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PART I: THE ADDITION OF ORGANOLITHIUM
COMPOUNDS TO ALKENES
PART II: THE REACTION OF ORGANOLITHIUM

COMPOUNDS WITH DIPHENYLACETYLENE

_Zechariah G. Gar'dlund, Ph. D.

The University of Arizona, 1964
Director: James E. Mulvaney

| '?art I.--A study was made of the reaction béﬁ'\:_')veen _‘@:_—bu_tyl—
lithium and various non-"‘éenjugated alkeﬁes. t- Buty{liiiﬁium did not
react with l-hexene, .éj_y""cl'opentene, cyclohexene, or cyeleecteﬁe Iinde'r;
the conditions empl:‘dy'ed; Bieyclo—z.v 2. 1'-hept~2-'ene (nlorbernene_)-
"and t -bﬁtyui_t_hium did react in ligroin to give on treatment with solid
carbon dioxide 32% of Z‘G—t'—bu_tylnorbofnane'- 3- cerboxylic acid (la) ..
Hydfolysm of the t - butylllthlurn norbornene reactlon mixture gave
33% 2-t - butylnorbornane (1b) Whﬂte hydrolysis with deutemum oxide
[yielded-.45% Z-t—butylnorbornane‘d-?; (1c).

Trlmethylvmylsllane and t - butylllthlum reacted at - 400

diethyl. ether to give 2 (25% yield) on treatment with solid carbon
dloﬁlde.
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t-C,H
~"%“4%9 CH, COzH CITH3

| 3
X CHg éH3
(1) (2)
a. x = COZH
b. x=H
c. x=D

Part II. --Diphenylacetylene was found to react with a var-

iety of organolithium compounds. The order of reactivity was
t -butyl, isopropyl > n-butyl, ethyl > methyl.

t - Butyllithium reacted with diphenylacetylene in ligroin at
35-45° to give after carbonation 15. 4%, 2, 3-diphenyl-4, 4-dimethyl- 2-
pentenoic acid (3a), 12% 2-phenyl-3-(o-carboxyphenyl)-4, 4-dimethyl-
2-pentenoic acid (4a), and 4.2% 2-phenyl-3-t -butylindone (52a).
Hydrolysis instead of carbonation yielded < -t -butylstilbene (6).
Hydrolysis of the reaction mixture with deuterium oxide gave a

mixture of mono- and dideuterated < -t-butylstilbene.

R C6H5
AN / R /:6H5
c=c \
/ . c— C
CgHy CO,H \co i
(3) 2
\ COZH
a. R = _t_"C4H9
(4)
b. R = L'C3H7 a. R = E_‘C4H9

c. R=CgHg b. R=

1
0

N
fovi

w

-y



t-C H C.H
= 49 65
N e
C6H5 /C-=C\
C6H5 H
0]
(6)
a R=t-C4H9
b. R C2H5

Diphenylacetylene and isopropyllithium reacted in ligroin
at 39-45° to give after carbonation 7. 8% 2, 3-diphenyl-4-methyl-2-
pentenoic acid (3b).

n-Butyllithium reacted with diphenylacetylene in diethyl
ether to yield after hydrolysis of the reaction mixture with deuterium
oxide 40% dideuterated trans -e<-n-butylstilbene and 24% monodeuterated
diphenylacetylene.

Carbonation of the ethyllithium diphenylacetylene reaction
mixture yielded 11. 9% 2-phenyl-3-(o-carboxyphenyl)-2-pentenoic
acid (4b) and 11. 5% 2-phenyl-3-ethylindone (5b).

Methyllithium did not react with diphenylacetylene in diethyl
ether.

Phenyllithium reacted with diphenylacetylene to give after
carbonation 11% triphenylacrylic acid (3c).

A tentative mechanism for the above reactions was proposed.
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The reaction between t - buty};i,ithiﬁfh éﬁ&zﬁ:‘fﬁi@hgnylagetyléne
_.at 80° in ligroin was found to evolve isobi‘zty:léne, EVLdence for the
_proposed interrhediate 7 was given by e.s.r. st.ud‘iles jai‘ﬁ?iix.ﬂeutériumv o

experiments. A méchanis_rh was proposed for the reaction.

CgHg-C=C-CgHy

(1)

i
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PART I: THE ADDITION OF ORGANOLITHIUM

COMPOUNDS TO ALKENES

INTRODUCTION

Since Schlenk and Holzl

in 1917 found that organolithium
compounds could be prepared from the action of lithium metal on
alkyl- and aryl-mercury compounds, the organic compounds of
lithium have been of interest. However, it wasn't until 1930 when

Ziegler and Colonius?

found a more practical method of prepara-
tion, the direct reaction of alkyl- or aryl-halides with metallic
lithium, that research in the chemistry of organolithium compounds
intensified. 3 .

In recent years the interest in organolithium compounds
has been a result of their remarkable ability to initiate stereo-
specific polymerization. For example, isoprene may be polymerized

by alkyllithium compounds to give natural rubber, i.e., poly cis-1, 4-

isoprene? (Figure 1).

f *
CHq CH, H
RLi N /
CH,=C-CH-CH, _RL1, c= S
— CH/ CH——
Figurel



Various other initiators, including the other alkali metal
organic compounds, as well as free radical and cationic types,
produce a polyisoprene containing 1, 2-units, 3, 4-units as well

as cis and trans 1, 4-units. 4 The stereospecificity of this reac-

" tion is extremely sensitive to solvent polarity. In solvents of
greater ionizing power than hydrocarbons, e.g., ethers, a poly-
isoprene of random structure is obtained. 4 In a rather oversimpli-
fied manner one may summarize current thinking concerning the
nature of this reaction as follows. Organolithium compounds, in
contrast to other organoalkalis, have a carbon-metal bond with a
high degree of covalent character. 3¢ 1 hydrocarbon solvents a

six-center transition state 1 has been suggested for the stereo-

- s
CHK
C —;CH
/07N
H2C . /I CH2
R Li

(1)
o . 4 . .
specific propagation step. A plausible explanation of the lack of
stereospecificity in polar solvents or when using other alkali metal
compounds is that monomer adds to ion pairs rather than coordinating

with the covalent carbon-lithium bond.



The stereospecific reaction of organolithium compounds
in part stimulated this work. It was of interest to determine the
scope, nature and stereochemistry of the reactions of organolithium

compounds and non-conjugated alkenes.

A. Organolithium Additions to Alkenes

The addition of organolithium compounds to conjugated
alkenes is not a new reaction. Ziegler e_t_a_._l_.5 reported that alkyl-
lithium compounds react with 1, 1-diphenylethylene 2 faster in ether
than in benzene to give 4 on carbonation. The acid 4 would be the
expected product from addition across the carbon-carbon double
bond since the carbanion intermediate 3 would be stabilized by

resonance with the phenyl rings (Figure 2). n-Butyllithium was

- =¥
C6H5 CSH5
N RLi |
-+
(2) - (3
o
coO
2
—_— CGHS-C-CHZR
02H
(4)
R = C2H5, _1’_1—C3H7, _Q-C4H7

Figure 2



also reported5 to add to stilbene to give 2, 3-diphenylheptanoic
acid after carbonation.
The conjugated double bond system of dimethylfulvene

5 undergoes rapid addition of phenyllithium to the exocyclic double

9,9 6

bond. 6 Similarly, A -bifluorene rapidly adds® phenyllithium

to the active double bond 6. The reactions of organolithium com-
pounds with simpler conjugated double bond systems, e.g., buta-

!

diene, isoprene, etc., are fully discussed elsewhere. 4

(5) (6)

Until recently it was assumed that the addition of alkyl-
lithium compounds to ethylenic double bonds was confined to

7 however observed a

conjugated systems. Ziegler and Gellert
rapid reaction between n-butyllithium and ethylene at room tem-
perature in diethyl ether if high pressures were used (100-500

atm.), Termination of the reaction with formaldehyde gave a

mixture of C7—C13 alcohols indicating some polymerization.



A much greater reactivity towards ethylene was exhibited
by secondary and tertiary alkyllithiﬁm c‘ompbundsn -_B;a.rtlettg found
that although t -butyl- and isopropyllithium Qére_ stable in diethyl
ether at té@pgerafunes below -50°, the r'eageht-_s _9?‘_?-?}".‘?@ diethyl ethef
above -50° to glve products resulting - froem édd’_iti,gn to ethylene.
When.e'thylene W?S bubbled tthUgh .a diethyl ether solution
of either t ; butyllithiuﬁ or i_sopropyllith‘iu:n and then carbonated, good
yields of dineohexyi of diis‘oarﬁsrl., keton’eS"wéfe ..ob‘t'ained8 (Figure 3).
O
. o 1 CO
RLi + CHy=CHp —3 |RCHpCHaLi |~ — 2 RCHyCH,CCHyCHyR
R = i—C_3H7; t-.C-4H’9

. Figure 8

Cason and Brooks rebortedgzthe addition of several organo-
lithium reagents across'the véthylenic doub‘le bond of triphenylvinyl-
silane (7) (Figure 4). Ca}bonati-on of the. r—eac‘tio'nA mi;cture gave 9,
The direction of addition of thg organol'ithium ‘co.vly;ﬁ_;‘:)iound was as
expected since tﬁe probablé intermediate‘,. carbén;on (8) Wou_ld
be stabilized by expansidn :o"f the silicon oct‘et,,‘ .It- was interesting

that the carbanion (8) was unreactive towards carbon dioxide.



1. CO, |
@gsicH=CH, 1y | @gsiCHCHpR| 2. HOH,  G4SiCH,CHgR

L Lit

(7) (8) (9)

R =§1-1C4I-{9, CgHpg, p-tolyl, o-tolyl, St-naphthyl, p-dimethylamine-
pheny .

Figure 4

10 with several organolithium

Norbornadiene reacted
compounds to give a variety of products. Phenyllithium reacted
with norbornadiene in diethyl ether to give a mixture of 10-14

(R = CzxHg) while n-butyllithium gives compounds 10-12 (R =
65 g-buly

n-Cy4Hg (Figure 5). Isopropyllithium and t -butyllithium in

RLi

Li i
(10)

Li R

Li

(12) (13)

Figure 5



petroleum ether gave only (12, R = _i_-C3H7, ]:_-C4H9) in yields

of 50 and 62%, respectively. No structure proofs were reported.
Even after ten hours of reflux in diethyl ether-hexane

there was no significant abstraction of a 7-hydrogen in norborna-

diene by n-butyllithium. 10P

Norbornadiene underwent a quite different course of

reaction when treated with amylsodium in pentane. 11 The cycl-

pentadiene dimer shown below was obtained and this compound

[~ T
C:H, Na -l co
a
5H4 Na, CO,
H SN
CO,H

=t

+ HC=C Na

may arise as indicated in the above sequence. Norbornenell
reacted with amylsodium to give only norbornene-2-carboxylic

acid, a product arising from abstraction of a vinylic proton.

CO,H



RESULTS AND DISCUSSION

Although the work of Bartlett demonstrated the far
greater reactivity of secondary and tertiary organolithium
compounds toward ethylene, this reactivity was not found to
manifest itself in similar reactions with substituted olefins.
Thus, 1-hexene, cyclooctene, cyclohexene and cyclopentene
did not give addition products with t -butyllithium in diethyl
ether at -500 or in hydrocarbon solvents at 80°.

However, norbornene having a strained double bond
because of the bicyclic ring system was found to react with
t -butyllithium in ligroin at 64-70° over a period of 24 hours to
give 32% 2-t -butylnorbornane- 3-carboxylic acid (15b) after
carbonation by decantation. The acid gave the correct analysis

and neutralization equivalent for the proposed structure (15b).

1-CyHy H
CO,H
(15) (16)
a. x=H c. x = CO2CH,4
b. x = C02H d. x=D



Two other structures for the adduct should be considered.
Addition of t -butyllithium to the double bond in norbornene would be

expected to give intermediate 17 which might undergo rearrangement,

t-C,H -
=~ C4Hg t-C Hg
— Co,

(17) (17a) (17b)

1-CyHg

OoH

or less likely perhaps be delocalized, to give 17a which could react
with carbon dioxide to give 17b. Alternatively 17 might give rise to

20 and 21 by the following sequence. The driving force for rearrange-

t‘C4H9
t-C4H
- 49 -
ﬂb< e —
.__—) -—.—.—-’

(17) (20)

t-C H
= 4 9

HO,C-CH,-CHgy

2

(21)

ment to 20 would be the relief of angle strain in the norbornane ring
system and the conversion of a secondary carbanion to a more stable

primary carbanion. The n.m.r. spectrum of the product very
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clearly elimin'a;ted 21 as a possibility. Among other tl’ﬁngéx no
élefi:nic protons wéiﬁe observéd in thé product. |

Differentidtion betWeem rearranged product 17b-ahd
unrearranged prodiugt 16 was morj‘e complicated and was based
on the following arguments.

. The varioﬁs protons in norborna;qe have.been assignedlza
frequencies as’ foi;pws in order of increasing field strength. A "
peak of relative intensity 2.0 (7. 80‘?” ) was attfibuted to the two
tertiary bridgehead hydrogen atoms, a doubletwith 'relatvi‘v‘e inten-
sity 4.0 (8.45 and 8. 62?"' ) -was attributed to the four ‘exd edua-
torial hydrogensv and an irregular peak of in;censi«ty 6.4 (8.817% )
was attri}.:;uted to the overlap of the two bridge hydrogéﬁ a?;;oms wifh
the four gndo ax_ial‘é.rotons. ‘ “

' The nm r spéctru»m of the 1 ~butyl‘1~ithi.ﬁmno#bornene
producf showed the"i:;ollom'rin'g bands (integration vai“liie?é 1n bapeﬁ~
theses): 7.43, 7.51% (2.0); 7.8L47 (1.0); 8.31, 840’7”(2 1);

8.54, 8,73, 8.88 7 (5.4); 9. 14 v (8.5). The insertion of a |

carboxyl group in the molecule in the 2-position Would‘b'e expected

fo cause deshieldiz"lgi of surrounding protons and thus éﬁiff them to

a lower field, 3 éﬁdq~ 2'—:Norbornanec:arb0}_cylic acid (18 had absorb-
i | . .

ances of 7.27, 7,38 and 7. 75 ’Y for it$ proton alpha to the carboxyl

group and its bridgehead hydrogens. Integration showed three
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hydrogens. The chemical shifts of 7.43, 7.51 and 7.81 in 2-t-
butylnorbornane- 3-carboxylic acid (15b) were thus identified as
the one hydrogen alpha to the carboxyl group and the two bridge-
head hydrogens. Integration again showed three protons.

On this basis the following schematic diagrams (relative
integration intensities above the peaks) were what would be expected

for 15bandl7b, excluding the t -butyl group.

2
l 1
H

l
Hy,

m'————l\?

H

a c. d

[
7

increasing field strength

NN

LY
[4

increasing field strength

As was stated earlier the carbonation product showed a

series of bands that integrated for 2.0, 1.0, 2.1 and 5. 4 protons,
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respectively. l'.[‘his was consistent Wit>h structure 1bb but not"l7b.
The large t -butyl group was assumed to be in the &xo configura-
tion since additi_ops -to nor'bornené are knoWn to occuf from the
less hindered side of the molecule to produce eX(j)‘ produét:s.. 12b

Theﬂymethyl ester of 2—£~butylnorbqrnane—3—carboxylié
acid (15¢c) was prepared by the acfion of diazomethané on the acid
(15’b) at_Oo in diethyl ether. ) The ester was shown tb be pure by
vapor phaée chromatography and gave a correct analysis for
Cyq 1H19 (C’OOCH3). - The n.m.r. of 15c showed chemical shifts
as follows (assignments based on argumeﬁts for 15b): 7.42, 7.62,
and 7. 90 (hydr‘ogeﬁs on bridgehead anq alphé to carbomethoxy
group, integrated for three protons); 6.42 Y (hydrogens. on methyl
gr.oup of ester, intégratiofi showed three hydrogens); 8. 36 and
8.47 Y [e‘xo (equatorial) hydrogens, integrated fér two hydrogensj;
8'. 69 and 8.83 ¢} Eendé(a};ial) hydrogens overlapping with bridge
hydrogens]; and 927 ¥ ¢8. 8 protons on the 1~bbﬁ:y1 group). This
was in agreement Wlth the ﬁnrearf‘angeé acid (15b).

