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ABSTRACT

PART I: REACTIONS OF ORGANOMAGNESIUIM COMPOUTNDS WITH

a, P-UJNSATURATED KETONES

The reactions of trans -4--phenyl-3-buten-2-one (81)) and Leans -3-
penten-Z-one (8a) with dffmethWyl-, die thyl.- and diphenylmaigne siiiffiwe
L.en studied. 1 Thie ratio of conjugate to normal addition objcrved was
decreased only slightly by the presence of magnesium brr1~ide in the
reaction mixtUre. In the reaction of the ketone 8b with dicthylmagriesium,
variations In the concentration of either reactanT-aid not 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 arid with the Grignara reagents. Thu presence of excess
Isoprene in the reaction mixtures did not reduce the proportion of conjii1-
gate addition.

PART II: RE ACTrioNs OF OIIGANOMAGNESIUM COMPOUNDS WITH

SA'T'tRATEI) KET'ONEiS

The reactions of 3-lientanone (2) and 2, 4-dirnethyl-3-pentanone (6)
with diethyl- and alkoxyethy1magneliui~ (1) have hiei studied. The raitfh
of enolization and reduction to norma .d(Ttion wasi significantly decr'eased
by the presence of niagn mium-broiLf' in the reaction mixture. Kinetic
data for fihee r-eactioris hava, 1ncla 1bem obtained The order of reactiviti.r

A



for the organomagnesium compounds was found to be diethylmagneriurn
greater than ethylmagnesiurn bromide or alkoxyethylmagnesiumr (I1),
and for the ketones, 3-pentanone ( ) greater than 2, 4--dimethyl-3-
pentanone (6). A mixture of the alkoxyethylmagnesium compound (1)
with magne-Blum bromide gave a rate comparable to ethylmagx-ws~i n
bromide.

Thesis Sijpervisor: Herbert 0. House

Title:- AssociLate Professor of Chemistry
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f. INTRODUCTION

Recent investigations have provided evidence for the previous

suggestion l a 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 Chemistr:,
olf Organometallic Compounds, " John Wiley and Sons, Inc., New
York, N. Y., 1957; (b) M. S. Kharasch and 0. Reinmuth, "Gri' .
Reactions of Nonmetallic Substances, " Prentice-Hall, Inc., New
York, N. Y., 1954.

from dialkylmagnesium compounds and magnesium halides rather than

equilibrating mixtures of alkymagnestum halides 2, dialkylmagnesiuni

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

compounds .3 and magnesium halides 4. 1 Since the magnesiuim hali,

i) (a) It. I". DeBsy and G. S. Handler, J. Am. Chem. Soc., 80,
58.4 (1958);

(b) R. E. l)essy, J. Org. Chem., 45, 2260 (1960).

(,4) The lack of an appreciable concentration of free carbantons in
dialkylrnagnesiums is indicated by a study of the ultraviolet sp'cl.,
of dic.innamylmagneslum IR. It. D)eWolfe, D. L. Ilagemann, and
W. G. Young, J. Am. Chem. Soc., 79, 4795 (1957) 1. See alsn
,J. E. Nordandhr, WDTY-tn l. 1. Roberts, J. Am. Ch'mc,
Soc., 83, 494 ,1961).

(5) ,'or simplicity, the solvent molecules associtated with the organr-
mIgi)cgiuw m c(mpolilds (R,,f. 1) have been, unLtt,.d frorn the formul:a.

'4 are apprctial)ly stronger Lewis acids than the dfalky rnafrne,9inr cilr-

1 iIndtfl 1, 1one is led to expect that. the course of r t ,'ua- 'f di.akyt-

h ,J'.*-iu'A , t~',f nlp polnds 3 with other reagentH tinigl, hi ufl w, ! h }v ti..
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presence or absence of magnesiumn balide 4i. This expectation is

supported by a. nu~mber of observations where, in the absence of~ nmg-

nesium halides, the following effects have been obselred:

A. An increased rate of reaction of

1.. diethy~megnesium with 1..hexynes

2. diinethyimagnesiun with acetone7

3. dimethy2.magnesiun with benzophenonee -

B. A decreased rate of~ addition of dialkylagesium- conmpconds to nitriles.'A

C. An increased amuxint ' cT .~~~ and 2re-ij)tion in tl-ie ~.t o r~o

p2. y' d av'ag'vsi -,L brtim.& vr.rAr d.iisoprop~. kctco e 1 1

D. An i-iczreaszc.d amcrrionirt c f e !olizaticn in thE reaction~ of u±ceton1c ty.err,

(6) T R.. Wo,-iL, C. A.~~.~~otand R. E. De5siy, J. Cl C"l-em
21, 10c65 C1956' ; (0) J. Wotitz. C. A. Holingsworth and R. E.
Deszy, J. Ar. Chem. So+. ~ 1221 C(1956); Cc" R. E. Dessy, -. H.
Wctl1-, an~d C. A. Jo1n;crr . Am. Chem. Soc . 79., 5558 (1957).-

( G J . A::tO2- qnd S. A. Bcrrikhdt-, Ncsturc. 16,"), %- (1950)/

(83) N. M. Elk~iltes arid E. 1. 13ecktr. Ciii;r i ndiivstr-y, 8L(9.)

(9) (a) M. Anteunis, J. Or Chemi. 26, 42) (1961L); (b'$ Y'. knteurnis,
13. Orj Chem., 27 , 59 b )2.

(KV Q H. Gilmnan und R. E. Brown. .5. Am. Chem,, L~c;2, .Zd..
(b) H. G-12-mn and R. E. Fothtrgt11, J. Am. Cnemr. Soc., 2L. 'JI19 (1929).

()For more recent kinetic studiezs see (a' C. G. Swain, J. Am. Chemr. So,:..
lznfP6 (1947): (b) S. J. Stcrfner and E. !- --!c-ker, J. rghfcn.,

2< oB~. (--,62); (c) J. Velt.,-ans andi A. Br%-yJ.ants, Bull. Soc. GChimr

~ ~ 68. 5;41 (1959).

() C 3. Swair, und H. B. Boyles, j. Ar. ahero. So,3, 0710 (12 71 . T.~ 0 ~ P,.'--Q, :cdn' j. F. H-,- s,3.M Cr,?xn. SOC.,71, 1,56 (1952)

(w .K'J. aizie *.Ge-Zcc.±x1H. S. MoY J. A--. heni.5 S, 1 i
(. .'' ( D 0 a.n~& id ;!, S. Mosh -r, ~.Org. Chem.,2.

Best Available Copy
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(14) A well known example of diffe-ring behavior is found in the reac-
tion of epoxides with organomagnesium compounds. N. G.
Gaylordand E. I. Becker, Chem. Revs., 49, 413 (1951).

(15) G. F. Wright, J. Am. Chem. Soc., b1, 1152 (1939).

The addition of cuprous chloride has also been previously

reported 16 as causing a very substantial increase in the amount of con-

jugate ad-liti... "- th'e reacti'ns of Grig.nard reagents with a., P-unsaturated

ketones.

(i6, M. S. Karasch and P. 0. Tawney, J. Am. Chem. Soc., 63,
Z30 (1941).

The rcrral 5 and cz::,<igate 6 addition products obtaLned from

organomagnesium c-flpcu-ids 7 and a, P-unsaturated ketones 8 have been

suggeste d' to result from the cycLic additic, i processes such

as 9 afd 10 11' these cyclic mechanisms are correct, normal addition

(17) a) R. E. Lutz and W. G. Reveley, J. Am. Chem. Soc., 63,
31F0 (!q?41',;--

'b) For a comprehensive review and discussion see Ref. lb, p. 196.

(18', The cycic mechanism 10 for conjugate addition has been criti-
cised by E. R. Alexandeir and G. R. Coraor [J. Am. Chem. Soc.,
73, 2721 (195i)] on the grounds that such a process is sterically
irnip-obable for the observed conjugated addition of Grignard
'eagcrt t) cyclohexe _one.

h. b :,,-', iaved Lt "he oresence of excess magnesium halide inr the

" " , ',ru e 'i i its abserce. 12, 17b

Best Available Copy



This thesis contains a study 0f various factors, i.ncluding the

presence or absence of magnesium bromide, which mitght be expected

to influence the reaction of a, P-unsaturated ketones with organomag-

nesfnrn compo.ads.

R? Mg 7 Mg R2 Mg + Mg Blr2 - RMg Br

3 4 2
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IL. DISCUSSION

An experimental test. of tbhe previously discussed prediction bas

been performed by reaction of unsaturated ketones 8 with organomag-

nestum compounds 7.. The proportions of products 5 and 6 obtained

are summarized in Table L. In this study each of the products 5 and 6

as well as the dienes 11 and 12 wore isolated and characterized. To

avoid the-i analytical difficulties noted in previous studies, 18gas chroma-

tography was used for all product analyses save for the reaction of the

phenyim agne siuni c ompounds with benzalacetone 8b where infrared

analysis was employed.

As will be noted in Table I, the predicted '7b~ enhancement of

conjugate addition to ct, P -unsatu rated ketones in the absence of m-agnesiurm

bromnide is valid, but the effect is very slight. rhat the small effects

observed arc attribujtable tn the abscnce of magnegiumn bromide rather

than to the presence, of varying amounts of impurities is indicated by a

roe(rsai of Ohw effect when the dialkylmagnesbvri compounids arc treuted

with an equirrolar amount of mnagnesium hromidi- prior to reaction with

tOe unsaturated ketone . It was not possible to obtain rnevaringfril data for

reactions of the ivnsaturate(I ketones 8 with Grignard reagents containing

excess magnesitum bromide Since! the, products 5 fromi normal addition

wene ie stI'oycd by the reaction conditions, pro sumably by dehydlrationl of

Ow tunsatturated ailcohols anid subsequent p~olyme(rization~ of the diene s

fol-11ed. . '11111, it. is coflclIti(, that the sugge sted ) (71 r hail1ccnietit of

110 cii aI dit ion by addinig ex cess iagrie siun hrb ruide or e ihiance inctit Of

('01.1 g;i I idition by iSt, (if dialkyirnagne siur s fce from irN agireSiU in

heoride has litihe preparative value1.
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Addition of 1-5 mole Joof 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 significantly the proportion of conjugate addi-

tion. These observations suggest that cuprous ion-catalyzed conjugate

additions do not proceed via radical chain processes involving alkyl

or aryl free radicals.

