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PART I

3~-PHENYLCYCLOBUT -2-BEHONE ARD
3~-PHENYLCYCLOBUTARORE DERIVATIVES



el

fPiculties in the syntheses ¢

studies of the chemicel and physical properiles of these

e
D oW

small-ring compounds, The rather recent discovery of the
thermal cycleadditlion of {luorinated ethylenes with them-
selves, acetylenes, olefins and dienes (3,4,5,6) has

yravad%@ gynthetic pathways to a variety of haloge

substituted cyvclobutanes and cyclobutenes. More recently
cyclo-addition reactlons of allsnes with sultably substitulsd
non~-nalogenated clefins have been found to glve good ylelds
off eyelobutanes (7,8).

The polyhalogenated cyclobutane derlivatives obtalned by
cycloaddlition reactions at first seemed chemlically lnert, and
thelr conversion to non-flucrine-containing cyelic substances
did not seem @v&ctiaal (9). However, Roberts, Kline and
Simmons were able to transform halogenated-cyclobutanes,
chtained by the thermal cycloagddition f@&ﬁﬁi&ﬁﬁ deflined above,

to halogen-fres four-membered ring compounds (10). Smutny

L]

and Roberts (11) and Silversmlith and Roberts (12} have

5,

@ﬂi@ﬁ&aﬁ this work, which is of such lmportance to the

-

pregsent research that it will be dlscussed in some detall.

fie

Phenylacetylene undergoes cycloaddition reactions with

either 1,1,2-triflucro-2-chioroethylene (11) or 1,l-diflucrc-

)

s o~ P . - - F < & ) o & o n, k1 b A &5
2,2=-dichlorcethylene (10) at 100-130" te glve 1:1 adducts 1

Y

gn yields. The structure of the latter adduct has been
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B

CHAC=C-H F
T8, cHe Ha5%, cn, —0
CLL=CF, F
| / ¢l ¢l / ci | cl
A (csz)SN Zn, H
A (CzH s)gN A )(CZ“ 5)3" or

Ha , Pd-on-C
/ :

Cl H
| n
Z'\’ HC\

x o o
CGHS —Q CSHS C6H5 v

F \ T 6

!

(Mild Conditions) l HCl |

1 \ X

F W,50 X

a F Q (X,= Bry CLy) 6

ruits X (B=~NH,,~0CH,,-0H,-I)

Fig. 1
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X1 XVl

+_ M F c HeOH %M F
ClC=CF, 2

<l Cl ci
Ha50,
it |
Y .
CH ~CH=CH
¢ s H
+ ® C6H§<>:o 2 —CH < >=0
CIFC=CE, - Fdon-c
A
X
!
KOH
cH F(excess) F H,504 Ha5%, —0
6 5 c.at-\ OH 6 5' s
F
¢ | ocaH, OC, W,
® KOH
oc(CH,)
(exc‘css? 3 CaHsl
XVl / i
F HaSOy
Mg F CHs HC\ GHS‘O
OC(CH,4)4 OH
pAAl

Y

Big,
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in 3-phenylcyelcobut-2-enone and the 3S-phenylicyclobut-Z-snyl
cation 1s discussed, The reactivity of the €-chloro=3=

phenylcyclobut-2=enyl and 3-phernyleyclobut=-2-enyl d=-nitro-

nzoate esters was studled, The reactlon of 3-phenyl-

3
Loy

E’ 2

cyclobut-2-encnes with phosphorus pentachloride in benzene
has been studled. The syntheasis of 3I-phenyleyclobutancne
(Vi) from the adduct XII, described above, has been ilmproved,

and the reduction of VI by several resgents ils descyibed,
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. Ty
the various spin-coupling constants involved, has been
treated theoretleally by Pople, Schnelider and Bernstein
{(89). The thnecry predicts a triplet for both the & and K
reglons of the spectrum 1f both A'z are coupled equally Lo .
both X's. The 1,l-difluoro-3-bromo-3-phenyleyclobutane

(XX1IV) molecule appears to be approximated as an ApXshp

s
e

syastem where the two Ay groups are not coupled. In ti
clrcumstance, the proton spectrum of XXIV may be described
as two superimposed tviplets. The form of the fluocrine

spectrum should be a quintet (90). The two methylene protons

52

cis to the bromineg atom should show some chemical shif

7y

relative to the two protong trans. I the degree of this
non-gguivalence lg small, ecach poak of the triplet will be
spllt into several closely spaced bands which could possibly
only be rescived under high rescluticon., The proton specbrum
£ XXIV iz consistent with this interpretation, The proton
NMR spectrum of l,l-diflucro-2-bromo-3-phenyicyclobutans
(XXV) would be expected to show four kinds of hydrogens and
to be extremely complicated due to the various posslibllities

for apln-spin coupling of the magnetic nuclel on the four-

Pl

membered ring.

The infrared and ultravioclet spectra of XXIV were
sonsistent with the proposed structurs XXIV gave an
immediate precipitate with alecholic silver nltrate solution

and did not react wlth broming or permanganate,



wile

Knutson (20) attempted the dehydrobromination of impure
XXIV with potasaium hydroxide in ethanol and with guincline
or pyridine, but only small ylelds of impure product were
obtained, The crude products partislly decomposed on distlle
lation to give colored fractions, which fumed in alr and
eventually deposited & black sollid, HKnutson found that his
impure product reacted readily with bromine 1n carbon
tetrachloride and with potassiunm permanganate in acetone, butb
d1d not glve an immedlate reactlon with alccholic silver
nitrate; on castalyblec hydrogenation ©6€ of the theoretical
amount of hydrogen for one double bond was h&h@ﬂ up, and the
product was shown to be 1,l-difluorc-3-phenylceyclobutane
{¥XIT11) from its index of refraction and infrared spectrum
{10). Vogel dehydrobrominated impure XXIV with pyridine and
cbtained yields of impure product as high as 75%. Again,
decompesition of the material to vividly colored nixtures
was cbserved.

In the present ressarch 1t was found that the dehydro-
bromination of XXIV could be carried cubt very satisfactorily
with & sclution of potassium hydroxide in ethanol. Careful
igsolation and purification of the product as described later
gave 59-95% yields of & colorless product which had the
correct elemental analysis for i,l-difluoro-3-phenylieyclobut-
2-gne (XXII). During distilletion of several preparations of
¥XTI, decomposition cccurred in the manner describsd by

Knutason and Vogel; however, thls decomposition could be
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diflucro group in XXIT, The Ilnfrared spectrum of I
ghowed a band at 6.16 P assigned to C=C stretching and a
band at 6.97 P charactveristic of C-H methylene deformation,

The protcon HMR spectrum of 1,l-«diflusro-3-phenylceyelo-
put-2-ene (XXII) showed the expected resonence singlets
chearacteristic of phenyl, methylene and vinyl hydrogens in
the intensity ratic of 5:8:1, respectively. As has been
cbserved for a number of other fluorine-substituted phenyl-
eyclobutenes (22), the adjacent hydrogen-fluorine couplings
are very small as there were no multliplets observed 1n the
case of the methylene and vinyl protons of XII. The flucrine
NMR spectrum was not observed,

Although Knutson (20) and Vogel (21) were unable to
obtain pure l,1~éifluere«ﬁwyh@nylcyalabut«Ewan@ (XX11},
each found that sulfuric acid hydrolysis of thelr preparations
gave small quantities of & sollid ketonle product, m.p. 48-51°,
¥rom vacuwn sublimation of the crude product, Enutson cbtained
a small amount of white crystalline material having the
correct elemental analysis for 3-phenyleyclobut-2-cnone (XX).
The product from the catalytic hydrogenation of this material
gave & 2,&sdimitraghenylhgﬁragsn@ which had the same melting
point as the 2,4-dinitrophenylhydrazone of 3-phenylcycloe-
putancne {10)., Vogel improved the yleld of the hydrolysis
step to about 50%. He attempted to purify his crude product
by recrystallization {rom ethanol, but found XX to be guite
aoluble in this solvent and (¢ undergo partial decomposition

when heated in soclution. On recrystallization from ethancl
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ne spemetimes obbained meterial which melted at 58 and two

other uninown subeterces which he did not investigate, In
the present researchn, the infrared spectrum of his material

f.p. 56% has been found
gcetone (XXIX). The infrared spectrum of cne of
unknown substances ip very similar to thet of ¢ls-@ -
methylelinnamic acid {XXVI).

In the pregent ressarch the hydrelysis of 1,1l-difluoro-

3

Jephenyicyclobut-2-sne (XAII) with concentrated aulfuric scid
was carried cout many tlmes, and 1t soon becgne apparent that
the amount of crude product was very dependent on the bemparature
and the duration of the reactlion. A& procedure wes developsd

which gave 056-89% yilelds eof ecrude product, The thermal ine

stability of 3Je-phenyloyclobut-R-znone (XX) precluded ita
1

purification by recrystellizstion in the ususl manner, How-

atures below 409 gave
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iarge colorless needles {(44-59% yields, m.p. 51.4-52,7°)
which had the correct elemental analysls for IX, XX gave &
2, 4-dinttrophenylhydrazone (m.p. 240,9-241,5% with de-
composition) also having the correct elemental analysis,
With potessium permanganate in acetone XX gave an lamedliate
reaction and produced benzole acld (MAVII). XX decolerized
bromine in carbon tetrachloride only slowly. XX was found
to be very ilreiteting to the skin., After standing open to

the sir for several days XX became very wet. It darkened

in the dark under vacuum, From samples of decomposed XX,



good ylelds of cis-@ -methyleinnamic acid (XXVI) were
isolated, As reported by Knutson (20), estalytic hvdrogen-

atlon of XX gave 3-phenylceyclcbutanone uhlch wes ldentified
by its infrared spectrum and 2,4-dinitrophenylhydrazone
derivative,

The proton NMR spectrum of XA showed singlet bands
characteristic of phenyl, vinyl and methylene hydrogens 1iun
the intensity ratio of H:2:1; the chemlical aﬁifﬁs'we@a nov
measured. The infrared spectrum of XX showed absorption
bends at 5.65 p (C=0 streteh), 6, 39 p (Lu@ streteh) and
.05 A {methylene deformation). In agreement with Vogel
(21), the ultraviolet spectrum of XX was found to have )\ﬁax
266.0 mp (€ 23,000), Ngoy 222.5 np ( € 11,600) and A
217.0 mp (€ 13,000}, Cinnamaldehyde and benzalacetone
have conJjugated systems nearly identical with that of XX;
the former has )‘max 287.5 ap -( € 25,000) (23), )\m% 2‘525,?’3
i and )\m&? 220.5 g and the latter has )\max 287.5 mp
(€ 25,000) (23), Ay 226.5 ap and A oy 22105 g, Thus
the ultraviolet spectrum of 3~@h@ﬁyi@y@l@%ut»£w@n&mﬁ {xx)
appears to be nearly normel for an 0(55 ~ungsaturated -—3 -
phenylketone, However, the possibllity that the observed
maxima result frem besr cancellatlion of & hypsochromic dis-
placement due to ring sirain by a bathochromic dlsplacement
resulting from Yl-type iﬁt@faa@i§ﬁs between the electrons
on the l- and 3-position of the cyclobutene ring i not ruled
out., The ultraviclet spectrum of the unknown l-phenyleyclo-

butene would perhaps provide the necessary information as to
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the effect of ring strain on light avsorption in the
cycliobuteng systen,

Trestment of 3-phenylceyclobut-Z-enone (XX) with hot
dilute agqueous bhase was found to give threse products: benzolc
acid (YXXVII), acetophencne (XXVIII) and benzoylacetone (XXIX).
The smounts of XWII and XXVIII increased as the wentration
of baze was increased, and the initlal product iz assumed to
be XXIX, XIXIX is known to give XAVIII under the basic
conditions employed (24), presumably by a retrograde Claisen
condensation invelving initiel attack of hydroxide lon on the
carbonyl carbon aton }r to the phenyl ring followed by sub-
sequent c¢leavage to acetic aclid and acetophenone enolate

anion (see ?Lau“@ 4%, XIVII cculd arise from XIIX by &

i’l

simllar mechanism involving attack of hydroxide ion on the
carbonyl carbon O to the phenyl ring followed by subseguent
cleavage to give benzole acld and the enolate of acetone,

The mechanism of the ring-opening of XX could invoelye a
single ,ﬁd/ur a multiple-step mechanlism. A possible one-
step mechanism would Involve attack of hydroxide lon on

she electron deficlent 3-position of XA concerted wiih
cleavage between carbons 3 and 4 Yo glve an enolate anion of
bengoylacetone, As a multiple~-step mechanism, the first step
could invelve sttack (possibly reversible) of hydroxide ion
on the electron defleient 3-position (but without concerted
ring=-cleavage) to give the encl anion ol 3-phenyleyclobutan-
Jepl-l-one {(YXX) (see Flgure 4}, XXX could then undergo
subseguent ring-cpening to @ benzoylacetone enclate anion,

or it could plck up a proton from the solvent to glve the






neutral intermediaste Jephenyicyclebutan-3-cl-le-ong (XNAT),

T e oy e U e . o . N S I T Y R, cened 4 s
Since the enclate anlon of XXXT would be expected to be 8

step could be the reversible removable of the alkoxyl hydrogen
by hydroxide lon to gilve Z-phenyvicycloebutsane w@l l-one

opening to an enolate anion of bengoylacetons., Experiments
desizgned to trap any intermediate such ss XXXI were not
carried out in the present research. Attack by hydroxide ilon
at carbone-l would be sxpected to result in formation of a
gervoxylic acid derivative as the initial ring-cpening
product, but ne such product was igolated, All three reaction

mechanisms proposed above sre reasonsble on the basis of the

{-phanyloyclobut-2-anone (XX) in acetie

et
i
3
U‘L

&

acld gave & good yield of Giﬁ»@ -methyleinnamic acid., The
acetic sclid ring-openlng reactions of a number of halogen-
substituted 3-phenyleyclobul-Z-enones have bean studisd, and
these resctlions heave becn shown to proceed through vinyl-

ketene intermediates which undergoe e¢ither 1,8« or 1,4«
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addition ¢¢ carboxylic acglid derivatives
cases where the bulkinegs of the atltached groups are such

that the ketene and vinyl groups cannot achieve coplanarity

and therefore maximum conjugation, the ketene adds acetie acld

in a l,2-magnner as 1 1% were an lsoclated group. When the

proups pregent are not too bulky for the keteneg and vinyl

groups bto achleve coplanariity with mazlimun conJugation, 1,4«



addition to the ketene 1s observed (15). The ring-opening
: £ &

of ¥X falls in thls latter category.

Reduction of J-phenylcyclobut-Z-enone (XX) with sodium
borohydride gave an ale@ﬁels M.p. 66.4-68,6°, naving the

ir

correct elemental analysis for 3-phenyleyclobut-Ze-encl (XXI).
¥XI proved to be unstable and could only be kept under nitrogen
or vacuum at 0% in the dark. A mamgi@-aﬁ XXX exposed %o air
becomes yellowish and olly within a few minutes, XXI gave 2
s01id 4-nitrobenzoate ester, m.p. 146.2-148,4%, and on
catalytic hydrogenation gave cils~3-phenyleyclobutanol (XLIX)
{see Section 4)., XXI reacted immediately with bromine in
carbon tetrachloride and potassium permenganate in acetone,

The infrared spectrum of XXI showed absorptlon bands at
3.03 p (0-H stretching) and 6,99 7 (methylene deformation),
There does not seem to be any band in the reglon 5,5-6.5 Iz
whilch can be assligned to the CzC in the four-membered ring.
The infrered ﬁpacﬁfa of c¢innamyl alcohol and mwthylﬁty@yi-
carbinol only show a very weak band at about 6.0 j which
could be attribu%&ﬁ to C=C streteh, The ultraviolet spectrum
of XXI had )\max 55,0 mp (e 19,000), )\%K 217.5 mp and

Ai%?eé"?}a

spectrum of clnnamyl alcohol which had )\maﬁ 251.5 g, )\maz

211.0 mF and was guite gimiliar to the ultraviclist

219.5 i and )\mag 213.5 B The )\gﬁﬁ 255.0 iy in XX1

ecreases with time, The effect of oxygen or hydrogen ion on

£k

hig change was not investigated,

e

f



txtra stabilization due to Wetype interactions between
electrons in the p-orbitals on the i- and I-posl

four-menbered ring of the anions of 2-hy
fou] w7

acldity of these systems, pKy's 6.25 (12) and {1 (11},
eapectively. The pKp's of 2-hydrony-2-cyclohexenone and
< 3

Z=hydroxy-=-cyclopentencne are 10,30 and $.14, respectively

{(12). PFrom the effect of substituticn of 2 phenyl group on

%

Ly
pot

he aclidity of several phencls, 1t appears Chat the phenyl

group can account for only about 0.0 pK, units of the observed

..

acidity differences. Simllar l,3-interasctlons would be
axpected to stebllize the undissociated enols, but to be less

significant because of the assoclated charge separation (12).

&

Thia type of stablilizatlion is probably responsible for the
remarkeble stability of phenylcyclobutenadions (11).

Smutny (18) has estimated the 1,3~interaction eflect
by the simple molecular orbital treatment (LCAO) for cyclo-
butenone {(XAAIII), cyclobutenaedions (¥XXIV) and several of
the enol anions mentioned above., For XANIIT and XAXIV he used

1,3-exchange integrals ) of 0.,8=0,5 whers i =20
& 13 &

1z the Coulomb integral of carbon {27)¢ The delocslization
energy (DE) of YXXIII without 1,3-interaction was O. éff&“ﬁ?;@
or about ©,9 kcal,/mole. With a (31,,s of G,E%(S the DE w
Qgéié“’??Q or about 12.3 keal./mole, and with QEE of Q.iﬁ%@

1t wes f:}a%@“;:gé@@ or 17.4 keal./mole. The DE of XXXIV without



D
l,3~4interaction was 1.2375 Q or 24,8 keal,/mole,; while with
poth 613 and (3,&.3% equal to i)ﬁ@ the DE waes increased bo
L%@ég@ or 39,7 keal./mole, Smutny's calculations employ-
ing the LOAU-MO method suggest that even in the gr@unﬁv%taﬁaﬁ
1,3-interaction makes a substantial contribution to the
electron DE.

One of the purposes of the @?agﬁﬂﬁ regegrch was to
determine how l,3-interaction 18 manifest in the 3-phenyl-
agelgbuﬁézweﬁmn@ (XX) system. Figure 5 shows a T -orbital
drawing of XX illustrating 1,3-intersction., However, before
the properties of small-ring compounds are conbtrasted with
those of the corrvesponding acyellc derivatives, the importance
of @ -bond straln and other destabllizing effects due (o the
close proximity of the ring stoms must be realized., Good
guantitative estimates of these effects for the cyclobutens
syastem have not been made (26), Estimates of the G -bond
strain for cyelobutene and ¢yclobutenone by & crude theoretical
method described in Section IV are 45 and 53 keal./mole,
respectively. Estimates by this method are probably too
high (26},

The exsct affect of i,3«-interaction to be expected on
light absorption is unknown., The ultraviclet spectrum of 3-
phenyleyclobut-2-anone was very similar to those of the
corresponding acycllc systems, clunamaldehyde and benzal-
acetone, The ultraviclet spectrum of 2-phenyleyclobut=32-
anol showed a small shift to lopger wave lengbths over that of

cinnemyl sleohol (shift of 3.5 @p). This zmall effect mizht
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than 1n the ground state,

i
1,3«Interactions in the 3-phenylcyclobut-2Z-enyl cation will

ve discussed further in Sectlon 5.
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of 1,l=-diflucro~-2,2-dichloro=-3-phenyleyclobutene (I).
The infrared spectrum of II had a band at (.28 p assigned

s

and was 0.12 p.

to C=C stretch; in I the corresponding
II reacted inmedlately wlth permenganate in acebtone and with
alcoholic silver niltrate; I, In contrast, reacted very slowly

with the latter reagent. This dilference in reactivity

&

suggests that there ls conslderable activation lmparted to

o

&

ubstituents in the le-position of the 3-phenyleyclobut-2-
ene system, The proton NMR spectrum of Il showed peaks
characteristic of phenyl and vinyl hydrogens in the relatlve
intensity ratio of 5:1. The vinyl peak was a triplet
presumably due to creoss-ring spinegpin coupling of fluorine
and hydrogen (22), The fluorine KMR spectrum waa & doubleb
which is in line with the explanation above and the spectrum
of ketone XXXV (22). 1II was readlily hydrolyzed back to

XAXV with sulfuric acid, Thils compound was the first of 1ts
type to show hydrolysis of a gem-dichloro group in
prelerence to a gem-dilluoroc group to gilve the corresponding
ketone 1ln good ylelds, This fact polints up again the
increased reactivity of substituents in the l-position of
the 3-phenylcyclobut-2-ane system, Catalytlc hydrogenaticn
of I gave materisl with ths correct elemental aenalysis for
1,1-difluoro~2-phenylcyelobutane (XYI¥XVII). The infrared
spectrum, index of refraction and NMR spectrum of XXVII
were all different from those of 1,l-diflucro-3-phenyl-

cyclobutane (XXIII). XXXVII proved to be somewhat unstable
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of reactlons simllar to those utiliging XXIII for the

e-enone (XX) {(see Pigure 6).

b PN 2 S © o Boy ooy nag oo ey k) s & ey . o - S, ¥
However, uo further work was done with XVII.

