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ABSTRACT

PART I: REACTIONS OF ORGANOMAGNESIUM COMPOUNDS WITH
a, B-UNSATURATED KETONES

The reactions of trans -4-phenyl-3-buten-2-one (8h) and trans -3-
penten-2-one (8a) with dimethyl-, diethyl- and diphenylmagnesium have
beern studied. The ratio of conjugate to normal addition ohgerved was
decreascd only slightly by the presence of magnesium b ide in the
reaction mixture. In the reaction of the ketone 8b with dicthylmagnesium,
varlations In the concentration of either reactant did notl significantly alter
the proportions of normal and conjugate addition products. ‘The presence
of cuprous ion favored conjugate addition both with the diaryl- and dialkyl-
magnesiums and with the Grignara reagents. The presence of excess
isoprene in the reaction mixtures did not reduce the proportion of conju-
gate addition,

PART II: REACTIONS OF ORGANOMAGNESIUM COMPOUNDS WITH
SATURATED KETONES

The reactlons of 3-pentanone (2) and 2, 4-dirmethyl-3-pentanone (6)
with dicthyl- and alkoxyethylmagnesium (1) have béen studied. 'The ratis
of enolization and reduction to normal addition was significantly decreased
by the prescnce of magnesium bro in the reaction mixiure. Kinctic
data for these reactionus h‘qv,e‘/a:}ﬂe beent obtained  The order of reactivitic -

\

\

LY



for the organomagnesium compounds was found to be diethylmagnesium
greater than ethylmagnesium bromide or alkoxyethylmagnesium (1),
and for the ketones, 3-pentanone (@) greater than 2, 4-dimethyl-3-
pentanone (6). A mixture of the oxyethylmagnesium compound (1)
with magnesium bromide gave a rate comparable to ethylmagnesiam
bromide.

Thesig Supervisor: Herbert O. House

Title: Associate Professor of Chemistry
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PART !

REACTIONS OF ORGANOMAGNESIUM COMPOIUNNDS WiTH

a, f-UNSATURATED KETONES




i.  INTRODUCTION

Recent investigations have provided evidence for the previous

sugge .ationla that Grignard reagents are solvated complexes 1 formed

{1) For a discussion of earlier work with leading references see
(a) E. G. Rochow, D. T. Hurd, and R. N. Lewis, "The Chemistry
of Organcmetallic Compounds, " John Wiley and Sons, Inc., New
York, N. Y., 1957; (b) M. 8. Kharasch and O. Reinmuth, "Grige..
Reactions of Nonmetallic Substances, " Prentice-Hall, Inc., New
York, N. Y., 1954,

from dialkylmagnesium compounds and magnegium halides rather than

cquilibrating mixtures of alkylmagnesium halides 2, dialkylmagnesium

(2) R. E. Dessy, G. S. Handler, J. H. Wotiz, and C. A. Hollingswoxt',
J. Am. Chem. Soc., 79, 3476 (1957).

1-5

compounds 3 and magnesium halides 4. Since the magnesium haljde

{3) (a) R. I. Dessy und G. S. Handler, J. Am. Chem, Soc., 80,
5824 (1958); Tttt e T T
(b) R. K. Dessy, J. Org. Chem., 25, 2260 (1960).

(1) The lack of an appreciable concentration of frec carbanions in
diulkylmagnesiums is indicated by a study of the ultraviolet specira
of dicinnamylmagnesium [R. H. DeWnlfe, D. L. Hagemann, and
W. G. Young, J. Am. Chem. Snc., 79, 4795 (1957)]. Sce also
J. E. Nordlander, W. (7.” Young, and’J. D. Roberts, J. Am. Chera,
Soc., 83, 494 (1961). B

(5) Uor simplicity, the solvent malecules aggociated with the organa-
magnesium compounds (Ref. 1) have been omitted from the formula.,.

4 are appreciably stronger Lewis aclds than the dialkylmagnesinm com-
Ta , ‘
pounds 3, one ig led to expect that the course of reactiong of dialkyl-

mapnesinm compounds 3 with other reagents mighl he wafloenced by thse




-l
presence or absence of magnesium halide .!i‘ This expectaticn is
supported by a.number of observations where, in the absence of mag.-.
nesium helides, the following effects have been observed:
A. An ircreased rate of reaction of

1. diethylmsgnesium with lohexyne®

2. dimethylmagnesium with acetone’
3, dimethylmagnesium with benzophenone® ®
B. A decreased rate of addition of dialkylmagnesium caompounds tco nitrilestO 3

C. An increased apount of encllzation and reduction in the reactions of

. . " s - . 2
Lo propyemagnesiam bromfde wiik dllsopropyl srtoned?

z. diellylmagnesi v compouwnds witn Jiisopropvld ketoneddTdn ~

D. An iacreassd amount of ernolization in tne reaction of ucetomesityviene

;. ~ PRI - . a5
Wik dimedtisimaenes tum, Y

(A) fa) . H. Woris, C. A, Foiiingpsworth, and R. E. Deosy, 3. Ovg. Chem
21, 1063 (1956); (v} J. ¥, Wottz, C. A. Hollingsworth aud R. E.
Descy, J. Am. Chem. Sco.. 78, 1221 (1956); {c} R. E. Dessy, J. H.
Wotiz, and C. A. Hollingswortr. J. Am. Chem. Soc., 79, 358 (1957).

(7} J. G. Aston and S. A. Bernhwrd, Newure, 163, 485 (1950).

(8) . M. Bikales and E. I. Becker, Chemistry una Industry. 1830 (1961).

(9) (a) M. Anteunis, J. Orp. Chem., 26, 421k {1961); (b} ». Aateunts,
J. Org. Crem., 27, 590 (10G2).

i3} (a; H. Gilman und R. E. Brown, J. Am. Chem. Soo., 52, 1181 {19:4u);

(b} E. Gilmen and R. E. Fothergiil, J. Am. Crem. Soc., 5z. 5149 {1929).

11) For more recent kinetic studies see (a) C. G. Swsin, J. Am. Chem. So-.,
69. 2:06 (1947): (v} S. J. Sterfer and E. I. Recker, J. Org. Cher.,
270 1868, (1462); (c) J. Verewnans and A. Bruvlants, Buli. Soc. Chim

}E'lges. €8, su1 (1959).

(1> € 5. Swain and H. B. Boyles, J. An. Chew. Soc., 73, &70 (1371: E. T.
M-t R Piur-e, and J. F. Higeins, J. Ar. Crem. Soc.,7h, 1736 (1952).

(=0 fay a0 Midier reroriou. and 4. 8. Mosher. J. Am. Chem. Soc 5. 290F

\ ¢ \ (S .'- 22 S STCTOYI0Cu, 4anid Jde. o ST D, s A, LRET. O3T . :;‘.,, e
(.2 (v} D 0. Cowan and H. S. Mosher, “. Org. Chem., 27, @ (i72}.

Best Available Copy



(14) A well known example of differing behavior is found in the reac-
tion of epoxides with organomagnesium compounds. N. G.
Gaylord and E. 1. Becker, Chem. Revs., :&_9_, 413 (1951).

{15) G. F. Wright, J. Am. Chem. Soc., 61, 1152 (1939).

\

The addition of cuprous chloride has also heen previously
rel:n'z'rf;edl6 as causing a very substz;ntiai increase in the amount of con-
jugate addilicn in the reactirns of Grignard reagents with e, p-unsaturated .
ketones.

{16} M. S. Karasch and P. O. Tawney, J. Am. Chem. Soc., 63,
2308 (1941}, ‘“

The rermal 5 ard conjugate 6 addition products obtained from
crganomagresium crmpeunds 7 and a, B-unsaturated ketenes 8 have been
o 8,9,12, 13,17 . . s
suggested to result from the cyclic additicn processes such

JR . . . -
as 9 and 107", [f these cyclic mechanisms are correct, normal addition

(17) \a) R. E. Lutz and W. G. Reveley, J. Am. Chem. Soc., 63,
3180 (1941 ; o

{d) For a comprehensive review and discussion see Ref. 1b, p. 196.

(1e: The cylcic mecharnism 10 for conjugate addition has been criti-
cised by E. R. Alexander and G. R. Coraor [J. Am. Chem. Soc.,
73, 2721 (195i)] on the grounds that such a process is sterically
Improbable for the observed conjugated addition of Grignard
reageris (o cyclobexencne.

— e —— e

shauld be faciitated by the preserce of excess magnesium halide ir. the

L 12, 176
react o iyt ve ard terpeded iz its absence. T

Best Available Copy



4.

This thesis containsg a study of various factors, including the
presence or absence of magnesium bromide, which might be expected
to influence the reaction of a, p-unsaturated ketones with organomag-

nesium compo.ands.

Br
R, Mg /Mp; ~——— R,Mg + Mg BrZ\:?L;\ 2 RMg Br
B



II. DISCUSSION

An experimental test of the previously discussed prediction hasg
been performed by reaction of unsaturited ketones 8 with organomag-
nesium compounds 7. The proportions of products 5 and 6 obtained
are summarized in Table I. In this study each of the products 5 and 6
as well as the dienes 11 and 12 were isolated and characterized. To
avoid the analytical difficulties noted in previous stndies, 18 gas chroma-
tography was used for all product analyses save for the recaction of the
phenylmagnesium compounds with benzalacetone 8b where infrared
analysis was employed.

As will be noted in Table I, the predicted 17

cnhancement of
conjugate addition to a, p-unsaturated ketones in the absence of magnesium
bromide is valid, but the effect is very slight. That the small effects
obscrved are atiributable to the absence of magnesivm bromide rather
than to the presence of varying amounts of impuritics is indicated by a
reversal of the effect when the dialkylmagnesium compounds arc lreated
with an cquimolar amount of magnesium bromid: priov to reaction with
the unsaturated ketone. [t was nol possible to obtain mceauingful data for
reactions of the unsaturated ketones 8 with Grignard reagents containing
excess magnesium bromide since the products 5 from norrmal addition
were destroyed by the reaction conditions, presumably by dehydration of
the unsaturated oleohols and subsequent polymcerization of the diencs

sted 1P chhancement of

formed. . Thus, it is concluded that the sugge
normal addition by adding excess magnesium bromide or enhancement of
conjugate addition by use of dialkylmagnesiums free from magnesium

bromide has little preparative valne.



|

6.

Addition of 1-5 mole % of cuprous chloride caused a very sub-
stantial increase in the proportion of conjugate addition, both with
Grignard reagents as previously reported, 16 and with dialkyl- and
diarylmagnesium compounds. In two instances addition of excess iso-
prene to reaction mixtures, either in the presence or absence of cuprous
chloride, failed to alter s.ignificantly the proportion of conjugate addi~
tion. These observations suggest that cuprous 1on—cata1‘yzed conjugate
additions do not proceed via radical chain processes involving alkyl
or aryl free radicals.