Although the enhancement of conjugate addition by% cuprous ion 4

might be interpreted as involving addition of an intermediate organo-

copper compound to the unsaturated ketone 19 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 ('1 1'ct of' snalI percentage8 01f cuprouLs halide could possibly be fast

enough to comnpete with the direct reaction of the organormagnesiurn

compound and the unsaturated ketone. For thts reason seine type of

rcacl chain process is conside red as most probable. zT'he presenl.f

(0) (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. Weincr, W. Nudenberg, A. Bhattacharya,
Tr. Wang, and N. C. Yang, J. Am. Chem. Soc. , 83,
32311 (1961).

data indjcatc that, if such a process is correct, thc radical carrying

spcies is no11 i'e active toward isop rene~~. Al ternatively, v' rhance i n 1 il o

(,on~llat e addition could he attributed to rapid, rcV~1Uj) '(orflptcx ~ng
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"'C=C + R MgRCC
H "COCH3  -- 0

8a, R=CH1 7a, R=CHR
3 V: R=CZ 5 R

b, R=C 6 H5  c, R=C 6 H5

10

C113 R H

1 v'\ Mg Br?. R
R-CH=C.H-C Mg-R 4-'

(~ *CH CH2zCO CH3

0 I r
I 6a, R =R =CH3

A Y;b R 1 =CH 3 1 R2 -.C 6 H5

9 ~~c, R 1 C HSP R2 =C 6 H 5
d, R 1 =R =C 6 H5

H . C = H

H leI a, R1 R 2 CH 3

110 cn 3  b, Hi =C 6 H 5 f 112 -CH 3
c, R1 -C 6 H5 1 R 2 =C ZH

5a, Ri =R ZCH3
b, R 1 CH 3 0 RZC 6 H5  H
c, R1 =C 6 HJ;. R2 =CH 3  C6 H 5 H

d, R 1 =C 6 H5 , R -C2*H \C HR
R RH2 =C 6 H5  H C = C

3 Rd

'b, R 1 =CH 3 ' fRZH
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TABLE I

REACTION OF ORGANOMAGNESIUM

COMPOUNDS WITH a, P- UNSATURATED KETONES

Organomagnesium 0 Normal additiona

compoundb
CH 3 CH=CHCOCH3  C6H6 CH=CHCOCH 3

(CH 3 )2 Mg. MgBr. 93 94 (95)c

4CH3) 2Mg 91 89

(C2Hs)ZMg. MgBr Z  -- 20

(CH5)zMg -A- 5

(C6 H5 )2 Mg. MgBr2  50 (53) c  77 (70 c

(C6 H) 2Mg 4? 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
erived from the alcohols 5) in the poduct. The values Ln fl.s tabr- are

derived from reaction of to equivalents of the organgmagnesium com-
pound with one equivalent of the unsaturated ketone. OFor the numbers
not enclosed in parentheses, the formulas R.Mg. MgBr refer to the
Gr.gnard reagent prepared in the usual manner. CFor ihe numbers enclosed
it parenthescs. the formulas R.Mg. MgBr. refer to the reagent obta'ned
by wni.i "xig two equivalents of the dialkylmagnesium comroux:d with two
etquiivalents of nagnesium bromide.
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between cuprous ion and the unsaturated ketone to greatly catalyze con-

jugate additior..

The possible effect of concentration changes on the ratio of con-

jugate to normal addition have also been examined. In two cases (7c +

8a and 7b .4 8b) mixing the reactants by slowly adding the organomag-

nesium compound to the ketone (i. e. inverse additi~n), a procedure

which insures that the ketone will be in excess during the first half of

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

tiot. The use of a flow system 2 1 for mixing ethylmagnesium bromide

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

am

with benzalacetone (8b) also did not significantly alter the ratio of con-

jugate to normal addition. 'Finally, the possible effects of changing the

absolute concentrations of either the organometallic or the. ketone in

the reaction of ethylmagnesium derivatives (7b) with benzalucetone (8b)

were examined. These studies, summarized in Table II, were conducted

in such a way that there was always a ten-fold excess of diethylnagnesium

present (assuming that only one ethyl group will react). Ili thie way the

concentration of the organometallic remained essentially constant thereby

insuring that reactions involving only the first, more reactive '

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

'thyl group of the dietlylmagnesium were being studied.
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S&. ppose the mechanism is.

aG + bK - C

k2  N
aG + bK- -

Then dC k Gakb

-IE I

( k _, kGK

dCkl andC

,rhere CI ' the orga:orric tallJc, K the ketone, C the conjugate addition

.pro-u.c. and N the normal addition product. The prodicts will appear

in. a vrm tant ratio despite the order of the reacton, assumftag only that

the orulers are the same.

For those reactions conducted in the absence cf magnesium bromidc,

it is abui.kdantly clear that neither changes in ketrne cQ:,ccrJratton nFor'

changes in the organometallic concentration alter the ratio of conjugate

to normal addition. Thus, it can be concluded that the kinetic order of

both reactions in the arganometallic compoud and iri th(I ketone in tbh

saniz, a:.d it is therefore possible to determine the relative rate cuttnts,

k/k, * 6. Furthermore, the fact that the ratio war; :.ot altcrcd by an

inverse order of mixing where the alkylmagnesium alkoxide 13 i, present

accompanied by unchanged ketone indicates either that the kinetic crxl,:

for consumption of the ethyl group of the alkoxide 13 (R=CzH5I) i tbl, ..qi

f,)r both nor'tal and conjugate additions or that the intey-nwdiate, * lA,'K

13 (R=C 2 If docs not react with he nzalacetone (Sb) ",'the

,. t'.28 c im ploye (I.
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The concentratilon effects observed (Table 11) !..- the reaction

when magnesium bromide is present are small but appear to be real.

The observed ratios of corijugate to normal addition, namely, 2. 0, 2. 6,

and 3. 4, differ by much too small factors to be conoistent with, the

simple kinetic expressions, k0 [ketone] [Et Mg,,Br.I 2n and k, [ketone]

[Et Mg.r 2?]n+1 for conjugate and normal addition, respectively.

O'* inxeidentai 7-r-terest Ln th~e reaction. of ethylrnagne ,i.ur deriva-

tiv es wit;h bernzaacetie (8b), was th~e formatio'n of the i~l'lztated alcohol

14. - twso cases where substantial amounts of the. saturated alcohol 14

-were formed, the reactiou mixtures were decomposed both thy adding

thc rt,,actiorn Ynixtures to saturated, aqueous amnmnriuxn chb.bride and by

adiF.g 9..e iaaturated. 'aqueous amronitrm chloride to the reaction mix-

tureia. Since the fornier p~rocedure did not decreahse the am1ount of

a~7crAol14 produced, it is con.cluded that thi3'- product is formed in the

oc-1.gi,,-aJ reaction mi-xture before any water hafs been addcd. This

materialt becam~e the major product wkhen large expenses of (liethyl-

rnagnesi~m or long reaction times were employed. However, none nf

this product was farmed when the reactants were mixed in a flow system

permitting short reaction times. This saturated alcohol is apparently

lorincd in a relatively slow reaction between the Witially formed e.,wlatu

15 anid diethyirnagnesium. 23In support of this idea., estientlaifly the

(2) (a) R. C. Fuson, T'. San and J. D.knr 1 .. Org. Chern. , ?7.,

(b) In our studies the possible formation cf t~ie aLcohol 14
dujrLng the isolation procedure [cf. R. E~. Lyle and F. J~r
ciuri~lec, J. Org. Chein. , Z4, 333 (1959)] was exclzded- (see
E'nic rime ntai),_
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TABLE II

EFFECT OF CONCENTRATION ON PRODUCT RATIO

CH3

C6H5CH=CHCOCH3 + (C2Hs)zMg - C6H5 CH=CHy-CZH 5

OH
8b 7c 5d

C2HS CZHS CH 3
C;6H5CHCHn2COCH 3 + C;6 n 5 CHCHL~ 2 CC2 HZ5

I
OH

6c 14

Molarity Molarity Molarityb Conjugate addition a

of 8b of 7c of MgBr z 2 (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 6c plus 14. bThe magnesium bromide Is that present in the
preparafqon of t e- Grignard reagent.
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same mixture of diastereolsomers of structure 14 was produced in the

reaction with benzalacetone (8b) and with the saturated ketone 6c.

CzH5 CZH5

RMgOR' C 6 H5CH-CH=C-CH 3  L H LC H-CH-C-CH! ° - II
13 15 0

The absence of substantial effects from concentration changes

or added magnesium salts suggests that the transition states for normal

aznd conjugate addition, of organomagnesium compounds to unsatvrated

ketouees are derived from the same reactants and are similar in character.

Consequently, the major obstacle to the interpretation of the mechanisms

,if these reactions at the present time is the uncertainty about the moch-

iirni of normal addition. From a number of k;.netic studies 6 -9 , ?J, t4 t

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

has become clear that the order of reactivity of various organomagnesium

compounds towards addition to ketones is: R Mg> R Mg 2 Br 2, >, RMgOR'

(or the dirners or polymers of these structures). The addition of excess

magnesium bromide further retards the rate of the addition reaction. 8

Thus, any assumption that magr -ium bromide catalyzes the addition of

a dialkylmagncsLum to a keto," is unwarranted.

The ouservation that addition may he favored at the expense ,

reduction and enolizatlon by adding excess mng-rPshm hrrnniip IRe'. 121,

has often been interpreted as evidence for including rnagn.rFdrn borni.de

as ai importar-p compoilent in the transition state for normal additio,.
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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 bromide pro-
0

vides an explanation for the increased amount of addition found in the

presence of magnesium bromide.

The observation of asymmetric induction in a Grtgnard addition

reaction carried out in an optically active solvent2 5 provides compelling

(Z5) N. Allentoff and G. F. Wright, J. Org. Chem., 22, 1 (1957).

evidence that at least one molecule of solvent is bonded to some atom
Z6

{presmaly magnesium) in the transition state leading to addition.

(A6) For further discussion of the mechanism and ihe role of the
solvent see (a) A. Kirrmann and R. Hamelin, Compt. rend.,
251, 2990 (1960); (b) R. Hamelin, Bull. soc. cTTini. France,
6W4, 915, 926 (1961).

In the absence of rigorous contradictory evidence, the best

working hypothesis for the mechanism for react'.,- of the first alkyl

group of a dialkylmagnesium with a ketone is considered to be the counter-

part of the mechanism proposed for the normal addition of lithium

reagents to ketones. In particular, there seems to be no justification

(Z7) C. G. Swain andL. Kent, J. Am. Chem. Soc., 7, 518 (1950).
The argument used by these ut-S6iTr supposingdiffe rent
mechanisms for the Grignard-ketone reaction (Ref. 1 1a) was
based on reports that benzophennne fnrm a oplex with the
first equivalent of added Grignard reagent but does not react
util a second equivalert of the nrganometalic i*s added. Thei
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 equivalent 6 ) and no

compelling reason (ignoring esthetics) to formulate either normal or

conjugate addition as a cyclic, six-centered process.
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Ill. EXPERIMENTAL 28

(28) AUl melting points are corrected and all boiling points are
uncorrected. The infrared spectra were detel-mined with
either a Baird, Model B, or a Perkin Elmer, Model 21, inifra-
red recording spectrophotometer fitted with a sodium chloride
prism. The ultraviolet spectra were determined with a Cary
recording spectrophotometer, Model liMS. The microanialyses
were performed by Dr. S. M. Nagy andI his associates and by

C ~~the Sc a ndavian M ic roanalytical Laboratory. RuT.o. s othe rwikie
kitatedm~agnesiurn sulfate was employed as the dryin.g .igent.

