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FOREWORD

This is the Final Report on U. S. Army Contracts No.
DA-18-108-405-CML-807 and No. DA-18-108-CML-6632 by the Monsanto
Research Corporation. The work was sponsored by the Chemical
Research Division, U, S. Army Chemical Research and Development
Laboratories, Army Chemical Center. Mr. Donald H. Wadsworth and Dr.
Friedrich W. Hoffmann were the Project Officers.

Dr. Stanley D. Koch was the Project Leader for the Monsanto
Research Corporation. Most of the work was done by Mr. James L. Dever
and Mr. Paul F. Donovan, chemists, and Peter S. Simone, technician.
Some of the early work on the Wittig route was done by Dr. John E,.
Harris, Sr. Catalytic hydrogenations and large-scale syntheses were
carried out by Dr. Morton H. Gollis, group leader, Dr. Asher A. Hyatt,
chemist, and Mr. James P. Brogna, Mr. Michael L. Cocok, Mr. Henry L.
Smith, and Mr. William A. Wicks, techniclans. Instrumental analyses
were carried out by Mr. Benjamin J. Gudzinowicz, group leader,

Mrs, Jeanette C. Alm, Mrs. Aﬁn E. Bekebrede, Mrs. Shirley A. Liebman,
Mr. William R. Smith, and Mr. Maurice H. Taylor, chemists, and
Mr. Conrad A. Cenerizio, technician. Elemental analyses were perfeormed

by Dr. Carol K. Fitz, Needham Heights, Massachusetts.




SUMMARY

A number of syntheetic routes to 2-(3,5-dihydroxyphenyl)-3-

‘methyloctane have beery 1investigated. 'I‘he most practical route

starts from 1,3,5-trichlorobenzene, which is converted in two steps

to 3,5-dimethoxypheny 1 magnesium chloride. Thils Grignard reagent is

reacted with 2-methylhieptanoniirile, and the resulting ketone 1s

reacted with methylmaginesiun halide toezive 2-(3,5-dimethoxyphenyl)-

3-methyloctanol-2., Thils carbinol is dehydgated, reduced, and cleaved

to produce the desired resorcinol. - ; ) : °
A large number of” other routes and variation&»;n individuaf

steps were also invest igated and detailed comparisof\s of their

merits are included. ' . . . - -
The synthesis of six related alkylresorcinols was also Investliga-

ted. Two of these wex e prepared: 2;(3,S-dihydroxywenyld-},h-di;

methyloctane and 2-(3, 5-dihydroxyphenyl)-B,Q-Gi&eﬁhyloctane. ‘l} key 7-

precursor for three of® the others was preparqg.
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I. INTRODUCTION

This-work has been directed toward better methods of synthesis
of 2-(3,5-dihydroxyphenyl)-3-methyloctane (1) from readily avail-
able starting materials, and toward preparation of small samples of
six related resorcinolst 2-(3,5-dihydroxyphenyl)-3,4-dimethyl-
octane (II), 2-(3,5-dihydroxyphenyl)-2,3-dimethyloctane (111),
2-(3,5-dihydroxyphenyl ) -3, 3-dimethyloctane (IV), 2-(3,5-dihydroxy-
phenyl)-e,3,3-tr1methylpctane (v), 2-(3,5-dihydroxyphenyl)-2-methyl-
hexane (VI), and 2-(3,5-dihydroxyphenyl)-2-methylheptane (vii).

iﬂs H j“a i XHQ ?Ha
Hac?ﬂ HCaHy 3 CHaCHCH HC4H9 CHs HCsH;; CHaCH CsHiys
\Jll"
HOJ:f]LOH H H HOJ::jLO OJ::i
b § II
' Ha (fHa. - CHa Ha
CHjy -ggsﬂll CHgy C4H9 CHaCCsHjya
H OH H H H H
v VI ViI

A. CRIGNARD ROUTES TO RESORCINOL I

The Grignard routes are all based on l-chloro-3,5-dimethoxy-
benzene as a key intermediate. Seven routes to this chloride have
been considered. The most economical and practical 1s the methanolysis

of 1,3,5-trichlorobenzene.




c1 ' ' 1
}4}TL + OMe” —== éf%IL +Cl -
\\' - N
Ccl Ccl Me OMe -

1-Chloro-3,5-dimethoxybenzene 1s then converted to its Qrignard
reagent, and this can be reacted with either j-methyIOctanone-e or

2-methylheptanonitrile to proceed to the desired product.

HS\

g01 + Cs}InCHECHa \ CHa
’ c c Hy, HeOCHCHCH,,
RO S Y

+ CsfhchCN ~u ., MeO OMe

MeO OMe

.L

This work has shown the reaction with 2-methylheptanonitrile to be
the more practical. This cpnclusion is supported by a greaf deal of

development work on the route via 3-methyloctanone-2.