Although the enhancement of conjugate addition by cuprous ion
might be interpreted as involving addition of an intermediate organo-

19

copper compound to the unsaturated ketone™ ° it is difficult to understand

(19) J. Munch-Peterson and V. K. Anderson, Acta. Chemica Scan-
dinavia, 15, 271 (1961). -

how the series of exchange reactions which would be required to explain
the offeet of gmall percentages of cuprous halide could posasibly be {asi
cnough to compete with the dircct reaction of the organomagnesium
compound and the unsaturated ketone. For this rcason some type of

. . 20
vadical chain process is considered as most probable. The present

(20) {a) M. S. Kharasch, L. Biritz, W. Nudenberg, A. Bhattacharya,
and N. C. Youg, J. Am. Chem. Soc., 83, 3229 (1961).

(b) M. S. Kharasch, M. Weiner, W. Nudenberg, A. Bhattacharya,
T. Wang, and N. C. Yang, J. Am. Chem. Soc., 83,
3232 (1961). -

data indicate that, if such a process is corrcet, the rudical carrying
gpecies is not reactive toward isoprene.  Alternatively, cnhancernernt of

conjugate addition could be attributed to rapid, reversible complexing
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TABLE I

REACTION OF ORGANOMAGNESIUM

COMPOQUNDS WITH a, g - UNSATURATED KETONES

Organcmagnesium % Normal addition®

compoundb *
CH,CH=CHCOCH C.H.CH=CHCOCH

3 3 675 3

(CH,),Mg: MgBr, 93 94 (95)° .

(CH;), Mg 91 . 89

(C¢Hg),Mg" MgBr, 50 (53)° T (70,°

(CBHG)ZME 47 43

a

The numbers listed, which are the average values from two or more

uns, represent the percent alcohol 5 (including any dienes 11 and 12
ﬁerived from the alcohols 5) in the product. The values in this table are
derived from reaction of two equivalents of the organgmagnesium com-
pound with one equivalent of the unsaturated ketone. PFor the numbers
not enclosed in parentheses, the {ormulas R,Mg- MgBr, refer to the
Grignard reagent prepared in the usual manner. CFor %he numbers enclosed
in parentheses, the formulas R,Mg: MgBr, refer to the reagent obtained
by mixing two equivalents of the dialkylmagnesium compound with two
cyquivalents of magnesium bromide.



between cuprous ion and the unsaturated ketone to greatly catalyze con-
iugate additior. o

The possible effect of concentration changes on the I'ai;io of con-~
jugate to normal addition have also been examined. In two cases (7c +
8a and 7b + 8b) mixing the reactants by slowly adding the organomag-
nesium compound to the ketone (i.e. inverse additidn), a procedure
which insures that the ketone will be in excess during the first halt of

the reaction, did not significantly alter the proportion of conjugate addi-

tion. The use of a flow syfatem21 for mi;xi.ng ethylmagnesium bromide

(21) A description of this apparatus and of the studies of the reaction
of alkylmagnesinm compounds with saturated ketones is the sub-
ject of Part II.

with benzalacetone (8b) also did not significantly alter the ratio of con-
jugate to normal addition. ‘Finally, the possible effccts of changing the
absolute concentrations of either the organometallic or the ketone in

the reaction of ethylmagnesium derivatives (7b) with benzalacetoue (8b)
were cxamined. These studies, summarized in Table II, were conducted
in such a way that there was always a ten-fold excess of diethylmagnesium
present (assuming that only one ethyl group will react). Io this way the
concentration of the organometallic remained essentially constant thereby

.
insuring that reactions invelving only the first, more reactive |0 44

(22) This method for comparing kinetic orders of competing rcaclions
has been used by Mosher and co-workers {Ref. 14) in a siudy
of competing addition and reduction reactions involving organo-
magne sium compounds and saturated ketones.

ethyl group of the diethylmagnesium were being studied.



10.

Suppose the mecharnlsm is;

ky
8G + bKeemmied C
aG + bK——2% >

Then o kla“xb

ac .k c _ K

W E MY
where G la the Q.rgs::szmnetalli.c, K the keione, C the conjugate addition
product and N the normal addition product. The products will appear
in a congtant ratic despite the order of the reaction, assuming only that
the orders are the same.

For those reactions conducted in the absence of magpesium bromide,
it 18 abundantly clear that nelther changes in ketone concentration nor
changes in the organometallic concentration alter the ratio of conjugate
to normal addition., Thus, it can be concluded that the kinetic order of
hath reactions in the srganometallic compound and iu the ketone is the
samc, and it 1s therefore possible to determine the relative rate coustants,
kl/kd % 6. Furthermore, the fact that the ratio wag 2ot altcrcd by an
inversc order of mixing where thc alkylmagnesium alkoxide 13 is present
accompanied by unchanged kctone indicates either that the kinctic order
for consumption of the ethyl group of the alkoxide 13 (R=C,Hgj {3 the. same
{or both nermal and corjugatc additions or that the intermcdiate alv Ll
L} (R=Cal{5) docs nat react with benzalacetone (f,_lj) vndder the react.wn

cowcrhiticws cmpleyed.



11,

The concentraticn effects observed (Table II) in the reaction
when magnesium bromide i3 present are small but appear to be real.
The observed ratios of conjugate to normal addition, namely, 2.0, 2.6,
and 3.4, differ by much too small factors to be consistent with the
simple kinetic expressions, k_ [ketone] [Etz_Mg_,dBrZ]n and k_ [ketone]

[ Ei.'ZMgZBrZ]n+1 for conjugate and normal addition, respectively. .

0! inciderdal irterest in the reaction nf ethylmagnegium deriva-
tives with benzalacet e (8_13), was the formaticn of the satwrated algoohol
14, two cages where substantial amcunts of the satnrated alcohol 14
were formed, the reaction mixtures were decomposed both by adding
the reaction mixtures to saturated, aqueous ammorivm chloride and by
adding the maturated, aqueous ammanitm chloride to the reaction mix-
tured. Since the former procedure did not decrease the amuunt. of
aleshnl 14 produced, it is concluded that thia product is formed in the
original reaction mixture befcre any water hag becn added. This
material becaroe the major product when large excesses of diethyl-
magnesium or long rcaction timea were employed. However, none of
this product was fcrmed when the reactants were mixed in a flow system
permitting short reaction times. This saturated alcohol 18 apparcntly
formed in a relatively slow reaction between the initially formed enolate
15 and dlethylmagnesinm. 23 In support of thisg ideu, csrevntially the

(2%) {a) R. C. Fugon, T. San and J. Diekmann, J. Org. Chem., 27,
1221 (1962}; T oom e T
(b) In our studies the posaible formation of the alcohol 14
during the isolation procedure [cf. R. k. Lyle and F. J7 Trry-
cianiec, J. Org. Chem., 24, 333 (1959} ] war excladed (sec
Evnerimental, ™ —— T



12,

TABLE II

EFFECT OF CONCENTRATION ON PRODUCT RATIO

C(H ,CH=CHCOCH, + (C,Hg), Mg——> C6HSCH=CH(F-CZH5
OH
C,H, C,Hy (|2H3
OH .
be 14
Molarity Molarity Molarityb Conjugate addition?
of 8b of 7c of MgBr, % {of product)
0,075 . 0.75 -- 86
0.015 0.75 -- 86
0.015 0. 15 - 88
0.075 0.75 0.75 67
0.015 0.75 0.75 72
0.015 0.15 0.15 77

A The figures listed are the averages of two or more runs and
include 6¢ plus 14. bThe magnesium bromide is that present in the
preparation of the Grignard reagent.




13.

same mixture of diastereoisomers of structure 14 was produced in the

reaction with benzalacetone (8b) and with the saturated ketone bc.

L]

szs ‘|3 2Hg
RMgOR' C H,CH-CH==C-CH; ——> C H,CH-CH-C-CH,
65 3 6 0 " K}
13 (4] 15 -0

The absence of substantial effects from concentration changes
or added magnesium salts suggesis that the transition states for normal
and conjugate addition of organomagnesium compounds to unsaturated
ketones are derived from the same reactants and are similar in character.
Consequently, the major obstacle to the interpretation of the mechanisms

»f there reactions at the present time is the uncertainty about the mech-

: 6-9, 21, 24

anjprm of normal addition. From a number of k.nctic studies it

(24) R. E. Dessy and R. M. Salinger, 140ih Meeting of the American
Chemical Society, Chicago, Illinois, September 3-8, 1961,
Absiracts of Papers, p. 9Q.

has become clear that the order of reactivity of various organomagnesium
compounds towards addition to ketones is: RzMg> RZMngrZ » RMgOR'
(or the dimers or polymers of these structures). The addition of cxcess
magnesium bromide further retards the rate of the addition reaction. 8
Thus, any assumption that magr sium bromide catalyzes the addition of
a dialkylimagnesium to a ketor .8 unwarranted.
The obsgervation that addition may be favored at the expense of

reduction and cnelization by adding excess magnesinm hramide {Ref. 12)

has often been interpreted as evidence for Including magneslion hromide

ag an importart comporent in the transition state for normal addition,
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The kinetic data are clearly not compatible with this interpretation. The
finding (Ref. 21) that the pronounced tendency of alkylmagnesium
alkoxides 13 to give reduction and enolization products rather than
addition may be mitigated by the addition of magnesium br;omide pro-~
vides an explanation for the increased amount of addition found in the
presence of magnesium bromide. .