Prepr aienof. the 0rganornagnesirm Cannponis -. Ethereal solu-

tions of the Grignard reagents from methyl bromide, ethyl bromide and

bromobenzerte' were prepared under nitrogen in the usual way. After the

tnixtlurms had been allowed to stand overnight to permit the sctlling of

mid issoi e d solids, the solutions were transfe rre d t.o volumetric fI ark H

which were sealed and stored in such a way that they Were protected Ji'ortn

lght. To deturin e the concentration of the reagents, ai iqrlH we 1eC

lucoinpoed i'k excesis standard hydrochloric acid and back lit rate ci wi

,standard sodium hydroxide. The concenitrati.ons of' the r.'agurkt-i vairicil

over the following raingV~s: methyl Gignard reagent, 1. 4-1i M to 2. 69 M;

t iyl Grrigrnn rd reagent, 2. 20 M 1 phenyl CGrigiard reagerri, 1. 76 M tb)

1. 91 M . A 2. 59 M ethereal solution of magnesium bromide wzvi pm e-

pared by reaction of 1, 2-dibromoethane with magnesium. After aliquots

of' the qoliiorn had been quenched in water, the hi'omide ion coleetit ratioir

was determined by titration with standard silver nitrate Holtutiorr uir-dp

p'otassiumi chromate as an indicator. The ethereal HoIlutiOnki of dinethyl -.

diethyl- anid diplivriyln-agm-Lium were prepared from the ngr'mrir

CoMpomidti as previousl; described 2 9 and analyzed by the uiiarric rieitnil

uti-e( lot the( Grignaird reagents. The contcefltfatiori- of the rvagei,.u
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(29) W. Schlenk, Ber., 64, 736 (1931).

varied over the following ranges: dimethylmagnesium, 0. 157 M to

0.866 M; diethylmagnesium, 0.93 M 1 diphenylmagnesiun, 0.203 M

0j 30 oto 1. 51 M. The dimethylmercury, b.p. 91 - 9Z.5 (lit. 92 ),

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

diethylmercury, b.p. 158 - 1610 (lit. 31 159 ), and diphenylmercury,

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

m.p. 22.9 - 124.60 (lit. 32 121 - 123 ), were all prepared by the general

(32) H. 0. Calvery, Org. Syntheses, Coll. Vol. 1, 228 (1951).

33
procedure of Gilman and Brown or by a slightly modified procedure in

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

which a tetrahydrofuran solution of mercuric 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 organomagnesiui compound. I

this wa" 'ly OffCcts resultiDg from the possible preserce of +-ace
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impurities in the magnesium were kept constant.

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

one (8a), -- trans-3-Penten-2-ol, b.p. 39. 5 - 410 (17 mm. ), n75 1.4245

(lit. 116- 121', n 0 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).

(1,t. 35 90 - 90.5 °), was oxidized at -5° with aqicous chromium trioxide and

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

sull'uric acid to yield trans-3-penten-2-one, b.p. 1100 ,  1.4314 (,it. 3b

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

121 ' .22. 50, n 0 1.4342), semicarbazone m.p. 140 - 1410 (lit. 38 1420),

(38) S. Krapiwin, Bulletin de la -Society Impertale des Naturalistus de
Moscou, 1 (1908), Chem.Zentr., 8FF ..335...

containing 3 7 99 % of the desired unsaturated ketone. Alternatively, a

(37) A gaa chromatography column packed with 4-.mcthyl-4-nitropirrielo-
nitrilc suspended oni ground firebric~k was emplyed.

0 25 37
sample of 3-penten.2-onc, b.p. 115- 118 . n. 1,4352-1.4392, c'ontaining

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

product mixtture from the aldol condensation of acetaldehyde with acetwcC 39

(0l 'I'hc a'hur is indebted to the Union Carbide Cfctiiicals Cpzlmiration
fr a .'-ylph of this mi,ture.
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0

To a solution of the Grignard reagent prepared from 1. 032 g.

(0. 043 g. - atom) of magnesium, excess methyl bromide and 30 ml. of

ether was added, dropwiee and with stirring under a rAtrogen atmos-

phere at 0° , a solation of 1. 80 g. (0. 021 mole) a,.!. 3-penten-Z-one in

20 ml. of ether. After the mixture had been stirred for 30 min., it was

washed with a cold, saturated, aqueous solution of ammonium chloride

to wY .ch t:i.cient aqueous ammonium hydroxide had been added to bring

the sLuitf.u to £H 7. 5 to 8. The ether layer was dried and concentrated

t',. d . of the ether through an 80-cm. Vigreux cod .nm.. Fractional

diatilation of the crude residue separated 1. 025 g. of a fraction, b.p. 510

,4 mm. ) 1. 4240 [lit. ' b.p. 37 (13 mm.), n 1.42851, con-

(4O) R. C. R. 'Bacon and E. H. Farmer, J. Chem. Sec., 1065 (1937).

tai.-Ing 3 7 96 Oln of the allylic alcohol 5a as well as 0. 417 g. ftotal yield

i.442 g. or 67% ) of fractions, h.p. 47 - 510 (a4 mm. }, r 9 " 5 1. 4189-

1. 4224, containing 3 7 the ketone 6a as well as the alcoh.:)l 5a. The alcohol

exhibits infrared absorption 4 1 at 3580 cm. unassoc. 0--H., at 3340 cm.

(41) Determined as a solztion in carbon tetrachlo.r:i.e.

(assoc. 0-I) and 970 cm. (trans CH-CH) with weak end absnrption

42( 65 at, 210 rn) in the ultraviolet. Reactior. of a 1. S g. (0. 015 mole)

,4") Determined an a solution in 95 % ctLauol.

, ,lnph 1', al(c'hol -a wi.t} the cyanic a i.-i g(7f-.: 9.. t " -

(43) H.W. Blohm and E. I. Becker, Cbc:n. w,.., , "!71 (l%5).
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(0. 04 mole) of cyanuric acid afforded the crude allophanate which was

taken up in ether. The pure allophanate crystallized from ether as

white needles, m.p. 116.5- 118.50, yield 0.25 g. (9 %).

Anal. Calcd. for C8 H 1 4 0 3 NZ: C, 51. 60; Hl, 7. 58; N, 15. 04.

Found: C, 51.58; H, 7.64; N, 15.28

An authentic sample of methyl isobutyl ketone 6a, b.p. 116. 50,

26 44 n 0
D . 3940 (lit. b.p. 118.5', LD1. 3956), semicarbazone m.p. 132.5 -

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

0 45 o
1330 (lit. 134 ), was prepared by the hydrogenation of mesityl oxide

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

over platinum. This sample was shown to be )dentical with a sample of

the ketone collected 3 7 from the organometallic reaction by comparison

of the infrared spectra of the two samples.

An authentic sample of the diene 1 la, b. p. 760 17 1. 4399 (lit. 46

(46) G. S. Whitby and W. Gallay, Cand. J. Res., 6, 280 (1932);
Chem. Zcntr;, 103 II, 1425 (193).

o'20Atoofteallc c-
b. 1). 76 770, n 1. 4418) was obtained by distillation of the allyc also-

hol Sa from potassium bisulfate. The diene has infrared absorption4 1

-1 - 1 -1
at 1610 c m. (conj. C=C), at 965 cm. (trans CH CH) and at 885 Um.

(C=CH 2 ) with an ultraviolet maximum at 227 mri (6 17, 100).

For the quantitative experiments summari7cd t', al hic' !.[, th,

desired quantity of organomagnesium compound and any additiveF were
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diluted with ether and then the unsaturated ketone plus sufficient ether

to make the total reaction volume Z5 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

ammonium chloride and ammonium hydroxidc. The ethereal solutions

were dried and then analyzed by gas chromatography3 7 employing

columns which had been calibrated with known mixtures. The percun-

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 ran from

the average value exceed Z %. In the runs containing cuprous chloride,

the low solubility of this salt resulted in only partial solution of the

cuprous chloride in the initial reaction mixture. The molarity values

in Table HI and subsequent tables are calculated frpm the quantity of

citprous chloride added to the reaction mixture. In none of the cases

summarized in Table III was the diene Ila detected in the reaction

mixtures.

Reaction of Phe nylmagne sium De rivative s with trans-3-Penten-

2-one (8a). --- Reaction of 50 ml (0. 095 mole) of a 1. 91 M ethereal

solution of phenylmagnesium bromide with 4. 01 g. (0. 048 mole) 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 (0.2 rm. ), containing biphenyl, 2-phenyl-trans-3-penten-

(47) A gas chromatography column packed with 1540 Carbowax sus-
pended on basewashed 80-100 mesh Chromosorb 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 Methylmagneslum Added Sub- q& (of product)
Compound stance (s)

0.29 M 0.29 M 93

Me 2 Mg.Br 2

0.16 M 0.16 M 91

Me 2 Mg

0. 39 M 0.38 M 0.04 M CuCI 27

Me .Mg.Br.

0. 19 M 0. 19 M 0. 04 M CuC1 18

Me.Mg.Br. 4 M isoprene

0. 19 M 0. 19 M 4 M isoprene 92

Me.Mg.Br 2
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Z-ol (5b), and 4-phenyl-Z-pentanone (6b) 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

I6.5 1. 5284, lit. 48 n18 1. 5327], exhibits infrared absorption4 1 at
D D 4

(48) V. Levy and H. Normant, Compt. rend., Z44, 20Z (1957).

3600 cm. (unassoc. O-H), at 3460 cm. (assoc. O-H) and at 975 cm.

(trans CH-CH) with a series of low intensity (e 140 to 280) maxima in
42

the Z40 to Z70 mni region of the ultraviolet.