a-Chloro-3-phenylcyclobut-2-enone (XIX) gave a
diehloride, 1,1,2-trichloro-3-phenyleyclobut-2-ene (XLIX),
which could ve hydrolyzed back to ¥XIX by sulfuric acid in

g . 2

permanganate in acetone, aicohoelic gillver nitrate and

bromine in carbon tetrachloride., On catalytic hydrogenation,

YLIX gave & 52¢ yield cof phenyleyelobutane (VII) along with
ooy 2 P &

¥ hydrogenated materiasl. The infrared,

{L
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g;b
£
&
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&k
t"a
22
b
¥
}uﬁn
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&

ultraviclet and proton NMR spectrs of XLIX were in accord

The gem-dichloride from 2-fluoro-3-phenyleyclobut-2-
enone (XL), 2-flucro-i,l-dichloro-3-phenyleyclobut-2-enone

(XL1), was a so0lid, m.p. 56-60%, and 1% alsc gave a
mentlitative yleld of ketone XL on sulfurlc acid hydrolysis.
ALY reacted readily with pernenganate in acetone, alcocholis
allver nitrate and bromine in carbeon tetrachloride, The
Infrared spectrum was conslstent with the assigned structure,

g-Fluoro-2-chloro cyclivbutenone (XLII) gave @

i
Lk
5
o
5]
o
i

# a3

i
geu-dichloride, assigned the structure Z-fluoro-i,1,2-

-

trichloro-3-phenyleyeclobutene (XLIXII), which reacted readily

with permanganate in scetone and alcoholle silver niltrate,
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gnone, l,l-dlchlioro-3-phenyleyclobut-2-ene (XLIV), was a
wit

solid, m.p. 37-40°, XLIV reacted readily w
in acetone, aleoholic silver nitrsve and bromine 1n carbon
tetrachloride, XLIV decomposed vapldly in air & givé a wet,
light-brown sclid, The ultraviclet and infrared spectra of
XLIV were consistent with the assigned strmstareg

Kline (28), Knutson (20), Smutny (18), and Vogel (21)
all studied the reacticns of phosphorus pentachloride with
2,2-dichlore-3=-phenyleyelobutenone (I11) and 2,4-dichloro-
3*$h@ﬁyléyﬁlﬁhmﬁﬁ wone {V), which gave materials tentatively
assigned the sitructures of "1,1,2,2-tetrachloro-3-phenyle-
cyclobutene” (XLV) and "1,1,2,4-tetrachloro-3-phenyleyelo-
butene” (XLVI), respectively. They were unable to show

=1

satisfactorily whether the tetrachloro products 26111 had

the cyclobutene structure or were open-ghain lsomers of
h., 7Thia problem has not been

ﬁlgﬁgczﬁ or miztures of bob

sodlved in the present work for LIV, but an experiment to be

descerlibed below suggests the LXVI contalns at least 429 of



Y

Kline (28) was unsble to hydrolyze XLV with sulfuric
acid back to III. However, he was able tu hydrolyze XLVI
to ketone V in 11% yield. Catalytic hydrogenation of XLVI

% yield of n-butylbenzene., Reduction of XLV with
1

o £
Za8ve & éj

[£}

Leohol gave a conmpound which was characterized

Krnutson (20) treatved XLV with triethyl amine, but he did
not take the infrared spectrum of the product. He could
isolate no ketonlc material aflter treatment of XLV with
concentrated sulfuric acid. Under similar conditions from
XLVI he iscleted & small amocunt of material, m.p. 79-80°,
which was probably V. Treatment of XLVI with zine or
magnesiuvm dust in alceohol resulted in the recovery of
starting material which contalned ilmpurities which he could

ot separate by distillation.

Smutny . (18) found that both XLV and ¥XLVI did not
L

1;"

immedlately decoloplze bromine in carbon tetrachloride,

2]

although decolorization cccurred alter several minutes,

ative 2,4-dinitrophenylhydrazine

a
tests; both pave precipltates with alcchollic silver nitrate,

having strong acetylenic bands in the infrared, but no purse

acetylenic substance could be isoclated. Similar treatment of

3

XLVI pave starting material contaminated with some acebylen

{e
[
P
[

material. Ozonlzetion of both XLV and XLVI gave benzolc
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Vogel (21) attempted the reduction of XLV by several

reagents, but he never succeeded in obtaining any well-

and XLVI were prepared by trestment of the corresponding

worus pentachloride in

<+
S
o

£
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PJ«
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e
e
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ketone wit
benzene; bthe yields were H1% and 02%, respectively, The
alemental analyses of both these products were correct for

rachlore materisals obtalned in the present

ﬁ*‘?

Cypllgtly. The te
research may have bean somewhat purer than those obtalned
previously since the infrared spectra showed fewer weal bands
such as might be attributed to impuritles., Both XLV and

FLVI reacted gqulte glowly with bromine in carbon tetrae-
chiloride but rapldly with permanganate in acetone and

gleohollic allver nitrate,

o

The Infrared spectra of XLV and XLVI had complex band
structures between 6,0-7.0 P nst.aha@aﬁﬁ@risﬁié of the other
known geme-dichlorides (see Table I below)., One surprising
feature of the spectrum of XLV (the "2,2-tetrachloro”

material) is & strong, sharp band at 5,55 Pe This band

cannot be due to a carbonyl group since the elemental analysis
rules this out, and ALV does not react with 2,4-dinitrophenyl-
hydrazine reagent. From the infrared spectra of YLV and

LVI it i3 seen that XLV has every band present in "pure”

XLVI end couldd be @ mixture, The presence of XLV in XLVI

e

ruled cut by the absence of the strong band at 5,88 po

£
3

@
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e

XLV on treatment with 1% 1lithlum anslgam in ethsr zave
58 =

3

o

a product which was guite different from the starting material.
b=

The strong band in the Infrared at 5.55 p was missing. There

were present in fthe ratlio Z:l, vrespectively., 8imilar treat-

"3

ment of XLVI gave mostly unchanged starting material, but

emall amounts of phenylacetylene and chlorophenylacetylene
were present in the relative ratio of 1:5, respectively, as
shown by lufrared., Under the conditions of these experiments

ormed, snd its

By

& cyclobutadiens intermediate could be
decomposition might account for the formation of the
acetylenas. IV has been reported that similar treatment of

g ¢yclobutene 3,4-vicinal dihallde appears to liberate very

reactive cyclebutadlens intermediates (69) (see Figure §),



ﬂv:;gém
SECTION 3

Infrared Spectral Correlations for 3-Phenyleyclobub-

2-~ene Derivatives

In the course of the pregent research on 3-phenyl-
cyclobut-2-enes, seversl spectral correlatlions have been
made., These will now be discussed briefly. In Table I
are listed the positions of the (=0 stretching mode, C={
arongtic in-plane vibrations, Ce0 stretching modes, C-H
stretching modes (eliphatic, vinyl and sromatic), and
methylene deformation modes for twenty-nine phenyleyclo-
butene derivatliveg and several other pertinent compounds.

It is seen that the double bond stretching modes fall
into four groups. The first group contains the 3-phenyleyclo-
hut-2-enes with no substituent in the Z-position and no
carbonyl group. These absorb in the region from 6.12-6,27
y The second group contains the ketones corresponding to
the latter compounds, and they all show sbsorption from
6.20~6.45 p., The mewbers of the third group each have &
substituent in the Z-position,; but noe carbonyl group, and
all these sbsorb in the region 5.85-0.11 p. The last group
includes the ketones with substituents in the 2-position,
and they ghé@ absorption from 6.,05-6.26 p. It is well known
that conjugation of a double bond with a carbonyl gf&uﬁ
rasults in shifts (o longer wave lengths and an increase in

intensity of the C=( stretching mode (20). Substituenis in



3T
the Q»gssitieﬁ appear to cause & shift of the =0 stretching
band to shorter wave lengths and splitting of the carbonyli
absorption. The reason for this splitting is unknouwn, All
of the carbonyl absorption bands lle between 5,50 and 5.73 pi
this is the general reglon for cyclobutanones (10,29). The
ketones with halogen substituents in the Z-posiltion have
split carbonyl bands, and the reason for this, as stated above,
i unknown. All of the compounds studled had abgorption in
the C-H stretening reglon at 3.24-3,.32 p, assigned Ee
aromatic and vinyl hydrogens, and 3,36-3.47 B &s&ig&éﬁ to
methylene hydrogen 1f present. All of the compounds have &
pair of strong bands at 6.71%0,05 p and 6.88%0,06 J which
are assigned to aromatic C=C skeletal in-plane vibrations,
There ig another pair of bands appearing at about 6,21%0,06 P
and 6.32%0,08 b whose intensity varies greatly from compound
to compound. Sometimes the C=C absorption partially obscures
one or both of these bands, The latter bands seem to be
characteristic of a substlituted styrene system, and their
origin is also ascribed to aromatic C=C skeletal Iin-plane
vibrations., A band at 6,54-7.04 p is found only in the
compounds having a methylene group, and its origin 1ls ascribed
to C=H deformation modes. There are Lwo cases where this
pand falls quite low, at 6.%6 and 6,70 jo The first case
iz 1,1,2-triflucro=-3~phenyleyclobut-2«¢ne, Molecules

gontalning several fluorine atoms are known to show many



«38~
drastic deviations from the normal due $o strong Intersction
effects (29). The second case is that of the corresponding
trichlore compound, and 1t s known that in the case of
chlorine stoms there are alsc interaction effects, but they

are usually less than in the case of fluorine (29),
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SECTION 4

Derivatives of 3-Phenyleyclobutanone

3-Phenyleyclobutancne (VI) was [irst syntheslzed by
Roberts, Kline and Simmons by catalytic reduction of either
2,2-dichloro-3-phenyicyclobutencne (III) or 2,4=d1chloro=3-
phenyleyclobutenone (V) and by Clemmensen reduction of IIIL,
The yields by these procedures were poor, and the product
usualily had to be purified through the semlcarbazone {(10,3¢).
A large guantity of VI was requlred for heat of combusiion
studies and as sn intermediste in & proposed syntheslis of l-
phenylcyciobutene (30). A procedure which would give betser
vields of pure VI than hed been obtalned previocusly from ILI
or V was desired. '

Silversmith prepared Z-chloro-3-phenylceyclobut-2-enone
(XIX) by treatment of 1,l-dillucro-2-chloro-3-phenyleyclobut-
2-gne (XVIII) with concentrated sulfurle acid (15%)., XVIII
is the dehydrochlorination product of the adduet XIIT of
atyrene -and 1,§~ﬁifi§ﬁ?$*§52*ﬁiﬁh1@?$@@ﬁ§l&ﬁ@, In the courss
of the structure proof of XIX, he reported a T5% yileld of
J-phenyleyclobutanone (VI) from the catalytlc hydrogenation
of XIX. 7The four-step synthesls of VI from the astyrens vis
the sdduct XIII, 1,1-difluorc-2,2-dichloro=3-phenyleyclo-
butane, seened gulte practical i the yilelds in each atep
could be increased. In the present resesroen this was
accomplished, and the overall ylelds of VI from styrene were

41-02%. The only step that could not be lmproved was the
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cycloaddition reaction which conly gave 6 =72% ylelds of
t wes found to be desirable in the hydrogenation
step t0 use 20-30% palladium-on-charcosl catalyet since
less active catalyets geve poorer yvields. The infrared
spegctrun of VI Ireshly prepoved by this procedure was
identical with that of the ketone prepared from the seml-
carbagzone (10,30). VI was somewhat unstable even when
sealed ln ampoules under nltrogen and allowed to stend in
ordinary llght {or ssversl weeks, Pure VI could not be
racovered by distillation of the partially é@ﬁ@mp&@@ﬁr
miztures,
VI reacted with @ﬁ@m?ima“nasimm bromide to gilve a viscous
oll which gave a crystalline aa%ﬁaim having the correct
elemental ansalysis for 1,3-diphenyleyclobutanyl acetate
{XLVII). The ultraviolet and infrared spectra of YLVII were
in sccord with this structure. XLVI was hydrolyzed at 100,2"
in "B0%" acetonee-water which was 0.0951 H in perchloric seid,
The infinlty titer was 108% of the ﬁ&lamlat&d The pseudo-
first-crder hydrolysis constant was 18.7%0, ? hy lu After
about 90% reaction, the rate fell off repldly. The une-
catalyzed rate was not measured or was the naturs of the
hydrolysis producds) determined. No sguivalent hydrolysis
rate studises on scetates have been ?ﬁp@@@&da Ho further work
was done with XLVII.
Reduction of 2e-chlore-3-phenylcyclobut-2-enone (XIX) by

sodlum borohydride in methancl gave 2-chloro-3-phenyleyelobute-



i
2-encl (XLVIII). XLVIII reacted immediately with agueous
permanganate and bromine in carvbon tetrachloride, but it 4did
not give a2 precipitate with slcchellce silver nitrate, XLVIII
was ungtable in alr and decouposed in ssveral days to an olly
prown liquid smelling of hydrogen chloride, A urethan
derivative of XLVIII could nct be prepared, ?f@ﬁtmﬁnﬂ of
YWVIII with an seid chloride 1n pyridine gavé nighly-
colored, polymeric products, A& 4d-nitrobenzoate esﬁ@r‘was
finally prepared {rom YLVIIL and the acid chloride in benxena
" with an equivalent amount of pyridine, The scid-catalyzed
hydrolysls of this ester 1s described in Section &,

Numerous unsuccessful attempts were made to obtain a
sulfonate ester of XLVIIZ., The infrared spectrum of XLVIII
was conalstent with the assigned structure.

XLVIII took up two eguivalents of hydrogen on catalytic
hydrogenation to give & non-halogen-containing alcohol wﬁieh
has been &s&ign@ﬁ the ¢is-3-phenyleyclobutanol (XLIX)
structure, This alecohol reacted rapldly with agueous per-
manganate and slowly wiﬁﬁ bromine in carbon t@trachla%ié@,
¥LIX gave an O-naphthylurethan, m.p. 125-127° and a 4-
nltroebengoate eater; m.p. 131-132°, The acid-catalyzed
hydrolysis of the latter derivative is described in Sectlion
5. The proton NMR spectrum of XLIX showed unsplit phenyly
hydrogens, unsplit hydroxyl hydrogens, two types of tertiary
hydrogens wldely split, and mﬁ%hylene hydrogens spllt into
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gither four or five peaks, The kinds and nuabesr of different
protons cbaserved 1s conslstent with the 3-phenyleyclobutancl
structure, The infrared spectrum of XLIX was slso consistent
with this structure.

Reduction of 3~phenylcyclobutanocne (VI) with lithium _
aluminum hydride gave only XLIX., Reductlon of VI with sodium
in wet ether gave mestly white polymer, and small ylelds of
distillable material which appeared to be a mixture of
starting material and several alcohols, The starting material
(VI) employed in the sodlum reductions was impure even though
freshly distilled for each reaction, since at the time 1t was
net realized that VI deconposed to a lapge ¢xtent on standing.
pure VI could not be recovered satisfactorily by distillation
of the decomposition mixture, The infrared spectrum of the |
aleoholic product frem the first sueh reduction carried out
was different from that of XLIX but conslstent with that
sxpected for the I-phenyvicyclobutancl atructure except for a
strong sharp band gt 5.75 Pe This materisl had been extracted
with bisulfite and did not give 2 reaction with 2,4-diniiro-
phenylhydrazine reagent, so 1% would seem that this band was
net due to carbounyl éb%o@@tiﬁm¢ The origin of the band at
5.75 p is unknown, The materiel gave a 4-nitrobenzoate ester,
m.p. 61=63%, which had the correct elemental analysis for the
corresponding 3-phenylceyclobutancl derivative, The acld-
catalyzed hydrolysis of the ester is described in Section 5.

8everal of the crudes products obtained from the sodium in
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wet ether reductions were treated directly with 4-nitroe-

bengoyl chloride in pyridine, and olly mixtures of asters

were cbtained, PFrom these olls, the ester, Ww.p., 131-132¢

was isoclaved by Irsctional crystellization, Aftsr evaporatior

3

iguors, the remaining oil

fo2

of the solvent from the mother
ﬁé?g%i@%u aefter ssveral days to several weeks small amounts
of the ester m.p. 61-63°, The ulitraviolet spectra of these
two egbers were ldentlceal, bubt they were very different {rom
the spectrum of the corresponding ester of I-phenylcyelobut-
2egnol (XKI) which contained the substituted phenyleyelo-
butene chromophore. The latier compound had three sharp bands
in the reglon 200-220 ap which avre characteristic of the
styrene chromophore and of the other IJ-phenyvleyclobut-Z-anes

observed in the present work, The ultravioclet spectrum of

the two former compounds had no fine structure in this region

at 2ll, The ester m.,p. 61-63° nag been assigned the trang=3e

phenyleyclobutanyl (L) structure,

&

XLIX , ¢ls-3-phenyleyclobutancl, was treated under conditions

which have besn employed to equilibrate isomeric alcohols in
the norbornyl series {31) but only a 25% recovery of distile
lable material was realized., Another 60% of the product was
aceounted for as polymer, The liguid product gave an O

naphtnyiurethan, m,D. %%»%%ﬁ, which 4id not have the correct

isomer of ¥LIX. The
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material and the alcoholic materials from the godlium In
wet ether veductions having several sirong bands which were
either very wesk or completely asbsent in the latter materilals.
The assignment of the gls-structure to the alcohol
obtained from the cetalytic reduction of Z-chloro-3-phenyl-
cyclobut-2~enol {XLVIII) was made becsuse gis-addition of
hydrogen o a double bond has usually been observed (32),
and the approach of the molecule to the catalyst surface with
the side having the hydroxyl group up should be unfavorable.
If the approach to the catalyst tock predominantly this
course with subsequent ¢ls-addition of hydrogen, a irans
relation of the phenyl and hydroxyl groups would result. The
opposite approach would result in a cls relation of these two
groups. The stereochemistry and exact mechanism of the sub-
seqguent hydrogenolysls of the chlorine atom lsz asssumed not
to effect the configuration of the phenyl and the hydronyl
groups, There is no svidence bearing on this polnt in the
literature. The reduction of 3-phenyleyclobutancne (VI) by
lithium aluminum hydride gave only the glg-alcohol (XLIx}.
This result suggests that the I-phenyl group provides con-
siderable ateric hindrance to approach of the relatively
small 1ithlium aluminum hydride molecule end thus the hydride
Ca @gSQHti@ZZy enly attack the ecarbonyl group on one side,

This type of situaticn has been termed “sterlc approach

2%3

control™ (33). The reductlon of VI by sodlum iu wet ether
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should give the thermodynamlcally most stable iscmer, which
at flrst sight wes assumed to be the Strans isomer in the 3-
phenyleyelobutancl aysten,

The fact that mixtures of the two lsomers were agparently
formed in the sodium in wet sther reductlion of VI suggests
that perhaps the conflligurations are of nearly squal energy
because of the puckering of the four-membered ring., Flgure
10 illustrates the conformstions of ILIX and L 17 the cyclo-

vtane ring is non-planar, Cyclobutane itself is known to

be nﬁpw@iwmar Trom electron diffraction studies (38). Figure
10 suggests the two lsomers might not differ very much in
energy. ‘The malin difference lg the 1,2-intersction of hydroxyl
and hydrogen present in the trans-iscmer. Flgure 11
1llustrates the conformations of XLIX and L if the cyolo-
butane ring is nearly planar. All the groups must be eclipsed
in the four-membered ring. The trans-iscmer (L) might be the

more thermodynamically stable because of the 1,3-interaction
of the hydroxyl group and the bulky phenyl group which
should be pregent In the clg-lsomer.