The observation of asymmetric induction in a Grignard addition

reaction carried out in an optically active so].vent25 provides compelling

{25) N. Allentoff and G. F. Wright, J. Org. Chem., 22, 1 (1957).

evidence that at least one molecule of solvent is bonrded to some atom

presurnakly magnesinm) in the transition state leading te addition. 26

{26) For further discuassion of the mechanisrn and the role of the
solvent see (a) A. Kirrmann and R. Hamelin, Compt. rend.,
251, 2990 (1960); (b) R. Hamelin, Bull. soc. chim. France,
684, 915, 926 (1961). )

In the absence of rigorous contradictery evidence, the best
working hypethesis for the mechanism for reactinn of the {irst alkyl
group of a dialkylmagnesium with a ketone is considered to be the counter-
part of thc mcchanism propnsed for the normal addition of lithivm

reagents to kelones, 27 In particular, there seems to be no justification

(27) C. G. Swain and L. Kent, J. Am. Chem. Soc., 72, 518 (1950).

mechanisms for the Grignard-ketone reaction (Ref. 1la) was
based on reports that benzophenone farmsa a complex with the
first equivalent of added Grignard reagent but does noi react
until a second equivalent of the nrganometallic is added, These
reports are now known (Ref. 8) to be incorrect,
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for incorporating a molecule of magnesium bromide into the preferred
transition state for normal addition (as in 9 or its equivalent26) and no
compelling reason (ignoring esthetics) to formulate either normal or

conjugate addition as a cyclic, six~centered process.
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ni. EXPERIMENTAL 28

(28) All melting points are corrected and all boiling points are
uncorvected. The infrared spectra were determined with
either a Baird, Model B, or a Perkin Elmer, Model 21, infra-
red recording spectrophotometer fitted with a sodium chloride
prism. The ultraviolet spectra were determined with a Cary
recording spectirophotometer, Model 11MS. The microanalyses
were performed by De. S. M. Nagy and his assgociates and by
the Scandinavian Microanalytical Laboratory. Unless otherwiue
atated magnesium svlfate was employed as the drying ageuat,

Prepacation of the Organomagneginm Compounds -~ lithereal solu-

tions of the Grignard rcagents from methyl bromide, ethyl bromide and
bremobenzene were prepared under nitrogen in the usual wuy. After the
mijxlures had been allowed o stand overnight to permit the sctiling of
undisaolved solids, the solulions were transferrved to volumetric flagks
which were sealed and stored in such a way that they were profecied from
Light. To determine the concentration of the reagents, aliquois were
decompoged in excess standard hydrochloric acid and buck titriated with
standard sodium hydroxide. The concentrations of the reagenls varied
over the following ranges: methyl Grignard reagent, 1.45 M to 2. 69 M;
cthyl Grignard reagent, 2,20 My phenyl Grigoard reagent, 1.76 M L.
1.91 M. A 2.59 M ethercal solution of magnesium bromide wus pre-
pared by reaction of 1, 2-dibromocethane with magnesium. Afler aliquots
of the solution had been quenched in water, the bromide ion coucentiration
was determined by titration with standard silver nitrate solution using
polassium chromate as an indicator. The cthereal solutions of dimethyl -,
dicthyl- and diphenylmagnesjum were prepared from the argaremeroury
compounds as previously described29 and analyzcd hy the same metnod

used for the Grignard reagents.  The concentrations of the reagents
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(29)  W. Schlenk, Ber., 64, 736 (1931).

varied over the following ranges: dimethylmagnesium, 0.157 M to

0.866 M; diethyimagnesium, 0.93 M; diphenylmagnesium, 0.203 M

0

to 1.51 M. The dimethylmercury, b.p. 91 - 92.5” (uit. >0 927),

{30)  C. S. Marvel and V. L. Gould, J. Am. Chem. Soc., 44, 153
{1922). —

3

diethylmercury, b.p. 158 - 161° (lit. 1 1590), and diphenylmercury,

{31) E. Frankland and B. F. Duppa, Ann., 130, 104 (1864).

32 12

m.p. [22.9 - 124, 6° (lit. 1 - 123%), were all prepared by the generul

(32) H. O. Calvery, Org. Syntheses, Coll. Vol. 1, 228 (1951).

procedure of Gilman and Bx'own33 or by a slightly modified procedure in

(35) H. Gilman and R. E. Brown, J. Am. Chem. Soc., 52, 3314
(1930). -

which a tetrahydrofuran solution of mercurlc chloride was added directly
to the Grignard reagent., In all cases a sufficient vol .me of the organo-
magnesium reagent was prepared so that all runs with a given unsaturated
ketone were done with the same batch of organomagnesium compound. 1u

this way any effects resulting from the possible preserce of trace
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impurities in the magnesium were kept constant.

Reaction of Methylmagnesium Deriyatives with trans-3-Penten-2-

one (8a), --trans-3-Penten-2-ol, b.p. 39.5 - 41° (17 mm. ), n;‘;" 31,4245

(1it. >* 116 - 121°, n2° 1.4280), acid phthalate derivative, m.p. 89.5 - 90°

@

(34) E. R. Alexander and R. W. Kluiber, J. Am. Chem. Soc., 73,
4304 (1951). -

35

(1it. 7 90 - 90.5°%), was oxidized at -5° with agucous chromium trioxide and

(35) H.W.J. Hills, J. Kenyon and H. Phillips, J. Chem. Scc., 576(1936).

sulfuric acid to yleld trans-3-penten-2-one, b.p. 110°, njzjg 1.4314 (lit. 36 .

(36) A. L. Wilds and C. Djerassi, J. Am. Chem. Soc., 68, 1715(1946).

U

121 - 122.5°, nf)o 1.4342), semicarbazone m.p. 140 - 141° (1it. *8 1429),

(38) S. Krapiwin, Bulletin de la Society Imperiale des Natumlxstbs de
Moscou, 1 (1908), Chem. Zentr., 31{

containing37 99 % of the desired unsaturated ketonc. Alternatively, a

(37) A gas chromatography column packed with 4-methyl-4-nitropimelo-
nitrile suspended on ground firebrick was empldycd.

25 37

sample of 3-penten-2-one, b.p. 115 - 118%, 1.4352-1. 4392, containing

96 % of the desired ketone, was isolated by fractional distillation of the

. , : 3
product mixture from the aldol condensation of acetaldchyde wi'h acetone, ?

{3 The arthor is indebted to the Union Carbide Chatnicals Cerpuration
frr a sample of this mixture.



19,

To a sointion of the Grignard reagent preﬁared from 1.032 g.
{0. 043 g. - atom) of magnesium, excess methyl bromide and 30 ml. of
ether wag added, dropwise and with stirring under a nitrogen atmos-
phere at 02, a solation of 1.80 g. (0.021 mole} of }-penten-Z-one in
20 ml. of efher. After the mixture had been stirred for 30 min., it was
washed with a cold, saturated, aqueous solution of ammernium chloride
to which g fticient aqueous ammonium hydroxide had been added to bring
the solutiomn to pH 7.5 te 8. The ether layer was dried and concentrated
by Jigtllation of the ether through an 80-cm. Vigreux columun. Fractional
diztillation of the crude residue separated 1,025 g. of a {raction, b.p. 51°

,29.5 40

(24 man. ), a0 14240 [t * bop. 37° (13 mm.), o7 1.4285], con-

L4 R.C. R. *Bacon and E. H. Farmer, J, Chem. Scc., 1065 (1937),

tai"..'.ng'” 96 % of the aliylic alcohol 5a as well as 0.417 g. {total yield

r_MIZ.)'?. 5

1.4224, contau'.ning‘37 the ketone 6a as well as the alcohnl 5a.  The alcohol

i.442 g. or 67 % ) of fractions, b.p. 47 ~ 51° (24 mm. }, 1. 4189-

exhibits infrared absorption41 at 3580 cm. ! (unassgoc. O-H!, at 3340 cm. -1

(4)) Dectermined as a soliution in carbon tetrachloride.

{assoc. O-II) and 970 em. -l(trans CH=CH) with weuk end ahsnrption

(& 65 ut 210 mu) in the ultraviolet. 42 Reaction. of a 1.5 g. {0.015 molc)

{42)  Determined an a sclution in 95 % cthaucl.

. . . . s
aample o the alechnl fa with the cyanic acid ge-ecrele 4™ 0 o

143} H. W. Blohm and E. 1. Becker, Chem. Revi., L7, 270 {1954),
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(0. 04 mole) of cyanuric acid afforded the crude aliophanate which was
taken up in ether. The pure allophanate crystallized from ether as
white needles, m.p. 116.5 - 118. 59, yield 0. 25 g. (9 %).
Anal. Calcd. for CgH,,0,N,: C, 51,60; H, 7.58; N, 15.04.
Found: C, 51.58; H, 7.64; N, 15.28

An authentic sample of methyl isobutyl ketfone 6a, b.p. 116. 59,

26 20

ney 1.3940 (it ** b.p. 118.5°, nZ 1.3956), semicarbazone m.p. 132.5 -

(44) D. M. Cowan, G. H. Jeffery, 4nd A. I. Vogel, J. Chem. Soc.,
171 (1940).

133° (1it. 45 1340), was prepared by the hydrogenation of mesityl oxide

{45) H. D. Law, J. Chem. Soc., 101, 1016 (1912).

over platinum. This sample was shown to be :dentical with a sample of
the ketone collected37 from the organometallic reaction by comparison

of the infrared spectra of the two samples.

An authentic sample of the diene 1lla, b.p. 76° 1112')7 1. 4399 (lit. 46

(46) G. S. Whitby and W. Gallay, Cand. J. Res., 6, 280 (1932);
Chem. Zentr;, 10311, 1425(1932). —

b.p. 76 - 77°, nZDO 1. 4418) was obtained by distillation of the allylic alco-
hol 5a from potassiumn bisulfate. The diene has infrared ahsorption“

at 1610 cm. " (conj. C=C), at 965 cm. ! (trans CH=CH) and at 885 cm. ™}
(C=CH,) with an ultruviolet maximum 2% at 227 mu (€ 17, 100).

For the quantitative experiments summarized in ‘I'able 1, the

desired quantity of orgunomagnesium compound and any additives were
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diluted with ether and then the unsaturated ketone plus sufficient ether
to make the total reaction volume 25 ml. were added. The resulting
reaction mixtures were stirred under a nitrogen atmosphere at room
temperature for 45 min. and then washed with an aqueous solution of
ammoniur.n chloride and ammonium hydroxide. The cthercal solutions
were dried and then analyzed by gas chromatography37 employing
columns which had been calibrated with known mixture 8. The percen-
tages of normal addition in Table III are the average values obtained from
two or more runs. In no case did the deviation of an individual run from
the average value exceed 2 %. In the runs containing cuprous chloride,
the low solubility of this salt resulted in only partial solutiou of .the-
cuprous chloride in the initial reaction mixture. The moiarvity values

in Table IIJ and subsequent tables are calculated ffom the quantity of
cuprous chloride added to the reaction mixture. In none of the cases
summarized in Table III was the diene 1lla detected in the reaction

mixtures.

Reaction of Phenylmagnesium Derivatives with {rans-3-Penten-

4-one (Ba). ~--- Reaction of 50 ml (0. 095 mole) of a 1.91 M ethereal
solution of phenylmagnesium bromide with 4.01 g. (0. 048 molc) of the
unsaturated ketone for 30 min. followed by the previously described iso-
lation procedure afforded 5. 462 g. (70 %) of the product mixture, b.p.
67.5 - 130° (0.2 mm. » containing40 biphenyl, 2-phenyl-trans-3-penten-

(47) A gas chromatography column packed with 1540 Carbowax gus-
pended on basewashed 80-100 mesh Chromosorh was employed,
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TABLE III

REACTIONS OF METHYLMAGNESIUM COMPOUNDS WITH

TRANS-3-PENTEN-2-ONE (8a).