Esterification ¢f the crude acid from the carbénation of
the t —butylli,thiufn and norbornene reaction rhixtuire gave.methyl
ester (15c) which appeared as one péak on five foot Carbowax,
Silicone and Ucon Polar 'v.'p. c. columns. These__resi;lts’ impliéd

only one acid product in the reaction mixture. An attempt at



epimerization of the ester by the method of Berson and Ben—Efraim15

gave an ester with the same retention time as the unepimerized
ester.

When the t -butyllithium and norbornene reaction mixture
was hydrolyzed after 24 hours at 60-75° in ligroin or triethylamine
33% 2-t -butylnorbornane (15a) was obtained. The yield was increased
to 45% by reaction in triethylamine for 72 hours. The compound gave
the correct analysis for C11H20. N.m.r. analysis showed the follow-
ing chemical shifts (integration values in parentheses): 7.88 7 (2.0);
8.44 and 8.62 Y (3.0); 8.79 and 8.96 3° (6.3); and 9.18 T (8.7).
Comparison with the chemical shifts observed for norbornane showed
both compounds to have essentially the same tau values with the
exception of the t -butyl hydrogens which appeared at 9.18 Y and
an integration of only three equatorial hydrogens at 8.44 and 8.62 Y
instead of four. Examination of the following figure again showed

the assignment of an unrearranged product to be correct,

He He

[\

N

increasing field strength




5
4

T

H H,

a Hp '
h W
-

(22) increasing field strength

Termination of the t -butyllithium norbornene reaction
by hydrolysis with deuterium oxide after 23 hours at 68-79° in
1igroir; gave 45% deuterated 2-t -butylnorbornane (15d). The
Aeuterated compound had the same boiling point and refractive
index as the undeuterated compound. Deuterated 15d showed one
deuterium atom per molecule by analysis. The infrared spectrum
was identical to that of the undeuterated compound with the excep-
tion of a maximum at 2200 cm:! (carbon-deutérium stretching
frequency). The chemical shifts of the hydrogens were identical
to those of the undeuterated compound had integration of the equa-
torial hydrogens at 8. 47 and 8. 64 “) showed only two hydrogens.

t - Butyllithium and trimethylvinylsilane (7) react in

diethyl ether at -40° over a period of 24. 5 hours to give 25% acid

14

18 after carbonation. Assignment of structure was based on analysis,

neut. equiv., and n.m.r. spectroscopy. The t-butyl hydrogens



CerS COQH - CfHS - CHy CITH
COLH -

(18) - (1

had a tau value of 9.13 a'nd' integrated for nine hydrogens. -A-,
chemical shift of 9.92 7} was obser{fed for the hydrbgens, on the
trimethylsilyl group. Integration showed nine ﬁ&drdg“éjns-; The-
methylene and methine hydr_o‘gens, appearéd és_._'an irrégular peak.
at 77. 97, 8.03, and 8.13 Y . Integration showed thfee hy.d].c.“ogenls,
The carboxyl proton had a tau value.of -1. 96,

Additibh of the t -butyllithium across the carbon-carbon
double bond could feasibly bccur in either of two ways to give
either 18 or 19 on carbonaticn. X C‘Qmpound 18 W;a‘s—prép'()sed‘:as.

(it fit the obsérved data best. If the t-butyllithium did g;cifgl?‘across
the carbon- carbén double bond to give 19, the-,interm’edi-;zt'e ahién
would ﬁot be stébilized'by“ the silicone atom as theprecursor(’?, }
R = ;t_-'butyi) to 18 was. Cason and Brooksg rep_o-rte_’dﬂi:llr_ife\gtdo{;tidn
4>of several organolithium compouhd‘s to trimethylxzfinylsl’i"'lia.ne, ali

adding in the same direction as that proposed for:-t: ;—.'.butyi'l;ifghium, -



PART II: REACTION OF ORGANOLITHIUM

COMPOUNDS WITH DIPHENYLACETYLENE

INTRODUCTION

In the past six or seven years the reactions and structure
of organolithium c;omp"o’unds have received increasing attention.
One of the major reasons for the activity in organolithium chemistry
is the often unique character of such compounds in ipitiating stereo-
specific poly:merization, a éubject discussed more thoroughly in
the introduction to Part I 6f thié thesis. Neveftheless there is
very little information in_the.literaturre‘ concerning reactions of
non- carbonyl éonjugated aéetylenes-..with‘organol%thium, compounds.

Iﬁ this thesis the reactions ,.of"= organolithium  compounds
and diphenylacetylene were inve,sfigétéd to expand the knowledge
of the organic compounds of lithium.

Diphenylacetylene was particu‘larly advéntageous to study
in that its symmetry would aid in product identification, the lpheny;_
groups would help in the determination of the stere_ochemistfy of
any'ol.efinié ipr’oducts, and the absence of methylene groups adjacent
to the triple bond would prevent simple pfotén abstraction. In

16
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addition' the bulkiness of the phenyi g-r.oup‘s would inhibit polymeri-
zation of the acétyle@ic moiety. o a

" Recent work in these 1aborato‘;rie.316 ﬁas shown that
n-butyllithium react_;svwith .d,iphen.'ylacetyle_ne t§ give a Aicarboxylic
acid and substitufc!ea indone arising fr(.):rn addition across the carbon-
carbon triple bond and metalafion- of the‘phenyl ring. It was also

fouhd16

that-t - butyllit;hium reacted at high_ Atemperat‘tlres with
diphenylacetylene to givel, é, 3, 4-tetranphenylbuta:dienev and
igg_lg_s_— stilbene.

‘In the present work..both tﬁe.Stereochemistry.of the .
~acid and the position of the carboxyl group on the phenyl ring
were unequi‘vbcalnly demvo.nstrated. The étrﬁctufe of the indone
was unambigﬁously showh. Evidence was given for the mechanism
of formation of the 1, 2, 3, 4—'tetraphe'nylbutagiené-. |

Tile scdpe 6f rAe‘actio4n with dip»h'e‘nyla.cétylene was expanded
to in‘clud'e a numbér of organelithium g_ompounds and én insight into

the mechanisms of the various reactions was obtained.

A, -Organometallic Additions to Acetylénes

The alkali metal organometallic reé“g_ents-‘l';iave not been
reported to react with acetylen'i'c cor'xipounds.' in any way; other”

than. abstraction of acidic protons. The Grignard reagents, -



organometallic compounds with an activity usually less than
that of organolithium compounds, do not add to acetylenic
bonds under the usual conditions for Grignard reactions. 17
It has been reported, however, that using a tetrahydrofuran-
xylene solvent system, phenyl Grignard reagent will react with
diphenylacetylene18 to give a small amount of hexaphenylbenzene
19 4o

(24) and a dimer of tetraphenylcyclobutadiene later shown

be octaphenylcubane (23). (See Figure 6.)

THF-xylene
Ph
Ph Ph
Ph d Ph Ph
~—
Py P '
Ph Ph Ph
Ph Ph Ph
(23) (24)

Figure 6

Organoaluminum compounds have been reported to
react with diphenylacetylene. Triphenylaluminum reacts with

20 in diphenyl ether to give an aluminole (26)

diphenylacetylene
and benzene. The aluminole probably arises from a concerted

addition of triphenylaluminum to diphenylacetylene to give the



19

unisolated intermediate (25) which then forms the aluminole (26)
through metalations. The encircled hydrogen in 25 is proposed

1

to have ''psuedoacid character.' (See Figure 7.)

Figure 7

Triethylaluminum and diphenylacetylene react?! at
100-120° to give on alcoholysis 40% cX- ethylstilbene (27), 5%
1, 2, 3, 4-tetraphenylbutadiene (28), and 4% of two isomeric forms

of 1, 2, 3, 4-tetraphenyl-1, 3-hexadiene (29). (See Figure 8.) An

Ph }l?h
(27)
Ph Ph
Ph ll:'h Ph Ph
+ / \ + CZHSC-——’_C*-':-C:::CH
Ph H Ph
(28) (29)

Figure 8
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aluminum alkyl to diphenylacetylene ratio of 2.5 to 1 gave
respective yields of 24%, 29%, and 6.4%. A concerted addition
across the carbon-carbon triple bond to give an intermediate
similar to (25) was proposed.

The mixed organometallic reagent, triphenylsilyllithium,

re:a.cts22

with diphenylacetylene to give a large amount of poly-
meric material and 1, 2-bis - (triphenylsilyl)-1, 2-diphenylethane
(30). The product (30) suggests that two moles of triphenylsilyl-

lithium added across the carbon-carbon triple bond (Figure 9).

(CgHg) gSiLi
CgH5C=CCgHg - CgHg-CH-CH-CgHg
\
(CgHg)3Si Si(CgHg)q
(CgHp) 3SIK (30)
(31)
Figure 9

With triphenylsilylpotassium the reaction product isolated was

tetraphenylsilane (31), although this reagent reacts with trans-

stilbene to give the simple addition product. (See Figure 9.)
Phenyllithium has been reported23 to add to benzyne

(32) to yield biphenyl on hydrolysis (Figure 10).
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+ CgH.Li HOH, ceg.-Cc.H

5 65

(32)

Figure 10

Dialkylaluminum hydrides, for example diisobutyl-

20b~ to internal alkynes to give cis prod-

aluminum hydride, add
ucts. The treatment of 1-phenylpropyne with a slight excess of
diisobutylaluminum hydride (33) gave the adducts (34) which upon
hydrolysis yielded the cis alkenes (35). The mixture of alkenes

was shown by n.m.r. analysis to be a 4:1 mixture of (35a) and

(35b). (See Figure 11.)

CH C_H CH C_H
3 65 3 6 5
\ / \ /
R2A1H — /—‘\
Colls "My @) l—/ \A1R2 H D
(35a)
+ DZO +
—=
CH C H CH C_H
3 65 3 6 5
/
\C':—"C/ \C'———C
/ N /.
RoAl H D H
(34) (35b)

Figure 11
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Salts of thiols are not considered to be organometallic

compounds in the usual sense but their addition reactions with

acetylenes show at least a superficial resemblancg to the present

work. Methyl- and p-tolylthiol add24

to several acetylenes, e.g.,

phenylacetylene, l-hexyne, and 2-butyne, when a sodium ethoxide

catalyst is employed in an ethanolic solution (Figure 12). Truce

Ce

CHS-CEC-CHS + CH

CgHg-C=C-H + CHgS Na® ———3

Hg-C=C-CHg + CHg-

S Na+

éNa+

CzHSOH

Figure 12

H CH,
H50H \ /
=2 C=C
/ AN
CeHs SC,Hy
(only cis)

H /CH3
C,H.OH
N

7.\

CH3 SC7H7

(only trans)
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24b

and Heine réported that in each of the cases studied, the-

thiol addition occurred in a trans manner. Truce and Heine24b
found that there were indications in the literature prior to this
work that only one stereoisomer was formed in every case of
nucleophilic addition to acetylenic Iﬁoieties typified by phenyl-
425

acetylene and ririg substituted phenylacetylenes, ethyl proprio-

late or & - substituted propiolate, 26 diethylacetylenedicarboxyl-

26Db, c 27

ate and acetylenic ketones.
The abové literature and his own results-led Truce to
postulate the ”Rﬁlé of trans Nl;lcieophilic Addition" to acetylenes.
- He has attributéd this stereospecificity to .the fact that in the
transition state the negative charge arising fr;)m‘ the unshared
electron pair on carbon and the negatively charged atltaeking
nucleophile are as greatly separated as péss'ible.. Thus the
nuéleophilic addition of an ion pair to the triple bond 1'_eads to
exactly the opposite stereochemistry Whic‘h oﬁe obse.fv‘e_ls in the

addition of the covalent drganoli’chium compOund to iSSprene.



RESULTS

Diphenylacetylene and n-butyllithium react in diethyl ether

at roomn temperature to givel6

after carbonation 14% 2-phenyl- 3-
.

(o-carboxyphenyl)-2-heptenoic acid (36b) and what was concluded

to be 16% 2-phenyl-3-n-butylindone (37b). The tentative assignment
of an ortho carboxylic acid in (36b) was based on n. m. r. analysis,
which showed a single proton doublet with a chemical shift of 2.007"
and a coupling constant (J = 10. 4 cps) of the required magnitude for
a hydrogen adjacent to a carboxyl group nn a benzene ring. 13 The

acid had the correct empirical formula, neutralization equivalent,

wad spectra for the structure (36b).

R CgHg
/ _ R
C—_C Z
/I \ \ CSHS
COzﬁ
CO,H O
(36) (37)
a. R = CyHg a. R =CaHg
b. R =n-C4Hg b. R =n-CyHg
c. R=t-C/Hg c R=_1:_—C4H9
d. R = 1"C3H7

24



In the present work ring closure of the diacid (36b) with
thionyl chloride to yield anhydride (38) unambiguously proved the
ortho assignment of the carboxyl group in (36b) as well as the

trans nature of the phenyl groups. (See Figure 13.) The structure

CgH

n-C4Hg  ,~6%5
/ \ ccl,

COZH —d
+ SOClg reflux

COZH

Figure 13

of the anhydride was proven by analysis and infrared spectra as
follows.
Acyclic anhydrides usually have two carbonyl absorption

bands in the range of 1820 to 1800 cm. ~1 and 1760 and 1740 cm. ~!

28

with an almost invariable separation of about 60 cm. " L Cyclic

six-membered ring anhydrides condensed to .aromatic systems
have been shown to absorb at lower frequencies (1770 and 1736 cm.

L.

with a much smaller separation of the two frequencies (34 cm.

The seven-membered ring anhydride (38) which is condensed to an

25

L
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aromatic system has slightly higher frequencies (1788 and 1748
cm. 1) than the six—membered ring anhydrides. -The separatioﬁ
of frequencies (40 cm. -1y ié'about the same as found in the si?c-‘
membered vseries. The anhydride (38) also had a strong absorp-
tion (1276 cm. 1) in the rangé 1310-1210 cm. "1 that is neéessary
for, but not proof of, a‘cyclvi.‘c anhy’o"lvride‘ Witil ring strain.

Since the original acid (36b) could be'regenefated from
the 'anhfydride uﬁde;t‘ mild hydrolysis conditions, the possibility
that a diaéid with a cis configuration of phenyi groups had isomer-
ized under:anhydride forming conditions to a diacid of M con-
figuration may be discoﬁnted_.

The structure of the neutral material obtained.after
- carbonation of n- bgtyllithium and diphenylacetyléne Was_ass'igne»d”-v
as 2—pheny1-3-2¥butylindone on the basis' of émpir;ical and Spectrali '
.analysis and also ‘by comparison With an authentic sample synthe-
sizved by the reaction of _r_l_—butyl Grignard reagent Wiﬂ’l benzalphthaf
-lide. (The reéctioﬁ of phenyllithium with b‘enzalphthalide gives.

2, 3—.diphenylindone. 29) The 2, 4—dihitropheﬁylhydrazones of the
carbonyl compounds obtained from the _r_l—butyllithium reaction
with diphenylacetylene~and’from the Grignard reaction with
benzalphthalide were identical. The-’indonés‘however were
obtained as impure red oils in each case énd the benzalphthalide

route was not entirely unambiguous.

16 .-
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Accordingly, in this work, 2-phenyl-3-n-butylindone was
unambiguously synthesized by the procedure published30 for the

synthesis of 2-phenyl-3-alkylindones (Figure 14). The 2, 4-dinitro-

O OMgBr
2RMgBr
OH OMgBr
R
U
CeHs
O
(37)
a. R =CgHjs

b., R = E"C4H9
Figure 14

phenylhydrazones of all three compounds were identical, con-
clusively proving the indone structure.