Filgures 10 and 11 are gpproximately {0 scale with the
smell circles representing the covelent radii (87) and the
large concentric c¢ircles the ven der Wasls radil given by
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Conformatlions of XLIY =00 L0413 cvelol
ring is nearly planar

Fig. 11.
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Scivolysis of Sowme 3-Phenyleyclobutyl

3-Phenyleyclobut-2-enyl 4-Kitrobenzoates
o) N EAD]

3-Phenyleyclobut-2-enyl Svaten.--The importance of

saveral silmple systems., Slmponeita and Winsteln (34) have
shown that for the 3-vinyl, 3-dienyi, and 3J-phenyl systems

the 1,3-orbital interaction of a N ~electron system with

a developlng Zp-orbital at C-1, the reaction center, is

@

&

predicted to provide significant stabilizstion of the

gs{:;

carbocatlon formed. A similar treatment of the T-norbornenyl

carbocatlion by Woods, Carbonl and Roberts (38) predicts a net

T

gnsa‘:

ization energy grester than that computed for the most

£
“23

&
A

ta

Eb

e
s

favorable open-~chain "homoallylice” carbocation discussed by
Simmonetta and Winsteln. 7The geometries of the "homoallylic®
and T-norbornenyl systems are such that

and 3-Zp-orbitals can never be parallel in the conformations
in which the internuclear distance between C-1 and C-3 i
smallest and the sterlc straln the least, Thus meximum W-
overiap 18 impossible since two Zp-orbitals must h&va‘%haﬁy

axes perallel for maxlmum overlap at g given internuclear
|5 b &

systens discussed sbove by a choenge of hyvbridization at the
o vl s

l1- and/or 3-pesitions resulting in g@ -p or spt-sp® overlap

(uk n and o deslignating the percentage of p~charscter of the
hybrid bond) instead of p-p overlap has not been considered

from a thecoretical point of view,
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There sre numercus cases in the literature (36) of

selvoiyvsls regetions in s aeries of relsted connounds where
oF &

Temy g e e g2 gL g B - b= &2 4 # & g
the rave dilflerences and products of the systems having

T-electron systems attached to C-2 can best be explained by

5
ot
[

some sort of 1,3-interaction, Por example, anti-T-no rhornenyl

tosylate reacts 10 times laster in acetolysis than T-

In the nearly planar four- and {lve-membered carbon ring
systems, two Zp-orbitals in a 1,3-reletion can only heve their
axes very near Lo parallel unless the ring 1s substantislly
warped., For a given 1,3-internuclear distance, 1,3-T-
overlap 1s predicted ¢ be a maximum when the l- and 3-2p-

rbitals are parallel. The planar 3-methylenecyclobutyl
system has lavorable peometry for this type of interaction,
& slmple molecular orbital calculation on this system employe

ing as the 1,3-vesonance integrals elther ﬁﬁ%@ and @JE@

leads to the prediction that the "homoallylic” carbocaticn

should have stabiligstion enerpy preater than the classical
b sd

carbecation by 0.0390 @ and ﬁwgﬁéﬁaQ or 0.8 snd 4,7 keal./
mole, respectively, where @ is taken as -20 keal,/mole,

I the cyclobut-2-enyl system a slightly different type
of l,3-interaction than was discussed above 18 possible. Here
tals of an allylic system could overlap,

2

i
Simple molscular caleulations were carried uu& employing as

a8

before elther 6.2 Q or O, Q for the 1,3-regonance integrsl,

&

The delocallzation energy of the carbocation 1z predict

ik



be 20.7 to 27.5 keal./mole, respectively. These values
sre glgnificantly greater than the stabillzation predicted
for the allyl catlon (16.6 kcal./mole). These results

sugpesat that 1f 1,3-interactiocn is not nulliifled by other
electrical interactions, then a sultable cyclobut-Z2-snyl
derivative snouvld undergo soclvolyals reactions relatively
more easlly than & normal secondary sllylic g@?i@&ti?@q More
specifically, 1t was predicted that a Bwp&@nyieyéimbuthw@mgi
deplvative should ghow a significant rate senhancement in
&@lvalﬁgi@ ovey that of an CKWﬁ@Eﬁyx«){%ph&ﬁ rlallyl derivative,
It should be pointed out that several very lmportant
factors have bheen conmpletely neglecsted iﬂ the discussion
pregented above, The magnlitude of @ -bend strain in &h@ cyclo
but-g-enyl systen might be such $that any direct ex ‘*i&@m@w&
comparison of reasctivity with the @wﬁr@apomﬁimg open-chaln
derivative would be deceptive. 3Beversl theoretical treate-
ments of the strain energies of ¢yelobutane and cyclopropane
have been made (26), but only one such treatment [or the
cyclobutene system has been reported (39). Experimental

£

avidence in the form of heat of combustion studies for the

cyclobutene asystem is lacking, A heat of hydrogenation study
has been veported (91) for l-methylenecyclobutene, l-methyl-
cyclobutene, 1,3-dimethylenscyclobutansg and l-methyl-3e
methylenecyclobutens, Schomaker and coworkers heve discussed
the importance of interelectronic repulslion ¢f non-bonded

€

carbon atoms in both cyeclobutene (38) and cyelobutene (39).
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Ry dncrease in O=-C bond lengths in
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cyclobutansg to Interelectronic pepulsions and the normal (-0

terelactronic

B

bond lengths in cycleobutene to the belancing of 1

1g uniknown, All the melecular orbiltal csleulations made

above neglect configurationel intersctions, @ =-bond
compressions, and € -W-interactions, Repulaions bebween &aﬁrﬁ
of hydrogens in the eclipsed positions would be expected to
incresse the eunergy of the [our-membered ring systems (26).

Of all the ffectz mentioned zbove, @ -bond strain and H-H
repulsions are thought to be the most important (206)

probably emount to about 90F or greseter of the total destabll-
%ﬁing gnergy for &gaz butane and cyclobutene systems,

ongd gty aiﬁ has been estlimated to make up about

q
éy

S0% of the steric strain of the four-ns:
It is pessible to maeke a crude estimate of the ineresse due
to this scurce when a2 cyclobut-2-anyl derivative lonizes to
tne carbonlum ion., The Cy-0,-C, angle of cyclobutene is about

Lol 7, 8t X LR o, o prn oo & ~ g Y s 3 : % e 5 g
86.0% (39). 7This represents a bond bendin

&a

%

. e
of about 23.5

23

o

&

> o gt o, s _ 5y 4 g v AP . e:} el > . .
frow the normal engle of 109.%° for sp” hybridization. For
the cyclobut-Z-enyl carbecation the bond bending from 120%

(yarmaiewg hybridization) (4€) to aboup 56,0

2 e, , % 4 5 e s o 3, Focs, s
Fores constant data supeest that Lthe
b
-
E oew ey Yo k2 Sry am e g
is given by 17.5% &5 cal./mole, wheve




)

8 is the angle of bending in degrees (26). This relation
gives the increase in strain energy on golng to the
carbocation as 10,5 kcal./mole which is of the same order of
magnitude as the extra stabllilzation predicted for 1,3
interaction (4,1 to 10.9 keal./mole) in the cyclobut-2-enyl
carbocation and suggests that the ftwo @ff@at@}mig%ﬁ.méﬁfly
cancel or that the strsin could be somewhat more lmportant
(perhaps 4-6 keal./mole greater) than 1,3-interaction, A
simil&r‘eﬁﬁimat@ of the increase in strain energy lor the
eyel@hutylx3y$@@m gives 9.2 keal./mole which suggests that
rates of displacement reactions on the cyclobutyl system
would be lower than for ﬁﬁéanﬁary aliphatic derivatives., If
this increase 1ln energy was pure energy of activation then
this would correspond tuv & rate retardation of @eﬁgiﬁé at
259, 7This prediction has been verified for those cyclobubyl
systems where anchimeric assistance wilth rearrangement does
not occur, The solvelysis of l-chloro-le-methyleyclobutane

and the displacement of cyelobutyl bromide by lodlde lon ave
both slgnificantly slower than the corresponding reaction of
aliphatic compounds (47).

To demonstrate experimentally the interplay of the varlous
factors discussed above in the cyclobut-Z-enyl system, the 4-
nitrobengoates of 3~§ﬁ@nylc§¢1@buﬁ«2»emﬁl; 2-chloro-3-phenyl-
cyclobut-2-¢nol, cinnamyl azleohol and methylstyrylcarbluncl

werg prepered, and their ascide-catalyzed hygrolyeis in "808"
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Summary of Kinetle Data for Some 4~Nitrobenzoates

on Hydrolysis in "BOE" Acetone-water 8t 10

Alcohol
Cimnnamyl Alcohol
Methylatyryicarbinel

Cyclobutanol

o

is-3=«Phenylcyclobutancl
trans-3=-Phenylicycliobutancl

g=Chloro-3-phenyleyveclobub-
2-2nol

I-Phenyleyclobut-2-anol

cla-be-Methyleyclohex-2-gnol

trang-S-Methyleyelohex-2-encl

3

kYhr.7(1)

$TQ§EX!@,®Q£9
7.61%0.22 (2)
0.ckozto, 0020
0.0369%0,0026

0045780, 00863

©.0376%0. 0025
1.,006%0.019
0.799 (3)
4,51 (3)

y . O vy 3
(1) Perchloric acid concentration at 100~ of 0.0862 n

(2) Results fyom only cone kinetic run,

(3) From the work of H., L. Zoering and E.
J. Am, Chem., Soe,, 77, 6245-6253 (1955

7,
).
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solvolyses of the chlerides (49) and the acld-phthalates (50).
In no case did they observe a rate difference bebtween the cla-

and trans-systems approaching that observed in the acld-

catalyzed hydrolyses of the 4-nltrobengoatss, (oering and

Silversmith also investigated the uncatalyzed sclveiyses

of

the ¢is- and trans-d-nitrobenzoates in "008" acetone-

water at 100° and found the rates to be nearly the same,
1.24 x 1072 nrrtend 1 1.33 =z -2 nr~t, respectively., 7The
observed polarimetric rates were 2,18 x 10%%nrrt ang 2.04 z
%@”ghr?1$ thus indicating considerable internal return (48),
In the acldecatalyzed hydrolyses they observed no internal
return., Apparently the factor responsible for the rate
differences in the catalyzed hydrolyses 18 not present in the
neatalysed rvesctiona., The rate of the uncatalyzed solvelysis
of 3-phenyleyclobut-2-enyl-d-nitrobenzoate was found to be
2,63 z 107 h?“la his is an iplicial rate congtant since the
rate decreases with time due to an apparent iscmerization or
a meas-law effect; neither of these possibllities was
investipated, Thus the 3-phenylcyclobut-Z-enyl system is
about twice azs resctive as the cyclohexenyl systems discussed
above, A priori without consideration of 1,3-interaction or
train, the 3-phenyvlicyclobubt-2-enyl system would be
predicted to be more reactive than the cyclohexenyl aystenm
because simple moleculsr orbital calculztlions show that

introduction of a phenyl group into an allylic system increases

the delocalization energy of the carbonium ilon from 16,6 keal./
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mole to about 27.7 keal./mole {see Part II)., If the
slgnificance of the unknown factors 1lnfluencing the rates
of the acld-catalyzed hydrolyses nad been reallzed earlier
in the present study, more gttention would have been directed
toward measursment of the uncatalyzed solvolyses rates, It
would have been interesting %o know the rate for the un~
catalyzed solvelysis of methyletyrylcarbinel 4d-nitrobenzoate,
a good acyclic analog of the 3-phenyleyelobut-2-enyl system.

The difference between the rates of acid-catalyzed
hydrolysis of the Zechloro-3-phenyleyelobut-2-enyl and 3-
phenyleyclobut-2-enyl d-nitrobenzoates would seem to be tho
small for reactlons In which carbonlum lon intermediates are
formed. The rates relative to cinnamyl 4-nitrcbenzoate apre
O.4%5 and 12, respectively, or & rate ratio of 1:27, Basged
on the work of Winsteln, Crunwald and Ingrsham (51) with the
"gis- and trans-2-substituted cyclohexyl brosylates in
acetolysis, this rate difference would be expected to be
about 1 Qwﬁ&j at 100°, These asuthors evaluated the increase
of slectrostatic energy due to dipole-dipole repulsion between
& trans-2-pubstituted electro-negative group and the dipole of
the partially broken C-0 bond in the cyclohexyl systenm., Since
the model used in the treatment above was the assumed transition
state, the snergy cobtained is a part of the snergy of activation
and can be used to calculate relatlive rates Dy the relstlon
Ape-BF.* = RT In k/k,. The left side of this equation is

the electrostatic energy calculated {rom the relstionship



DF*=-DF * = 1,%3%@1@2( MyMaDy TrT {cos e-3cos & cos Q’}
keal,/mole where ¥; 1is the dipole moment due to the partially
broken C-0 bond, %2 the dipole of the neighboring group, Dy
the dielectric constant taken as 1.23 (51}

the vector Jolning centers of the dipoles, angle ¢ the angle
between ¥y and Mo, ® Lhe angle bhetween ﬁg and r, and @' thé‘
angle belwaen mg and r. In 2 similar Q&lﬁﬁl&i?&é for the
2-chloro-3~phenyleyclobut-2-enyl system, My was taken ¢o be

4.6 Debye, one-hall the moment of 9.2 Debye caloulated for

complete londization at the ssauned tranzition-giete distance

of 1.93 X for the C~0 bond (51). The four-membered ring was
assuned to be planmsr, end the dinensions and angles wepe taken
-E%wm the electron diffraction work of Goldish, Hedberg and
Schomeker (39) on cyeclebutene, The C=-C1 dipocle was taken as
1.48 Debye {B52). The electroptatic energy chbtalned is 6,14
keal./mole, and this 1s eguivalent to a relative rate ratio
of 1:4,1x10° at 100° for the 2-chloro-3-phenyleyelobut-2-
enyl and 3-phenyleyelobut-Zeenyl systems, respectively., This

aloulation ls for the uncatalyzed resctlon, and uh@ assumned
transition-atate gave good resulte in the case of th@ £ig=Ce
substituted cyclohexyl brosylates (51).

In the ecld-catalyzed reactions studled in the present
research, the proton is assumed to &add to the carbonyl group
of the ester group (88). The interaction energy of the
p&s@ti @ charge and the chilorine dipole can be estimated b

b4

4 2 i . m‘i “f
the formula O Fs-Ap ®z 1.439x10% glpDp v ? where g 1z the
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charge, S@véfﬁl different modele of the transition-atate
nave besn investigated., If the charge lg well develcoped at
the transition-state then 1t can be considered to be elther
at C-1 or about one-hall at C-l and one-half st C-3, The
@n@fgy ealoulated for these two cases should not differ by
mach because Qf‘th@‘g@am@try of the four-membered ring, A
ealeulation for the former model gives & value of 14 keal./

8 at 100°, Tnis result

mole or a rate ratio of 1:1.7x10
suggests that the charpe development at -1 18 not very

great. If a model 1s assumed with the center of charge at

the loecation of ﬁh& 0=0 dipole with geometry of the transgition~-
state Che same az that used in the paragrsph above for the
uncatalyzed reaction then the electrostatic energy is still

8.1 kealo/m@;@ or a rate ratio @f_§z§a§xiag at 100°, When

the center of the @éﬁiti?a charge is taken as the locatlion of
the oxygen atom of the C-0 bond and the C-0 bond length btaken

ag 1,46 gg the energy is 5.3 kcal,/mole corresponding to a
relative rate ratio of lzloﬁxiﬁg, These resulis suggest

that the transition-state is very slose Lo the proton addition
%t&go' The pé@iti?@ charge alfter proton additlion can be »
congidered to be about one-halfl on each oxygen atom of the

gg8ter group. The average location of the center of positive
charge is then at & point farther from the four-membered ring
than has been assumed sc far, Electrostatic calculatiouns

waere wmade for two other models of the transition-state in

which the center of positive charge was agsumed to be in the



N

, =
-0 bond direction and at distances of 1.80 and 2.20 A,
The corresponding electrostatic energles are 4,2 and 3,1

keal,/mole or rate ratics of aboubt 1:200 and 1:68,

™

respectively, The observed rate ratlio of 1:287 for the aclde
catalyzed hydrolyeis s more in line with the latter

calceculation, The experimental results and the caleculations

iz more important than alkyl-oxygen cleasvage, Unfortunstely,
no other studies of @-{:’&1{33*&1&31 derivatives in sclvolysls

or hydrolysis reactlons heve been reperted in the literature

¢ no other comparlsons can be made at pressnt,

The results of the present study with the 3-phenvicyclobute-

2-gnyl system guggest that 1Y iz less reactive than & G-
m&ﬁhyia'xwph@myiallyi gsystem and morve reactive than the
cyclchexenyl system., The simple theories presented above
predict that the straln energy might slightly override any
extre stabllization due to l,3-interacticn. The obeervation
that the acid-catalyszed rates of hydrolysis are subject to
gsome unknown conformational or solvation effects not present
in the uncatalyzed sclvelysis reactions or possibly do not
proceed by alkyl-oxygen cleavage suggests that the formey
mathod 1s not very satisfactory for eztimeting relative
carborium ion {(or ion palr) stabilities., Aryl sulfonate

egters and halides have proved in general to be the most

satisflacvory leaving groups to employ when estimeting carbonium

i)

ion steblilities, HNumerocus attenmpis were made in the present



rgsearch to prepare srylsulflonates of several 7‘» phenylallyl

3

gleohols without sucecess, and thus the d-nitrobenzoate esters

-

haed to be used, 1,l-Dichloro-3ephenyleyelobut-2-ene, 1,1,2-

trichloro-3-phenyleyclobut-2Z-e¢ne, and several other J-phenyle-
cyclobut-2-enyl gem~dichlorides (see Sectlon II) weve
syntheglized Iin the pressnt work, RKinetle stuldlies with these

chlorldes might show much more about the nature of the 5«
phenyleyclobut-2-enyl system than the pressnt study with

de-nitrobenzoates, particularly because the solvolysis prates of

a great number of allylic chlorides and severasl gem-dichlorides

heve been reported in the literature (84},

3-Phenyleovelobutyl System,-~The cyclobutyl, l-, 2-,

and J-methyleyolobutyl systema have been extensilvely studlied
in solvolytic rsactions (36,53). In an attempt to mesay the
effect of phenyl substitution on the reactivity of the oyclo-
butyl system, the scldecatalyzed hydrolyses in "808" mcetone-
water at 100 of cyclobutyl, cis~ and krang~3~phenylcyclo-
butanyl - Nitfa& nzoates weps situdisd. The relative ratses
are 1,00, 0,92 and 1.1, respectively. Thesge rates are the
same wlithin ezperimental errer, Usling Talt's polar sub-

5

stltuent constant for the OgHe(CHy ).~ group as 0,080 and the

&3

for solvolysis of brosylates as -4.29 (54), the rate

rebarding inductive effect of phenyl is predicted %o be about

2.2 for an lonlzation mechanism, The sbnormally large

-

les of other cyelobutyl sysitens haw been

22

solvolytie regctivit

3
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adeguately explained in terms of non-~classlcal unsymmetrical
"picyclobutonium” intermediates (36,53), It might be
poasible that a phenyl group increases the stabilization of
these intermediates to such an extent that the inductlve
effect predicted ahove 1is canceled,

The 3-phenyleyclobutancl system could more profitably
‘be studied by the methods used earlier with the cyclobutyl-
and cyclopropylearbinyl systems (53).
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SECTION 6

Exverimental

Analyses were performed by Dr. Adalbert Elek, Elek
Mlerocanalybtical Leboratorlies, Los Angeles, Californis.
Infrared absorption specitra were determined using a Perkine

del 21. Hlira-

o

Elmer double-beam infrared specirometer, #
viclet absorption gpectra were obtalined using a Cery
vecording spectrophotometer, Hodel 11M, V&%ar chromatograns
were obtalined with 2 Perkin-Elmer Vapor ﬁraatameﬁﬁyp Hodel
154=-5, The nuclear magnetic PEIOnaNnce apectra were cbtalned
at 40 me, with the Varian Assoclates high resolution
-gpectrometer (V-4300B) with 12-inch magnet,

1,l-Difluorc ég?mﬁi@ﬂi@f@-ﬁmph@nylcga1@@ut&m@,~—A

3o

mixture of 45 g. (0.441 mole) of phenylacetylene (Parchan
Research Laboratories) and 63.2 g. (0.4€1 mole) of 1,1~
diflucre~g,2~dichloroethylene (Genetron 11128, feneral
Chemical Divislon) was heated in a sealed glass combuztion
tube at 130% for 12 hours, The tube was ﬁﬁﬁl@é in a Dpry Ice
bath and opened. The thick black syrup was distllied slowly
through 8 18-om. Vigreux column. 7The product (83-91 g.,
80-584) had b.p. 65»5Q (0.5-0.6 mm.) & ,?)D 1.5423;

1it., bep. 109-111% (5 mwm.), n°°D 1.5435 (10).

1,1-Diflucro-2,2-dichloro=3=-phenylcyclobutane ,~=-A

mizture of 52 g. (0.500 mole) of styrene and 74 g. (0.552
mole) of 1,l-diflucre-2,2-dlichlercethyliene was heated in a

3

sgsled glass combustion tube at 130Y for 24 nours. The tube
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%&%vﬁéﬁl@ﬁ in a Dry Ice bath and opened, and the llght-tan
ng&ﬂ was distilled through a lﬁaéme Vigreux column, The
?fﬁﬁagﬁ (72-88 g., 61-72%) had b.p. 78-82° (1 mam,) and n°op
1.5105; 1it., b.po 73.5-74.2% ( 1 mm.), n®9p 1.5103 (15).
Considerable light-brown polymeric residus remained in the
distilletion pot.

1,1, 2=Triflyoro-2~chloro-i-phenyleyclobuteng, --4 mizture
SEAD:

of 35 g. (0.343 mole) of phenylacetylene and 45 g. (0.348
mole) of 1,1,2-triflucro-2«chloroethylene (Genetron 1113,
G@ﬁ@rai Chemical Bivi&i@ng and ezxperimental samples {rom

. I, du Pont de Hemours and Co., Inc,) waz heated in a

sealed glass combustion tubs at 13@9 for 12 hours, The tube
was coeled and opened as described above. Distilliation of the
thick black mixture through 2 12-cm, Vigreux column gave 6l-

66 g. (81-888) of coloriess product, b.p. 51-54% (1 mm.),

=5l
25 517; 11 i 38-90°% (0.4 mn 3_ G400 .
2"3 B lo%)g?‘p 1&%@5 ﬁu@q& @ ‘""‘;?%5 (Qa;a + %3«}9 ﬁ 1 )}’@E}M» (11)3
Smutny gives n"2D 1.5515 (19).

1,1-Pilluorc=-2-chloro=3-phenylcyclobut=-2«ene.--In a

2-1, round-bottomed flask 133 g. (2.01 moles) of potessium
hydroxide (assay 06F) was dissolved in 1 L, of 95% ethancl .,
The solution was cooled, the [lask equipped with an Alllhn
condenser filled with water, and 462.5 g. (1.95 moles) of
1,1-difluorc=-2,2-dichloro-3-phenylcyclobutane was poured
slowly with vigorous swirling through the condsunser intoe the

-

aleoholic bsse golutlon at such a2 rate that the ezothermic
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reactlon did not get out of control, Ezternal cooling was
occasionally necessary. Alter the addivion was complete
(about 5 minutes), the mixture was swirled intermittently
and allowed to stand 12 hours, The mixture was poured into
about 2 1, of water, and the resulting two-phase mixture
was allowed to stand in the refrigerator for sn hour. The
lower organlc iay@r wag separated and the watepr layer
extracted four times with ether (total volume about 1.% 1.),
The extracts wepe comvined with the organile layer, and the
resulting ether ﬁﬁzatién was dried in four stages with
anhydrous magnesium sulflate, After the ether had besn
discilled through a straight distlilling head, the residue
was [ractionated through a 20-cm, Vigreux colusmn to give

356=372 5. (91-95%) of colorless product, b.p., L4-48° '

%

(6.6 mm.), n®®D 1.5388; 1it., b.p. 66-67° (1 mm,), u°p

1.5360 (18).