Molarity of

Molarity of

Molarity of Normal addition,

Ketone ggggglrﬂlzgnesium ‘;"t‘iii‘l ﬁ;l)b-~ o (of product)
0.29 M 0.29 M -- 93
T Me,Mg,Br,
0.16 M 0.16 M -- 91
MeZMg
0.39 M 0.38 M 0.04 M CuCl 27
o MeZM.—EZBr2 B
0.19 M 0.19 M 0.04 M CuCl 18
Me,Mg,Br, 4 M isoprene
0.19 M 0.19 M 4 M isoprene 92

.

Me-ZMgrzBrZ
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2-ol (5b), and 4-phenyl-2-pentanone (bb) as well as other unidentified
minor components. Chromatography of a 3. 75-g. sample from this
mixture on 150 g. of Woelm neutral alumina (activity III) separated
0.187 g. of biphenyl, m.p. 69,2 - 70.3% 0.613 g. of the ketone 6b

and 1. 455 g. of the allylic alcohol 5b as well as 1.301 g. of fractions
containing various mixtures of these three components. The alcohol 5b,
after {further purification by distillation through a short path still

[ 3 1.5284, 1it. *® 018 1.5327), exnibits infrared absorption*! at

(48) V. Levy and H. Normant, Compt. rend., 244, 202 (1957).

3600 em. " Y(unassoc. O-H), at 3460 cm. ~{assoc. G-H) and at 975 cm. -1

(trans CH=C}‘.1) with a series of low intensity (€ 140 to 280) maxima in
the 240 to 270 mp. region of the ultraviolet. 42
Anal. Calcd. for C“HMO: C, 81.44; H, 8.70.

Found; C, 81.73; H, 8.65.

The ketone 6b was shown to be identical with a subsequently
described sample by comparison of the gas chromatograms and the infra-
red spectra of the two samples.

The quantitative experiments, summarized in Table IV, were
performed as in the previous case utilizing gas chrom_a1;ography47 for
the product analyses. In no case did the deviation of an individual run
from the average values reported tn Table IV exceed 2 % . A blank
experiment utilizing a known mixture of the alcohol 5b and the ketone bb

demonstrated that the isolation and analytical proceduresg employed did

not alter the amounts of ketone and alcohol prescnt.
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TABLE IV

REACTIONS OF PHENYLMAGNESIUM COMPOUNDS WITH

TRANS-3-PENTEN-2-ONE (8a)

Molarity of Molarity of Molarity of  Normal addition,

. Phenylmagnesium Added
Ketone Compound Substance % (of product)

0.19 M 0.19 M -- 50

Ph, Mg, Br,

0.95 M 0.95M -- 35
Ph,Mg,Br,

0.19 M 0.19 M a -- 56
Ph, Mg, Br,

0.19 M 0.19M -- 56
PhaME‘zBrZ

g
0.19 M 0.19 M 0.19 M 53
Ph,Mg MgBr,

4
0.19 M 0.19 M 0.02 M 11
- Ph, Mg, Br, CuCl

19 M 0.02 M 22
Mg CuCl—

% In these runs the unsaturated ketone was added dropwise over 75 min.

n these runs, the organomagnesium reagent was added to the ungat-
uratcd ketone {i.e. inverse addition). o
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Reaction of Methylmagnesium Derivatives with trans -4-Phenyl-

3-buten-2--one (8b). -- Reaction of 43 ml. (0.132 mole) of a 3.06 M

ethereal solution of methylmagnesium bromide with a solution of 9.6 g.

(0. 066 mole) of the unsaturated ketone 8b in 20 ml. of ether for 1 hr.
followed by the usual isdlation procedure yielded 9.5 g. (89 %) of the
crude, undistilled product mixture. A series of fractional crystallizations
from petroieum ether at Dry Ice temperatures separated 1. 06 g. (9.9 %)

of the pure allylic alcohol 5¢ as colorless needies, m.p. 34.7 ~ 36° (lit. 49

{49) E. A. Braude and C. J. Timmons, J. Chem. Soc., 2000 (1950).

36 - 370‘;. The material exhibits infrared absorption“ at 3610 cm. -1

{"massoc. O-H), at 3380 cm. 1 (assoc. O-H) and at 970 cm. -1 (trans
CH=CH) with an ultraviolet maximum“ at 251 mu (€ 18, 600). From a
comparahle reaction of 153 ml. (0.292 mole) of a 1.91 M cthercal
solution of methylmagnesium bromide with 21.5 g, (0.147 mole) of the
nnsalirated ketone 8b in 75 ml. of ether, distillation of the crude pro-
duct afforded 18.29 g. of fractions, b.p. 59 - 104° (0.20 to 0.25 mm.),
containing mixtures of the alcohol _52. the ketone _6_§ and the diene _1_1__h
Fractional distillation of this mixture separatcd 4.17 g. of the diene )1b,

b.p., 114.5 - 115, 5° {19 mm.), which crystallized from petrnleum ether
p Y

at Dry Ice temperatures as colorless needles, m.p. 32.5 - 33° (lit. 3¢ 280).

(50) K. Auwcrs and G. Peters, Ber.. 4., 3094 (i910).

I'he diere has infraved absorplion 1 at 1608 cm., 1 {¢rni, C=Cj, ut

965 cm. {trans CH=CH) and at 890 cm. 1 (C:CHZ) wiih Litraviniet

49, 51

mavxmuu at 273 mp (€ 28, 600) and 281 mu (€ 29, 6H00)] Lit. 273 mp
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(51) The previous workers (Ref. 49) atated that their product was
impure.

(e 20,200) and 279 mu (€ 20,200)]. After reaction of 36 ml, (0.11C
mole) of a 3. 06 M ethereal solution of methylmagnesium bromide with
20 ml. of an ethereal solution containing 8. 05 g. (0. 055 mole) of the
ketone Bb in the presence of 1. 090 g. (0. 011 mole) of cuprous chloride,
distillation of the crude product affoy ded 4. 125 g. of fractions, b p.
115 - 120° (17 mm. ), containing from 45 to 65 % of the ketone _6_b_

A pure sample of the ketone 6b, collected from a gas chromatograph, 52

.

(52) A gas chromatography column packed with 20 M Carbowax sus-
pended on ground firebrick was employed.

exhibits infrared a.bsorption41 at 1720 cm. "} (C=0) with a serics of low

intensity (€ 310) maxima in the 250~270 mu region of the ultraviolet. 42

The ketone 6b formed a 2, 4-dinitrophenylhydrazone, m.p. 74.1 - 75, 2°

(tit. 33 71 - 72°), and a semicarbazone, m.p. 131.3 - 132.8° (1it. >3

{53) M. C. Chiang, J. Chinese Chem. Soc ,» 18, 65 (1951); C. A,
46, 4472 (1952). ’

133 - 1349),

The quantitative studies, summarized in Table V, were performed
as in previous cases utilizing gas c:hromatography47 for product analyses.
In no case did the deviation of an individual run from the average values

reported in Table V exceed 2 % .
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TABLE V

REACTIONS OF METHYLMAGNESIUM COMPOUNDS WITH
TRANS-4-PHENYL-3-BUTEN-2-ONE (8b)

Molarity of Molarity of . Molarity of Normal Addition,
Methylmagne sium Added _
Ketone Compound Substance % (of product)
0.59 M 0.54 M -- 94
MeZNIEZBr2
0.59 M 0.54 M 0.06 M CuC1 72
MeZM’QZBrZ
0.35 M 0.35 M -- 89
_ MeZME
0.26 M 0.27T M 0.26 M 95
o Me, Mg MgBr,

Reaction of Phenylmagnesium Dcrivatives with trans -4-Phenyl-3-

'f’“t%‘“'j"_'_'_‘zﬂ?_(,ik_’_) -~ For the quantitative data summarized in Table VI, the
previously described reaction and isolation procedures were employed.
The solvent was removed from the cthereal solation of the crudc: products
at room temperature under reduced pressure and a 0.500-g. sample of
the residual oil was diluted to 5. 00 ml. with carbon tetrachloride. The

optical densitics of thesc sclutions at 1715 and 970 cm. -1 in the infrared

‘ 54
were measured and compared with working curves™  prepated from known

(54) R. A. kvans, S. M. Thesis, Masgs. Ingt. of Tech. (1959).
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mixtures of the alcohol 5e and the ketone 6d to determine the percentages
of these components in the mixtures. WNeither biphenyl nor isoprene
interfered with this analytical procedure and the absence of the starting
ketone 8b, which would have interfered, was demcnstrated by the absence
of absorption at 1680 cm. _1. The deviation of individual runs from the

average values reported in Table VI did not exceed 3 % .

Reaciion of Ethylmagnesium Derivatives with trans-4-Phenyl-3-

buten-2-one (8b). -- After reaction of 150 ml. (0.330 mole) of a 2.20 M

ethereal solution of ethylmagnesium bromide with 50 ml. of an ethereal
solution containing 23. 4 g. (0. 160 mole) of the ketone 8b for 1 hr.
fcilowed by the usual isolation procedvre, a 10.25-g. portion of the crude
product (28.902 g.) was chromatographed on 400 g. of Woelm neutral
alamina {(activity JII). The fractions separated {analyzed by gas chroma-
tographysz) were a mixture of olefing 1llc, 12a, and 12h (2. 139 g.), the
ketone bc (4. 777 g.), a mixture of the ketone bc and the alcohol 5d

(2.765 g. ) and finally the alcohol 5d (0. 401 g.) carresponding to ylelds

of 21 % olefins, 58 % ketone, and 8 % alcohcl. Distillation of the alcohol

55

fractilors afforded the pure alcohol 5d, b.p. 1:19° (9 mm.) [Lit. 124- 125°

{3%)  A. Klages, Ber., 39, 2587 (1906).

41

(11 mm. )], r%s 1.8359, which has infrared bands*! at 3620 cm. ™! (unassoc.

O-H) at 3470 cm. -1 {(assoc. O-~H) and at 972 cm, . trans CH=CH) with
an ultraviolet maximum42 at 251 mp (€ 16,900,
Anal. Caled. for C“HMO: C, 81.77; H, 9.15.

Found: C, R1.68; H, 9, 32,
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Distillation of the ketone fractions afforded the pure ketone éc,

56 24,6

b.p. 115% (9 mm. ) [1it. °° 130° (18 mm.)], ng™ ” 1.5015, with infrared

(56) E. P. Kohler, Am. Chem. J., 38, 511 (i907).

absprption“ at 1718 cm., -1 (C=0) and a series of low intensity (€ 232)
maxima in the 250 ~ 270 mp region of the ultraviolet. 4z
Anal. Caled. for C,,H,,0: C, 81.77; H, 9.15.
Found: C, 81.94; H, 9.32.

