HC=CH + H,C=CH,
(44) o (38) |

Smith, Shechter, Bayless end Friedman16 later proved that this
ring expansion occurs by direct carbon-skeleton rearrangement of the
carbenic species ( Figure 1, Scheme A ) and excluded the possibility
that the ring expausion product, cyclobutere (38), is formed by B carbon-
hydrogen insertioﬂ involving bicyclo(l.l.0)butene (47) as intermediate

which isomerizesto cyclobutene via rsorgenization of externzl carbon-
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Schemg _A; :
H
N\ H
/
C H,C——C
H\C/ \"\é:D \ 2 _j
H” N\ . Ve
/C\ H,C SN
H H (49) b
H |
A
H
pc” AT > HC=CH—CD=CH,
v / \H
k"/C\ (50)
H H .
Scheme B :
|
H
C Hpc——c¢”
P4
1N Ny HC——C_
| Y
H\ H |
H /T\.. |
>l | Ep—
7N\
/c'\ H
H H |
c
AN / ~_.~H
C C {=CH—CH=




- 15 -
Figure 1 (continued)

Scheme C :

H H
L !
ANV H / AN /H
H/C\ /C\D AN
c‘: \ / D
4 A
Vv
H
- HDC——C
HDC=CH—CH=CH, ~ l J:'
HC—
2 \H
+ +
H
| H,C c”
po=ci—co=ch, —— | |
H.C—C
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carbon bonds (Figure 1, Scheme B) or rupture of the internal carbon-

carbon bond and subsequent rearrangement (Figure 1, Scheme C).

These conclusions were based on the finding that pyrolysis of
lithium cyclopropanecarboxaldehyde-d tosylhydrazone (48) (125°, 8 mm.)
yielded cyclobutene-1-d (49) (44%) and 1,3-butadiene-2-d (50) (56%)

as the only C, products.

4
The generation of  the cyclopropylcarbene system does not
always result in formation of a cyclobutene derivative if the carbene
site is in incorporation in a second ring. Decomposition of the p-tosyl-
. hydrezone of 2-bicyclo(3.1.0)hexanons (39)%° with sodiun methoxide in
bis(2-ethoxyethyl)ether at 160° produced a 49.0% yield of CgHy hydro-
carbons: 18.6% bicyclo(3.l.0)hexene-2 (51), 14.2% 1,3-cyclohexadiens
(52), 13.1% l-hexen-5-yne (40), 12.3% 1,2,5-hexatriene (41), and 41.8%

trans-1,3%,5-hexatriene (42). No cyclobutene derivative was obtained.

, [ ]
ZNNHTs NaOCH3 ,

FAN

(39)

._ CH,=CH—CH,—CH~C=CH  (40)
(51)

CH,=CH—CH~CH=C=CH, (a)

(52) CH, = CH—CH=CH-CR=CHy  (42)
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This result is obviously different from the finding that
decomposition of the p-tosylhydrazone of bicyclo(3.1.0)hexane-6-endo-
carboxaldenyde (53) produces a 52% yield of hydrocarbons composed of

cis-bicyclo(3.2.0)heptene-6 (54) and cyclopentene (55).

CH=NNHTS CH: (54)
NQOCHS & _{__
N

(53)

(55)

Thus, if the cerbenoid carbon of the cyclopropylcarbeng
systen is outgide the second ring, then the usual ring expansion and
fragmentation reaction occwr. The difference in behavior of thgse
two intermedistes may simply be due to the more strained structurs of
& bicyclo(2.2.0)hexene (56) than that of the bicyclo(3.2.0)heptene-6

(54).

V__INSERTION

. a
The insertion of ,carbenic or cationic center into & carbon-

hydrogen bond represents one of the most interesting and important
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types of reaction in the decomposition of diezo-compounds. ZEarly in
1920, Meerwein and ven Enster reporited the formation of tricyclene (23)

7,18

when diazocamphane (22) decomposes 2-Diazonorbornane (57) was

also found to convert to nortricyclene (58) in almost quantitative yield.

Ny, ———— gy
(57) (58)

A re;ent example Tor this type of reaction is the formation
of bicyclo(l.l.0)busane (47) from cyclopropanscarvoxaldehyde p-tosyl-
hydrazone (30)- re=scting with sodium methoxide in protic solvent.l9 The
reaction was suggested 1o proceed by cationic processes involving intra-
roleculer reaction of cyclopropylearbonium (59) or cyclopropylmethyl-

diszonium (60) ini:ermediates.l6

The decomposition of homologous C5 through Clo diazocyclo-
alkanes has been studied in order o determire the kind and extent of
transennular insertion reaction which simple cyclic carbenes gives.lo
The reaction is characterized by extensive 1,3-, 1,5~ end 1,6~ trans-
ennulay insertion aloné with rearrangement of <-hydrogen. The absence

of l,4-insertion products was simply explained by unfavorable stereochem-

istry during decomposition.
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Figure 2
\
&e _—_N2,§ \ +
(61) (63),82% (62),18% '
!
//‘\2'
b Na
(64) . (65),467’9 (66),9% (67),45%
N, M . ‘
. —No P 4
co — | Hu =+ +
(68) (69),66% (70),10% (71),22%

(73),62%

(75),14% (76),6%




Decomposition of diazocycloheptane (61) yielded bicyclo(4.1.0)-

- 20 -

heptane (62) (18%) by 1l,3-transannular insertion and cycloheptene (63)

(82%) by l,2-rearrengement of hydrogen (Figure 2a)

Thermolysis of diazocyclooctane (64) gave cis-bicyclo(3.3.0)-

octane (65) (46%), bicyclo(5.1.0)octane (66) (9%) and cis-cyclooctens

(67) (45%) (Figure 2b).

Diazocyclononans (68)

clo(6.1.0)nonans (70) (10%) and

Diazocyclodecane (72)

cis~-cyclono

vielded eis-hydrindans(69) (66%), bicy-
ene (71) (22%) (Pigure 2c).

zeve cis-bicyelo(5.3.0)decane (73) (62%)

and cis-decalin (74) (18%2) by trensanmuler insertion and cis-cyclodecene

(75) (14%) and trans-cyclodecene (76) (6%) by hydrogen rearrangement

(Figure 24).

O—X
\mumrjz

pu
N

4

Figure 3

‘In all cases.the insertion processes ara stereoselective in

that only cis-bicyclic hydrocarboné are formed. This stereospecificity

was explained as a necessary consequence of transfer of axial hydrogen

in ring system ard is consistent with the principle thet carbenic in-
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sertions occur with retention of configuration (Figure 3).

A study has been mede of the eifect of ring size on the reac-
tlons of cycloalkylcarbenes formed by the action of sodium metal on
cycloalkylcarbinyl chlorides(77) ( frem cyclopropyl to cyclohexyl ).21
Bicyelic hydrocarbons containing fused cyclopropane rings, presumebly
formed through iatranclecular insertions of cycloalkylcarbenes into
C-H bonds, were found in the products of all reactions except those
with cyclopropylmeth&l chloride (78). A meximum yield of insertion
product { bicycloazlkane ) relative to isomeric olefins was found with

cyclopentylmethyl chloride (79) due to the favorable coplanasr arrange-
ment of the bivalent carbon, the ring carbon to waich it is attached,
and the C-H bond. In the smell rings, ring expansion is competitive
2s the O-H bond on the adjecent carbon is less eccessible to the biva-
lent invermediate. The decrease in insertion by the carbene from cy-
clokexylmethyl chloride (80) may be ascribed to the strain introduced

in atteining e near eclipsed corformetion.