1,1,2-Trifluoro=-3-phenyicyelobut-2-ene,-«7¢ 8 solution

of 31 g. (0.47 mole) of potasaium hydroxide (assay 86%) in
150 wml, of 9% ethanol, 100 g, (0.454 mole) of 1,1,2-
trifluocrc-2-chloro=-3-phenyloyclobutane {(prepared by PFrancoe
Scardiglia) was added at such a rate that the resciion did
not get out of c@ﬁtfgl, Sometimes external cooling was
necessary. After the addition was complete, the mlxbure was
swirled several times during & periocd of f{ive hours and then
worked up in the manner described for 1l,l-difluvorc-2-chiloro-

J=phenyleyclobut~2-ene, The last traces of solvent remalning
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in the residus sfter distiliation of the ether were vemoved
under reduced pressure. Some mineral oll was added to the

product as 2 still base, and ¢he mixzture was distilled throush
&

a l2-cam. Vigreux to give Ti.5 g. (91%) of colorless product,
%

bup. 38-42° (1 ma,), noop 1 L4990, m.p, 18-20%; 1it., b.p.

64,0-65,5° (1.2 mmn,) (15). This meterisl decomposes on

standing at room temperature for any extended period of tine,
but a sample wes kept for & year in the refrigerator withoun
any apparent decomposition,

1,1-Difluore=-3-phenylicyclobutene., A, From 1,1-Diflucroe

a,2-dichloro-3-phenyleyelobutene,-~-In a cltrate bottle weme

placed 111 g, (0.471 mele) of 1,l-difluoro-2,2-dichloro=3-
ghanylcgeiﬂb& @mwg 75 g. (0.914 mole) of anhydrous sodium
acetate, 3 g of &@% palladivm-on-charcoal catelyst, and

150 ml, of reagent methanol, The mlxture was hydrogenated
at about 60 psi until the calculsted ameunt of hydrogen

had been taken up, i.e., about & week., Wilth more azctive
catalyst, the hydrogen uptake was much more rapid. The
catalyst and sollds were removed by {iltration and washed
several times with methancl, The methanol solution was
poured into %@ﬂ ml. of water, and this mixture was extracted
six ti%@a with ether (total volume about 1 1.)., The ethereal
solution was dried in four stages wlth aﬁﬁ’éfﬁuﬁ magneslun
suifate, and the ether was distilled through @ straight
distilling head, The residue was distilled to give 61-66 g,
(80-83%) of colorless product, b.p. 32-50° (0.8-1.0 mm.),
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neop 1,4840 (11t., b.p. 80.1-88,37 at 20 mm,, n & 1.4528

for 1,1-01fluoro=-%-phe ﬁvls#a ebutane} (10) and 12 g., b.p.
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52-~65Y (0,8«1,0 mm,), n" 2D 1.5050, which is a mi

chlorolivorehydrecarbone, 7The latter material can be

T

& deslired product,

bl

rehydrogenated to give more of ©

e

B, From J,l-Difluorc-g,2-dichloro~3=phenyicyvclobutans, ==

in a ¢itrate bottle 30 g, (@.%%? mole) of potassium hydroxide
(assay S6%) was dis @01%@@ in 100 ml. of reagent methanol.
After coecling this sclution, 100 g, (0.420 mole) of 1,1~
difluore-2,2-dichloro=-3=-phenyleyclichutane was added with
swirling at such & rate that the vigorcus excthermic resction
did not get out of control; sometimes cocling with an lce
bath was necesssry. Alter the sddition wgs complete, the

bottle was. flushed with nitrogen, and 3 g. of 10% palladiume

&

cn-charcoal catalyst was added, This mixture was hydrogenated
at 60 psil until approximately cne equivalent of hdrogen had
besn taken up, and then 28 g. (0.413 mole) more of potassium
hydrozide wasp added, The mixture waes hydrogensted until the
gecond equlvalent ol hydrogen had been taken up., Usual Ey

1t took about 6 hours for the uptake of two eguivalents of

degeribed above,

hydrogen, The mixture was worked up a
Distillation tﬁrﬁuhﬁ & l0~-cm, Vig clusn gave 55-02 g,
(79-88%) or ﬁ@l@?l@&% product, b.D. ﬁ%m?&g (7.5 mm.), n=op
1.5840 {11t., n®D 1.45828) (11) and 3-0 g. of material b.p.

oe_ L
7@@ and higher (7.5 mm.), "D 1.5170,

ooy
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i,1-Difluorov=-3-bromo=3-phenyicyclobutans,--In a dry

3

500-ml. standard-taper round-bottomed flask fitted with a
reflux condenser were placed 50 g. (0.297 mole) of 1,1i-
d¢iflucro-3-phenyleycleobutans, 83 g. {0.298 mole) of -
promosuccininide {Arapahoe Chemical, Inc,), 250 ml, of
reagent carbon tetrachlorlide, and 0.5 g. of benzoyl

peroxide. The mixture was hested until the vigorocus
exothernic reaction started, and then the heating mantle

was removed until the ?eactiﬁﬁ no longer refluzed from its
@wnrh@at. The reaction mixture was refluxed for two hours,
cooled, th@ succinimide removed by filtration, and the carbon
tetrachlopride dissllled under reduced pressurs at a
temperature bhelow 40°%, A series of Dry Ice cooled traps

in the system facllitated the latter process. The resldue
was distilled through a 10-om, Vigreuz column using & magnetic
stirrer and an oll bath. A heating mentle should not be used
as éécﬁmpgﬁi%i&a may f@@wl@‘fw&m overheating; a8 pressure of
about 1 mm., or less should be used. ({lazs apparatus wilith
gtehed walls can cause the product to decompose, On distil-
latlon, 66-73 g. (91-89%) of colorless l,l-diflucro-3=-bromo-
3-phenylieyclobutane, b.p. 49-53% (less than 1 mm.), nggﬂ
1.5276, was obtained, This material can be kept for several
menths in the relvigerator under nitrogen without any apparent
decomposition,

v, 48,61; H, 3.67; Br, 32,34,

Angl, Caled, fopr Glgﬁéﬁﬁﬁr:

c
Founds G, 48.51; H, 3.60; Br, 32.26.
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The infrarved apectrum 0f 1,1-d1{luoro«3-bDromo=3=
phenylceyelobutane has four very strong bands at 7,069, 8,02,
2,65 and 9,10 P which are assigned to CeF vi@ratioag (29},
Thepe are two other strong bands at 10.31 and 1@,%2‘F whoae
origin is unknown, A large number of infrared spectra of
organolluorine compounds have been reported, but no general
correlations have been formulated due ¢o the complexities
of the spectra., It has been cbserved that the intensity of
the C-F absorption 1s egeeptionally high, and interaction
effects are very great, resulting in large hlgh-freguency
shlfts in adjacent C-H, CzC, and CzxC streteching vibrations
{(29). One anomalous feature in the spectrum iz the weakness
of the band at about 6.2 P which 18 very sharp in 1,l-
difluoro-3-phenyloyclobutane and phenyleyelobutane, and which
is asalgned to €20 skeletal in-plane vibration of the aromatic
ring, In 1l,l-difluorc-2,2-dichloro-3-phenylcyvelocbutans the
6.2 ) band is present, but much lower in intensity than the
other bands from 6,6-7.2 Pe

The uigravi&lﬁt gpectrum of 1,1-A1fluoroc-3«bromo=3«
phenyleyclobutane in cyolohexane shows & broad platesu,
)\max 238,5 mp (e 5,800), with a sharp rise at 217.5 A
and )\mm 202,0 mp (€ 17,300).

The npuclear magnetic resonance (WMR) proton apsctrum
shows lines ch&rae@@ﬁigﬁi@'&f phenyl and methylene hydrogens

approximately in the ratio of 5:4, respectively, The methyiene



protons are split into a symmetric triplet with relative

peak helghts of 1l:2:1, The [fluorine spectrum wWas not obserye

1,1-Diflucro~3-phenyleyclobut-2-gne,-=To a solution of

12,8 g. (0.191 mole) of potassium hydroxide (assay 86%) in
125 ml. of denatured ethancl, 41 g. (0,17 mole) of 1,1-

difluoro-3~brome-3-phenylcecyclobutane was added slowly with

swirling., After the initisl excthermic reactlon was complete

the mixture was refluxed for one hour and then poured into
500 ml. of water. The resulting mixture was extracted five
times with ether (a total of about 700 ml.). The ether was

dried in four stages with anhydrous maegnesium sulfate and

distilled until the head temperature rose to about 45°, The

regidue was trangferred to a distilling flask [itted with 8

10-cm. Vigreux column and stirred magnetically while the last

traces of solvent were rewmoved by pumpling. The product
decomposes qulte rapldly when in contact with etched glass-
ware or when in contact with alr at room temperature, The
product waa dlstilled with & minersl oll heating bath and
mineral oil asg 2 still base. One fraction, 24.5-26.2 g.

(89-958), was obtained, b.p. 43-46° (0,7-0.8 mm,), ncop

1,5130, m.p. 5-6°; Knutson (20) gives n°°D 1,5144, and Vogel

(21) gmives n®dp 1.5192,

Anal. Caled. for CypHg¥Fo: C, T72.28; H, 4.85,

A

i.

L&)

Found: ¢, 72.26; H, &,

g
&
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The infrared %@ﬁagrum ol 1l,l-diflucrc«3-phenyleyclobut-
Z-gne shows sharp bands at 3.28 and 3,40 yAwﬁiah are assigned
to vinyl snd methylene stretching vibrations, respectively.

A sharp band at 6,16 p is attributed to CzC stretehing. A
band at 5.%?’y is assigned to C-H deformation of the ring
m@tﬁyieﬁ@ group. Thegs are two pairs of hande, one at 6,27
and é,34‘F,amﬁ the other at 6.70 and 6,89 p which are
attributed to CeC skeletal in-plane vibrations of the
aromatic ring (29). There are four very intense bands at
7.70, 7.90, 8.67 and 9.05 p whose origin is probably due to
C~F stretch {29). The band asslgnments above are made on
the basis of the spectra of a number of cyclobutane and cyclow
butene derivatives which have been correlated in Table I
above,

The ultravioclet spectrum in cyclohexane has ’\m&x 253.0
mp (€ 16,000), Npax 215.5 mp (€ 14,300}, N oy 209.0 mp
( € 19,200), and Ny, 204.0 mp (€ 17,600).

The proton HMR spectrum of 1,l-difluorc-3-phenyleyelobute
2-ane showed the expected lines characteristic of phenyl,
unaplit methylene, and unspllt vinyl hydrogens in the ratic
532tl, The flucrine spectrum was not cbaerved but it should
be & single peask.

3-Fhenyleyclobut~2-enone,~-In & 200-ml. conical [lask,

20 g, (0,12 mole) of 1,l-diflucro=-3~phenyleyclobut-2-ene

was cooled in an lce bath, and 100 ml. of concentrated sulfuric
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acld (assay 98%) wes added slowly with vigorous swirling.,
This cperation was done in &8 hood since a large amount of
hydrogen fluoride was given off., When the addition was
complete, the deep purple~colored mixture was swirled and
heated on a steam bath for foup minutes and then poured
with vigorous stirring onto lce, The mixture was lmmediately
filtered by %matiéns and the sclild, which contalined pleces of
ice, was washed twice with water, three times with dijlute
sodium blcarbonate solution to remove the last traces of
geld, and once more with water, The cream-colored product
was sucked dry and then pumped under vacuum, The yield of
erude cinnamon-smelling ppeduct, m,p. 44-50°%, was 11.5-15.4
g. (66-89%). Recrystallization of this crude material from
a great number of different solvent systems was explored
without succese due to the thermal instabllity of the compound,
The only satisfactory method of purification wss high-vacuum
sublimation at & temperature below &Qﬁ, By this method 7.6-
10,2 g, (84-59%) of large, colorless crystals, m.p. 51.4-
529?€ waa obtained,

Anal. Caled. for CygHg0s C, 83.31; H, 5.59, Found:
G, 83.33; H, 5.47.

The residue in the sublimation tube was black. By
extracting this reslidue with boliling water, E;?L%“’Q -mathyle=
cinnamic @cid could be lsolated, m.p. 96-97° {(11%., m.p. ‘

98.5%) (40).
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S-Phenylaeyelobut-2-enone becomes dark when exposed to
strong light., It decomposes slowly in the presence of molst
alr to give & colorless oll., From decomposed samples good
yields of mwe ~gethylicinnamic acid were isolated. I-Phonyl-
eyclobut-2-enona can be kept 1ln vacuc at Dry Ice temperature
for long pericds of time withoult any apparent decomposition,

The ﬁ,#mﬁimitvapﬁ@nyihgé?azﬁn& wag very inscluble in all

sclvents, but was obtained from ethyl acetate as very fine
red crystals, m.p. ﬁﬁ@gg»géi.ﬁg {decomposition %o & black tar),
Anal. Caled, for Cygh, Oudy: €, 58.26; H, 3.73.
Found: €, 59.21; H, 3.79.
The infrared apectrum of 3Ze-phenyleyclobut-2e-encne has
a band at 3.26 P which is asslgred to vinyl C-H stretching.
The doublet at 3.39 snd 3.42 p is @ssigned to methylene C-H
stretch., The carbonyl band is very strong and f8lls at 5,65
p. The four bends at 6,21, 6,30, 6,72 and 6,88 j are assigned
$0 CeC stretching of the aromabtlce ring, The Cs0 stretching of
the four-membered ving falls at 6,30 P The bhend at 7.08 p
iz assigned to methylene deformation, There seenms . to be
some disagreement (12) as to whether the band at 6,85 P
should not be attributed to the methyvleng deflormation instead
of that at 7.05 Fe A survey of & number of phenyleyclobutene
scompoundas encountered in the present work indicates that a
band st 6.88%0.10 J 1s present in every 3-phenyleyelobut-2-
ene derivative whether or not 1t has a methylene group.
A band at about 6.9-7.3 F is pregent only in those compounds

naving methylene groups,
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The ultraviolet spectrum in 95% ethanol was found to
have N gy 286.0 mp (€ 23,000), N gax 222.5 mp (€ 11,600)
and Npay 217.0 mp (€ 13,000).

The proton HMR spectrum of 3-phenyicyelobut-2-enone

Wi

in carbon tetrachloride solution showed rescnance lines
characteristic of phenyl, unsplit vinyl, and unsplit methylene
hydrogens in the respective ratics of 5:12:1, 7The chemlcel
shifts were not measured,

Catalytic Hydrogemation of 3-Phenpicyclobul-2-enone,-<In

2 citrate bottle wepe placed 3.0 g, (0,021 mols) of crude
SJephenyleyelobut-2eenone, 10 ml., of reagent methanol and 0.1
B. ©f Adam's catalyst. The mixture was hydrogenased fop
gbout two hours at 60 psi and then poured into 50 ml, of
water, The c¢ream-colored emulsion resulting was extracted
with ether three times, and the ether extracts were dried
over anhydrous magnesium sulfate in four stages, Thé ather
was stripped, and the residue was distillied through & Se-om,
Vigreux column at reduced pressure to give 2.5 g, (75%) of
2 slightly yellowlsh liguid. The product was redistilled
through a glass tube, 12-mm, I.D. by 1l0-cm, long, packed
with glass wool. A4 colorless, plessante-smelling liguld was
ébﬁ&im@d which had an infrered spectrum ldentical wilith that
of 3J~phenyleyclobutanone (10). This material gave a 2,4-
ﬁiﬂiﬁ?@?%ﬁﬁylhyﬁfﬁﬁ@ﬁﬁg M.p. 150-151° (lit., m.p. 148.5«
150%) (19).
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Reactlon of J-Phenyleyclobut-2-enons with Agueous

Sodium Hydroxide.--4, To 30 mi, of 1.5 ¥ sodium hydrozxide

was added 3 g, (0.021 mole) of 3»@%@@§3@§31@%%@»@@@n0%&
(r.p. 47.0-49,5%), amd  the mizture was heated on a stean
bath., After 7 minutes only one phase was pregent, but
after 10 minutes there were two phases again, AV this polint,
0,5 g. more of godium hydroxlde was added, and the mixture
waz hested for 10 minutes, cooled, and acidified with & ¥
nydrochlorie acid, The reddlsh oil was separated from the
aquecus layer by decantation. The Infrared and ultraviclet
spectra indlicated the oll to be a mixture of benzolc @@i@
and acetophenone, Thls materisl was washed several tlmes
with dilute sodium bicarbonate solution, and part of the oll
dissolved., An oll settied out on acidification of the
bicarbonate washings and pertially crystallized on standing
in the refyvigerator overnlght. The crystals were collected
and, after several recrystallizations from 30-60% petroleum
ether, gave small cream-colored needles, m.p. 1@@.?"182@193
the mizxed melting polnt with benzolc scid wes 121,.4-121,59,
bBoth the infrarved snd the ulitraviolet spectras of this materisl
were ildentical to those of benzolc acid,

The oil which was inscluble in blcarbonate was taken
up 1o ether, The ether was dried with anhydrous megneslun
sulfate and then evaporated in & strean of alr, The infrared
and ultraviclet spectra indlcated a mixture of acetophenone

arki benzole acid, From Sthe residue, two derivatives were



chbtained, a 2,4-dinitrophenylhydragone, m.p. 243,5-244.17,
from ethyl ascetate, and a d-nitrophenylhydrazone, m,D.

™y i £ 0 s a8 - .
183,4-185,07, from ethancl-water, & sample of acetophencne

o= 2 k3 B T A Q
2,4=dinttrophenylhvdrazone, m.p. 2488,6-280,3 148, , M0,
El oF 2 & H] i

- 3 ©
250%) (41), gave a mixed welting polnt of 247,1-248,1°
with the unknown 2,4-dinitrophenylhydrazone above, The
literature melting point for acetophsnone d-nitrophenyl-

hydrazone 1is 184-185° (41).

B. 7o 3.0 g. (0,021 mole) of 3-phenyleyclobut-2-
gnone was added 30 ml. of 1.5 N (0.04% mole) scdium hydroxide,
and the mixture wses heated on & steam bath with swirling for

pericd of 10 minutes., After f{lve minutes, a cream-

o)
l’m

colored emulsion had formed, but after eight minutes the
mixture was brown and homogensous. An excess of & N hydro-
chloric acid was added immediately, Bnd the resulting ~
emuleion was placed In the refrigerator for several hours.
Cne drop of the mixture gsve a deep purple color with ferrie
chloride sclution., &Some light-reddish solid precipltated
out of the cold mixture., The nixture was made basic and
gxtrecited several times wlth ether, and on evaporastion this
axLtract g$@1am& 0.8 g, of oily vrown crystals (A) These
crystals slso gave g posltive ferric chiloride test, and the
odor of acetophenone was evident., After the ether sziractions,
the basic solution above was made scidic and gextracted with
ether, A drop of the ether exltract gave a poslilve ferric
c¢hloride test., After removal of the ether, 1.5 g. of &

. - o
cream-coloved solid (&) was obtained, m.p. 56-60° (1it. m.p,
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for benzovlacatone 617) (&41). 7The ultraviclet and the

infrered gpectra of samples 4 and B were taken and compeared

with the corrvesponding onss for acetophencne, bengoyl-
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acatone, benzo
Comparison of the spectra indicated that A was a mixture of
much benzoylacetone with a little scetophenone, and that D
was & mixture of much benzoylacetone and a 1ittle benzole

.

gcid. Probably a signlflicant amount of acetophenone wasg lost

when the ether was removed from the baslc extractlon by pumpe

in@ overnight., Fraction A distiiled at 1 mm, pressure through

a glass tube, 1Z2-mm. I.D. by 10-ocm. long, packed with glass

wool, o pive & white crystalline solid, m.p. 57.5-58.47,
Fraction B distilled through the same apparatus to glve a
white crystalline solid, m.p. %%aﬁwﬁﬁaﬁa, When mixed with an
authentic sample of benzoylacetone (Eastman White Label), m.p.
57.0-58.0, the melting point of A was %?aﬁmﬁﬁagﬁg and that of
B was 56.5-57.8%, The infrared spectra of A and B were

identical to that of authentle bepnzoyviascebons

Acetolysis of 3-Phenyleyelobut-Z-snong m»?ﬁi%rm ive ml,

of glaclal acetle acld and 2.5 g. (0.017 mole) of 3-phenyl=
gyclobut-2Z-enone were refluxed in a 100-ml. round-bottomed
flask After 12 houwrs, 1 mi. of the sciution wam pipetted
and edded to 5 ml,. of water., A cream-colored emulsion regulted,

and some colorless needle-like crystals wepe obtalined, m.p.