The reaction between diphenylacetylene and n-butyllithium
in diethyl ether was shown'® to yield 40% trans -«(-n-butylstilbene
on hydrolysis. Hydrolysis of the reaction mixture with deuterium
oxide gave deuterated trans -of-n-butylstilbene with two deuterium

atoms per molecule. N.m.r. analysis showed the loss of an



28

olefinic proton and an aromatic proton. The dideuterated stilbene
has been assigned the structure 39 on the basis of the above n.m.r.

analysis and carbonation experiments.

n-C4Hg  CgHg

~

D

(39)
The present work has shown that the diphenylacetylene

recovered from the above deuterolysis reaction contains 3. 87 atom
percent excess deuterium. If we assume that each deuterated
diphenylacetylene molecule contains one atom of deuterium then

a rough calculation indicates that about 24% of the recovered
diphenylacetylene is deuterated.

The deuterium analysis show that n-butyllithium reacts
with diphenylacetylene to give products resulting from metalation
of diphenylacetylene alone and from addition to plus metalation of
diphenylacetylene.

Ethyllithium reacted with diphenylacetylene in diethyl
ether at room temperature to give 11. 5% 2-phenyl-3-ethylindone
(37a) and 11. 9% 2-phenyl- 3-(o-carboxyphenyl)-2-pentenoic acid
(36a) when the reaction was terminated by carbonation by decanta-

tion over solid carbon dioxide.



29

- The structure of the indone (37a) was determined by
comparison with an authenfcivc sample. 30 (See ‘Figure 14.) The
n.m.r., spectra of the indone showed a quartet equal to two protons
at 7. 33 ’T/ with a coqplihg constant pf the required magni.tude; (J =

| 7.5 cps) for a methylene group. The methyl group appeared as a
triplet at 8. 73 “T” which show_ed‘_.an integration of three protons and
-a coupling constant identical to that of the methylene proton. ‘The
-aromatic protons showed a etrong singlet at 2. 87 1 eﬁd integration
for nine protons.

~ The ac:id isolated from the reaction mixture was assigned

'the diructure 2-phenyl- 3- (o- carboxyphenyl)- 2-pentendici acid (362)
on the basis of analysis, n m.r. Spectroscopy, and analogy to the
results obtained with the alkyllithium reagent of similar reactivity,
Li-]djityllithium. The n. m.vr.v of the acid in de.uteriu‘m oxide—sodium
deuteéc*oxide ’Shewed the exipe’cted CH3CH2X pattern, a quartet equal
to tWo protons at. 7. 68 17 W'ith a couplihg constant of the correct
-Ilnagnitude (J = 7.5 cps), andatriplet for the methyl group at 9. 21T
corresponding to three protens with a coﬁpling censtant identical
to that of the met‘hsrlene protons. Tﬁe compound also gave a singlet
' vat 2.49 7 with aﬁ integration of nine pfetons:

When the ethyllithium and diphenylacetylene feaetion was

terminated by bubbling carbon dioxide through the reaction mixture,

i



a method known to increase fhe yield of ketones at the expense of
acids in the carbonation of organolithiﬁm rgagénts, 31 the,yield
of indone (37a) was increased to 27% While thé. yield of diacid
(36a) dropped to 6. 95%:) |

Methyllithium did not react \#ith“diphenylécetylene in
diethyl ethef af room temperature or in.l, é—dimethoxyethane
at 55°,

Diphenylacetylene and pheny‘-lliﬁthium:rﬁe_:,ac.ted in diethyl
ether to give on carbonation by decant-‘at-‘ioﬁ 11% triphenylacrylic .
acid {no depression of mixed melting'"poi‘nt) and”8. 2% triphenyl-
carbinol (no dep‘ression of r_nix’éd;m'elt'-ing point). H.Similar results
have been reported. 2_0

Diphenyiacetylehe'. and iso;oropyllithi_u_m react in ligroin
at 39-45° to give 2, 3—diphény1;4—mvethyl- 2-pentenoic acid (40a) -
after carbonation by decantation. The yield of 40a increases from
0. 4% after 1.5 hours of reaction_time to 2.8% a.’c,‘ter 8.5 hours and
7.8% after 25 hours.

The structure of the acid was proven by analysis, neu-
tralization equivalent and n.m.r. spectroscopy. .ATl)qe :acid showed

two singlets in the n.m.r. spectrum at 2.67 and 2,777 that ine-

grated for iO protons. The methine-proton showed a rhultiplet with

midpoint at 7. 19 M that has a coupling constant of the correct

30
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magnitude (J = 7.0 cps) and correct integration. The methyl
protons of the isopropyl group appear as a doublet equal to three
protons for each peak at 9.12 and 9.23 Y. The spectrum also
integrates for one carboxyl proton at -1, 1"t ,

The trans configuration of the phenyl groups in 40a was
shown by ring closure of the acid with thionyl chloride3? to give
the known compound 2-phenyl-3-isopropylindone (37d). It was
necessary for a phenyl and carboxyl group to be cis, i.e., phenyl

groups are trans, to give the observed indone.

o
s}
"

isopropyl

t -butyl

O
[\
)
=2
o}
1

(40)

In addition to having the correct melting point and analysis,
the 2-phenyl-3-isopropylindone gave the expected n. m.r. spectrum.
The nine aromatic protons appeared as a broad singlet at 2. 657
and the methine proton gave a multiplet with a coupling constant
of 7.0 cps at 6.75Y7 . The methyl protons at 8.60 and 8.727

integrated as three protons per methyl group.
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The reaction of t-butyllithium and diphenylacetylene in
ligroin at 35-45° for 22 hours gave on carbonation by decantation
three cofnpounds, 12% 2-phenyl-3-(o-carboxyphenyl)-4, 4-dimethyl~
2-pentenoic acid (36c), 15. 4%:_2', 3—diphény1-4, 4-dimethyl- 2-peptenoic
acid (40b), and 4. 2% 2-phenyl—-S-ic_-butyli_n’do_ne-v (37¢). Reactibn times
of one, nine and thirteen hours gave 1%, 4.4% and 6. 2%, respec-
tively, of the diacid (36c) and 2%, 6.3%, and 8. 1%,> respeétively, of
the monoaci::l (4_:0b).

The structure of the monoacfd, (40b) was proven by analysis,
neutralization equi\}alent, and.n.Am., r. Sp’iect'roscopy. The acid gave
the expected singlets at 2. 98 7 for the aromatic protons and at 8.75 ¢d
for the protons in the t -butyl gréup.. Integration of the peaks showed
ten aromatic protons and nine equivalent éliphatic protons.

Ring closufe of the acid with thionyl chloride32 to give the |

known compound 2-phen§l- 3-t —bgtylindqne‘ (87c) gave proof of the
trans configuration of the phenyl groups in 40b.

The indone had the correct literature melting ﬁoint, 33
analysis, and superimposability of the infrared spectra. The 52, 4~-dinitro-
phenylhydrazone of the indone had the \reported33 melting point.

The diaéid (36¢) gavé the correctj analysis for a compound_
of empirical formula C20H2004, The n,.m, r. spectrum in sodium
deuteroxide-deuterium oxide showed the aromatic protons as a

broad band from 2.76 to 3.18 % which had an integration value
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equal to that of the aliphatic protons. The aliphatic protons gave
a singlet at 8.73 "} with a chemical shift equal to that for the
t -butyl group.

The neutralization equivalent of the acid was about equal
to the molecular weight of the proposed structure, not one-half of
the molecular weight as would be expected. These results may be
explained in two ways. The lithium salt of the acid (36c) may have
undergone an acid catalyzed ring closure during workup of the

reaction mixture to give 41. This structure agrees well with the

t-C4Hg H

CgHg

' (41)

data presented with the exception that no methine proton was observed
in the n. m.r. spectrum.

The other possible explanation of the observed neutraliza-
tion equivalent is that the two carboxyl groups are forced so close
together by the steric requirements of the t -butyl group (this idea
is upheld by molecular models) that although one carboxyl proton

is titrated as expected the other proton is strongly intermolecularly
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hydrogeri bonded. The second carboxylic acid group then has such
a high pKa so as to give no noticeable inflectio‘h in the piotentio-metric
titration. The folloiwing data upholds this second explanation.

The n.m.r. spectrum of the acid in Véry dry acetone
showed a peak of 0. 10 4 that integrated for two protons. This
peak was in the region known for carboxyl proton absorption. In
acetone the splitting of the protqn alpha to the carboxyl group on
the phenyi ring was shown. This peak had :; chemical shift of 2\. 327
with the expected coupling constant (J = 10 cps) for av__protor} ortho
to a COO- group and’integrated for one pr;otOn. "Iv‘he remainiﬁé eight
aromatic protons appeared as tv\vt\) singlefs at 2.72 and 3.00 T° . The
n.m.r. of the 'impure dirr;‘éthyl ;zstef of 36¢ Showegi two peaks of
equal intensity at 6, 09 and ':6.' 36 ’,?” These two peaks are due to
thé 'protons on the two carbomethoxy grbups. . The &-apectfa’also
showed the expeéted maximé. at 2. 36 "(/(prd’cdn ortho to ~COOMe},
2.89 and 3.03 7 (other aromatic protons) and 8.76 1~ (t -butyl
protons).

The infrared spectrum of the diacid {36c) Vafied from the
other diacids in this work in that it had two strong carbonyl absorp-
tions of almost equal intensity at 1715 and 1675 cm. "1 rather than
'the single maxima at 1710 cm. -1 exhibited by 36a and 36b. The

1715 cm. "1 peak could be assigned to the carboxyl group on the
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1 maximum was in the range of

_,phenyl. I—'ing; while the 1675 cm.
that Aassigne_d'fo;j cinnamic acid, 34

-If the diacid (36‘c) haé been the lactone~-acid .(471) the éaernyl
f_reqlienci._es would have been in the range 17.60'—'1740Acm. - 1‘(:1»actor_1é)'
and 1725-1705 -cm. =1 (aliphatic acid). The inf:r:é.red spectra results
were taken ds fufther pro.of agains‘t' lactone :(41_)‘. i

Anﬁltraviol_ét Spectra study édded Qor;cluSix}e evidence for
the diéarboxylic nature of 3_6d. vThe undissoéiated'ac;ld (H_ZA) had _
.an abéérbance of 0. 5554a,.’.c 283 mM in.e’t hanol. Addition. of oﬁ_e
equivalent of sodium hydroxide gavé a platieéu at an absorbanée_ o.f;
0.375 (HA"). Addition of a second ‘equivaléx;t'éf sodium,hydréxide
gave an a'b'sorbancé p‘lateau at 0. 430"__<A£) whieh remaineci .Ste'a;dy_ B
upon the addition of eﬁccess base. (See Figgre,15)._ |

| Th;e-'indone !,(37'(:1).» iéo].ated from‘: thé t- Butyllit'hium and .

diphenylacetylene reaction mixture Was never completely pupified. N
However, the mgltin;g_point of a2,4- dini-trophenylhydrazéhe ..showed
no depre'ssion when mixed with an aﬁthentic sample,. The indone -
(37d) was preéaréd unambiguously by the general method of Kvolelsch. 32,
The two hydrazones had the same'irif'raréd spectruﬁ.

Hydolysis of the t -butyllithium 'a_nd c‘iiphenylac;ety_lene. reac- |

tion mixture after 18 hours at room temperature in hexane gave

10.5% o -t -butylstilbene. The o -t -butylstilbene had a melting
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Figure 15
The Effect of Acid and Base on the Ultraviolet
Spectrum of 2-Phenyl-3-(o-carboxyphenyl)-4, 4-
pentenoic Acid (36c¢c).
0.050 N hydrochloric acid and 0. 0557 N

sodium hydroxide were added to 1.128 - 103 N
solutions of 36¢c in 95% ethanol.

36
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. point and boiling point in agreement. with that reportre‘d inl the
- literature. 35{ 36 The n.m.r. spectra' showed ten ar,omatié protons
in the range %, 64-3. 27 1" and av\sil»lglet c-iﬁe.to the élefiﬁic p'rortron |
~ at 3.52 T. Thé nine protons on the i-butyi groﬁp appeéreda;s

a singlet at 8. 827 . |

When the reaction between t {Eutyllithiurri_ and diphenyl-
acetylene wés termiﬁated with deuterium- oxide, dguterate‘ci A —E;
butylstilbene and nbn_— deuterated diphenylacetylene were obtain-ed..'
The structure of the deuteratéd 3 -L—butylstilbéne was confir;nejd
by-a‘ mélting point identical to that of the non-deuterated compound
and i:_nfrared spectra with the same maxima. This deuterated com-
-pound had an n.m. r. spectrum similar to that of the undeuterated.
 stilbene with the aromatic pfbtons appearing as a broad baf;d from
2.65 to 3. 22. T and the t-butyl protons at 8.82 7”. There was,
how’ever, no maximum in the region of 3. 52 A"a/ indicating the
complete replaéemeﬁt of the olefinic proton by d'euterium.' _ ‘
' The reaction between t —butyll'i‘thiurn and diphenylacetylene

at 70° to 80° in ligroin was repbrtédls to give on hydfolysis 349,
1,2, 3, 4-tetraphenyibutadie‘ne and ;4% tra_ns‘ stilbene. AThe 1, 2; 3‘, 4~
tetraphe_nylbu'tadiene was identified by‘ comparison (mixed m. p. and ‘
spectra) with an authentic sample. 317 The n.m.r. spectra.of the

tetraphenylbutadiene showed. aromatic protons at 2. 61, 3.01, and
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3.18 ’7/ The olefihié prdtons appeared as a ,.'s.ha‘rp 'Singiét at
) 3..'_6_4,1‘{. Iﬁtégration éf the spectrum gave a ratié of ten aromatic
_protons for every one Qlefinic prbton as expected. Thé E‘E{l&‘ |
stilbene »wasv'i(’ientified by coﬁparison Withan authentic sample. |
, The .oil,y reaction nﬁixture frqm which diphenylacetylgﬁe« aﬁd_‘c;-_ag_s_—
stilbene were recovered showed.a compound by v.p.c. th‘at hfadia
.shorter retention than dipherisrlacetylene'. Spbseqq.ent work has
shown t -'butylstilbe.ne-.to héve a retention time similar to that of
the unknown éompoﬁnd.
~ The present work has also shown that isobutyler;ev: is a
byprodugt of the above .réaction,, The isobutylene thained had‘;che'
same infrared spe;gt%'a as reported38 and gave # dibr.Orhide Wifh -’_che :
.cor.rect boiiing point. Thé.irsob‘utylene dich-o_m:'Lde?’9 prepared frém
biéobutylene énd bromine-in methylene chiofide at =40°. had the
expectéd n.m.r. spectrum. The- methylene protons appeared as a
singlet at 6. 13 7 and the 'methyl protons af 8.31 "T’ . Integratic_)n
of the spectrum showed a methylene to _methyi ratio of one to th]_:*ee
as expected.
Deuterolysis of a reaction mixfure of metallic lithium and
diphenylacetylené after two hours at room temperature gave 96%
of cieuterated 1,2, 3, 4ftetrapheny1butadiene. Ihe corﬁpound was

identified by comparison (mixed melting point and spectra) with an

1



authentic sample. The n. m. r. spectrum showed aromatic protons
with chemidal shifts of 2,70, 2.93-3.22, and 3.25-3.51 7 but
no olefinic protons. Deuterium analysis showed two deuterium

ator‘ﬁ.s per molecule of 1, 2, 3, 4—tetraphenylbutadf1enel

39

When the above reaction was allowed to run for three days

beforé f’erminatib’nk with deuterium oxide; 84% ,of"_deijlte‘rated

1, 2, B—tfiphen;);lhaphthalene was obtained. Ide’hf‘i’f‘iéatibn of the
com@oqﬁds was based on agreefment. of rneltri-ng_v. point with
litera‘uljlre.i.37 The compound showed chéni:icai shifts of 2.82
and 3.13 ¥ due to arométic protons only. Deuterium analy’éis

indicated one dueterium atom per molecule.