The insertion of bivalent carbon intermediates into unsaturated
centers is algo very well known end hes been demonstrated to be of
great preperetive value. Some unsaturated carbenss have bsen reported
to undergo facile ring closure by intramolecular addition, yielding
bridged compounds. Fof example, 4-cycloheptenscarboxaldehyde p-tosyl-
hydrazone (81) wa§ decomposed 1o give tricyclo(5.1.0.0)octane (82) by

intramolecular carbene zddition as well as 3,4-diazatricyclo(3.3.2.0)-
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dec-3-ene (83) by 1,3-dipolar eddition of the diazomethene.oo

CH=NNHTs

(81) (82) (83)

In 2 similar weoy, bese-induced decomposition of the tosyl-
hydrazone of 3-cyclopentenylacetzldehyde (84) gives 4-vinylcyclopentene
a
(85) as major product (30% yield) along with nortricyclene (58) as, minor

reaction product (3% yield).

- CH=CHy
>—CH2—CH=N‘\'HTS D

(84) | (85) - (58)

The decomposition of tosylhydrazones of a number of «,5 -un-
seburaied aldehjdes and ketones has been investigated and proven to.
be‘a convenient way of.synthesis of scme zlkyl-substituted cyclopro-
penes.23 As an e;ample of the reaction, 1,3,3-trimethylcyclopropens

(86) was obtained in 72% yield when the tosylhydrazone of o, -dimethyl-

crotonaldehyde (87) was added to a suspension of sodium methoxide in
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refluxing diglyme (c2.160°).

cHs Cz o
\._ /" NaClHs N/
L=< Nalorls C
CHz CH =NNHTs \
HC C
\CH3
(87) (86)

The yields were found to vary from excellent to poor depending
mzinly on the degree of A-substitution of the tosylhydrazone. Tosyl-
hydrezones of «,p —ursaturated aldehydes and ketones appear 1o give good
yields of cyclopropenss when the S -cerbon atom is fully substituted with
2lkyl groups. The presence of ore hydrogen atom at the A-position suf-
Tices 1o diminish the cyclovronene yield subgtantially, and no cyclopro-
pene from tosylhydrazones with two hydrogens at the g -position hes been
obtained so far. The probable reaction sequence in forming cyclopropens
is: +tosylhydrezone —— diazoalkene —— alkenylcarbene — cyclo-

Dropene.

VI HYDROGEN MIGRATTION

a
Usually,diazo-compound decomposas to give olefin by hydrogsn

migration. The original well-known Bamford end Stevens reaction4 des~

cribed that p-toluenesulphonylhydrezones of aliphatic end alicyclic ke-
tones can be converted into olofins by treatment with alkeli. This can

be shown by the finding thei dinzocyclopentane and diazocyclohexanse
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decompose thermally to cyclopentene (55) (1007) and cyclohexene (88)
(100%) respectively, but is coznirczizd with the conversion of 2-diazo-
camphaﬁe (22) and 2-diazonorbornane (57) to itricyelens (23) and noriri-
cyclene (58), respectively, as major products. These results were des-
cribed es the differences in carbenic reactions of 6-membered ringsin

s . < . 10
their chair and rigid-boat forms.

In & similer way, decomposition of 2-methyleyclohexanone tosyl-
hydrazone (89) with scdium methoxide iz N-methylpyrrolidone led to a
mixtura of hydrocarbon products in 54-64% yield consisting of 90% of
methylceyclohexenss (90) by ﬁydrogen migration, 4% of 2-methylmethylene-
cyclopentane (91) together with its thermelly produced isomer, 1,2-di-
rethyleycloventene (92), by alkyl migration and 0.2% of'nofcarane (93)

as an insertion product.z4

CHB CH« ~

INK -
~NNRTs CHsD A

e ——————— t
f >
H

—
1

(89)

Cls
+ | + A |
. e CH:
(90) (90) ~ \/\j ° (93)
633 - 27% 0.2%
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These observed yields indicazte a reaction preference in this
carbene of hydrogen migration > elkyl migrotion ~ insertion. The pre-

ference for hydrogen migration compared to insertion hes been observed

. . 10 s . .
in other alicycles™ , as well as commonly in acyclic subszances.7
VII CARBON=-SKELETON REARRAICR TN

Carbon-skeleton reorrangerent of 2 carbens is equivalent %o

intramolecular insertion of the carbenic cenbter zcross & carbon-carbon

25

bond 2nd is useful in the synthesis of some terpencid sysiems. This

reaction ordinerily involves the migration of alkyl and vhenyl groups.

26 . ' s
Hellermzn and Garner  reporived that thermal decomposition of

righenylethylens (95), and it is

d'

l-diazo-2,2,2- 1bqeryleth ane (94) gives.
apparent that phenyl migration occurs in iriphenylmethylcerbene (96)

systems.

/kw

AN

@

o \
BC—CH=N, —> B C—CH —> ‘c=C

(94) , (96) (95)

‘ In studying the rearrangement in the neophyl.(2-methyl-2-phenyl-
propyl) (97) system which proceeds via a cerbene intermediate, Philip
2nd Keating®! found thet the phenyl/methyl migretion aptitude in this

rearrangement is about 10 : 1.
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$—C —Ch=N, —‘“;{}—» B=C—Ch=N-N=CH-C—¢
CHs CH; CHs
CHa

+ $-CH=C(CHy), -+ CHSCH=CI—CH3 -+ (CHg_)z-—c:
. 5 5

49% 8% 43%

This can be contrasied with the lack of methyl migration in

~-32
redical rearrangements28 3“, and the 3000-300 : 1 phenyl/methyl migra-

tion eptitudes characteristic of normel cerbonium ion rearrangements.Bl
This resuli is consigtent with the postulate thet the carbenic inter-
mediete is & highly reactive electrophilic species.33 A tentative order
of migration eptitudes, hydrogen D> phenyl > methyl was therefore sug-

gested by these workers for carbene rearrangements.

The ring size'effects in the neophyl carbene reerrangeument
wera further siudied by the decomposition of l-vhenyleycloalkanecarbox-
aldehyde p-tosyilhydrazone (93) with sodium methoxide in N-methyl-2-pyr-
rolidone at 2!.800'.3"l l-Phenyleycloalkylcarbenes (99) were postulated
intermediates and the fing sizes studied were the three-~ through six-

memberad.