Gas chromatographic ana.lysis52 of the diene fraction indicated
the presence of 11c (20 %), 12b (30 %), and 12a (50 %, components listed
in order of increasing retention time). Each of the dienes was collectedsz
and further purified by distillation through a short-path still. The olefin
1le, b.p. 100 - 105° {14 mm.), mol. wt. 158 (mass-ﬂx_)cctrum), has
infrared absorption®! at 960 cm. ! (trans CH=CH) and 890 cm. " (C=CH,)
with an ultraviolet ma.ximum‘*Z at 281 mu (€ 27,000). The NMR spec-
trum (60 mc. )‘“ of the sample has a multiplet centered at 2. 68+ (arorma-
tic C--H), a pair of doublets (J=16 c.p.8.) at 3. 70 and 3.43r and at 3. 35 and
3. 08r (trans CH=CH), a partially resolved multiplet at 4, 97r (C=CH2) and
a triplet centered at 8. 85+ plus a quadruplet centered at 7. 67+ (~CH2CH3).
The diene 12b, b.p. 112 - 118° (12 mm.), mol. wi. 158 (mass
speetrum), has infrared ubaorptian“ at 963 cm. -1 (trans CH=CH) with
an ultraviolet maximum“ a:t 289 mp (€ 26, 800); the NMHK specirum
(60 mec. )41 has a multiplet centered at 2. 73+ (aromatic C-H), a doublet
{J=16 c.p.8.) at 3. 707 and 3. 437 (trans CH=CH, sccond doublct apparently
is obscured by the aromatic C-H absorption, one peak of the presumed

doublet being discernible at 3. 027), a quadruplet (I~ 6 ¢.p.s.) centered



TABLE VI

REACTIONS OF PHENYLMAGNESIUM COMPOUNDS WITH TRANS-

4-PHENYL-3-BUTEN-~2-ONE (8b)

Molarity of

Molarity of

Molarity of

Normal Addition,

Phenylmagnesium Added :

Ketone Compound Substance (s) % (of product)

0.35 M 0.35 M -- 77
Ph,Mg ,Br,

0.26 M 0.26 M -~ 71
thME'ZBr2

0.29 M 0.3l M - 43

- PhZME

0 31M O.SIM_ 0.31M 70
thMg MgBrZ

0.33 M 0.33 M 0.014 M CuCl 28
PhZMEZBr‘2

0.33 M 0.33 M "2 M isoprene 70
PhZMEZBr2

0.33 M 2 M {soprene 30

0.019 M CuCl
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at 4. 57r (olefinic proton of C=C_I§_-CH3) and a pair of peaks at 8,25
and 8. 13+ apparently resulting from a doublet (J~ 6 c.p.s., methyl
group of C=CH-C_H3) and a singlet (or unresolved multiplet) centered
at 8. 13r (CH;-C=CH-CHj). .

7

The diene 12, b.p. 121 - 128° (12 mm.), ng)> 1.6020 [1it. °7 b.p.

{57) (a} A. V. Dombrovskii, Doklady Akad. Nauk. §.8.S.R., 111,
827 (1956); C. A., 51, 9508 (1957). (b) A. V. Dombrovskiil,
Zhur. Obshchel Rhim., 27, 3041 (1957); C.A., 52, 8087(1958).
This author did not establish the stereochemlstiry of his diene
nor did he estlablish that only one isomer was present.

8o - 82° (2 mm.), nf)o 1.5900], mol. wt. 158 (mass spectrum), has

41 0t 962 cm. 7} (trans CH=CH) with au ultraviolet

infrared abserption
maximum42 at 286 mu (€ 29, 500). The NMR spectrurn (60 mc. )41 of
the sample has a multiplet centered at 2. 77t (aromatic C--H), a pair

of doublets J=16 c.p.s.) at 3.12 and 3. 387 and at 3. 55 and 3.837 (trans
CH=CH), a quadruplet (J~ 6 c.p. s.) centered at 4. 407 (olefinic proton

of C=CH-CH,) and a pair of bands at 8.30 and 8. 20 apparently com-
posed of a doublet (J~ 6 ¢, p. 8., methyl group of C=CH-CH,) and a
singlet (or unrecsolved multiplet) centered at 8. 20+ (C_}I_s-C=CI'I-CH3).
These NMR data permit the assignments of stereochemisiry to the dienes

12 since the position (8. 137) of the methyl resonance in diene 12h,

~N /
containing the structural unit /0=C\ , occurs at 0.07r lower ficld

CH, H
than the methyl resonance (8.207) of the diene 12a, containrng the struc-
LN ~H g |
tural unit (‘.=C\ Tt Alse, the pnsttion af the alafiric projon
CH




3a.

(58) R. B. Bates and D. M. Gale, J. Am. Chem. Soc., 82,
5749 (1960). —

resonance (4.577) in diene 12b ( P = ) occurs at 0. 17+ higher
CHy
field than the position (4. 40+) of the corresponding peak in diene 12a
N\ ~H 59 .
( _c =C\ ).
OH,

(59) S. L. M. Jackman, "Applications of Nuclear Magnetic Resonance
Spectroscopy in Organic Chemistry, "' Pergamon Press, New York,
N. Y., 1959, p. 121.

Additional evidence confirming these stereochemical assignments
were obtained by mixing known quantities of each of the pu:."c; dienes
1le, 12a, and 12b with a weighed q.uantity of anisole (employed as an
internal standard) in benzene solutions. Each of the solutions was treated
with approximately one equivalent of maleic anhydcide, sealed under
nitroger, allowed to stand at room temperature for threec days and then
analyzed by gas chromatography. 52 No unchanged dlene was detected
iu the solution prepared {from dienes 1llc and 12a but the ratio of diene 12b
to anisole in the third reaction mixture remained unchanged. In the

cimoid conformations (accompanying formulas) required for Dicls-Alder

llc Ph lq;_a} I’h _172,7|,. ’h
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reaction only the diene 12b would be expected {o be wnreactive.

(60) D. Craig, J. J. Shipman, and R. B. Fowler, J. Am. Chem. Soc.,
83, 2885 (1961).

A rixture of 74.1 mg. (0.451 mmole) of the diene 17a, 44.2 mg.
{0. 451 mmole) of maleic anhydride, 1.5 mg. of 2, 5~di-t ~butylhydroquinone
and 0. 25 ml, of benzene was allowed to stand at room temperature under
ritrogen for 3 days and then concentrated and diiuted with. hexane. Cry-
stallizatiom of the precipitated solid from benzene-hexane mixtures afforded
34 mg. (29 %) of the crude crystalline adduct which was recrystallized
several times to separate 2 mg. (1.7 %) of the pure adduct as colorless

57

prisms, m.p. 141.5 - 142, 7° d. (1:t. 142, 5“), with infrared absorptionM

161} Determined as a solution in chloroform.

at 1850 and 1775 cm. -1 {(C=0 of anhydride in 5-membhered ving) and a

seriea of weak ultraviolet maxima62 ( € < 600) in the reglon 250-270 mp.

(62) Determined as a solution in ether.

A mixture of the diastereoisomers ¢f the sat.irated alcnhol 14 was
collected from appropriate reaction mixtures (Table VUil) by gas chromato-
graphy. 52 The material, coniaining a 74 - 26 % mixture of the two

63 .
diasterecisomers, was shown to be ide slical with the scbaequent'y

(63) The analysis was obtaired with a 200 - 't., Ueor-R0 capiilary crlumn
heated to 140°, The author is indebted to Drs, H. E. '~hnson and
E. Rick of the Urion Carbide Chemicals Corperation for thig
analysis.
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described sample by comparison of the infrared spectra and gas chroma-
1;0gram.:-;63 of the two samples.

To a cold solution of 10 mi. (22 mmoles) of 2,2 M ethereal solu-
tion of ethyimagnesium bromide and 10 ml. of ether was added, with
gtirring under nitrogen, 1.350 g. (7. 66 mmoleg) of 4~-phenyl-2-hexanone
{6c). After the mixture had been stirred for 45 min; and the crude
product isolated in the prevlously described manner, distiilation afforded
1.415 g. (89.7%)of a 76 % - 24 % mixture of the diastereoisomers of

3~methyl-5-phenyl-3-heptanol (14), b.p. 142¢ (21 mm. ), 1').]z)5 1. 4995. The

material has infrared absorption4

1 4t 3600 and 3490 cm. ! (unassoc. and

assoc. O-H) with a series of low intensity ( € < 250) in the region 240-

270 mu of the ultravielet. 42

Anal, Calcd. for C14HZ?.O: C, 81.90; H, 10.3).
Found; C, 81.61; H, 10.61.

Authentic samples of 4-phenyl-2-butanone, b.p. 102 - 105°

64 21,7

h.p. 115% (13 mm.), npy

(6 mm.), n&’ 1.5126 [Lit. 1.511], 2, 4-

(h4) A. Klages, Ber., 37, 2301 (1904).

65

dinitrophenylbydrazope m.p, 128.1 - 128. 8° {1it. 128.5 - 1290),

(65) G. D. Johnson, J. Am. Chem. Soc., 73, 5888 (1951).

24.5 66

1-phenyl-1-penten-3-nl, h,p, 125 - 127° (8 mm.), np o 1.5579 1t

(66) 1. E. Muskat and M. Herrman, J. Am. Chem. Soc., 53, 2%2
(1931). J. Am, Chem,
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b.p. 123° 1.5550 , and trans-!-phenyl-1, 3-butadiene, b.p. 79 - 81°
p I Y

25 67 25

(10 mm.), ny’ 1.6013 [lit. °' b.p. 832 (11 mm. ), ny 1.6089] were

(67) O, Grummitt and F. J. Christoph, J. Am. Chem. Soc., 73,
3479 (1951).

prepared and sh.own52 te be abasert ir all the product mixtures obtained
from ethylmagnesium derivatives and the ketoue 8b.

The quantitative data, summarized in Table VII[, were obtained
as previously described utilizing gas chromatographyéa for product
aualyscs. Thrless otherwise noted, the percentages in Table VII are
average values from two or more runs. I[n no case where average values
are reported did the maximum deviation from the average value exceed
4 % .

