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SUMMARY

The formation of "CH,MgBr" from magnesium and methyl bromide in

3

ether has been shown to be accompanied by the formation of about 0.2%

of a very reactive magnesium hydride Species. This hydride has been
shown to be responsible for the formation of benzhydrol in reactions of
benzophenones using a large eﬁcess of "CH3MgBr". The relationship
between the grade of magnesium used to prepare the Grignard reagent

and the amount of 2-methylbenzhydrol formed was determined to be due
solely to the size of the magnesium turnings and to the rate at which
methyl bromide was added to the magnesium. Excess methyl bromide has
been shown to destroy the activity of this hydride.

Radical probes were incorporated into the R-group of Grignard
reagents such that radical charactgr could be observed as isomerization
or cyclization of fhe particular probe. Reactions between gigfpropenyl-
magnesium bromide, j-hexenylmagnesium chloride, 1,1-dimethyl-5-hexenyl-
magnesium chloride and 2,2-dimethyl-5-hexenylmagnesium chloride with
bentopheﬁone and 2-methylbenzophenone in diethyl ether, THF and
n-butyl ether established that SET character was observable in the
reactions of primary and tertiary Grignard reagents with benzophepoﬁe.
Apparently an intermédiate radicél anion-radical cation pair 1is
formed,ﬁhich'can;cﬁliapsé té.givé'lgﬁéédgitign product or dissociate
to form a radical anion and a free radical Wi;hin the solvent cage

which in turn can zollapse to l,2-aédition"of conjugate addition
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(dependent upon radical reactivity, solvent, and steric factors) or
escape the solvent cage to form pinacol.

Trialkylaluminum reagents were found to react with benzophenone
via a polar mechanism evidenced by their transfer of 1° alkyl groups
to benzophenone preferential to 3° alkyl groups.

Organolithium reagents appear to react through a SET mechanism
with benzophenone by virtue Qf the éimilarity in the yield and product

distribution shown by comparable Grignard and organolithium reactions

with benzophenone.




CHAPTER 1T
INTRODUCTION

:Tﬁe research ﬁreSéhtearin tHis;Ehé;isiwas carried out as part of
a team effort in ‘the study pf G?ignard'reagtion mechanisms. To present
a conéise"ana complete descripﬁion:of this"reseafch it is necessary to
use some of the work carried ocut by other members of this team. In each
instance proper acknogledgement will be given in parentheses or Ey foot~-
note. The majority of outside material is drawn from research by Thomas
L. Wiesemann. The remainder comes from experiments carried out by Joseph
T. Laemmle, R. Scott Smith, Jerry D. Buhler and Irene G. Lopp, who made

up the rest of this team of investigators.

Background

The reaction of Grignard.reagents,with organic substrates (partic-
ularly ketones) is well recognized as a very important reaction\in syn-
‘thetic organic chemistry; however, the mechanism of this reaction is not
well understood. Questions concerning the nature of the Grignard reagent
in solution, the identification of the reactive species, and the kinetic
order of the reactive organomagnesiuﬁ species have been satisfactorily
answered over the past several vears. In Grignard reacﬁions with ketones
the description of the alkyl tfansfer from the Grignard reégent to the
carbonyl carﬁon atom is the most significant question that remains to

be answered. The exact nature of alkyl transfer from the Grignard




Teagent to the ketone; vhether it proceeds by a polar or a singlé—
electron transfer (SET) mechanism has been a source of gonsiderable
speculation. As a result of previous studies,1 we have discussed in
detail fhe polér mechanism whereby methylmagnesium bromide ("CHyMgBr')
reacts with 2-methylbenzophenone2 (2-MBP) and‘f_benzonitrile.3 However,
while this work was being carried out, evidence was presented by several
other research groups to indicate that the reaction of Grignard reagents

with ketones could and does proceed in some cases by a SET pathway.

Polar

n " = =
RMgX" + Ar,C 0 A:z?l (,0
SET RLng . Arzcl:-ougx
‘ R
e .
. : in golvent ca®
[R* + Ar,C - OMgX] eactio? (1)
Arzé -0OMgXx + R
I
AIZT - OMgXx Solvent
Aty

C - OMgX RH

In 1968, Rlomberg and Mosher presented evidence suppoftiﬁg a SET
pathway 1in Grignard reactions.# In the reaction of "neopenpylﬁagnesium
cloride" with benzophenone in THF, not onl§ did they observe 1,2 addi-
tion, but they also found benzopinacol and neopentane both in 20% yield.

Presumably the neopentane arose from hydrogen abstraction from the




solvent by a neopentyl radical. In this study, Blomberg and Mosher also
reported observing an ESR signal which tﬁéy assigned‘to the ketyl. They
suggested a mechanism similar to equation 1, which included both polar
and SET pathways as operative in the reaction.

Fauvarque has studied the reaction of RoMg compounds with floure-
none and benzophenbne in variouséolvents.5 His ESR observations
indicate that ketyl concentration depends on the polarity of the scl-
vent and the ability of the alkyl grouﬁ to stabilize the radical. Signi-
ficant amounts of ketyl were observed when dibenzylmagnesium was allowed
to react with flourenone in HMPA; however, the same reaction in ether
showed only a trace of ketyl to be present. The proposed SET mechanism
is similar to that shown in equation 1.

More recently, Holm and Crossland have presented strong
evidence for a rate-determining SET step in the reaction of "t-C;HgMgCl"
with benzophenone in diethyl ether.® In reactions with various suBsti—
tuted benzophenones, they obtained pinacol, 1,2-, 1,4-, and 1,-6-add-
ition products. For all of these'reactions, howe§er, the Hammett plot
of relative rate vs. O-substituent constant gave a straight liné (even
when the substituted benzophenone had two or three ortho-methyl groups).
In similar reactions using "CH4MgBr" the presence of only one ortho-
methyl group on benzophenone caused significant deviation from the
linear free-energy relationship. Although, wheﬁ added to'acetoné,
"CH3MgBr" reacts faster than "t-C4HgMgCl", Holm and Crossland have
pointed out that "t-C;HgMgCl" reacts 100 times faster than "CH3MgBr"
toward benzoﬁhendne-éna iUO;OOO timés'fastér téward Ehe more sterically

hindered- durlphenyl-ketone. Based on this evidenée, they proposed that




the rate-determining step for the reaction of T57C4H9HQC1" with benzo~
phenone involves SET to give an intermediate common to all products
(similar to equaticn 1). The SET is then followed by one or more fas;
steps to give the cbserved products. On the other hand, they considered
it 1ikely that the reaction of "CH3MgBr“ with benzophenone proceeds
through a polar pathway.

‘While carrying out kinetic experiments which established the first-
order dependence of the reaction on the Grignard reagent-wheﬁ "CH3MgBr"
was allowed to react with benzophenone, members of this research group
made additional cnbseriraiticms).i)”"4 .Thzy foun&Jthat the amount of addition
p?oducthbserved cpmpa:gd with ByiprdeCt (benzopinaccl and benzhydrol),
as well as observed fate constant, was dependent upon the ratio of Grig-
nard reagent to ketone;-the'"pufity" 6f71he ﬁdgnesium used to prepare
the Grignard reagent, and the manner in which the Grignard was prepared
(that is, using excess magnesium or excess CH3Br in the preparation).7
The formation of pinacol in the reaction of "CH4MgBr" with benzophenone
was shown to be the resuit of a transition metal catalyzed SET reaction.8

Iron and other first-row transition metals appear to be the best catal-

ysts. The isolation of erythro and threo pinacols in addition to equili-

 brium studies relating rates of formation of the two isomers show that

although iron salts catalyze electron transfer to form the ketyl, irén
is not involved in the formation of the pinacols.

On the other hand, hydrol formation did not correlate at all with
the transition metal content of the magnesium. The exact nature and

mechanism of this reation was unknown.




Purpose

In 1;ght of these observations, we have undertaken a detailed
study of the reaction of "CH3MgBr"‘with,2—methy1benzophenone with respect
to the formation of 2-methylbenzhydrol. The objective of this study was
to détérmine; (1) the natﬁre of the side reaction giﬁing rise to the by-
product hydrol, (2) the nature of the impurity involved in this side~
reaction ;nd (3)- the conditions which determine the extent of hydrol
formation.

A study was ﬁéde of Grigﬁard'rééétioﬁé with benzophenone-gnd 2-MBP
.using Eiéfpropenylmagpesium chloride, 5—hexehylmagnesium chloride, 1,1-
dimethyl—S—hexenylmégnesium?chloride4and 2y2-dimethyl-5-hexenylmagnesium
chloride as free radical probes incorporated into the R-groups of Grignard
reagents. The objective of this study was to determine the nature of the
alkyl transfer for the reactions of Grignard reagents with benzopheonone by
observing the postulated free radical as isomerization or cyclization of the
particular probe in the reaction products.

In addition, a study was Carried.out using 2,2-dimethyl-5-phenyl~
4-penten-3-one (benzalpinacolpne an aB—unSaturated ketone which gives only
conjugate addition with Grignard reagents) with the aforementioned probes.
The objective was to obtain a deeper understanding of the nature and extent
of SET in conjugate acddition of Grignard reagents to enones.

This study was expandedlby incorporating R-group free radical
probes inte trialkylaluminum and 6rganolithium reagents. Again the objec-
tive was to determine the nature of alkyl fransfer when these reagents are

allowed to react with benzophenone.




CHAPTER II

EXPERIMENTAL

Apparatus

Reactions were performed under nitrogen or argon at the bench
using Schlenk tube techmiques or in a glove box equipped with a
. recirculating system using manganese oxide columns to remove oxygeh
and'dry ice-acetone traps to remove solvent vapors.9 Calibrated
syringes equipped with stainless steéi needles were used for
tfansfer of reagents. Glassware and syringes were flames and cooled
under a flow of nitrogen or argon. Ketone, metal salt and intermal
standard solutions were prepared by weighing the reagent in a tared
volumetric flask a£d diluting with the appropriate solvent.
All melting points are corrected and all boiling points are
uncorrected. The proton NMR spectra were determined at 60 MHz
with a Varian, Model A-60 or Model T-60. The chemical shift values
are expressed in dwvalues (ppm) relative to a Me,S1 internal standard.
The mass spectra were obtained with a Hitachi (Perkin-Elmer),
Model RMU-7 or a Varian, Model M466,'ﬁ§ss spectrometer. GLPC
analyses were carriled out on an F and M Model 700 or Model 720 gas
chromatograph. The 1r spectra were determined‘witﬁ a Perkin-Elmer,

Model 621 or Model 257, infrared recordihg spectrophotometer.




gﬁéiz:'tiéé;l ’

~ Gas analyses‘were;cérried out‘by}hydrolyzing sémples with hydro-
bhié*ic acid on a standard vacuum line equipped with a Toepler pump.10
Magnesium was determined by titrating hydrblyzed samples with standard
EDTA solution at pH 10 using Eriochrome-Black T as an indicator.
Aluminum was determined by adaing excess standard EDTA solution to
hydrolyzed samplés and then back‘fitratiﬁg with standard zine acetate
solution at pH 4 using ditﬁizone as an indicator. Lithium reagents
were analyzed by the sﬁandard Gilman double titration wmethod (titra-
tion of total base then titration of total base after reaction with
benzyl chloride).11 Halide was determined by fitration with AgN03
and back titration by KCNS with ferric alum indicator. The amount of
active C-Mg and C-11 was determined by titrating the active reagent
with dry 2-butanol in xylene using 2,2'-diquinoline as an indicator.
Carbon, hydrogen analyses were carried out by Atlantic Microlab, Inc.,
Atlanta, Georgia.
| Where brganometallic reagents'could have moré than one isomer,z
the isomer distribution was determined by hydrolyzing an aliquote of
the reagent with a minimum of saturated NH4C1 solution, addition an
internal standard (l-heptene or cycloliexene) and analyzing the result-
ing hydrocarbons by glpc. Hydrocarbons were identified by comparison
with authentic samples. An alternate method used whére appropriate
involved carbonating a Grignard reagent with freshly crushed dry-ice
and determining the isbmer composition of the resulting .carboxylic

acids by NMR analysils versus an intermal standard.

Analysis of all products from the reactions of methylmagnesium




bromide with benzophenone and 2-methylbenzophenone, froﬁ the reactions

of cis and trans propenyl magnesium bromide, 5-hexenyl-magnesium

chloride, 5-hexenyllithium, tris(S—hexenyl)aluminum, 1;1-dimethy1-5~
hexenyl-magnesium chloride, 2,Z-dimethyl—S—hexeﬁylmagnesium chloride
and dimethyl-t-butylaluminum with benzophenone and 2-methylbenzophenone
were determined by NMR analysis based upon isolated or synthesized

authentic compounds. NMR analyses employed CbCl; as a solvent with

- internal Me,5i.

For the products arising from reaction of methylmagnesium bromide
with benzophenone: 1,2-addition was determined by the observation of
the methyl group attached to the carbonyl carbon {1.92ppm), benzopinacol

was determined by the -0H hydrogen (3.05ppm), and benzhydrol was

_determined by the hydrogen attached to the carbonyl carbon (5.80ppm).

For the products arising from reaction of methylmagnesium
bromide with 2-methylbenzophenone: 1,2-addition was determined by
observation of the methyl group attached to the carbonyl carbon
(1.85ppm) and the methyl group bound to the ring (l.96ppm), and
2,2'~dimethylbenzorinacol was determined by observation of the -0OH :
hydrogen (2.l6ppm) and the methyl group bound to the ring (2.26ppm):

For the prbducts arising from the reaction of cis-propenyl-
magnesium bromide with benzophenone: 1,2-addition was determined by
observation of the allylic methyl group, a doublet o% doublets (1.46ppm;

J = 1.5 Bz, J

ax = 7.0 Hy).

bx
For the products arising from the reaction of trans-propenyl-
magnesium bromide with benzophenone: 1,2-addition was determined by

observation of the allylic methyl group a doubles of doublets




(1.77 ppm Jay = 1.5 Hz J = 7.0 Hz).

.4

For products arising from the reaqtion of either 5-hexenylmagnesi-
um chloride, 5-hexenyllithium, or tris(5-hexenyl)aluminum with benzophe—
none: 1,2-addition straight chain was determined by observation of the
chemical shift of vinyl protons (4.75-6.17 ppm) 1,2-addition cyclized
was determined by cbservation of the methylene group attached to the
carbonyl carbon, doublet (2.25ppm;.i= 5 Hz).

For the products arising from the reaction of 5-hexenylmagnesium
chloride with benzalpiﬁacoane analysis was carried out by glpc using 8%
Apiezon L on Chromosorb W (AW, 60/80 mesh on a 10-ft. column at 210°C
with a flow rate of 60 ml/min. of helium ﬁsing‘benzophehone as the
internal sténdard. The retention times are as follows: 1,4-addition
straight'chain, 24 min; and tﬁérl;z—éddiﬁion cyclized, 31 min. All
retention itimes were détermiqed by -comparison with authentic compounds.

For the products from the rgac;ion of 1,l1-dimethyl-5-hexenyl-
magnesium chloride with benzopheﬂ?ne: s;raight chain 1,2-addition
product was determined by obse;:va‘jtion of the ‘ch”emical shift of the
vinyl protons (multiplet, 4.67-6.17 ppm) and the gem-dimethyl group
attached to the carbonyl carbon (1.1l pm) cyclized 1,2-addition
product was determined by observation of the chemical shift of the gem-
dimethyl groups attached to the éyclopentyl ring (two singlets, 0.75
ppm and 0.87 ppm) straight chain 1,6-addition product was determined by
observation of the chemical shift of the vinyl protens (multiplet,
4,67-6.17 ppm) and the gem-dimethyl group attached to the aromatic ring
1.34 ppm) cyclized 1,6-éddition product was determined by observation

of the chemical shift of the gem-dimethyl group attached to the
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cyclopentyl ring (two singlets, 0.88 ppm and i.07 pPpm.

For the products arising from the reaction of 1,l-dimethyl-5-
hexenylmagnesium chloride with 2-methylbénzophenone: straight chain 1,2-
addition product was determined. by observation of the chemical shift of
the protons (multiplet, 4.67f6.17ppm and the gem-dimethyl groqprattached
to the carbonyl carbon (1.15pﬁm) cyclized 1,2-addition product was deter-
mined by observation of the chemical shift of the gem-dimethyl groups
attached to the cyclopentyl ring (two singlets, 0.75 ppm and 0.87 ppm
by comparison with the equivalent benzophenone product), straight chain
1,6-addition product was determined by obéervation of the chemical shift
of the vinyliprotonsf(muitipletf4¥67r6.17ppm)and the gem-dimethyl group
attached to the substituted aromatic:ring (1.33 ppm) cyclized 1,6-addition
produc£ was determined by pbservation of ghe chemical shift of the gem-
dimethyl groups attached to the cyclopentyl ring (two singlets, 0.88 ppm
and 1.07 ppm).

For the products arising from the reaction of 1,l-dimethyl-5-
hexenylmagnesium chloride with benzalpinacolone analysis was carried out
by glpc using 8% Apiezon L on Chromosorb W (AW), 60/80 mesh on a 10-ft.
columﬁ at 220°C with a flow rate of 69 ml/min. of helium using benzo-
phenone as the internal standard. The retention times are as follows:
straight chain 1,4--addition product, 30 min., cyclized 1l,4-addition pro-
duct (6~member ring), 39 min., and cyclized 1,4-addition product (5-
member ring), 41 min. All retention times were determined by comparison
with authentic compounds.

For the products arising from the reaction of 2;2—dimefhyl—5—

hexenylmagnesium chloride with benzophenone: straight chain 1,2-addition
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‘ product was détermined B&'ogéervatibn of the vinyl protons (multiplet,

4.70-6.17 ppm)‘aﬁd the gégfdimefhyl group attached g to the carbényl
carbon (0.78 ppm), cyclized 1,2-addition product was determined by gem-—
dimethyl group attached to the cyclopentyl ring. (two singlets, (.83 ppm
and 1.0 ppm). This analysis is supported by reducing the alkylation
products with HZPd-C to the hydrocarbons and analyzing the ﬁroducts‘by
glpc versus an internal standard (benzophenone},

For the products arising from the reaction of 2,2-dimethyl-5-
hexenylmagnesium chloride with 2-methylbenzophenone: straight chain 1,2-
addition product was determined by observation of the chemical shift of
the vinyl protons (multiplet, 4.7-6.17 ppm) and the gem-dimethyl group
attached B to the carbonyl carbon (0.78 ppm), cyclized 1,2-addition prod-
uct was determined by observation of the chemical shift of the gem-
dimethyl group attached to the cyclopentyl ring (two singlets, 0.83 ppm
and 1.0 ppm by comparison with equivalent benzophenone product), straight
chain 1,6-addition product was determined by observation of the chemical
shift of the vinyl protons (multiplet, 4.7-6.17 ppm) and the gem-dimethyl
group attached B to the substituted ring (0.85 ppm), cyclized 1,6-addition
product was determined by observation of the chemical shift of the gem-
dimethyl group attached to the cyclopentyl ring (0.80 ppm) and by the
methylene group attached to the substituted aromatic ring, a doublet
{(2.30 ppm; J = 6 Hz). 1,6-Addition products were reduced to the corres-
ponding hydrol with LiAlH4 to facilitate separation from the 1,2-addition
products by column chomatography prior to NMR analysis. Thus the

chemical shifts for the 1,6-addition products are for the reduced (hydfol)

3
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formiofrthe ketone. Comparison of the NMR spectra of the 1,6-addition
produét from the 3°‘Grignard pfobe wi£h-bénzopheﬁone indicates that
there is little change in the chemical shift values between ketone

and hydrol form of the products. :

For the prbduéésiafisiﬁé f;pﬁ thq'redétioﬁ=of 2,2-dimethyl-5-
hexen;lmagnesium chloride with b;néalﬁinacolone analysis was carried
out glpc using 8% Apiezon L on‘Cﬁromosorb W (AW), 60/80 mesh on a
10-ft. column at 230°C with a flow rate of 60 ml/min. of helium using
benzophencne as the internal stan&ard. The retention times are as
follows: sfraight chain l,4-addition préduct, 40 min., and cyclized,
l.4-addition préducts 52 min. All retention times were determined by

comparison with authentic compounds.

Materials

Solvents

Fisher reageni: grade anhydrous diethyl ethér,was stored over
sodium, then distilled under nitrégen froﬁ I..iAlH4 and/or sodiumbénzo—
phenone ketyl just prior to use. 5

Eastman practical grade n-butyl ether, was refluxed over sodium
for 24 hours, then distilled under nitrogen from sodium just prior to
use.

Fisher reagent grade tetréhydrofuran;tTHF), and 1,2-dimeth6xyerh—
ane (DME) were dried over NaAlH, and distilled under nitrogén just prior
to use.

Fisher reagent grade beﬁzene and laboratory grade hexane and

peﬁtane were stirred over concentrated H2504, washed with Na2003, then




distilled water, dried over anhydrous MgSO,; and distilled from NaAlly
under nitrogen just ﬁrio; tb use. | |

Fisher reagent grade carbon tettrachloride and ethylacetate were
distilled from P205 just prior ot use.
Ketones

Eastman highest furity 2-methylbenzophenone (2-MBP), bp. 125-
127°c/0. 3mm (1:Lt.12 bp. 134-137/2mm) and benzophenone, mp. 48-49°C
(lit.13 mp. 48.1°C) were distilled under vacuum.

Fisher Certified A.C.S. grade acetone was dried over MgSOa, then
filtered,‘distilled~from Po05 and stored over 4A melecular sileves,

14 bp. 56.3°C).

bp. 56°C (1it.
Finton 4fgg££—butylcyc1ohexanone was sublimed under nitrogen,
mp. 43-48°C (1it.12 mp. 49-50°C).
Eastman highest purity 9-flourenone, mp. 82-85°C (1it.l® mp. 85°C)
was used without further purification.
2,2-dimethyl-5-phenyl-4-penten-3-one (benzalpinacolone) was
prepared as previocusly described.from the base catalyzed condensation
of benzaldehyde and pinacolone.17 It was shown to be 99% pure by glpc
analysis, mp. 43°¢ (1it.17 42-43°C). An authentic sample of 2,2
dimethyl-5-phenyl-4-penten-3-one was obtained from Gloria Mischuk, a
graduate student in the research group of Dr. H. O. House.
Solutions of these ketones were stored in a glove box and shielded

from light prior to use.