These rezctive intcorioediates rearrange to mixturss of hydro-
)

carbons in good yields, with verying degrees of phenyl migration and
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/P‘ﬂ /P?\
(CHy), C\ ——  (cH,), C\
CH=NNETs CH:

(98) (99)

elkyl migration (ring expansion). The ring size determines the

relative zmount of phenyl migration (i.e. the neophyl rearrangement),

N

from nozne in the cycloprovyl compound to some 41% in the cyclohexyl
case with a gradual increase in each succecding ring size. For exam-
ple,; vhenylmethylenscyclovutene (100) and l-phenyleyclopentene (101)

are formed From l-phenylcyclobutylecarbene (102) by phenyl and alkyl

migrations, respectively.
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Ons of the most interesting and imsortant facts about the ther-
mal decomPOSLtlon of p-tosyihydrazonesis the drastic solvent depsndance
of the reaction. The imporicnce of experimental corditions on the paths
and the epparent carbenic and cationic mechanisms of the bese-cai talyzed
decomposition reaction of cyciopropanecarboxaldehyde p~tosylhydrazone

9,18,19,35

(30) has been demonstrated by many workers. In the absence of

a vroton source, such as an alconrol, the decomposition of the sodium

.

salt of cyclopropanscarboxzalishyde p-tosylhydrazone ylelds cyclobutene

(38) by ring expansion and 1,3-butadiene (35) by reorganization es prin-
cipal producis; bicyclo(l.l1.0)bulaxne (47} is nearly negligible in apro
tic conditions. Whereaes in the presence of week proton donors such as
a2leohol, water,.e%hylene glycol, parents tosylhydrazone, p-toluenesulfinic
scid, or incompletely neutralized solverts, the decomposition results
primarily in formetion of bi cyc’o(l._oo)bumgne. It has thus been sug-
gested that bicyclo(l.l.O)butane (47) is not formed primarily by cerbenic
deconposition of the josylhydrazone bub rather by cationic processes

involving intremolecular reaction of cyslovropylearbonium (59) or cyclo-

propylmethyldiezonium (60) intermedistes.

i

H, C A + A G
\C/ -h \ﬁ/ \C/H
HzC/ \CH" W N

(59) H
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Thig reaction has bLien Tuwsthor investigated using a deuterium-
. ‘s s 6 .
labeled substrate and & deuicrium-containing solvent.3 Deuteriun ex-
change was observed in the diazo-compound produced in the presence of

an excess of base.

H
| - ~ -
D‘C:N:NZ "';" B :‘—_’_‘b‘ D—C:N:N:

[j>>—-23==4Q==ﬁj: -%— E; —— [:§>——(::ﬂﬂ::hé:

The rveaction of (30-&) in the presence of a limited amount
of base and that of “he unlabeled tosylhydrazone with an excess of base
in ethylene giyéol-dz geve the same product (47-d) which conteined 92%

of ornes deuterium.

D ==\
_ i —\ N3 H ' D
[:>”—C==NNHSO§\\ /:CH; —_— -~
/ ROH
! H
(30-d) | (47-4)
The reaction canmot involve the cyclopropylcerbinyl cation or

any ion derived from it produced by protonation a2t carbon by solvent for
otherwise additional deuterium would have been introduced when the reaction was
carried out in ROD. The rochanism shown below suggests anintramolecular

trensfer of & proton from one carbon to enother during ring closurs.
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s 2\ H H
SN

-

The possible role of aydrogen bonded bivelent intermediates
in the decomposition of cycloproranecarboxaldehyde p~tosylhydrazone is
) 2 16 - o 3 . -

suggested by Shechter and Friedmen™ in & foot-note, but no evidence is

cited.

The photochemical decomposition of tosylhydrazone salts paral-
lels closely the thermel process. A similar solvent dependence effect
has been found in the photolysis of the potessium selt of & p-tosyl-

37

hydrazone.

Irrediation of camphor p~tosylhyvdracone potassium salt (13')

under aprotic conditionsgives high yields of iricyclene (23), the pro-




i

duct formed by carbenoid decomposition. As the concentration of available

)y
(B N-NTs 2

J/ —
J o't syme 25°

+ Ny

+ CyH, S0,
(13') (23)

protons incresses, the emount of tricyclerne decreases and the anounts of
canphene (15) end alcohols or ethers, the products formed by cationoid
decomposition increase. Such z result is in line with the results ob-

© tained by therzmel decomposition of the tosylhydrazones.

The effect of bases on the pyrolytic reaction of p-tosylhydra~

zones is still -wnknown. It was found thet changing of bases could alter
<O

-
e

the product composition in the carbenoid decomposition of cholesta~1,4-
dien-3-one p-tosylhydrazone (103).38 mhe reaction gave 15-30% yield of
i-methyl-19-norcholeste-1,3,5(10)-triene (104) and 4-methyl-19-norcho-

lesta-l,3,5(10)-triene (105) as major products.

CHa C%Hw
{ “5

ii (105)
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reble 220
¢ Composition of
Base Yieldd l-pethyl 4-nmethyl
isomer isomer
LiH ‘ 20 66 34
LiNH, 17 , 65 35
NaOCH; ’ 21 63 37
'KOCH; 15 44 56
CeH, 22.5 33 67
K-t~-butoxide 33 20 80

The resuits are summerized in Teble 2. The l-methyl isomer
(104) wes the principal product when the p-tosylhydrazone (103) was de-
composad by lithium hydride, lithiumemide, or sodium methoxide; whereas
the formation of Lhe 4-isomer (105) was favorad by the use of potassium

t-butoxide or calcium hydride as base.

The mechanism suggested is shown in Figure 4, but the deveil

of the influence of bases on the product distribution is not clear.
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L\! | (105)
X

Figure 4
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RESULTS AND DISCUSSION

The required stortiagz material, cyclobutanecarboxaldehyde
p-tosylhydrazone (2) was prepared by the following sequence of reac-

+ions, starting with 1,l-cyclobutanedicarboxylic acid (106):

W I A Y e HcooH
COOH L \/\ i) Mgo ’ 3800
(108) (121)
©<CHO To e
Y 4 H —-':i ©
(107) (2)

All compounds in this series were characterized.

An unusuel technique wes employed here in the preparétion of
the tosylhydrazone from cyclobutanscarboxaldehyde (107). 4 slight.
excess of cyclobutanecarboxaldehyde was allowed to react with p-toluene-
sulphonylhydrazine at -80° without solvent, baking care to exclude mois-
ture. All other atitempis in meking the desired tosylhydrezone (2) in
nany solvents uﬁde; a great number of different reaction conditions
proved unsuccessiul.

The thermal deccmposition of cyclobuianscarboxeldehyde p-tosyl-
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hydrazone (2) with bases in different solvents at 1959 over a period of

90 minutes was observed.

This reaction gave five principal products: cyclopentene (55)
by ring expansion, methylenecyclobutans (108) by hydrogen migratidn,
bicyclo(2.1.0)pentane (109) by jnsertion, methylcyclobutane (110) by
hydride transfer and 2-methyl-l-butens (27) by ring opening along with

ethylene and acetylene by fragmentation.