Anal. Calcd. for C 1 1 HI 4 : 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 chromatography 4 7 for

the product analyses. In no case did the deviation of an individual run

from the average values reported in Table IV exceed Z % . A blank

experiment utilizing a known mixture of the alcohol 5b and the ketone 6b

dvmonstrated that the isolation and analytical proedures empoyed rdid

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

REACTIONS OF PHENYLMAGNESIUM COMPOUNDS WITH

TRANS-3-PENTEN- Z-ONE (Ba)

Molarity of Molarity of Molarity of Norpnal addition,

Ketone * Phenylmagnesium Added (of product)Ketoe • Compound Substance %(fpout

0. 19 M 0. 19 M -- 0
- Ph 2 ] Br?

0.95 M 0.95 M a55-- Ph7 "g-Br. a

0. 19 M 0. 19 M -- 56
PhMgBr.

O. 19 M 0. 19 M b-- 56
Ph? 1 fg Br.

0. 19 M 0.19 M -- 47
Ph2 m M

0. 19 M 0.19 M O. 19 M 53
Ph 2 M MgBrz

0. 19 M 0.19 M 0.Z M 11
PhNgz Br, CuC 1

0. 19 M 0.19 M 0. 02 M 22
- Ph2 Mg  CuCl-

a In these runs the unsaturated ketone was added dropwise over 75 min.
b bn these runs, the organomagnesium reagent was added to the unfat-

uratud ketone (i.e. inverse addition).
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Reaction of Methylmagnesium Derivatives with trans -4-Phenyl-

3-buten-Zo-nne (8b) -- Reaction of 43 ml. (0. 13Z 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 isblation procedure yielded 9. 5 g. (89 0/4) of the

crude, undistilled product mixture. A series of fractional crystallizations

from petroleum ether at Dry Ice temperatures separated 1. 06 g. (9. 9 0/6)

of the pure allylic alcohol 5c as colorless needles, rn.p. 34.7 - 360 (lit. 49

(49) E. A. Braude and C. J. Timmons, J. Chem. Soc., Z000 (1950).

36 - 37 0). The material exhibits infrared absorption 4 1 at 3610 cm.-1

',jnassoc. 0H), at 3380 cm. (assoc. O-H) and at 970 cm. (tras

CH-CH) with an ultraviolet maximum at 251 mrin (6 18, 600). From a

comparable reaction of 153 ml. (0. 292 mole) of a 1.91 M ethereal

sol!jtlon of methylmagnesium bromide with ZI. 5 g. (0. 147 mole) of the

irsal.:z.ated ketone 8b in 75 ml. of ether, distillation, of the crude pro-

duct, afforded 18.29 g. of fractions, b.p. 59 - 10-4 (0. 20 to 0.25 mm.),

containing mixtures of the alcohol 5c, the ketone 6b and the diene l1lb.

}Pra(tional distillation of this mixture separated 4. 17 g. of the diene J ib,

h.p. 114.5 - 115.50 (19 mm.), which crystallized from petroleum ether

af Dry Ice temperatures as colorless needles, m. p. 32. 5 330 (lit. 50 28o).

(50) K. Auwers and G. Peters, Ber.° 4., 3094 (Iq10).

'[Tho der( bas ir'-ar ed ab('v toli 4 1 at 160F cmI. ic' .i. C:-C), at

1)69 cm. (Orans CH-CH) an:1 at 890 cm. (C-CHZ) w1th ul'travlolet

42TI-ill.I ' at 2'N m4 (r Z8, 600) and 281 mnp. (C V), 600)[1it. 49, 51 273 in
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(51) The previous workers (Ref. 49) stated that their product was
impure.

(E 20, 200) and 279 mi (C 20, 200) ]. After reaction of 36 ml. (0. 110

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 8b in the presence of 1. 090 g. (0. 011 mole) of cuprous chloride,

distillation of the crude product afforded 4. 125 g. of fractions, b. p.

115 - 120 0 (17 mm.), containing 4 7 from 45 to 65 %of the ketone 6b.
52

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

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

exhibits infrared absorption4 1 at 1720 cm. (C=O) with a series of low

intensity (C 310) maxima in the 250-270 mri region of the ultraviolet.

The ketone 6b formed a 2, 4-dinitrophenylhydrazone, m. p. 74. 1 - 75. Z0

(lit. 53 71 - 7z°), anda semicarbazone, m.p. 131.3 - 132.80 (lit. 53

(53) M. C. Chiang, .1. Chinese Chem. Soc., 18, 65 (1951); C. A.,
46, 4472 (1952)....

133 - 1340).

The quantitative studies, summarized in. Table V, were performed

as in previous cases utilizing gas chromatography 4 7 for product analyses.

In no case did the deviation of an individual run from the average vatluen

reported in Table V exceed 2 % .
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REACTIONS OF METHYLMAGNESIUM COMPOUNDS WITH

TRANS -4-PHENYL- 3 -BUTEN- Z-ONE (8b)

Molarity of Molarity of *Molarity of Normal Addition,

Ketone Methyim agne sium Added (fpoutCompound Substance %(fpout

0. 59M. 0. 54M -- 94
-. Me 2lIlr,

0. 59M. 0. 54 M 0.O06 MCuCI 72
Me . l\T2 B r2

0. 35 M 0. 35M -- 89
Me2 M rg

0. 26 M 0.27 M 0.26 M 95
Me .Mag MgBij

Reaction of Phenylmagnesium Derivatives with trans *.4--Phcnyl' 3.

buten-2 2one (8b) - - For the quantitative data summarized in Table VI, the

previously described reaction and isolation procedures were employed.

Trhe solvent was removed from the ethereal solition of the crude products

at room temperature tinder reduced pressure and a. 0. 500-.g. sample nf

the residual oil was diluted to 5. 00 ml. with carboni tetrachloride. '['he

optical densitics of thcsc solutions at 1715 and 970 cm. I in the infrared

were meawired and compared with workilig curves1 5 i)rf-patce Cloxfl Iiown

(54) RI. I. E~vans, S. M. Thesis, Mas.. Jnist. of TJech. (1 959).
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mixtures of the alcohol 5e and the ketone 6d to determine the percentages

of these components in the mixtures. Neither biphenyl nor isoprene

interfered with this analytical procedure and the absence of the starting

ketone 8b, which would have interfered, was demonstrated by the absence
-1

of absorption at 1680 cm. . The deviation of idividual runs from the

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

Reaction of Ethylmagnesiutn 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.

followed by the usual isolation procedure, a 10. 25- g. portion of the crude

prnduct (28. 90Z g. ) was chromatographed ,. 400 g. of Woelm neutral

alamn a (activity II). The fractions separated (analyzed by gas chiroma-

tography 5Z) were a mixture of olefins lc, 1Za, and lb (2. .39 g.), the

ketnc 6 c (4. 777 g. ), a mixture of the ketone 6c and the alcohol 5d

(2. 765 g. ) and finally the alcohol 5d (0. 401 g. ) cocesponding to yields

of 2 1 % olefins, 58 lb ketone, and 8 % alcoholt. Distillation of the alcohol

fractions afforded the pure alcohol 5d, b.p. 1190 (9 mm.) [lit. 55 1Z4- 1250

(55) A. Klages, Ber., 39. 2587 (1906).

25 41 -1(11 Mam.)], n. 5 1.5359, which has infrared bands' at 3620 cm. (unassoc.
-1 .*l

O-H) at 3470 cm. (assoc. O-H) and at 972 cm. I (trans CH=CH) with
42

a,. ultraviclet maximum at 251 mji (6 16, 900,

Anal. Calcd. for C 1 2 H 1 60: C, 1-. 7'1; H, 9.15.

F'nur.d: C, P1. ('s; H, 9. 3d'..
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Distillation of the ketone fractions afforded the pure ketone 6c,
b.p. 1150 (9 mm. ) [lit. 56 1300 (18 rm. )], 24.6 1. 5015, with infrared

(56) E. P. Kohler, Am. Chem. J., 38, 511 (1907).

absprption 4 1 at 1718 cm. - (C=O) and a series of low intensity (F 232)

maxima in the 250 - 270 mj. region of the ultraviolet.

Anal. Calcd. for C 1 2 H 1 60: C, 81. 77; H, 9. 15.

Found: C, 81. 94; H, 9.32.

Gas chromatographic7 analysis 5 z 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 collected 5 2

and further purified by distillation through a short-path still. The olefin

lIc, b.p. 100 - 1050 (14 mm.), tool. wt. 158 (mass HIi)ctr'm), has

infrared absorption4 1 at 960 cm. (trans CH=CH) and 890 cm. -(C=:CH 2 )

with an ultraviolet maximum 4 2 at Z81 mz (E 27, 000). The NMR sJ)ec-

trum (60 mc. )41 of the sample has a multiplet centered at 2. 68-r (aroma-

tic C-H), a pair of doublets (J=16 c.p. s. ) at 3.70 and 3. 4 3T and at 3.35 and

3. 08-r (trans CH=CH), a partially resolved multiplet at 4.97T (C=CH2 ) and

a triplet centered at 8. 85-r plus a quadruplet centered at 7. 67-r (.-CH 2 C1. 3 ).

The diene 12b, b.p. 112 - 1180 (12 mm.), mol. wt. 158 (mass

spectrum), has Infrared absorption 4 1 at 963 cm. (trans CH-.CH) with

an ultraviolet maximum4 2 at 289 mj2 ( 26, 800); the NMII spectrum

(60 Inc. )41 has a multiplet centered at 2. 73T (aromatic C-H), a doublet

(J16 c. p. a.) at 3. 70T" and 3. 4 3T (trans CH-CH, second doublet apparently

is obscured by the aromatic C-H absorption, one peak o~f the presumed

doublet being discernible at 3. 02?r), a quadruilet (.j 6 c-. p. s. ) centered
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TABLE VI

REACTIONS OF PHENYLMAGNESIUM COMPOUNDS WITH TRANS-

4-PHENYL-3-BUTEN-Z,-ONE (8b)

Molarity of Molarity of Molarity of Normal Addition,

Ketone Phenylm agnes tum Added
Compound Substance (s) % (of product)

0.35 M 0.35 M 77
PhZMlZBr Z

0.Z6 M 0.Z6 M 71-- ph2 M~Br2

0.29 M 0.31 M 43
PhzMr f

0.31 M 0.31 M 0.31 M 70
PhM g-" MgBi'2"

0.33 M 0.33 M 0.014 M CuC1 28
PhZ11fgBr 2

0. 33 M 0. 33 M 2 M isoprene 70
Ph2 Mg-Br

0. 33 v! 0.33 M 2 M isoprene 30
PhfMvfBr. 0.19 M CliCI
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at 4. 5 7-r (olefinic proton of C=CH.-CH3 ) and a pair of peaks at 8. 25

and 8. 13 T apparently resulting from a doublet (J- 6 c. p. s., methyl

group of C=CH-CH 3 ) and a singlet (or unresolved multiplet) centered

at 8. 13 (CH 3 -C=CH-CH 3 ). .