Alkyl Halides

Methyl bromide (Matheson 99.5% purity) was dried and purified by
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passiﬁg through a 301nn?ube of NaOH pellets and then through a 70 cm tube
of Linde 4A molecular sieve., Methyl d3 bromide (Merck Isotopic Pro-
ducts) was used withouﬁ further purification. Fisher reagent grade
bromobenzene, bp. 156°C (lit.18 bp. 155-156°C) and tert-butyl chloride,
bp. 51-52°C (1it.lg bp. 51.0°C); Aldrich 6-chloro-l-hexene, bp. 82°C/

20

140 mm (1it.“” bp. 128-130°C), Chemical Samples 6-bromo-l-hexene,

bp. 60°C/32 (lit.21 bp. 47-51°C/16 mm) ; 5-bromo-l-pentene bp. 125°C

2 23

(1it.2 bp. I24.5—128°C); 4=bromo-1-butene, bp. 9900 (1lit. bp. 99-

IOOOC) were distilled from calcium hydride just prior to use. Aldrich

24 bp. 59-60°C) was fractionally

l-bromo-1l-propene, bp. 58-62°C (1it.
distilled on a Nester-~Faust teflon annular spinning band column to
give pure cis—l-bromo-l—proﬁéne, bp. 60°C. The trans-l-bromo-l-propene

could not be obtained pure.

Metal Salts and Metals

FeCl3 (Fisher sublimed) and NiCl2 (Alfa Anhydrous) were opened
only in the glove box, and used without further purification. MnCl,,

PbCly, ZnCl,, Cacl,, AgNO5, and KF. (Fisher Certified Anhydrous) were

2
used without further purification. AlCl3 (Fisher Certified Anhydrous)
was Suﬂl%mgd just priof to|use.: HgClz (Baker Reagent Grade) was dried
over ong‘in a vacuum desicator for 24 hours prior to use.

Triply and doubly sublimed magnesium (Dow) was milled with a
carbide tool prior to use. ROC/RIC magnesium crystals were used with-
ou£ further purification.

Lithium wire (MC/B) was washed with pentane under an argon flush

prior to use.
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Lithium dispersion (Alfa), 30% in petrdlﬁtﬂm, was washed repeat-
edly with ether/pentane until c¢lean under an argon atomsphere prior to
use,

Organometallic Compounds

Grignard reagent solutions were“prepared‘as previously described3
unless otherwise indicated.

Grignard re#éents in THF were prepared and analyzed in the same
manner as Grignard reagents prepared in ether.

Grignard reagents in di-n-butyl ether were prepared by removing
the diethyl ether from the Grignard teagent under vacuum after the
di-n-butyl ether had been added.

Lithcoa Egg;—butyllithium and MC/B methyllithium-were analyzed
prior to use.

Ethyl Corporation trimethylaluminum in ether was obtained from
a preparation by 8. A. Noding.

LiAlH, (Alfa Inorganic) was suspended in refluxiﬁg ether for 24
hours, then filtered.r The'ciear sol;tioﬁs were standarized by stand-

ard aluminum analysis (EDTA titration) prior to use.

‘Others

Aﬁthéntic sémples of l-hexene, l;ﬁeptené, cyclohexene, 1,5-hex-
adiene, cyclohexane, l,l-dimethylcyclohexane, and methylcyelopentane
were obtained from Aldrich Chemical Company. Authentic samples of
6—methy1—1—hepténe, meﬁhylenecyclopentane, 2-methyl-1,5-heptadiene and

1,1,3-ttimethyléyc10pentane were obtained from Chemical ‘Samples Company.
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~ Aldrich (99%) diphenyime;haﬁe, bp. 264°C (1it.25 bp. 262-263°¢C/
745 mm); Ald;ich.(Spectro Grade)_n;trome;hane, bp. 101°C ,(lit.-26 bp.
98—101°C); Eastman highest purity beﬁ;aldehyde, bp. 178-180%C (1it.27
" bp. 73.79C/21 mm were distilled prior to use.
7 ~Aldrich (99%) diisoprﬁpylamiﬁe, Ep. 84°¢ (lit.28 bp. 83.9°C) was
refluxed over and distilled from calcium hydride prior to use.
Aldrich (99+%) isobutyric acid, bp. 153-154°C (1it.2? bp. 150-
154°C/683 mm was refluxed over and distilled from P,0s.
Aldrich (99%) triphenylphosphine mp. 79-81°C (1it.30 mp. 80.5°C)
was dried over P205 in a vacuum desicator for 48 hours prior to use.

Aldrich (98%) crontonic acid (trans-2-butencic acid), mp. 71-72°C

(lit.31 mp. 71.4°C) was recrystallized twice from ethanocl-water followed
" by vacuum drying over P205 for 24 hours.
Aldrich (97%) pinacolone bp. 1060C (lit.32 bp. 103-107°C) and
33

Aldrich (98%) methylcrotonate, bp. 118-120°C (1it.”~ bp. 119°C/768 mm)

were distilled prior to use.

Preparations

Miscellaneous

The preparations of 1-(2-methylphenyl)-l-phenylethylene and 1-(2-
methylphenyl)-1l-phenyl ethanol were carried out as previously de-
scribed.34 The preparation of active magnesium hydride has been
~ previously described. 3 2,2'-Dimethylbenzopinacol and flourenone
pinacol were prepared according to the procedure of Gomberg and
Bachuann from tpe reaction of the appropriate ketone with magnesium

36

and iodine. The preparation of 1,l-dimethyl-5-hexen-1-0l was
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carried out as previously described by reacting 4-pentenylmagnesium

bromide with acetone.>’

2-Methylbenzhydrol

Thirty mmoles (5.88gms) of 2-methylbenzophenone was reduced with
15 mmoles of LiAlH, in ether at Qo. After 4.0 hours at room tempera-

Cl and dilute HC1.

ture, the reaction was hydrolyzed with aqﬁeous NH4

The ether layeriwas washed once with aqueous NaHC0,, twice with water,

dried with anhydrous MgSO4 and the ether removed under vacuum. The

crude solid was-rgcr&stéllized from‘hexane, mp. 89.0-90.0°C (lit.38

mp. 89°C); IR (neat, f£ilm) 3330 (OH), 3030 (aromatic CH), 2940 cm !

(aliphatic CH); NMR (CDCl,, TMS) 3 H singlet at 2.26 ppm, broad 1 H

3?
singlet at 2.25ppm, 1 H singlet at G;OSPPms9 H multiplet at 7.12-
7.73 ppm.

cis-2-Butenoic Acid

Fifty mmoles (6.05gms) of 51§714bromo—l-propene was added-tp 0.3
gm-atoms (2.08 gms) of lithium metal suspended in THF. After stirring
for 5 hours the suspension was poured through a screen into a flask
containing freshly crushed dry-ice. The reaction was hydrolyzed with
water. The water layer was extracted with ether and the ether layer
discarded. The water layer was then acidified with 1:1 HCl, saturated
with NaCl and extracted twice with Et,0. The ether extracts were
éombined and washed once with water,‘dried over anhYdrous MgS0y, and
the ether reﬁbﬁéd under vacuum, The crude o1l was recrystallized from
cold pentane, mp. 15.0°C (11it.39 mp. 14.4-14.6°C); IR -(neat, film)

3400-2900 (broad OH), 2960 (aliphatic CH), 1700 (C=0), 1660 (cis -
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=1 : .
c=C, 1130 (C-0-H), 700 cm © (cis H=C=C-H): NMR(CDCl,, TMS) 3 H doublet

3’
of douﬁléts at 2:17pbm;1 B multiplet at 6;22-6.83ppm,1 H multiplet
at 5.67-6.08 and a 1 H singlet at 11.88 ppm.

1,1-Diphenyl-trans-2-buten-1l-o0l

NMR (CDC1

One hundredimmolé (I0.0 gﬁ)of mefhyi;c%qéongte'diSsolved in
ether was added to 200 mmole of phenyllifﬁidm in 200 ml of ether at
0°C. After addition was complete the reaction was allowed to warm to
room temperature and theén was refluxed for 4 hours. The reaction was
hydrolyzed with aqueous NH,Cl and dilute HCl. The ether layer was
washed once with aqueous RaliCOj3, twice with wate;, dried over anhydrous
Mg50,, and the ether removed under vacuum. The resulting liquid was
chromatographed on preparative scale TLC plates (alumina) eluting with
8% ethyl acetate/hexane to give two bands. Band 1, a solid, recrysta1-1
lized from hexane was identified as 1,2-diphenyl-l-butanone, mp. 72-73°C
(11t.40 mp. 72.5-73.5%C); IR (CC1,) 3033 (aromatic CH), 2930 (aliphatic
CH), 1680 em™! (C=0); NMR (CDCl,, TMS) 3 H doublet at 1.37ppm, 3 H
multiplet at 3.0-3.76ppm, 10 H multiplet at‘7.0—8.13ppm4 Band 2, a
liquid was identified as 1,l-diphenyl-trans-2-buten-l-ol, Ngs 1.5858
(1it.41 Ngs 1.5860); IR (neat, £1ilm) 3410 (broad OH), 3030 (aromatic
CHi 2920 (aliphatic CH), 1665 (trans C=C), 1600 em~! {aromatic C=C);
3» TMS) 3 H doublet of doublets centered at 1.77 ppm, 1.H
singlet (broad) at 2.45ppm, 2 H multiplet af 5.27-6 ppm. IO'H
multiplet at 7.0-7.7 ppm, mass spectrum, m/e (rel. intensityi 224
(M+, 14), 206(8), 105(100), 91(17), 77(38), 69(16), 51(17); Analysis

Calculated for CieH160 : C, 85.72%; H, 7.14%. Found: C, 85.647%HT7.177%.
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1,1-Diphenyl-cis-2-buten-1-ol

To 7.5 mmoles of cis-l-propenyllithium in' 50 ml of THF was added
5.0 mmoles (0.9l gms) of benzophenone in 25 ml of THF, The mixture was
allowed to react for 8 hours at ZS?C, then hydrolyzed with aqueous

NH4C1. Et20 was added and the mixture extracted several times with cold

water to remove the THF. The ether layer was dried over anhydrous MgSQy,

and the ether removed under vacuum. NMR analysis indicated no trans-

isomer was present. High vacuum vapor transfer gave a colorless liquid,

25
ND
2925 (aliphatic CH), 1650 (cis C=C), 1600 e~ 1 (aromatic C=C); NMR

1.5889 (1it.%! ND.1.5901); IR 3420 (broad OH), 3030 (aromatic CH),

(CDC13, TMS) 3 H doublet of doublets centered at l.46ppm, 1 H singlet
(broad) at 2.45ppm, 2 H multiplet at 5.33-6.25ppm, 10 H multiplet at
7.0-7.70ppm; mass spectrum, m/e (rel. intensity) 224 (M&,2l), 209(17),
183(15), 181(15), 167(19), 165(17), 105(100), 77(36); Analysis, Cal-
culated for Ci1eH160 : Cs 85.72%; H, 7.14%. Found: C, 85.45%; H, 7.22%.

0-(2,2-Dimethylcyclopentyl)acetophenone

To 4.46 mmoles of 3° probe Grignard reagent (containing 62.7%
1,1—dimethyl—S—hexenylhagnesium chloride, 33.3% 2,2-dimethylcyclopentyl-
l-methyfmegnesium chloride, and 4;0% 2,2—dieethylcyclohexylmagnesium
chloride) in 24ml of ether was added 4.0 mmole (0.42 gm) of benzaldehyde

in 10m1 of ether. The mixture was allowed to react for 6 hours,

'hydrolyzed with aqweous NH, Cl and extracted with ether The ether

extracts were nashed with water, dried over anhydrous MgS04, and the
ether removed under vacuum. The resulting liquid was dissolved in 25 ml

of acetone and Jones reagent added until an orange color persisited.
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The color was discharged.with isopropyl alcohol. Following neutral-

ization with scdium bicarbonate, the acetone layer was separated. The

-aqueous- layer was extracted with ether, and the ether and acetone layers

were combined and dried over anhjdrous MgS50,. After filtration, the

: solﬁenﬁs'were»:emoved undéf vacﬁum giving a pale yellow liquid. The

reaction products were separated by prepartive glpc on a 6' x %" - 102

Carbonwax 20M column at 190°C. The title compound crystallized as it

was collected, mp. 29-30°C; IR (neat, film) 3030 (aromatié-CH), 2950
{aliphatic CH), 1685 (C=0), 1600 (aromatic C=C), 1450 cm! (aliphatic
CHp); NMR (CDC13, TM5) 6 H doublet centered at 0.93ppm, 7 K multiplet
at 1.17-2.33ppm, 2 H multiplet centered at 2,86ppm, 5 H multiplet at
7.7-8.17ppm; mass spectrum, m/e (rel. intensity) 216 ott, 28), 173(17),
149(18), 120(100), 105(81), 77(31); Analysis, Calculated for Cjg5Hpoq0 :
C, 83.33%Z; H, 9.26%. Found: C, 83.38% : H, 9.34%.

Diphenyl-(2,2-Dimethvlcyclopentylmethylene)carbinol

The a-(2,2-dimethylcyclopentyl) acetonphenone prepared above was
dissolved in dry ether and added to an excess of phenylmagnesium bromide
in ether. Standard Grignard work up gave a pale yellow liquid, IR {(neat,
film) 3480 (OH), 3030 (aromatic CH), 2940 (aliphatic CH), 1600

(aromatic €=C), 1450 cm™! (aliphatic CH,); NMR (CDCl,, TMS) 6 H doublet

3!
centered at 0.83ppm, 10 B multiplet at 1.0-2.7ppm, 10 H multiplet at

' 7;0-7.7ppm; mass spectrum, m/e (rel. intensity) 176 (P-H20,<1), 217(8),

183(100), 105(38), 77(9), 55(4).
Further proof of structure was obtained by injecting this com-

pound on a 6' x %" carbowax 20M column at 250°C and collecting the
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olefin dehydration producﬁ, 1,l—diphenyl-z—(2,Z-dimethylcyclopentyl)
ethylene; IR (neat, film) 3035 (aromatic CH), 3020 (olefinic trisub CH),
2940 (aliphatic HC), 1680 (c=c), 1600 cm”! (aromatic g=c); mass

“ spectrum mfe (rel.%intens;tyﬁ 276 (M+,<1), 261(<1), 227(7), 165(10),
104(17), 85(36), 77(18), 55(1d0); Analysis, Calculated for Cy Hyy

c, 91.3% ; H, 8.70%; Founc¢: C, 91.03% ; H, 8.91%.

1-Chloro-1,1-Dimethyl-5-hexene

To a cold (0°C) solution é%\iioﬁl of 10% ZnCly in concentrated
HCl in a separatory funnel was added 100 mmoles (14.6 gm) of 1,1-dimethyl-
5-hexen~l-ol. The funnel was stoppered and shaken for 15 minutes. The
phases were allowed to separate and the lower acid layer was &iscarded.
The upper organic layer was washed with water, neutralized with sodium
bicarbonate, and extracted with ether. The ether layer was dried over
anhydrous MgSO, and the ether removed under vacuum. Distillation gave
a colorless liquid bp. 60°C/23mm; IR (neat, film) 3080 (vinyl CH), 2960
(aliphatic CH), 1645 cm—1 (vinyl c=c); NMR (CDCl4, TMS) 6 H singlet at
1.58ppm, 6 H multiplet at’1.67—2.38ppm, 1 H multiplét at 4.86-6.47ppm;
mass spectrum, m/e (rel. intenstiy) 146 (M+ , < 1), 95(30), 69(100),
56(42), 55(46), 54(36), 41(74), 39(40); Analysis, Calculated for
CglljsCl ¢ C, 65.53% ; H, 10.25%. Found: C, 65.67% 3 H, 10.32%.

2,2-Dimethyl-5-hexen-1-0l

To 0.5 mole (44.0gms) of isobutyric acid in 700 ml of freshly
distilled THF was added 1.0 mole (833 ml 1.2M) of lithium diisopropyl-
amide in Hexane at -20°C. The solution was allowed to warm fo room

temperature and then warmed to 30°C for 30 minutes to complete the
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metalation. To this sﬁspeﬂéion was added 0.525 moles (70.9 gms) of
4-bromo-1-butene dissolved in 100ml of THF. The reaction warmed to 55°C
and was allowed to mix overnighf. The reaction was hydrolyzed with
water, extracted ﬁith ether (ether layer discarded), acidified with

1:1 hydrochloric acid, and extracted twice with ether. The combined
ether extracts were washed twice with water, dried over anhydrous

MgSOa, and the ether removed under vécuum; The resulting liquid,

2,2-dimethyl-5-hexencic acid; NMR (CDCl,, TMS) 6 H singlet at 1.22 ppm,

3’

4 H multiplet at 1,33-2.42 ppm, 3 H“muifiplet at 4.75-6.13ppm, 1 H sing-

let a£ ];2.‘2 pPpm, was dissolv!ed ir.1 100"1'1.11..pf.' dry ether and added to an

excess of LiAlH, in:ether at 0°C. Stapdard work up gave a colorless

liquid: bp. 83-840C/21 mn also cﬁlleétgg‘a portion at 97°C/45mm. N3
25

1.4422 (1it.%2 bp. 97-98°C/45mm; N5~ 1.4425) NMR (CDCl,, TMS) 6 H

3
singlet at 0.82ppm, 5 H multiplet (contains OH) at 1.15-2.28 ppm, 2 H
singlet at 3.30ppm, 3 H multiplet at 4.78-6.22ppﬁ,mass spectrum,

m/e (rel. intenstiy) 128 (M',<1), 110(1), 97(14), 95(7), 81(14), 55(100),
43(20), 41(35), 39(17).

1-Chioro-2,2-Dinethyl-5-hexene

A solution of 0.142 moles (18.1 gms) of 2,2-dimethyl-5-hexen-1-o0l
and 0.156 moles (40.8 gms) of triphenylphosphine in 300 ml of dry CCl4
was refluxed for 48 hours. The solution was allowed to cool at room
temperature, then hexane added to bring the total volume to 300 ml and
fiitered. The solvent was removed under vacuum and the resulting

liquid redissolved in hexane and filtered. This procedure was repeated

until the addition of hexane did not cause a precipitate to form.
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The crude liquid was distilled to give a colorless liquid: bp. 77-78°C/
44mm (glpc analysis showed the liquid to be contaminatéd by about 2%
alcohel and 2% double bond isomer). Preparative glpc gave a pure, color-
less liquid: N§5 1.44.26; IR (neat, film) 3060 (vinyl CH), 2960 {(aliphatic
CH), 1645 em L {(vinyl ¢=C); NMR (CDCll,fTMS) 6 H singlet at 0.98ppm, 4 H
multiplet at 1.22-2.31ppm, 2 H singlet at 3.33 ppm, 3 H multiplet at 4.8-

6.2 ppm, mass spectrum, m/e frel. intensity) 146(M+, 3), 97(100), 95(38),

69(38), 55(85), 41(65), 39(49);‘Anaiysis, Calculated for CSH15C1 :

C, 65.55%; H, 10.24%. Found: C, 65.75%; H, 10.27%.

1-Propenylmagnesium Bromide

To a 250ml round bottom flask equippedlwith a reflux condenser,
pressure equalizing addition funnel stoppered with a septum cép, ﬁagnetic
stirring bar, amd attached to a'THF/NaAlH4 still was added 0.05 gm-atoms
(1.2 gm) of activated43 triply sublimed magnesium. The entire apparatus
was evacuated and flamed, then flushed with nitrogen. Enough dry THF
was distilled into the flask to just cover the magnesium. With a syringe,
40 mmoles (4.84 gms) of cis-1-bromo-l-propene was added to the addition
funnel. . About #.5ml of the neat halide was added to the magnesium - THF
mixture with stirring. The remainder of the halide was diluted with 50 ml
of dry THF. After a two hour induction period the reaction started.
Additional THF was distilled into the reaction mixture and additional
halide - THF mixture added at a rate such that refluxing did not occur.
The reaction was allowed to mix an additional B hours after addition of
the halide was compilete, then allowed_to settle until clear. The G;ig—

nard reagent was used without being filtered.
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The isomer coﬁposition of the propenyl Grignaid reagent was
determined by NMR analysis of the 2-butenocic acids produced by the
carbonation of the Grignard reagent. Three propenyl Grignard reagents
were prepared by thé above procedure and their isomer composition is as
fellows:

Grignard A (0.015% 0.005M) was composed of: 0.142% d.OO#ﬂ (94.7%)
E}gfpropenylmagmeéium bromide; 0.008 % 0.0008M (5.3%) trans-propenyl-
magnesium bromide.

Grignard B (0.16% 0.005M) was composed of 0.07+ 0.003M (60.6%)
_c_i_s—propenylmagmes;ium bromide; 0.063% 0.002M (39.4%) trans-propenyl-
magnesium bromide.

Grignard C (0.41 *0.12M) was composed of: 0.16+ 0.003M (25.2%)
Eig—pfopenylmagnesium bromide; 0.314% b.OOQE (74.8%) trans-propenyl-
magnesium bromide.

5-Hexenylmagnesium Chloride

To a 250 ml round bottom flask equipped with a reflux condenser,
pressure equalizing addition funnel stoppered with a septum cap, magnetic
stirring bar, and attached to an ether/LiAlH4 still was added 0.10 gm-
atoms (2.4 gm) of activated43 triply sublimed magnesium. The entire
apparatus was evacuated and fiamed, then flushed with nitrogen. ZEnough
dry ether was distilled into the flask to just cover the magnesium.