For the runs reported in Table VII a known weight of anisole was
added to cach sample prior to analysie. From a knowledge of the area
under the anisole peak in each case and appropriate calibration mixtures,
the percent ylelds for the products indicated in Table VI were calculated.
[n nn case was the yleld of the comhbined products indicated less than
90 % . Intwo cases where substantial amounts of the saturated alcohol
14 were formed, the reaction mixtures were decomposed both by adding
the reaction mixtures to saturated, aqueons ammonium chloride and by
adding saturated, aqueous ammoninm chleoride to the reaction mixtures.
Since the former procedure did nct decreage the amount of alcohol 14
preduced, it is cencluded that this product is fermed in the original

reactior. mivtyre before any watcr has been adde .
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REACTIONS OF ORGANOMAGNESIUM COMPOUNDS WITH SATURATED
KETONES
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I. INTRODUCTION

In 1947 Swain repor’ce«:i1 that the reaction of n-butylmagnesium

(1) C. G. Swain, J. Am. Chem. Soc., 69, 2306 (1947).

bromide with benzornitrile followed second order kinetics. He proposed
that a Grignard complex was formed which wags 1= rapid equilibrium with
the Grignard and ketone, and that the rate determining step was the
rearrangement of this complex into product.

Later he pr'oposedz that the reactlion of Grignard reagents with

(2) C. G. Swain and H. B. BOfyf.EH, .;;.__Al’n,_ C!’xern. SOC., 73,
870 (1951). 4. Am. Chem. Soc., 73

ketones required one mole of Grignard per mole of ketone to form the
reduction product, but that the formation of the mnrmal addition product
required two moles of Grignard pcr mole of ketone. 'The first mole
complexes with the carbonyl as in reductinr, and the second mole then

attacks the polarized carbon to form the preoduct.

| ' R _R
. R R R M.X VRSO
R,CO+ R M_X Se= 0. M7 By R—¢ T wm
g - R g\x u\ /’l-i('g
R4
"M
6
X

' '
M +
R,R CO gX R ng
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Ee reasoned that since magnesium bromide is a stronger Lewis
acid than Grignard reagents, it should complex more readily with the
carbonyl, and if a Grignard reagent is then added it would give a higher
yield of normal addition product anid a {ower yieid of reduction product.

As a test of this predicticr, Swain reacted propylmagnesium
bromide with diisopropyl ketonre and fcund 3 9, enolizaticn, 63 % reduc-
tion, and 30% additior. Whexn the ketue was Mirst mixed with magnesium
bromide and then with the Grignzard, te c--.3 | % enolization, 26 %
reductior. and 65 % additinn.

Anteunis supported"“ the Swain mecharism when he found that

(3) M. Anteuris, J. Org. Chem., 26, 4211 [194%;.

the reactica of methylmag esinm bromide with pinacelone or benzo-

phenone was a third or.der react ~r.

v = k3\(‘z; K

A
However, Aston and Bersohard inum? ‘hal acetone reacted approx-

(1) J. G. Astonand S. A. Bexrlard, Nature, 1AE, 485 (1950).

imately f{ifty times faster with I.methyimagresium than with methylmag-
nesium lodide. This increase in rate by the wve of dimethylmagnestum

was confirmed by Bikales a-.1 Becker whew theyv reporteds thas dimethyl-

) ™. M. Bikales and E. ", Becker, Chemiatry and dustry, 1831
(1961,

o -~ Best Available Copy
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magnesium reacted about {go iimes faster with benzophenone than
methylmagnesium bromide, and that dimethylmagnesium plus an equi-
valent émoum of magnésiv_m bromide gave the same results as methyl-
magnesium bromide. Excess magunesium bromide gave a decrease in
rate and was not complexed with the keione, measured spectrophoto -
metrically, which contradicts the Swain mechanism.

The specific rate ¢f the reaction of methylmagnesium bromide
with benzophenone wher wore har. “e-hail oi the methyl groups had
reacted was 1.2 % that ¢ the if.";.‘.iaj.l rute. They atiributed this to the

lower reactivity of the sikoxide complex (': ©.rmed. Their results

could not be {itted to ary simple rale law. -
R
{
R O
Mp - M o -
e Tl -
R O
I
: R 6
These reswits were ¢ _.-™e 1. A-Zevis when he reported” that
{6) M. Anteunis, J. Org. Chem., 2V, 296 (,902].

dimMethy!magnesium reacted ‘e t.mes faster wi'lk bernzophenone than
methylmagnesium bromide. The -a‘e cf the reactr;cn decreased with time
and he further found that the reaction stopoed haifway when equivalent
amounts of dimethylmagnesium and berzopher.one were used. He also
attributed this to the complex - rmain~ nf the dimethylmagresium with
the formed alkoxide (1;.

The effects of the alkoxtde crmu.ex \1; were further investigated

?
by Sterfer and Becker who {nir ' <ka* c-e mnle cf diethvimagnesium gave

(7 5. . Storfer ard E. . Becker, . O g. Clem., 27, 1868 (1962).

Best Available Copy



a complete reaction with cze male ¢f Yenzonizi-le, bt when two mcles

of benzonitrile were used, where therse was o excess of ethyl groups,
they obtained only one-hal reaction. Alhe cgh the remainuing reactive
ethyl group present in the mixiure 21i 7% reac, with henvoniteile cor
propiophenone, it did react wi'k ile inc:re reaciive bencaldehyde to

form phenylethyicarbirel, Furite:m s, vroninnhens e reacted with

the ethyl group frem diethy ~rap-c - - v v - nrptencne ax oy denced
by the complete reactisr -7 o o o4 et L mgpies o with twa moles
of propiaprerncre.

The reaction of liclt . ™up ¢~ ..~ with be. acnitrile Showed a
higher rate for the Ziest DY 0 ¢ ceur i - i s e last 40% and
the break im razes, ez e Yo u~y a0 e, o e wn rates from
ar arpripsiate pltt, appeerc s ot avn o s mas 0 ce-bat reaction.  They
were nrabie oy Jootde aber o de s oo wa- Y seeon? rrder in
diethylmagnesiom m-oomer - e o bt et alT o tke reaction,
but they found that the reactos, wa- tostrter - et oragnesium
m~oemert {or the sec2: tha. .

For the react. -t et rapte o b o b well flsepranyl

2
ketoe, 4 was fcurd that she v rat s o re 0V was wnvariant

8’ J. Miller, G. Creg-rin. ot Bo =, Me-ler, 5. Am. Chem. Soc.,
83, 396¢€¢, 5051 (19bi . T

with the concerntration ar 1 ratiy 7' reweclarnt., vhe: “he <eLone was -

exeess, bat whenthe Grigrar s wa~ - exee-s sbe sat. vas a cLnetion

ot tbe vatin of che reactarcc s T s ket ar - -t Cr et ratang.
Aob e ke osame Kitoto e sl m ot apy e ot g e esie,

Best Available Cop
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when the ketone was in excess the same kinetic description did not
apply when the Grignard was in excess, whi.ch proceeded by consecutive

second-order kinetics.
The use of dialkylmagnesium comuoieeds rather than Grignard

reagents has been i‘ouz:dg to give ar Lncrease n enciization and reduction

(9) . D. O. Cowanand H. . M ~he:, o Org. Chom., 27, 1(1962).

at the experse of additio- -
The yiclds of producis o ‘e ceact v of ethylmagnesium
bromide with 2-butanzrw, - -pecac o, 1one tunene and diisopropyl

. 10, .
ketone have been foun i7" Py Hame .o “eper ' peer the experimental

(10) R. Hamells, Bul. Suo. Chor Froroe, 915 (1961
conditionse mployed. Namcely, the wse of ether as a solvent, concen-
trated Grignard solutions, lcew tcmperatures and neormal addition of
the reactants (i.e., additior ¢! the ketone 1o the Grignard) resaited in
higher yields of the normal addition procucs.  hameiu: noted that these
four conditions also favored the associaticn phenomena in Grignard
solutions and therefore propesed that ‘he degree 2f association of the
Grigaard mflucacos tuo chemieal prorno s o=, o u that the s wgaaid-ketone
complex gives enolization an re {.cio o the magnesium s not asso-
ciated, and normal additicrn 1710 s ass cwte's He proposed the

following mechanism for rorima . adiin -

 Best Available Copy
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II. DISCUSSION

The amounts of eni.inati=n, ¢
from the reactions of diethyi-nag. -~
an alkoxyethylmagnesium comps - ' o

determined. The fciiowing =cter e

g~

A Adan

< aw.r a-ddition products

¢ k- nagnesium bromide and

s
vt ety retone 2 have been

~¢ 2 =bp reaction.

YT

EtMgBr+ Et,CO —~ E5.CO+ | ..c1dli- 1 COH
2 . .
\L
The res.ts go0c - 7 0 Ct e seggeee iTum bromide,
either prepared in the “~r v 0w noe s oo ar amounts of
diethylmagnesium ani muag-c- o » d, poe rvremminately the
nrormal addition produc:, 4, «hc o by oo ivverse addition was
usced. However, dicthvumag: e- gt - s pe~diee ostribution
only when normal addit v+~ wa- ' o tea e . creased amouttts of
enolization in the case «" o veree u e
A possible explanatinn ~7 k= ¢'cet oo siierwg the results

obtained by Bikales ard Becoko

.

T . .
Becker , is that ‘n the caze .1

MR A RS}
18 reacting with the ketone, o0 en- !
tion. In the case of {wverse ¢
nesium and the alkox e ¢ oo 0 ey

during the car'y pavrs of by

e .
~o~ . an] by Storfer and

.
ade v rhethyimagnesium
te carspars of the reac-
bheh the hiethylmag
the ketong,

evern

o lations ure

Best Available Cop+



that the alkoxide compilex i3 reactiive ezn:ig!

diethylmagnesium and that i‘s reaciin:.
the enolization product ag a sice -eac

Although some a’kaxile. ¢
pete with Grignard reage-is 7 - ¢~
T

benzophenone, they w'l. reac.

benzaldehyde'. Stnce et . oo

v et

D N E .

t

one may expect that i* ~-. Ye - 0 o

and the alkoxide.c.f\mn‘_r,\ .
Since ethylmag-e- -+ v oy
even when inverse a* 4. . - o .
of magnesium brom-dc m . gca - v
Tests of this exv oo
xide complex wi‘k fevd o v :

three methods show:. *¢ v

1. (n-Pr)Z CO+ It, Mp .

2. ROH+ Et, Mg -

N
P

3. 2ROH+ E:,Mg - Mp OR,

R = CpHg(n-C H 0+ -

It is clear {(~m ‘b ¢
Z and 3 are idertical, a- 1% e
to be differet. ¥For b o o,

Il and VI were perérrme { . ¢

heg compley peotal o e D

e

“mete with the

(ke wetone largely yields

ca

ab

!

sy

Tt

by

\‘\» I,“o
»

Noreuriae,

4

P 2 DA
.

«+ successfully com-

as berzenitrile or

o cogecc o compeinds such as

‘t'able Vi,

>~ Yetkyvimagnesium

. nonately the alcohol 4
-t “Fa' the presence

4w ¥ de eomplex.