06,5-97,3% (1it. m.p. 98,59 for e<ﬁﬁﬂfwﬁu nnamnic acid) (40).

k&
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white materlial was obtained., One recrystallization of
0.% g, of the latter materisl {rom pentane gave 0.4 g, of
- - 2 ; A TR A g’{;}

long white needles, m.p., B6,4=68,67,

Anal, Caled. for Cyglighs ©, 82.16; H, 6,90,
Founds ©, 851,893 H, 6,99,

Good yielde of the alcohol were cbtalned only when
the IF-phenyleyelobut-2-enone used was very pure. The aleocheol

¢ unstable to light, heat and ailr. The orude materisl

«
©
&

G
s
e
[ s

could only be stored in the dark under high vacuum at Dry Ice
temperature., The reerystaliized mat@yial'@am be stored
satislfactorily in an evacuasted ampule in a refrigsrator,

The infrared spectrum of 3-phenylceyclobut-Z2-encl shows
& strong band at 3.02 & assigned to O-H stretceh, a @@r@mg
bapd at 3.27 2 asgigned to vinyl C-H streteh, and a strong
band at 3.36 p assigned to C-H stretch of the methylens group.
There are [our bends at 6.27, 6.36, 6,72 and 6.91 j which ave
assigned to aromatlec CzC stretching. 4 band st 6,90 P is
assligned to methyleneg deformation. There does not ssem (o
be any band in the region 5.5-6.95 5P which can be assigned
to C=C streteh In the four-membered ring. In 2-chloro-
Jephenyleyclobut-Z-2nol, to be described below, there 1is a
strong band at &,08 P which has been agsigned to olefinic
C=C stratch,

The ultraviclet spectrum in 95% ethanol has )\max e

55
mj (€ 19,000}, }\E7 217.5 myp and )\iym, 211.0 e The )\ﬁa:

maxn Bl e
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the alcohol and the acld chleoride in 2 bengene solution

with the calculated amount of pyridine pdded. The customary

For preparation of esters {rom an alechol

ety

mathod
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and an acid chloride failed (41). 7To an ice-ccoled solution

2oy

P ” @ o oy " o % - vy © e o e o < de o, o e
of Q.30 g. (0.0021 mole} of 3-phenyleyclobut-2-encl and
020 g, of pyridine, a solution of 0.40 g. (0.0023 mole) of

racrystalllized %wﬁiiyﬁ?ﬁi‘ﬁ?i chilo “&@ in dry benzens was
added a8t once. The ﬁif Gure was 8¢ i%f@ﬁ for 30 minutes at ¢°%,
The solvent wan gvaporated in a stream of nitrogen with gentle

waraing, and the sollds artracted twice wlth

ig

ue, which was water

sthyl acetate solution was

evaporated to & velums of 3-% al., asnd on cooling, cream-

solored platelets were cbtained, m.p. 145-146°., Recrystal-

— % o ) L ny e & T s B
Anal. Caled. for Cy9H,203Ns €, 09.14; #, 4.44,

Found: ¢, €9.05; ¥, 4.60,

Cotalytic Hydrogenation of 3-Phenyleyeiobub-Z-enol,
A methancl soclutlon of 0.5 g. of partislly decoumposed crude



gave a mixture of products whose vapor phase chromatogran

¢

nowed three components., One component made up 898 of the

&%

€¥

total. The infrared spectrum of the product mixture was
identical with that of cla-Se-phenylicyclobutancl to be
described below,

Resction of 3-Phenylcyclobut-2-enone with Phosphorus

by

entachloride.=--In g8 80-nl, round-bottomed flask fitted with

B
B

condenser and & scda-lime drying btube, 3.0 g. (0.021 mole)
of 3~phenyloyclobut-2-encne, 4.0 g. (0.023 mole) of phosphorus
pentachloride, and 20 ml. of peagent benzene were ﬁéflux%ﬁ

for 20 houre. After the mixture had cooled, 1t was poured
into an lce-fllled separvatory funnel and shaken. Alter the
ice had melted, the benzens lsysr was separated, and the

water layer was extracted twice with ether. The ﬁy@anié
phasss were combined and washed threeg times with cold water.
The solvent was dried in two stages wlth anhydrous magnesium
sulfate end then evaporated In & stresam of nitrogen wlth
gentle heating from a steam bath., The residue was pumped

at reduced pressure to remove the last traces of solvent,

and distillation gave 3.2 g. (81%F) of a nearly colorless

7-40%, A smell sample wes

LAl

liguid, b.p. 64-67° (1 mm.), m.p.
redistilied for analiysis,
Anal. Caled, for CipHaClys G, 60.3%; H, 4.05; Cl,

35,68, Founds , 60,16 B, 4,23; C1, 35,12,



This material turns brown ysadlly 1lag iy and is stored

most satisfactorlily Lo an evacuatsd ampule 1in the refrigerstor
L

The ultraviclet spectrun in cyclohexane had A 2558,5
max
. & Sy
mp (€ 20,200}, Ngax 218.0 i (€ 13,50 ~}s)\{%x 212.0 mp

206.5 i (€ 17,100). In 9B5¢€ ethancl
the witraviclet abmorptlon maxima decreased drastically with
time.

ihe infrared spectrum of this compound is ﬁwmmafizﬁﬁ
in Table I. All the experimeéntsl facts are consistent with
the 1,l-dichloro-3-phenylcyclobut-2=-gne structure,

2-Chloro-d=-phenyleyelobut-2-gnong . ~=-in a 200-ml,. conles

flask, 10 g. (0.0494 mole) of 1,1-diflucro-2- chloro=3-phenyl-

#’

cyclobut-2-ene and 5 ml, of concentrated sulfuric ascid (assay
984 ) were heated on 2 steam bath., After about two minutes, |
55 ml. more aclid w&é added, and the desep-red mixture was
heated and swirled untll 1t was homogenecus (5-15 minutez),
Conslderable gas evolution ook place. The solubtion was

then poursd slowly ontoe ice with vigorous stirring. 7The white
solid was cellected by fllitration, washed twice with water ar
three times with dllute sodlum bicarbonate selution, and dried
under vacuum overnight to give 7.7-8.7 g. (87-992) of crude
dirty-white product, m.p. %Ewé?@, Recprystellization from 30~
60° petroleum ether after treatment with Horite %&vw 5,9-7.9
g. {(76-90%) of long whlte needles, m.p. 67. 5-69.2° (1i%,,

m.p. BT7.2-68,2%) (15). 'This reaction waes run several times



on 2 two-mole scale with ylelds of ¢rude product of

W
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1,1,2=-Trichloro-3=phenyloyelobul-Peane , -=In 2 500-ml.
b3 & w24

round-~-bottomed flask fitted with & refllux condenser and
calclum chloride drgimg tube, were placed 44,0 g. (0,240
mole) of 2-chloro-3-phenyleyclobut-2-enone, 58 g. (0,280
mole) of phosphorus pentachloride and 250 ml. of dry benzene,
This mixture was refluxed for slghteen hours, After the
reactlon mixture had cocled, it wes poured onto ice and
the sliurry sheken in & separstory funnel, After the lce had
glted, the benzene leyer was seperabted, washed four times
with lce water, and then drled twice with anhydrous pobtassium
carbonate and once with anhydrous megnesium sulfate, The
benzene was evapoerated with an aly stream while the flask wes
heated on & steam bath, The residue was pumped under vacuum

on

for two hours to remove the last traces of solvent &mﬁ Lnen
distilled slowly through g 1l0-cm, Vigreux column to glve one
fraction (51.4 g., 88%), b.p. 71-75% (less than 1 M. )
n“5p 1.6042.

e 3 ;Y : . & o i [ ¢
Anai. Caled, for C, M.
* “

i

Founds C, 51,64; H, 3.17; Cl, 45,40,

The ultraviolet spectrum of 1,1,3=trlchloro=-3-phenyl-

cyclobut-2-ene in cyvclohexane had . 267.5 mp (€ 25,9500),
EERLE S
e P12.5 mp (€ 13,700), 7\3 213.5 mp (€ 17,700) end



GG

)\mg 208.0 mp (& 17,000). In 95% ethancl the )\mw{
267.5 gy decreased with time, and the other peasls becans
smoothed out. The Infrared spectrum ls summariged in Table
I sbove., The proton HMR spectrum showed only phenyl snd
methylene hydrogens in the ratio 512,

1,1,2=-Trichloro-3-phenyicyelobut~-2-ene and concentrated
sulfuric scid gave & purple soclution which was hested on s
steam bath for five minutes and then poured onto ice., The
whilte sclid was removed by filtration. BRecrystallization
from 60-T0Y petroleum ether gave a nearly guentitative yield
of long, white neesdles, m.p. 6§,3~?G,3ﬁa The mixaed meltling
peint with & sample of 2»@%1&?&*3»@%8&?1@30lﬁhﬁﬁwgwﬁﬂﬂn@5\
Moo ?l.%»?g,&g WED ?@«?1@, The infrared spectrum of the
product was identlcal with that of Z-chloro-Z-phenvlcyclobute-
.Q*Qmam@.

Phenyloyclobutane.--In & clitrate bottle were placed

51.4 g. (06.220 mole) of 1,1,8-trichlorce-3-phenyleyclobut-
2-gne, 63 g, of anhydﬁmué gsodium acetate, 2.5 g. of 108
p&lléﬁium»@m»mﬁ&?eﬁal catalyst, and 150 mi, of reagent
mathanol, The mixtuﬁa was hydrogenated at about 60 psi until
0.965 mole (1108 of the theoretlcal) of hydrogen had been

taken up. The catelyst was removed by flltration, and the

]

filerate wag poured intc 500 ml. of water, The mixture was
extracted three times wlth ether (total volume 400 ml.), and

the extracts were dried In three stages with e mixture of



e Te I
anhydrous sodium carbonate and anhydrous &g sium sulfate,
The ether was removed by distillatlion through a straight
distilling head, and the residue distillsd through a 1Z2-om.
Vigreux aﬁiumn to give 0.8 g., b.p. 56-62° {7.6-10.% mm,),
025D 1.5121; 14.6 g., bep. 62-68° (7.6-10.1 ma.), nooD
1.5210; and 6.2 g., b.p. 70 and up (8.0 mm, ), ngﬁﬁ 1.5483,
The distillate residue (14.7 z.) was a brown liguid which
became hard QVﬁ?ﬁighﬁ. The reported n“opts for phenyleyclon
butane are 1.5281 (42) and 1.5277 (10). 7The infrared spectrum
of the second fraction was almost iﬂ@ﬂticai with that of the
material obtalned by Clemmensen reduction of Q,améiahlﬁrﬁwr
3-phenylcyclobutenone (10) except that the former spectrum
showed fewer wealk bands, The vapor chromatogram of the first
frection indlcated thaet 1t contained thres components with
retention times of 2.6, 2.9, and 3.4 winutes, respectively.
The latter component made up 80% of the total and was assumed
to be phenyleyclobutane, The second f{raction showed six
compeonents with retention times 2.5, 2,8, 3.3 (864 of the
total from the peak srea), 4.6, 6.1 and 6.8 minutes [Perkine
Elmer Column G, 22%5°, flow 3.8). The first and second
fractions made up a total of 16,4 g. (524).

2-Chioro-3-phenyleyclobut~2-enol,.-=-In a 500-ml,

conleal flaslk, $0.5 g. (0.283 mole) of 2-chloro=3-phenyl-
cyclobut-2-enone was dissolved in 150 ml. of reagent methanol,

The solution was cooled in an ice bath, and 11.6 g. (0.283



mole) of sodium borohydride was added slowly with vigorous
swirling a% such a rate that the evolution of gas did not
gat out of control. Thé temperature wes kept below §?,

After the addition of the sodium borohydride was complete,
the solution was allowed to stand twenty minutes at room
temperature and then poured onto crushed ice., The resulting
mixture was placed in the refrigerator for two hours, The
white s0lld product was removed by ﬁ&@ti@ﬁ filtration, the
filter ceke washed several times with water, and the crude
product dried by pumping under vecuum overnight to glve

35, 8-84,7 g. {70-86%) of white material, m.p., 76~78°,
Recrystallization from pentane three times gave white cottony
material, m.p. ?geﬁw?é,ﬁﬁg An analytlical sample was prepared
by precipitating a sample three times from a methanocl
sclution by addition of lce followed by filtration of the
solld and pumplng three days under high vescuum,

Anal. Celed. for C g 0C1: G, 66.66; H, 4.49; C1,
16,74, Pounds ¢, 66,.71; H, 4.64; Cc1, 19.65,

The infrared gspectrum of Z-chloro-3-phenyicyclobut-2-
enol shows & sharp band at 2.79 F which is asslgned to free
O~f atretehing, g strong band at 3,01 5 assglgned to asgocliated
O-H, a band at 3.27 P assigned to vinyl C-~H spretching éaﬁ &
band at 3.43 J characteristic of methylene C-H stretching.

A sharp band at 6.08 ¥ is asgigned to C=C stretch., There

are four bands at 6,25, 6.35 (weak), 6.71 and 6,00 p which



2w
ape characteristic of the aromatic ring and due to Cs=C
stretehing. A sharp band at 6.98 ¥ iz zssigned to methylene
C-H deformation (2¢). The ultravicliet and MMR spectra of |
this compound were not taken.

2-Chloro-3-phenylceyelobut-2-enol decomposes slowly to

give a yellow oll 1f exposed to ailr, meisture, heat or light,
but can be stored quite satisfactorily in vacuo in the dark.

The 4-nitrobenzcate of 2-chloro-3-phsuyleyclobut=-2-encl

wes prepared from the alcohol, pyridine, and the acld chloride
In bengene in & manner simlilar to that described abavaAfar the
henitrobenzoste of 3-phenylcyclobubt-Z2-encl, HReerystallization
of the ester from ethyl acetate gave cream-colored platelets,
m.p. 172-173.2°,

Anal, Caled, for Cl?ﬁng&ﬁals ¢, 61.92; H, 3.67;
Cl, 10.75. Found: ¢, 62,10; H, 3.80; ¢1, 10.71.

: Th@ customary pyridine method for preparation of an
ester from an alcohol and acid chloride gave only highly=-
colored, polymerlce products, Attemptes to prepare an CKw
naphthylurethan of this alcohol falled,

gis--3~Phenyleyclobutancl.~-In a clirate bottie were

placed 40.0 g. (0.222 mole) of crude 2-chloro-3-phenyleyclo-
but-2-enol, 18.2 g, of sodium acetate, 3 g. of 10% palladium~
on-charcoal catalyst, and 150 ml. of reagent methanol., The
mixture was hydrogenated at 60 psi. In twenty hours, a

pressure drop of 38 psi, corresponding to 0.%2 mole of hydrogen,



-3
gecurred, The solids wepe pemoved by flltrastion and washed
first with methanol and then with water, To the resuliing
cloudy mixture, 11 g. of sodium hydroxide was added wlth
vigorous swirling to saponlfy any acetate ester present and
to neutralize the acetle acid formed in the hydrogenolysis.
After the mixture had stocd at room tempersture for three
nours, 1t was poured into 600 ml. of water, and the resulting
emulsion was extracted six times with & total volume of 600
ml. of ether, The ether was dried in three stages wlth .
anhydrous nagnesium sulfate and evaporsted In an alr strean
en a steam bath, Distilliatlon of the material remaining
gave one fraction (30 g., 92%), b.p. 50-84° (less then 1 wm.),
neop 1.5453., A semple for anelysis was distilled through a
30~-cm. Holzman column (43), b.p. ﬁawéba {less than 1 mm,).

Angl. Caled. for CypHyo0: C, 81.,04; H, 8,16,
Found: ¢, 80.83; H, 8.18,

The O ~naphthylurethen of c¢lg-3-phenyleyclobutancl
£

mrkam S

Faad

was prepared by & published procedure (41) and had m.p.
125,2-127,4° ,after recrystallization from 6©~?G$ petroleun
ather.

Apal. Celed. for CpyH;o0pN: C, 79.46; H, 6.03.
Found: C, 79.50; H, 6.00.

The d-nitrobenzoate of gis-3-phenyleyclobutancl was

prepared from the alcchol and acid chloride in pyridine (41),

iong white needles, m.p. 131.1-131.67, after recrystallization



@ P 5 % 4 Fag ey 7 e -
Anal., Jaled, for le?&?&%%,;ﬁéz R S, 073 H, 5.09,
- - 5 1"‘%‘:“ g:‘i - o s
Founpds C, bo,00; H, 5.23,

e infrared spectrum ol gls-J-pheayleyclobutancl shows

a sharp band at 2,78 F characteristic of Iree U-H stretch

and a very sirong broa

gssociated 0-H stretch., The band structure from 1,2-3,% F

was very slmilar to that of 3-phenylcyclobutanone with

of bands of segual Intensity at 2,39 and 3,44 poend e pair at
i

iy

3.4 and 3.27 P {strongest). These bands are ass:

@

C=} gtretch, There are three bands

Fe
@

£ e g P
at 6.25, 6,71 snd 6,02 ¥
winlceh ape characteristic of gromatic C=C in-plans astretch.

"

A somewhat broad band at 7.03 P is atéributed to methyiens

CeH deformation,
The proton RMR spectrum showed uneplitv phenyl hydrogens,

unspllt hydroxyl hydrogen, two widely spliv tertlary hydroger
and methylene hydrogens spllt into elther four or {ive pesks,

Isomerization of cls-I-Phenyleyclobutanol,--In & 100-

ml, round-botbomed Clask wege placed 0.20 g. of sodium, .20
o of fluorencne, 5.0 g. of gls-3-phenyleyelobutencl and 50
ml. of dry reagent benzens, The mluture wes refluxed for T2
hours and then the benzensg was evaporated In an sir stream.
The gelatinous residue was treated with 50 nl, of water, asnd

hh ether. Yhe ether

et

the nlzxture was exlracted fhree times wi

3

was dried over enhydrous magnesium sulfate and evaporated in

gn air atreamn. The sidue was btransferred to a8 small distile

3

ling flask and punmped for several hours Lo remove the last



s

O

5o
traces of sclvent, On distillstion, 1.3 g. of & slightly
yellow material was obtalned, The distillate residue
amounted to 3 g, of yellowlsh polymer soluble in carbon
tetrachloride or ether., A total of 5% of the starting
material was accounted for,

The infrared spectrum of the distlllable product had
& broad band at 2,99 A agsigned to assoclated C-H streteh.

o pairs of %%ﬁﬁaﬁ one abt 3,29 and 3.32 e and the other &t
3,40 and 3,47 j» made up a structure simllar to that found
in the starting material, There were three bands at §.24
6,69 and 6,88 P chavacteristic of sromatic CzU astrateh and
a2 band at 6.9¢ p as Zlpned to methylene deformation., Thepe

was s strong band at 7.27 ¥ which was not present in the

83

starting material. Two strong bands present in the starting
material at 7.56 and 8,13 J were abgent in the lsomerigation
product. The strong band 1ln the starting material at 90133
appeared to be shiited to 9.63 J There were three new
bends at 10,12, 11.08, and 11.80 pe A band at 10,55 p was
similar in shape and intensity %o a band at 10,49 Ft in the
starting materlisl,

An attempt to prepére a denitrobengoate of the isomer-
jzation product falled. An d&ﬂayhﬁﬁyluf@than was prepared
by & published procedure (41}, Five recrystallizations of
this material from hexane geve material, n.p. 86,0-80,2

which 4id not, howsver, have the correct anslysis for

CopHy Ol
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he stirrer was started, and @

cand 20 ml, of ether.

it

solution of 5,0 g, (0,034 mole) of freshly distilled 3=

2

phenyleyclobutanone in 30 ml, of wet ether was added slowly.
It was necessary bto add several drops of water occasionally

o malntaln the evoliution of hydrogen {rom the sodlum, After
the addition of the ketone solution was complets (1 hour),

the mizture was stirred untll the remwainder of the scodium had
dissolved, A solution of 14 g. of emmonlum chloride in 100
ml. of water was added, and the ether layer was separated

The water phase was gxtracted three times with ether, and the
comblined ether phases were dried wlth anhydrous magnesium
sulfate, The ether was evaporated in a stream of air, and

the residue distilled through a 1l0-cm. Vigreuz column to glve
&;G‘%, of colorless material, b.p. 64.81° {1 mm,), ﬁgﬁﬁ 1.5268,
The infrared spectrum showed that a significant awmount of the
sterting material wss present, The product was dissoclved In
evhanol, and an alcochollc solution of sodium bisulfite was
added @iﬁh_c@@lim@, After the mixture had stood for five
minutes, the solid was removed by filtration, and the flltrate
was treated with enother portion of bisulfite solutilon, After
apout fifteen minutes the small smourd of precipitate was
removed by Filtration, and the f1ltrate extracted four times
with ether. The g¢ther extracts were dried with anhydrous

£

magnesiuw sulfaete, The ether was evaporsted in an alr stream,

and the residue wes distilled through & glass tube, 12-mm,
I.D. by 10=-cm, long, packed with glass wool, to give 2.0 g,
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Several of the products
ether reductions (in some cases & small amocunt of ethanol
belng added) were theated directly with fenitrobenzoyl
enloride in pyridine. Qlly mizxtures of d-niltrobenzoate

esters were obtalned, and by fractional crystallization

g ame® . et
21-132  were obialned., This

fied

poor ylelds of an ester, @m.n.
material gave no wmelting polnt depression on admixture with
an authentic sample of the nitrobenzoate of elg-3~

phenyleyclicbutanol. The mother lilguors were evaporated Lo

o]

glve yellowish colls from which long needle-like crystals

a?

were depoeslited after about three months. fThese crystais

were washed with a small amount of pentane and had m.p.
61-03%, They gave no melting polnt depression with the

w x}
analytical sample above having m.p., 00,.7-63.07,
The ultraviolet spectrum in cyclohexene of the estep

m.p. 60,7-63.0Y nad 255,0, 219.0 and

max inflection
09,5 mpg This spectrum was identical with

inflection
the cérﬁ@smﬁﬁ@iﬁg ong of the 4-nitrobenzoate of

, O e ..
phenyleycelobutanol, m.p, 1311327, The ultraviolet spectrum

of the d-nitrobenzoste of 3-phenyleyclobut-Z-encl had >‘%3&
13 Tt
P bl =Y Y £ e YD Y e ok
56,0 . 21 )\ <1l and X & G m Thie
PCe0s Apasy 21750 Agay -2 max 7Y Wpe U

[
[
o
s

latter three bands were very sharp and typl
3 En qu
the Z-phenyloyclobut-Z-ene systems studied in the present

reasaarch,
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strevching. At 3.3% p there ig a band characteristlic ol
aromatic C-H stretch. The band at 2.82 ¥ may be due te an
s the carbonyl fundamentzl since a vand at
epproximately this wavelength in the infrared was observed
in R-fluorc-2-chloro-3-phenyleyclobutencne and 2,2-dichloro-
F-phenyloyelobuteno The infrared spectyra of both these
latber compounds have the same number of bands as 2,2-dillucro-
J-phenyleyclobutenone from £,0-7.9 i the only differences

being small shifts in wevelengths and changes Lln relative

The ultraviciet spectrum in 95% ethanol had >\max
280.5 mp (& 28,100), A, 220.0 ap (& 10,900) and ) -
215,85 s (@& 11,800). he ultraviolet spectrum of 2,2-
dtechloro-3-phenyleyelobutenone had x%m; 288 i (€ 24,000)
(28). The ultraviclet spectrum of 1,l-diflucro-2-phenyl-
cyclobutenone in 95¢ ethanol (sample supplied by Dr. Yoshic
Kitahara) had >\§zw 261.2 i (& 1%,900), )\vmy 218,85 f
(€ 10,000) and N, 212.2 mp (€ 11,300).

o

he probon NMR spectrum of 2,2-difluoro-3-phenyleyclo~
putenone showed singlet phenyl and triplet vinyl hydroger

The splittings in the latter case were 12 ¢c.p.s. (22), 'The
flucrine NMR spectrum showed a doublet with coupling of 12
CeD.B., These spectrz show cross-ring spin-spin coupling of

wdrogen and fluorine which has also been observed in a

number of other phenyleyclobutene derivatives (22
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The infrarved spectrum showed a2 band at 3,88 p essigned
to vinyl and aromatic C~H streteh, & strong band st 6,28 ¥
apsigned to Cel stretch of the four-membered ring and four
ands at 6,15, £,32 (shoulder), 6.71 and 6,91 j assigned
Yo aromatic C=C stretching.