DISCUSSION

Organolithium compounds are known to exist as polymeric
aggregates. Ethyllithium is hexameric in benzene and evidence
from n.m.r. and infrared spectroscopy40 has indicated highly
symmetrical structures for these aggregates involving electron
deficient carbon-lithium bonds similar to the situation found in the
dimeri¢c aluminum alkyls. t-Butyllithium is tetrameric in both

41

benzene and hexane. In diethyl ether these structures are broken

down somewhat as shown by the work of Wittig, Meyer, and Lange42

who measured the degrees of association (by boiling point elevation)
of four organolithium compounds and found them to be two to five
fold aggregates. More recently g-butyllithium43 has been shown

to exist as a solvated dimer in diethyl ether (42).

CsHp

N
CHy————1i
/
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Although the organolithium compounds are polymeric: a

_facile equilibrium exists. Thus it is known that in hydrocarbon
(RLi), =—=——=n RLi

‘or diethyl ether media it is the monomeric form which addé
across the double bond of polymerizable oiefins such as styrene,
butadiene or isoprene. 44 In the polar solvent it may well be an
iqn pair which feacts with a monomer. In view of this fact and --
for simplicity orgainolithium compouhds will be disc,urssed? in terms
of thre monomeric species RLi or the ion pair R Lit.
. It has been shc;Wn that in thisrworl‘{ that the order of

reactivity of alkyllithiuin compounds toward diphenylacetylene
: lS t -butyl, isdior-opyl > n- Ebut'yl, ethyl> methyl. Thus in Adiet'hyl
. éther sdhi%ion rhethyllithium doeé not:reabf Wij;k.lAdiphenyl_ac‘etylene
ﬁncier conditions such that both ethyl- and _r}—butyllifhiﬁm~ readily
reac‘:t.‘ Fﬁrt’hermox.'e‘, although _r}—butyllithiﬁm does riot_reaé’t; with |
: diphenylac‘etylene in hydrocarbona.n"‘l.edié A’vboth isopropyllithium.
,anoll _1_:‘—buty1.li1:hiunl1_ do undergo féactidh‘ The naturerf the prod— :
ucts frorn'either\ Hydrolysis or carbohationﬂ:indicéte' tflét new
organdlithiuin compounds a‘r‘e\ formed by a'polar.pro.cess consist—"
ing of addition and/or metali_étion.’ (The ref‘action between t-butyl-

lithium and diphenylacetylene at high témperatur.es will be ‘c;:;onsyider"ed
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later.) The greater reactivity of the secondary and tertiary
alkyllithium compounds manifests itself in the fact that these
compounds undergo the addition and metalation reaction in
hydrocarbon media. This order of reactivity of organolithium
reagents is in accord with that expected from recent reports that
the order of carbanion stability is primary > Secondary> ter-
tiary. 8,45
The reaction of diphenylacetylene with both ethyllithium
and n-butyllithium shows that ring metalation as well as addition
across the triple bond takes place. The structure of the dilithium
adduct in these cases is of considerable interest. First consider
structure 43 as a possiblity in which the product is regarded as
R CgHg
\N_/
/C_C.

e - +
Li

‘ .
- Lit

R = n-C Hg, CoHg
(43)
an ion pair. The deuterolysis experiments shed some light on how
this intermediate arises. With n-butyllithium approximately 55%
recovered diphenylacetylene and 39% dideuterated trans - X-n-butyl-

stilbene (39) is obtained. The recovered diphenylacetylene contains
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\ o
(39)

0. 387 atom of deuterium per molecule. Assuming that any one
molecule of diphenylacetylene would have one deuterium atom,
the deuterium analysis indicates a 24% yield of monodeuterated
diphenylacetylene. These results are consistent with the follow-
ing steps. Metalation occurs first at the ortho position followed

by a more rapid second step in which n+«butyllithium adds across

2—C4H9Li
65 65 slow

the triple bond of the metalated starting material.

n-C H

4 H

5

4

n-Cy4HgLi C Lt
fast

'L1
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That the metalated intermediate is more reactive than
diphenylacetylene itself, in spite of the fact that at least a partial
negative charge exists in the molecule, is shown by the above
mentioned yields of recovered diphenylacetylené, deuterated
diphenylacetylene and dideuterated #-n-butylstilbene. If the first
step in the reaction sequence involved addition then no deuterium
should be found in the recovered diphenylacetylene and furthermore
carbonation or deuterolysis products corresponding to 44 might be

expected. No such products were observed.
AN

(44)

With regard to the trans nature of the product obtained
after hydrolysis or carbonation it may safely be said that these
products indicate the stereochemistry of the dicarbanion since
carbonation reactions in this series, and very probably hydrolysis
reactions, occur with retention of configuration. 46 The trans
nature of the dilithium compounds does not necessarily reflect
the initial mode of addition of the n-butyllithium. Curtin and

46

Koehl ™~ have shown that cis -stilbenyllithium can maintain
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configuration at low temperature in hydrocarbon media but that

in ether-benzene at 0° complete isomerization to trans- stilbenyl-
lithium occurs in less than thirty minutes. Under conditions used

in this work the reactants remain in ether solution for approximately
24 hours during which time isomerization to the more stable stereo-

isomer would certainly have occurred. If the structure (45) is an

n-CyHg CgHg

\ _/

C—G Lt

/

(45)

accurate representation of the product formed, it is not obvious
that the trans configuration would be the more stable. In the cis
configuration the crowding of the two phenyl groups might be more
than offset by having the two negative charges as far removed from
each other as possible.

There are two facts to be rationalized in the case of n-butyl
and ethyllithium. One is that the ring metalated compound, a mono-
carbanion carrying a full or at least a partial negative charge, is
more reactive in the formation of a dicarbanion like substance than

is diphenylacetylene itself.
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Both of these facts may be explained in terms of coordina-
tion of the lithium atom in the metalated product with the T system

of the triple bond as represented in structure 46. This intermediate

(46)

may then be more susceptible to attack by another R~ Li* at the
carbon atom bearing the positive charge than would be diphenyl-

acetylene. Reaction with R~ Lit would give 47, which also explains
|

sc”
/

Li~ Lit

(47)
the stereochemistry of the observed product. The lithium cation
is known to have a high coordinating ability. 64 Furthermore a
somewhat analogous situation has been shown to exist in the case
of the metalation by n-butyllithium of benzyldimethylamine. 47

In this case coordination with lithium involving the unshared pair

of electrons on nitrogen occurs.
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s
CH,N(CHg)g CHy—N—CHg
i
n-C4HgLi + s +n-C4H,,

A number of aromatic compounds having substituents
which are inductively electron withdrawing, such as benzotri-
fluoride and anisole, metalate readily with n-butyllithium in the
hindered ortho position where the inductive effect is most strongly
felt. 48, 49, 50

It might be expected that the strongly electronegative
carbon-carbon triple bond, and more electronegative ~-C=ZC-Ph
mboiety would promote metalation of an ortho carbon in diphenyl-
acetylene. The -I inductive effect of -CéC—Ph is illustrated by
the marked increase of acid strength in phenylpropiolic acid over
2-phenylpropanoic acid or even cinnamic acid (see Table 1). 51

In the t ~butyllithium case the following facts are observed.
No deuterium is found in the recovered diphenylacetylene and acids
36c and 40b are formed. The stereochemistry of the mono acid

was shown to be trans. Although the stereochemistry of the diacid

or the dianion precursor is not known, it may be assumed by analogy
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TABLE 1

THERMODYNAMICALLY CORRECTED ACIDITY COlg?TANTS
OF UNSATURATED ACIDS IN WATER AT 25°

Acid

Formula 105Ka

Propanoic
2-Phenylpropanoic
trans -Cinnamic
cis-Cinnamic

Phenylpropiolic

CHSCHZCOOH 1.33

.Ph*CH CHzCOOH 2.19

2
Ph+ CH:CHCOOH 3.65

Ph® CH:CHCOOH 13.2

Ph- C=CCOOH 590.0

to the n-butyllithium case that the trans-diacid is obtained. This

assumption is in accord with the proposed pathway. The absence

of any deuterium in the recovered diphenylacetylene and the presence

of the mono acid (40b) is taken to mean that in this case addition

occurs first,

t-C4HgLi + CgHg-C=C-CgHg — c=cC

(48)

The stereochemistry of the addition product requires

comment. In the representation shown above the largest substituent



attached to the double bond, the t-butyl group, is on the same side
as the phenyl group. One possible reason for this fact is that in

the hydrocarbon media the olefinic lithium compound exists as a
polymeric aggregate and because of this the largest substituent

is actually this moiety associated with the lithium. Another
explanation which is here offered and which is consistent with our
other arguments is that coordination of the 7 system of the benzene
ring with the lithium cation is as indicated below. This is somewhat

1-C4Hg
\ C6H5

. s’

L

H

(49)
similar to the previously discussed n-butyllithium case. Since the
diacid (36c) is obtained in a yield amost the same as that of the mono
acid and furthermore that diphenylacetylene is recovered, the reac-
tivity of the monoanion (48) must be similar to that of diphenylacetylene
itself. If the structure (49) is correct removal of the proton ortho to

the double bond should occur readily by reaction with R™ Lit to give

50.



50

t-C4H t-C4H
* 9 - >4%9
\ \
C c
Li~ _— i
e—R-Lit Li*
(52) (50)

Brown and Jones®2 have recently reported the formation
of anion radicals from alkyllithium and aromatic compounds. An
anion radical would explain the observed results of reaction between
t -butyllithium and diphenylacetylene at 80° in ligroin. A reaction
sequence such as shown in Figure 16 is in accordance with the

CHg CHg

CHg-C-Li + CgHg-CZC-CgHg —» CH3-C*  + CgHs-C=C-CgHs

CH3 CH3
(51)
dimerization
CgHs  CgH o CgHs
H
CgHs C6H5 >——<_
‘Z——§_\ CsHs i L1+ °
(53) (52)

Figure 16
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‘observations. Thé 1 -butyl radical coulé ‘uﬁdgrgoj Se'vér_ﬁal reactions:
dimerization to' fOfrn 2, 2, 3,.3‘—tétram“efthy1butane, hydqogen éﬁstrég—_
tion to form fSo’bu‘bane, or diSpropoftionation to yie'id the observed
isobutyiénef. Hydrolysi.s of the reaction mixture would convert
Vundimjve‘fizedl‘- -radical anion into stilbene, apparently to :czg__rl_s_-

| 'stizl‘b'ené only.

An e.s.r. study of the reaction between t - b'utyllithium and
diphenylacg’fyiene gave su}?stantial evidence for the reaction sequence
propoSed'aébove. When t -butyllithium and diphe'nyla'c.ety'lene were
reacted in 7ligt.r'oin r_at 8_0—85,O aiiquéts after 0.5 hour, 5 hours, and
23. 5 hours had an e. g 1. sigﬁal with no fine structﬁreq The Signél
after 5 houré was 250% larger than that obtained after 0.5 hour.

After 23.5 hours the signal had depreé_sed only slightly. Néither‘
diphenylacetylené nor: t-butyllithium aloneE gave a-meaSurable
e.s.r. signal under these conditions. An e.s.r. signal in a system
as was studied could only arise from a freé_electron lb'batgd on a
carbon atom attached to no protons.

There was a possibility tﬁat the t -butyllithium rhight dis~-

- sociate at the temperatures employed to give isobutylene and lithium

{ ' . A
hydride. The 1it1;11ufn 'hydri',cife might have reactedvv'with dipheny;lacetylene
to give thé obsérvéd results. Lithium: hydride and dipheny_lacetylé_ne :

at 75-85° for twelve hours however did not react.
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Smith and Hoehn37 reported that lithium metal and. diphenyl- 7
acetylene in diethyl éther gave 1, 2, 3,’4_—'tetraphen3.r’.l_butadief1e (53) |
when the reaction_ﬁiixt‘ure wa.s hydrolyzed afterv two-three hours. )
.shaking.’. Reaction lj_.’o"r' three days at room tempé'rature gave only
1,2, 3—ff‘ipheny1h;iphthaléne on hydrolysis and what ..wa's, érbposed_;
to be 1~ ¢arﬂb0xyi 2, 3;4'-fcriphenylnaphthgilené on carbonafi‘f‘ionv.} >’I>‘hes,e '
prdéﬁété \x}ou'ldbe expected to arise f'f'o-rﬁ a radic,al'ari‘if'ovﬁi such as |
51. Indeed another group of‘ workers93 had p'rovposé_,a.:f an intermediate -
similar to 51 but gave no proof,

An e. s.r. study of the reaction between 1ithiﬁm~ fﬁéta_l and
diﬁ)henylacefyi'ené in diethyl ether showned an e. s.r. peék;with no -
o fine struétureA Aliquots removed from the reactijoﬁ mixtﬁ'r’e after
3 houré and after 23‘héurs showed the same e. s. r. _ s_ighal.f 'Th-';s
was taléén as evidénce 'for 51. |

In view of what has been said beforé about the staBiiity of
organolithium compounds it does not seem unreasonable that the
least stafbie tertiary carbanion like substance should giv_e up an
ele_ct_rén to thé diphenylacetylene to form the more stable 1 -butyl

- radical.



EXPERIMENTAL =

'. Melting points afe'uri'c'c_irrecfe'dv.lf N’;‘;q@r _-I-hal.kéhetie;"z;es"()ﬂ— B
‘ance speetfa. .Wefe '-detex"mined on'a Varian Mo‘dél_ AA-so (60 mc) o
Speetrometer using tet’rar-net.hylsilav.ne‘ _-a,s" a.n irit:erhe.l 'sfa‘n'dar;dﬂ B
>:_ e#cept where otherw1se noted. Elvectron spm resonanee spectra j:-:’ S
were deterinmed‘ on. a Varlan V4501 e. p. r. spectrometer.. Elther o
a Perkln-Elmer Infracord or a Beckman ‘IR 4 spectrephotometer .

was used to determme 1nfrar.ed spectra,; a .polystyre_ne film was used -

to calibrate the instrﬁments, Mass spe'ctra. were obtained oxi a Ceh-__ R

sollda.ted Electrodynamm Corporatmn 21 130 Mass Spectrometer. ‘A B . B |

' Ultravmlet spectra were determmed ;n 95% ethanol on-a Ca,ry 14
_record_lng spe_ct'r.ophotometer._v ’

| Micro_aﬁallyses Were é_erfer@ed bythe Micrtheeh Laeera—'_ A
tories, Skokie, Illineie; _,«fﬁeutei;-.iun{aaj;eelys.‘es Wefe _made byJ oseph E

-Nemeth,,‘II;{rbana; Illinois. Vaper_.,f)'ha_s.e ehrome,tofgi(‘aphy,‘ unless

, { e S . R .
otherwise noted, was carriéd out on an Aerograph‘m‘strument using” -
a column pa!éked with Dow 11 silicene on firebrick,

I—Iy;droca,-nbon solvents:(pentane, ligroin, ete.) were ‘_pur‘ified h

by washing With 95% sulfuric acid, stirring overnight with 95% sulfuric

53
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acid, washing witﬂ distilled Watef, dfying over anhydi:"ous magnesium
sﬁlfate, and refluxing over sodium metal for 24 hours_'befor.e fin_ai
distillation immediately prior to use.
Mallrin-ckrodt ahhyiidrb‘;is-reagent'gra.de diethyi eth;er Was used -'

‘with no further purification. P{i*actic'al gré.ciel,, Z-d:imeth"oxyethaﬁe
Waé dried over énhydrous magnesium sﬁlfafe, r_e‘flu‘x‘ed f(overf i.rﬁetallic »
sodium for three to four hour;-‘;e;, andv~’;distilléd from -so_diuiﬁ _me’téi
before use. Iﬁdus’clfial grade t.‘e-atréhy'dr‘ofﬁran 'W#.S‘ gefluked over
sodium for ’ﬁ%re hours and distilléd over lithium _a‘_.lumihufnf.hy’(_iride‘ |
immediatelj; before use. Practical grade triethylgminé wasg dried o
with potassium hyciroxide pelléfs; distilled fr“onﬁ pota's"s;iunxy hydxr"oxide.,»
andb’stofed over anhydrous magnesiﬁm s‘ulfét'e.. 'AnélytiCél feagent
grade benzene waS-disﬁlled from sodiu;m and ‘storéd under I;eliuin-‘
Anhydrous carbon teﬁ‘a.éhloride was made by stifring Argég:eht grade
carbon tetrzé.c.hlor"idé‘ with phosphorts .pen‘toxid‘e.._ | U.S. P‘A. gradé - |
. mineral oil Was washed first with 95% sﬁlfuric acid, then Awith‘wat’ei‘,
dried at ZOOO‘C-; -over sodium‘with vigorous stirring, and filt_ere,d hot
under redﬁced pressure through d medium sirifcered éla.ssg .funriel.