With a sﬁringe'74.0 ﬁmoles (12.0 gms) of l-chloro-5-hexene was added to

the additipn fgnnel; About 0.5 gl of the neat halide was added to the

magnesium—etheramixture with stirring. The remainder of the halide was

diluted with 10mlof dry gfher. After a4 short induction period the
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reaction started. Additional ether was distilled into the reactibn and
additional halide-ether mixture added at a rate such that refluxing was
held to a minimum. After addition of the halidg was complete the
reaction was allowed to mix an additional 8 hours, then allowed to
setfle until clear. The Grighard reagent was used without being
filteréd. The 1S6ﬁét'bompositioﬁ of the Grignard reagents below were
determined by glpc_gnalysis. _

Grignard D 66;34i 0.015&) was‘compased of : 0.33% 0.015M (95.9%)
5-hexenylmagnesium chloride;‘0.014i;OuQQl§_“(411%);cyclopentylmethyl—
magnesium chloride; cfclohexylmaénésiumIChlqride (;one detected).

Grignard E (Q.38i 0.02M) was composed of: 0.32+ 0.01M (83.3%)
5-hexenylmagnes:ium chloride; 0.064* 0.006M (16.7%) cyclopentylmethyl-
magnesium chloride;rcyclohexylmagnesium chloride, (none was detected).

This Grignard reagent was also prepared in THF by the above
procedure. The isomer composition of this Grignard reagént was
determined in the same manner and shown by glpc analysis to be as
follows:

Grignard T (0.286+ 0.01M) was composed of: (0.26+ .008M) (90.9%)
S-heXEnylmagneSium chioride: 0.026 % 0.002M (9.1%) cyclopentylmethyl-
magnesium chloride; cyeclohexylmagnesium chloride; (none detected).

1,1-Dimethyl-5~hexenylmagnesium Chloride

To a 250ml round bottom flask equipped with a sidearm stopecock,

a reflux condenser, pressure equalizing addition funnel stoppered with

a septum cap, magnetic stirring bar, and attached to an ether/LiAlH4

43

still was added 0.05 gm-atoms (3.6 gms) of activated - triply sublimed
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magnesium. The entire éppératus was flamed under vacuum, then flushed
with nitrogen. Encugh dry ether was distilled into the flask to just
cover the magnesiumj Through the sidéarm of the flask (under N2 fiush)
0.2ml of ethyl bromide was added with stirring. After the vigorous
reaction had stopped the ether solution was removed by syringe and
fresh ether distilled into the flask. This procedure was continﬁed
‘until 90% of the ethy;magqgsium:bromide was accounted for by acid
'Fi;fgtion of thé remoﬁed éﬁher. ﬁiéﬁ a syringe 20 mmoles (2.93 gms) 1
“of i-éhloro~1,l—dimeth§l—5~hexéﬁeﬁ;agggdded to the addition funnel.
About 0.5ml of the neat halide was added to the magnesium-ether
mixture with stirring. ='fhe remaining'halide was diluted with 10 ml of
dry ether. The reaction started within 10 minutes. 'Addifional ether
was distilled into the reaction wvessel aﬁd additicnal halide-ether
mixture was added at a rate such that refluxing was held to a minimum.
The reaction was allowed to stir an additional 8 hours after the addition
of the halide was complete, then allowed to settle until clear. The
Grignard reagent was used without béing filtered. The isomer composition
of the Grignard reagents prepared were determined by glpc analysis.

Grignard G (0.142+ 0.006M) was composed of: 0.076% 0.0025M (53.6%)
1,1-dimethyl-5-hexeaylmagnesium chloride; 0.056+ 0.0025M (39.4%) 2,2-
dimethyl—cyclopentylmethylmagnesiﬁm chloride; 0.0102* 0.007M (7.0%)
2,2-dimethylcyclohexylmagnesium chloride.

Grignard H (0,31%* 0.01M) was composed of: 0.16110.005§”(51.6Z)
l,1~dimethyl-5-hexenylmagnesium chloride; 0.14% 0.004M (45.2%) 2,2~

dimethyleyclopentymethylmagnesium chloride; 0.01% 0.001M (3.2%)
2,2-dimethylcyclohenylmagnesium chloride.
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Grignard I (0.11+ 0,0035M) was composed of: 0.061%* 0.002M (53.5%)
1,1-dimethyl-5-hexenylmagnesium chloride; 0.048% 0.001M (42.1%) 2,2-
dimethylcyclopentylmethylmagnesium chloride; 0.005% 0.0005M (4.4%)

2,2-dimethylcyclohexylmagnesium chloride.

Grignard J (0.24% 0.007M) was-composed of: 0.15%0.004M (62.5%)
1,1-dimethyl-5-hexenylMgCl; 0.080% 0.002M (33.3%) 2,2-dimethylcyclo-
pentylmethylmagnesium chloride 0.010% 0.001M (4.2) 2,2-dimethyl-

cyclohexylmagnesium chloride. . |

1,1-Dimethyl-5-hexenylmagnesium chloride was also prepared in

THF by the above procedure and in n-butyl ether as described earlier.
The isomer composition of tﬁese Grignard reagents was détermined in
the same manner and shown by gipc analysis to be as follows:

Grignard K in THF (0.266* 0.008M) was composed of: 0,12% 0,03M
(45.1%) 1,1-dimethyl-5-hexenylmagnesium chloride; 0.12* 0.003M (45.1%)
2,2-dimethylcyclopentylmethylmagnesium chloride; 0.026* 0.002M (9.8%)
2,2-dimethyleyeclohexylmagnesium chloride.

Grignard L in n-butyl ether (0.26* 0.008M) was composed of:
0.13%0.004M (50.0%) 1,1-dimethyl-5-hexenylmagnesium chloride; 0.12%
0.003M (46.2%); 2,2mdiméthylcyclopentylmethylmagnesium chloride; 0.01%

0.001M (3.8%) 2,2-dilmethylcyclohexenylmagnesium chloride.

2,2-Dimethyl-5-hexenylmagnesium Chloride
:To a 50 ml round bottom flask equipped with a sidearm stopcock,

a reflux conded&éf; b;essure eugalizing addition funnel stoppered with

a serum cap, magnetilé stirring bar, -and attached to an ethef/LiAlHA still

was added 0.042 gm-atoms (1.0 gm) ofractivhtedAB—triﬁly sublimed
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magnesium. The entire apparatus was flamed under vacuum, then flushed
with nitrogen. Enough dry ether was distilled into fhé flask to just
cover the magnesium. Through the-Sidearﬁ of the;flask (under N2 fluéh)
0.2 ml of ethyl bromide was added with stirring. After the vigorous
reaction had stopped the ether solution was removed by syringe and

fresh ether distilled into the flask. This procedure was continued

until 90% of the ethylmagnesium bromide was accounted for by acid

titration of the removed ether. About 30 ml of ether was distilled
into the flask. 'To this was hdded ((by syringe through the sidearm)
4,7 mmoles (0,34 gms):of lvch}q;;-z,2-dimethyl—5-h;xene. The reaction,
which ne#eriprocedés r;pidly, ﬁas allpﬁed.to mix for 3 days, then
allowed to settle until clear. ThelGrignard reagent was used without
being filtered. The isomer composition of the Grignard reagents was
determined by glpc analysis.

Grignard M (0.14+* 0.004M) was composed of: 0.07 % 0.002M (50.0%)
2,2~dimethyl-5-hexenylmagnesium chloride 0.07 + 0,002M (50.0%) 3,3-
dimethylcyclopentylmethylmagnesium chloride.

rGrignard N (0.19% 0.007M) was composed of: 0.042 0.0025@_(21.1%)

2,2-dimethyl-5-hexenylmagnesium chloride; 0.152% 0.004M (78.9%)

3,3-dimethylcyclopentylmethylmagnesium chloride.

5-Hexenyllithium

Bis(5-hexenyl)mercury, To a 1.0 liter round bottom flask equipped
with a sidearm stoprock, Soxhlet extraector (no cup only glass wool)
containing 30 mmoles (8.13 gms) of HgClz, and a reflux condenser all

under nitrogen was added 70 mmoles (130 ml, 0.59M) of 5-hexenylmagnesium
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chloride (8.5% cyclopentflmethylmagnésium chioride). Approximately

. 600 ml of freshly distilled dry ether was added through the Soxhlet
extractor. The flask was heated to reflux overnight during which time

a heavy white precipitate formed. The HgClz was completely dissolved

in about 6 hours. The solution was filtered under nitrogen, hydrolyzed
aqueous NH4C1, the =ther layver washed with distilled water, dried over
anhydrous MgSOA, and the ether removed under vacuum. Distillation of
the residue gave a colorless liquid, bp. 155-157°C/9mm. NMR (CDC15, TMS)
aliphatic multiplet at 0.8-2.4 ppm, and an olefinic multiplet at 4.67-
6.33 ppm, with an aliphatic : oléfinic hy&rogen ratio of 3.1 : 1.0,
Bis=5-hexenylmercury with 8.5%Z cyclopentylmethyl groups would be expected
to have this exact ratio of aliphatic : oclefinic hydrogens. This
dialkylmercury compound was used without further purification or charac-
terization,

To a 100 ml round bottom flgék equipped with a sidearm stopcock
and a magnetic stirring bar was added 0.047 gm-atoms (0.33 gms) of
(péntane—ether washed) lithium dispersion and 45 ml of ether under an
argon atomsphere. The flask was placed in a CClA/dry—ice bath (-23°C).
To the cold solution was added 8.5 mmoles (3.1 gms) of bis-5-hexenyl-
mercury (8.5% cyclopentylmethylmercury) with stirring. The reaction
was allowed to mix for 6 hours, then allowed to settle until clear.

The lithium reagent was stored at -78°C when not in use.

The isomer composition of the lithium reagent was shown by glpc
analysis to be as follows:

Lithium Reagent A (0.30:tD,099§) was ggmposed of: 0.2420.007M

(80.0%) 5-hexenyl Li; 0.06+ 0.002M (20.0%Z) cyclopentylmethyl Li.

B O
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1,1-Dimethyl-5-hexenyllithium

Bis(l,l—dimethyl-S—hexenfl)”mercury. To 250 ml round bottom flask
equippéd with a sidearm stopcock and a magnetic_stirring bar was added
6.0 mmoles (1.63 gms) of HgCl2 and 42 ml of dry ether. This mixture
was stirred until the HgCl2 had compietély dissolved. To this was
added slowly with stirring 12.0 mmoles (60 ml, 0.2 M) of 3° probe
Grignard reagent (Grignard G). The'additioﬁ of the Grignard reagent
resulted in the formation of a white precipitate which quickly turned
dark grey and remained dark until the addition was complete. The
reaction was allowed to mix over night. The reaction mixture was i
filtered under nitrogen, hydrolyzed with aqueous NH,C1, the ethér layer
washed with distilled ﬁater, dried over anhydrous MgSOA, and the ether
removed under vacuum. Distillation of the residue, over a wide boilling

range, gave a colorless liquid, bp. 162-185°C/0.3 mm, NMR (CDCl,, TMS)

3’
large aliphatic H multiplet at 0.5-2.4ppm and a trace of olefinic
H multiplet at 4.68-6.33ppm. There was only a trace of olefin material
present remaining in the product. The synthesis of this probe was not

continued.

Tris(5-hexenyl)aluminum

To a 50 ml round bottom flask equipped with é magnetic stirring
bar,a 3-way stopcock which was attached to a male 24/40 standard taper
joint was added 9.1 mmoles (20.7 ml, 0.44M) of 5-hexenylmagnesium
chloride (7fOZ cyglopgntylmagnesium ch%pri?e). To this solution was
added, with rgpid stirring, 3.0 mmoles (2:5 ml, 1.2M) of aluminum"

chloride in ether at 0 C. The reaction was allowed to warm to room
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teﬁperature and then stir for 24 hours. Tﬁe reaction flask was fhen
placed in a centrifuge to facilitate'rapiﬂ settling of thé MgCl2
precipitate. The clear solution was trénsferred to another flask by
syringe. The ether was removed under vacuum and replaced with dry
pentane. After the‘precipipate had settled the clear solution was shown
by analysis to have an Al : Mg : Cl ratio of 1.0:0,010:0,02.

The isomer composition of the aluminum reagent was shown by g;pc
analysis to be as follows:

Aluminum Reagent A (concentration of R3Al = 0.30/3 = 0.10M) was
composed of: 0.28 +0.008M (93.3%) 5-hexenylaluminum 0.02  0.001M (6.7%)
cyclobeﬁfylmethylalﬁminum. |

Tris(1,1-dimethyl-5-hexenyl)aluminun

To a 250 wl Schlenk tube (sized to fit a centrifuge) was added
24 mmoles (100 ml, 0.24M) 3° probe G:ignafd reagent (62.7% 1,l1-dimethyl-
5-hexenylmagnesium chloriﬂe). To this at 0°C was added with rapid
stirring 6.0 mmoles (5.0 ml, 1.2M) aluminum chloride, Daily analysis
indicated that complete reaction required 4 déys of stirring. After
centrifuging, the clear solution was transferred to another flask by
syringe. The ether was removed under vacuum aﬁd replaced with dry
pentane, After the precipitate had settled the clear solution was
shown by analysis to have an Al : Mg : Cl ratio of 1.0:0.015:0.023.

The isomer composition of the aluminum reagent was shown by glpe
analysis to be as follows: |

Aluminum Reagent B (O.GSAi 0;002&) was composed of: 0.003

0.0003M (5.0%) 1,1-dimethyl-5-hexenylaluminum 0.051+ 0.002M (95.0%)
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2,2-dimethylcyclopeutylméthylaluminum.

Dimethyl-t-butylaliminum

To a 50 ml round bottom flask equipped with a magnetic stirring
bar and a 3-way stopcock which was attached to a male 24/40 standard
taper joint, was added 10 mmoles (8.3 ml, 1.2M) of trimethylaluminum in
ether and 5.0 mmoles (9.8 ml, 0.51M) of aluminum chloride. The redis-
tribution react:ion was allowed to stir for 1 hour. To this solution
at 0°C with stirring was added 15 mmoles (17.4 ml, 0.86M) of tert-
butylmagnesium chloride. The reaction was allowed to warm to room
temperature énd stirred for 24 hours. The reaction flask was then
placed in a centrifuge to facilitate rapid settling of the MgCl2
precipitate. The clear solution was transferred to amother flask by
syringe. The ether was removed under vacuum and replaced with dry
benzene. After the precipitate had settled the clear solution wés
shown by analysis to have aﬁ Al : Mg : Cl ratio of 1.0:0.018:0.020,

An aliquot of tlie trialkylaluminum solqtion was placed in a preweighed

flask equipped with a sidearm stopcock, the solvent was removed under

~high vacuum to give a colorless 1iquid?Qdiméthyl—tert—butylaluminum

diethyl etherate, MR (CgHg, CgHg) 6 H singlet at -0.23ppm, 6 H triplet
centered at 1.28ppm, 9 H singlet at 1.36ppm, and a 4 H quartet centered
at 3.55ppm. Gas anaiysis CHA : Al was determined to be 2.0:1.0;
Analysis, Calculated for Cy4Hy5A10 : Al, 15,7%. TFound: Al, 15.6%.

35
CH4MgBr + Active MgH,

To a 100 m1 round bottom flask equipped with a sidearm stopcock

and a magnetic stirring bar was added 0.25 mmoles of MgH, under'N2
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flush and 120 mmoles (50.4 ml, 2.38M) of methylmagnesium bromide

with stirring. After 15 minutes the MgH, had completely dissolved.

2

This solution was used for further reactions immediately.

Procedure

Reactions in General

Reactions were cérried out in round-bottomed flééks equipped with
T-bore stopcocks attached to male 24/40 standard taper joints (allows
nitrogen flush while‘reagenté are being added or removed through the
stopcock by syringe), and a teflon coated magnetic stirring bar. The
appropriate amounts of solvents, organometallic reagents, ketones and
catalysts were ;yfinged into the flask undér a nitrogen or argon flush.

After complete reaction. the mixture was ‘hydrolyzed with saturated

aqueous NH,Cl solution under nitrogen atomsphere. In some cases the

4
ether layer was separated, dried over anhydrous MgSOA, filtered, and
the solvent removed under vacuum. In other cases the sclvent and other
volatile compounds of interest were remqvgq‘under vacuum and collected

in a liquid nitrogen or dry ice-acetone trap.

Reaction of "CH3MgBr" with 2-Methylbenzophenone (400:1 Grignard; Ketone

Ratio) with DoC Hydrolysis.

To 120 mmoles of "CH3MgBr" in 79 ml of ether was added 0.3

. mmole (1.0 ml, 0.3M) of 2-MBP in ether. After 6 hours, the reaction

was hydrolyzed with 99.9% D0, the ether layer was separated, dried,

and the ether removed under vacuum. The residue was taken up in CDCl3
and gave upon MMR analysis: 57% 2-methylbenzhydrol (no deuterium

incorporation), 427% 1-(2-methylpenhyl)-l-phenyl ethanol and 2%
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+ 2-methylbenzopinacol.

Reaction of '"CD3MgBr" with 2-Meghyibenzophen6ﬁe (250:1 Grignard:

Ketone Ratio).

To 50 mmoles of "Cﬁ3MgBr" in 79 ml of éfher was added 0.2
mmoles (1.0 ml, 0.ZM) bf 2-MBP in ether. After 6 hours, the
reaction was hydrolyzed, the ether layer separated, dried, and the
ether removed under vacuum. Thé residue was taken up in CDCl3 and
gave upon NMR analysis: 697 Phenyl-(Z-methylpenyl)-d3-methyl carbinol,
20% 2-methyl-benzopinacol, and 11% 2-methylbenzhydrol (mno deuterium
incorporation).

Reaction of "CH3MgBr" with 2-MBP (AOO:l-Grignard:Ketoﬁe Ratio)

Doping with Metals, Anions and Oxygen.

A separate reaction was carried out for each doping reagent;
Fe(III), Ni(II), Ag(I), Naj 0,, F-, Cl:.;b(II), Zn(II) and Ca(II).
When possible, a solution of the doping reagent (1000 ppr) was added
to 120 mmole of "CH3MgBr" in about 75 ml of ether just prior to the
addition of 0.3 mmoles (1.0 ml, 0.3M) of 2-MBP in ether. If the
doping reagent was not soluble 1n ether an approximate amount of the
dry solid was added to the flask (in the‘dry-box) followed by the
Grignard reagent and then the ketone. Ten ml of 02 was bubbled intb
a flask by syringe. Afte; 6 hours, the reactions were carefully
hydreolyzed, the ether layers separated, dried, and the ether femoved

under vacuum. The residues were taken up in CDC14 and analyzed by NMR.
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Reactions Showing the Selectivity of the M@gpesium_ﬂydride Reducing

Species.

To an ether solution containing 120 mmole of "CH3MgBr" or
"CHyMgBr" + "MgH,">> was added 0.3 mmole of 2-MBP and 0.3 mmole of
acetone. Reactions were carried out for 4 hours, and hydrolysis was
followed by vacuum st;ipping of the volatile portion. Analysis of
this portion was obtained by GLC on a 19-ft., 15% diglycerol on
60/80 mesh Chromasorb W column at 60° and a flow rate of 60 ml/min.
of helium using 3,3,5-tri-methylcyclohexanone as an internal standard.
The retention times for the tert-butancl (addition product) and the
i-propanol (reduction product) wefe 12 and 15 min., respectively.
Extraction of the residue after vacuum stripping gave the rest of the
reaction products which were then analyzed in the normal manner.

Reaction Showing the Stereochemistry of Reduction of 4-tert-

Butylcyclohexanone by the Magnesium Hydride Species.

These reactions were carried out in the normal manner. Analysis
was carried out by GLC using 10% FFAP on Diatoport S on a 20—ft; column
at 150°¢C with a flow rate of 20 'ml/min., of helium usiﬁg‘3,3,5-tri-
methyleyclohexanone as the internal standard. The retention times are
as follows: axial alcohol, 30.5 min. and equatorial alecohol, 47 min.
and the addition products: axial alcohol, 20 min. and equatorial alcohol,
34 min. All retention times were determined by comparison with authentic

compounds.
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Reactions Showing the Effect of the Size of Magnesium Shavings and

Methyl Bromide Flow Rate on the Percentage of 2-Methylbenzhydrol

Formed in Reactions Involving 120 mmoles of "CH3MgBr" with 0.3 mmole

2-Methylbenzophenone.

Three separate Grignard reagents weré preparéd, each utilizing
the same volume of ether, the same amount of dry methyl bromide (682ml/
min., for 28 min.) and the same weight of,Dow.doubly sublimed
magnesium (28.0 gms). However, the Dow doubly sublimed magnesium
was milled with a new carbide tool to obtain fine éﬁavings, med ium
éhavings, and lirge chips. To 120 mmoles of each of the three
"CH3MgBrﬁ reagents in 79 ml of ether was added 0.3'mmole (1.0 ml,
0.3M) of 2-MBP in ether. After 6 hours, each reaction was hydrolyzed,
%hg ether layer separated, dried and the ether removed under vacuum.

The residues weire each taken up in CDCl. and analyzed by NMR.

3

Reacgidns of. Cis and TraﬁsQPropeqylmégﬁesium Bromide with Benzophenone

with and without Doping by 4000ppm FeClj.

fo a THF soluEioﬁ of 1.5 mmoles of Eigfpropenyl-magnesium bromide
(Grignard A) or Eigypropenylmagnesiuﬁ bromide/trans-propenyl-magnesium
bromide (Grignard B,C) was added 1.0 mmole (2.0 ml, 0.5M) of benzophe-
none in THF. In those cases where the reactions were dopedi the'FeClg,
0.0075 mmole (0m75 nl, 0.01M) in THF, was added just prior to'the
addition of the ketone. After 6 hours the‘rgaction was hydrolyzed,
extracted with ether, the ether layer separated,'dried,‘and the ether:
removed under vacuum. The resulting liquid was taken up in CDCljz and

analyzed by NMR.

SRR, =y
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eyt

= A



37

Reaction of cis-Propenylmagnesium Bromide with 2-Methylanthraquinone

(2-MAQ) .