The proten NMR gpectrum showed singlet phenyl and
triplet vinyl hydrogens, The fluocrine NME spectrum showed

doublet. Thess gpecira show strong “Tud&wfiﬂg %Qinmmgiﬁ
e@u§limg of hydrogen and [luorine (22).

With concentrated suliuric acid, i,laéiflmsfgwﬁpﬁw
dichloro-4-phenyleyclobutens gave a deep purple solution,
This solubtion was hested on & steam bath for five minutes
and was then poured onto lee, The white precipltate was
égliﬁgtﬁd by suction flltration, washed with water, and
dried under high vacuum overnight. Recrystallization from
30-60° petroleum ether gave long, white needles, m.p. 53.0-
63.8°, The melting point of en admixture with an suthentic

sample of 2,2-difiuvorv-3-phenyleyelobutencne, m.p. 60,4«
61.4°, was 60,8-61.4%, A 2,4-diniltrophe wylhydrazone was
prepared in the usual manner (41); m.p. 228-206% after
recrystallizgation from ethyl acetate, The mizxed melting
polnt with an suthentlc sample of the corresponding

derivative ol Z,2-difluocro-3I=-phenyleyclobutenone showed no

depression,
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1,i-Difluoro-2-phenylceyclobutane, --In a cltrate bottle,

¢
o
o
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et
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et
&
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ok
Pt
§.Jn

a mixture of 25,0 . {0.1 fluoro-2,2«

2 3 by s T vy o U sy 4 9 4 LINPPR, VU 5 43 qum
dichlorc-f-phenyleycliobutene, 1€ g. of snhydrous sodlum
b

acetate, 125 ml. of reasgent methanol, and 2 g. of 10%

rdrogenated at 50 psil

g

palladivm-~-on-charcoal é%%&lgﬁt WA
untll 130% of ?h& theoretical amcunt of hydrogen had been

varen up. The mizituvre was poured into 500 ml. of water,

and solld scdium hydroxide was sdded to neutrelize the

acetlic acld present. feer removal of the catalyst by suction

filtration, the two-phase mixture was exntracted six times with

ether (total volume 700 ml.}. The ether extracts wers combined
and dried in three stages wilth anhydrous magnesium sulfate,

The ether was distilled, and the residue was pumped for one

hour at reduced pressure to remove the last traces of solvent,

Distillation gave two fractions: 10.8 g. (61%2), b.p. S4-
92° (11-14 mm. ), h““ﬁ 1.4920 and 3.2 g., b.p. 92° and up

{11 wm.), neoD 1.5130. “here was a polymeric still wresidue

of about 4-5 g. The vapor phese chromatogram of the firsst
fraction indicated that it was gresater than 92€ one
component. Distillation of 1 g. of this materiel through a

glass tube, 1lZ2-mm, I.D. by 10-cm, long, packed wlth glass
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wool, gave 0.5 g. of
chromatogram shoved this materisl to be at least 964

ong component,
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Anal, Caled, for CigHygFes ©, Tl Al H, 5.99,
Found: C, Ti.2%; H, 6.30.

The infrarved spectrum of 1,l-difluoro-2-phenyleyclo-
butane was ldentical with that of 1,l-diflucro-3-phenyl-
cyclobutane in the C-H stretching regilon, showlng bands at

32 p and 3.38 j- Doth substances have bands at 6,23, 6,67
and 6.90%0,02 (shoulder) p asailgned to aromatic C=0 stretch-
ing. In the former substance there were bands at 6,86 and
T.0% ¥ which could be assigned to methylene deformations of
the two types of methylene groups in the molecule. Iﬁ the
region T.5-10.0 F there were a number of strong bands whose
origin has been assigned to C-F vibrations (29).

The proton NMR spectrum showed unspllt phenyl hydrogsns,
and extremely split tertlary end methylene hydrogens., The
Ffluorine NMR spectrum was not taken,

1,1=Difluoro=-3-phenyleyclobutane becanme ¢loudy aft@$
only one or twe minutes exposure to air. This materlal turned
vellowish after standing several hours at room temperature,
but a ssmple which had steood for a year stlll had a vapor
phase chromatogram indicating that 1t was st least 88%
one component,

2-Plucro-3-phenyleyclobut=-2«anong,=«-In & 300-ml.
= X :

conical flask, a mixture of 35.0 g. (0,190 mole) of 1,1,2
ﬁri luoro=-2=phenyleyciobut- Qams@ and 150 ml. of concentrated
sulfuric acld (assay 9U%) was heated and swirled on a steam

bath until the mixture became homogeneous, The scliutlon was
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aguecus sodium blcarbonate, and then twlce more wilth water.
The crude alr-dried product was pumped under nigh vacuun
; , . . p i g
overnight to give 28.6 g. (93%) of material, m.p. 76-80".
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2-Flupro-l,l-dichloro=3-phenyicyclodut-2~ene,.~~A mixture

of 25.0 g. {0,154 mole) of 2-fluoru-3-phenyleyclobut=2«

grnone, 33.6 g.{0.180 mole) of phosphorus pentachloride, and
150 mi. of dry benzene was refluxed for twelve hours, After
the reaction mizture had cocled, it was poured into 500 ml.

of ice-water slurry and swirled several minutes, The benzene
layer was diluted with ether and separated f{rom the aguecus
phase, The organic layer was washed several times with water,
twice with dlliuvbe aguecus potassium ¢arbonate, and then

twice more with water, After beling drled in two stages over
anhydrous megnesium sulfate, the solvent was distilled, As the
last traces of the benzene were bging removed undeyr reduced
pressure with gentle heating, the product began to sublime,
The heating was stopped, and on cooling the residue sclidified
to a cream-colored solid (30.9 g., 92%), m.p. 52-57°. The

infrarved spectrum of thiz material revealed that 1t contained
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nong of the starting meterial. Sublimeiion of &

of the crude material gave crzam-colored needles, a.p. 56-
60°, Repeated sublimetion falled Yo sharpen the melting
@giﬂﬁa

snal. Caled, for CygHyFClza: €, 55.33; H, 3.25; Ci,

The infrarved spectrum 18 sumssrized in Teble I above.
The wltrsviclet and HMR spectira weare not cbserwved.

When Z-fluoro-1,i-dichioro-3-phenylcyclobut-2-ene wag

”“3

mized wlth concentrated sulfurie acld, a purple migxture

resulted, This sizture wis heated for several minutes on @

&
-3

steamn bath and then poured lnto a test tube fllled with le
The white precipltete waes collected by filtration and
recrysbtallized from 60-T0° petreoleum ether. The product,
B.p. B0=08 13 @ s Bave an infrared spectrum ldentlcal with that
of Z-flucro-3-phenyleyclobut-8-gnone, The melting polnt of
an admixture with an suthentic sample of the latter, m.D.

- m
850,86 showed no depression,

-3
(9]
&

3%
e

7 o

g-fFlyoro-1,1,2=-¢richloro- g‘; wenylevelobutene.-=-In a

100 mi. round-bottomed flask fitted with a refiux condenser
and closed Co molsture with & calcium chioride drying tube,

1
8,0 g, (0,045 mole) of 2-fluorc-d-chioro=-3-phenylceyclo=

mi. of dry
benzensg were reflluxed for 24 hours, After the mizture hed

cooled, it was poured into an lece-water siurry. Bsther (50
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mi, ) was added to bresk the emulsion, and the organic layer
was separeted, weshed four times with water and dried in t%@
stages with enhydrous magnesium sullate, The solvent was
evaporsted 1n gsn alr stream, and distilistion of the residus
%ﬁfcmgh a 10-cm, Vigreux column gave 10.0 g, (87%8) of a
colorless liquid, b.p. 79-83° (less than 1 mn.), The infra-
red spectrum showed that the product contalned éhaaﬁ 5% of
the staerting material. The product was aﬁyaﬁatog?agh@é on
gcld-washed activated aluming using hexane as the eluent,
The Cirst 150 ml. of the eluate contained ths product, The
solvent was evaporated 1in an alr stream, and the residue was
distlllied to glve 9.0 g. of colorless product, b.p. 61-66°
{(iess than 1 mm, ), n<2p 1.5798, The infrared spectrun showed
complete ebsence of carbonyl absorption at 5.57 F due to
atarting materisal.

Anal. Caled. for CypHgFClq: C, 47.75; H, 2.40; C1,
42,29, Pounds C, 47.74; H, 2.51; Ci1, 42,28,

The infrared spectrum 1ls summarized in Table I above,
The ultraviolet and NMR spectra were not observed,

2-Fluoro-l,l,2-trichlore-~3-phenylcyclobutene {(0.20 g,,
0.00079 mole) was mixed with concentrated sulfuric acild, and
a light-brownish, two-phase mixture resulted. This mixture
was heéited on & hot plate with swirling. 7There was silght
gas evolutlon, and the mixture became deep brown. A yellow

solid precipitated when the resction mixture was poured onioc
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¢, The solld was collected and dried under high vecuum

fode
[¢]

to give 0,10 g. (79%) of yellow powder, m.p., 130-145°,
Sublimation of a2 portion of this material under high vacuum
gave bright-yellow micro needles, m.p. 180=152Y, The infroe
red and ultraviclet spectraz of this materlsl were identical
with these of phenyleyclobutsdiencguinone {11}, and the
mixed melting gaintrwith an authentlic sample of phenyleyelo-
butadienoguinone {prepared by Dr. . 4. Sharts) showed no
depression,

2,4~Dichloprg~3~phenylcyclobutenone,~=In a 300-ml,

conical flask, £0 g, of concentrated sulfuric acid {zsaay
98%) wes heated on & steam bath untll the temperature was
about 75%, Then 40.0 g, (6,170 mole) of 1,1-d1fluorc-2,4-
dichlore-3-phenyleyclobutene was added at once. Heating and
ptirrping wepe camtiﬂm@@ for about 25 minutes, The mixture
was poured with vigorous stirring onto crushed ice., The tLan
solld was collected by suction {filtration, washed four times
with water, three times with dilute aqueous sodium bicarbonate
{total volume 300 ml, ), and then three more times with water,
The solld was sucked dry and pumped under vacuum cvernight,
The crude yleld was 32.0 g. (91%). Recrystallization from
denatured ethanol gave 27 g. (75%) of light-tan needles,
MDo 73“?5U. Repeated recrystallization from denatured
ethanel gave white needles, m.p. 77.0-78.6%; 1lit., m.p. 78-
(10},
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"1,1,2,8-Tetrachlo ﬁowﬁw@ﬁﬁayisgmiugwﬁ%u& comily @

300-nl, round-~bottomed flask protected from molsture by &
calcium chloride drying tube, a mixture of 27,0 go (0,127

} of 2,4-dichloro-3-phenyleyclobutenone, 26.0 g. (0.138
mole) of phosphorus pentachloride, and 150 ml. of dry
penzene was velluxed for 24 hours, After the reaction mixture
had cooled, 1t was poured onto crushed ice, When the ilce
had melted, the bengsne layer was separated, washed twice
with water, twlice wilih dllute aqueous sodium blcarbonase,
finally three mope times with water and dried in two stages
with anhydrous magnesium sulfate., The benzene was evaporsted

in & stream of alr on a s¢team bath, and the residue was

i

pusmped for one hour at reduced pressure Lo renove the last
traces of solvent. Distlllation through a 10-cm, Vigreux
column gave 31.3 g. (928€) of slightly yellow, viscous liguid,

d

o

. PR . 25 .
bepe 9207 (less than 1 mm,.),n “D 1.6036, The infrar

]
o
i

spectrum of scome preparations showed the presence of starting
material which could be removed by chromatography on acids-
washed activated slumling wlth bengene or hezane as the eluent,

Anal. Caled. for CypHgC1, s C, 44.82; H, 2.26; C1,
52,93, ¥Found: O, 45,043 H, 2.20; €1, 52.14,

The infrared spectrum showed & band at 3,26 2 dug to
aromatic C-H stretch, 2 band at 6.09 F aagipned to Cz0
streteh and slx bands at 6.24, 6,32, 6,36, 6,42 (shoulder),

i

6,71 and % 93 p whose origin is most probably due to asromatic

hxf

BLPE

3
by

Cam! teh, In 811 the other S-phenylceyclcbutenes studied
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most four bands have been found in this reglon.

3
ot

The ultravioclet spectrum in cyclochexane had )\max
271.0 mp (€ 14,300), )\ah@ml&&@ 210.0 mp (€ 15,300) and
)\mhmmer 203.5 mp { € 19,400). This spectrum had numerocus
inflection points, aend the serles of sharp bands observed
for cther phenyleyelobutenes between 200 and 225 mp were
abssnt,

In a large test tube, & mixture of 1.5 g. {0.0056 mole)
of "1,1,2 Qwi&%?&@ﬂl&?%~%°§ﬂéﬁjiw}ﬁl@b&%%ﬁ@ and % mi, of
concentrated sulfuric scid was heated with gtireing in &
volling water bath., At intervals during a pericd of three
hours, the lower brownlsh scld layer was removed with s
gdropper and replaced with fresh acid. The acld extracts
were added to ive, and g creame~colored solid prescipitated.
After three hours, only a creame-cclored smulsion resulted
when the acld extract was added to lce, 811 of the solid
previously obteined was cocllected by suction filtration,

- washed with water and dried under vecuum $o glve 0.50 g,
{422) of crude material which after recrystallization from
ethenol (Norite) gave tan needles, m.p. The76°. The infra-
red spectrum was identical with that of 2,4-dichloro-3-
phenyleyelobutencne. The melting point of a mixture with

an authentic sample of 2,4-dichloro-3-phenyleyclobutenone,
m.p. T7.0-78.6°, was 75.0-77.8°. water was added to the
residue remaining aflter the removal of the last acld extract,

and this mixture was extracited once with ether. The asther
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wag dried and evaporated in an alr stream to glve 0,45 g,
(30%) of colorless liguid. The infrared spectrum of this
material showed no band at 6.09 ¥ {present in the starting
material and ascribed to CzC aﬁrezea),\hu% the @&mé structures
from 6.2-7.0 J was identical with the starting material, In
the sterting material there was & strong band at 11.67 P
put in this product the band was weaker by a2 factor of ten,
Mo new bands were present.

To an excess of potassiuam t-butoxide in t~butyl alecohol,
3.0 g, of "1,1,84-tetrachloro-3~-phenylcyclobutens’ was added
at onee. There was & very vigorous exothermic reaction, &mﬁ
the mizture turned dark brown immedistely. The mixture was
refluxed for eight hours., Water was sdded, and the whole

extracted with ether., The ether was dried and on evaporation

]

gave & black ta??y residue. Distlllatlion through a glass
tube packed with %1&@@ wool gava g very small emount of sweete
smelling colorless liguid., The infrarved spectrum showed a
band at 4.55 Jp» which could be due to the presence of
acetylenic material, and & band at 3,35 p» which could be due
to aliphatlic C-H stretching. There was z band at 5.@? F
agcribed to C=C stretch, but the band structure from 6,.2-

6.4 p was weaker by & factor of Tour from that of the starting
material, Careful redistillation did not yield any lc@»

bolling acetylenic materisal,
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2 e=Dichloro-T-shonyicvelobutenone, =« mixture of 20

0.085 meole) of 1,1-3diflucro-2,2-dichloro-3-nhenyleyvalobutone
§ & v o

PR I | . 5 o i, B mm g1 o " = 3 s e m e ey P T

and <0 g. of concentrated sulluric acld (assay 98F) was heated

I R 5 23 p - - 4 B £ 4 s cor & - lin g oo gy, o
and swirled on a8 stean bath for eleven npinutes an

wag collected by filtration, washed with water twice, dilute

agueous sodium blcarbonate scolubtion twice, and then twice more
with water, Recrystallization from alcohol. gave 10,8 g, of ten
needles, m.p. T4-75"; 1it., m.p. 79.5-80.5% (10). A secont
rop, 3.3 g. (total yield 78%), was obtained; m.p., T4-759,

RE

”lgi,ﬁ;&mx@%ﬁ@&nimf@mgw3%vﬁg£avcau%m&@n ==l & Z50-ml.

round-bottomed flask protected {rom molsture by a calceium

chloride drying tube, a aixture of 19.3 g. {(0.092 mole) of
2,2=dichloro-3=-phenyleyclobutencne and 22.0 g. {(0.105 mole)

of phosphorus pentachlioride i 150 ml. of dry benzene was
refluxed for 24 hours. The reaction mizture was worked up

28 described above Vor the preparation of "1,1,2,4«tetraschloro-
3-phenyleyclobutene,” Distillation gave 21.7 g. (88%) of
slightly yeilow lilquld, b.p. 94-101% {less than 1 M. § ,

72

n“’D 1.6137. The infrared spectrum showed that about B-10%

r
) oy M wpey o w k e 77 Wi T wm o g o5 & o 3 By Ly
a band at L,73 p suggested that some ascsetylenic material was

sduct was chromatographed on acldewaahed
B

M
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&
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contalned 20,0 g. {(81%) of material, b.p. 92-06°



I ma, ), 0 D 1,6082, The infrared spectrum of this

product showed the absence of starting materlal. Thils product

did not reasct with 2,4-dinitrophenylhydrazine rsagent,
Anal. Caled. for Cy HgCiy: C, Gi ge; H, 2.26; C¢1,
52.93, Pound: ¢, 45,01; H, 2.34; ¢1, 52,78,
The infrared spectrum showed & band
to arcmatic C-H stretch, & strong band at 5.55 pr and a
complex band structure from 6.0-6.9 p having four principal.

ands at 6.18, 6.31, 6.71 and 6.92 p assigned to eromatic

C=C stretching. The origin of the band at 5.55 p Le unknown,
but 1t cannot be due to C=0 stretching since the elementary

analysis of the tetrachleoro material Indicated that 1t
contained sssentlally no oxygen.

The ultraviolet gpectrum in cyclohexane had )\max 27TL.0
mp { € 14,300), Ngnoulder 210.0 mp (€& 15,300) and
)\gmwmg? 203.5 mp (€ 19,400). The reglion 200-220 mp
showed no fine structure characterlstic of other 3-phenyl-
cyclcbutenes, The ultraviolet spectrum in 95% ethanol
changed markedly with time.