B. OTHER ROUTES TO RESORCINOL I

Five other approaches, with variations and ramifications, were
.also lnvestigated as possible routes to resorcinol I. All were
elther unsuccesslul or very much less practlcal than the Grignard

routes. The key reaction in each of the routes is shown:

The Wittig route:

H, | Clls CH
CsHyy~C=PRg + 0=C-CHg ——3 cna-c_é-crnn —> > (H,-CH-tHogH,

Qo A

/™~
MeO OMe H H
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MeO

r .
CsHll-iﬂ-COOEt + | ~

The Meerwein reaction route {ary

lation of olefins):

Fun ~ sHii
Yol CHa-C=C-COOEt
FsH11
e
+ CHgCH=C-COOEf —= —= J::I >
oMe MeO 7 OMe

The Reformatsky reaction route:

COCHg

-

Zn 7
}p
MeO OMe MeO

HsC CsHyg
HO~-C~CHCOOEt

N s
z

"l
OMe H
‘'he phosphonate carbanion route:
0
CHX crob( 0Bt )
+ P(OEt)y —= d ﬁ Nall _ CHaX ~
\ Ny /,l\ >~
MeO OMe MeO OMe MeO
Ha
0 HaCCHCHCsH;
NaH _ CH3CCsHy 2 e s : '
H OH
I

OMe

's)
CHsClib( 0Bt ) ,




The route via direct resorcylation of butanone:

T o
d + NaNHn/NHg —== @G Gy “GHCOCH .
v Me Me '

MeO - OMe

J bosn .
CHz CHCCH3 CHg ‘g“CSHll CHs CsHia
H
o’ CsH X ’/l
Q) et ~= K
Me0 OMe MeO + OMe , : HO OH

- A ’ I

C. SYNTHESIS OF RESORCINOL II This route 1s based on the

reaction of 3%,5-dimethoxyphenylmagnesium chloride and 2,3—dimethyl-

heptanonitrile: c NgCl
“ NaNH HaC CHs {7
CHsCH2CN + CH3QHC4H9 T e C4H9CHCHCN M > M
Br NH3 e e > ‘

Hac CHs : gﬂgﬂ - HaC gﬂa
CgHs ) 2 P=CH
O—CCH&HC‘;HQ‘ Lﬁ—-")—"——L% Hg C=CCHCHC, Hg CHa CHCHCHC Ho

HO cqmcnm,us — =

e o Q@ __pMed oM HO  OH
| 11

D. SYNTHESIS OF RESORCINOIL IV Similarly to the above route,

this one is based on the reaction of the same Grignard reagent with
2,2-dimethylheptanonitrile: ‘ C1
' NaNH ’ sHia
(CHs)2CHON + CsHi1aCl ——o2-.  (CHg)20CN MeO OMe
NHa . —=n
4

bux:axﬂvrquuJLacutn‘Y




(Ha CeHg ) g P=CH (Ha ‘5'“ |
0=C-CCsH11 HzC=0-CCsHya CHzCH 05H11
y cns Qi
| 3 \I — >
N 05H11 OMe
MeO OMe |
Meo

E. ROUTES TO RESORCINOLS III, VI, and VII VIA 2-(3,5-DIMETHOXY-

PHENYL) -2-METHYLPROPIONITRILE This nitrile can be reacted with

an alkyl Grignard reagent to form precursors of three of the desired

resorcinols.
CO0OCoHs CH20H facﬂ
vL“’ *Q L/g M JA
OH MeO OMe MeO Me Me OMe MeO qye
ER &
(CHa)20CN (CHa)2 (CHs l2 - (CHa)2 R
M% -y B =
MeO Me Me H H
\ (CHa)2fCH2R III, R = CsHi;y
. ) OH
' VI, R = Caliy
VII, R = C4H9

These routes.provide practical syntheses of III, VI, and VII. No

convenlent route for resorcinol V is presently available,
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II. DISCUSSION OF RESULTS

A. GRIGNARD ROUTES TO 2-(3,5~DIHYDROXYPHENYL)-3-METHYLOCTANE (I)

The recommended route to resorcinol I is from 1,3,5-trichloro-
henzene by a Grignard route usling 2-methylheptanonitrile, The
details of this route make up muchvof this report and are summarized
in section III. A.

The Grignard routes share six common intermediates: 1-chloro-

- 3,5-dimethoxybenzene, the corresponding Grignard reagent, 2-(3,5-

dimethoxyphenyl )-%-methyloctanol-2 and its dehydration, reduction,
and cleavage products. They differ in the source of l-chloro-3,5-
dimethoxybenzene and in whether the Grignard reagent is reacted with

3.methyloctanone-2 or with 2-methylheptanonitrile.

1. 1-Chloro-3,5-dimethoxybenzene

S3ix routes to this intermediate were investigated, and a
seventh was considered. They are presented in order of decreasing

practicality.

a. From 1,3, 5-Trichl.. obenzéene The reaction of 1,3,5~

trichlorobenzene (1,3,5-TCB) with sodium methoxide in refluxing

diglyme (the dimethyl ether of diethylene glycol) was investigated

_1in detail, and the results are summarized in Table 1.

e 1
) +Me —= [T} + C1
> ~ '

' MeO OMe

c1 C1
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While the best results, on the basis of yleld, were obtalned at
lower molar ratios of 1,3,5~TCB to sodium methoxide, the purity

of the product was best, 95 area-% by vapor phase chfomatography

(VPC), at a molar ratio of 1:2.2. The by-products obtained are 3,5- -

dichloroanisole (VIII) from incomplete substitution; and 1,3,5-tri-

methoxybenzene (IX) from complete substitution.