The diene 12a, b.p. 121 - 1280 (12 mm.), r 2 5 1. 6020 [lit. 57 b.p.

(57) (a) A. V. Dombrovskii, Doklady Akad. Nauk. S.S.S.R., 111,
8Z7 (1956); C. A., 51, 9508 (1957). (b) A. V. Dom5ibovsi,
Zhur. Obsh T .Rhii, 27, 3041 (1957); C.A., 52, 8087(1958).
This author did not estabi'sh the stereoche~mhitr-of his diene
nor did he establish that only one isomer was present.

2080 - 820 (2 mm.), nD 1. 5900], mol. wt. 158 (mass spectrum), has

infrared absorption 4 1 at 962 cm.-I (trans CH:zCH) with au. ultoaviolet

maximum 4 2 at 286 m}p (E 29, 500). The NMR spectrum (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. 3 8T and at 3.55 and 3. 8 3 T (trans

CH=CH), a quadruplet (J- 6 c. p. s. ) centered at 4. 4 0T (olefinic proton

of C=CH-CH 3 ) and a pair of bands at 8. 30 and 8. 20 apparently com-

posed of a doublet (Je- 6 c. p. s., methyl group of C=CH-CFH3) and a

singlet (or unresolved multiplet) centered at 8. 20,r (_ -C:CII-CH3 ).

These NMR data permit the assignments of stereochernistry to the dienes

12 since the position (8. 13'r) of the methyl resonance in diene 12h,

containing the structural unit O==l , occurs at 0. 07 T lower field/ N
CH 3  H

than the mrthyl resonance (8.20T) of the diene 12a, contairo'g the struc-

tural unif /C=C 8. Also, the .o the nlef'pr'',,

CH 3
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(58) R. B. Bates and D. M. Gale, J. Am. Chem. Soc., 82,
5749 (1960).

resonance (4.57T) in diene 1Zb ( C-- C ) occurs at 0. 17r higher
CH3

field than the position (4. 4 0 T) of the corresponding peak in diene iZa

\ H 59
C =C ).

OH 3

(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 stereochen ical assignments

were obtained by mixing known quantities of each of the purce dienes

I Ic, 1Za, and 12b with a weighed quantity of anisole (employed as an

internal standard) in benzene solutions. Each of the solutions was treated

with approximately one equivalent of maleic anhyd.de, sealed under

nitrogen, allowed to stand at room temperature fnr- three days and then
52

analyzed by gas chromatography. No unchanged dlene was detected

in the solution prepared from dienes llc and lZa but the ratto of diene lZb

to anisoie in the third reaction mixture remained unchanged. In the

cimaod ('nfnrifations (accompanying formulas) required for Diels- Alder

S-1 Ph IZa Ph ph. Ph
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60
reaction only the diene 12b w&'lAi be expected to be -ir_:eactive.

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

A frixture of 74. 1 mg. (0. 451 mmole) of the diene 1?.a, 44. 2 mg.

(0. 451 mmole) of maleic anhydride, 1. 5 mg. of 2, 5--d-t -butylhydroquinone

and 0. 25 ml. of benzene was allowed to stand at room temperature under

ntrogerL for 3 days and then concentrated and d:Luted with hexane. Cry-

staLUizatf.o 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

prisms, m.p. 141.5 - 14Z. 70 d. (lEt. 57 142.. 5n), with infrared absorption6 1

'61} Determined as a solution in chloroform.

at 1850 and 1775 cm..1 (C=O of anhydride i. 5-.membeced 'ring) and a

series of weak ultraviolet maxima ( < < 600) in. the regi.An 250-270 mp.

(62) Determined as a sol,;tion in ether.

A mixture, of the di.astereolsomers c-f the sat.rated alcohol 14 was

collected from appropriate reaction mixtures (Tabe VI)I) by gas chromato-
52

graphy. 5'he material, containing a 74 , 26 % mi ijrc of the two
63

dlastereoisomers, was shown. to be ide :t.cal w.h te 8,baequent'y

(63) The analysis was obtained with a 200. 't.., Uco,-50 capillary clumn
heated to 1400. The author is indebted to D. I. E. '"hnqon and
E. Rick of the Urton Carbide Chemicals CnLprra1 .,mc fer 1,,.s
a,7alysis.
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described sample by comparison of the infrared spectra and gas chroma-
63

tograms of the two samples.

To a cold solution of 10 ml. (22 mmoles) of 2. 2 M ethereal solu-

tion of ethylmagnesium bromide and 10 ml. of ether was added, with

stirring under nitrogen, 1. 350 g. (7. 66 rnmoles) of 4-phenyl-2 -hexanone

(6c). After the mixture had been stirred for 45 rnin and the crude

product isolated in the previously described manner, distillation afforded

1. 415 g. (89.7 %) of a 76 % - 24 % mixture of the diastereoisomers of

0 253-methyl-5-phenyl-3-heptaenol (14), b.p. 142 ° (21 mm. ), D 1. 4995. The

material has infrared absorption4 1 at 3600 and 3490 cm. "1 (unassoc. and

assoc. O-H) with a series of low intensity ( < 250) in the region Z40-

270 mp. of the ultraviolet.

Anal. Calcd. for C 1 4 H2 ?0: C, 81.90; H, 10.31.

Found: C, 81.61; H, 10.61.

Aitheztic samples of 4-phenyl-2-butanone, h.p. 102 - 1050

(6 mm.), 51 Z6[lI.t. 64h. p. 115 (13 mm.), TD 1.5 1. 511], 2,4-

(64) A. Klages, Ber., 37, Z301 (A904).

dJnitrophenyihydrazone m.p. 128. 1 - lZ8.80 (lit. 65 128.5 - 1290),

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

1-phenyl-1-penten-3-tl, h.p. 125 - 12.70 (8 nm. ), 4. 5 1.5579 [lit. 66

(66) J.E. Muskat ard M. Herrman, J. Am. Chern. Soc., 53, '2
(1931).
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b.p. IZ30 0. 5550], and trans- I-pheny.-L, 3-butadiene, b.p. 79 - 810

25 25
(10 mm.), n D 1. 60].3 [lit. 67 b.p. 830 (11 mm.), nD 1. 6089] were

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

prepared ar ,. a own to be absent ir. ail the product .n..xtures obtained

from ethylmagnesium derivatives and the ket_-ne 8b.

The quantitative data, summarized in Table VIT, were obtained

as previously described utilizing gas chromatography 4 ? for product

a: a.yscs. "'Yress otherwise noted., tthe percer.tages in Table VII are

average values from two or more rauns. ... 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 t) each sample prior to analysis. Fryom a knowledge of the area

under the anisole peak in each case and appropriate calibration mixtures,

the percent yields for the product. indicated in Table VII were calculated.

In no case was the yield of the combined products indicated less than

90 % . tn two cases where substantial amounts of the saturated alcohol

14 were formed, the reaction mixtures were decomposed both by adding

the reaction mixtures to saturated, aqueous ammonium chloride and by

adding saturated, aqueous arnmonibm chtor4de to the reactton mixtures.

Since the former procedure did not decrease the amount of alcohol 14

preduced, it is concluded that this p..odict is foermed in the original

rearnln. rnLti re before any watcr IiaF l)e a.Jd-..
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I. INTRODUCTION

In 1947 Swain reported that the reaction of" .- butylmagnesiurn

(1) C. G. Swain, J. Am. Chem. Soc., 69, .?306 (1947).

bromide with benzonitrtle followed second order kiaetics. He proposed

that a Grignard complex was formed wh:lch wah; in rapid equilibrium with

the Grignard and ketone, and thalt the rate determining step was the

rearrangement of this complex irto product.

Later he proposed that the reactiono Grignard reagents with

(2) C. G. Swain and H. B. Bony.WA, .. Am. Chem. Soc., 73,
870 (1951).

ketones required one mole of Griguard per mole of ketvne to form the

reduction product, but that the format.on of the n.nrmal addition product

required two moles of Grignard per mole of kctone. 'The ftrst mole

complexes with the carbonyl as in red%:ctinr., and the second mole then

attacks the polarized carbon to form the pre du ct.

R R. XR R \.kD
R.CO+ R MgX .C 0. M R -C M

1 9

RRCOM 9X+ R M 9X
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He reasoned that sLice 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 ani a lower yi.eid of reduction product.

As a test of this predicticn, Swaln reacted propylmagnesium

bromide with diisopropyl ketoze anrA Ct' 3 % e.olization, 63 % reduc-

tion, and 30%, addition. Whet 11--e ~e-:.e wa, Z.st mixed with magnesium

bromide and then with the k-.:-.ar., he .. , '16 enolization, 26 %

reduction and 65 % addition.

Anteunis supported 3 the Swa._ m-char..ism when he fou that

(3) M. Anteun'.s, J. Org. Chen.., Z6, 421 ,;1.961".

the reaction of me.thy1rnag:_e(&.: b.:-'.de ,. "acc,.oe or be.zo-

phenone was a third ord!er react,,.

3-

However, Asto-i and Ber:xari h'L- 'Iat acetone reacted approx-

(4) J. G. Aston and S. A. Ber'.ar j, Natijre, 165, 45 (1950).

imate1y fifty !times faster with 1_-ethv,-nagr.es*im than with -methylmag-

nesium iodide. Ths ,.crease :.r- rate by the ,.-e of dime tymagnestum

was co-firmed hy Bikales a--t Beckc r -cr, they repcrted 5 that dmuthyl-

' 5) N. M. Bika'.A-s ax.d E. ".Bece. : C crrstv a- L'--rA, 1831

Best Available Copy
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magnesium reacted about two times faster with benzophenone than

methylmagnesium bromide, and that dimethylmagnesium plus an equi-

valent amount of magnesium bromside gave the same results as methyl-

magnesium bromide. Excess magnesum bromide gave a decrease in

rate and was not complexed wWit the ketone, measured spectrophoto -

metrically, which contradicts the Swat.n nechan'sm.

The specific rate of the reactSir. of netf rLmagn.Lesium bromide

with ben-zophenone whe:nr -.. re :ha:S. .-. , e znethyl groups had

reacted was 1. Z Io that c- the - :r~te. The / att-ibuted this to the

lower reactivity of tlh.e lk,:x-,e emrn r-'x ::i. Their results

could not be fitted to any s&mKL,:: -.ate 'w.
R

R .0

M M

R

These resu.ts wce.r A.. whe.x1. he reported 6 that

(6) M. Anteunis, J. Org. CI,(rn., _;9, .9 t ,9 2..

dinmethyvmagnesium react,d te. ti.nes faster ,Th. tenzophenone than

methyirnagnesiurn bromide. The -ate eo the react:c. decreased with time

and he further found that the reaction stopped haifway when equivalent

amounts of dimethylmagnesium and %ez&,her.o:.e were used. He also

attributed this to the coTp.ex f.r-na:5 of 11e d>'ethymagresium with

the formed alkoxide (1>,.