The percentage composition of the isolated mixtures of hydro-
carbon products varied with the choice of solvent and base. The mixtures
were analyzed by analytical scale vpc using a column packed with 304 di-
2-ethylhexyl sebacate on 60/80 Chromosorbd P? (Figure: 5). Each fraction
was separated and collected by preparative scale vpo and its structure
analyzed by comparison of its N.m.r. and infrared spectra with those of
an authentic sample.

| 2The results from some of the typical runs are summarized in
Table 3. Bicyclo(l.l.l)peniane (1), which was expected to be one of the
reaction products by insertion, was not detected in the reaction pro-
ducts mixture from this thermal decomposition of cyclobutanecarboxalde-
hyde-p-tosylhydrazone (2) under either protic or aprotic conditions.
This highly strained blcycllc system was still unknown at the time this
project was started but was successfully prepared by Wiberg et al. by

the reaction of 3-bromooyclobutane-l-methyl bromide (3) with sodium

A Available from Johns-Manville Co.
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during the course of our wourii, %2 sdssnce of bicyelo(l.l.l)pentene as
one of the producte In wri. .. - T 000 soasifZorcd 50 be in agree-
nent Wlth the findiny Shot | ooy Dasoriicon oroduets were not

obtainable from simple cyci.c carbel.s wrolused by the decomposition of

Py

0

1~

diazocycloalkanes,

-

Pzcomposition of cyelcobutenscarboxaldehyde p-tosylhydrazons

in edither protic or anrxciic solvents thvs yields cydopentene as a prine

cipal prcduct ;

thylenzoyslovutene, mathyleyclobuban

end bicyclo(2.1.0)pentane are 2lso ovizired under conditions which avoid

cationic processes. In solvents with wroton-donor capacity, conversion
the pavent tosylhydrazcne (2) o cyclopaniens is greatly enhanced

and the yields of the methyl- aand methylens-cyclobutane decrease signi-

ficantly. Of greater significance is %ha- the inbremolecular insertion

product, bicyclo(2.1.0)ventere is eliminated completely when the reaction

is run under highly protic conditicns(see ethylene glycol and m-cresol),

It is thus probeble thet bicyclo(2.1l.0)tentane (109) is formed
primarily by carbenic decomvosition of cyclobutyldiazomethane (111) in~
volving intramolecular insertion of cyclobutylecarbene (112) into one of

its four equivalent P carbon-hydrogen ovonds.
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' CH=NNHTs \ cH=N
A 2
™™ — O™ —
VoH | H
(2) (111)
HoH
v =t
' N X :g>
Y
H H
(112) (109)

Similarly, methylenccyclobutane (108) appears to be derived

mainly from cyclobutylcarbens (112) simply by hydrogzen mi-
gration.

.

AL
O —— o
]
(112) (108)

The formation of cyclopsutene (55) as principal product in
poth protic and eprotic solvents suggests that such ring expansion may

take place by alkyl migration in toth ovelodbutylcarbene {112) and cyclo-

\
o

butylearboniuz (113) (or cyelobutyincthvidiczonium) (214) intermediates.
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(112) (55)
H
(113) _ (55)
<\\§;CHQ— {\SE N ) - H"r ) —‘r N
/6\ ‘_: 4 . ?.
H . '
(114) (55)

The cationic processes 1s more Iavourable, however, as reflected
by the higher yield of cyd oventene in ethylens glycol than in diglyme

(diethylene glycol dimethyl ether, av aprotic solvent).

It is surprising that the saturated product, methyleyclobutane
(110), is formed in this reaction under every experimental condition. It
has been established that the treatment of tosylhydrazones (4) with re-
ducing hydzrides = sulté in the reduction of = carbonyl to a CH2 or acid
to CH3 group. Suﬁstituted tosylhydrazides (5) have been proven as the

. . 2.
internediate conpounds.
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ing hydride _—
PSNEN=CER —soducing nydrd TN CF B

TsH + N, + RCH

(4) &)

It was also nroposcl rcanily thoat the carbon-nitrogen double

oond of the tosylhydrazone is vulnerchie to attack by sodium hy-
dride.39

These findingsaccount Ffor the Forxmation of methyleyclobutans
(110) in certzin cases when sodium hydride was used as base.

")
[}
=
to
|
|

p-toiyt S0, No

(110)

This nechanism, however, can nod explain the experimental datse
in the cases vhen other bases such as sodium ethylene glycolate or sodium

n-hepicxide wers used.

It seems quite possible that when the reaction is carried out
in proton-donor solvents, the mechenism probebly involves protonstion at
either nitrogen or carbon of the dizzo-compound (111), followed by an in-

termolecular hydride shifs.




4 . +
==t = . < :'-!.-'- C "!|= =RhF
\/CJ N=N : } g //\\/ H=N=NH
Ny NN

(111) A

Y
Intermolecular >

hydride shif: ANy S N=NA

v 4

\\/ﬁ\H

P I—

H

|
AL, CH—N=NH ; CHs
O™ O
7 MH AVAST 2

Meny exemples of such intermolecular hydride transfer are

0 . . . , .
4 A cerbonium ion can usually zbstract hydride from a hydro-

knovwn,
carbon, particularly if this leads to & more steble carbonium ion. For
instance, tropylium ion (115) may be obiained by itreating cycloheptatri-

;
cne (116) with iriphenylmethyl cetion (117).4%

(117) (116) (115)
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The hyd-ide source in the mothylcyclobutane for-

4

mation hes not been elucidaicd.

that the protic sol-
vents are the hydwide source “o ovos thi vlsllis of mothyleyclobutane are
decreased in highly orotic conditions.

A possible mechanisam for the formation of methyleyclobutane

(110) as a reduction product, eswmscially in nrotic solvents, mey involve

= o

the hydride shifd from tne scdivx =2l of the aleckol o the p-tosylhy-

drazone of cyclobuterecerbonnlisiyds (2) vis the cyclic intermedicte

(118).2nd cannct be excludad.

H

RCHO

3 N
CH—N—NHTs

A

An eliphatic aldehyde would then be formed as 2 biprcduct. This

proposed mechanism is supporied by the appearance of a carbonyl absorp-

. . -1 . o .
tion 2t 1670 cm — in the infrared srectrum of the crude reaction products
mixture from pyrolysis of cyclobutanecarboxaldehyde p-itosylhydrazone with

sodium n-heptoxide. The aldehyde wes unfortunztely not identified.

The ring rupiure product, 2-methyl-l-buteze (27), constitutes

orly a minor fraction in the hydrocarbon product mixture. It may be
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formed either directly from the decomposition of the tosylhydrazone or
by isomerization of other products. The assignment of structure to this
fraction is tentative, since a clear n.m.r. spectrum is not available

due to the insufficient sample.

In all cases in this pyrolytic reaction, these five major pro-
ducts: methylcyclobutane (110), methylenecyclobutane (108), cyclopen-
tene (55), bicyclo(2.1.0)pentane (109) and 2-methyl-l-butene (27) were
always accompanied by ethylene and acetylene by fragmentation as indi-

cated by vapor phase chromatography (Figure 5).

The products formed in the pyrolysis reaction, and their rela-

tive amounts were unaffected by the rate of heating used.

It is interesting to note that the presence of anhydrous metal
salts as catalysts resulits in abolition of the intramolecular insertion
product, bicyclo(2.1.0)pentene (109). The compositions of other hydro-
carbons are not altered appreciably. This result is in sharp contrast
with use of anhydrous cupric sulfate to catalyze the supposed formation

of carbenes from diazo-compounds.42

For instance, it was reported that
55% yield of tricyclo(3.3.1.0°7%)nonan-9-one (119) was obtained by
cupric sulfate catalyzed cyclization of 4-cyclohepten-l-yldiazomethyl

ketone (120).
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i

enhyd. CuSC,
4

>

hexane, refluxed

(120) " (119)

In most runs, the bece used for thesce reactions waz sodium

n-hepioxide formed by mixing equimoler amounts of sodium hydride and
n~heptancl. Sodiuwm methoxile gave ezsentizlly the same resulis except

methanol was 2lso obbained = onz of the nojor components of the hydro-

" carbon produet mixture and mede ceparation of the products difficult.