-

~caving an alko-

ta~ prenateqd by the

R

l
O
O

Mg

Mg
P

R

rorcaclinns.

> me ] l’:y mc thods

Yoo omaecthe g 1 appears:®

L

v. Tabies |1,

i 7 by e thead g,

snce

ot the Snver se

Best Available Gopy
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addition of diethylmagnresium to diethyl ketone. The compiex formed
was reactive lowards diethyl ketone, and gave increased amounts of
enolization as predicted.

The mitigating'effect of the presence of magne.sium bromide is
also shown in Table I and the amount of this effect is dependent upon the
amoun: of magnesium bromide present. When the amount of magne sium
hromide added was equvalent to ;:he amount of diethylmagnesium
present i the comptex, the results obtained were simiar to those
aotained from detbyUragnesium, and when this amount of maguoesium
bromuiac was doubled, the results were similar to those obtained from
ethyimagnesium b iie, This car be explained if one supposes that,
the Vorsimote of muagoc=vim bromide prefers to compicx with the mag-
esim o alhoxide, ruthe s than the diethylmagnesium, to form a magnesium

armicesInagaes-aum aby oY de complex and free diethylmagaesiom,

. R R
- i |
' .0 Br o
Ly e . - oS r"‘ ~
L /Mg + Mg Brz Et, Mg 4 /Mg)_\ Mg
0 Br C
R R

P ©omot arreasonable considering that magnesium by mede is a
teec Lewis acud than diethylmagnesium, and that the orygen atens
woe Tare veeetronegative than the magnesium atom in dlethylmagnesmm.
Tt of magnesium bromide then, should give results similar to
ceontnoelwith diethylmagnesium, as actually observed.
Wi u second mole of magnesium bromide is added 1t has no
ot e et to complex with the diethylmagnesium, accoynting

Lar e bose obtained with ethvimagnesium hromede

" Best Available Copy
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The reswits pbtained with diisopropyl ketone, summarized in
Tahble II, are mot very different except that the main side reaction is
reduction instead of enolization.

Et Mg Br + (1 = Pr), CO ~ ({-Pr),CO + (i - Pr), CHOH + Et(i- Pr), COH

6 .z /2»
T

3

An interesting obgervation was noted in the reactions with diiso-
propyl ketone. For all the reactions, except those involving ethylmag-
nedaium bromide which has a brown color, the organomagnesium solutions
were clear and colorless, During the course of these reactions a trans-
ient yellow color formed which was vigible for approximately three
seconds. This color may be due to a polarized complex, and has previously
been noted3 for benzophenone.

The kinetic runs summarized in Table VI are consistent with the
above explanation for the effect of magnesium bromide. The rate con-
stant for the reaction employing the alkoxide complex was not calculated
because of the complexity of two competing reactions, addition and enoli-
zatlon, where nelther.rate constant is known. However, when magnegium
bromide was added to the alkoxide complex the rate was comparable to the
rate obtained with ethylmagnesium bromide, and which would be expected
on the bagis of the previous explanation of the effecl of magnesium

bromide.
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The kinetic runs utilizing 0.261 M ethylmagnesium bremide are
cozaistent with the resultis of Bikales and Becker5 and of Anteunis", in
that the runs employing longer reaction times have the lowest rates.

it wae not possible, because of the limitations of the apparatus
employed, ta measure the rate of diethylmagnesium with diethyl ketone,
even. al the shortest reaction time (0.0185 sec., k > 1570) nor the rate
<! e'hjamagnesian bromide with dlisopropyl ketone even at the longest
reactloos time (0. 429 sec., k < 0. 95).

Neither was It possible to obtain resuits for the reaction of
Admopoopyl ketone with the alkoxide complex from method 2 with magnesium
tramide, since in two attempts a large amount of a crystalline solid
w paraled fewm the ether solution of the complex when magnesium bro-

mde was added.
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Ul EXPERIMENTAL!

(L) All melting points are corrected and all botling points are
uncorrected. Unless ctherwise stated magnesium sulfate was
employed as a drying agent. The infrared spectra were deter-
mined with either a Baird, Model B, or a Perkin Elmer,

Model 21, infrared recording spectrophotometer fitted with a
sodium chioride prism. The ultraviolet spectra were determined
wih a Cary recording spectrophotometer, Model 14. The NMR
gpecira were determined at 60 mc. with a Varian, Model A-60,
NMR spectrometer, The mass spectra were obtained with a CEC,
Maodel 21-130, Mass spectrometer. The microanalyses were
performed by Dr. S. M. Nagy and his assccilates and by the Scan-
dinavian Microanalytical Laboratory

Preparaticn of the Organomagnesium Compounds -- Solutions of

etbylmagnesium bromide, diethylmagnesium and magnesium bromide were

prepared anud analyzed as previously described. 12

) See Experimental, Part ]

For the reactions employing ethylmagnesium alkoxi.des, a cold
{00) cihercal solution of diethylmagnesium was treated with the calculated
amount of ketone or alcohol under a nitrogen atmosphere and the resul-
t.~g mixture was stirred at room temperature for 30 min. prior to use.
An aliqunt of each of these solutions was hydrolyzed and analyzed by gas
ckromatagraphy. 13 For organomagnesium solutions contal ning added

b A gas chromatngraphic column packed with 20M carbowax sus-
pended on gronnd firebrick was employed.

magresivm bromide, the solition obtained after addition of magnesinm

“romide was stirred for 45 min, prior ta uge,

SR TR
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'

Reaction of Ethﬁ@rnzgnesium Derivatives with 3-Pentanone (2) ~-

A commercial sample of 3-pentanone, which contained more than 99 %
of the desired ketone, 13 was used for all runs.

From the reaction of 9.46 g. (0. 11 mole) of 3-pentanone with
0. 22 maole of ethylmagnesium bromide in 125 ml. of ether was obtained,
after fractional distillation, 7. 642 g. (60 %) of pure triethylcarbinol (4),

b.p. 138-142°, 2 1. 4272 [1it. b.p. 139-142° , n23 1.429419].
p ™

{(i4}  W. W. Moyer and C. S. Marvel, Org. Syntheses, Coll. Vol. 2,
602 (1946). T T

'i5) F. C. Whitmore and D. E! Badertscher, J. Am. Chem. Soc.,
58, 1559 (1933),

Froam the reaction of 2. 02 g. (0. 035 mole) of propionaldehyde
witk 0. 042 mole of ethylmagnesium bromide in 40 ml. of ether, was

~stained, after fractional distillation, 2.523 g. (89 %) of pure diethyl-

16 2

cachinol {3}, b.p. 111%, n2’ 1.4075 [11t. 1® b.p. 114.4°, o2 1.4104].

{16) F. C. Whitmore and J. D. Surmatis, J. Am. Chem, S=uc., 62,
995 (1940). T

Heating a mixture of 1.0 g. (8. 6 mmoles) of the alcohol 4 and
1.0 g. of potassium acid sulfate produced C. 584 g. (68 % ) of 3-ethyl-2-

nevtene (5), b.p. 89°, n® 1.4122 [1it. 7 b.p. 95-98% nl® 1. 4140},

e e e it 4 g Ao At e

aly 1. N. Nasarow, Ber., 70, 617 (1937).

with gltraviclet absorptxonla at 189 mu (¢ 7,500), and a molecular weight
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{18) Determined in n-heptane,

ot 08 {mass spectrum).

The 4-ethyl-4-heptanol, b.p. 78-79° (20 mm. ), n3)’ 1.4310

[1:%. h.p. 76-78° (17 mm.), 19 nIZJO 1. 433220] used to prepare some of

{19} J.. M. Church, F. C. Whitmore and R. V. McGrew, J. Am. Chem,
Soc., 56, 176 (1934). T

120) J. Stas, Bull. Soc. Chim. Belges, 35, 379 (1926).

L

the cthyimagnesinm alkoxide (1) solutions employed in this series of
reactt sus was obtained in 71 % yield from the reaction of 57 g. (0.55 mole)
“4-kentanrne with 0. 75 mole of ethylmagnesium bromide in 500 mi. of

cther,

Reaction of lithylmagnesium Derivatives with 2, 4-Dimethyl-3-

peatancne (6). -- A sample of 2, 4-dimethyl~3-pentanonc, b.p. 124°

127 15973 [0t *! bop. 125°% n2® 1.39759], which contataed moze than

1y

{21 R. R. Dreisbach and R. A. Martin, Ind. Eng. Chem., 41,
2875 (1949). P 2SR 220 T

99% ot the desired ketone, 13 was isolated by fractional distillation of

a cammereial sample.
From the recaction of 1.60 g, (0. 011 mole) of 2, 4~dimethyl-3-
per L e (F) with 0. 024 mele of ethylmagnesium bromlide and 0. 022 male

“emapecsginm bromide in 31 ml. of ether was obtained, after fractions!
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distillation, 0.487 g, (31 %) of pure ethyldiisopropylcarbinol (8),

b.p. 116° (125 mm. ), nfy 1. 4411 [1it. % b.p. 117.5° (125 mm.),

(22) F. C. Whitmore and R. 8. George, J. Am. Chem. Soc., 64,
1239 (1942). -

1. 444¢]. .
Reduction of 2, 4~dimethyl~3-pentanone (é) with excess lithium
aluminum hydride in ether afforded, after fractional distillation, 719%

of ditsopropylearbinol (7), b.p. 137-137.5°% n2] 1.4229 [uit. 2% b.p.

(23) F. C. Whitmore and F. Johnston, J. Am. Chem. Soc., 60,
2265 (1938). *’

25

137~138°, ny 1.4246]. .

From heating a mixture of ethyldiisopropylcarbinol and potassium

acid sulfate, 559 of a mixture of olefins 9 and 10, b.p. 110-122°,24

) . .
(24) The pure nlcfing is reported to boil at 138°, n:?)‘ 1.4328 and

the pure olefin _{_Q is reported to boil at 1306. %5 1.42¢)

F. L. Howard, T. W. Mears, A, Fookson, P. Pomerantz ned
D. B. Brooks, J. Research Natl. Bur. Standards, 38, 365
{1947) (Research Paper No. 1779); Natl, Advisory Comm.
Aeronaut., Tech. Note No. 1247, 56pp (1947).

wits obtained and o sample of each olefin collected. 13 The olefin 9,
(first eluted fromm the column) has ultraviolet abz-mrpti.on18 at 190 mn
(€ 9,900), with NMR absot"pticm25 at 4.86r [1H, quadruplet (J = 7 c.p.s.),

{!5) Determined in carbon tetrachloride solution.
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vinyl C-H]} with a multiplet in the region 7. 0 to 8, 0r (211, tertiary C-H),

a doublet { J = 7 c.p. 8.) at 8. 40r (3H, allylic CH;) and a doublet
(J=8c.p.s.) at 9, 02¢ (12H, CH3). and a molecular weight of 126 (mass
spectrum). The olefin 10 has uiltraviolet abﬁlorpti.on"8 at 192 mu (€ 8, 900),
with no NMR abemrpti.on25 attributable to vinyl C-H and a singlct at

8. 387 (allylic CH;) and a series of partially resolved peaks (apparently

a triplet and a doublet each with J = 7 c. p. 8.) centered at 9. 05t (CH,).