The effects of the alko',.Ie c:rr.e v.ere fJ..rther Lnvestigated
7

by Storfer and Becker who fnr- I-a* c-e mnole c di'etlvmagnesium gave

71 S.. SI-rn'-t atE FB. Beckr,' C}-em.s t7, I 68 b962C.

Best Available Copy



a complete reaction with onie m:.le cf k'e'..~~e btwhen. twro mcles

of benzonitrile were used, where therc va.F ex.-ezz :.f ethy .l grcos,

they obtaL'ied only one -half zreact~:... A* thcug . ns -e:g rea ct, e

ethyl group present Ln the nnt r - ~e .It--4_:" Ccr

prop iophe none, it did react w .' 1 F nr :c ri e be::zhehYyde to

form phenylethylcarbir-c.. r. 7,n ~ ~4:-e :eacte. with

the ethyi grc-.a. from tt.'.nzn ~cve~

by the cornplete reacrt.,r aw w <Y - mole,-

of pr'~ni~n:c " r.

The reaction oIf Ii(-. ma.(- :tA...~ howed a

I- igher -ate f!. xt!-.e 11/o *. -:u 1 . 40% 56 l#

the li--eak a-( aes, itc: r ': 7 i* ';9 rates !xor

an' avr, .a-_P p?7t, aiw(,z ! - -. *I; -eac~. They

wcre :..-.aI,;e 4. 1 (,(7 -' i

i~et~yin ag~esrn ~i--."~L' r. i ~* '.e reaction,

btit they fo-inJ that tte'ec .- ,c -r-('eY raw-su

Tfln 7rnl~ 'ir tt~ s(:- i f .

Err 11, e r e a c c'z P .- ' h~ ~Y1

11 was !cx~ -. a7 1 -Ja '1 -4 .C .. ;.was..-ar Van'a

j. MILtei, G. C*gP. -. 4-1 c-f,7. A. Chemn._Soc.,
83, 3966, 5051 (1~.9!__ _.

*x'hthe c-,flceC t-at~cr. ar. I ra,*' r, -a2. b- h :<e_-.on wa ;

oxco s. h 1! w~hcr-, _h- c;:-.g- ;A,~~i . Q (4 9- a.. 'va- a '. ;"

r ~~ '~i~Of *I,( -eaea'. ;vc a, - -C:ac's

Best Available Cop)
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when the ketone was in excess the same kdr etc descriDtion did not

apply when the Grignard was in excess, which proceeded by consecutive

second-order kinetics.

The use of dialkylmagnesiir, csn: _ ather than Grignard

reagents has been found tC gv c a:. :crca -e '. e-ilization and reduction

(9) D. 0. Cowa:r ar.d H. .. I ,i.t , . r+. Cf., m., ZT, 1 (i96Z).

at the experse of adrli.(o'I

The yields of e rod:" ", thyLn-agnesium

bromide with 2-hutar::-x, -e. , ;w . and dtisopropyl

ketone have been fo'; 1 1 Harm the experimental

(10) R. Ha:neltib, B,'.. S. (I." F' o,- c, Li x'1961!.

conditionsrpmtdoyed. Namely, ihe ,se e,.: ti a solvent, concen-

trated Grigiiard solutions, 'c.w jtrpiai; :c -, rid tiorrnal :,,t.ion of

the reactants (i. e. , additior e. tle kc-orIe I.o the Grignard rez; mired in

higher yields of the normal adc ", ... 2.r&*". tla:leIL , noted that these

four conditions also favored the assoc.a_ pheniomena in Grignard

solutions and therefore proIw.'se tha. 'Ne degree -) association of the

Gi q4,id LiiluL_ .. J i, chc ii i ,: , .. , U i that the t, jg,,uid-keto,-e

complex gives enolization an !3e , "c magnresium LS not asso-

ciated, and normal addttir. i l. .t a , , ,. He y;:)oposed the

,ollowtug mechansm for BestAvaiablead Copx'
Best Available Cop3,
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UI. DISCUSSION

The amounts of e~';a :,~l'.a-.. ;3t.L.tion p~roducts

from the reactions of d1.et.&-y!.:'iag .Yeur bromide and

an alkoxyethylmagnes-u-n c- :nt - -C y.c r ~t-,e 2, have been

de te rmine d. The ftclo wi-,g : c1 c - c -- --1 1, - -P *'a c ton.

Et M Br + EtCIE'*C IF C 0H

The re-s.-ts p: -. ''*ir~r bromide,

either prepared in i~e r Vml -'a' amou-ts of

diethylrnagnesium rn Ln. 'a - , ,r)-ni.atliy the

Pormal addition prod,.1, 1: T"~.~ - se a(Iditiofl was

used. Howeve'-, dieti vt-np'- '' c- i-it . p .-;ribution

only when normal adt 44Cj4 -a, z,- i a u - usaedr arno~it- 3if

enolization in the case vc -t V4 j

A possible exPlana'.L-:. L, - 4 c 3iermrg the resutts

obtained by Bikales an~d Beckt A q ai I 11y Storfer and

Becker', is that in lie( ca3(! .. +..........-thyl-nagieslum

is r -acting with the ke~c-A- 4 :1- -1 r, 4''j -7 par-, C-) the reac -

t ion. In the case of 9';xr ! e-' VA i th yil-ug

T10siirn aiy'd the alknx le ( '* P h( k(-tr)?)r ,

tIi. ll ' .1 t',Il v ins. ait ri.

Best Available Cop'



that the alkoxide complex is reac,_-e re :. . - r-~r-te with the

diethylmagnesium and that ity. 'Jc . ~ -c! ~ctiargel.y yields

the enolizatlon product aa a F. ' ee - i.j

Although some al.-v~..Y: c nrc 'r ca. :cesal com-

pete with Grignard reagp~t ' .. 1a;b~ Arl or

benzophenone, they w-!., --car..'' 'r c,-_nnC...r1ds such as

bernzaldehyde'. Svince -.e-.v-_ci :e Table VIL

one may expect t.hat- 4t f.'- - '.r,-y.magnesium

and the alkoxide crnr'.t-.

Since ethylrnagu F ' atet'v the .alcohol 4

even when in~verse a ~r1a.the tnresence

of magnesium b'-rcrn- n. . 'Yrl Ac rmplex.

Tests of th,.- '. r: ar lo

xide complex wtlf' c'- *'uj- F I '(!!"~ 1 y the

three methods show-.b

R
1(n -P 2 CO+ E. N1 -J2

2ROH + Et M g~-~-M

3. 2 ROH + E:2 Mg -1 P .(')R'

R

R~2 H 5 (r.-CH., 2 ' ''A~ c~c

It is clear t'-m -nr- 1: '' ~ ~ v methods

2 and 3 are identical., a',~i . : * 'nm.' appe ar s

11 ard V'T wecre ne'rn-.-r, ~S"C

*i v re SC1',(

Best AvaiabeCp
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addition of diethylmagnesiuxn to diethyl ketone. The complex formed

was reactive towards diet.hyl ketone, and gave increased amounts of

enolization as predicted.

The mitigating effect of the presence of magnesium bromide is

al±o shown in Table I and the amount of this effect is dependent upon the

amounT, of magnesium bromide present. When the amount of magnesium

ronhio, aoddu was equvalent to the amount of diethylinagnesium

o *'en in thi.- compicx, the results obtained were simijar to those

) ,ta- ,., ,roni ciel ., -ig '.L::' turn, and when this amount of magc'esium

P'otTUQ Was doubled, the results were similar to those obtained from

et.hv [n~iznLurm 13 -- ,. THis car be explained if one SUpDOe. that

91. - r'-t noie o'f n-' .n bromide prefers to compiex w.J the mag-

i,'m :i :,, ' - h' the diethylmagnestum, to fo--m a magnesium

"'" -t'l- IriL :'n ; IE':I. complex and free diethyirnag-.esIUM.
r R

_ .OBr.. . .O
Mg + Mg Bra Eta Mg i Mg "- M

") Br "
k~ r !

R

) 7" r .sonable considering that magnesium l , M'. e is a

, r'. ti-aac-d ?ih diethylmagnesium, and that the oxygen at, n s

: ' t, r'.,,rone~a,['e than the magnesium atom in diethylmagnestum.

=1 i" : Ag:.sirn bromLde then, should give results sumilar to

with dLI'tUivinmagnesium, as actually observed.

\W ,. ' ,'co: Inr, of nagnc sium bromide is added i. has

" . " ", ornplex wit.h the diethylmragnesium, ac(-,urt"ng

.hained wvith ethVmzaguesiurn tironi,,f-

Best Available Copy
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The resuts obtained with dltsopropyl ketone, munmarized in

Table I are not very different except that the main side reaction is

reduction Instead of enolization.

Et Mg Br + (1 - Pr)Z CO -. (i-Pr),CO + (i - Pr), iHOH + Et (i- Pr) COH

6 7 8

9 10

An interesting observation was noted in the reactions with diiso-

propyl ketone. For all the reactions, except those involving ethylmag-

c'LCtuLr bromide which has a brown color, the organomagnesium solutions

were clear and colorless. During the course of these reactions a trans-

lent yellow color formed which was visible 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-

zatton, where neither rate constant is known. However, when magnesium

bromide was added to the alkoxide complex the rate was comparable to the

ate obtained with ethytmagnesium bromide, and which would be expected

on the basis of the previous explanation of the effect of magnelunt

onlride.
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The kinetic runs utilizing 0. 261 M ethylmagneslum bromide are
c . istent with the results of Bikales and Becker and of Anteunis , in

that the runs employing longer reaction times have the lowest rates.

)t was not possible, because of the limitations of the apparatus

emp. yed, t, measure the rate of diethylmagnesium with diethyl ketone,

eve'i at the shortest reaction time (0. 0185 sec., k > 1570) nor the rate

.' e . bromide with diisopropyl ketone even at the longest

rc.act. c,.. time (0. 429 sec., k < 0. 95).