When sodium hydride alone was used, an additionel very volatile product

was obitzined which was found %o be methcxyethylene (121), CHBOCH=CH2,

by exemining its n.m.r. sigazls (l-prolon quariet at 3.56T, 2-protons

by p-elimizaticn in diglyme by the attack of the strong base, sodium hydride.

nultiplet et 6.0ST, 3-protons singlet ot 6.52T). This product is formed

CH,0CH, CH20 —CH,—CH OCH, | (diglyme)

RJ

~|

!
R

The effect of varying bases on the product composition in tae

thermal decomposition of cyclobubanecarboxeldehyde p-tosylhydrezone (2)

. . N 8 . .
is not cleer. Damnenberz and Qross” reporiel that changing of bases

altered the product coxzposition significantly in the decomposition of

cholesta-l,4-dien-3-one p-tosylhydrazone (103). But no detail of the
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mechanism was ever proposed. Vhen sodiwn n-hentoxide was

s used in the

decompesition of cyclobutanecarboxaldehyle n—uOSthJdrﬁzone, the product

)

composition deviated appreciably from tha’ waen eguimolar amounts of

sodium hydride and n-heptonol wsre used. The difference is not ver
N

reliable, however, because the decomposition reaction with sodiuwm n-hen-

toxide as base was dons only once wrile 211 the other rea

at least three tines until consistent resul

ct

culty in reprcducing the resulis is dus

ctions were run

ts were obtained. The diffi-

o the complexity of the reaction

and the experirentel difficulty in operating these pyrolysis reactions.

ince cyclopentene (55) is apparently derived from intramo~

leculer decomposition of cyclobusylmethyiéizzonium intermediate (114)

invelving a cyclobutylcarbonium ion (113), e study

n

2lso been made of

the intremolecular reachion of The cyclcbutylecarbonium ion (113) as gen-

erated from the itreatment of cyclobutylmethyl p-tosylate

-

(122) by silver

serchlorate. In diglyme as solvent, this reaction indeed gave cyclopen-

tene (55) as the only 05 product.

\ /CH;;_OTS AgClod

1

by amyl nitrite and acetic acid in chloroforn gave

the

(55)

- intremolecu~
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ler product, bicyclo(l.l.0)butans (47), while the cationic decomposition

of sodium cyclopropanscarboxzldehyde p-tocylhyd re in proton-donor
solvents.
H.C 10! H2C
Non—cin, 2 e
i CH—CHaNi, : | JCH—CH N, OAZ
HZC "‘CSH~'~C’::7 n20 ch
(123)
)
C
—MZ /i\mg\
Do g'!zc ! ‘\a‘-\l
~HOAc \NL7
(!
;
(47}

Other producte fornzd by the reaciion of cyclobuitylmethyl
p-tosylate with silver perchlorate are: dimethyl ether (21.6%) which
gives 2 single n.me¥. Sigmel &b 6.767T, acesaldehyde (12.3%) Wa0SG NoleTo
specirum consisis of e doublet at T.887T exnd a quartet et 0.30T, nethyl
Tormate (4.3%) which s‘nc‘)‘.*zs WO Shard n.m.¥. Signals at 6.35T and 2.14%,

-

and 23.6% of an unidentified fraction. The dimethyl ether, acetaldehyde

znd methyl formate arose via oxidation of th glyme by the perchlorate
a2aion and were obtained from a blaslk reactiorn of silver perchlorate with

diglyme alone,

Reaction of cyclobutylnethyl p-tosylate in caproic acid also
gave cyclopentene zs 2 princinal product (8C.3%) along with 12.4% of

n-pentane formed by decarboxylation of the solveni, caproic acid, and




Te1% of 2-methyl-l-busenz (27).

The thernal decomnosition of cysloscuionone p-tosylhydrazone
(124) with sodiwm aydride in &izlyme hos alsc been dore in okder to com-
pare the reaction producis viththose ¢f the sazme reaction of cyclobutane-
carboxaldehyde p-tosylhydrazors {2). This rocetion geve cyclopentene (55)
exclusively in elmost quantitetive yield. Thig iz in agreement with the

. < as . a SSIe 1
experirveniael finding by Friedman and Shecnter™ that dizzocyclopentane
(125) decomposes thermally to cyclopeniens (55) (100%).

NNHTS
A

NaH
- >
3 ; diglyze
(124)
It is interesting to note that some
product mixzture from the decorrosition

sylaydrezcn

(G XA
zfder removal from the dry ice bath.

s spreading

vressure and gave a melting poing

3500, 2500, 1620, 1525,

Lo over 330°) (A

end 720 ez t). Yo evidgnce on 1

The possibility that this moromer arises from
tion cexnot be excluded.
The hydrocarbon drofuch mlI*L“Q was

The white vo

over & very wide

N, + Ts Ne©

* "2

of the wolatile hydrocarbon

of cyclobutanecarboxaldehyde o-to-

e (2) volymerized repidly o give a vwhite precipitate shoritly

yzer had a high vepor

range (20o

1450, 1400, 1120, 1035, 830,

the structure of the monomer was obiainad,

o]
SEC-

the hydride transfer r

separated by preparztive
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scale vpe at 0% using a column packed with 30% di-2-ethylhexyl sebacate

on 60/80 Chromosorb P. Each fraction was identified by its n.m.r. and

infraredlspectra.

The n.m.r. spectrum of the methylcyclobutane (110) fraction
shows & doublet at 8.94T corresponding to a methyl group split by an adja=-
cent ring proton and a grouping of resonances centered at 8.05T ariéing
from the cyclobutyl ring protons, and is in agreement with the assigned

structure (Figure 6).

The structure of methylcyclobutane is confirmed by comparison
of its gaseous phase infrared (1 atm.) and n.m.r. spectra as well as re-
tention time in vapor phase chromatogram with those of an independently
prepared sample from reduction of the p-toluenesulphonic Qster of cyolo=-

butyl carbinol (122) with lithium aluninum hydride.

COOH . c .
<> : LiAlH, <> :HﬁH TsCl
'
H : = NaOH '

(126) (127)
C :H : H
(122) ‘ (110)

N

The methylenecyclobutane(108) fraction shows three groupings of

n.m.r. Signals centered at 7.967(2 protoﬁs),'7.321(4 protons) and 5.35T

Nawe
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(2 protons) which agree exactly with those published in Varian NMR Catalo-

guet? (rigure 7).

The n.m.r. spectrum of the bicyclo(2.1l.0)pentane (109) fraction
has three groupings of resonances centered at ¢ = 9.52 (2 protons), 8.63
(4 protons) and T7.93 (2 protons) corresponding to cyclopropyl, cycio?
butyl and bridgehead hydrogens, respectively, and is in agreement exact-

ly with that reported by Chesick45 (Figure 8).