Attempts to hydrolyze the product with concentrated

ot e D 3

sulfuriec acid to a solld carbonyl derivatlve in a manner

fram

similar to that described for "1,1,2,4-tetrachlorg-3-
phenyleyclobutens” failed,
A mizture of 1.0 g. of "1,1,2,2-tetrachlopo~-3-phenyl-

eyelobutene”, 1,0 g. of sollid lithium chloride and 50 ml,

W

of dry scetone was reflluxed for T2 hours., The solid was

ot

removed by riltration, and the Iiltrate evaporated in 8

e W g AT E PR ke - RV 2% BN ey g Geen b P - " A s
atyeam of nitrogen, The resgidue wap takewn up In ether, and
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the ether was remnoved in & stresm of nltrogen to give sone
yellowlish oll which was pumped under vacuum %o remove the
last traces of solvent. The lufrared spectrum showed a
number of changes. The ¢-H stretching region showsd only
one band at 3.27 p as in the starting material. There was
a sharp doublet at 5.58 and 5,61 p» & sharp band at 6,08 p,
end a sharp band at 6,25 p. The intensity of the band &%
5.55 jx an@}th@ sppearance of the doublet at 5,58 and 5;61 ¥
are consistent with the partial isomerization to the 2,4-
tetrachloro compound and partiel hydrolysis of this latter
material by water present ln the lithiunm ehiw%iéé;@mpiwy@d
in this experiment to give sowme 2,4-dichlorc-3-phenyicyelo-
butencne. The specirum 1s alao consistent with hydrolysis
of some of the tetrachloro compound te the corresponding
ketone which is then isomserized to 2,4~dichlorcketone, A
sharp band at 6.25 J had previously been observed several
times in preparations of the "1,1,2,2-tetrachloro” nmaterial
pefore they ware chromatographed, There is a band in the
corresponding ketone at this position, but it has been shown
that this ketone would have been lsomerized resdily to the
2,4«dichloro ketone under the conditions employed above (44).
Thus the origin of the band at 6.25 p 1s unknown,

Several preparations of "1,1,2,2-tetrachloro-3-phenyl~
cyclobutene” in benzene sclutlon were washed with dilute
agueocus potassium carbonate in the iszolation procedure, The

infrared spectrum of the distilled products showed s sharp
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band &t H.T4 p hich is about the noermal position for the €20

bt
&

stretehing in phenylsceltylene, The €20 stretching in chloro-
phenylacetylene falls st &.ﬁ?yb ¥o pure acetylenlc materisl
could be isclated elther by careful distiliastion or chrom-
atography on alumina.

Preparation of 19 Lithium Amalgam,--In & pyrex combustion

tube 60-cm, long, were placed 50 g. of mercury and 0.5 g. of
freshly cut lithium wire, Hellum was slowly blown over the
metals, and the mixture was lowered intoe 2 Wood's metal
neated to 2007, A vig&wé&g srothermic reaction began aiter
ghout 15 secordds, and the mercury relluzed for about one

minute. The reaction was completsd by sheking and poking

the slush at the bottom of the tube with & thick glass rod,

@
o
£
gw{y

After the contents of the tube had cooled, the tubs was
neayr the bottom, and the semi-solid product was removed wiith

2 spatuls. The smslgan was stored undsr dyry ether In & glass-
stoppered flask. The smalgem was very lumpy. I6 was Tound
later that the amalgon formed with 50 g. of mercury and 0,25
g, of lithium (0.5% amalgam) 1s much more homogensous,

Reaction of "1,1,2,4~Tetrachlorc=-3-phenyleyelobutene”

with 1% Lithlum Amalgam,--In &8 18%-ml., coven~dried, glass-

fry
at

atoppered flask 25 g, (0.030 mole) of 1% lithium amalgamn and
3.0 g, (0.011 mole) of "1,1,2,4=-tetrachlicoro=-3=-phenyleyclo-
putena” in 50 mi. of dry ether were allowed to stand at room

temperature. The mixture turned brown after several minubes,
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No gas had been evelved alter the mixture had stood for two
dayes, but considerable tan precipitate had formed. The excess
amalgam and precipitate were removed by filtration, and the
ether was distilled through a 30-cm, Vigreux column until only
about 2-3 ml. of ligquid remained. The residue was pumped
under reduced pressure {to remove the last traces of solvent,
The brown oll remalning was distilled to give 1.5 g, of
cloudy, yellowlsh liguid and considerable black still residue.
Redlistillation only resulted in further decomposition. The
infrared spectrum of %higlmaﬁ@ri&l indicated that 1t was
mestly starting material but contained some acetylenic
materiasl since there were bands at 3.03 P characteristic of
aC~H stretch and 4,56 j characteristic of Cul stretch in
chlorophenylacetylene, Attempts to trap some of the acetylenic

waterial by redistllling at a lower temperature and higher

pressure gave nothing and only resulted in further decomposition.

I phenylacetylene and chlorophenylacetylene were the two
acetylenic derivatives present, the infrared spechtrunm
indicated that they were present in about the ratic of 1:5,

respectively.

Reaction of "1,1,2,2-Tetrachloro~3-phenylcyelobutens”

with 1% Lithium Ame lgam, -~The procedure and guantities of

materials used were ldentlcal with those of the previous
mizture darvkened much more rapidly than in

the case of the "1,1,2,4~tetrachloro” material, but there was
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no evolution of gas., The mixture was worked up ss described
above. Distillation gave 0,8 g, of brown, cloudy iilguid and
considerable black var in the stlll. The infrared spectrum
Was Qgiﬁ@ different from that of the starting materizl., The
strong band at 5,55 p was completely absent, 7The reglon 6.0~
6.5 y was the same general shape as in the atarting materisl
but only about one-half as intense. There were strong bands
at 3,02 and 4.56 p end a weak band at 4,77 po Attempts to
isolate any acetylenic materlial by rediastiliation failed,
The bands at 32.02 and 4,77 p are of the correct position

and relative intensitles to be assigned to the =C-H stretch

6 p

i

and the CsC stretch in phenylacetylene, The band at 4,
is asaligned to the CEC stretch of chicrophenylacetylene.
The infrared spectrum indlicated that phenyiacetylene and
chilorophenylacetyleone were present in the ratio of 231,
respectively.

Methylstyrylcarbinol,--In & 200-ml. conical flask,

34,8 g, (C.238 mﬁié) of benzalacetone (Eastman White Label)
was dissolved in 100 ml, of absolute ethanol, and the solution
was cooled to 0Y. Sodium borohydride, 9.05 g. {0.238 mole),
was added slowly over a period of ten minutes with vigorous
swirling to the lce-cooled sclution. After the addition of
the borohydride was complete, the soclution was heated and
swirled on & stean bath fop éne minute and then allowed to
gband for fifteen minutes. The solution was poured onto an

lee-water slurry. When the lce had wmelted, the two-phase
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system was extracted three times with ether, and the ether

gztracts were dried in four stages wlth anhydrous magnesium
sulfate., The ether was distilled until the temperaturs rose
se 50%°, and then the resldus was pumped at reduced pressure
to remove the last traces of seolvent, Distilletion through

2 10-cm. Vigreux column gave 29,

liguid, be.p. 73-81% (less than 1

Lﬁa@* Eﬁé@ ( },s% Mifle } {é‘?%)

i

The iv

cavbonyl absorption, There was

characteristic of O-H siretch.

3.30, 3,39 and 3.51 § assigned ¢

nfrared

-~

& go (B2%) of a colorleas

Mide ) s 57D 1.55094; 11t.,

Bpec

trum showed no
a broad band at 3.0 F

There were thres bands &t

o the various C-H stretching

vibretions, The bands at 6,25, .34, £€,69 and 6.90 jp were
assigned to aromatlic C=C streteh, and the weak band at 6,03 J
was assigned to C=C streteh, A broad band at T.1 ¥y could be

due to C~-H deformavion.

oy s £ 4 PR .
The d-nitrobenzoate was

method (4#1). Recrystallizstion

of solvent systems gave only oll

prepared by the pyridine

of this ester from g number

g which crystallized after

standing in the refrigerator for from several days to several
weeks., Five "recrystallilzations”™ (the material oiled out)
from pentane gave a white powder, m.p. 51-65%; 1ib., m.p.
60° (55).

éﬁﬁéé Caled, or Gl?ﬁlﬁggfé Cs §%¢6?§ H, 5.0
Found: ¢, 68.84; B, 5.15,

Le-Witrobenzoate of Clunnsmyl Alechol.-~The ester was
prepared from the alcohol and acld chloride in pyridine (41)
and after three recrystallizations from pentane had m.p. 76.5-
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77.0%3 1it,, m.p, 78° (41).
- Aual, Caled. for CygH,-O\N: C, 67.84; H, 4.63,
Found: ¢, 67.68; H, 4.72,

Kinetlic Method.-~The rate measurements were made by a

procedure slimilar to that described by feering and Silversmith
(48). In all but cne caaa,.a weighed amount of ester wasg
washed into en uncalibrated volumetric flask, and the flask
was f1lled to the mark with solvent thermostated to E%,®Q¢
hen 4,987 ml. portions of the ester solution were plpetted
into constricted 18 x 150 mm. pyrex test tubes wnlch had
‘beean scrupulously clegned. Experience showed that care had
t0 be taken not to touch the sides of the neck of ¢he ampule
in filling. Any material sccidentally deposited on the neck
of the ampule was carefully wiped out in order to avold
flaming back on sealing. After additlion of the ester
solution, the ampules were allowed to stand In an lce bath
for five minutes before sealing, The 4-nitrobenzecate of
Z2=ghloro-3-phenyleyclobut-2-gnocl waes 8¢ insoluble in the
solvent at room temperature that individual samples (20-30
mg. ) were carefully transferred intc test tubes which were
then constricted before the addition of 4,987 ml. of solvent,
The é@lVﬁﬁ% was made by mlxing BO% by wolume of acetone
with 202 by veolume of boiled, distilled water (586)., The
acetone was purified by a published method (57}. The acid
solvent was made in & similar manner, exeept that & sclution

of reagent grade perchliloric acid in bolled, distilled water



was mixed with the acetene., Twoe different batches of
1d solvent wepe prepared, one being 00,0960 ¥ and the
pther belng 0,0851 N in perchloric acld, Three different

rapared, normalities

3

batches of 0.02 N scodium hydroxlide were
G,01862, 0,01810 and 0,01804, 7Two diffegent batches of 0,01
¥ base were @?@@@?@&9‘&éfﬁalﬁti@s 0.01155 and 0.01062, The
standard sclubicns used in any individusl kinetic run are
indicated with the dsta for that run in Tables IV-XII,

Sﬁi@%ﬁﬁ blanks definitely showed that there was an
increase of titer with time, In the first twelve hours the
increase was aboubt &,10 ml, of C.01 N hase, and alter about
thirty-six hours 1t was sbout .20 nl, The solvent blanks
became gulte yellow alter 10-1Z hours, The solvent zystem
was not investigated spectreophotometrically., Flain 808"
acetone— water was coloriess after being kept at 160% for
three weeks.

Most of the kinetlc runs were 50f complete after 20
hours, Inttial rate constants were cobtalned grayhiagily
from plots of log (ng/%j versus time where x ls the initlal
eguivalents of ester pressnt and X is the equivelen® of acld
titrated at time ¢, Every run was llnear to at least 508
completion,.

After each ampule nhad been placed In the minsrzl oll
bath for the specified time, 1t was gulckly removed and
guenched in an lce-wsier slurey or, In the case of the fasler-

reacting esters, an laopropyl aslceohol-Dry Ice bath, The
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for the councentration range eaploved (sprroximately C.01

& A

N in ester).

Fyey

PR Y
KA %

I

asters

o

¢

The anelyses and melting polnts

solvelyred are sunmarized In Table 111 below, The

are sumznarized in Tables IV=-XIZX.
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TABLE IV
Acld-catalyzed Hydrolyasis of %ﬁnqamyl d-Hitrobenzoate in

E0% Acetona-water 0,.0660 B in ?@rahlﬁfic Acild
at 100.20%0,02%

#Ml., of 0,0115% K base

(aarract&d} after

addition of 24,88 ﬂié‘f o
t, hr, of 0,01910 ¥ base & Unreacted 10% x kg, hr,”

Kinetic Run 10%

0,0 0,300 100.0
1.0 0.500 a1,.3 9,10
3,0 1,110 - 8B0.7 T.13
5,0 1,010 72,0 8,21
8,25 2,955 48,6 8.74
10.0 3,225 43,9 8,22
15,5 4,380 23.7 9,30
20,5 4,95% 13.8 G, 658
24,5 5,300 6.26 11.3%1

Best lnitial rate constant obtalned graphlically =
8,26¥%0,49%10°% pp, "t
Kinetlc Run 12%

0,000

0.0 100.0 y
2,0 0.685 88,1 6.34
3.5 1,470 Th 4 8,42
6.0 2,150 61.9 7.68
T.75 2,620 Gl Lk 7.84
11.8 3.645 36.6 8.73
15,0 8,520 21.4 10.28
20,08 4, 7hO 17,6 8.66
26,0 5,660 1.57 15.99

Best initisl rate obtalned graphically = 8m3§tﬂ.ﬁgxl@”¢hya”1

¥Theoretical titer 5,750 ml.; ©.01225 ¥ in ester
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TABLE V
of Methylsty
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Cart

venzoate in LOF Acetone-water 0,0051 ¥ in Perchloric Acld

at 100,20%0,02°

Kinetic Run 1&

Ml, of 0.0162 N base
{corrected) alter

additioen of yplﬁ?gwg ml i

b.min, 0.01884 ¥ base %

0.0 G. 000

o5 0,660

3.0 1.0485

4,0 1.500

5.0 2,210

8,17 3.235

10,0 3.590

ig2. ‘{;,lﬁg

20,0 4,795

30,0 4,970

60,0 5.025
130.0 5355

Best initisl rate constant obtalnad gra

minor component = 0.17%0.08 hﬁa-l

5.460 ml,; 0.01163
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TABLE VI
Acld-catalyzed Hydrolysis of Cyclobutyl d-Nitrobenzoate
in 80% Acetone-water 00,0960 N in Perchloric Acid at
166,20%0, 02°

#l, of 0,01062 N vase

(corrected) after

addition of 24.88 wul, of o i
t, hr, (,01910 N base % Unreacted 107wy, hr.”"

Kinetic Run 13#

0,00 0,000 100,00
0.25 0. 0T0 o8, 4 12,3
0,145 a7.0 5.31
2.0 0. 395 61,8 4,31
G.315 93,4 3.38
5.0 0.910 81.0 4,2
0,850 gg.2 3.91
8.0 1.420 70,3 4,40
1,370 71 .4 442
11.0 1.670 £5,1 3.90
1,695 64,5 3.97
11,52 1.795 62.5 4,08
14,0 1.990 88,4 3,84
2.115 55.8 4,17
19.5 2,540 Lo, 7 4,62
2,655 ha & 4,14
24,5 3,220 32,7 4,56
29.5 3,440 28,1 4,27
5. 800 20,6 5,31

Best initial rate constant obtained graphlically =

Looo¥o, 20 x 10" %hp, =1

*Theoretical titer 4,785 ml.; ester 0,.01019 N,



ey
TABLE VII
Acid~catalyzed Hydrolysis of cls-3-Phenyleyclobutanyl
h-Nitrobenzoate in 80% Acetonc-water 0,0960 N in Per-
chloric Acid at 100,20%0,020

Mi. of G.0115% ¥ base
(corrected) slter

addition of 24,88 ml, 5
t, he, of 0,01910 ¥ base % Unreacted 10T

- Kinetic Run &#

0.0 0. 000 100.0

2.0 0,310 G%,2 3.54
5,5 0.765 83.1 4,190

9.0 1.065% 76.5 2.98
13,0 1.725. 61.9 3.68
19,6 2,285 43,6 3,67
25,0 3.075 32,1 4,54
27.0 2,950 34,9 3.90
30.0 3,230 28,7 4,16
Best inltlal rate constant cbitained graphically =
3,60%0.38 x 10 %ne, "t

Kinetic Run 9%

0.0 0.000 100.0

2.0 0,300 92.1 4,14
5.0 0.790 B2.6 3.83

7,95 0.97% 78.5 3. 34
10.¢ 1.430 68,4 3.79
13.5 L.775 60.8 3,68
18.5 2,408 86,5 4,14
22,0 2,668 {07 4,08
2?0% 391?5 g?‘% @93%
31.0 3.475 23,4 4,69

Best inltial rate constant obtained graphically =

, - -1
3. 770,14 = 10 “hr,

*Theoretical tlter 4,530 ml,.; 0.01089 ¥ in ester.
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TABLE VIII
Acld-catalyzed Hydrolysis of trans-3-Phenyleyclobutanyl
4-Nitrobensoate in 80% Acetons-water Q W¢$§51 K in Perchloric
seid st 100.20%0,02°

Mi. of 0.01062 ¥ base
{u@r?éﬁﬁ@d} after

addition of 24,88 =1,

t, hr, of 0.01894 ¥ base % Unreacted lﬂ @kl he, "t
0.0 0,000 108.¢

3,02 0,255 0.2 2.68

6,02 0. 845 TH, 2 4,94

8.75 1,275 61,1 5,62

12.0 1.580 51,8 4,56

14,0 1.320 59.8 3.67
20,0 1.810 41,8 4,37
23,25 2,150 34,5 4,58

Best initial rate constant obtalined graphically =

4.50%0.63 x 10 %apr, 3

#Theoretical titer 3,280 ml.: 0.00698 ¥ in ester,



Acld-catalyzed Hydrolysis of 3-Phenyleyclobut-2-enyl

heHitrobenzoste in 80¥ Acstone-water (.09051 N
in Perchioric Aclid at 1&@@2030032@

Mi. of ©.01062 N base

écafyﬁct 1) after
ﬁ@ﬁ&tiuﬁ of 24,88 ml.
t, min. £ 0,01894 K base % Unreacted
Kinetic Run 1l1%®
0.0 0,000 100.0
3.0 0.215 G5, 4
5.0 0.41% $l.2
10.0 0,665 8F 8
15.0 0.930 80,2
25.0 1.630 65 3
40,0 2.235 52.8
60,0 2,805 38.1
30,23 3.545 24,5
126.00 3.835 18.3

Best initial rate constant cbtained graphicslly =

Kinetic Run 14w#s

0.0 0,000 100,05

2.0 0.188 66,1

10,0 0,655 86.1

26,0 1,280 72,8

3%&@ Q,QEG 5?"1

50.0 2,620 44,3

76,0 3.240 31.1

90,0 3575 24,0
120.0 5:.97T5 15,5
180.0 4,380 6.91

Hest inltlal rate constant obtsined graphically

0.986%0.012 hr.™t

#7heoretical titer 4,695 nl
!‘"g e

;s G.0L000 K 1o ester.
#Theoretical titer 4,7 -

-4
s G.01002 N in esteyr.
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TABLE X
Acid-catalyzed Hydrolysis of 2-Chloro-3-phenylceyclobut-2-
enyl 4-Nitrobenzoate in E0% Acetone=-water 0.0080 K in
Perchloric Acid at 100,20%0.02°

Ml, of G,0l155 B
base (corrected)

Infinity after addition of

titer of 24,58 ml, of - .l
t, hr, sample in ml, 0,01962 N base % Unreactea 10% xki,ﬁre

inetic Run 4
0.0 0.000 100.0
2.5 5:595 0.510 Q0,9 3.81
5.0 5.725 1.035 $1.9 3.99
10,5 6.470 2,150 66,8 3.8%
13,0 5.365 &3;5 56,1 L.44
16.¢ 5,340 Eﬁﬁ 55.5 3.69
23,0 5,508 5 385 41.7 3.80
32.5 5,585 @a%?@ 20.0 4,96
y

. : . i - witr = hd
Average value of rate constant® z 3,93%0.19 x 10 %hr.

Kinetic BRun 6%%

0.0 0. 000 106,0

2,5 5.940 0.570 %Q.& 4,03
b.5 6,005 0,845 85,9 3.37
10.0 5,885 1.955 g,0 4,03
13,0 5,550 1.970 66.9 3.09
8.0 6,330 2,975 53.0 3.5z
23.5 5.910 3.295 %%.é 3.47
28,0 6,715 4,745 29.3 4,38
36,5 5,780 4,785 1?,5 4.76
Average value of rate constant® £ 3.50%0.30 x iﬁ”zhra“l

In each case the last polint was not Included in the average,
&mﬁ in Run & the 28,0 hr. polint was not inecluded in the BVErage .,

##7itration with 0.01155 N base after sddition of 24,88 mi.
of 0,01910 N bsse,
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TABLE XI

Acid-catalyzed Hydrolysiaz in the Materilal Believed to be

1,3=Diphenyleyclobutyl Acetate in 80% Acetone-water 0,0951

¥ in Perchloric Acid at 1006.20%0.02°

Mi, of 0.01062 N base
{corrected) after addition
of 24,88 ml, of 0,01804

t, min, X base

Kinetic Run 15%

4,0 ¢. 000
G5 1.650
3.5 2.575
g‘%yg 30@2@
5,0 3,440
10,0 i,655
17.5 i, 925
120,0 b,08%

Best initisl rate constant obtained graphlcally

*Theoretical titer 5,115 ml,.: 0.01089 ¥ in ester,

100,06
67.7T
4,7
43,0
32,8

8,99
3.72
2.54

% Unreacted

18,7%0.7 hr.~t



Prelininary Study of the Solvolyels of 3-

Phenylcyclobut-2-enyl A-Nitrobenzoate in $0F Acetone-water
at 100.20%0,02°

@

Kinetic Run 18%

1 - ) ‘:} ‘v -
L, hw, N base % Unrescted 10% xly ,nr, 1

5.5 0.450 86.9 2.14
18,25 1,150 71.89 1,81
48,85 1.995 50.8 1,60
64,42 2,515 38,0 1.50
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~1hpe
Cratg (68) has discussed the validity of application
of the simple meolecular orbital treatment to calculatlion
of the properties of cyclobutadienes and other pseudo-
aromatic compounds where neglect of configuration intsr-
action 1s likely (o be particularly lmportant. He has
concluded that many of these compounds should not act like

rdinary arcompetic compounds, but should show consglderable

o

bond fization with upegual bond distances and considerable
tendencles toward pelymerization, Recently 1t has besn
believed that cyelobutadiens derivatives have been fgﬁm@é
as reaction intermedistes when g 3,4-dihalocyclobutene or
monc- and dihalobenzocyclobutenss are treated wilth an
active metal or base (69). If cyclobutadiene systems ave
produced, they sre indeed resctive and slither add to them-
pelves or to & dlene in high yilelds,

Previously 1%t has been shown that various substituted
{mostly vinyl) cyclobutadienes without fused rings are
predicted to have moderate DE's but to possgess triplet
ground states (58). In the present work, the effect of
phenyl substitution on the predlicted delocalization energy
imparted to the oyclobutadiense ring is shown by compounds
I-¥IZ. The ODE given in the figures is caloulated in
the followlng manner: from the total DE of the systenm
the portion of the DE assumed to be characteristic of the

isolated substituents 1z subtracted., Ag an example, for



DE 9,8
ADE 1,1270
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Systems VIII-XI are benzocyclobutadiene derivstives
Tobk which a triplet ground state is not predicted. As was
mentiongd above, VIII has been <llberated in the reaction of
an actlive metsl wlith lggaﬁiﬂﬁlﬁb@ﬁzﬁz&1@%&%@&@ or base on
a l-halobenzocyclobutene, and it has been found to be a very
reactlive gpecles, IX is a stable compound and has been
known for some time {(72). A number of similar compounds

are known (T3}, ¥ and XI ave &
synthetic studies have heen lau
of DE over VIII of 0.46360 and
in known now as an unstable ints
of DE of the benzocyclobutadiene
the other of X and XI to be iso

erperinental veriiication.