To a THF solution of 2.5 mmoles of cis-propenylmagnesium bromide

(Gfignard A) in 13.75 ml of THF was added 1.0 mmqle (6.25 ml, 0.158M)

of 2-MAQ in THF; The reaction turned a dark green with the formation

of a precipitate. After 6 hours, the reaction was hydrolyzed with

the color changing to Bright yvellow. Standard work-up under nitrogen

followed by an oxidation of the - liquid residue gave upon NMR analysis

a spectrum which appeared to be the di-1,2-adduct of 2-MAQ with no

isomerization of the cis-propenyl probe. The liquid residue upon
recrystallization ot chromatography on silica gel or alumina resulted
in the recovery of 2-MAQ.

Reaction of 5-Hexenylmagnesium Chloride in Ether with Benzophenone.

To 1.0 mmole of 5-hexenylmagnesium chloridé (Grignard D) in 9.15ml
of ether was addgd 0.5 mmole (0.85 ml, 0.59M) of benzophenone. After
6 hours, the reaction was hydrolyzed, all volatile compounds were
removed under vacuum and collected in a liquid nitrogen trap. GLPCA
analysis using 8% Apiezon L:on Chromosorb W (AW), 60/80 mesh on a 20-ft.
column.at 50°C with a flow rate of 40 ml/min. of helium using cyclo-
he#ene ;s the internaiﬂgtahdard indicated the following distribution of
hydrocarbons: 0.47 £0.01 mmoles l—hExeng; 0.24% i0.00? mmoles 1,5-
heié&iéne;'0.0ZQ £0.0002 mmoles methyi;ytloéeﬁtaﬁe.

The residue left after vacuum stripping was dissélved in ether,
washed with water, the ether layer separated, dried, and the ether

removed under vacuum. The remaining liquid was taken up in CDClj3 and
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analyzed (intermal standafd CH3N02) by NMR: - 0.25 mmoles (51%) of
1,1-diphenyl-5-hepten-1l-ol and 0.24 mmoles (49%) of benzhydrol.

From a preparative scale reaction, the non-volatile reaction
products were chromatographed on alumina eluting witn 8% ethylacetate/
hexane, Fraction 1 consisted of a liquid identified as 1,l-diphenyl-
5-hepten-1-ol, 1135 1.5551 ; IR(neat, film) 3480 (broad OH), 3030
{aromatic CH), 2960 {(aliphatic CH), 1645 (vinyl c=c)}, 1600 Cm-l
(aromatic c=c) ; NMR (CDCly, TMS) 8 H multiplet at 1.0-2.5 ppm, 1 H
broad singlet at 2.13ppm, 3 H multiplet at 4.75-6.17 ppm, 10 H
multiplet at 7.08-7.60ppm; mass spectrum, m/e (rel. intensity) 266
(M+,<1), 248(1), 183(100), 105(75), 77(33), 41(17); Analysis,
Calculated for C1oHn90 C, 85.71% ; H, 8.27%. Found: C, 85.54% :
H, 8.327.

Fraction ¢ consisted of a solid which was recrystallized from
ethanol-water to give white crystals of benzhydrol, mp. 66-67°C
(lit.45 68°9C) ; NMR (CDC13, ™S) 1 H broadVSingiét at 2.25 ppm, 1 H

singlet at 5.80 ppm, 10 H singlet at 7.37 ppm.

Reaction of 5-Hexenylmagnesium Chloride in THF with 2-Methylbenzophenocne.
50]5.72 mmolo of S—hexénylmagnesinm ghloride (Grignard F) in

56 ml of: THF was added 1.23 mmoles (1.0 ml, 1 23M) of 2-MBP in THF.

The reaction was al]owed to run for 6 hours ~Application of the same

'worktup procedure as used in the previous reaction, gave by glpc

analysis the following distribution of hydrocarbons

4.0+0.1 mmoles'l-henene : 0.88 +0.02 mmoles 1,5~hexadiene é 0.48 +0.01

muoles methylcyclopentane. NMR analysis by comparison to the
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benzophenoﬁefaddiﬁfénmprOdUCtZénd‘td 2-methylbenzhydrol gave the
following; 0.88 mmoles (71.5%) of 2—methylbenzhydrbl and 0.35 mmoles
(28.5%) of the 1,2-addition prdduct uncyclized.

Reaction of 5-Hexenylmagnesium Chloride in Ether with Benzalpinacolomne.

To 8.85 mmoles of 5-hexenylmagnesium chloride (Grignard E) in
83 ml of ether was added 5.0 mmoles (5.0 ml, 1.0 M) of benzalpinacolone
in ether. The reaction was allowed to proceed for 6 hours. Application
of the same work-up procedufe as used in the previous reaction, gave by
glpc analysis, the following distribution of hydrocarbons: 3.2+ 0.1
nmoles l-hexene; 0.78120.0i mmoles methylcyclopentane. The non-volatile
products of the reaction mixture were analyzed by glpc and isolated by

preparative glpe to give two products, the first: 4.14*0.1 mmoles

25

D 1.4940; IR

(83.6%) of 1,I,1mtrimethyl-dmphenyl-Q—decen-3—oﬁe, N
(neat, £ilm) 3030 (aromatic CH), 2940 (aliphatic CH), 1710 cm ' (C=0);
NMR (CDC13, T™™S) 9 H singlet at 1.0 ppm, 8 H multiplet at 1.06-1.87 ppm,

2 H distorted doublet. at 2.75 ppm, 1 H ﬁultiplet at 2.93-3.50 ppm, 3 H

multiplet at 4.67-6.17 ppm, 5 H multiplet at 7.0-7.43 ppm; mass spectrum,
m/e (rel. intensity) 272(M% , 3), 216 (27), 190(21), 174(100), 173(67),
132(47), 118(29), 106(47), 105(42), 92(97), 58(33); Analysis, Calculated

for CygH : C, 83.82%; H, 10.29%Z. Found: C, 83.66%; H, 10.34%.

28)
The second product isolated : 0.81 *0.02 mmoles (16.4%) of
1,1,1-trimethyl-4-phenyl-5-cyclopentyl-2-pentanone, mp. 28.5-29.0°C;
IR (melt) 3030 (aromatic CH), 2960 (aliphatic CH)}, 1700 em~! (c=0):
NMR (CDC13, T™MS) 9 H multiplet at 1.0 ppm, 11 H multiplet at 1.06-

2.10 ppm, 2 H distorted doublet at 2.71 ppm, 1 H multiplet at

[ T — e
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2.63;3;50 ppm, S‘H muit;fiét;an;7.0—7.43;ﬁﬁ%}_pagélspecﬁrum, m/e
(rel. . intensity) 274 (M7, 3), 216(12), 150(52); 174(100) 173(59),
106(25), 105(27), 92(91), 58(33); Analysis, Calculated for CjgH,g0 :
C, 83.82%; H, 10.29%. Found: C, 83.62%; H, 10.32%. -

Reaction of 5-Hexenyllithium in Ether with Benzophenone.

To 1.0 mmole of benzophenone in 13,3 ml'of ether, cooled to -45°C
wirh dry ice-acetone bath, was added 2.0 mmoles (6.7 ml, 0.30M) of
5-hexenyllithium (Lithium Reagent A) which wés at -76°C and was
transferred with a syringe which had been packed in dry-ice. _Tﬁe
reaction was held at —-40 to -42°C in a.dry ice - acetonitrile bath for
24 hours. The reaction mixture was hydrolyzed, all volatiie coﬁpounds
removed unaer vacuum and collected in a liquid nitrogen trap. GLPC
analysis using 8% Apiezon L on Chromosorb W (AW), 60/80 mesh on a 20-ft.
column at 50°C with a flow rate of 40 ml/min. of helium using cyclo-
hexene as the internal standard indicated the following distribution of
hydrocarbons: 0.72 (.02 mmole l-Hexene ; 0.51 0.015 mmole 1,5-
hexadiene; 0.30 0.0! mmole methylcyclopentane ; 0.12 0.0l mmole
methylene cyclopentane.

The residue left after vacuum stripp;ng was dissolved in ether,

washed with water, the ether laver separated, dried, and the ether

‘removed under vacuum, The remaining liquid was taken up in CDCl_ and

3
analyzed (internal standard CH3N02) by NMR: 0.63 mmole (64.3%) of

benzhydrol and 0.35 mmole (35.7%) of 1,1-diphenyl-6-hepten-~l-ol.
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Reaction of tris(S—bexenyl)aluminum Diet@yl_Etherate in Pentane with

Benzophenone.

To 2.75 mmoles of tris(5-hexenyl)aluminum diethyl etherate in
25 ml of pentane was added 1. O mmole (2.0 ml, 0.5M) of benzophenone
in pentane. After 48 hours, the reaction was worked-up as previously
described. GLPC analysis indicated the following distribution of
hydrocarbons: 6.71+ 0.1 mmoles l-hexene; 0.63+ 0.0]1 mmole methyl-
cyclopentane ; 0.47 # 0.01 mmole 1,5-hexadiene ; 0.04+ 0.004 mmole
methylenecyclopentane. NMR analysis gave the following: 0.51 mmole
(53.7%) of benzhydrol and 0.44 mmole (46.3%) of 1,l-diphenyl-6-
hepten-1-o0l.

Reaction of 1,1-Dimethyl-5-hexenylmagnesium Chloride in Ether with

Benzophenone.

To 2.28 mmoles of 1,1-Dimethyl-5-hexenylmagnesium Chloride
(Grignard I) in 20 ml of ether was added 0.5 mmole (1.92 ml, 0.26M)
of benzophenone in ether. The reaction was allowed to run for 6
hours. Application of the same work-up procedure as used in the
previous reaction, gave by glpc analysis using 10% TCEP on ﬁistorport
60/80 mesh on a 35-ft. column at 50°C with a flow rate of 30 ml/min.
of helium using l-heptene as the internal standard, the following
distribution of hydrocarbons : 0.91 % 0.02 mmole 1,1,2-trimethylcycl§—
pentane; 0.77 + 0.02 mmole 2-methyl-é-heptene; 0.09 + 0.005 mmole
1,l1-dimethylcyclohexane. NMR analysis gave the following: 0.19 mmole
(36.9%) of 1,l-diphenyl-2,2-dimethyl-6-heptén-1-cl; 0.01 mmole (2. 0/)

of 1,1-diphenyl-2-(2,2~dimethylcyclopentyl) ethanol; 0.23 mmole
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' (44;62) of 4-2,2-dimethy1cyclopent&lmethylene) benzophenone; 0.085
mmole (16.5%) of 4-(1,l-dimethyl-5-hexenyl) Benzophenone.

From a preparative scale reaction, the non-volatile reaction
products were allowed to react with an excess of LiAlHA, the reaction
hydrolyzed, the ether layer separated, dried, and the ether removed
under vacuum. The liquid- residue was dissolyed in hexane and
chromatographed on a 4-ft. silica gel column eluting ﬁith 8% ethyl-
acetate/hexane at a flow rate of 5 ml/min. at a pressure of 10 psig.

Fraction 1 was eluted with 200 ml of the solvent mixture. NMR
analysis indicated that no aromatic protbns were present in this
fraction.

Fraction 2 was eluted with 175 ml of the solvent mixture. NMR
analysis indicated the presence of essentially one compound with traces
of a second compound. The second compound is visible as a small doublet
centered at 0.83 ppm (J=7Hz) which strongly suggests that this compound
is 1,1-diphenyl-2-(2,2-dimethylcyclopentyl) ethanol, which displays a
doublet at exactly the same chemical shift. Repeated chromatography of
this fraction and collection of late fractions resulted in obtaining

pure 1,l-diphenyl-2,2-dimethyl-6-hepten-l-0l as a colorless liquid,

225
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2960 (aliphatic CH), 1645 (vinyl C=C), 1600 cm™! (aromatic C=C); MR

1.5649; IR(neat, film) 3570 (OH), 3065 (vinyl CHO), 3030 (aromatic CH),

(cpCl.,, THS)'B H sipglet at 1.08_ppm, 6 H'multiplet.at 1.23-2.5 ppm, 1 H
broadJéinglef‘at'i.ZB ppm, 3 H multiplet at 4.67-6.17 ppm, 10 H multiplet
at 6.83=7.67 ppm; mass spectrum, m/e (rel. inténsity) 294 (MT,<1y,

183(100), 105(48), 91(3), 77(19), 69(5), 41(8), 28(14); Analysis
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Calculated for C, Hys0 : C, 85.75% ; H, 8.84%. Found: C, 85.46% ;
H, 8.91%.

Fraction 3 was eluted with 100 ml of 12% ethylacetate/hexane.

NMR analysis indicates the presence of two compounds. Fraction 3 was
hydrogenated at 40 psig using 5% Pd-C in ethanol for 12 hours. The
resulting hydrocarbon mixture was separaéed by preparature glpc using
8% Apiezon L on Chromosorb W (AW); 60/80 mesh on a 2.5-ft. column at
210°C with a flow rate of 60 ml/min. of hélium. The first compeound
eluted (retention time 38 min.) was identified as 4-(1,l-dimethyl-5-
hexenyl) phenyl(pheny)methane, IR(neat, film) 3030 (aromatic CH), 2960
{aliphatic CH),-1600 em™ L (aromatic C=C); NMR (CDCl3, T™™S) 17 H
multiplet at 0.80-1.90 ppm which contains a large 6 H singlet at

1.27 ppm, 2 H singlet at 3.98 ppm, 9 H multiplet at 6.85-7.40 ppm;
mass spectrum, m/e (rel. intensity) 280 (M', 6), 208(15), 209(100),
91(51), 31(11); Analysis, Calculated for 021H28 : C, 90.00% ; H, 10.00%.
Found: C, 90:23% s H, 9.72%.

The'second-c0mpound.elu;ed‘(retentioﬁ time 63 min,) was identified
as 4-(2;?—diméthylcyclopenty1methy1ene)phenyl(phényl)methane, IR (neat,
£ilm) 3030 (aromatic CH); 296ﬁ (aliphatic CH), 1600 cm-l (aromatic C=C);

14, TMS) 6.H Qoubiet at 0.91 ppm, 7 H mulﬁiplet at 1.17-250 ppm,
2 H distorte& doubleégat 2.77 ppm, 2 H singlet at 3.93 ppm, 9 H multiplet
at 6.85-7.40 ppm; mass spectrum, m/e (rel. intensity) 278 (M+ , 38), 182
(44), 181(34), 97(100), 96(40), 91(50), 55(67); Analysis, Calculated for

C21H26 : C, 90.65% ; H, 9.35%. Found: C, 90.47% ; H, 9.44%.

CE s e oS
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It should be noted that the chemical shifts of the gem-dimethyls
used for NMR identification in the 1,6-addition products do not change

their relatiée positions in going from ketone'to hydrol to hydrocarbon.

Reaction of l,1—DiﬁéfhyliSrheXEnylmaggesium Chloride in Ether with

2-Methylbenzophenone.

-“Io 5.75 muoles of 1,1;diméthji—S—héieﬂYlmagheSiUm chloride (Grig-

nard H) in 55 ml of ether was added 2.0 mmoles (4.0 ml, 0.5M) of 2-methyl-

benzophenone in ether. The reaction was allowed to run for 6 hours.
Application of the same work-up procedure as the previous reaction
gave by glpc analys%s (same glpe c¢olumn and condiéions) the following -
distribution of hydrocarbons: 2.44 * 0.04 mmoles 1l,1,2-trimethylcyclo-
pentane; 1.25% 0,03 umoles Z—mgthy1-6—heptene; 0.17£ 0,007 mmole
1,1-dimethylcyclohexane; 0.18 £ 0.007 mmole using average response
factors of other hydrocarbons for unidentified peak (most probably
2,2-dimethylmethylenecyclopentane). NMR analysis by comparison to

the benzophenone addition products gave the following: 0.41 mmole
(20.6%) 1,2-addition straight chain; 0.41 mmole (20.6%)} 1,6-addition
straight chain; 1.0 mmole (50.3%) 1,6-addition cyclized (5 member ring);
0.17 mmole (8.5%) 2-methylbenzhydrol.

Reaction of 1,l—Dimethyl—S-hexenyimagpesium Chloride in THF with

Benzophenone.

‘To 2.66 mnoles of l,1mdimethyl—S-hexenylmagnésium chloride

- (Grignard K) in 25 ml of THF was' added 1.0 mmole (1.0 ml. 1.0M) of

benzophenone in THF. the reaction was allowed to run for 6 hours.

Application of the same work-up procedure as used in the previous
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: reacti&n;Jgaverby-gipc analysis tsame gipt column and'éonditions as
theﬁb;evidus-;eac;ion)rthe following distribution of hidrocarbons:
1.13£0.03 mmglegy1,1,2-trimethylcyclopentane; 0.26 £+ 0.007 mmole
Z-ﬁethyl—6-heptene£ 0.24:t0.00§ mmolE'1:1¥dimethylcyclohexane. NMR
analysis gave the-folloéinng 0.32 mmole (34.3%) of 1,l-diphenyl-
2,2-dimethyl-6-hepten-1-01; 0.22 mmole (23.6%) of 1,l1-diphenyl-2-
(2,2-dimethyl-cyclopentyl) ethanol; 0.076 mmole (8.1%) 4-(l,l1-dimethyl-
5-hexenyl) benzoﬁhenone; 0.317 mmole {34.0%) 4—2,Z—dimetﬁylcyclopentYI—
methylene) benzophenone.

Reaction of 1,1ADimefhyl—?—hgxgnlymagnesium Chloride in n-Butyl

Ether with Benzophenone.

To 3.0 mmole of 1,1—dimethylfS—hexénylmagnesium chlqride
(Grignard L) in;g—BuZO was added 0.5 mmole (1.0 ml, 0.3M) of
benzophenone in;g—BuZOJ The reaction was allowed to run for 6 hours.
Application of the same work-up procedure as used in the previous‘
reaction, gave by glpc analysis (same glpc column and conditions as
the previous reaction) the following distribution of hydrocarbons:
1.31+0.04 mmoles 1,1,2-trimethylcyclopentane; 1.08+ 0.03 moles 2-
methyl-6-heptene; 0.12% 0.006 mmole 1,l-dimethyleyclohexane. NMR
analysis gave the following: 0.22 mmole (44.9%) of 1,l-diphenyl-2,2-
dimethyl-6-hepten-1-nl; 0;08 mnole (16.3%) of 1,l-diphenyl-2-(2,2-
dimethylecyclopentyl) ethanol; 0.06 mmole (12,.27%) of 4—(1,1—dimethfli
5-hexenyl) benzophénone;r 0.13 mmole (26.6%) of 4-(2,2-dimethyleyclo-

pentylmethylene) benzophenone.
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Reaction of 1,1—Dimethil—S%hexenylmagnesium Chloride in Ether with

Benzalpinacolone.

To 4.44 mmoles of 1,1—dimethy1—5¥héxeny1magnesium chloride
{Grignard J) in 41 ml of ether was added 3.0 mmoles (3.0 m1, 1.0M) of
benzalpinacolone in ether. The reaction was allowed to run for 6 hours.
Application of the same work-up as used in the previous reaction, gave
by glpc analysis (same &olumn and conditions as the previoué reaction)
the following distribution of hydrocarbons: 0.85% 0.02 mmole 2-methyl-
6-heptene; 0.62% 0.02 mmole 1,1,2-trimethylcyclopentane; 0.05+ 0.002
mmole, 1,l-dimethylcyclohexane. The non-volatile products of the
reaction mixture were analyzed by glpc apd isolated by preparative glpc

(using the same column) to give three products, the first: 1.25% 0.03

mmoles (41.9%) of 1,1,1,5,5,—pentamethyl-A-phenyl-9-decene-2-0ne; mp. 39-

40°C; IR (melt) 3030 (aromatic CH), 2950 (aliphatic CH), 1705 (C=0),
1645 (vinyl C=C), 1600 em (aromatic €=C); NMR (CDCly, TMS) 6 H
doublet centered at 0.85 ppm, 9 H singlet at 0.98 ppm, 9 H multiplet
scattered between 1.1-3.4 ppm, 3 H multiplet at 4.77-6.17 ppm, 5 H
multiplet at 7.0-7.33 ppm; mass spectrum, m/e (rel. intenstiy) 300
(M+, 1), 285(<1), 243 (<1), 231 ( 1), 190(69), 134(28), 133(100),
105(52),”91(22), 69(44), 57(56), 55(24); Analysis, Calculated for
CyyHgp0 ¢ C, 84.00% ; H, 10,67%. Found: C, 83,78%; H, 10.72%,
fhe second product isolated: 1.511 0.04 mmole (50.7%) of

_'1,1,1-trimethy1-4-phenyl-5—(2,Z-dimethylgyclopentyl)—2—pentanone,

N§5 1.4999; IR (neat, film) 3030‘(ardmatiéECH), 2940 (aliphatic_CH),

1705 (¢c=0), 1600 em~1 (aromatic C=C); NMR (CDC13, TMS) 6 H singlet at
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0.72 ppm, 9 H singlet at 0.98 ppm, 9 H multiplet at 1.1-2.35 ppm, 2 H

distorted doublet at 2.75 ppm, 1 H multiplet at 3.0-3.5 ppm, 5 H multi—

plet at 7.0-7.40 ppm; mass spectrum, m/e (rel. intensity) 300 (M+ s 4},
243(18), 225(18), 201(100), 200(98), 189(76), 105(96), 104(51), 97(82),
96(51), 91(98), 69(27), 57(74); Analysis, Calculated for Cy1H350;

C, 84.00%; H, 10.67%. Found: c, 83.70%; H, 10.70%.

The third product: 0.22 +0.008 mmole (7.4%) (using'the same
response factor as for the first two compounds) was not isolated but
most probably was 1,l,l-trimethyl-4-phenyl-4-(2,2-dimethylcyclohexyl)-
2-butanone.

Reaction of 2,2-Dimethyl-5-hexenylmagnesium Chloride in Ether

with Acetone.