The identity of the cyclopentene fraction was confirmed by
comparison of its n.m.r. and infrared spectra as well as retention time

in vapor phase chromatogram with those of an authentic sample.
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EXPERIVENTAL
Smoieoiol

Infrared spectre were recorded on & Perkin-Elmer Model 137

¥

"Infroacord” Sypectronhotonsta.

Uliraviolet specirae wore mezsured in 1 e cells on a Becknen

DX~2 Spectrophotometar.

Nuclear mesznetic resonence suectre were obtzined using a
Verian Nodel V-4302 Spectromsier overaiing at 60 Mc/sec. Tetramethyl-
silane was usad as an interna2l reference, and all spactra were recorded

at rocm temperature.

Microanalyses were periormed by Midwest Microlab, Inc., Indi-
anenolis, Indiana, U.S.i., and by Alfred Bernhardt, 433 Milheim (Ruhr),

HOhenweg 17, West Germany.

a
Vapor phase chromztograns were recorded onAPerkin-Elmer Model

154 Vepor Frectometer with helium as the czrrier gas.

MATERIAL,— 211 cormercially available chemicals were care-
fully purified by stenderd methods. Spscial care was given to the drying
of the solvents, wtilizing lithium aluminum hydride as the drying agent

and distilling under nitrogen atmosphere fof the ethers,

APPARATUS.,— The appraratus used to run the decomposition rezc-

tion of cyclobutenscarboxaldehyle p-tosylhydrazone (2) and cyclopentanone




petosylhydrazone (124) with boses and elso the reaction of cyclobutyl-
methyl p-tosylete (122) with silver verchlorazie is sketched
in Figure 9.

A
crergsrmaEcARsoe e Aotp (126)2°°47  oyclcbutenscarbor-

vyilc acid wes prepored by decorbexylation of 1,l-cyclobutenedicarboxyli

acid (108) carried out in o dictilling flask a% 160 ‘70 until no more

4

carbon dioxide was evolved {(choul two howrs). The dark coloured liquid

was distilled by zedsing the tamserature to give 97.5% yield of cyclo-

. . ameC g : - a0y 48
butanscarvexylic zcid, bup. 2957 {3it. Tuoe 195 }.4

C‘fc O’D""’l'; "\'T‘r" MERATAT

R A

ture of 50 g. of

cyclobutarecarboxylic acid (126} and 32 g. of 84% formic acid wes passed
dropurize at 3809 through a steinless sicel tubs cerrying manganous oxide
(}n0) as catelyst et 2 rate of 15 ml of mixdure per hour. The resaction
product collected in o trap at ice-sali temperature wes extracted with
ether. The ethereal solubion wes washed with saturated sodium dicarbon-
ate solubion, water, and dried over arhydrous sodium sulfate, and the
ether digtililed off. fThe yield of cyclobutanscarboxaldehyde (107), bob.

- Q . - .
L15-120 , Was 12.5 distilletion, the pure

(M)
[
7~
N
\0
CD
~ry
0
e
J
(D
..l
p,
v
Q
I
}.

sqn e s 550 fa: - .
a?denj e boiled &b 116-~1187 (1it. bepe 11 2y,4-dinitrophenyl~

~y

) 5 R o
hydrezons MePe. 152 1547, goiden nsedle crystals (lit. mep. 153-154 )49;

stroag aldehyde absorpticn occured in the infraored spectrum at 270C (C-H)

and 1720 ez * {C=0).

The aldehyte could easily be OT;Cl”“d to cyclobutanecarboxylic
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acid (126) by air after

polymerized to 2 trimer sl

H,

o - o -~ fa am !
3x nitrozen atnosphere of mangenese

hydroxide at 00° which was formed oz 2 precipitete by nixing eguinclaxr
amouniss of 50 mangenese nitrate solution and concentrated ammoni
hydroxide inside the <ubte. 4 serious explosion occured once and another
orocedure for making mengancus cxide was employsd by decomposition of

. O .
manganows carbonzte ot 3307 in the samz apparatus.

Cyclobubtanecarboxaldehyde (107) was

2

1so prepared by reduction

51

i

of the corresponding aziridine (1285 with

ithium aluminun aydride,

i,

9 zs/CCCi ::-‘.N\éﬁz (129)
NEts  (230)

n

CYCLOBUTANECARBONYL CHLORIDE (128)47’520—— To 27+2 g of

cyclobutenecarboxylic acid {(126) was added 55.0 g. of thionyl chloride

0 . i = -
(beps 75-6"), erd the mixture was rofiuxed for 1.5 hours. The product




mas distilled fo give 27.0z. (84.5% yield) of cyclobusanecarbonyl chlo-
ride, b.p. 130-140° ( bev. 137-139°),

REDUCTION OF CYCOLOUUT I ECANZONL CELCRIDE (128)5 «— Cyclo-

one hour to a stirred solution of ethylenimine (129) (8.8 g., 0.2 mole)
and triethylamine (130) {20.0 g., 0.2 mole) in 100 ml of arhydrous di-
etnyl ether with cooling b =n ice-salt mixture. The reaction mixiure
was stirred for an additionzl 0.5 hour and precipiitated tricthylemine
hydrochloride (131) was filtersd off and washed with 100zl of diethyl
ether. The combined ether solﬁtion wes cooled to 0°C and a s3 iurry of
2.0 g. of lithiuwm aluminuam hydride (0.05 mole, 95% nurity) in 100 ml of
diethyl ether was added to the stirred solution over a period of 0.5

nour. After an edditional hour, cold 5N sulfuric acid was added, the

ether layer was separcied, and the agueous layer exitracted. The com-

water agein, and dried over anhydrous scdivm sulfete. Ether was renove
by evaporation under reduced prassure. Ddistilletion yielded 4.0 g. of

cyclobutance “oo::lduhydv (23.8% yield).

CYCLOZGTLY

TICARBOXALDIEYDE p~TOSYLUYDRAZONE (2).— Cyclo-

butenecarboxaldechyde (5% excess) was adled dropwise onto p-itolusnsesul-
phonylhydrazine (132) fine npowder ai -80° with vigorous siirring. Pre-

. % ) . nt 3. sl s o . Lnde (I
cautiorn was made to nnoven condansetion of molsture inte the Teacylion

i o e Ly A - A S sy o ode 0} . ‘- s A%
pixture by pagsing throush dry ¥, and putiing on & rubdber stopper rapidly.
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The mixture was then stirred at room temperature with occasional cooling

vined. The excess aldehwde (107) and wa~-

Ci

wntil a fine d rj solid was obte
ter‘thﬁs'fo—*ed were removel under hish vacuunm (ﬁlelO_Smm) at room tem-
perature and the cyclodutonecarboxaldenyde p-tocylhydrazons (2) was stored
a2t =307, The hydrazone (2) was heat sensiitive and could not be further
(Gecompa ).

The infrereé specirom exhibited sbsorptions characterisiic of

-1 -1 -
a tosylhydrazons (K-E 3200 cm ~, C=N 1580 cz —, =S0,- 1320 ané 1135 l)

The nelere spectzum (60 ¥e; in 0“503 gave ebsorptions at 2.397¢

nglet ne droton), 5.427T (singlet, onre

,.\
Q
i
[
l'{
< l-
2
I
g
L]
O
0
o
w
\../
e
O\
o
B
~~
]
I
ja3
(6]
}-
©
(9}
“
O
}
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J \J’I

rotons in the region
of 7.80 to 8.07~ (multiplet, 7 protons). These data agréed very well
th those from the n.m.r. specirum of cyclopentenone p~-tosylhydrazone

(124).