Neillrer was It possible to obtain results for the reaction of

i.! :.' py.t ketone with the alkoxide complex from method 2 with magnesium

1,,'n, ic, PIn.ce %. two attempts a large amount of a crystallLne solid

, pa ated i. the ether solution of the complex when magnesi.um bro-

,mfA .vas added.
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III. EXPERIMENTAL

(11) All melting points are corrected and all boiling points are
uncorrected. Unless otherwise stated magnesium sulfate was
employed as a drying agent. The infrared spectra were deter-
miued with either a Baird, Model B. or a Perkin FJ.mer,
Model 21, infrared recording spectrophotometer fitted with a
sodium chloride prism. The ultraviolet spectra were determined
w!:".h a Cary recording spectrophotometer, Model 14. The NMR
spectra were determined at 60 me. with a Varian, Model A-60,
iMR spectrometer. The mass spectra were obtained with a CEC,
Model 21-130, Mass spectrometer. The microanalyses were
performed by Dr. S. M. Nagy and his associates and by the Scan-
&dinvan Microanalytical Laboratory

Preparation of the Organoragnesium Compounds -- Solutions of

vt y magnesium bromide, diethylmagnesium and magnesium bromide were

pzepared aid analyzed as previously described. 12

* .i  See Experimental, Part I

For the reactions employing ethylmagnesium alko- :.'ces, a cold

.0*) ethereal solution of diethylmagneslum was treated with the cu.culated

atnou-t of ketone or alcohol under a nitrogen atmosphere and the resul-

mixtg r ui.tire was sttrred at room temperature for 30 min. prior to use.

An aliq:ot of each of these solutions was hydrolyzed and analyzed by gas

[ --t- raf,,m graphy. 13 For organomagnesium solutions containing added

3' A gas chromatographic column packed with ZOM carbowax stis-
pepided on ground firebrick was employed.

7iag',csiunm bromide, the solution obtained after addition of magnebirm

*' , nmi was stirred f1.r 45 in., pri r ti i'prp.



56.

Reaction oi Ethylmagnesium Derivatives with 3-Pentanone (2)

A commercial sample of 3-pentanone, which contained more than 99 %

13of the desired ketone, was used for all runs.

From the reaction of 9.46 g. (0. 11 mole) of 3-pentanone with

0. 22 mole of ethylmagnesium bromide in 125 ml. of ether was obtained,

after fractional distillation, 7. 642 g. (60 %) of pure triethylcarbinol (4),
2014 Z5 15b.p. 1 3 R-1 42', n. 5 1.4272 [lit. b.p. 139-142 0 

, n 1.42941.

14) W. W. Moyer and C. S. Marvel, Org. Syntheses, Coil. Vol. 2.
b02 (1946).

:i5) F. C. Whitmore and D. E' Badertscher, J. Am. Chem. Sac.,
55., l559 (1933).

From the reaction of 2. 02 g. (0. 035 mole) of proplonaldehyde

Y4.,l- 0. 042. mole of ethylmagnesiurn bromide in 40 ml. of ether-, was

.... tajned, after fractional distillation, 2. 523 g. (89 %) of pure diethyl-0 5 6 20-a rh.nol 3), b.p. I11, - 1. 4075 [lit. 16b.p. 114.4, .D .4104].

(16) F. C. Whitmore and J. D. Surmatis, J. Am. Chem. Sic., 6z,
995 (1940).

Heating a mixture of 1. 0 g. (8. 6 mmoles) of the alcohol 4 and

I. n g. rif potassium acid sulfate produced 0. 584 g. (68 % ) of 3-ethyl-Z-

c'e~ 5) 1.p.80, 25 [i.17 o 1 14]h_ p. 89o, n D 1.4122 [lit. b.p. 95-98 °  1. 4140)

(i?) I. N, Natarow, Ber., 70, 611 (1937).

*.N- lt ravielet absorption 1 8 at 189 m'i (f 7, 500), and a molecular weight
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118) Determined in n-heptane.

,:! 98 mnass spectrum).

The 4..ethyl-4-heptanol, b.p. 78-79 (20m m.), r 1.4310

0 " 19 20 20
It!.t. b.p. 76-78 (17 mm.), n D 1.43320] used to prepare some of

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

'Z0) 'T. Stas, Bull. Soc. Chim. Belge , 35, 379 (1926).

I),c elthyirnagnesam alkoxide (1) solutions employed in this series of

tiact. -,q was obtained in 711% yield from the reaction of 57 g. (0. 55 mole)

" 4* '.rvtasm-.re with 0.75 mole of ethylmagnesium bromide in 500 ml. of

Reactiormof IEthylmagnesium Derivatives with 2, 4-Dimethyl-3-

pe-i.ta7,?ne (6). -- A sample of 2, 4-dimethyl-3-pentanone, b.p. 1240

25 21 a 25, 1. 3973 ['1t. b.p. 125 , n 1. 39759], which contaiacd rn,!re than

(21 R. R. Dreisbach and R. A. Martin, nd. Eng. Chem.. 41,
2875 (1949).

13

99% ot the desired ketone, was isolated by fractional dist.llation of

a c: nni r tat sample.

From the reaction of 1. 60 g. (0. 011 mole) of 2, 4-dimethyl-3-

' w -th 0. 02& moe of ethylmagnestum bromide and 0. 02. r'olc

" ,g ,qipv bromide in 31 ml. of ether was obtaLtied, after fractiorvtL
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_ distillation, 0. 487 g. (31 0) of pure ethyldiisopropylcarbinol (8),
(15 )25 22o20

b.p. 160 (5 mm. . .4411 [lit. b.p. 117.5 (125mm.), nD

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

1. 4440].

Reduction of 2, 4-dlmethyl-3-pentanone (6) with excess lithium

aluminum hydride in ether afforded, after fractional distillation, 71%

o 25 23of diisopropylcarbinol (7), b.p. 137-137.5 ° , n I. 4.29 [lit. b.p.

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

1.37-1380 1. 4246].

From heating a mixture of ethyldiisopropylcarbinol and potassium

acid sulfate, 55% of a mixture of olefins 9 and 10, b.p. 110-122 4

(24) The pure olefin 9 is reported to boil at 138 ° , 1 I. 4328 and

6 '25the pure olefin 10 is reported to boil at 130 , n 1. 4,1. I

F. L. Howard, T. W. Mears, A. Fookson, P. Pomerant, n!il
1). B. Brooks, J. Research Natl. Bur. Standards, 38, 365
(1947) (Research Paper No. 1779); Nutl. Advisory Comm.
Aeronaut., Tech. Note No. 1247, 5 6 pp (1947).

wos obtained and a sample of vach olefin collected. 13 The olef!) 9,

(first eluted from the column) has ultraviolet absorption 18 at 190 nin

(E 9, 900), with NMR absorption at 4.86? [IH, quadruplet (J . 7 c.p. s.),

(115) Determined in carbor. tetrachloride solution.
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vinyl C-H] with a multiplet in the region 7. 0 to 8. Ov (2I1, tertiary C-H),

a doublet ( J = 7 c. p. a. ) at 8. 40v" (3H, allylic CH 3 ) and a doublet

(J = 8 c.p. s.) at 9. 0Z- (1ZH, CH 3 ), and a molecular weight of 126 (mass

spectrum). The olefin 10 has ultraviolet absorption 1 8 at 192 mu (C 8, 900),

with no NMR absorption2 5 attributable to vinyl C-H and a singlct at

8. 3 8 r (allylic CH 3 ) and a series of partially resolved peaks (apparently

a triplet and a doublet each with J = 7 c. p. s.) centered at 9.05,r (CH 3 ).

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

Procedure for Quantitative Product Studies. -- All reactions were

rim under a nitrogen atmosphere, and the solutions of reactants were

maintained at 250 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 k 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 was 31 ml. The concentrations listed in the tables refer

to the calculated final concentration in the reaction mixthre if no reac-

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

general procedure was followed, except that a solution of the orgauo-

magnesium compound in approximateiy 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-

pcntaone experiments and _-methylanisole for the 2, 4-dimethyl-3-pcn-

tanone experiments) was prevent in each ethereal solution of the ketone.

The reaction mixtures were stirred for 45 ram. at room temper-

ature and then washed with an aqueous solution of ammuoiium chlotide and

ammonium hydroxide (pH 7. 5 to 8. 0). The ether solutions were analyzred
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@3
by gas hrmnatg,.phy uing a colamn which had been calibrated with

known rnix:tur;s of products and standards. The products from repre-

se:t t-re runs were identified both by retention times and by comparison

of the b-fra ed spectra of collected samples with the spectra of the pre-

v'usly described authentic samples. In all cases the calculated yields

(fr , n t..er.,al standards) of products exceeded 90%. The numbers

-. the Tables represent the average values of two or more runs.

Except as noted, the duplicate values agreed to within 3%.

Prx.,c.dure for Kinetic Studies. -- A diagram of the apparatus

e.mp..oyed is presented in Figure I. For determining reaction times,

Jhe reagert. reservoirs were fitted with auxiliary 150 ml. bulbs and the

tlmne reqiuired to pass measured volumes of ether through the apparatus

at various pressures and reaction tube lengths were measured. From

these data and the measured volume of the reaction tubes and the stop-

c.I.1, 11e time required for the two streams of ether to pass from the

tt- f. nf mixing to the outlet of the reaction tube was calculated from the

tn'.o wLrLg formula:

(V + V?) t
- reaction time

V 3

where: V = volume of the reaction tube (0. 647 ml., 1. 138 Tnl., or6. 857 ml., determined from its weight filled with water).

V2 = volume of the stopcock bore (0. 072 ml., calculated from

i.s dimensions).

V3 = total volume of ether passed in t seco.mds.

t = t ne required to pass V 3 ml. of ether.

'The resvits c! -cse measurements are summarized t TaWe il.

r ,' ect the reaction times and the mixing ratios determined with pure

c.-' Oe slightly tricreased viscosity o' -he reaction mixt'ures,



Rleactions of' 3-Peritanone (,0-155-M) with EthylnaLgncsiuvi Derivatives (0.26il)

Oraanoniagneaium Type of ?4o2arity -Product Composition,% -~-
Reactant -Addition a of MgBr2 Ketone a Alcohol .j Alcohol -

Et 2M3 N 2 <1. 98
1 21 (2. 79

Et 2Mgflr2  N 1 <1 99
I 1 1. 98

Et 2 Mg N 0.261 2 2. 97(
T 0.261 4 2 5

Et2Mg. M(OR)2 bjc N 25 6 70
1 26 569

EL2 MC,' Mg(Oli) 2b N 18 e7(5
167e 4 29

Et''IR2b,f N20 6 0,i
66 3 3.1.

Et,2 MCANor 2b ~ N o. 26.L 4
I o.2,61 27L 2

E 1 14r-mt.Mg01) 2 b, N 0.522 3 .1 96
1 0.522 8 1 91.