To 0.28 mmoles of 2,2_diméthyl—S—hexenylmagnésium chloride
(Grignard M) in 1.0 ml of ether was added 0.15 mmole (0.8 ml, 0.188M4)
of acetone in ether. After 1 hour, the reaction was hydrolyzed with
a minimum amount of gaturated agqueous NH,C1, dried with anhydrous
MgSOA, internal standards added and the reaction mixture analyzed
by glpc. Using 8% Apiezon L on Chromosofb W (AW), 60/80 mesh on a
20-ft. column at 40°C with a flow rate of 30 ml/min. of helium using
l-heptene as the internal standard, gave the following hydrocarbon
distribution; 0.l4% 0.004 mmole 2,2-dimethyl-5-heptene; 0.041+ 0.001
mmole i,1,Bjtrimethylcyclopentane; 0.032% 0.00]1 mmole 3,3*dimetﬁyl-
methylenecyclopentane. Using 10% Carbowax 20M on Chromosorb W (AW),
60/80 mesh on a 10fft. columrn at 50°C with a flow rate of 60 ml/min.

of heliﬁm'héing THF as the internal standard gave the following
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prodﬁcts: 0.039+ 0.002 mmole acetone; 0.033% 0.002 mmole isopropyl -
alcohol. Using the same column and flow rate of helium at 150°C using
dodecane as the iInternal standard gave: 0.,065% 0.002 mmole 1,1~
dimethyl-2-(3,3-dimerhylcyclopentyl) ethanol.

From a preparative scale reaction 1,1-dimeth§1h2-(3,3-dimethyl—
cyclopentyl) ethanol was isolétéd by preparative glpc to give a color—-
less liquid, No° 1.4489; IR(neat, film) 3380(broad OH), 2950

(aliphatic CH), L760‘cmf1 {C=0); NMR (CDC1 TMS) undistinguishable

37
multiplet at 0.9-2.7 ppw with apparent singlets at 1.0 ppm and 1.22 ppm;
mass spectrum, m/e (rel. intensity) 155(13), 137(8), 97(22), 81(31),
59(100), 55(29), 41(18)! 32(18), 28(72); Analysis, Calculated for-
C11Hp,0 = C, 77.65%; H, 12.94%. Found: Cc, 77.52%; H, 13.00%.

This reaction was repzated allowing 72 hours before hydrolyéis.

The same results were obtained within experimental error.

Reaction of 2,2-Dimethyl-5-hexenylmagnesium Chloride in Ether with

Acetone and Benzcopherione.

To 2.8 mmeles of 2,2-dimethyl-5-hexenylmagnesium chloride
(Grigﬁard M) in 20 ml of ether was added 1.4 mmoles (7.4 ml, 0.188M)
of acetone in ether. After 1 hour 1.0 mmeole (2.0 ml, 0.5&) of benzo-
phenone?iﬂjethér was added. After 48 héugﬁ} the reaction was hydrolyzed
and all volatile compounds ;emoyed_undpr,vgéuum at 65°C and collected
in a dry ice-acetone trap. GLPC'aﬂélysié using the two columns and
conditions described in the previous reaétion gave: 0.40% 0.01 mmole
Z;Z-Jimethyl-s-héptene{ 0.29¥ 0.01 ﬁmdlé‘1:1;3—;rimethy1cyclopentane;

0.16+ 0.008 mmole 3,3-dimethylmethylene cyclopentane; 0.24+ 0.0]1 mmole




49

acetone; 0.15+% 0.007‘mmole isoproply alcohol; 0.06. 0.02 mmole 1,1~
dimethyl-2-(3,3-dimethvlecyclopentyl) ethanol.

Ihe residue left after vacuum stripping was dissolvad in ether,
washed with water, the ether layer separated, dried, and the ether
removed undeF vacuum. The reamining liquid was shown by IR to have no
(C=0) absorbtion between L600-175b cm'l; NMRvaaéiysis.indiéates;

0.88 mmole (88%) straight chain J,Z-addition“product; 0.12 mmole (12%)
cyclized 1,2~addition product (by difference between mmoles indicated
by vinyl'p?gtbﬁs and qﬁmles indidéied B§ afométic énoténs).

The non—vclatile reaction products were hydrogenated at 40 psig
using 5% Pd-C in ethancl for 12 hours. The resulting hydrocarbon mixture
was separated by preparative glpc using 8% Apiezon L on Chromosorb W (AW),
60/80 mesh on a 12-ft. column at 220°C with a flow rate of 70 ml/min.
of helium. The first compound elufed (retention time 82 min.) was identi-
fied as 1,1-diphenyl-3,3-dimethylheptane, IR(neat, film) 3030 (aromatic CH)
205¢ (aliphatic CH), 1600 cm © (aromatic CH); NMR (CDC1,, TMS) 6 H
singlet at 0.78 ppm, 9 4 multiplet at 0.79-1.8 ppm, 2 H doublet at
2,10 ppm, 1 H triplet at 4.03 ppm, 10 H multiplet at 6.90-7.40 ppm;
mass spectrum, m/e (rel. intenstiy) 280 (Mt , 6), 22(4), 168(3), 167(100),

165(14), 152(9), 91(4), 71(8), 57(18), 43(8), 41(5), 28(15); Analysis

Calculated for C21H28 : C, 90.00%; H, 10.00%. Found: C, 89.98%; H, 10.00%.

The second compound eluted (retention time'100 min.) was
identified as 1,1-diphenyl-2-(3,3-dimethylcyclopentyl) ethane, IR(neat,
film) 3030(aromatic_CH), 2945(aliphatic CH), 1600 em1 (aromatic C=C);

NMR(CDCl3, T™S) 6 H doublet at 0.95 ppm, 9 H multiplet at 1.10-2.35 ppm,
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1 H triplet at 3.98 ppm, 10 H multiplet at 6.9-7.45 ppm; mass spectrum,
m/el(rel. intensity) 278 (M',4), 168(19), 167(100), 166(4), 165(9),
152(8), 91(4), 69(5), 57(8), 55(5), 28(20); Analysis Calculated for
CpHae: C; 90.51%; H, 9.49%. TFound: C, 90.25%; H, 9.67%.

The ratio‘gg peak areas fo; compound 1; compoundKZ were about

90:10 on the preparative glpc chromatogram.

Reaction of 2,2-Dimethyl-5-hexenylmagnesium Chloride in Ether

‘with 2-Methylbernzophenone.

To 9.5 mmoles of 2,2-dimethyl-5-hexenylmagnesium chloride
(Grignard'N) in 77 nl of ether was added 9.0 mmoles (18.0 ml, 0.5M) of
2-methyl$enzophenohe in ether. After 6 days, the reaction was hydrolyzed,
and all volatile compounds removed under vacuum and collected in a dry
ice-acetone trap. CGLPC anaiysis using the Apiezon‘L'column‘and conditions
described in the previous reaction gave the following distribution of
hydrocarbons: 0.30% 0.01 mmole 1,1,3-trimethylcyclopentane; 0.18%-0.01
mmole 2,2-dimethyl-5-hexene; 7.152% 0.1 mmole 3,3-dimethylmethylenecyclo-~
pentane.

The recgidue left after vacuum stripping was dissolved in ether,
washed: with water, the ether layer separated, dried, and the ether
removed under vacuum. The remaining liquid was shown by IR to have a
{C=0) absorption bond at 1685 em~l. The non-volatile reaction products
were dissolved in ether and added to an excess of LiAlH,. Standard work-
up followed by column chromatography (4~ft. alumina column, eluting with

8% ethyiacetate[hexane with a final column wash with 12% ethylacetate/

hexane gave 3 ‘fractions.
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Fraction i, 1.60 mmole (0.49 gms)-was shown by NMR analysis to
contain an alcohol and an olefin (dehydration product). Fraction 1l was
hydrogenated at 40 psig using 5% Pd-C in" ethanol for 5 days. The resulting
hydrocarbon product was shown to contain only one product (retention time‘
43 min.) and was isolated by preparative glpe (using the same preparative

column in the previouslreaction at 235°C) to give; l-phenyl-1-(2-methyl-

25
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2950(aliphatic CH) 1600 em” ! (aromatic C=C); NMR (CDC13,-TMS) 6 H singlet

phenyl)-3,3-dimethylheptane, N.~ 1,5361; IR(neat, film) 3030(aromatic CH),
at 0.78 ppm, 9 H multiplet at 0.85-1.4 pbm, 2 H doublet at 2.08 ppm, 3 H
singlet at 2.36 ppm, 1 H triplet at 4.3 ppm, 9 H multiplet at 6.9-7.70 ppm;
mass spectrum, m/e (rel. intensity) 294 (M, 18), 181(100), 166(12),
165(14), 57(8); Analysis, Calculated for C22H30; C, 89.80%; H, 10.20%.
Found: C, 89.62%; H, 10.27%.

It should be noted that cyclized 1l,2-addition product was not
detected.

Fraction 2, was shown by NMR analysis to contain: 0.008 mmole
straight chain 1,6-addition preduct in the reduced hydrol form; 0.18
mmole cyclized 1,6-addition product in the reduced hydrol form.(by e
difference between mmoles indicated.bf vinyl protomns ana mmoles indicated
by aromatic protons). Fraction 2 was hydrogenatgd at 40 psig using 5% Pd-
C in ethanol for 5 days. The resulting hydrocarbon mixture was separated
by preparative glpc using the same coluﬁh and conditions as above. Repeated
injegﬁion and collection of peaks was necessary due to the close retention
times of the two compounds.

The first compound eluted (réteﬁfion time 47 min.) was identified
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as phenyl-2-methyl-4-(2,2-dimethylhexyl)phenylmethane, IR (neat, film).
3030 aromatic CH), 2960 (aliphatic CH), 1600 cn™1 (dromatic C=C);

4» TMS) 6 H singlet at 0.83 ppm, 9 H multiplet at 0.9-1.6 ppm,
3 H singlet at 2.25 ppm, 2 H singlet at 2.43 ppm, 2 H singlet at

3.98 ppm, 8 H multiplet at 6.7-7.40 ppm; ﬁass spectrum, m/e (rel.
intensity) 294(M*,5), 235(3), 195(8), 194(5), 182(22), 81(100), 167(7),
166(15), 165(19), 57(175; Analysis, Calculated for C22H30 F

C, 89.80%; H, 10.20%. Found: C, 89.71%; H, 10.28%.

The second compound eluted (retention_time 48 min.) was

identified as phenyl-2-methyl-4-(3,3-dimethylecyclopentyvlmethylene)

phenylmethane, IR (neat, f£ilm) 3030 (aromatic CH), 2950 (aliphatic CH),

1600 co~! (aromatic C=C); NMR (CDCl,, TMS) 6 H singlet at 0.77 ppm,
7 H multiplet at 0.83-1.8 ppm, 3 H singlet at 2.25 ppm, 2 H doublet
at 2.3 ppm, 2 H singlet at 3.98 ppm, 8 H multiplet at 6.9-7.5 ppm;
mass spectrum m/e (rel. intensity) 292(M+, 43), 277(9), 235(100},
196(34), 143(30), 105(32), 57(36); Analysis, Calculated for
CyoHyg : C, 90.41%; H, 9.59%. Found: C, 90.23%; H, 9.67%.

Fraction 3, was washed off the column with 12% ethylécetate/
hexane and shown by NMR analysis tec contain 7.15 mmoles of 2-methyl-
benzhydrol.

Reaction of 2,2-Dimetﬁyl—S—hexenylmagnesium Chloride in Ether with

Benzalpinacolone.

To 4.75 mmoles of 2,2-dimethyl-5-hexenylmagnesium chloride

(Grignard N) in 42.75 ml of ether was added 4.25 mmole (4.25 ml, 1.0M)
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of benzalpinacolone in ether. The reaction was allowed to run for 24
hours. Application of the same work-up procedure as used in the
previous reaction gave by glpc analysis the following distribution
of hydrocarbons: 0.076 £ 0.003 mmole 2,2-dimethylhexane; 0.44.t0.01 mmnole
1,1,3-trimethylcyclopentane. The non-volatile products of the reaction
mixture were analyzed by glpc and isolated by preparative glpc to giﬁe
two products, the first: 0.79 *0.02 mmole 1,1,1,6,6-pentamethyl-4-
phenyl-9-decene-2-one, N;S 1.4961; IR (neat, film) 3630 (aromatic CH),
2950 (aliphatic CH), 1705 (C=0), 1645 (vinyl C=C), 1600 cm™1 (aromatic
C=C); NMR (CDCl,, TMS) 6 H doublet at 0.77 ppm,’9 H singlet at 0.98 ppm,
6 h multiplet at 1;10F2.3 ppm, 2 H distorted doublet at 2.7 ppm, 1 H
multiplet at 3.37 ppm, 3 H multiﬁlet at 4.67<6.17 ppm, 5 H multiplet
at 7.0-7.40 ppm; mass spectrum, m/e (rel. intensity) 30d (M+,<1),
245(21, 243(10), l46(15), 145(100), 105(18), 104(18), 57(51), 55(25);
Analysis, Calculated for 021H320 + C, 84.00%; H, 10.67%. Found: C,
83.95%; H, 10.77%.

The second cowmpound isolated; 3.45;t0.1 mmole 1,l,l-trimethyl-

‘ 25
4-phenyl-5-(3,3-dimethylcyclopentyl)-2-pentanone, Nj

1.4955;
IR (neat, film) 3030 (aromatic CH), 2940 (aliphatic CH), 1705 (C=0),

1600-cmT1 (aromatic 2=C); NMR (€DCl,, TMS) 6 H doublet at 0.95 ppm,

3>
9 H singlet at 1.02 ppm, 9 H multiplet at'1.1—2.10 ppn, 2 H distorted
doublet at 2.73 ppm, 1 H multiplet at 3.33 ppm, 5H multiplet at
7.1-7:43'bpm;'méss‘spectrum,'m/e (tel. intensity) 300 (M}; 1),
243(12),;225(12)? 2Q¥(100), 200(80), 139(41), 145(41), 105(#6),

104(56), 97(58), 91(95), 57(78); 55(46):
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Reaction of tert-Butylmagnesium Chloride in n-Butyl Ether with

Benzophenone.

To 3.0 mmoles-deE;butylmagnesium'chloride in 18 ml of ether was
added 29 ml of n-butyl ether. The ether was removed under vacuum (12 ml
of n-butyl ether was added due to loss during removal of-diethyl ether).
fo this solution was added 0.5 mmole (1.0 ml, 0.5M) of benzophenone in
Efbutyl ether. The reaction was allowed to run for 6 hours. Standard
Grignard work-up gave by NMR analysis: 0.25 mmole (51%) 1,2-addition
product and-0.24 mmple_gﬂQZ) i,G—additiqna?roduct.

Reaction. of tert~-Butyllithium in Ether with Benzophenone.

Two mmioles of Efbufyllitﬁium in hexane was desolvated under
vacuum, cooled to -20°C, and 19 ml of cold diethyl ether added. To
this solution at -20°C was added 0.5 mmole (1.0 ml; 0.5M) benzophenone
in ether. Standard work-up followed by NMR analysis gave: 0.12 mmole
(24%) 1,2-addition product and 0.38 mmole (76%) 1,6-addition product.

Reaction of tert--Butvllithium in Hexane with Benzophénone.

To 2.0 mmoles of t-butyllithium in 19 ml of hexane was added 0.5
mmole (1.0 ml, 0.5M) of benzophenone in hexane. Standard work-up
followed by NMR analysis gave: 0.23 mmole (46%) 1,2-addition product and
6.27 mmole (547} 1,6-addition product,

Reaction of Flourenocne Ketyl with 2-Methylbenzophenone.

To 1.0 mmole (0.362 gm) of flourenone pinacol in 15 ml of THF
was added 2.0 mmoles (1.96 mi, 1.02M) of "CH3MgBr"‘in THF. To this
yellow solution was added 2.0 mmole (4.0 ml, 0.50M) of 2-methylbenzophe-

none in THF. After é hours, standard work-up followed by NMR analysis
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indicated the following products: 1.0 mmole flourenone pinacol and
1.0 mmole 2-methlybenzophenone.

Reaction of 2-Methvlbenzophenone Ketyl with Flourenone.

To 1.0 mmole (0.394 gm) of 2—methylbenzophenoné pinacol in 15 ml
of THF was added 2.0 mmoles (1.96 ml, 1.02M) of "CHMgBr" in THF. To
this blue solution was added 2.0 mmole (4.0 ml, 0.5M) of fluorenone in
THF. After 6 hours,;étapdard'work—up“folLowed by BMR analysis indicated
the following products: 1.96 mmoles qflg-mgthylbenzopheﬁone; 0.020 mmole
2—methylben20phen6ne plnacol: 0.98'm¥olé{fldurenone pinacol; 0.044 mmole
‘fluorenone.

Reactions of "CHgMng" énd“£C4ﬁ9Mg¢I";ﬁith'Z—Mefﬁyl-benzophenone in the

Presence of Flucrenone Ketyl in Diethyl Ether.

To 0.25 mmole of fluorenone pinacol in etﬁer was added from 0.5
to 3.75 mmoles of "CHiMgBr" or "t-ButylMgCl". To this solution was
added 1.0 mmole of Zumethylbenzophenone.' Reactions were carried out
for 4 hours followed by standard work-up proéedures and NMR analysis.

Reactions of "CHqMgB1/MgHs" with Various Substrates.

To 1.0 mmole of "CH4MgBr" in THF which contains 0.33 mmole of
active Mgthl were acded in separate reactions 0.5 mmole of the follow-
ing substrates: l-bromooctane; benzylchloride; l-decene; chalcone;
2-methylbenzophenone; 4-t-butylcyclohexanone; and benzoniﬁrile.
Reactions were analyzed by NMR (internal standard CH3NO,). an& by glpe

(versus and internal standard) were NMR analysis was not applicable.
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Reactions of "HMgBt with alkenes and Alkynes using bis-Triphenyl-

phosphine Nickel II Chloride Cataiyst.

To 0.5 mmole of “HMgBr"46 in THF was added 0.2 mmole of alkene
or alkyne in a test tube capped with a septum stopper in the dry box.
To this -solution was added by syringé 0.01 mmole (5 mole %) of bis-
triphenylphosphine nickel (II) chloride., The reactions were carried
out at either room temperature, 0°C (ice/HQO), -23% (CClA/Nz),V—AZOC
(acetonitotile/Nz) and at —760C(acetqne/dry ice). Reactions were
allowed to run for 24 hours before hydrolysis. GLPC analysis was
carried_ out using 8% Apiezon L on Chromosorb W (AW), 60/80 mesh on
a 20-ft. column at various temperatures and flow fétes of helium. .
Internal standards used were octane, cy;lohexane and phenylécetylene.

Reaction of Dimethyl-t-butylaluminum with Benzophendne in Pentane.

To 1.0 mmole of dimethyl-t-butylaluminum in 9.0 ml of pentane
was added 0.5 mmole (1.0 ml, 0.5M) of benzophenone in pentane. After

12 hours, the reaction was hydrolyzed with saturated aqueous NH CI,

4

extracted with ether, the layer was separated, dried, the ether

removed under vacuum and the remaining residue taken up in CDCl3

56

and analyzed by WMR. NMR analysis tinternal standard CH3N02) indicated

0.10 mmole (20.4%) of methyl-1l,2-addition product and 0.39 mmole

(79.6%)of benzhydrol.
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CHAPTER III
RESULTS AND DISCUSSION

The Naturé and mechanism of Hydrol Formatioﬁ

When ''CH4MgBr" was allowed to react with 2-MBP in large Grignard:
ketone ratios, the produét distribution varied widely with both the purity
of magnesium and the method of preparation of the Grignard reagent
(Table 1). The formation of 2-methylbenzhydrol appears to be dependent
mainly on the method of preparation of the Grignard reagent. Onrthe other
hand, the amount of 2,2'-dimethylbenzopinacol produced has been shown to

n&7 product list-

depend only on the purity of magnesium used.8 The "other
ed in the table also depends only on the. purity of magnesium.

The various grades of magnesium used in these experiments were

analyzed by four different methods. Spark Source Mass Spectroscopy, Emis-

sion Spectroscopy, Proton Excited X-ray Spectroscopy, and X~-ray Flour-
escence Spectrbscopy. These methods all gave similar results. Analysis
by Spark Source Mass Spectroscopy of the transition metal impurities in
the various grades of magnesium used in thié study are given in Table 1.
Multiple regression and correlation analysis48 was carried out on this
data. Although rhe relationship between the amount of transition metal
present in the magnesium metal used to prepare the Grignard reagent and
the amount of pinacol and "other" product formed is excellent, the hydrol
formed did ﬁot correilate at all with the transition metal content of the

magnesium.
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The Nature and Mechanism of Hydrol Formation

" The production of hydrols in reactions of "CH3MgBr" with ketones

is surprising since methyl Grignard reagents, having no B-hydrogen atoms,

would generally not be considered capable of such reductions. Neverthe-
less, we have shown that when "CH3MgBr' (prepared from Dow doubly
sublimed magnesium) 1s allowed to react with 2-MBP, 2-methylbenzhydrol
is formed. The amount of thils product observed increases dramatically
(Table 2) as the Grignard:ketone ratid increases. It 1s important to
note that the amount of hydrol produced under a given set of conditions
has been shown not only to depend on the grade of magnesium (Table 1)
used to prepare the Grignard reagent, Hdt‘also on the particular pre-
paration from the seme grade of mégnesium. For example, different
"CH3MgBr" solutions, all made from Dow doubly sublimed magnesium using
excess magnesium, when allowed to react with 2-MBP formed 2-mgthy1—
benzhydrol in yields varying from 36% to 727%. However, for duplicate
runs from the same CGrignard solution, results ére reproducible to
within 3%. It has also been shown (Table 1) that preparation of the
"CH3MgBr" from excess methyl bromide greatly decreases the ability of
the Grignard reagent to reduce benzophenone.