XI1-XIX aeyclobutadlens

triplet ground state iz nol pre

contalning oxygen one nust make

WO compounds on which no

nche ¥ shows an increase

LB

XI of c«gﬁ@z@@. Since VIII

a moderate lncrease

armediate,

system mlight allow

Y

lated. This prediction awalts

derivatives {or which a

)

dicted. In all the compounds

allowances for the slasoltro-

negativity at each hetercatom. The Coulomb integral for
oxyegen in a C=0 bond was taken In this work asz %:26 s
and the (=0 resonance lntegral as \fé-@ (27}). XII-XV are
diexomethylenecyclobutenes for which various synthetic
pathways have been suggested {(30). XV has been isolated
recently by Blemguist and Melnwald (74). It will be
interesting Lo compare the predicitions of the simpls
molecular orbltal theory with electron dilfraction, X-ray,
mlcerowave, cor thermochenicsl studies made on this 5@$Eaﬁv
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Subgtitution of & vinyl group on XVII is seen ¢to

increase DE move than a phenyl group in XIX. It is not
wnown whether this effect is real or dus, as pentioned

integrals being required

]
&
pos|
i
ok
L)
&

above, to different reas
for both polyens and aromatic systems., Heats of combustion
wight seittle this point. éﬁﬁi%i&ﬂ of two phenyl groups
(¥VI) is seen to give a substantial increase in stabil
tion of XVIL. The X-ray diffraction studies of the crystal
structure of XIX {&85) have been completed and that of 1-
yelohexenyleyclobutadieneoguinens (78} is being worksd

out. It will be interesting to compere the results with

e

the bond orders computed from the results of the present
work. Imclusion of 1,3-interaction of the p~-orbitals on
the l- and 3-posliions in XVI-XIX should increase the
caleulated DE consliderably. Smutny, as was mentloned
previously, found for XVII that this effect was astonish-

ingly great {(see XAXIV). He employed a 1,3-overlap integral

of 0.5 @ and found that the DE was increased from 1.2375@
to 1.98653 an  increase of about 185 kecal./mole

IX-¥EIT are benzocyclobutadiene derivatives for which

-

%

ery nearly the sagme DE 1s predicted whether there is ex

methylene or carbonyl substitubtion. These substances arve
not predicted to have triplet ground states, XXII has been
isclated by Cava and Nepler (75) and found to be guite stable.

Thus the predictlon of Smutny and Roberts (£,10,18) concern~



et

unknown cycl

Case,
tances whese structures,

have the

= P P o W e T ™ e o ey g o em Y e ] % o ey oy
compounds. Smutny, as mentloned previously 18), has done
a nuzber of calculations employing 1,3-Interactions. For
[YVIIY, assuming reasonable geometry to obtaln a 1,3-

mole, A number of very stable
of XXXII were prepared in the
XXXTL ls discussed in Part I,
to be somewhat unstable. The

,.\ e

3 W

arted (78).

&

£

6Ly

geveral stable derilvatives

to 256}9%@ or about 7.5 ke

A derivative of
ol XXIX

found that DE increased

halogen-substituted derivatives
present and previous wori.
Sectlon 1; and has proved

heat of combustion of XUXT]
have not been published
on XEXXII has been

¥XXI iz knouwn (86), and

have been synthesized

(6). No derivatives XXX or the parent compound XAVIII
are known., Hydrocsrbon XXITI has been syntheslzed and
found to be unstable (76,77). Materisl belleved to be

X¥VII haes slso been

L 3 4 )
85 nthealizged

in very small ylelds

No derivatlives of XUIV, XXV, or XIVI are know In
compounds XXIV=-XAVII end XNIX-XXXII, the effect of through-
conjugation versus crosg-conjugation as predlcted by the
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on the reascnable assumpitlon of planar configuration of
the rings. Recently, Breslow succeeded in preparing several
stabie salts of YLVI (BO). Hot only the catlon of XLVI is
predicted Lo have substantial DE, but the radical and anion
are also predicted to have substantlel DE
however, a triplet ground state is predicted, 11 the forms
of XLIV and XLV asre predicted to have substantial electro
delocalization eneargles,

Systems XLVII-LIV represent carbonlum lons whilch are
of interest f@r variocus reasons8, In XLVII-IL the effect o
cross-conjugation (XLVII and XLIX) versus through-conjugation
(3LIII end L) 18 seen. For vinyl ﬁmbazituﬁimﬁg the through-
conjugated system 1s more stable by %uﬁéﬂg and for the
phenyl derivatives, by ”oéxéec \zain the vinyl substituent

impart more stabllization to & conjupated systen

Hes

5
]
e
i

<t
Q
?nid

than & phenyl ring. LI-LIV have been discussed previcusly

oF

in Part I, Sections 1 and 5. These systems glve some
indlcation of the effect of the inclusion of l,3-interaction

on the predicted DE's for the cyclie carbonium iong.
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For the computation of bond oyrder and “Iree valence
indices from the results obtained as above 1t is nec
to renormalize all the elgenvectors to unity (63,83)

&

the sets of calculated eigenvectors are each to an arbitrary
basis. This computatlion would be quite time consuming for
08t of the systems studlied in the present work. To perform

this simple but tediocus mathenstical operation, a ashort
Datatren subroutine for matrices up to order 2020 was
written which can ke fitted onto the eilmenvalue routine
described above or used separately to cobtain the normalized
vectors. A description of its use and its Datatron code is

Y

described below ™ile subroutine has not been choacked in

o

succesafully tested by 1tself on seversl 6x6 cases.
The master elgenvalue propram takkes up @@32% GO0
through 1330 for the code proper and locatlions 1340 through
239 for storage of initial data, intermedliate results, and
the final results. The normaligaztion subroutine takes up
150 locations in memory from cell 3240 through 3389, and
it uses cells 3600 tmrng&r 994 for storage of the final
resulis Thus theres arve sbtill 210 c¢ells Ieft in malin storage
The subrouting has i1te own sum check resd into the TOOO loop
whilch determines whether 148 read-in is correct or incorrect.
After corract read-in of a correctly puncned tape, the

computer will stop with the command 08 0000 in the C-register
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A :
-

read-in is

o

1

and 0000 00 0000 in the A-register. I{ th
not correct, the computer will stop with the command

register, and the A-register wlll contain

<
o]
8t
A
Wi
oo
o
c»‘\
=
&
¢
i

the difference between the true sum and the sum of the
progran Just read in. In this event, the tape, if ¢@§r@at v
punched, should be read in ageln,

I seversl sebts of wvectors of the ssme dimension have

bt

been computed to an arblirary basis and one wishes to

#

f,

normallize them to unlty, the subroutine can be used oy thi
purpose by itsell. The dimension of the sels of vectors
or slze of the secular determinant from which they were

cbtained, denoted as 1 is scaled as n x 1074€ and loaded

54

into cell 0810; this is the same location for n that is used

o

by the master eligsenvalus roubtine., The nmumber of sets of
vectors of dimension n that are to be normalized is dencted

ag k, and (k-1) x 10729 15 leaded into cell 1122, The rirst
vector is leaded into 2400, 2401, ..., 2400 + {(n-1); the
second vector into 2420, 2421, ..., 2420 4+ (n-1); and the

kth vector lnto 2400 + 20 (k-1), ..., 2420 + 20 (k-1)

{n-1). All the components of the vectors must be in floating
point form and in the correst order. The leocatlion of the
vectors 1s the same as that employed by the master sigen-
value program.for storage of the {inal elgenvectors it
computes. The programn 1s entered with a CUB 3241. The out-
put can be recorded either by flexiwriter or high-speed

punch. The program prints ocut "Normslized Vectors” and then



2 IS

ollows this with the sebts of normallized vectors, each set
separated by two spaces. The sets of normalized vectors
are stored in cells 3600-3990; the first in 3600, 3601, ...,
3600 + (n-1); the kth in 3600 4 20 (k=1), aoes 3600 ¢+ 20
(k~1) + (n~1). "The compubter then stops.

In molecular orbital cale Lluﬁ;ﬂ* secular determlnants
are often factorable by group theory, and thus the molecular
wave functions will conteln certain normallization factors
that must be applied to each normalized elgenvector of a

4

“get to glve the correct coelficlent to be used in further

computation., A& set of fleoatling polnt unilt ceoefficients are

stored in cells 3370-3389, If some factorization has been

applied one can enter the correct factor in floating point

form in the correct component of this unit vector. The

program will start with the nth  component of the unity

T8

normallzed vector and divide 1t by the nth normalization
factor; next the (n-1)th component is divided by the (n-l)th
factor and so on. The limits of k and 1 are twenty because
of the limit of a 20 word bleck in the high-speed loop
employed in Datatron 204,

IT ene has a set of k elgenvalues {rowm an n x n matrix

= 20) 1t iz posselble to calculate both the erbltrary

Piai™
=
3
%
by
Lt

fos

rgnvectors. The magter

o

C‘“;

normalized and unlty normellzed ¢

gigenvalue routine and the normalizetion routlne ave fed in,

The number n end the materix in flcating point form are fed
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in as described for the eigenvalue routine (81l). The
number (k~-1) = lﬁwl@ is placed in cell 1122 and the eigen-
vailues In floating point form are entered in k consecutive
locations Dbeginning &t cell 1500. The breask-point is set
to 4, and the eigenvalue program 1s begun by CU 3240, but
the print-cut of the matrix may be suppressed if desired (81).
The computer wlll set up 8 so-called "matriz dictionary”
which 1s used later and ¢then stop. The computer is c¢learsd,
the break-poilnt set to off, and the program re-entered by
CUB 1095. The computer procseds to use the stored eigen-
values to compute sets of arbitrarlly normalized elgsnvectors,
end after completing this operation the computer proceeds to
normallze each set of vectors to unity as described in the
last paragraph. The print-out of the arbitrarily normalized
vectors can be suppressed (861) if desired,

Finally one can start with &n 5 x n matrix and enter
the master elgenvalue program with a CU 3240 and compute the
characteristic polynomial, the sigenvalues, the arbitrarily
normalized elgenvactors, and the unlt normalized vectors in
one step. The only additional pleces of information besides
the matrix and 1is size which must be put intc the computer
are any normalization factors due to factorization of the
malirix by group theory.

The following pages contain @ﬁ@ Datatron code described
above for the normalization to unity of & set of arbitrarily

noraalized vactors.,
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Datatron Code Sheet

Detatron 205 Subroutine to be Used with Code 2,428,085
for the Hormaligatlion of a Set of Eigenv aezuwa to Unlty

Rumerical Code Cell Instructlion

8 Spare Ord., Addregs No. & Crder Address Comments
4 0000 00 A240

O 000 31 OTYs 3240 CUBR 0795 To main eigen-

valus romiav@

O 0000 64 1122 3241  CAD 1122 Bring up k-1
0 000C 0z 3273 3242 © STC 3279 Store k-1 in
| , 3279

0 000G 30 3244 3243 CUB 3244

¢ 0000 07 O500 324k PTWR Print Format

"Normallze
) Vectors"

O 0000 07 0500 3245 PTWF

0 000G O7 O500 3246 PIWE
0 Q000 64 T261 3247 CAD 7261
0 Qo000 03 8410 3248 PWT

[

0000 64 TR0 3249 CAD 7260

G 0000 ©

0000 G4 75D 3251 CAD 7259
1

gooC 03 84

LI &

o000 64 Tasb 3253 CAD 7258

L

cov0 03 8h1c 3254 PWT
0 0000 &4 7257 365 CAD 757

0 0000 30 32062 3256 cUs 3262
0 2232 o5 0000 3257
O G452 23 7521 3258

O 0463 34 3083 3259



Mumerical Code

S Spare Ord.

o 3074
0 ©O00
0 0000

1 0000
10000
0 0000
o 0000
O 0000
o 0000
o 0000
o 0000
G 0000
G 0000
0 0000
o 0000
o 0000
O 0000
O 0000
O 0000
0 0000

0 0000

G000

O

£

o
A3

Address

3276
7277
7278
0010
3279

w168

Cell Instruction
Ho, 8 Order Address

3260

3262 SB 7278

3263 DB 7264

&
265 1 §TC 5000

3266 DB 7265

3273 ST 3279

153
S
‘.,,:Z
e
ot
b
1P
12
Lo
i

3275  cus 3280

3@8@ a%¢ ?Q@%

3281 AD  Te87
3282 8U 7291

Comments

Zere 5000 loop

k-1

(k-1)20 in R
Qﬁwl)gﬁ in &

0 0000 36 2400 +
{k-1)20 in &

k-1 stored here
G 0000 36 2400 +
(k-1)20 to 7284

1 0000 66 6400 +
(k-1)20 in &
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Humerlecal Code Cell Instruction

& Epare Ord, Address HNo, 5 Order Address Comments
OO0 on ok AT Qs Py ey

v GOoG S [ ?’ e Pe 4 vl

La
h
0
B
b
<
*
[ay)
v
o
bt
(2
1y
g
[
<

Block vectors to

O GOOU
6400 loop *

(&)

[
[

<o

(Y]
o
(]
51
&
[N
@
[

food
<

o othe T2 Set B toe n
oA

oy 7287

CADER 6400 Transfer vectors
as absolube
values Lo 4000

=3
o
144
o
L
<
%
@\

G QU000 22

é;?:m‘:
&
&
O
<
Ll
3
€5
g
@‘,,5

i 0000

loop
10000 12 4000 39288 1 §T HO0G ,
O 0000 2z R8T 3089 DB Te87
G 0000 30 289 32460 CUB 3208
0000 00 0000 3007

o

000C T2 OBlo 32982 8B 0Cl0 Sev B tow

0 0000 22 7294 3293 DB TEG4

{2

0000 &4 4000 3204 1 CAD 4000  Find magnitude
largest vector
gtore in 5000

] 9’”33

2

e

QO00 12 5000 3205 87 5000
QOGO 22 7298 40GE LB 7248
0000 30 3303 3297  CUB 3303

=0 O

0000 81 4000 3208 1 FSU 4000

O 0000 T3 7297 3299 0SGD 7297
o 0000 28 7294 3300 e 7804
O 0000 &4 5000 3301 CAD 5000
O 000G 22 TRob F302 DB 7208
O 000G 64 7308 3303 CAD 7308 1 0O0C 64 6400 in A
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Kumerical Code Cell Instruction

& Spare Ord. Address No. & Order Address Comments

O G000 07 0560 3353 PIWT

1 0600 ﬁ% 6300 3354 CAD 6000

O 0000 03 8510 3355 PTH

O 0000 22 7352 3356 DB 7352

0 0000 64 3299 3357  CAD 3299 (k-1)20

o 0000 TA 3361 3358 AD 3361 ? ??O 26 3600 +

¢ 0000 30 3360 3359  CUB 3360

0 o0cO 02 7361 3360 ST 7361  Answers to main
4 storage

O 0000 26 3600 3361 BF6 3600

0 0000 64 3276 3362 CAD 3276

O Q000 T5 7369 3363 sy 7369

G QU000 ok 7366 3364  CoNZ 7366

o 0000 08 0000 3365 8708

0 0000 75 7369 3366 Sy 7369

¢ 0000 02 3279 3367 8TC 3279

O 0000 30 3262 3368 CUB 3262 Compute second

O GOGC 00 0001 3368 ?Zgﬁgéazgiﬁilh

O BLi¢ 00 0000 3370 Set of unit

normalization

¢ 5110 00 0000 3373 factors

O 5110 00  0COOG 3372

O 5110 00 0000 3373

¢ 5110 00 OOGO 23Tk

0O 5110 C0 0GOC 3375

U 5110 00 0000 3376
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Co00
0000
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o
oG
Q0
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QGO0
0000
000G
Go00
OO0
QG00
0000
Q000
0000
GLo0
0000
Q@ﬁﬁ
QOO0
7000
TOL4
7005
TOL4

7005

3240
7015
TO08
TOL5
7005

~1 70~

Cell Instruction
& Order Address
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3
3378
33

TO00
7001
7602
7003
TOOU
7005
7006
7007
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7014
7005
TOLL
7005
3240
7015
7008
7015
7005

Comments

Sum check
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Froposltions

L. Recently 1t has been reported that perchlioryl

1} reacts readily with certain areomatic

&

3
compounds in the presence of aluminum chlorides to give
perchloryl derivatives (1), Perchlorylbenzene in alksline
goclution is hydrolyzed rapldly to phenol and chlopate ion {1).
The perchlorylation of ferrocene might be feasible because of
the apparent stability of perchloryl fluoride in oxidative

reactions (2}, Subsequent displacement reactions on per-

&

on

chlorylferrocene by nuclecophilic reagents such as hydrozide
ion or t~butoxide lon might glve h cxylerrocene opr t-
butylferrocenyl ether.

Z. Simple molecular crbital calculations predict that
l-phenylbengocyclobutadiene should have substantisl delocgle
ization energy and a ginglet ground state (3). Twe possible
syntheses for this molecule are proposed, One approach would
start with the coupling of the fGrignard reggent of l-bromo-
bengocyclobutens (4) with cyclohexancne to give l-cyelohexyl-

benzocyelobuten-1-0l, Aromstization of the cyeclohexyl ring

might glve lephenylbenzocyclicbutens. Intreduction of an
dditional double bond to give the desired product could be

attempted by 2 number of standard procedures. The second

’3

synthetic approsch would depend on the synthesis of benzo-
cyclobuten<l-ol {(an unknown compound) from l-bromcbenzocyelo-

butene via standard procedures., Oxidation of the alceohol to

ﬁ



benzocyclobutenone {an unknown compound) followed by coupling
of the ketone wlth phenylmagunesium bromide misght yield 1-
phenylbengocyclobuten-i~ol., Eliminstion of the elements of
this molecule could be attempied by a number of
standard methods and might ylsld the desirved product.
3. The acld hydrolysis of magnesium boride (%@3ﬁm}

glves boron hydrides, but on hydrolysis with water alone 1t

yields a number of oxygenated compounds classified zs the
borchydrates, Under certeln conditions, two minor components,
having the emplirlcal formula HgBgOp, are formed (5}, It has
been suggested that the structures of these compounds have
vorcn-boron double bonds and that these compounds are glg-
trans isomers, but this explanation does not seem tenable in
light of recent siructure determinabtions of other boron sysiens

O give

oo
%

(6}, One of the isomers loses twe hydrogen abtonms

{;”&

Qw&-

&

o
g

&

Hpbolsn, while the other loses four hydrogen atoms

o
HgBoOo, It is proposed that wseful informstion concerning the

structures of all these compounds might be gained by HMR and
deuterium exchange studlies,

4, Many different chemleal and physicsl properties have
been employed as messures of the strain in earboeyelic ring
systems. It i1s proposed that the oxidation-reduction poten-
tials of the quinones of the beungocarbocyclenes mlght provide

another means oy measuring ring strain.
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the importance of steric and

study degigned to denonstrate

electric elffects In determinzgition of the products from this

gacsion 1s wroposed. The influence of the nature of the

¥ ¥
oo oy ey G 5y . R o N AT Y. T G gy 7 & w3 7 e gy
vertlary amine empleyed in the resction should slso be
B - & g, oy T

lovestlgated.,

f. The pKy's of ferrocenylamine, anlline, p-
ferrocenylaniline, m~ ferrocenylaniline, and p-phenyl-
aniline have been veporved as §,81, 1¢.14, 9.66, 2.8
and 10.89 in 80% ethancl at 20°, respectively (7). The
weakly basic propertiss of aniline relative to an aliphatlc
anine are sttributed to the rescnance forms lnvelving the
electron palr on nitrogen, and such & mesomeric effect is
probably responsible for the besic strength of ferrocenyl-
guine, The pKp's of pe-phenylaniline, p- and n-ferrocenyl-

aniline suggest that the sum of the mesomeric and polay

effects of the Tepryocenyl system 1s opposite in dirsction ¥
that of the phenyl system. To enable g clear 1dentificatio
35 tne inductlve properties of the ferrocenyl system, 1t is

proposed that the determination of the yﬁé 8 of ferrvocenyl-
methyl-, 2-ferrocenyiethyle, and 3-fervocenylpropylamine

. g, 5 % £ EE o4y g ey £ 0 o ERe] . s 4
and of the copregponding aclds be carried out,
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