E t 2 h,M9 gOR) 2 bf N 0.261 2 a 97
T o,62 2r 61

rN Lndicateo normal. addition (ihe., bthe ketone was added to the organo-nagnolum compouind)
niid .1 indteater, inverse addition. R=C 2 11(n-03 1f7 )2C. cThis reagerit w/o' prepared 1)y the
a(ijtof of one molar eqpIiva.ent of i;-hcptanone to one Molar eJuivalLaT IT ( 1ithylmn{(*ncn~um.
When a iolut~ori of this reagcnt was hydroly',ed the prouctt contained '(W of ie tetiary
mlcoli'. R I0I (addittion) ajid P1% of' li-lieptanone Cenol. ..utlon). The rat,!( 0) 01iiurr onpnn

o:a:.i ;iicitllly uinchanged in the reaction i] ure.v, from thto reagent and 5-[)('11.fL~ncfl Thi n
rcau!cnt wtin prepared by the adcition of one e nolar equivalent of ethiyldi-nj.-lropyLariibl.oo1I to
011 IT~a r'quivalentf )f diethyina~nesiuln). In this case the duiplicate value.n diffecred from
one another by 144. 

t This reagent wan prepared by adding, two molar equivalentor of
othyldit-n-1propv~carhinol to one molar equivalent of icthyimugnL'siun, and theii adding thins
nixture to aniother equLvalent of diethyrnagnesiun. In this case the trip] i cai vILaluc
di ffercil frlom the average by 11%.



TABLE II

R~eactions of 2, 4 -Dim ethyl - 3-peritanone (6, 0. 155 M) with Ethylmagnetsiun

Derivatives (0. Z61 M)

Product COMDOsitiOD

Orgiim'~magnesium Type of Molarity Ketone Alcohol Alcohol

Ad "o. ' of Mg Br. 6

E1.2 Mg N 1. 6 9.3

I'lt2 Mg. Br. N 1 '4 96

Et Mg N0.261 <i 91
I.0.261 <1 9 nj

Mg'. -Vg Mg (OR)Z~ e, d IN 1
1 4?7

1112, NP, Mg (oft),"~ N 0.522 <1 10 90
A. .522 < 1 10 90

Elf.? Mg. Mog (OR) , , N 81?
2f 6 1 14 f

N\ i!,llra!c s normal additio~ . e* the ko tonie was add~ed k, .iI(, gai
1 iignsii 'rr ccmpoiird) ari I indicates inverse addlio. v, u. ;I., Ulf t

-- in 1l vaLves differed fromn one another by 9%. "R . (CJlf)hC T 'I LS~
t agetif. wats preparedI by the aiddition of one molar eqiivj~ert (I. 'i- pelta,
wille to nne molar equivalent of diethylinagnesluin. Wheni a iohitiori of
tiqi rengc-nt was hydrolyzed, the product U0itailitd 83% 0f fi I hazy
a vnh'4 KOH (addition) and 1 7% of 3-pcntaiione (enolizatiori). The ratio o!

ti. n wo components was essentially unchanged ini the rozictit)ri miti Yc i
in flu, reagent and 2, 4- emty-3petrnv This I c,1!p1,C. NW; -, YN' -

ida ( d hv fli additin -f wii mo~lar equtv~lejnt ('f triethylvarhiini to( tf

a e t ' qrxaLe-t nf die thyl inagne stin . Irl cki~ ase thwe Ijrfi vi I - i

di v- I I ron one another Ly 61e,
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=Agreirts were made of the tirae required to pass a given volume

VJ1 Uh reacto-.rI mixtures through the apparatus. These results are

s-m-riarized in Table IV.

The efficiency of mixing was demonstrated by mixing a deep

".:e w,,1_:J1,r, nf thymolphthalein and sodium ethoxide in ether with an

P' Y'e rfea s> t of p--to1aenesnuifonic acid. Stnce the bze ce Icr of the

-...tcatcc,' was no longer discerniAble in the reactinn tube, even at the

I- n C-.. o4 :c res emrp.-. oyed, ;mixing was ju~dged tnf, be complete withb.

';hv c t..~ Tlhe e!Yicte:9;'.cy of mixing also Yolieows from the fact that

f~ .ec Ejethylmaguesiuin with -p aoewas carnplete even

,W. if~ o hortest reactirn times employed.

P-- 11c, k.7,;cttc rnns, 15 mt. of a s'tution Ither-fnostated tQ

2, K) 9f ~.e; ieand th-e appro()Priate Ltnternai standard to. e ther~ wa8

v (.I -, RCtash and. 20 ml. of a so~luton (thermostated tom Z .. 00)44

I t ga ~ge9L~ncompo&',,)d was placed inr, the .secct'A i, k The

v~o '~n was p'.Iaced imy .der nitreger. pressev-c an~d the slx;oPcoc k waA onpened

*l0~ ;tie mixinxg chamber. rhe end ot the rectr .td' lue wa A

,m nc-a I'. a cold (0 n) q Terxchlrg bath conTtain.Lxg 20 in(. , rnrtAhurul

,i I7 in * wate r, a m ixftjr e wh ich kept the quenched rea~r I_-, . .

A 1c r the r un was c omple te, a sff 4c ient qI.wA'!.y cf 8a , 1rated

a ~samTIM(Al' IM chloride (adjtisted to pH 7. 5 tn. 8. 0 t~y uii ('o~ f

~I'fl~:ll y Vo-tile) was alded to disrsolve the 'n~ag-,:Rt,. salt ar)4

.j c-t rt vntou-e tn~ Heparate intr two layers. The 4 .9. .ayc.- wasi~

j( j' - W citwh r'''a 4 ri the co-mbined organ'!e lave-k wrr 0-c- r4 7i A

(-4 "aeA, di"Jt- 'h-riugh a 30 cm. r'Karc .v' 'Mc

- ated s.r% wa.4 .hca wusmyeA by gaa C y.;ratngaibhy as r)-*,

vvc r"i.I4 .
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TABLE UI

Calculated Reaction'Times (sec.) for Pure Ether

T',.-ragen pressure Reactor Volume React.ou

KCen. of Hg) Length (cm.) Passed(ml.) t (sec.) Tirre (sec.)

32.. 10.6 334 13.7 0. 02f,6

32. 1 30.2 331 15.8 0. 083?.

4.-, . 0 121.5 315 117.2 0. 315

52.9 10.6 3.40 11.0 0.0211

, 30.2 332 IZ. 0 0. 0630

10.6 342 9.3 0. 01Tt

',"). 6 30.2 340 10.4 0.0532

9K :. 10.6 340 8.3 0.0158

30. z 338 9.4 0.0481
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Appropriate blark experi'mcnts demonzstrated that this analytical

pvcedvlre , id not i:nadvertently fractiobnate the reaction products. The

of these experiments are summarized in Table V.

TABLE V.

A~nalytcal Procedure Restutts

Analyzed %a
Weight (mg.) Actual % a . r After

,-F0-y.-Z-pentene (5) 71.7 10.7 11.8 9.1

,P , .:c. 2,121.7 16.9 18.9 I'. 3

... , ' . p1.3 12.0 14.0 13.2

'7 .& ',,,,. ,,l ~ (4) 251.9 9. 6 28.3 ?.8. 3

A .12 596.8

A ,( :J :ages are relative to anisanp, used as the Int. crnal standard.



Li)%

00

wl "q

EDl

1N

L



F 68.

.0 cl v I
N"

f 0 M0 00 0 .' -

w ~ ~ 00 L

'0 G OD 00 M cn 0 4 ~'- N

0n In u0 I44 In O In In '.

:) 4 1- a r4 .

0-4

41 ~

~~~~~~~ 0. N .4. ' 0 .4 .4 a
ul - .- I C-1~)- "4 s

W +4 U4 0 I - '4 1Oa' ~ ~
60' 0 -"e x , 0 0 0 0

.4 0 0 4 04 P4



069.

+-4

4& 0

oi .w.u
0)0

-4 a.' 0' w

dc d )

D 4 - " -'1

0 g0

d) t

I~~~qL N 0~

a~ d 00



70.

REFERENC ES

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

2. C. G. Swain and H. B. Boyles, J. Am. Chem. Soc., 73,
870 41951).

3. M. Anteunis, J. Org. Chem., 26, 4214 (1961).

4. J. G. Aston andS. A. Bernhard, Nature, 165, 485 (1950 .

5. N. M. Bikales and E. I. Becker, Chemistry and Industry,
1831 (1961).

M. Anteunis, J. Org. Chem., 27, 596 (1962).

7. S. J. Storfer and E. I. Becker, J. Org. Chem., 27, 1868 (196Z).

1.°. Miller, G. Gregoriou and H. S. Mosher, J. Am. Chem. Soc.,
83, 3966, 5051 (1961).

q. D. 0. Cowan and H. S. Mooher, J. Org. Chem., 27, 1 (1962).

iO. R. Hamelin, Bull. Soc. Chim. France, 915 (1961).

.. All melting points are corrected and all boiling points are
uncorrected. Unless otherwise stated magnesium sulfate was
employed as a drying agunt. The infrared spectra were deter--
mined with either a Baird, Model B, or a Perkin Elmer, Model
21, ipfrared recording spectrophotometer fitted with a sodium
chloride prism. The ultraviolet spectra were determined with a
Cary recording spectrophotometer, Model 14. lhc: NMR spectro
were determined at 60 mc. with a Varian, Model A- O, NMR
spectrometer. The mass spectra were obtained with a CEC,
Model 21-130, Mass spectrometer. The microanalyset wtre
perf,)rmed by Dr. S. M. Nagy and his associates and by the
Scan-binavian Microanalytical Laboratory.

12. See Experimental, Part I.

13. A gas chromatographic column packed with 20M carbowax sus-
pended on ground fircbrick was employed.

4. W. W. Moyer and C. S. Marvel, Org. Syr'theses, Coll Vol. .,
60A (1946).

i. F. C. Whitmore and D. E. Badertscher, J. Am. Chem. Sra.,
55, 1559 (1933).



V 71.

16. F. C. Whltmore and J. D. Surmatis, J. Am. Chem. Soc.,

62, 995 (1940).

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

18. Determined in n-heptane.

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

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

21. R. R. Dreisbach and R. A. Martin, Ind. Eng. Chem., 41,
2875 (1949).

2Z. F. C. Whitmore and R. S. George, J. Am. Chem. Soc., 64,
1239 (1942).

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

24. The pure olefin 9 is reported to boil at 1380 n5 1 4328 and

the pure olefin 10 is reported to boil at 130 ° , n 1.4211

F. L. Howard, T. W. Mears, A. Fookson, P. Pomerantz and
D. B. Brooks, J. Research Natl. Bur. Standards, 38, 365
'1947) (Research Paper No. 1779)t Natl. AdV-f6-5f'C-rmm.
Aeronaut., Tech. Note No. 1247, 56 pp (1947).

25. Determined in carbon tetrachloride solution.