It is also important to note {Table 2) that when a constant
amoﬁnt of "CH3MgBr" is allowed to react with decreasing amounts of
ketone, the relative amount of quethﬁlbenzhydrol produced increases
with respéct to the initial concentration of ketone; however, the
absolute amount of hwdrol remains constant {(this observation has also
been made by Rudolph and Smith#9). These data indicate that the agent

which produces the hydrol is used up stoichimetrically in the reaction.
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A low temperature prodpct study (by Jerry D. Buhler)50 makes this
point dramatically (Table 3,;Figure 1). For example, when ""CH3MgBr"
(0.05 M) was allowed to react with 2-MBP (0.00125 M) at - 30° and
samples taken with time, the data clearly show that more than one
reaction pathway is in operation and that initially the ketone is
rapidly reduced to the hydrol-ﬁefbre 1,2-addition becomes significant.
From these observatiens, it ié clear that the hydrol must be caused
by some "impurity" (estimated 0.1—0.2%)51 in the Grignard reagent.

Experiments {most carried out by Jerry D. Buhler) were run
to determine the reaction conditions that affect the formation of
hydrol. "It was shoﬁﬁ-tbaf‘the reagent'édqéentration and the reaction
temperature has little effect on the‘reacti_on.50 It was also found
that filtering tﬂe G}ignard reagent before use had no effect on the
amount of hydrol-forniéd.52 The multiple regression and correlation

'analysis mentioned earlier (in conri‘ecti'ér’i with ‘Table 1) showed no
correlation between benzhydrol formation and transition metal content
of the Grignard reagent.

With these results in mind, attention wag;tufned to an under-
standing of how the hydreol is formed. A numberjof pathways appeér
possible for this reaction. The Grignard reagent could react ﬁith the
ketone in two successive SET‘stePS‘to give the dianion which upon ‘
hydrolysis would form the hydrol (eq. 2). The Grignard reagent could
react in some sort of an alpha-elimination process to glive an active
hydride species which could serve as the reducing agent (eq. 3). It

also is possible that the radical anion (eq. 4) or possibly the dianion
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(eq. 5) formed in the reaction of the ketone with the Grignard reagent
could abstract a hydrogen atom or proton respectively from the solvent

before hydrolysis to give the hydrol. Another possibility would be the

’ . - HZO
"CHMgBr" + PhyC=0 —= PhyC~OMgBr —a=PhyC —OMgBr ——3 PhpCHOH -~ (2)
. H+
' , H Hp0
"CH3MgBIr" + PhyC=0—aCHy: + HMgBr —o=Phol-OmgBr — > Ph,CHOH  (3)
H+
. 'H H20
PhyC-MgBr + (CH3CHp) O —»PhyC-OMgBr —— 3 Ph,CHOH (4)
H+
PhyC-OMgBr + (CH3CHp) ;0 — PhyC-OMgBr ————3% PhyCHOH (5)
Ht
H H,0
M-H + PhyC=0 - Phyb-OM — "~ 5 Ph,CHOH (6)
H+

presence of an active hydride speﬁies in the Grignard reagent which could
directly reduce the ketonef(eq. 6).

An investigation into these possibilities was carried out. When
"CH3MgBr" was allowed to react with 2-MBP in 400:1 ratio and the reaction
mixture quenched with 99.9% D0, no deuterium incorporation at the
o-carbon was observed indicating that the hydrol is not a result of
dianion formation followed by hydrolysis. Also when "CD,MgBr" was al-

lowed to react with 2-MBP no deuterium incorporation at the a-carbon atom
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was observed indicating the absence of ;“réactiOn'as described by eq.

3. In a series of experiments (by Thomas L. Wiesqﬁann),ls the bromo-
magnesiﬁm ketyl w;s'formed\bf the reactiéﬁgdf "CH3MgBr" with 2,2'-
dimethylbenzopinacol in 2:1 ratio‘and‘thex;egplting solution was altered
in ways that producé-a solution similar to that which exists in the
reaction mixture involuing the reaction of ”CHngBr" with 2-MBP, 1In

the presence of G;ignér&:ketyl ratios rénéing from 1 to 800, FeCl,
ranging from 0.0 to 0.5 mole percént,‘and l,Z;addition product ranging
from 0.0 to 1.0 eguivalent, the ketyl upon hydrolysis yielded only
2,2"-dimethylbenzopinacol. In no case was any 2-methylbenzhydrol
detected. These results indicate that neither the ketyl nor the dianion
(possibly formed by the reaction of ketyl in excess Grignard reagent
with iron catalysis, eqs. 4 and 5) can account for éhe formation of
hydrol in the reaction of "CH3MgBr" with 2-MBP.

In a separate series of reactions,l8 "CH3MgBr" w&s allowed to
react with 2-MBP in (CH3CD2)20 (Table 4). An intermediate ketyl may be
expected to abstract D* from the alpha position of the solvent while
the dianion would be more likely to abstract H' from the beta position.
When "CH3MgBr'" was prepared in (CH3CD2)-0 and the reaction with ketone
carried out in the same solvent, all of the hydrol formed containe@

18 . This result shows that

D on the o-carbon atom of C6H5(C7H7)C(D)0H.
the hydrogen atom involved in the reduction comes from the ether, and
also provides further evidence that the dianion (eq. 5) is not an inter-
mediate. However, when "CH3MgBr" prepared in (CH3CH2)20 was desolvated
and redissolved in (CH3CDy)70 and the resulting solution allowed to

react with 2-MBP, all of the hydrol produced was CgHs(CyHy)C(H)OH.18
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This result demonstrates that the hydrogen abstraction from the ether
does not take place when "CHyMgBr" reacts with the ketone, but during
the formation of‘the "CH3MgBr". These data strongly indicate once
again that the pathways described by eqs. 4 and 5 are not in effect.

It appears that thexﬂydrpl producing gpegiqs must be formed during the
Grignard preparation step and that this species is more highly reactive
as a reducing aéent‘tawafd ketones than.i§.£he'crig§ard reagent as an
alkylating agent (Fié;re 2). These eﬁp;riments'élso'indicate that the
step involving the formation of the reducing species is radical in nature
(since the o~D was abstracted from the ether in spite of the primary
deuterium kinetic isotope effect involved.)

Since analysis of Dow doubly sublimed magneSiuml? shows no trace
element or combination of trace elements in sufficient quantities (0.2%)
to account for the amount of reducing agent necessary to form benzyhydrol
in up to 72% yield, it seems that the active reducing agent must be a
magnesium hydride species. Although magnesium hydrides have never before
been reported as by-products in the formation of a Grignard reagent,
several experimentslwere carried out which demonstrate that indeed this
is the case. Table 5 illustrates the striking similarity in reduction
selectivity between an équimolar mixture of 2-MBP and acetone with
"Cﬁ3MgBr" prepared from Dow doubly sublimed magnesium and reduction of
the same mixture with "CH3MgBr" prepared from ROC/RIC magnesium cfystals

with added MgH,. In both cases the reduction product is almost ex-

clusively 2-methylbenzhydrol (98% vs. 94%Z). These results are very

meaningful considering that "CH3MgBr" prepared from ROC/RIC crystals

yields no reduction product without added MgH,. The fact that consider-
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able reduction is obsefved in such a large excess of alkylating agent

‘indicates that MgH, dissolved in Grignard reagent is a powerful reducing

agent toward ketones.

Further evidence thét -Mthin the’Crignard reagent is the source
of the observed reduction is indicated by the similérity in observed
stereochemistry whern "Cﬁ3MgBr" that gives reduction (Grignard prepared
from Dow doubly sublimed magnesium) reduces 4-t-butycyclohexanone com-
pared to "CH3MgBr" that normaily does not give reduction (Grignard pre-
pared from ROC/RIC m.agnésidm) except when I"Igl-l2 is added to the reagent.
The data in Table 6 show that the reduction of "CH3MgBr'" (Dow doubly

sublimed) with 4-t-butycyclohexanone yields the reduction product in

89:11 ratio (equatorial:axial alcohel). On the other hand, "CHSMgBr"

prepared from ROC/RIC magnesium which normally does not give any re-
duction product, produces a 79:21 ratio of alcohols (equatorial;axial)
when MgH, is added. The similarity of the above stereochemistry is
even more striking when compared to MgH, alone which gives a 32!68 ratio
of reduction produéts.

A number of studies have indicated that Grignard formatiqn is é
radical processS3 involving‘the'CH3-, -ﬁg+;3and‘Br- ;pecies. Combination

of these species leads to "CH3MgBr". From our data it is apparent that

up to 0.2%7 of a radical specieé must react with ether to form an active

hydride species. The following reaction is suggested:

CH3CH,OCHoCH3 - *MgBr — 3= HMgBr + CH3GHOCH,CH; (7)
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It was not initially apparent, though, why "CH3H;BI" prepared from

some grades of magnesium led to more hydrol than those samples pre-
pared from other grades under the same reaction conditions (Table 1).
Qualitatively it was noticed that the Grignard reagents prepared from
large magnesium chips (Ventron chips and ROC/RIC crystals) gave little
benzhydrol while those prepared from fine shavingsi(Doﬁ‘doubly and
triply sublimed) gave much more benzhydrol. In addition it was found
that intermediate‘sized chips (Grignard grade turnings and Dow #5) of
magnesium led to intermediate amounts of benzhydrol. A glance at

Table 1 cleafly indicates that much less hydrol formation is observed
when the "GH3MgBr" is prepared in excess methyl bromide. It became
apparent that methyl bromide is capable of'rEactiné'with,the active
hydride species during Grignard reagent formaﬁion tﬁus consp@ing it.

In order to test this point, 2-MBP (0.3 mmole) was allowed to react
with "CH3MgBr" (120 mmole - ROC/RIC crystals) to which 0.2 mmole of
MgH, had been added. The resulting product mixture contained 79%
2-methylbénzhydrol. The same reaction was carried out after addition
of six'dréps of methyl bromidg to'Fhe Qrighardfreagent prior to fhe
addition of the Grignard reagent to the kgtone. The resulting product
mixture contained only 15% Zeﬁéthylbénzhydrol. Alsi?ilar set of experi-
ments was carried out using "CH4MgBr" prepared fromVDow-doubly sﬁblimed
magnesium with no Mgli, added. An equivalent set of results was obtained.
It is clear, then that methyl bromide is capable of destroying the
activity of both the dissolved magnesium hydride species that is formed
in the preparation of the Grignard reagent and that added as MgH,.

The size of the magnesium chips used in the Grignard preparation
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haé a direct bearing on tbe amount of CH3Br that buillds up in the
reaction mixture. LafgefmagnESium dﬁipé have a relatively small sur-
face area which hllows C33B;'to build‘ﬁb during the formation of the
Grignard reagent, thereby deétroying the magnesium hydride species. on
I‘the other hand, a much more’ finely divided grade of magnesium metal would
be expected to react with CH3Br much more rapidly than the larger mag-
nesium chips thus avoiding a builldup of CHaBr solution. Thus 1t is
expected that the latter finely divided magneéium would produce a
Grignard reagent that would result in more reduction of ketone to hydrel.
It is also probable that the rate of additiod of CH3Br during the pre-
paration of "CH3MgBr" would have an important effect on the hydride con-
tent of the resulting Grignard reagent. A rapid flow of CH,Br would tend
to cause Grignard reagents of low hydride content and slow CH3B: addi-
tion would tend to form Grignard reagents of high hydride content. In
preparation of "CH3MgBr" for this study, no attempt was made to quanti-
tatively control CH3Br flow rates. The general procedure was to set
the methyl bromide flow rate such that gentle ether reflux was maintained
during Grignard formation. This, of course, necessitated the use of
higher flow rates when forming “CH3Mng" from larger magnesium chips
to maintain the same apparent rate of reaction.

In order to investigate the effect of the size of magnesium shav-
ings used to prepare the Grignard reagent and the effect of methyl bro-

mide flow rate, the following experiments were carried out.,54

A block
of Dow doubly sublimed magnesium was carefully milled with a new carbidé
tool‘to obtain fine shavings (approximately normal size for the Dow
doubly sublimed magnesium we had been‘using) medium shavings (approxi-

mately Grignard grade turnings in size) and large chips (approximately
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ROC/RIC crystais in size). Methylmagnesium bromide was prépafed from
magnesium shavings of each size at a cbnstant'flow rate of 214 and 682
ml ﬁin-l'(Téble 7). The slower flgw‘fate was set such that gentle
ether .reflux waé‘mglntained’in preparation of "CH3MgBr" employing the
fine shavings (i.e., a condition intended to maximize 2-methylbenzhydrol
fprmafion). The mass b£ magné§%um w;s the same to within 0.1 g in all
three preparationsrand the flow time was cut by one-third at the higher
flow rate such that the total amount of CH3Br added was the same in all
six preparations. The implicatiens are‘clear. The percentage of
2-methylbenzhydrol found in the reactlons decreases in a regular way at
constant CH3Br flow rate as the size of the magnesium shavings are
Increased and as the CH4Br flow rate is increased. Thus the importance
of excess CHyBr during the preparation of the Grignard is very important
in determining the amount of MgH, reméining in the Grignard reagent
after its preparatiom, |

The Nature of Alkyl Transfer in Reactions of Grignard Reagents with

Ketones

Now thét the mechanisms of hydrol formation and pinacol8 formation
in Grignard reactions with ketongs have been deté%mined, the description
of the alkyl transfer from the Grignard reagent to the carbonyl carbon
atom is the most significant question that remains to be answered. With
regpect to the nature of this glkyl transfer,’Holm and Crossland6 have
presénted strong evidence for a rate-determining single electron transfer
(SET) step (similar to eq. 1) in the reaction of t-BuMgCl with benzo-
phenone in diethyl ether involving the intermediate formation of a "free"
radical and radical anion. The ability to‘"trap“ or "observe" the inter-

mediate radical or radical anion would be instrumental in establishing
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the integrity. of the proposed mechanism.'

With this in mind radical probes Qere incorporated into the R
group of Grignard rmagents such that free radlcal character would be
observed as isomeri7ation or cycllzation of ‘the particular probe. The
rad1ca1 probes studies. are 1llustrated in Table 8.

Cis-Propenylmagnesium Bromide

Should the R group of cis-propenylmagnesium bromide become a "free"
radical during the course of a reaction, theugig-prOPenyl radical would
isomerize (Kipyersion = 108 sec™1)?? to the thermodynamically more stable
trans-propenyl radical resulting in a product with trans stereochemistryi

Three propenyl Grignard reagents of different cis/trams ratios
were allowed to react with benzophenone.(Table 9). Reactions carried
out In excess ketone do not result in isdmérization of the_proﬁﬁnyl group
evidenéed by the fact that the starting Grignard reagent‘gig[gzégg ratio
was exactly reflected in the reaction products. The apparent slight de-
gree of isomerization observed when the reactions are carried out in

excess Grignard reagent can be explainedwﬂy the relative reactivities

of the c¢is and trans iscmers. It is found that the trans isomer reacts

about twice as fast as the cils isomer with benzophenone. The only effect
produced by doping the reactions with Fe salts was fhe formation of small
amounts of pinacol, the alkylation product cis/trans ratios were
unaffected.

5-Hexenylmagnesium Chloride

Should the R group of 5-hexenylmagnesium chloride become a "free"

radical during the course of a reaction, the 5-hexenyl radical would:

cyclize (K = 109 sec—1)56.76,77

cye predominantly to the cyclopentylmethyl
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radical and to a minor_extent to the cyclohexyl radical resulting in pro-
ducts with cyclic R groups. -When 5-hexenylmagne$1um-chloride (1° probe
Grignard) was aliowed to“react with beﬁzoﬁhenone in ether omnly straight
chain l,2-additi6n-produ§té (5i%5 éﬁ& bénéhydrol (49%) were observed.

The benzhydrol was apparently produced by B-hydrogen reduction of the

benzophenone by;thq“Grignérd reagent. This yeaépion was further investi-

gated by using a sterically hindered ketone (2-methylbenzophenone) and a
more strongly coordinating solvent (TEF) in hopes of slowing down the
1,2-addition process‘such that cyclization might be observed. 5-Hexenyl-
magnesium chloride in THF when allowed to react'ﬁith 2-MBP gave straight
chain 1,2-addition (28%) and 2—methylbenzhydrol (88%) as products. Thus
1,2-alkylation was slowed down allowing R-hydrogen reduction to become
the major reaction pathway.

The absence of isomerization or cyclization in the 1,2-additiomn
products of cis-propenyl-magnesium bromide (a vinylic Grignard) and
5-hexenylmagnesium chloride (2 primary Grignard), respectively, with
benzophenone indicates that either the reaction is polar or, if SET,
no "free' radical character is exhibited (rate of addition is faster than
the rate of cyclization of the probe).

1, 1—-Dimethy1—5—hexenvlmagnés ium Chloride

Should the R group of 1,l—dimethyl-S—hexénylmagnesium'dhldride
(a tertiary Grignard) become a "free" radical during the course of a
reaction, the 1,1-dimethyl-5-hexenyl radical would cyclize (Kcyc = 109

sec‘l)56

predominantly to the 2,2—dimethylcyclopentylmefhylene radical
resulting in products with cyclic R groups. Solutions of 1,1-dimethyl-

S-hexenylmagnesium chloride contained from 38-55% of the Grignard reagent
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as the cyclic isomers. Thus in every reactioh the exéess Grignard
reagent had to be accounted for as the hydrocarbon (hydrolysis product)
such that the origia (straight chain or cyclic Grignard reagent) of the
alkylation products could be determined. When 1,l1-dimethyl-5-hexenyl-
magneéium chloride (3° probe Grignard) was allowed to react with benzo-
phenone the ﬁydrocarbon gnalysis57’58 indicated that almost 90% of the
reaction proceeded through the straight chain isomer. The resulting
alkylation products consisted of 61% 1,6-addition and 39% 1,2-addition
product. Although very little cyclization of the probe was observed

in the 1,2-addition product (Z%jcyciized 1,2-addition product is accounted
for by the amount of cyclized Grignard reagent which reacted) 73% of
the 1,6-addition product was c&clized.

The ratio of cyclized to uncyclized 1,6-addition products (73:27)
eétablished the radical nature of the 1,6-addition process (heretofore
assumed to be a radical process) and indicated that the rate of probe
cyclization 1s compzirable to the rate of 1,6~addition product formation.
It is important to note that the ratio of 1l,6-addition to 1,2-addition
products (61:39) indicates that the:rate‘of formation of 1l,6-addition
product is faster than the rate of‘l,2-addition preduct formation. Thus
1,2-addition product 1s being formed at a rate slower than that of cycli-
. zation of the probe, but little or not bycliéétioﬁ_was observed in the
71,2—addition product. Since Holm}s results suggest the absence of é
polar 1,2-addition reaction, the only reasonable rationalization of these
findings‘is that, after the transfer of the electron from the Grignard
reagent to the benzophenone, R+ of the Grignard is still tightly bound

to the magnesium as a radical cation (RMng).‘ Collapse of the radical
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anion-radical cdtion pailr to form 1,2—addifion product would preclﬁde
cyclization.

We have also found that the radical anion as well does not appear
to be a "free ketyl" in reactions of either primary or tertiary Grignard
reagents with benzophenone. Kornblum and co-workers>? have pointed -out
that p-dinitrobenzene (p-DNB) 1s effective as a '"radical anion scavenger"
which can '"short circuit“ SET reactions. If the Grignard reaction with
benzophenone involves the SET process described by‘eq. 8 it should be

possible for p-DNB to Intervene as described by eqs. 9 and 10.

+

RMX + Phyl=0 —n [éhzco T4 I:RMgX] ' > Products (8)

p-DNB +E’h2cé] — > PhyC=0 + I—_R-nma ) (9)
+ -

Emg{] I:p_—DNB] —> RMX  + p-DNB | (10)

It was determined by (T. L. Wiesemann)18 that p-DNB was capable
of removing the electron from the ketyl radical anion to regenerate the
ketone although not with 100% efficiency. A study was carried out to

determine the effect of p-DNB on the reactions of "CHqMgBr" and

_ "t-BuMgCl" with 2-MBP.18360 From the date in Table 11, the reaction of

“Cﬁ3MgBr“ with 2-MBP in the presence of p-DNB is not significantly slower
than the same reaction without p-DNB. The imbortant‘feature-of this
data is that p-DNB Eompletely eliminates pinacol formation. The fact
that p-DNB prevents pinacol formation, but canﬁo; do the same to the

1,2-addition product, is indicative of a difference in the mechanism
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leading to these two products. Additional evidence as to the "bound"
nature of the R-group radical and ketyl was obtained from ketyl cross

61 have. shown that benzo-

over product experiments. Garst and co-workers
phenone ketyl is a very effective tfap for alkyl free radicals forming
predominantly 1,6~ and l,2—addition products. ‘The reaction of excess
Grignard reagent with pinacol produces ketyl, but does not react fur-

ther.60

The only product upon subsequent hydrolysis is the starting
pinacol. Thus by forming ketyl ﬁith an excess of Grignar& reagent and
then adding another ketone it should be possible to conduct a Grignard
reaction with a kéthne‘in_thé piesépce of 'a ketyl which could serve as a
free radical trap. However, if the ketyl transfers an eleétron to the
ketone; forming a néﬁ ketyl and ; new kétoﬁe féllowed by subsequent
reaction of the Grignard reagent  with the new ketone an apparent and
eFroneous cross-over pfoduc; woﬁid bé'indiéafed. This problem is over-
come by insuring that the ketone corresponding to the ketyl {(fluorencne,
Reduction Potential = 1.3v. vs S.C.E.) has a lower reduction potential
than the ketone which would be added to the reaction (2-MBP, Reduction
Potential = 1.8v vs S.C.E.). This was found to be the case when two
equivalents of "CH4MgBr" were added to ome equivalent of fluorenone
pinacol to produce the ketyl without an excess of Grigmnard amnd 2-MBP

was added. Upon subsequent hydrolysis 2-MBP and fluorenone pinacol
were the only products. The reverse reaction, fluorenone added to

2-MBP ketyl.also gave 2-MBP and fluorenone pinacol but in only 98%
yield. The other 2% appeared to be present in the form of a mixed

pinacol. Apparently when an appreciable concentration of both ketyls
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are present, mixed dimagnesium pinacoiates form which slows down
the exchangé process. In any case, the important result was that no
2-MBP ketyl was formed in the ‘reaction of 2-MBf'w;th fluorenone ketyl.l
(It should be noted that this result does not rule out the possibiiity
of a rapid equilibrium in solution which is simply shifted all the way
toward fluorenone pinacol upon hydrolysis. Howeﬁer, if this had been a
problem, the existence and/or the extent of the equilibfium probably
could have been determined by UV or ESR studies). Thus welpostulated
that if the Grignard reaction involves the SET process described by
eq. 11, it should bé possible for fluorenone ketyl to intercept some

| of the R-group radicals (especially those generated in forming 1,6~
addition products with Z-MBP) to form fluorenone addition products
as described by eqs. 12 and 13.