*The material has a molecular weight of 126 (mass spectrum).

Procedure for Quantitative Product Studies. -~ All reactions were

run under a nitrogen atmosphere, and the solutions of reactants were
maintained at 25° prior to mixing. For the reactions employing normal
addition, approximately 15 ml. of an ethereal solution of the ketone was
added, with stirring and over a period of 60 + 5 sec., to approximately

16 ml. of an ethereal solution of the organomagnesium compound. The
volumes of ether employed were such that the final volumes of the
reaction mixture wus 31 ml. The concentrations listed in the tables refer
to the calculated flnal concentration in the reaction mixture if no reac-

tion had occurred. For reactions employing inverse additio:, the same

general procedure was followed, except that a golution of the organa-
magnegium compound in approximatesy 16 ml. of ether was added to a
solution of the ketone in approximately 15 ml. of ether.

A weighed quantity of an internal standard (anisole for the 3-
pentanone experiments and p~-methylanisole for the 2, 4-dimethyl-3-pen-
tanonc experiments) was prement in each ethereal solution of the ketone.

I'he reaction mixtures were stirred for 45 min. at room temper-
ature and then washed with an aqueous solution of ammovium chlotride and

o ammonium hydroxide (pH 7.5 to 8.0). The ether solutions were analy=ed
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by gas uhzr\c&:mad:u:ug1‘:‘.:'4.}?1‘1:,5':3 using a column which had been calibrated with
knowie mixtures of products and standards. The products from repre-
sextative runs were identifled both by retention times and by comparison
of the Iafrared spectra of collected samples with the spectira of the pre-
viously described authentic samples. In all cases the calculated yields
{frorn tuternal standards) of products exceeded 90%. The numbers
Zluter) 17 the Tables represent the average valves of two or more ruus.

Evcent ag noied, the duplicate values agreed to within 3%.

Procedure for Kinetic Studies. -~ A dlagram of the apparatus

empinyed ig presented in Figure I. For deterthining reaction times,
the reagent reservolrs were fitted with auxillary 150 ml. bulbs and the
time reqnired to pass measured volumes of ether through the apparatus
a' various pressures and reaction tube lengthe were measured. From
these data and the measured volume of the reaction tubes and the stop-
cock, the time required for the two streams of ether 1o pass from the
peis t of mixing to the outlet of the reaction tube was calculated from the

tollowing Zormula:

(Vy+ V)t
—— 2 = reaction time i
Vs
where: Vl = volume of the reactiinn tube (0. 647 ml., 1.738 ml., or
6.857 ml., determined from its weight [illed with water),
V, = volume of the atopcock bore (0.072 ml., calculated from

jts dimensions).
V= total volume of ether passed in t seconds.

t = time required to pass V3 ml. of ether.

Tre vesults of thcse measurements are sumnmarized in Table III.
1 earrect the reaction times and the mixing ratios determined with pure

ctber v tha glightly increased viscosily of the reactlon mixtiures,




Reactions of 3-Pentanone (2, 0.155M) with Ethylmagnesium Derivatives (0.261M)

WS

Organomagnesium Type of Molarity Product Compositibn % -
Reacteont Addition® of MgBrg Ketone 2 Alcohol % Alcohol b
EtaMg N 2 <1 98
I 21 <l 19
EtoMgaBra N 1 <1 99
I 1 1 98
EtoMg N 0.261 2 2 97
T 0.261 N 2 59
EtoMg. Mg(OR)2 ° N 25 6 70
I 26 5 69
1 b
Ela Mg Mg(0R)2”? W 18 7 15,
T 67 I 29
R b, T .
EtaMg Miz(OR) 2 N 20 6 (h
I 66 3 7L
EtaMg - M OF) 2”7 © N 0.261 I ] 9y
I 0.261 27% 2 r1b
ELQMg-Mg(OR)gb’C N 0.522 3 1 96
1 0.522 8 1 o1
Ui Ms{ 0R) 2 " N 0.261 2 1 91
T 0,201, 5T o 01

nN indicates normal addition (i.g., the ketone was sdded to the organc-magnesium compound)
wad 1 tndicates inverse uddition. R=Cplis(n-Caliz)aC. SPhis reagent was prepared by the
addition of one molar equivalent of h-heptanone to one molar equlvalenu of diethylmognesium,
When a solutlon of this reagent was hydrolyed the product contained 7Y% of the tertiary
aleohol ROI (addition) and 21% of l=heptanone {enolil.:ation). The ratio or Lhese compongnts
vas cssentially unchanged in the reaction mixtures from this reagent and 3-prntanonc. Thi;
regprent wons prepared by the addition of one _moler cqulivalent of ethyldi-n-propylearbinol to
one molar nquivalent »>f diethylmagnesium. In this cage the duplicate values differed from
one another by Uk, This reagent. was prepared by adding tvo molar cquivalenits of
cthyldt-n-propvlearbinol to one molar cquivalent of giothylmuunesium, and then odding thls
mixture to another equivelent of diethylmagnesium. In this case the triplicnte values
differed from the average by 11%.
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TABLE II

Reactions of 2, 4-Dimethyl-3-pentanone (6, 0.155 M) with Ethylmagnesium

Derivatives (0. 261 M)

— Product Composgition %-—'

Organ.magnesinum Type of Molarity Ketone Alcohol  Alcohol

Rovioal Adélion®  of MgBr, 6 i ®

El, Mg N 1 6 93
2 3 28h 69h

[t, Mg, Br N <1 e 4 96
armeTe 1 < 5 9%

) E‘t’?‘ﬂ/f'g N 0.261 <1 i 91

‘ 1 0.261 <1 9 aj

1, Mg - Mg(on‘ e, d Ty 19 51 P
- 1 RN a7 22
121, Mg - Mg (on), )\ 0.522 <l 10 90
: 1 0, 522 < 10 90
» Mg M;,(OR)& ¢ N. K IR 17
H 228 64 141

a N omdueates normal addition i e., the kctone was added te: the < pano-
nm;_ryu\.s;-.".xm cempoutnd) and T indicates inverse addl,im) Y thigs chree , the
cebiecleal valves differed from one another by 9%, © -(C) }(?) CThs
teagent was preparcd by the addition of one mnlar P(]lll\ d]l. nt of 4- ponta
none to one molar equivalent of diethylmagnesiom. When a sntulion of
this reagent was hydrolyzed, the product contained 83% of the ler tiary
alcohol ROH (addifion) and i7% of 3-pentanone (enolization). The ratio of
thede two components was esgentially unchanged in the reaction mixtures
t-oan the reagent and 2, 4-riimethyl-3-pmttar~nm' C This reagent wias pre-
varcd by the addition of one maolar equ:vl}lont of triethylearbinetl 1o o
motae eguivalent of dicthylmagnesium. In this cage the individual valoer
Jdifere 1 rrom one another by 6%.
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measiitements were made of the time required to pass.a gi_ven. volume
o the reaction mixtures through the apparatus. These resulis are
sumrmarized in Table IV.

The efilciency of mixing was demanstrated by mixing a deep
Fure solution of thymolphthalein and sodium ethoxide in ether with an
e'hereal solution of p-toluenesulfonic acid. Since the Rlue color of the
“toleator wvas no longer discernible in the reactinn tube, even at the
b pree. nrews ires empinyed, mixing was judged ir be complete withiv
the <4 ucock. The exficiency of mixing also fellows from the fact that
be ceact o oS diethylmagnesium with 3-pentanone was complete even
a' 1k shortest reaction times employed.

W the kinetic rans, 15 mL. of a solution (thermostated to
TEOD 7 the ketie and the appropriate internal standard io ether was
p peeq s e flask and 20 ml, of a solution {thermogtated o 2¥. 0“) of
te cpatewmagresiim compound was placed in the secord Ylask. The

vi'em was placed under nitrogen presasure avd the stopceock waas opened
SR wGy Mol e L glessiaagin aohaais Boabulion PucCo S e ke
ac o Aian (v the mixing chamber., The end of the recac!’nr fuhe was
‘mmcersed it a cold (00) g.1enching bath containing 20 mi. /' mcthannl
W tifm. »f water, a mixiure which kept the quenched reac ‘.,  « v
Pre bomoger eous,

Afer the run was complete., a sufficlen! guaritity ¢t satirated
ag.cous ammeni:m chlaride (adjneted to pH 7.5 to 8.0 by adiition of
avans o by d-oxide) was added o dissolve the magresi . gaitv and
ta ~C ‘he mixtyre tn geparate inte two layers. The ajaev .8 layc: wus
+s racted with ¢ther a1 the combined organic layera wrre dricd gard
¢« ee trated by digttatin . thvrapgh a 30 em. Hreizmann cc ' :m*. Tthe
« cwertrated anotion was thes arasyzed by gas chromatagraphy ag pre-

soev deserihed. ’

e AR 2
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TABLE I

Calculated Reactlon Times (sec.) for Pure Ether

lirogen. pressure Reactor
em. of Hg)

Volume

Reaction

Length (cm.) Passed(ml.) 1t (sec.) Time (sec.)

32,5 10.6
32.1 20.2
44,0 121.5
52.9 1Cc. 6
L2.9 30,2
Ve 10.6
3.6 30,2
0v.2 10.6
al.2 30.2

334
331
315
340
332
342
340
340
338

13.7
15.8
17.2
11.0
12.0

9.3
10.4

8.2

9.4

0. 0266
0.0832
0.375
0.0211
0. 0630
0.0177
0.0532
0.01548

0. 048]
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66.

Appropriate blank experiments demousirated that this analyticsal
procedure did not inadvertently fractienate the reaction products. The

resalls of these experiments are summarized in Table V.

TABLE V.

Analytical Procedure Results

» a Analyzed %2
Coenporent Weight {(mg.) Actual % Before Afier
r~Fitryl-Z2-pentene (5) 71.7 10.7 11.8 9.1
BeProla i oe {8) 121.7 16.9 18.9 I7.3
N AR TR 1.3 12.0 14.0  13.2
T e learhingl (4) 251.9 29.6 28,3 28.3
A- *: 596, 8 - ———— ————

A verceslages are relallve to anisole, used ag the inicrnal standard.
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