- _Reggent grade élky’l and 'aryl halides were further .purified
: by: drying over anhydroﬁs sodium carbonate and fractiohai‘_‘di.s__.tillation :
uriderma.ﬁ helium atmosphere through a Vigreux: column,  unless other-

wise noted belc‘)w.
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Lithium wire and lithium hydrided'were bbtained from the
Lithium Gorporation: of Ar_nerica._ The helium and nitregen used
were Matldesondry prepurified grades. _
| Dipherry‘lacetylene (m.p. 59.5-60. 5°C.) was p‘repared.

according to the p;roeeddre of Cope, Smith and Co_’t_:ter.f5,4

The
<dipheny1aeetylene wasg dried in a vacuum deSie-eator at 0‘2—"0._’ 5 mm
pressure before use. NorbOrrlene, cycloperi-t.erie;‘-eydehexene;‘4
cyelooctene, l;hexehe_',' and trimethylvinylsilane =Wer.e_fra.c£ifdﬂarly
distilled z'!throu'gh a Vigre-,ux :' eo_lumnl | |
~ The organolithium cdmpound?s were pr‘eparedae outlined
d-]eellohw,,l Prior to the ﬂee the »oréendiiﬁhium solutions, with the
e;zception of the t -butyllithium’ se];iifltion, Were fj.lte'redithrqugjh a
glass wool plug. The -concentratren of ‘orgaﬁolithium-reagefi’f :was
deterfn‘ined %j'fhe Gilman double titration method5® ~ Both the
prepe.rations ef:_fche organolithium eompq'unds-an‘d their reaéct—iOns'
with diphenylacetylene were run under helium. e;trnosphe'rei in flam\e
dried apparatus proteeted 'by”ealeii.;m chldride'tupes - -
Methyllithium was prepared (49-53% yleld) 1n dlethyl ether .
from methyl. iodide and lithium by the procedure of Gllman Zoellner

and:S e-_lby_.‘56'

‘Ethyllithium was prepared both by‘ t’he m'ethod used f’or—:;.
’methyfllit'hi.i;lm (26 39% yield) and by that for n-butylllthlum (59-:7 9%

yield). Isopropyllithium was synthesized ({33-’44% yield) by the ‘method

~
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of Applequisf58 from isopropyl .ch_loride and lithium with’ the exception

that a lithium "sand" was employed. The lithium dispersion was

prepared as folloWs;;,_.;_
Li.thium, _me.t-al_{ahd purified rhinerei,_.oii_ We:r.e, placed ijn adry o
" Morton flask fitted with aHershbergsflrrer A helium atmosphére
__\‘z‘ves-mainteined e10ng.with gentle sﬁirr_in'g while the.rriixtorewes ﬁéé_'ted-" |
rapidly to 180°C. When this temperature was attained fhe._fétirrler_ was
sef at full speed and the heat wav,s. turnedo’ff.g After 'thr'e'e t‘oj 'f;ive mm- .' - _: o
_ufe_s the lith,iurp dispersioo" Was:‘i_f-ery-:v_;fin.e;end the ﬁeéﬁng_m;ﬁtlégﬁd
glass wool’ Wrapping‘ Were r:':ém'o'ved -‘When.the .rpineral- oil cool'.'_ed"v to
178 50C.. the stlrrer was 1mmed1ately stopped The 11th1um sand is .
:sﬂver colored and very flnely dlspersed After coohng to room terﬁpera- o
ture the suspensmn was poured 1nto a separatory funnel When the. hthlum
~had r’iserl to the eurf?ace, fhe mlneral ox]_..-_we._s run ou't: of the_s‘topeeck. The :
lithium was. Weehe(d,with dry u‘n.satﬁr‘a.t'e-. 'free:penteﬁe before beiné t_‘rans--r, | :
' f.:erredzt.o_,_the”reac.tio-rl flask AL washmgsandtransfers Were carrledout =
uri»éier;helrium-;atm(')sphere through giass equipmeht >With‘; groun<d. ‘gle.s-s_' j'oints.- :
., 'The isopropyl cﬁloride.'-='used .for;the synthesis -’?ofv the 1sopropyl- .
| lithiurfi'v&eé fractionally dlstllled tiirough a Tbodd column with on].y the -
34 34, 50C, bmlmg range. dlstlllate be1ng collected |
o Phenylhthlum was prepared (71% yleld) frorp bromobenzene v

and lithium.37b *
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- Thet -bu'ty]r.lithiurn'was' obtained in pentane sqlﬁtion from '
“the Lithium Corporation of America.
. n-Butyllithium was synt'he'Asized from n-butyl br_o'mide. _an_d:"

lithium®! in 90-95% yield.

Part 1I: .Orga'noljithiu‘m Combdundj‘s'ian‘d Alkenes N

- A - General Pro’ced‘ure -

- The alkyilithium r‘eagent'lin a di_jy’_'soh}ent free .o:f---@insaifﬁrét'éd;, e

COmpuoundj:swas placed under a helium at'nllozsphve'r‘e in a flérhe.-’d"i'.i"e-{d T e

three-neck flask fitted with a mecha.riicallstii‘fer,. -p'ress_,uré—'=eqﬁ'a1':'i_£'ing~--;f-';f4--'.'.

dropping funnel, gas-.inlét tube, and cold Water:circula-ting'. Friédrich‘

condenser topped with a calcium chloride filled tube. 'The alkene in  *

the Séme solvent as the alkyllithiﬁm‘ rgageht- was afdd»‘ed‘to. the .rapidly“ ,
stirred solution in the coursAeA‘of a few minutes.. The reaction was
then allowed to. continue for sik to seventy-two hours at the desired .

}',t:‘e_mperatqrve. The reaction r"ni.x-ture.:‘ was cooied_ tAc")‘ -50°C. if thé -

. reaction was ‘_coA be ,t(-_:;rminateidfby carbonation and to 0°C. 1f hydrOIyéis o

or deuterolysis were the method of termination.

. Wheni c,;“arbona‘tibn was ué.éd to. stop the f‘éaéfcion the mixtu’ré.._'
was poured directly With vi‘go’r"dus‘st»irri"rig énto three A'or. four inches
of freshly crushed Dry VI‘ce 'in'-.‘a two or three 'litér beakér, Afté;l:' the- a

carbonation ’miiture héd reached room temperature, 100 ml. of 6 g
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hydrochloric acid Wés addede-ith stirrihg.. _The mixturé_' was"v'igrér.-'- o -
ou'sly Shakeﬁ to insure cbmplefe hydrolys-is qu an& litﬁiurg_. Sé.lts A |
bresent‘ The acidic aqﬁeoﬁélayef wés' removed - rT:heA' -érga'nig
layer was eé:tractéd with ,~thfee 50-ml.. portioﬁé ti)f- aqﬁebﬁs’. saturated o
- sodium cav‘rb‘onat:e solution. .Thé aquéous‘basic extr_a_cts were combin:ed;
while the ﬁeutral organic layer was.driéd over Va»nh.ydro'u_s‘ maghesiu_m, '
sulfate, filtered and distilled. |

-’_I‘he aqueous fraction Wasécidif!i?éd"tova' pH of bne'_.to_‘ two w1th .
6-N hydrochléric_aéid énd eét’racted wiﬁh_fﬁreéloo_—.in.l.‘-po:_r’__ci:c')ri's oii' '
diethyl ether. The e;chér_'ext}'aéts were dried;”wi'th' a.nhyd’rous.'ma'ghes_iﬁm
sulfate and distilvl.ed‘.‘ . -

Hydrolysis or deuterolysis was carried out by the .dfopWiSe
addiﬁon of a four-fold excelss: of water or deﬁterium -o'x'i'de"t;i)' " the 'c'oild», : S
"'r'apiﬁlly stirr‘ed mixfure. Stirrin’g \.;vas" cOntinﬁed _overhight .«tro.insu.‘r;e-e o
complete hydrolyéis.. . The aque,dus énd .6rga_;nic- layers were _Sre'paréfe(._ii..‘

The organic layer was dried with anhydrous magnesium si-;lfateha'nd SR

distilled.

B. Addition of t - Butyllithium to Norbornene

l. Termination of Reaction by Carbonation. -t - Butyllithium -
(0. 371 mole; in 232 ml. of pentane .Waé' added '.6ver a 'period of 5 mlnutes
to a rapidly stirred solutlon of norbornene (25. 0 g., 0.265 mole) in |
" 400 ml Qf ligroin (bp 96:—1100)';, .’I_‘he pale yellow solution wa-s-

i
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stirred at 64-74° for 24 hours. The ligroin solution became orange
aftet 5 hours. ‘Carbonation of the reaction mixture ‘g_a’v"é 36% pivalic .
acid (based ont —buty;llithium)' and 32% '2—:;t rbutylnor'bornarie"-: 3-:
carboxyllc acid, b.p. 100- 1050 (0.3 mm ) After three recrystal— '
l1zat10ns from hexane the amd had m. p 94 5- 95 0 ). max

1710 cm. "} nom, x. (20% in 0014) 7. 43 and'? 51 (2 0) . 81’?’
(10) 831and840"}/(2 l) 854 873and888 (54) 914

(8.5). An anilide der1vat1Ve m. p. 144 5 145 50 d., was prepared

: f.
in.59

bsr the method of Shrmer, ‘Fus,on and C ‘ |
Anal. Calcd. for C1,1319-I(CQOH5i."CIQ .73.'4355’&:}'11,- 1‘.0;.2'2.'7; o
neut. 'equiv., 196. Found: C, 73.36; H, 10.2'7; -nelut~.' ,é'qtiiy;.-lgl;.
_260. | | E o
‘ The methyl ester of 2 t butylrlorbérnalne 3 .carbo-xyllc acul o
was made by adding a soelution of the acid (9 15 g ', 0 046 mole) in 40 V
ml. of diethyl ether to Stlrred solut1on of chazc;methane6 (approx1-.
mately 0.070 mole) in 100 ml-. of diethyl eth_er at ’00 The yellow
celor of the dlazomethane solutlon slowly became clear and colorless '
with the addition of the acid.ﬁ The solution was allowed to. warm to |
l'oom temperalure .with'»st.ir.r'ing over é_.peripcl of 2;-‘3 h&uré.‘_-dlaéial
ace-;c:lc acid (0.5 ml.)_ was added to decompése v;any excessvdia;zcmethahe;'
The resulting yellow liqlu’.i-d after-remo'valvof: the diethyl éther ‘g'avvev,S'Z%

. of the methyl ester of 2-t -butylnorbornane- 3-carboXylic acid, b.p;
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60. 0-64. 50 (0 3 mm.), smgle peak 1n v.p.c. ‘D neat 1765

om.-l, n.m,r. (20% in CDC13) 6.427) (2 8) 7.54 and 7. 62"’(2 O)

7. 907“(1 1, 8.:36 and 8. 47"’(1 9), 8.69 and8 83"/(5 4), 9_, 27-5‘"(8,.»8),_?

Anal, Calcd for Cllng (COOC‘I—IS) ¥ -74_._24;'1—1,_5 10. 55,
| ~ Found: C, 74.04; H 10. 32,

‘ Eplmerlzatlon of the methyl ester of 2-t butylnorbornane-
.3-. carbo;tyllc ac1d was carrled out by the_proceoureiuSed _forr.vep.lm;ereﬂz-: E
izing the methyl ester of endo- '5-uorbornene; 2—cefboxylic '.a-cid'.ls- Ai
solution of the methyl ester (2 5 g i 0 012 mole) in- 8 ml of absolute ' 7,
methanol was added to a solutlon of Sodlum methox1de (0 024 mole) |

“in 5 ml. of absolute m‘et_hanol. The mixture was h_eated_ at reﬂux for

25 hours. Twelve r}n_illi_lite_fs, of fmé‘th‘anol 'u}ere‘:removed by Adistilla—' e

.t‘iori:andI 'th,e remaining solution was pouredont020 ml of 1ce - The-,
resultiug a‘vqueOus.soluti'on was ext_ractediWitll thfee‘ 20— ml porti'ous
of dieth}lrl ether. The ether solut_i'ons; vx.rerle:'combmed_” and Waéhed“uith
two'lO-ml_b. portions ot .satura{ted‘.a.,queo_us sodlum‘ chlorlde A-».sol(ution:
The ether was dried over anhydrous.magueeium sulfate, | arltl,the
solvent evaooratec:l. Vapof phase chrometogrepliy of_‘the«remei.umg: -
~ 0il on a Ucon Polef oolumu’ehOWed one.-pj_eak w1th etr‘et'ention...time
id'e'nti'cel'v to that ol‘ the une.pim'eriz_ed‘es.texv'. | .

A s’olutiou of t:-butyllithium (0. 291 mol.e) in 170 ml. of

pentan_e was added over a period of 5 minutes to a -raptdly_ etirred
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-solutlon of norbornene (20. 3 g , 0. 216 mole) 1n 250 mi. of dlethyl
ether at - 400 The reactlon mlxture was stlrred at 400 for 24
hours.. Carbonatlon by decantatlon gave 13% (based on t butylhthlum)
4, 4- dlmethylpentanow acid, b.p. 700 (1 5 mm.), (lit. 61 b p. 200- 2150) .
| nd? 1. 41917 | | |
| Arlai. Calcd for C6H13 (COOH) neut equlv 130 }f‘bund:-'
”neut- equlv 135 | | o o :
| The amide of 4'4—'dimethy.iperitanoiic‘aeid had m. p. 139.0- ° A‘
61

) 139. 5° after recrystalhzatlon from water (ht m.p 140- 1410)

2. Termination of Reactlon by Hydrolys1s --t Butylllthlum

(0.336 mole) in 187 ml. of pentane was added over a perlod of 5 mlnutes ,

_to a rapidly stlrred_ solution of rlorb_'ornene (22;6 g. ,f- 0. _240 mole)_ in
400 ml. of ligroin,(lol. p- 100-_1030)'; : -The'pale,yell-.ow '.sjolutio:n Was
Astirred at 60—i7_5° for 24 ldours. Tirle roii‘r_ure wae.cooled.fo -2009, an_d
30 ml. of water was carefully addeddroowise.“ The 'sloluition Wa-s '

, stirred for.‘ an addifiorlai half hoﬁr "af"cer rhe water,had, B'e‘en.ad;ded. .
'i‘he Water- layer'was re,rﬁoved and ex_tra_cted with diet'hy_l ether.' ‘T.h‘e :
eth-er and.ligroin 1ayers were corﬂbiried and dri.ed 0ver ahhjdrous |

: rnagneSium sulfate. The major oart of_the» I.igrohé!and,_e‘th,‘erwere'
removed frorn the product bydistillation througl_%i a 50 xlcm glass
helix packed oolumn. Distillation of the remaioing quuid gave'a 33%'

‘yield of 2-t -butylnorbornane, b.p. 30° (0.4 mm.). Vapor phase
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chromatography Shovved a single peak qu the compound nl?)s >
1.4588; n. m. . (20% in cc14) 7.88 7 (2. 0), 8 44 and 8. 627 (3. 0),
8.79 and 8. 967(6. 3), and 9. 18’7’(8. 7). |
Anal. Caled. for C  H,: C, 86.75; H, 13.25. Found:
C, 86.82; H, 13,00,
| With ideﬁtical r"eactiqn cqﬁditions m triet'hylam;ine a 36% .

yield of 2—_’g—butylnorbornané was obtained after 24 hours, -.ahd 45% |

. yield after 72 hours.