' - ; 1
RMoX  + Ph2(3=0-—> [PhZCCﬂ + I:RMgX] — Products (11)

n +
I:RMg{I' + [fluore —_ Fluorenone 1,2- and .1,6-addition Products
- (12)

" after
2 I}hzco:l - —_— benzopinacol (13)
: hydrolysis

When “CHsMgBr" was gllowed to react with 2-MBP in the presence of
fluorenone ketyl {Table 12) the only product observed was the 1,2~
addition product of 2-MBP. Also from Table 12, t-butyl 1,2- and_l,ﬁ;
addition were the only products observed from the reaction of "t-BuMgCl"

with 2-MBP in the presence of fluorenone ketyl. These results indicate
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that while the R-group radical 1s free eneugh to:eyclize (in the case
of 3° probe Grignard) it is not free enought to be trapped by a free
radical scavenger,

In light of ther“bound" nature of the R-group raﬁical and ketyl
it seems necessary for the mechanism of "t-BuMgCl" with benzophenone to
involve a radical anion-radical cation pair in which the R-group radical
is still tightly bound to fhe magnesium such that it cannot isomerize
or cyclize. This radical anion-radical cation pair (I) may be thought
of as originating via the ¢ complex which is undoubfedly formedHVery
rapidly in a simple ‘acid-base reaction. The radical anion-radical

cation pair would then either (a) collapse to 1,2-addition product

RMgX + PhyC=0 — PhyC=0 .. PhyC=0, .
MgX «—>  MgX

’
ot

R . b
o-complex: I(SET intermediate)
- (14)
b o .
I ———b-[:P‘nZC-OMgX + R] —> Ph,C-OMgK + R

l SH

Ph,C-OMgX

. 5 :
1,2-addition =~ l,6-addition 7 PhyC-OMgX RH

(which would preclude cyclization) or (b) dissociate to form a radical

anion and a free radical within the solvent cage which in turn could
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collapse to conjugate addition products or escape the solvent cage to
form benzopinacol as illustrated in eq. 14.

In further investigation“ofjthe 30 probe Grignard reaction we

‘wished to determine the effect on the reaction products of increased

steric hinderance at the carbonyl carbonyl carbon atom. Thus when the
o ,
3 probe Grignard was allowed to react with 2-MBP in ether the resulting

hydrocarbon ana1y31557’62

indicated that 91% of the reaction proceeded
through the straight chain isomer. The alkylation products consisted

of 71% 1,6-addition, 21% 1,2-addition and 8% 2-methylbenzhydrol. Al-
though no cyclization was observed in the 1,2-addition product, cycliza-

tion was observed for 71% of the 1,6-addition product. In view of our

proposed mechanism the increase in 1,6-addition with the concomitant

decrease in 1,2-add:ition could be the reéult_of a_sleying gpyn of the
collapse of the radilcal anion-radical éatién pair to i,éiaédﬁtibn"product
with respect to dissociation to form 1,6-addition pfoiugg;¥;&hé:2—methyl
group could also be contributing to the rate of dissociation of the
radical anion-radical cation pair by destabilizing the complex through
steric interference.

In tﬁe reaction of 3O Grignard with benzophenone the effect of
changing the solvent basieity and viscositvaere determined by employihg
THF and di-n-butyl ether as reaction solvents. Tetrahydrofuran is a
more strongly coordinating solvent than diethyl ether and is about twice

as viscous (THF,n, (cP) = 0.389; DiethylEther, n,(cP) = 0.194).173

Di-n-butyl ether is less basic than‘'diethyl ether, since Basicity is
diminished for di-n-alkyl ethers with increasing chain length; however,

at the same time its viscosity is more than two and one half times that
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. ] 17
of diethyl ether (Difg:Butyl Ether, "40 {cP) = 0.506). a

Only 82% of the reaction proceeded through the straight chain
isomer when this 3° probe Grignard was allowed to react with benzophencne

7
in di-n-butyl ether.5 63

The alkylation products consisted of 617%
1,2-addition products and 39% 1,6-addition products. Cyclizied 1,2-
addition product accounted for 277 of the 1,2-addition products. However,
the absolute yield of cyclized 1,2-addition product matches within experi-
mental error the amount of cyclized Grignard reagent which took part in
the reaction. Thus it_strongly appears that cfclized 1,2~addition pro-
duct did not originate from straight chain Grignard reagent. Cyclized
1,6-addition product: accounted for 63% of the 1,6—addition product pro-
duced in the reaction. Observing the dramatic decrease in the yield

of 1,6-addition prodﬁctxin di—Efbutyiﬂether compared to the same reaction
in diethyl ether, one woﬁiﬁhbe inclined to attribufe this torthe'in;¥Ease
in solvent viscosity (a'slowing down of radical mig:g;ign’tofthe 6-posi-
tion). However, if viscosity were the determiﬁing féptor a lafge
inerease in the ratio of cyclized-;o uncyclized l,6—add;tiénﬁpfoducf
would be expected because of the extended lifefime of the radical. This
is not what is observed, in fact, the ratio of cyclized to uncyclized
1,6-addition product. actually decreases slightly. There are two -alterna-
tive explanations for this data and both are concerned with the coordina-
ting ability of di-n-butyl ether. ' In terms of our proposed mechanism,
once the electron transfer has occurred the stability of the radical
anion~radical catiorn paif would be vefy dependentrupon the coordinating

ability of the solvent to stabilize the ketyl. A poorly coordinating

solvent such as di-n-butyl ether would not be expected to stabilize the
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ketyl very effectivelf, thus the radical anion—radic%l cation pair
would tend to collapse to 1,2-addition rather than disscciate to ketyl
and free radical and in turn to 1,6-addition product.

An alternate explanatibn is that electron transfer itself is

5 and

very dependent upon solvent polarity as demonstrated by Fauvarque
suggested by Walbor:s'.ky.64 A poorly coordinafing solvent such as
di-n-butyl ether would not be expected to effectively promote electron
transfer, thus allowing a polar reaction to become competitive. It is
Ialso interesting to note that 16% of the reaction took place through the
cyclic Grignard, but no benzhydrol (from R-hydrogen reduction) was de-

tected. Cyclopentylmethyl Grignard reagent and other Grignard reagents

which contain a 3° B-ﬁ}drogén (isopropyl and isobutyl Grignard reagents)
~ 65a

H

usually give in excess of 80% benzhydrol on reaction with benzoplienone.
When the 3° probe Grignard was allowed to react with benzophenone in THF
solvent 91%7 of the reaction proceeded through the straight chain Grignard

57,66 The alkylation prodﬁcts consisted -of 58% 1l,2-addition pro-

reagent.
ducts and 427 1,6-addition products. Cyclization was observed in 417

of the 1,2-addition products and in 81% of the 1,6-addition products.

' Since only 97 of the 30 probe Grignard which reacted was the cyclic

isomer then at least 457 of the cyclized l,2—additidn product had to orig-
inate from straight chain Grignard reagent. These results produce solid
evidenée for the reaction of a 30 Grignard reagent with benzophenone that
1,2-addition products can come about through a radical process. This

data suggests that the strongly coordinating solvent THF promotes dis-

soclation of the radical anion-radical cation pair through stabilization

of the ketyl and then retards migration (viscosity effect) of the alkyl
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radical to the 6 position evidenced by a decrease in 1,6-addition pro-
ducts (comparéd to the same reaction in ether). Other viscosity effects
observed were an increase in the ratio of cyclized to uncyclized 1,6-
addition products (due to the increased lifetime of the radical) and
the appearance of cyclized l,2-addition prdduct which is probably formed
via internal return of the dissociated alkyl radical to the carbonyl
carbon (solvent viscosity causés'ldnger residence time at the site of
radical anion-radical cation pair dissociation).

To be consistent with these new data, it'seéms necessary for
the mechanism described in eq. 14 to involve a second pathway for the
formation of 1,2-addition product (path d), that is by reaction of the
free alkyl radical (from dissociation of the radical anion-radical
cation pair) with the carbonyl carbon of the ketyl within the solven£

cage as illustrated in eq. 15.

RMgE + PhyC=0 ——» PhyCe0, PhyC-0, \
hgx e e :ng
R R
o-complex 'I(SET intermediate)
(15)
b . ' .
I — I:thC-OMgX + R:‘ ——> Ph,C-OMgX + R:
- l ‘_
a d c - | SH

. Ph,C-0MgX

, ¥ .
1,2-addition 1,6-addition - PhoC-0OMgX RH
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Thus faé the description of ‘the mechanism of the reaction of a
Grignard reagent with benzophenone has dealf with only a 3° Grignard
reagent. Only with a 3° Grignard‘feagent has‘any'evidence of electron
transfer been observed. It is possible howeﬁer,that all Crignard
reactions with ketones pfoceed through.a SET pathway by the proposed
mechanism (eq. 15). The stability of the radical anion~fadical cation
complex (I) should be determiﬁed by ;he stabilities of the incipient
radical (R*) and the ketyl (Ph,C-0) and the coordinating ability of
the solvent, which in turn would determinehthe amount of SET character
observed in the reaction. With ﬁertiary Grignard reagents, the inter-
mediate complex (I) would be unstable because of the stabiiity of the
tert-alkyl radical, thus making path b competitive with path a or even
the predominant reaction pathway. The choice between path c and d
would be dependent upon solvent viscosity, radical reactivity (1°
radicals are more reactive than 3° radicals) and steric considerations.
On the other hand, vinylic Grignard reagents, e.g. cis~propenylmagnesium
bromide and primary alkyl Grignard reagents, é.g. 5-hexenylmagnesium
chloride may react by a polar mechanism or if by SET, form a more staple
complex which would collapse via path a to give only 1l,2-addition pro-
duct with no SET character observed (as in the cases repérted here) .

2,2-Dimethyl-5-hexenylmagnesium Chloride

To observe electron transfer character in a reaction between a
1° Grignard reagent and benzophenone, assuming the postulated mechanism
to be in effect, it became apparent that the rate of path a (eq. 15)
would have'tg be s}owed sufficiently to allow at least partial reactiion

through path b. When neo-pentylmagnesium bromide is allowed to react
'

e ——
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with benzophenone, a'vefy slow reactioﬂktakeé place producing pri-
marily 1,2-addition product, but also about 107 of the 1,6—additioh_
product.67 This 1is, the first example of electron transfer behavior
displayed in a'feacéiqﬁwof a' primary Gfigngr&ﬂfeégéﬁt wigh“a‘keﬁone.
Based on this information a Eggfpentyl:type probe wagrprepared
(2,2—dimethyl-s-hekeﬁymagnésiﬁm-chlori&e; Eggioéiéﬁyi Grignard) and
reacted with benzophenone. -Thé3E§9:0ctenyl Grignard reagent when pre-
pared contains a substantial quantity of cyclic (5-membered ring) isomer.
Unlike the 3° Grignard probe, the neo-octenyl cyclic Grignard reégent

is much more reacgive'toward benzophenone than is its straight chain
isomer. Thus in a reaction with benzophenone large amounts of cyclic
1,2-addition products and benzhydrol are producedubefore the Grignard

of interest has started to react. It was established that by adding

one equivalent of acetone to a solution of neo-octenyl Grignard ;eagent
which contains one equivalent of the cyclic Grignard, that the cyclic
Grignard reacts completely with the acetone (1,2-addition, B-hydrogen
reduction and enolization) leaving the straight chain isomer intact.

It was also established that the acetone-cyclic Grignard reagent reaction
products had no effect on the stability or stereochemical integrity of
the neo-~octenyl straight chain Grignard reagent. Thus by pre-reacting
out thé cyclic Grigrard, we were able then to conduct a reaction between
the neo-octenyl Grignard and benzophenone. This reaction proceeded

1602 through the straight chain isomer.68’69

The alkylation products
consisted of 1007 1,2-addition with cyclization observed in 127 of the
1,2-addition product: This is the first example of electron transfer

behavior exhibited in the formation of 1,2-addition product from the
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reaction of a primary Grignard reagent with a ketone. Thus the in-
crease in steric bulk apparently slowed down the coliapse of the
radical anion-radical cation complex such thiﬁ:diSSbciqtfbn‘viarﬁath b
(eq. 15) and recombination via path d could occur. The absence of
1,6-addition product (path ¢) is‘$oﬁewhat ;urp:ising when compared to
the neo-pentyl Grignard reaction with benzophenone which produced about
10% 1,6-addition product. .waever,iwﬁen-the increased difficulty of
migration of the neo-octenyl radical (due to its larger size) 1is coupled
with the fact that we are dealing with a very reactive primary radical (as
compared to a tertiary Fadical) it is possible that internal return
{path d) became predominant over migration {path c).

The effect of increased steric hinderance about the carbonyl
carbon atom on the formation of 1,2~ and 1,6-addition was determined
when neo-octenyl Grignard reagent was allowed to react with 2-MBP. Thé
extremely slow reaction preduced alkylatiom products exclusively througﬁ

68,70 The alkylation products

the straight chain Grignard reagent.
consisted of 86% 1,2-addition product and 147 1;6—add1tion'products.

No cyclization was observed in the 1,2-addition product but cyclization
was observed in 697 of the 1,6-addition prodﬁcts. With the introductién
of a 2-methyl group in.benzophénOne the product distribution of the

. reaction was drastically altered. The introduction of a 2-methyl group
in benzophenone apparently slowed even more the‘collapse of the radical
anion-radical cation complex (path a) and also provided enough steric

interference to prevent internal return (path d) leaving path c as the

only alternative.
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Benzalpinacolone and the Grignard Reagent bebgs

Another member of this reéearch group has ﬁreviously studied the
question of polar versus electron transfer mechanisms in the reactions
of Grignard reagents with ketones by incorporating the radical probe
into the ketone substrafe. This was an attempt to observe the radical
aniorn formed in eq. 1. The‘ketohe probe consisted of a cis-enone
(2,2,6,6-tetramethylﬁex-4-enefB-one) which ié rapidly converted to the
trans-isomer in any reaction involving the transfer of an electron to

the enone.71

The major drawback to the use of the enone as a probe
involves the isomerization of the starting "cis-enone" throﬁgh a SET
pathway not ﬁecessarily aipng the main reaction pathway, ‘followed by

a polar reaction giving what appears to be products of a SET reaction.
However, by careful comparison of the various reactions, insight was
gained into the mechanism of Grignard reactions with ketones, especially
with respect to the mechanism of formation of the 1,2-addition product.
By selecting an enone which gives only 1,4-addition (benzalpinacolone,
2,2-digg;hyl-4—phenylpent—4—ene-3-one) we hoped by using our Grignard
reagent probeé to gain insight into the mechanism of formation of 1,4~
addition product. Benzalpinacolone when allowed to react with most
érignard reagents pfoduces only l,4-ad&ition products. This is pro-
bably a consequence of steric factorsrfather than electronic factors.
Benzalpinacolone by virture of its conjugated structure, should be a
planer molecule. Consequently when complexed by a Grignard reagent,
the enone would be  expected to hgﬁe éwo c;coﬁplex cdﬂfdrmatiohs eq. 16,

Both of these conformations show a great deal of steric crowding for




83

approach to the carbonyl carbon, thus the preference for 1,4-addition.
When 5-hexenylmagnesium chloride was allowed to react with benzal-

plnacolone the reaction proceeded about 85% through the straight chain

.

G )
I | C{ /0\\ /X (16)
C

72,73

isomer and about 15% through the cyclic (S5-membered ring) isomer.

The alkylation products consisted of B4% straight chain 1,4-addition
product and 16% cyclized 1,4-addition product. Thus no cyclization of
the probe occurred since the ratio qf'cyclized to uncyclized of the
starting Grignard reagent is dupli&ated within experimental error in the
reaction products. The hydrocarbon analysis alsc supports this con-
clusion. The absence of cyclization in the 1,4-addition product of
5-hexenylmagnesium chloride with benzalpinacolone indicates that either
the reaction is polar or if SET, no '"free" radical character is exhibited.
However, when the tertiary Grignard probe was allowed to react
with benzalpinacolone, the reaction proceeded 66% through the straight
chain isomer, 29% through the cyclic (5-membered ri:_lg) isomer and 5%

. 57,74

through the cyclic (6-membered ring) isomer. The alkylation pro-

ducts consisted of 42% straight chain 1,4-addition, 51% cyclized (5-

" membered ring) 1,4-addition and 7% cyclized (6-membered ring) 1,4-

addition pfoducts.- Thus 66% straight chain Grignard reacted to produce

only 42% straight chain 1,4-addition product, cyclization was obseived
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in 41% of the cyclized 1,4-addition products. The observation of
cyclized 1,4-addition product establishes the r#dical nature of the
1,4-addition_procéss with 3° Grignard reagents while the ratio of
cyclized to uncyclized {originating from 3° Grignard reagent, 24:42)
establishes the rate of 1l,4-addition produét formafion as comparable
with the rate of probe cyclization (Rcyc=1055ec"1).56

Extending this study on to the neo-octenyl Grignard probe, we
find that the reaction of the_ggg—oqtenyl Grignard reagent with benzal-
pinacolone préceeded 21.7F 1,77 through the straight chain isomer

68,75 e

and 78 1.7% through the cyclic (5-membered ring) isomer.
alkylation products consisted of 18.6% 0.87% cyclized 1,4-addition pro-
duct. Thus within experIméental error a small amount (~37%)-of the
cyclized 1,4-addition product originated from straight chain Grignard
reagent.

These results are so similar to the data colleéted with the
Grignard reagent probes with benzophenone that we are almost forced
to draw the same conclusions. It‘appears that the reactions of Grignard
reagents with enones proceeds through an intermediate radical anion-
radical cation pair which can collapse to 1,2- or 1,4-addition (depend-
ent upon steric factors) or depending on the stabilities of the
incipient radical (R:) and the ketyl, dissociate forming a ketyl and
free radical within the solvent cage which c;n then collapse again to
1,2- or 1,4-addition products dgpending on steric and électronic (the
unpaired electronﬁdensify for tﬁe'ﬁenzélpinacolone ketyl would pro-

bably be divided fairly equally between the carbonyl carbon and the
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benzyl carbon) factors.

Trialkylaluminum-Probe Reactions

The reaction of tris-(S-hexenyl)aluminum diethyl etherate with
benzophenone in pentane gave much the same results as the Grignard coun-
terpart with benZOphendnghf'The only products observéd were 347 benz~
hydrol and 46% straight éﬁain 1,2-additlon product. The absence of
cyclization in the 1,2-addition Product indicated that no free radical
character was observed, but ﬁoe; not prove that a SET procéss did not
occur. Unfortunately the tris-(l,1;dimeﬁﬁj145-héxgnf1)aluminhm com-
pound could not be prepared such that it was stable to intra-molecular
cyclization. However, we did‘ prepare dimethyl-t-butylaluminum diethyl
etheréte such that we could observe which group (primary or tertiary)
would be preferentially ﬁransferred to the benzophenone. This should
be a valid though qualitative experiment to determine if trialkyl-
aluﬁinum compounds display any of the reaction characteristics identified
as SET behavior in comparable Grignard reactions. When dimethy-t-
butylaluminum is allowed to react with benzophenone the products con-
sisted of 20% methyl-l,2-addition product and 80% benzhydrol. Thus
with trialkylaluminum compounds the primary alkyl group (methyl) trans-
fers to benzophenonz preferential to the tertiary alkyl group. In
Grignard reactions tertiary alkyl groups transfer to benzophenone (1,2-
and 1,6-addition) preferential to primary alkyl groups via an SET
precess. Thus it appears that trialkylaluminum diethyl etherates in
reactions with benzophenone do not display characteristics aétfibutable

to a SET process, but proceed by a pblar mechanism.
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EEganolith;um Probe Feactions

The reaction of'5-hexenyrlithium with.ﬁenidphenoﬁéfiﬁ‘ether
produced results very §imilar to the corfesponding Grignard reaction
with benzophencne. The products of the reactiog‘c;nsiéééd of 36%
straight chain 1,2-addition product and 64% benzhydrol. The apparent
increase in benzhydrol formation as comparéd to the corresponding
Grignard and Alﬁﬁinum ;eactions is probably due to the percentage of
cyclic lithium reagent tZOZ) pfesent in the reaction as compared to
4 % and 7% for the Grignard and Aluminum reactions respectivély.
Unfortunately the 1,l-diméthyl-S—hexenyllithium was not successfully
prepared. However, comparison of reactions of ﬁnguMgcl" and
fE-BuLi" compounds with benzophenone indicate almost identical yields
of 1,2- and 1,6~addition products. Thus organoclithium compounds appear
to be displaying reaction behavior with benzophenone which has been
identified as SET in nature as in comparable Grignard reactions.

New Magnesium Hydride Reagents

The reagent CH3MgBr/MgHo (3/1) in THF, was allowed to react in
separate reactions with various substrates hOpingrto find indications of
unusual reactivity, selectivity or sterochemistry (Table 13). This

project was continued by other members of this research group.