CYCTO FINTLYONE p-TOSYLHYDRAZONE (124) .~ Cyclopentanone p-tos-

s LS

yihydrezone was prepared accordizng to the method described by D Duy and

-

Froensdorf.”” The p-toluenesulfconylhydrazine (132), 50 g., was dissolved

in 700 ml of 1N FECl and an eguimolar emoun’ of the cyclopentenone (133)
(22,5 g.) adéed with stirring. After standing for one howr the reaction
mixture was filtered, and the product recrystelliized from an ethaxol-

water mixture 1o give 56 go (77.2% yield) of vhite crystalline hydrazone,

n.p. 180-181° (1it. m.p. 180-181°)%°

The n.m.r. spectrum gave ehsormviions at 2.407 (quartet, 4 pro-
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tons), 2.74 (singlet, one proton), 7.55 (singlet, 3 protons) and two
groupings of resonsnces centered at 7.73 and 8.1T (multiplet, 8 protons)

arising from thé alicyclic ring protons.

PYROLYSIS OF CYCLOBUTANECARBOXALDEHYDE p-TOSYLHYDRAZONE (2).—

The apparatus used is shown in Figure 9. In a typical run, a mixture of
2.52 g. (10 m.mole) of cyclobutanecarboxaldehyde p-tosylhydrazone and
0.47 g. of sodium hydride (1l m.mole, conc. 56%) was placed in a 50 ml
three neck flask equipped with a reflux condenser, nitrogen iAlet and
serum cap. Into the flask, 15 ml of diglyme was injected by syringe
through the serum cap, followéd by 5.5 ml of a 2 molar solution of n-hep-
tanol in diglyme (11 m.mole). The reaction mixture was stirred with a
magnetic stirrer and heated graduélly by means of an oil bath up to 1950.
Hot tap water ﬁésApassed through the condenser in order to separate the
volatile reaction products from high boiling solvent. Pure nitrogen

was passing through at a slow rate to sweep out the volatile hydrocar-
bons into the liquid air trap. After the reaction was completed {one
hour), the volatile hydrocarbon product mixture was collected from the

trap by distillation under vacuum and stored at -80° with dry ice.

Explosion of the light orange coloured hydrocarbon product

mixture in a n.m.r. sample tube occured probably due to the decomposition

of the diazo-compound at room temperature.

In the cases when metal salt was used as a catalyst, one gram
of the anhydrous metal salt was mixed with the tosylhydrazone befors in-

jecting the solvent. The same procedure was employed for the runs in the

Seimr
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presence of p-tosylhydrazine oxr ventasryithritel, C(CHZOH 4 (134).

TOTOVE (124) .-— The

sivdrazone (124) with sodiunm

trat of She cyclo-

<
m
o}

e . P e ey .
ayarice In C-."_.f:l"i.Je was ¢orried OUe 1l TLS 34 We

3ol y =] - Y 3 4 m
subansearboraldchydle p-tosyihvdrazons (2).

CYCLOZRUTYIDARBTNNT. [127) ~— & szolution of 10 g. of cyclobu-

tenecarboxylic acid (125) (0.1 mole) in 50 ml of arhydrous diethyl ether

- 3 e Y -
gver g veriod of 4wo hours

chyl ether in 2 500 ml three neck flask

wixture was stirred for 18 hours a2t room %emperaturec Coid SN sulfuric
z2cid wes added., The ether layer was sspearated and the aoueous layer ex-
tracted. The combined ether extrzets were dried over axhydrous sodium

sulfeie. Distillation of the ether sclubion zave 6.9 g of cyclpuutyl—

1i%e b 142°/750mm).0% The yield

s ]

wes 80%. The infrared spectrum showed sirong hydroxyl absorption at

CYCLOBUTYLVETHYL n-TOLURYESULPHONLTE (122)55.—— To & stirred
nixture of 12.9 g. of cyclobwiylcardinol (127) (0.15 mole) and 32.5 g.

of p-tolueumesulfonyl chloride (135) (0.17 mole), wes added dropwise

~ N

3 =ole). The . temperagture was kept below 150

s
[N

80 ml of 5N ¥aQH colviion




by cooling with running weter. After the addition was finished, the
reaction mixture was stirred at room temperature overnight. The reac-

tlon mlxture was extracted with ether. The ether layer was washed with

veter twice and dried over arhydrous scdivm sulfate.  The solution was
filtered and ether was removed by evaporation under reduced pressure.
The ester was obtained as.a 1light yellow ¢il, 28 g., 78% yield. The

infrared spectrum exhibited c%"“ac“c istic sulfonyl bands at 1360 and

b=
pe
(
=
&
cr
(o]
o
¥
4
o}
N
q

the cyclobutylnethyl o-tosylate by vacuun

ETAYLCYCLCRUTANE {110) .~ Xethylcyclobus was mzde by re-
duction of cyc cutylmethyl p-tosylate (122) with lithium eluminum hydride.
e secue equipzent setup as thet for the pyrolysis reaction of tosylaydre-

into 2 slurry of 1.2 go of lithive alumimum hydride (30 m.mole)

E

in 30 ml of dry diglyme, was injected slovwly 4.8 g (20 m.mole) of the

L9
o

tosyl ester (122) (erude reachion product without distillation, volatile

impurities were removed by evacuetion under high v~cuam). The reaction

- <

aturs thow nitrogen atwosphere for one
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p
o
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hour, and the temperature was then raised up slowly to 185 . The vola-
tile product coilected consisted of only one component &5 shown by vapor

s
e w, wm s -
.rhage chronatorren,




- 64 -

TREATMENT OF CYCLOBUTYLMETHYL p-TOSYIATE (122) WITH SILVER
PERCHLORATE.~— The apparatus used for the reaction of cyclobutylmethyl

p-tosylate with silver perchlorate was the same as that for pyrolysis

of the tosylhydrazone (Figure 9).

Dry diglyme and caproic acid (n-C COCH, D.p. 2050) were

511
used as solvents in this reaction. In a typical rum, a solution of

2.4 g. (10 m.mole) of cyclobutylmethyl p-tosylate (122) in 15 ml of dry
diglyme was injectéd very slowly into a stirred solution of 3 g. of
anhydrous silver perchlorate (14 m.mole, dried at 70° overnight under
high vacuum) in 20 ml of diglyme. After the addition had been completed
(0+5 hour), the clear colourless reaction mixture was stirred at room
temperature for an additional 30 minutes, and the temperatﬁre was then
raised slowly bytméans of a heating oil bath up to 185° (1.5 hour). The
reaction mixture started turning a dark brown color at the temperature

of 900. Approximate 3 ml of colourless volatile hydrocarbon product

mixture was collected.

The product mixture was analyzed and separated by vapor phase
chrometography using a 15 ft. long column packed with 30% di-2-ethylhexyl

sebacate on 60/80 Chromosorb P.