3. Termination of R.eactionlby Deutéroly’sis.; - -t- Bﬁtyllithimﬁ V-

_(0_. 321 mole) in 190 ml. of pe‘ntan-e was added over.a,p'eriovdv of 10 . |
' ﬁinutes to a rapidly stirred solution of nérbofnené (227i6‘g. » 0.240
mole) in 400 ml. of 1i’grqin (b.p. 102-106°) . The péle yéuow sélutipn
was stirred at 68-79° for 23 hours. The mixture Waé cooled to OQV -
and deuterium oxide (13.4 g., 0.672 mole) was carefunj added drop-
wisé_. The mixturé was stirred for an additidnal 1.5 hours at roo?n |

: tenﬁpernature before 40 ml. of water was added. ‘The aqueous ‘l,ayer'
‘was extracted with diethyl ether. The etherv was combined with the
| -ligroin and thé .solution dried over aghydfous 'rriagnesiﬁm Sulfaté,
The major part of the ligroin and ether was removed by disti];laﬁon '
through a 50 x 1 cm. glalss helix packea column. Distillation of the

.remaining..liquid gave a 45% yield of deuterafed.z—:c_ -butylnorbornane,
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b.p. 340 (0.4 mm.); n.m.r. (20% solution in CDCl.), 7.90% (1.77),

3): . -
8.47 and 8.6477(2.4), 8.82 and 8. 96T*(5. 9), and 9. 204/(9.0). Vapor
phase chromatography showed a single peak for the comp'?bﬁnd; 'n]237 .

1.4584, and the infrared spectrum was identiéal to tha‘t offz-j:‘?
butylnorbornane with the exception of a peak at 2200 cm., 1
-Anal. Caled. for Cy,H;gD: D 5.00 atom % excess deuter—' -

ium. Found: 4.15 atom % excess de‘uterlum.

C. Addition of t -Butyllithium to Trimethylvinylsilane .

t - Butyllithium (0. 128 mole)-in 70 ml." of pentane was added
over-a peri.od of 5 minutes to a rapidly stirred solution of tr‘i‘methyl_j‘ :
Vinylsilane (15.0 ml., 0.100 mole) in 250 ml. of.diét‘hy-l ether at |
-40°. The reaction mixture was stirred at -30 to ,—506 forvv_24, 5 |
hours. Carbonation of the reaction mixture by. decantation gave 25%
of 2-trimethylsilyl-4, 4-dimethylpentanoic écid m.p.-géf—»sani After
three recrystalllzatlons from hexane the acid had m. p. 98.5-99, 50
7}' %%?{13 1690 cm, '1>;, n.m.r (20% SQlutlon in CDClS) . 97
8.03 and 8. 13”?"(3 O) 9.1377(9.0),.and 9. 92 T'(Q 0): '

Anal. Caled. for CgHyiSi (COOH): C, $9.35; H, 10.96;

Si, 13. 88,; neut. equiv., 202. Found: c 59.54; 'H, 10.81; Si, 14.00;
neut, eéuiv., 201
~Five grams of unidentified neutral material, “m.p. 117-1270,

Dmax. 1720 cm. "1, was also obtained.
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D -Addition of Isopropyllithium te Norbornene

. A solution of norbornene (11 1 g ,j 0. 118 mole). in."50 ml.':

of ligroin was added w1th stlrrlng to a solutlon of 1sopropylllth1um"

(0.165 mole) in 320 ml of llgrom The re_actlon mlxtur.e was
stirred at 60 to 66° for 24 hours. Theimixture was hydrolyzed .

with 50 ml. of water. The aqueous_l_eyer _Was_ extracted Wit-h;50

: ml of diethyl ether° The organie _leyers w'e'fé:c};zﬁbinedf'”
over anhydrous magnesmm sulfate and the ether yvas remoyed by
dl_stlllatlon through ab50x1 .cm_.» gle.ss hellxn' p_acked column‘_A Further .
distillation of the hydrolysis productunder reduced pressur'eyielded :
1.65 g. of un1dent1f1ed materlal b p- 479 (0 5 mm. ) Vaper phase V' -

chromatography showed only one peak for the compound

Anal. Found: C, 84._09;H,_ 12.75.

- E Addltlon of n- Butylllthlum to Norbornene

1. Termlnatlon of- Reactlon by Hydrolys1s ——A solutlon of

n—butylllthlum (0 105 mole) in 120 ml of d1ethy1 ether Was added ;’ R

‘over a perlod of 5 mmutes to a rapldly stlrred solutlon of norbornenef:"'
'(8 0 g., 0. 085 mole) in 175 ml of dlethyl ether The .-reactl_é)n‘: o
m1xture was refluxed Wlth.stlrrlng for 44 hours. The 'm"ixture'wets
hydrolyzed Wlth 50 ml. of weter andstlrred for one hour The

agueous layer was 'extracted w1th 50 ml, of diethyl ether, .and the '

organic layers combined and dried over anhydrous magnesium
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sulfate. The ether was removed by distillatioﬁ through a.50 x 1 ‘
cm. glass helix packed colurnn‘. ' Further dis‘f_illation of tl"{e.
hydrolysis product und_e: reduced- pressure gave -1_-..30_,:g.. of an
unidentified mate.f_i_al, b.p. 41-420 (0. 25 mm. ).. Vépor phase
chpomatography shpWed one peak for the compOuﬁci.

© Anal. Found: C, 83.96; H, 12.80.

S‘imila-mr reacﬁbns bAetwe-en Q-bufyllithiu’m and norbornene’ - :‘

in ligroin at 7 00 for 28 ﬁOUrs and in dietﬁyl_ether at refl_ux,:fof 21 |

62 25 a catalyst gdve the same results

\

as above, ‘although Birch and Smith reported copper(Il) ion catalysis -

hours with copper (II) 'acetate'

in the addition of Grignard reagents to alkenes.

F. Synthesis of {l,' 4-Dimethyl- Z—péntenbic Acid |

63

Pivaloyl chloride®® was converted to pivaldehyde by

reduction of the amide from ethylendimine- with lithium aluminum

64 65

Hydride. Pivaldehyde was condensed with diethyl malonate,

followed by sap onificatio.p6 6

énd— decarboxylation to give 4, 4-dimethyl-
2-pentenoic acid, b.p. 125-127° (18 mm.). After one recrystalliza-.
tion from petroleum ether_,t‘he acid had m.p. 60.5-62,0° [lit. b.p.

126-131° (23 mm:), m,p. 62-6301.6
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G. Attempts at Synthes:Ls of 2-t - Butylnorbornane 3 carboxyllc
' Ac:1d (l5b) N

» A solutlon of freshly dlstllled cyclopentadlene (0 84 ml
- 0. 00780 I_ngle) and 4, 4-dimethyl- 2-p¢nten01c a;.c:tdr (_1. 0 g., 0. 00780

-fnole$ 1n 5 ml. of diethyl ether was rveﬂu‘xedfor 24 houré.' - The
' ;c'ea.c“‘éioh mixture Was:‘extz"acted with aqﬁeous saturate-d_“ gbdipm
carbonate. | Acidification of the aeiueous extract vgavi_e 80% étér_ting
material. | |

| S_imilérréacﬁons in__'be'nzene at 759 for 72 :I;bux;sl, in- deca._lin .

‘at 2000 for 24‘h.oury=_s, 'in xylene in-a sealed tubeg_a;t 1857-260,0 for 42
| hours, and 1n xylene in alseaied tubé'at 195—l205° for a week gave

80 to 90% starting material.-

H, Synthesis of endo—'Norb_ornaine:— 2—Ca1’~boxylivc_-'Acid (16)

endo-5- Norbornene- 2~ carboxylic acidB'7 was dehydfogenéfte”d, ’

0ver a platinum ox1de catalyst68 to glve endo norbornane~2 carboxyhc‘

acid (16 )m.p. 63.5-65.5°, n.m.r. 7. 27 and 7. 387’(2 1) 7.,72’7’

“(1.1), 8.307(2, 3) and 8. 58 T(5. 5).

Part II: Organollthlum Compounds and
Dlphenylacetylene

A. General Procedure
‘A solution’ of diphenylacetylene in a dry, unsaturated 'fr'ee

solvent was placed under a helium atmosphere in a flame-dried,



thregjneck flask fitted with a'm echanicalrsn‘,_ti.x;z;e'r, :prrr‘e'ssﬁre-requé:I:iéiﬁg-‘,r
dr‘qpping funnel, gas inlet tub.e_, ‘and Friedrich Zc.:oﬁd_e'néex" foppéd With'
a calcium chloride 'fillledtube. “To the rapidly -s-;t‘ir‘re_-di Soliltiéh the A"V":’_"
organoblithium was adcied i;l.thé c'o'ur'éé of 'a.‘few mmutes The"r‘eac'_": "
tion mixture was allowed to react for the desired léngfh of time -
before cooling to -30° to -50°. When carbonafion_ §va‘s ur'se-‘d:to ‘
terminate the regction it was uéual'ly .ca'rr_ied' 'op.t_ by pourmg -th:e'
reacfion mixture With Vigo'r_'oﬁs stirfing into three or ﬁéur_ inc_héé
of freshly cruéh‘ed Dry Ice'.in a two or thr‘e'e- liter beaker. .V(.Ter.rhina- '
» | tion of the reaction with carbon d_ioxide gas, or by hydrolsrsis -and»b}y -'  '
deuteroly_s’ié will bé discussed in the specific cases Wheré ap'pligable-.)_ B
After fhé -',car"bonation mixture had réack;_ed room ﬁérﬁpératuré,
100 ml. of SE hydrochloricA. ac-:id was added v;rith's“cifri;lg._ : Thé le" 1 o .
ture was vigorquély shaken to insure ‘com,pllete‘ hydreolysis of ,é.nyi
1ithiu1.'n‘ salts present. Thé acidié aquebus lé.yer was rerﬁoxiieidénd ., Ab
extracted with 50 ml: of diet}hiyl'ether‘-. ATh.e orggr‘ﬁcflaygrs*fwefi‘e E S
coxﬁbined and extracted With thre_g‘S.O-sm‘l,.. por‘tlonsof aqﬁeous_,Séturgtéd |
sodium carbonate solution. 'T_[‘he' Iaciuequs basic "extract's"\.;v.e';cne_ -cbmbined;
“while the neutrél organic layer was dri.ed over anﬁydrous:ma‘gn‘eéiumf R
sulfate, filtere_d, and d;étilied. o
The aqueous fraction was acidified to a pH of o‘ne4 to two with

6 N hydrochloric acid and extracted with three 100-ml. portions of
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diethyl ether.. The ether extracts were dried over anhydrous-
magnesium sulfate and distilled.-
Exceptions to' the general procedure will be noted where

they occur in the specific reactions described below.

B.. Methyllithiuni and Diphenylacetylene

_Methyllithium (0. 157 mole) in 170 ml. of di'et‘hyluether '
was added to a solution of diphenylaqefylene (20.0 g., 0,112 mdl.e)
in 100 ml. of diéthy_l ether at room temperatﬁr.e. _-The resulting
clear, colorless s'olutioﬁ Was. stirred at room temperatufe for
24 hours to give a cloudy, yellow seolution. Carbd]nalti‘o.n of the
reaction Iﬁixture gave a tan solid which became yellow.on standing.
Hydrolysis of the carbonation mixture gave a yello‘vv soluti_oﬁ Which
begarﬁé :réd-brown on standing (air;— oxidation). A trace Aof,Ab-roWn. AA
acidic material IWQI.S obfained from the workup.

The neutral fraction yielded 19.8 g. of brown, oil éolidf |
One recrystallization from 95% ethénol'yielded 13,7 g. of solid
with a melting point 58-60° indicating recovered diphenyla.cetyleng'.

Reac_tidni under the same coﬁditions for 12 days. ;inu:diethyl
ether at room temperature and fér 7 hours in 20% diethyl ether-

80% 1, 2-dimethoxyethane :at " 55° gave similar results.
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C. Ethyllithiumv and Diphenylacetylene

1. T’ermihation of Reacti'o.n by Carbonatien_'_, a.. Carbonai— B

N ~tion with ‘Sol'.ild Q_arvan Dloxlde —'—Dviphenylacety.lene. (20.0 g., 0.112
mole.)’x}vas édded in ._onle ioortion to a sélution of ethyl.Iithium (O. 148
mole) in 240 ml. of :diethyl ether.' -The’ Vcloudy‘ greén'solutiorfi'be.cameﬂ.
yéllow; green in 3 minutes and was bright yellovv‘after_ 19.°5 hours of . -
.sti.rring at rbom"tver.n-peraturrAe. The bright yellow reaction mixture
was car;bonated'laf;cer 27 ﬁours of reactiqn time to‘givAe‘ é._br:ight .
_ orange mixture. |

'Disfci_llat:'ion .of the neutral >f.r"action gavé 59% dvi.phenyla,cetylene’
and 11. 5% 2-phenyl- 3-ethylindonl,e‘ (373), b.p. _165;17__39_ (0.8 niri;. ) -
m. p..._ 97 5-980 after four reérystallizétions frorﬁ 100% ethanol ; .
30 '

m.p. 97-98°), mixed m.p. with authentic sample 97-98°;

(Lit.

n.th.r. (20% in CCly), 2.67 and 2,877 (8.8), 7.337(1.8); and 8,787, -

- CCly -1 A -
(3.4): V¥ 17 %1717 em. 1 Amax. 256 mu, Tog le, mid. 56.

The 2, 4-dinitrophenylhydrazone had m.p. 225-2289 after one

recrystallization from ethanol-ethyl acetate (-lit.SO m.p. 206-207°), R

. mixed m.p. 'With_autherific sample 225-226°;phenylhydrazone mp

96-97° after two r'ecrystagni;;tions from ethanol (Lit.*° m.p. 96-97°),
" The acid fraction of thé reaétioh mixture yi.elded- 11.9% |

2-phenyl- 3- (o~ carboxyphehyl)- 2-pentenoicacid (36a,)ﬂ, m.p. 191-1920

after three recrystallizatibns from ethanol; n.m.r. (10% in NaOD-D3O),
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2.49{)"(8. 8), 7.687T (1.8), and».Q;z‘l*T”»(S.@; o ﬁzi 1700
em. "t | | | N
Anal. Caled. for CygH; 4(COOH)y: C, 72.96; H,.5.44;
neut, equiv., 148. Found: C, 73.13; H, 5.48; neut. equiv., 4145,_
151. -
When the rééctién was run in diethyl ether at -70° for 429

hours before carbonation, 97% diphenylacetylene was recovered

along with 0.07 g. of dcidic material, m.p. 70-87°.