Hydrometallation
The reagent HMgBr in fHF with and without Ni catalyst was allowed
“to react with various aliphatic and aromatic alkenes and alkynes, hoping
to find conditions by which HMgBr would hydrometalate carbon—carbon
double bonds (Table 14). This project was continued by ‘other members

of this research group.
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CHAPTER IV
CONCLUSION

The large variation in the amount of hydrol formed from CH3MgBr
prepared from different grades of magnesium haé been traced not to the
purity of the various grades, but to the size of the crystals or shavings.
Those grades of magnesium that consisted of fine shavings gave the most
hydrol and those g;ades of much coarser material gave the least hydrol.
We have shown that MgH, is normally produced as a by-product (~0.2%)
in CH3MgBr formation and that the MgH, is destroyed when allowed to
react with excess CHBB:. Since the reaction of CH3Br with magnesium
(fine shavings) is very rapid, the by-product MgH2 survives when the
reaction is carried out in excess magnesium. On the other hand, the
reaction of CH3Br with magnesium (coarse shavings) 1s slow and the
concentration of CH4Br builds up in the reaction mixture destroying
the by-product MgH, even when the reaction is carried out in excess
magnesium,

With respect to the mechanism of the reaction of a érignard
reagent with a ketone, the nature of the éik&l tranSféfordm‘thQEGrig—
nard reagent to the carbonyl carbon atom has been a source of consider-

¥

able. speculation. Tﬁis‘speculation centers around whether the alkyl
transfer proceeds by a'ﬁolar or an electron traﬁsfét mechanism. Holm

and Crossland6 concluded from their work that in the reaction of

"t-BuMgCl" with benzophenone, the 1,2-addition product as well as
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1,4-, 1-6 addition product and pinacol all cdme about through an
electron transfer mechanism. It is apparent from this work that their
lconclusions are basically correct, but in need of some modification.
In Light of the "bound" nature of the Rrgroﬁp radical (as evidenced’
by the flourenone ketyl cross-over product experiments and the absence
of cyclization in the 1,2-addition product from the reaction of 3°
probe Grignard reagent with benzophenone and 2—m;thylbenzophenone)

and the "bound". nature of the ketyl (as evidenced by the p-DNB radiéal
anion scavenger experﬁments), a "free radical" and a "free ketyl"
apparently do not form in the SET step as was proposed. When a Grignard
feagent reacts with a ketone, a radicél anion-radical cation pair is
formed which can collapse to give 1;2—addition product or dissociate
to form a radical anion and a free radical within the solvent cage which
in turn can collapse to 1,2-addition product, conjugate addition pro-
duct or escape the solvent cage to form pinacol. The l,2fadditioh
products, which form after dissociation of the radical anion-radical
cation pair, show free radical character as indicated by the cycli?ed
1,2-addition products formed from the reaction of 3% Grignard reagent
probe with benzophenone in THF and from the reaction of neo-octenyl
Grignard reagenf prdbe.with benzopﬁeﬁOne; The 1;64addi£idn-pfoduéts,
which all come abou;‘after dissociation of thg raqicalﬁanionéradical
cation pair, show free radical character as evidenced by the cyclized
1,6-addition products formed iniall~§fgthe réaqtionsiwﬁlch involve

the 3° Grignard reagents probe (in all solvents studied) with benzo-

phenone and 2-MBP and also in the reaction of neo-octenyl Grignard
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reagent probe with 2-MBP. Within the radical énidﬁ-radical cation
pair, the R-group of the Grignard reagent is still tightly bound to
the magnesium and -the ketyl is alse bound such that it is not free to.
take part in other reactions. This radical anion-radical cation pair
may be thought of as origiﬁhtfﬁgTvia,the O;CemplexfwhiCh is undoubtedly.
formed very rapidly in a simple acid—base reaction.f The stabllities
of the incipient radical (R- ) and the ketyl (RZC—E) as well as the
nature of the solvent determine the stability of the radical anion-
radical cation pair which in turn determines the amount of SET charac-
ter observed in the reaction. With tertiary Grignard reagents and
benzoPhenone, the intermediate complex is relatively unstable owing to
the stability of the tert-alkyl radical and the benzophenone ketyl.
With primary Grignard reagents and benzophenone, the intermediate forms
a more stable complex which collapses to give 1,2-addition product,

The radical anion—radical cation complex 1is also quite sensitive to

solvent effects. Poorly coordinating solvents do not promote dissocia-

tion of the pair thus resulting in more 1,2-addition (less 1,6-addition).

On the other hand a strongly coordinating solvent such as THF leads to
dissociation of the radical anion-radical catlon pair by stabilizing
the ketyl. It also appears that the radical anion~radical catiom com-
plex can be sterically hindered toward collapse to give 1,2-addition
product. If the sterically hindered complex is relatively stable (such
as with a primary Grignard reagent) the overall result is simply a very
slow reaction to give mostly 1,2-addition product. However, if the

complex is relatively unstable (such as with a tertiary Grignard) the
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overall result will be an increase in the amount of 1,6-addition pro-
duct formed. |

Although racdical cﬁatacter in the feactioné of trimary ;nd
tertiary Grignard reagents with benzoﬁhenone has beep demonstrated, it
is possible that pclar and SET mechanisms are competitive, depending
principally on the reduction potential of the ketone, the oxidation
potential of the Grignard reagent and the solvent. At the two ends
of the spectrum, all evidence indicates that the reaction of "EfBuMgCl"
with benzophenone is SET in nature, whereas the reaction of "CH3MgBr"
with acetone 1s polar in nature.

Although the study with organclithium reagents 'Wé,s not as com-—
plete as it could have been, there were strong indications that organo-
lithium reagenﬁs:behave very much like Grignard reagents in their
reactions with Eetomes.

Trialkylaluminum reagents were found to transfer 1° alkyl groups
preferential to'3° alkyl groups which leads to the conclusion that
trialkylaluminum reagents react with benzophenone via a polar mechanism.
This 1is based on the fact that Grignard reagents transfer 3° alkyl groups

preferential to 1° alkyl groups to benzophenone by a SET mechanism.



file://'/t-BuMgCl11

‘Table 1.

Products from the Reactions of Methylmagnesium Bromide (1.50 M) With

2-Methylbenzophenone (0.0375 M) in Diethyl Ether at Room Temperature

Effect of Magnesium Purity at 400:1 Grignard to Ketone Ratio.

[ Yield $ Elemental Anslysis® (ppm) y
Grignard .-

Grade Prepared *"'a b
of Mg In Excess Addn. Pinacol l{yd.rolc Other Ti Cr Mn Fe Co Ni Cu Zn Ag 3] Na K
8ingle Ng ' 68 0 13 9 o 0 70 18 0 0.1 3 48 140 0 0.3 0.k
Cryetal : .
Dow No. Ng 71 T 13 8 17 0 6 18 0 1.0 6 20 0 0 0.3 0.4
5
Ventran ™ 77 14 0 10 o o0 22 2 03 o 01 5% 0 o0 03 o0
Chips ) ‘ .
p.af. 62 2 % © o © o0 0l o6 ©o 01 25 ©0 0 9 0.9
ROC/RIC . Mg 92 1 b 3 0 o 7 1w o0 0 o 173 o 18 0 1
el g 5 1 58. 0 o o o o0 03 o o 2T o o0 18 16
garf e 55 19 8 19 0 o0 1% % o o1 3 Sk o ‘0o 03 o
Ventron CHyBr 85 1 0 5 0 0 2 22 03 o 01 56 0 0o 03 o
Chipa .
ROC/RIC CHBr o L 0 2 0o o0 7 1 o 0 o 73 o 18 0 1
r. 8. CHyBr 82 2 b 3 o o o o0 03 ¢ o0 2Z; O o0 1B 16
a. 1l-phenyl-1(2-methylphenyl} ethanol. b. 2,2'-dimethylbenzopinacol. c. 2-methylbenzhydral, d. appareatly 1-(2,6-dimethylphenyl)-

1-phenylethancl. e. Analysis by Microtrace Analytical Services, Industry, CA 91746. f. Key: D8 = Dow Doubly Sublimed; T8 = Dow

Triply Bublimed; GGT = Baker, Grignard Grade Turnings.
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Table 2. Effect of Grignard to Ketone Ratio on Products from the Reaction of
"CH3MgBr"a with 2-Methylbenzophenona in Ether at Room Temperature.!8

. r* % Yield ,

"CH3MgBr" D-MBP. "CH3MgBr" . L2- a . Hydrol>
(moles/11) - (moles/1i) 2-MBP ._Ketone Addition Pinacol Hydrol (moles/1i)
0.010: 0.99 ©1:99 xs 100 o 0 o
0.010 0.11 1:11 xs - 100 0 0 0
1.50 1.50 1:1 0 100 0 o 0

1.50 0.15 - 10:1 0 99 - 0.6 Trace Trace
1.50 | 0.015 100:1 0 89 | 2 9 0.00135
1.50 0.00375 - hoo:1 0 62 2 % 0.00135
1.50 0.001875 800:1 0 40 b 56 0.00105

a. Prepared from doubly sublimed magnesium using excess magnesium.

b. 2-methylbenzophenone.

¢. l1-phenyl-l-{2-methylphenyl) ethanol.

d. 2,2'-dimethylbenzopinacol.

e. 2-methylbenzhydrol.
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Table 3. Formation of Products with Respect to Time in the Reaction of
"CH3MgBr"? (()0.50 M) with 2-Methylbenzophenone (0.0125 M) in

r 4 Yield
Unreacted 1,2- 2-Methyl- . Hydrol/
Rx Time Ketone (%) Addition® Pinacol? benzhydrol. Addition
10 sec 68 | 2.7 1.7 o8 lb.h
1 hr 46 18 _ 2.0 34 1.9
4 hr 10 48 2.3 39 0.81
12 hr b1 0.73

0 56 _ 2.5

a; Prepared from doublj sublimed magnesium using excess magnesium.

 b. Analysis by MMB.

e, l-phenyl—l—(2-methylphenyi) ethanol.

d. 2,2'-dimethylbenzopinacol. -
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Table 4. Formation of 2-Methylbenzhydrol at 400:1 Grignard to Ketone Ratio

b

— % Yield Reduction Product
__Grignafda Formed In Reaction Carried Out In Q6H5(CTH7)CH0H c6H5(c7H7)CD0H
CH3CH,,0CH,CHy CH3CH206HQCH3 59 : -
CH3CD,,00D,CHy CH3CD,,0CD,,CHy 0 27
CH 4 CH, OCH, CH, - CH, D, 0CD, CH, 65 & _;‘0

a. CH3MgBr prepared from Dow doubly sublimed magnesium.

b. Normalized as: % 1,2-addition + % reduction = 100%.
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Table 5. Selectivity of Reduction of an Equalmolar Mixture of
2-Methylbenzophenone and Acetone with "CH3MgBr" and
"CH3I@BT" + MgHQ.a

b
Grade of Reduction Products (%)

! .}
Magnesium Used w :
To Prepare 1,2-Addition”
"CH;MgBr" Products (%) . 2-Methylbenzhydrol Isopropanol
Dow (DS) 4.5 25.0 0.5
ROC/RICC 1000 “ 0 0
ROC/RIC® + Mg, 75.0 2.5 1.5

- a. Millimoles of each ketone = 0.3: mmole CH3MgBr = 120% mmole MgH2 = 0.2.

b. Yields normalized as: % l,2-a.dditioﬁ + % reduction = 100%.

c. Grignard prepared in excess CH,Br. ‘
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Table 6.
with "CH;MgBr" (120 mmole) and "CH3MgBr" + MgH,,.

Stereochemistry of Reduction of Y-tert-butycyclohexanone (0.3 mmole)

— Alkylation 1T Reduction

Grade Mg  mmoles  Total®  Axial® Equatorisl®?  Tota1®  Axial®  Equatorisi®

Used MgH, Yield Alcohol(%)  Alcohol(%)  Yield Alcohol(4) Alcohol (%)
Dow (DS) 0 - 8k 66 3k 16 11 89
ROC/RIC® 0 100 59 b1 - 0 - -
ROC/RICC 0.2 92 62 33 8 21 79
________ 0.3 - - - - 68 32
a. Normalized as: % alkylation alcohols + % reduction alcohols =

b. Normalized as: % axial alcohol + % equatorial alcohol = 100%.

c. Grignard prepared in excess CH,Br.

100%.
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Table 7. Effect of the Size of Magnesium Shawvings and Methyl Bromide
Flow Rate on the Percentage of 2-Methylbenzhydrol in Re-

actions Involving 1.5 M Methylmagnesium Bromide® with
0.00375 M 2-Methylbenzophenone.

. % Yield®
. =
3 ' Mgz Shaving Flow Rate
i} o ' - Size (cc/min) 1,2~Addition Pinacol Hydrol
; Fine o14¢ L1 ND 59
|
X Fine 6822 Th ND o7
I \ .
. Medium 682% 8l ND 16
| :
a Large : 682d 91 ND 9

a. All preparations utilized 28 g of Dow doubly sublimed magnesium.-
b. Normalized as: % 2-methylbenzhydrol + 1,2-addition = 100%.

c. Flow time

]

85 minutes.

d. Flow time = 28 minutes.

I
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Table 8, Grignard Reagent Free Radical Probes

Expected 1,2-Addition

Intermediate ~ Isomerized or  Product With Ph,C=0
Grignard Probes Radical Cyclized Radical For SET Process
o L OH
_ \ MgBr ﬂ [
' Ph,C
H
@ . OH 3
/\MM c1 /\/\/CHZ : ' o
g
: . 2 PhZC—CHz-O
A4

Mg(ﬂ
/\/><\1501

I |
Ph2C—CH2Q

ot

|

) Ph,C~CH;

RS
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Table 9. Products From the Reaction of Propenylmagnesium Bromide with Benzophenone.

Propenyl  Grignard ‘ Products
Isomer Ratio rpm G/X I Total cls- trans-
Exp. eis trans Fe  Retio  Carbinol®  Pinacol®  Carbinol®  Carbinol®

1 95 5 0 0.5 100 0 95.0 5.0
2 60 Lo 0 0.5 100 0 60.7 39.3
3 29 71 0 0.5 100 0 29.3 70.7
b 95 5 0 1.5 100 0 91.6 8.4
5 %5 5 hoop 1.5 93.6 . * 6. 9.8 9.2
6 60 Lo 0 1.5 100 0 43.3 56.7
7 60 ko booo 1.5 93.5 6.5 41.8 58.2
8 29 71 0 1.5 100 0 18.7 81.3
9 29 71 Looo 1.5 92.7 7.3 20.0 80.0

a. Normalized as 100% = % Total Carbinol + % Pinacol.

b. Normalized as 100% = % cis - Carbinol + % trans - Carbinol.
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Table 10. Products From the Reaction of "CH3MgBr"a with 2-MBP (0.0167 M)

in the Presence or Absence of p-Dinitrobenzene (p-DNB) in
Diethylether at Room Temperature.18

Reaction % ' % %
% Time - 1,2- Recovered  Recovered
Exp. "CHBMgBr " p-DNB (mins) Adrn Pinacol Ketone -0
1 0.033 M o 3 23.9 Trace 76.1 -
2 0.033 M o 9 b1k ha | 54.9 -
3 0.033 M 0 16 58.6 . 10.5 31.0 -
L 0.033 M 0 30 63.9 o131 23.0 -
5 0.100 M 17 > 57.2 0 42,8 17.8
6 0.100 M 17 1 79.6 0 20.k 15.6
7 0.100 M 17 20 91.9 0 8.1 19.h4
8 0.100 M 17 4o 98.7 0 13 13.9

a. Dow doubly sublimed magnesium, but obviously contaminated by a few ppm FeCl3 or other

transition metal salt.

b. Normalized as 100% = % 1,2-Addition + % Pinacol + % Ketone.
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Table 11. Products From the Reaction of "t-BuMgCl" With 2-MBP (0.0167 M) in the
Presence or Absence of p-DNB in Diethylether at Room Temperature.

Reaction %
% Time % % % Recovered Recovered

Exp. "t~BuMgC1" p-DNB (mins) 1,6-Addn.?  1,2-Adan. Pinacol Ketone p-DNB

1 0.033 M 0 3 71.2{78.%) 1§.6{21.6) 3.1 0 -

2 0.033 M 0 6 76.4(83.7) 14.9(16.3) 8.7 0 -

3 0.033 M o 9 73.5(79.7)  18.7(20.3) 7.8 o -

b 0.033 M 0 18 74.2(83.5) 14.7(16.5) 1l.2 0 -

5  0.133 M 12.5 Iy 83.0 17.0 0 0 0

6 0.133 M 12.5 7 84.3 15.7 0 ) 3.1

7 0.133 M 12.5 16 8k.0- 16.0 0 0 .6

8 0.133 M 12.5 29 85.0 15.0 0 0 10.5
a.

b.

Normalized 100% = % 1,6-Addition + % 1,2-Addition + % Pinacol + % Ketone.

Normalized 100% = % 1,6-Addition + % 1,2-Addition. |
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Table 12.

Reactions of CH3MgBr and E-CuﬂéMgCI with 2~Methylbenzophenone
in the Presence of Fluorenone Ketyl in Diethyl Ether.

Products”™
| I

Grignard Recovered 2-MBP 2-MBFP Fluorenone
Exp. Reagent Pinacol RMgX 2-MBP Ketone 1,2~-Addn. 1,6-Addn. Alkylation
i CH3Mghr 0.017 M 0.03+ M 0.067 M 100 0 o 0
2 CHgMgBr 0.017 M 0.050 M 0.067 M 100 0 0 0
3 CH3MgBr 0.017 M 0.06T M 0.067T M 100 0 0 0
L CH3MgBr 0.017 M 0.083 M 0.067T M - 95 5 0 0
5 CH3MgBr 0.017 M 0.100'M  0.067 M 77 23P 0 0
6 CHjMgBr  0.017 M ~ 0.133 M  0.067 M 50 5P 0 -0
7 CH3MgBr  0.017.M  0.250 M 0.067 M 0 100° 0 0
8 t-BuMgCl  0.033 M  0.133 M  0.017 M 0 12° 88 0
9 t-BuMgCl 0.033M . 0.200M  0.017 M 0 13° 87 0

a. Normalized as:

100% = % Recovered Ketone + % 1,2-Addn. + % 1,6-Addn. + % Fluor. Alkylation.

b. Traces of 2-Methylbenzopinacol pfesent, probably from ppm of Fe present in Mg from which Grignard
Reagent was prepared.
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Table 13.  Products From the Reaction of CHgMgBr/MgH, (3/1)
in THF with Various Substrates at a Hydride to
Substrate Ratio of 1.32/1.0

2-Methylbenzophenone

Exp. Substrate Reaction Products

i Benzonitrile Benzaldehyde (95%); Acetophenone (5%)

e Benzyl chloride No reaction

3 1-Bromooctane No reaction

4 hiz—Butylcyclohexanohe Alkylation (68%; %% /eq.-OH 68/32)-
Reduction (32%; ®*-/eq.-CH 62/38)

5 Chalcone 1,2-Addition and 1,h-Addition (100%);
No reduction

6 1-Decene No reaction

7 Hydrol (75%); 1,2-Addition (25%)
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Table 14. Products From the Reaction of HMgBr With Various Unsaturated

Hydrocarbon Substrates at a Hydride to Subatrate Ratio of 2.5/1.0

. Mole trans- Bthyl Phenyl Mase
Bxp. Bubstrate 31 Hexune_ 1-Hexene 1-Haxyne 7-Hexene Benzene Bty-;ene Acetylene . Palance
i i-tiexene - 9.1 80.2 - 0.0 - - - 80.3
2 1-Hexene 5 19.9 k2.9 - 17.7 - - - 80.2
3 1-Kexene 58 1.1 35.8 - 23.2 - - - 70.2
N 1-Hexene sb 0.1 92.0 - 0.0 . - - - 92.0
b] 1-Hexene 1 L.o 73.% - 0.0 - - - , T7.5
6 1-Hexyne - 0.0 0.2 B2.7 0.0 - - - . B2.9
7 1-Hexyne 5 0.2 2.5 7.0 0.0 - - < 9.8
8 1-Hexyme 1 0.k 0.5 77.0 0.0 L - - - 78.0
9 Btyrene 0 - - - - D.0 100 - 100
10 Btyrene b] - - - . - 3.0 65.0 - ‘ 108
1 Btyrene 1 - - - - 0.8 57 - 571.8
12 PhCECH 5 - - - - 0.0 - 0.0 0.0 0.0
13 PhCRCH 1

- - - - 0.0 0.0 0.0 0.0

a. 1.0 squivalent of pyridine added.

b. Resction conducted at -78% for 24 hours.
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71. K. W Bowers, R. W. Giese, J. Grimshaw, ‘H., 0. House, N. H. Kolodny,
K. Kronberger, D. X. Roe, J. Am. Chem. Soc., 92, 2783 (1970)

72. St. Chain fefers to the'hydrdcanbonibbtained by hydrolysis of
: 5-hexenylmagnesium chloride; Cyclo 5 refers to the hydrocarbon
obtained by hydrolysis of cyclopentylmethylmagnesium chloride.




73.

74.

75.

76,

77.

Mmoles of Grignard E

Mmoles of Hydrocarbons Re-

110

Added to the Reaction covered from the Reaction Difference
5t. Chain 7.37+0.,23 8t. Chain 3.2 +0.1 4.1720.3
Cyclo 5 1.48+0.14 Cyclo 5 0.76+0.02 0.70*0. 16
B.B510.37 4.87 +0.54
Mmoles of Gr:_lénard J Mmoles of Hydrocarbons Re-
Added to the Reaction covered from the Reaction Difference
St. Chain 2.78+0.07 sSt. Chain 0.85*0.02 1.93%0.0
Cyclo 5 1.47 £0.04 Cyclo 5 0.62+0.02 0.85+0. 6
Cyclo 6 0.19+0.01 Cycle 6 0.05+0.002 0.14£0.012
4,44 £0.12 2.92 +0.17
Mmoles of Grignard N Mmoles of Hydrocarbons Re-
Added to the Reaction covered from the Reaction Difference
St. Chain 1.0 *0.06 St. Chain . 0.076%0.003 0.92%0.063
Cyclo 5 3.75%0.01 Cyclo 5 0.44 +0.01 3.31+0,11
4,75+ 0.16 $.23+0.17

D. Lal, D. Griller, S.

96, 6355 (1974).

P. Schmid and K. Ingold, J. Am. Chem.

Husband and K. U. Ingold, J. Am. Chem. Soc.,

Soc.:, 99, 6434 (1977).
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