I




- 65 -

o T I

T T Ry ﬁ(r"“" "‘T' '{:. '“_lT“' “."j v":ﬁ—“'ﬁ B T".- TN T A eyl
THE REACTION OF SIIVIR THTRUFLUOROBCRATE

VITIRNT NG U CTTLY LT AN TR
WL Livaond Lalunid




Y "
L melnaniolr

OATE
2ave

cyclopropyl ring.

LAY

&
<

S S LnRITed S

aisnlacerent reaction by

v Stell in 1939 when he found

(B
e
&

¥}
®

58

Shopzpee

micleophilic QlSp acen

action corditio

voinied cut thal

iozide {138) -

51
yalod

ierd) @

the reten

e
SITSE

2t G, in &S-Cholc
2

steroid under

ion of configuration in

3tene derivatives and similar




£
EN

nade o

le,

or exanmp

£

L

onexy.

-
H
-

dees cyc

0]

!
;

PRRRSSA P

sheud 1CH -
aoows Al

to solvolyze

found

wasg

cholesteryl

£ i-

ion o

-
W

o)
someTLoe

i

4

we ESl0,-co

The
T

tosylate (139).59

ol — o
e R XA

7=
LR

24 solve

achL

ic

L acet:

i

acetete (140)

Q

I to be £irst oxd

.
[exagricied

o
pasy

vzl
(S~

i

P T
SIS Lo

-

(141)

A0

!

(142)




Pt

- AR e

sy DA i R
LOGTATLO,

of cont

This , and other evilonce, Inilcatest - onance-

A T -
gtebilized carbonium icn of

iz an intermedizte in the

62-69

[ . Eed PR S O R, R D 4 =
reaction of certain cholesteryl compounds (145).

Tha i-cholesteryl derivetive (148) is formed 2 kinetically

5]
)

controlled product. Under cersain conditions, the normal cholesteryl
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o, thernodynonmically controlled pro-

Lyie reactionsof cholesteryl

it

T &t PR nneh e ia o~ .-".f-‘ - -
helides and Sesylotes with v tuffered conditions, and the

tically formed i-ethers to the thermody-

~ P S -y vy Y,
ready rcorrangenment of the

H bt e ene 3o TP RN - A P ] ., N
namlcali.y more sizble ZC-gthoms under aclid conditions STrongly sugges‘t

. an s PN . -
& similer pariicipaticn of a 2-F dovble boxnd ixn o simple

.. 10

ey ——— - Y B e -yl A S hibd i S 3 -
Jiphatic sysiten has been recently reporisd oy Honack and Schneider.
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-

Izn stuldying the rearrangemente of the carborium ions as a funciion of
reaction time and temperature, l-bromo- ;~0Lte e (148) in nitromethane
or dichlorogethare was treated with silver iestrafluorchorate to give

(A3

ne

b

a proposed uexrafl roroborate intermediate (149). Hydrolysis o

eaction mixture with an excess of scodium bicarbonete soiuition gave

K

four alcohols: cyclopropylcarbinol {150), cyelobutanol (151), S-buten-
1-0l (152), ard 2-buten-l-ol (153). The provortions of these woroducts

were reported to derended oxn the itime and temperaturs.

A possible route may involve the formation of a nonclassical
bicyclobu%oniuﬁ ion intermediete (154) which is atdecked by hydroxyl
ion to give rise to cyclopropylearbinol (150), cyclobutanol (3 31) and
3-buten-1l-ol (152). Haneck and SchneiderTO provosed that 2-buten-l-ol
(153) iz Zowmed by ring runbure fron cvelonrowylcarbinol (150).
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In exelogy Ho the formation of i-glher in solvdlytic reactions

of cholesteryl halidss (167) and tosylass (138) with alcohol under buf-
fered conditvions,a similer neighboring-zroup parbicipetion by a B-Y
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. . - e % ., .
double bord was observed by Hanzck and XKeberle' in that bicyelo(3.1.0)

hexan-2-0l (163) was x epor ~5ed o be formed by dsamination of &A’-eyclo-
hexenylanine (169) or by acziolysis of A-cyclchexenyl p-tosylate.
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Winstein6o (142) for the perchloric acid catalyzed rearrangement of the
i-cholesteryl acetate (140), cannot form a stable covalent ester. The

isolated and identified products indicate that there are several pathways

this ion pair may follow: (a) proton loss from 04 +o give directly the

cholesta-3,5-diene (173), (b) formetion of the 3,5~-cyclocholest-6-ene
(171) followed by acid catalyzed ring opening to the diene (173), (e)
formation of the 3ﬁ-OCH2CH200H3 derivative (for the monoglyme case) fol-

lowed by the BF, catalyzed elimination to give the diene!!, and (d)

3

breaking down of the BFZ jon to give a covalent fluoride (172). It is

interesting to note that only the 3g-fluoro compound was isolated.

The possibility that cholesteryl fluoride (172) is formed from

the carbonium tetrafluoroborate ion pair (175) is in sharp contrast with

. 8 . ' .
. Freedman's observatmonj on n.m.r. evidence that conversion from tetra-

phenylcyclobuteniun bis(tetrafluoroborate) (176) to the monofluorocation

. (177) does not occur. The dication (176) was obtained by the treatment

of 3,4-dibromotetraphenylcyclobutene (178) in methylene chloride solution

with two moles of silver tetrafluoroborate. -

3 The term "“ion pair" is used for simplicity, and no implications are
intended as regards exact electronic structure of the carbonium ion

and the variety‘df ion pairs ipvolved.6o
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zdded 2t ice-soll temmeraturs. The wroduch was filtered and washed
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REACTICN OF CHOT

TLUCROBORATS .~ Reaction  were done éither in disiyme (diethyl-

eno glyecol dimethyl cther) or monoglime {cthylens clycol dimethyl ether)

diszolving 2.00 7, of silver tetrailuoro-
voreie in 20 ml of dry monozlvmz, a solultion of 1.00 g. of cholesteryl

chloride {(138) in 10 mi of dry monogiyme wias cided. The mizbure was

o ‘ :

5 . ) = . N .

under, nitrogen &imosrhers Xor 30 minubes, -Temperature
o n me s ol s canPivring Sammereture of monogslvme (8 S

was then reised up to the refiuxing TESHMperavule OL DONDE.YRE 5°¢C

end stirrine was continued for crnother 30 omiruses The mixture was

Tvad) [N AU S S e ASLL Vel otars R XA =RELD J TEEA A Bl GT e o ., f=t

o e =y o, Y ey -
50 removed the silver chloride »r

[¢]
Q
'J-
o]
lJ.
¢}
{9
ct
[6)
i,
5
i3
1)
fu

ves vashed with water several Himes Lo remove monoglyme and finally

3

dried over anhydrous sodium sulfalte. ifter oving ether under we-

iuced vressure, 0.937 g. of white solid was obtained which consisted

-

‘of two components as indicated by thin layer chromztography. Separa-

tion by thick leyer chromatvogrephy on silice gel gave 0.509 g. (56.0%
yield) of cholestea-3,5-diene (173) and 0.218 g (23.3% yield) of 3g-

fluorocholest-S-ene (172). The analyiicel zample of cholasta~3,5-diens
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