-b. Carbonatign-'with Carbon. Dioxide Gas. --Diphenyl-
acetylene (20.0 g., 0. ‘112»‘mole') was added to a vigoroﬁsly-st'irr'ed :
solution of ethyllithium l(O:‘.-2'}8 mole) in 290 ml. of diethyl ether.
The blue gfey 'solutiQn,Was stirred for 28 hoursr.ét,ro_om tempera-
ture to give a dark‘ orange, turbid s.olution. The réacti_on mixture
was carbonated by a bstr'eam of carbon dioxide over a period of
three hours with co.oling,: The reacfion mixture gave 6..95% .
Z—éhenyl~ 3~(2- carbéﬁjphe_nyl)—2—§e.ntenoic acid (36a), and 270./0. A-
2-phenyl- 3- éthylindoﬁe (37a). Diphenylacetyiéne (23. 4%) was.
als'o recovered alorig with 8 g. of undi‘still_ablé tarl. '

If the reaction was run under the same conditions bﬁt the
reaction mixturé was diiuted ,fOur—f'old‘ before carbor}ation; Whiéh
was carffied out over a period of 7 hours, there was obtained

15. 4% 2-phenyl- 3-(o- carboxyphenyl)— 2-pentenoic acid (36a) and
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30 ‘7;7 2- phenyl-j 3-ethylindone (37a). Dii)henylac étyLéne was recoy-
éred in >17% yield and 5.25 g. of undistiliable tar was foi;ilnd.- |
Precipitation of the tar from 100% ethanol at -50° vge_;-Ve 0.;'87‘; ,
& of an 'orange powder that frielted-at 90-94..5° and':s';‘hovs}edl no

carbonyl maximum in the infrared.

2. Ter‘i‘rr"iination of Rea}ction by‘ H}lr‘droly,sis', —fD.iphenyl_».' 3 ‘
‘ aéétylene (lQ g, 0 056 moie) was added 1n IOne po'rtion'>td ai |
vigorously stirred solp_tion of éthyllithium (0.101 mole) in }60
ml. of diethyl ether. The blu!e‘ .gréy solutioﬁ Waé stirred»va"t_ room
témpérature for 22 hou-r'si to gi.v.e an oran’ge sblgtion which was
cooled to 0°. |

The cold reaction mixture Vvvas slowly hydrolyzed Witﬁ '
10 ml. of water. Another 90 ml. of water was ‘é’dd.ed, and the
mixture was stirred for 3 hours: Thé aqueéus.-"‘léyer Was- extracted »
with three 50-ml. poftions of diethyl‘ ether.  The diethyl ether
fractions were combined, dried with aﬁhydrbug; magnésium sﬁlfa.te,
- and the diéthyl ether was removedvby distillation. - The: refmaining
9.35 g. of oil was shown by vapor phase chromatography to-consist
of 54% diphenylacetylehe and 46% of a material with a loﬁér reten--

tion time.
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‘D. Phenyllithium and. Diphenylaéetylene

Dlphenylacetylene (18 0 g., 0.100 mole) was added in
ohe portlon to a Vlgorously stlrred black ‘solution of phenylllthlum
' . (0 232 mole) in 232 ml of dletl'\yl ether. The solutl_on \ivas_'-stlrred‘ L
at room temperature- for 24 hours before cvarbdnation by.decantatiorl.
The térl carbonation migct;ire yielded 14.1 g. of acidic me.tel?i"z;.lend* '
24 7 g: of nedtralv material. The acidic material was ‘}svu-sp.en'ded o
in 650 ml. of boiling_water?jvahd filtered hot to give 1.2 -'g:.' of t;ji_e |
phenylacrylic ecid, mp 219. 5~2,;200_aft_er three recrystalllza.;gl'dns

from ethanol (lit. m.p. 216-217.5°69

and 213071), mixed m.p, with
authentic sample, 216-218°.

" The neutral fraction was distilled to g&ve 23 g of.a mixture,

‘b.p. 100- 1250 (0.8 mm:), ). glg;lf‘ 1667 cm. !, Whlch probably
cCl S
consists of dlphenylacetylene and benzophenone (lit.. 70 "z> max4 for .-
benzophenone 1664 cm. L, The undlstllled portlon Was'_u:'ec’:ry‘stal’~ |

lized froem ethanol to give 8. 2% (based on phenyllithium) of triphenyl-

- carbinol, m.p. 160-161° (lit. m.p. l61—71620),72 mixed m.p. 160.5-1620,

@Curtin and.Ri.cllzlrdsorﬁ9 separated benzoic acid and dériphenyl- -
acrylic acid by employing the difference in solubities in boiling water.
Benzom acid is:soluble in water to the extent of 2.2 g. per 100 ml. at
759, " Triphenylacrylic acid dissolves in boiling water to the extent of
2.8 mg. per ml. of water. Therefore 650 ml. of boiling water will
dissolve 1.82 g. of triphenylacrylic acid but 14.3 g. of benzoic acid.
The total yield (11%) of triphenylacrylic acid is then 3.02 g., 1.2 g.

isolated and 1. 82 g. lost due to solubility in boiling water.
. ) . . {
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- E. Isopropylli’thiuiﬁ and Diphenylacetylene

1.- Terminaton of Reaction by Carbonation. --Diphenyl-

“acetylene (37.0 g., 0. 208' rhole) was added in one portlon to a
r.a'pvidl';:y Stli'r.redl solution of isopfopyllithium (0. 292 mole) in 500 ml.
of ligroin. The brighf yell6;;v solution became bright qrénge in
10- 15.r¥1inutes and chérry’ red in an hour. The miﬁcture ;yvés heated
w1th étirring at _39-45071”91' 25 hours béfore carbé_pa‘gi@n. “;::AWorVkup
of the "(?arbdné.tion mixture gave a 7.8% yield of 2, 3~\dipﬁeﬁyl4 4--
methy1-2-pentenc;)icl acid (40a), white powder, m. p. : 159 5{—160o
after thrée recrystallizations from 95% ethanol; nm 5?;'5‘«.(20% in
.CDC13) 2.67 and 2.777 (9. 9), 7 197(0.92), 9. 12«(3 0) 9. 23’)’_ 
(3.2), -1.17(0.95); 0 SHCIS 1700 e, 1 - |
~Anal. Calcd. for C17H17(COOH): C, 81.17; H, 6.81;

neut. equiv., 266. Found: C, 81.31; H, 6.85; neut'.A équiv., 264. |

. A total of 30 7 g. of neutral material was obtained after
distillation [b p. 105 1750 (0,35 mm.)7 ; it had a typical diphenyl-
acetylene ir;frared_‘;spectrum with the exception of a strong carbonyl
ba;rid.at 1682 cm. "1 |

Similar reactions were run for shorter periods in r;refluxing
pentane. . Reflux fof 1 5 hours gave a 0. 4% yielld of 2, 3-diphenyl- 4—
. methyl- 2—pentenoic acid (40a) and a 97% recovery of diphenylacetylene.
: A reactio'nv time of 8.5 hours at reflux gave a 2.8% yield of the above’

acid with a 76% recovery of diphenylacetylene.
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2. Termination of Reaction by HydrolysAis,.-;-Términaﬁioh 7
" of the reaction between isopropyllithium énd diphenyla_ic:etyierie b3'7
hydrolysis gave _37% crystalline diphehylaéetyl}e-ne*p’l’iié'.é bfféiﬁrri' oil :
: .wh_'os..e‘ vapor phase chromatographyrshowed to consis-t of 85%
dipheﬁylacetylene (8.7% total recovery) andlS% of a material of -

lower retention time (probably isbpropylstilbén'e).

. F. t-Butyllithium and Diphenylacetylene -

1. Termination of Reaction by Carbonati,onr. --A solution
of t- butyllithiﬁm'(O. 356 mole) ih 196 ml. of pentane Wr’a:S added within
a feW rriinutes'tb a rapidly stirred solution of diphenYlacetylené (45.0 A
g., 0. 254 mole) in 414 ml. of '1igroin. The solution immediately
became cherry red. | The ligroin solution was stirred aft'.34~-45-0 for
. 22 hours. The.»solﬁt‘ion becamé dark red after 12‘1’);Q1.1_r‘.'sAa.ndbrb'¢d_ . |
‘brown after 22 hours. | Carbonation. of the reaction mixture by
decantétion gave a large amount of acidic yellow oil. Tritﬁratioﬁ
of‘ the oil iwfl_thvhexane gave 12% of solid 2-phenyl-3-(o- carboiyphenyl)’_— 1
4, 4—dimethyl—2~pent‘enoic. acid (360), m.p. 216-2200°, After-faur |
rélcrystalli_zations from ethyl acetate the acid had m.p. 228 5-229. 5%;
n.m.r. (20% in NaOD-D,0)," 2.76-3. 184/(9. 1), 8.737(8.9); n.m.r.
. (10% iﬁ héxade;ﬁeroacetone, corrected for exfernal reference), 2.287 .
‘ (1..'1), 2.70 and 3. 00 -?r’ (7:9); 8.-76‘7*(9.0); n.m.r. (20% in acetone),

©0.10%(2.1), 2.327(1.0), 2,72 and 3.007 (7. 9); 7).512}12 1718
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and 1675 (_:m."_l ; A max. 282 mpy, log 5“ = 3.03;/225 m#, log
- 3.92, and 207 mu, log & = 4.40.
Anal Calcd for C18H18(COOH)2 C, 74. @5 H 6.22;

-neut. equiv., 162. Found C, 74.19; H 6. 39; neut. equlv 332.

A D‘istillation ,Of the hexane soluble acidic material-gave

| 1_5; 4% 2, 3- dinhenyl— 4, 4- difnethyl~,2—penteno;c acid (40b), b. p.

' 175-1850- (0.17 mm.), m.p. 184.5-185.59. . After récrygi;;nization o
from hexane the a01d had m. p 186.5-187.0° n.m.r. (15%7~in-CDCl3),_
2, 9877 (9. 7, 8.757 (9. 3); =) CHCLy 1704 cm. "1 .

éﬂgl__ Calcd. for C18H19_(COOH): C, 81.40; H, 7.19; neut. .

‘equ'ivl., 280. Founa- C, 81.73; H, 7.26; neut. 4eq1'1iv 282.

| ‘The neutral fractlon gave 53% diphenylacetylene and 4. 2%

 9-phenyl-3- - butyhndone (370), b.p. 145-1550 (0. 25 . )3 L
"'(.)gnigl 1710 crn -1 (llt 337)max 1710 cm. ~1), }\ max.. 245 m & log
é_ = 3. 95, 240 _m/,{, lo‘g & * 3.88 (Shoulder),_ plue impurity rnexima '

due mainly to diphenylacetylene. | |

vAlfter feur r'ec'rys.tal‘lizations from ethanol, the 2, .4-ainitro-

Qiphenylnydr-azone derivat'ive of the indone had m.p. 229-232° (1it.33

m.p. 236-2405),_ inixed m.p. with authentic indone derivative, 234- -
2370.-' Infrared_.spec_tra \&as identical to that of authentic sample.

Reactions run.for shorter periods in refluxing pent_a_ne gave

similar results after carbonation. Reaction times of one, nine, and
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thirteen hours gave 1%, 4.4%, and 6. 2% yieldsy r-éspel_c‘-tix}ely, of
the diacid, 2-phenyl-3-(o-carboxyphenyl)-4, 4-— di'methyii—rz,‘—-péntenoic: :
acid (36¢c), andvzo/f,, 6.3%, and 8. i% yields, respectively, of the
mqnoacid, 2, 3~ dif)henyl—4, 4~ dimefhyl— 2-pentenoic acid-(40b).-
Diphenylacetylene (10.0 g., 0.056 molé) Aaéld'i -butylllthlum
(0. 135 mole) in 20% penfane-SO% diethyl ether at -35'0 to.:‘: -‘=60o f&r 49
hours gave oirl carbonation by decantation 3. 1% of fhe mon(;a:cid (40b)
and 95% dip}henylacetyle'ne (white needles, m.p. 55—560;,' infrared

spectra superimposable on that of authentic sam‘plé).

. 2. Termination <‘)f Reacti'on by I—vad'rolys-:is .--A solution of 'V
diphen;lécetylene (49.5 g., 0.280 mole) in he;;éné was addéd in one .-
poftion to a rapidly stirred éolutiori of E—ﬁutﬁliﬂ"lium (0, 336 ihélé) |
in 200 ml. of pénfané. The red solution W'Q.S stirred at rob:mrtempe_ra—'
ture for 18 hours before cooling it to 5°. Hydrolsrsis gave 39Ag. (79%
fecovery) of crystallihe diphenylacetylene and 10 g. of én‘éil which=
vapof phase chromatography showed to consist of 30% diphenyl:ac‘:étylene
and 70% éf a maferial with-a lower retention time th.an diphenylacetylene.
The oil was distilled and thé fraction boiling from 102~ 11'6’:o (0.;.2 mm.)
was fractionéted t-hrough\apreparative scale vapor phase chro_'riijafc{)éraphy
apparatus with a éarbowvax column. Diphenylacetyleqe and 300 mg. of ‘
-t - butylsfilbeﬁ'e were obtained. The white crysjc,alline &-t -butylstil-

bene had m. p. 48.5-49. 5‘? after two .recrystailizations from hexane
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[1it.35. 36 1. p. 48-49°, b.p. 164-165° (11 mm.]] ; n.mer. (10%
in CDClg), 2.64-3.277(10.0), 3.527(1.0), and.8;82*719.ox
Amax. 264 my, log € = 4.03 (shoulder), 255 m/-»,--',lbgé =4.14
228 my log € = 3. 90. o | |
\ When t -butyllithium (0. 306 mole) and diphe'nylécetylene
(45 0 g , 0. 252 mole) in 400 ml. of ligroin were stirred at 78,0>-.85°,
: an e.s. r. si’gnal with no fin;—:' structure was obtained. The e.s.r.
. signal -Which was observed after 0.5 hour of reaction was 250%_
larger after five hours total reaction time and had decréaSéd
only Sli‘ghtly after 23.5 hours. Neither diphenyiacetylene z-a.loner
in 1i_gfoin nor t -butyllithium alone in ligroin under these conditions
gavé a measurable e. s.r. signal.

Hydro;lyéié éf the reaction mixture after 28.5 héurs gé.ve ‘
the pre\}iously fepérted pro.duc’cs'.16 The reaction also evol;\z:ed

4 ml. of a clear, colorless liquid idenf‘ified as isobutylene which

as .
was collected in a Dry Ice trap, —Dfrglax (3. mm.) 1655 _and ... .
o =1 . 38 ) gas . »- -1 '
892 cm. (1it. -g) e 1664 and 897 cm. 7).

Further proof of structure was obtained by making the
dibrorﬁ;ide. : A solution of bfomine (6.4 g., 0.040 mole) 'in 100 ml.
of dichlo,romethané was added dropwise to isobutylene (3 g., 0.05
. mole) in 100 ml. of dichloromethane at —4c06 in the darl; acclording

to the procedure of Ingold and Imgold39 to give isobutylene dibromide,
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‘b.p. 54-56° (22 mm.) Eit;73 b.p. 54-56° (24 mmﬂ h.or. (20%

in CDClg), 6.137(2.4) and 8. 1377(5. 6).

3. Terniination of Reaction by De’ufer;oly-s-i;.s . A ssolution

of diphenylacetylene (40.0 g., 0.226 mole) in 37d ml. of hexane was.
added in one portion to a rrap‘idlj‘-stirred solution of t - butyllithium
(0. 316 mole) in 170 ml. of pe,ﬁt_gﬁe. , The fed solution was stirred
at 37-45° for 22 hours before cooling to 5°. Deu»terbiysis gave 65%
recovery of solid ;iiphenyla(:etyier__le an-d 13.35 g. of an oil... The oil
was distilled and the fraction boiling from 96.0-96.5° (0.02 mm.)
was fractionated through: a preparative Scale vapor pha_se' chroma-
‘tography apparatus With a carbowax colﬁmn. Diphenylacetylene -
and 600 mg. of -t -butylstilbene were obtained.

| The whité, crystallirig dl::eut'erafed t -butyl stilbene had m. p.
49-500 after two recrystalliéa}‘tioﬁs from hexane (lit.5? mp 48-49°); |
n.m.r. (20% in CDClB), 2.65-3.2277(8.9), ad 8. 82"‘?’(9. 2); A max.
264'm//f., log & = 4’:.03 (shoulder),' 255 n}u loge = 4.14, 228 mu, log
é = 3.79. | |

. Anal. Calcd. for.ClgH

18-19[?1‘2: 5.00 to 10. 00 atom %

‘excess deuterium. Found: 7.82 atom % excess deuterium.
The white, crystalline diphenylacetylene had m.p. 59.5-

60.0° after three recrystéllizations from ethanol.
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“Anal. Caled. for C14H9D1 D 5.00 atom % excess

‘deuterium. Found: D, 0.00 atom % 'exces.s deuterlurn.

G. E;‘Butyllith‘ium and Diphenylacetylene

16 . .

1. Termlnatlon of Reactlon by Deuterolysrs e Dlphenyl—

acetylene (50.0. g , 0. 280 mole) in 200 ml. of chethyl ether was -
added in one portlon to a repldly stirred solutl_on of E'-butylllthlurri
(0. 368 mole) in 300 ml of diethyl ether. The brown solution was
stirred at room tempefature for 20 hours b'efore coolin'g, it to 0-5°.
The cold reaction mixture was Slowly hydr.olyzed with, 14. 8 |
g. of deuterium‘oxiole. ‘The solution was stirrea et rootnlt»erupterature
‘for 12 hours. Then 50 ml of uraterj was added. 'Thenaqueous layer
We‘s'.r,eino,ved and the ’ether layer wa_e dried over anhydtous rugg.nesium
sulfate The ether was —remoued and the r‘esultinlg orahge' oilf"vvas‘
shown by vapor phase chromatographyl6 to con81st of 55% trans- o

1 2~ dlphenyl 1-hexene (39% over-all yleld) and 45% dlphenylacetylene e

" ‘_Dlstlllatlon of the mixture ylelded dlphenylacetylene b, pn : :
(0. 30 mm. ). After four recrystalhzatlons from 95% ethanol the
white needles had m. P 59. 5-60. 0°.

- Anal. Calcd for C14H9D D 5. 00 atom % excess. deuter-

1um Found 3. 87 atom % excess deuterium.
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H. Lithium Hydride and Diphenylacetylene

Lithium hydride (5.9 g., 0.074 mole) was added in ene'—
~ .portion to a s,tirfed solution of diphenyl.aeet‘yi‘e'n..e V(lO‘ g,0056 '
mole) ir'1_.9‘O ml. of ligroin. The white mixture was st-i‘rfeciiv:e,‘tb 15-85°
: fer 12 hours before hy.droly'sis ‘with coo_iing_. ' The leyefs Were
lsepa-r.ated and thev acllueoﬁs' layer was ektracted with two .50'§'nil;-
boriiens of dietﬁyl ether. The combined organic. leyere' yiéided
6 9 g of White, crystalline diphenylacetylene Whieh melted W'_ith"‘i N

- out recrystallization at 59-600.

I." Lithium -Metal and.Diphenylacetylene

1. Terminatiop of Reaction by Deuterolysis . a The
‘reacfion weé run in the same manner as that reéorted by Smlth A
A and -I—Idehn.'37“ Small pieees of lithium wire (1 00 g, 0 144g a_torﬁ). AA
were suspended ih 70 ml. of anhydrous di‘ethj;rlet»hel_" undeir_! Aa,hel._‘n‘im-
| atmesﬁhefe. JD;:phenyllacetylene‘ (5.0 g., 0.028 mele.)lwa's a-dded:_te o
' f.checlear, colorless solution in one por;tioAn. " The mixtur-e:b‘eeame ,
oraﬁge, then red in 30 minutes. After 2 hours,. the re’acti‘pn_ Av‘v,a;s_-
cooled to 0-10° aﬁd deuferiurr; oxide (6.0 g., 0.300 mele-)' was-
_carefully added with cooling and stirring over a period of ._prie hour.
T]r;e yelldvv mixfure was allowed to warm to rtoorri‘;te‘rﬁp'ejr-;e{t"{ire over
a period'of four hours. , The-vmixture Was’then poured mtolOO ml.

- of cold 100% ethanol. - Filtration of the cold ethanolic '.se];‘ﬁtﬁ;)h gave .
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9~ 1,4. ._,‘!After. two

a 96% yield of 1, 2, 3, 4-tetraphenylbutadiene-d
-recrystallizations from ethyl acetate the white needles hé.d 'm p.

184-185° (lit. 7 m.p. 183-184 ) n.m.r. (10% in csz) 2 707*

',293322’7" 325351’7’

Anal. Calcd. for CogHggDy: 9.10 aﬁom % excess deuter-

ium. Found: 8.65 atom % excess deutérium.

b. The reaction between lithium metal and diphenyl-
acetylene was run for three days under the same co‘r}'dv—i—btionsﬂars
outlined under (a). After 3 houré and 23 hours aliquot.s of -the
mixture sﬂéwed a moderate e.s.r. signal.with no fine structure.
T'ermmatlon of the r.eactlon with deuterlum oxide as descrlbed
~under (a) gave 84% deuterated 1,2, 3- trlphenylnaphthalene A—f.ter
one recrystallization from ethyl acetate the white needle‘s’,had
fn.p, 152-152. 5° (lit. 3.7':m;p‘ 150-151°); n. m.r. (20% in CDCIS),
. 2.82 ‘7 and 3.137.

. A.nal. Calcd. for C28H19D 5. 00 é.tom % exces}sf’déu%er-

ium. Found: 4.73 atom % excess deuterium.

J. Preparation of 2—Ph’en&1é 3-ethylindone (37a)
4Using the procedure of ,Fr‘ank_gf al., 30 2-phenyl- 3:’-'“.
ethylindone (37a) was synthesized from 2-phenyl-1, 3-indane-

dione and ethyl bromide Gfignard reagent. Two recrystallizations
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from 100% ethanol gave red needles with m.p. 96.5- 97 5° (lit. 30
o Cl4 -1
m.p. 97-98%), ) i7i7-cm.”". A 2, 4-—d1n1trophenylhydra.zfone

of the product had m.p. 225-226° (lit: 30

m.p. 206—207‘0).- A mixed
rneltlng pomt with the indone sample from the reactlon of ethyl—
lithium Wlth diphenylacetylene in diethyl ether showed no depres- ‘

sion, and a mixed melting point of the 2, 4- dinitrophenylhydrazones

of the two indones showed no depression.

K. Stability of Ethyllithium in Refluxing Diethyl Ether

A solution of eithyllithium (0. 150 inoie) in 105 ml. of
‘diethyl ether was refluxed for .96 hours. The amount of ethyllithium
was determineci.by tne double titration method. 95

- After 53 hours 26% of the.reaotjivit»y was-lost.. Agfter 72
hours of reaction time 30V% of the reactivity was. lost; and 7;-9«%«was

lost after 96 hours.

L. Preparatlon of Trlphenylacryllc ACld

Trlphenylacryllc acid was obtained by hydrolys1s of tri-
7L

phenylacrylonitrile usmg__the prooednre of Buu-Hoi and Lerocq
- After one recrystalli-zation,ffom ac’ﬁieous acetic acid the onoduct
had m.p. 216-217° (llt m.p. 216~ 217 '5069 and 213071) e.nd_,e'

" mixed melting point with the sample from the reaction of ohenyl-

lithium and diphenylacetylene in diethyl ether showed no depression.

The infrared spectra of the two samples were superimposable.
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M, Reaction of 2 3- Dlphenyl 4-methyl 2~ pentenom A01d (40a)

With Thionyl Chlorlde

This reactlon was carried out accordmg to the method of
Koelsch. 32 2, 3~ D1pheny1 4~ methyl 2- penten01c acidr (500 mg s
1.9 x 10”3 mole) was dissolved in 2.5 ml of anhydr@us carbon
tetrachloride in a helium atmosbhere. Thionyl uchl*@r'i'dg‘69?5:'..50-ml.,,
5.0x 1073 mole) was added and the mixture washe’éiéd'a‘t- refluﬁ{
for 6 hours. The yello%y’ reaction mixture was éx.lloweld fp,o cool to
room temperature and was poured into 15 ml. of W,atexi. - The '
mixture was boiled on a water bath for 0.5 hour...and';che(-rr.-céeled
to 0°, Soiid, yeilow 2-pheny1- é-isoprépylinddne (3}7d) -p'r'e"cifpitatved‘.

The indone was obtalned in 91% yield, m. p. 4 105 109O
after one recrystalllzatlon from ethanol m.p: 109 5= 110° (11t 74
m. p. 1100);_n.m._r. (20% in'CDCl,), 2. 65 (9. 4), 6.757(0.79),
8.60 7 (2.6), 8.72°7 (3. 3); 'Z> rcrgjf 1'?05 cm'.,‘ls A ma'.x.._255.® my,
log &€ = 4,52,

Anal. Caled. for C18H16O C, 87. 06 H, 6. 50 Found::'

C, 86.79; H, 6.54.

\

N.  Reaction of 2, 3- Dlphenyl 4 4- dlmethyl 2~ penten01c Amd (40b)

Wlth Thlonyl Chlorlde

This reaction was run»ac‘c,ording_. to'the method of Ké"élsch.. 82

2, 3-Diphenyl-4, 4-dimethyl-2-pentenoic acid (200 mg., 7.1.x 107%
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. mc}le) was dissolved in 1 ml. of anhydrous carbén ‘.cetra_cvhloride
in a helium atmosp.hefe. .- Thiény,l chloride (0. 20 ml., 9.0 X 1l0'3
mole) was added in one portion and the mixture was'he_a_tediat.'
réflux for 6 hoﬁr;s:. v’I“vhe yellow reaction mixture was aliowed to
cool-to room temperatﬁre and Was poured into 15 ml. of Watferv.4
The miscture was bbiled on a water bath for one hour and then
" cooled to Qo; . Solid, orange 2-phenyl- é-_tﬁ—butylindoné prec'ip.;-:-:'_'
tated. N n

The indone was obtained .i’n 50% yield, m.p. 127~1299'--
“After two recrystallizations from ethanol the compound aad'm. p.
131.5-132O (111;,.-3-3' m.p; 1131..3Q131. 99); iﬁfra'red‘ spectirﬁ_miden-
tical to that of authentic sample 3‘3 o0 rcn(':\ 4 1710 cm. .; )\ max.
244 my, log& = 4.61, 240 m,g,( logé 4. 56 (shoulder). |

Anal. Calcd for C19H18O C, 86 99; H, 6 92. Found:

3

C, 86.94; H, 6.93.

0. . Esteri(_ficatidn of 2- Phenyl- 3- (o- carboxyphenyl)- 4, 4- dimethyl-

2-pentenoic Acid

Diazome’cha.ne&0 '(approximately 0.034 mole, A1 20%.excess)
in diethyl ether was add‘ed dropwise to a stirred, 0-5° solution of
2-phenyl-3-(o- carboxypzhenyl)?;l,.xél— dimethyl-2-pentetioic acid-
(5.-0-0 g., 0.0154 mole) in 50 ml. of diethyl ether uptil-‘tﬁ.e yellow -

color of the diazomethane-persiéted. The solution was stirred
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.fo'r one hour before the excess diazomethane was -(_:leco‘x-nposéd
With-a, few milliliters of water. The aqueous layer y,vg's removed
and the organic layer was extracted with two 25—m1‘. pc';rtionsfbf’
Saturated-aqueous:sd{iium carbohéte solution. The ethé£ .solu"t-ion :
was dried with anhyarous magnesium sulfate. | -Evaporation 6f the

ether gave a 60% yield of ester, b.p. 145;1550 (0.1 mm.)! mak

{(neat) 1725 cm."l; /\ max. 223 mu, loge = 4.05 n.m.r. (20% in
CDCly); 2. 754°(0. 90), 2. 89 and 3.03 (8. 3), 6.09 ¥ (2.8), 6.36 7

(2.8), 8.78 7 (9.3), plus impurities at 2. 36-2.58 ¥, 8.5L°Y, 8.827

and 9.097.

. Anal. Calcd. for (‘,"22[-124 4:

C, 74.98; H, 6.86. Found:

C, 75.78; H, 7.49.

P. Anhydride of 2-Phenyl-3-(o-carboxyphenyl)-2-heptenoic

Acid (A36b)‘

: 2-Phenyl- 3~ (é,. carboxyphenyl)- 2‘~ heptenéic acidl's (5.00
g., 0, 03;55 mole) was suspended in 160 ml. of anhydrous .carbon
: tetfaéhloride with rapid stirring. Thionyl chloride (11. 70 g. ,’.'
0.0985 mole) was added in one poftion and the mixture was heated |
at reflux for 4 hours. | |
| " The clear, 'yelllow solution was allowed to cool to room
témperature, pouredinto 75 ml. of 6 N ﬁydrochloric ba'cid,‘ and

stirred for one hour before.standing overnight. The aqueous



86

layer was extracted with diethyl ether and the organic layers
were combined. The ether—‘carbon tetrachloride_solutib_n Was
then extracted with three 25—nﬁ. portions of équeous, Safufated
sodium carbonate to remove any unreacted acid. Subseduent |
aé;dificatién éf the basic aqueous layer with 6 N hydrochloric
acid and extfaction-'with diethyl ether yielded 0. 15 g. of unréacte,d
~acid. The efher— carbon tetrachloride solution was dried over
anhydrous magneSiu’m sulfate, and the solvent evapérate-d. The
anhydride was obtained as a viscous yellow oil in 70% yield.
Five 'recrystallizations from hexane produced white crystais

with m.p. 87.5-88.0°0, @ CLCl
max.

Anal.. Calcd. forAC20H1803: C, 78.40; H, 5.92. Found:

: C," 78.-34; H, 5.98. 7

The bure_anhydridé (0.02 g., 8.3 x 1075 mole) was
suspended in 3 ml. of Water and stirred for 5 days at 28-30°,
The suspensionivv.as filtered and dried to give 0.02 g. of 2-phenyl-
3-(0_; carboxyphenyl)- 2-heptenoic aéid, m.p. 168-170°. A mixed
meiting point with an authentic sample of the acid "shovwed no

depression.

Q. Preparation of 2-Phenyl-3-n-butylindone

» 2-Phenyl-3-£1-bufylind6he was prepared by the pfobedure |

used in the synthesis of 2-phenyl-3~ethylindone. 30. 2-Phenyl-1, 3-

3, 1788, 1748, 1276 and 1255 cm. ,1.
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A1ndaned10ne (17 5g., 0. 0795 mole) in 450 ml. of anhydvous
vbenzene was added in one port1on under a hellum atmosphere ..
to a vigorously stirred-n-butyl Grign_ard reagent in diethyl .
ether. The Grignard reagent was synthesized from | n- l‘)gutylv
bromide (26. 4 ml 0. 25 mole) and magnesmm (6.0 g. , 0. 25.
g. atom) by the method of Fieser. 75 The brlght red coler: which
developed when the first 1ndaned10ne was added soon disappeared.
The resulting blrown mixture w'as first stirred with refluxing for
2 hours and then at room temperatufe forﬁ»Z-hvodry‘s.: Th'e»v ice
cooled ether-benzene solution was hydrelyzed Wi_th 75 ml .o,f.
cold 5 N sulfuric acid. The aqueous:layer-was rémo{red. and.
extracted Wilih 100 ml. of diethyl ether. The organic layers were
combined and washed Successwely with two lOO ml.. portlons of
dllute aqueous sodlum carbonate solution aﬁd two 100 ml portlons
of W:a.’cevr° The ether-benzene sdlutioﬁ was then dried with a;rlllydrous B
sodium sulfate, filtered, and evapofated down to 20 ml !dnder
lasplrator vacuum. Dlstlllatlon ylelded 14 8 g of 2- phenyl 3-a
butylindone, b.p. 170° (0. 30 mnh. ), %6 5 1. 6148, |

The orange crystalline 2, 4- dinitrophenylhydra;z'one-of,
.the.indone had a meltlng point of 173-1749° after one recryStalllza-'
tion from ethyl ecetate. A mixed melting pomt with the 2, 4-dinitro-

.' phenylhydrazone of the indone from the reaction ef n—butyllithium
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and diphenylacetylene in diethyl ether16 showed no depressien,
nor was there any depression with the derivative of the indone.
obtained from the reaction of _Q~buty1 Grignard reagent and

"benzal phthali’de.n 16
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