Me e

Cl Cl MeO CMe
- VIII IX

VIII has a bolling point fairly close to that of the desired’product
but may be removed by careful fractionation. IX is higher boiling
and may be easily rembved by s1mp1é distillation, Since g h
ratio of methoxide to 1,3,5-TCB would favor more complete sub-
stitution it is easy to see why the product obtained had a higher
purity. Using avmolar ratio of 1:2 the product was obtained in 89
area-% purlty after simple distillation with the major 1mpuritj

(10 area-%) being 3,5-dichloroanisole. The higher yleld obtained in
run G was probably due to the larger scale, which reduced mechanical
losses to one-sixth of those in the other runs (on a percentage
basis). It must be pointed out that in all of this work simple dis-
tillation set-ups were employed because yields could be determined -
by VPC rather than by isolation. On a large gcale, efficlent frac-
tlonatlon led to good ylelds of the desired product of 99 area-%
purity,




Table 1 also shows that the amount of solvent employed was
gradually reduced from 585 ml per mole of 1,3%,5-TCB in run A teo
68 ml per mole of 1,3,5-TCB in run D. The latter concentratlion was
too low, being insufficlent for adequate mixing of the reactants.
The minimum amount of solvent advisable appears to be about 1 mole
(141 ml) per mole of 1,3,5-TCB. As the amount of solvent 1s de-
creased, the amount of b;—product 3,5-dichloroanisole (VIII) formed
increases to 29% in run D,

The much higher yield in run G, as compared to runs B, C, E,
and F, reflects the relative decrease in mechanical losses because

of the scale-up.

The desirabiiity of this reaction as a route to 1l-chloro-3,:5-

dimethoxybenzene over its

itirosophenvl (Seciion

II, A.1.b, below) depends on a favorable cost figure for 1,3,5 TCB. The
Morton Chemical Company has indicated (12) a price of $0.75 to $1.00
per pound in large volume production.

Assuming a 68% yield of l-chloro-3%,5-dimethoxybenzene, $0.85/
pound cost of 1,3,5-TCB, and 90% recovery of diglyme, the raw material
cost per pound of 1-chloro-3%,5-dimethoxybenzene from 1,3,5-TCB would
be $1.88. This does not take into account the recycling of the by-
product, 3,5-dlchloroanisole, which could be treated with methoxide_
to yleld more product. The raw material cost 6f éhe nitrosophenol
route has been roughly estimated (see next page) at $3.46 per pound.
Preparation of the chloride from 1,3,5-TCB is also much simpler from
a mechanical point of view, which would make it much more attractive

even without the marked reduction in raw material costs.

9




b. From p-Nitrosophenol This reactlon sequence has been

described by Goldschmidt and Suchanek (33)
c1 - ~ o

NO Hg*HC1 ' a+Cl-
[{0/ + GHaOH + HC1 — NaNO2, acid @“ ,
H - MeO OMe  Med OMe

1 |
HaPO» O
—_—-—7—
MeO OMe

p-Nitrosophenol was converted to 2-chloro-4, 6-dimethoxyaniline

hydrochloride by hydrogen chloride and methanol at room temperature.
The amine hydrochlorlde was dlazotlzed and deamihatéd to form l-chloro-

3,5-dimethoxybenzene. The scheme was carried out withou% isolation
of the 2-chloro-4,6-dimethoxyaniline or its hydrochloride, in an

overall yield of 37%.

The raw materiasls cost for one pound of product by this route

1s based on these required materials, assuming the 37¢ yleld:

Reagent Unit Cost Quantity Cost
p-nitrosophenol -$ 1.05/1b 1.79 1b 5 1.88
CHaO0H ‘ 0.30/gal 1.0% gal 0.08¥
HC1 Egas) ‘ : 0.32/1b 2.06 1b " 0.66
HC1l (aq., cone,) 0.175/1b 4,24 1b 0.74
NaNOo 0.10/1b 1.0 1b ._0.10

$ 3.46
fkssuming 75% recovery of methanol used.

HypophosphoroUs acld was used for the deamination in the labora-
tory, but deamination on a production scale would undoubtedly be
done by heating(33)or in the presence of & low cost alcohol such
as isopropyl. ’

On a laboratory scale, this route requires only 3 ﬁan days.

10
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This route to l-chloro-3,5-dimethoxybenzene is intermedlate 1n
cost and 1n labor between the methoxylatlon of TCB and the benzene
route from resorcinol, below,

¢. From Resorcinol (The Beuzyne Route ) This route to

1-chloro-3,5-dimethoxybenzene, which makes use of the benzyne reac-

tion, has been referred to as the benzyne route in the first year's

reports,
/ﬁ::lb + SOClsp __i}J:::I; MeaSO;a NaNHaéN;3 S
HO 5
NH2
rJ§§ - HC1,NaNOg;CuCl l N
(/‘\A ) “2% I <
Me OMe Me OMe

The first two steps could be carried out in elther order,
depending on the yleld and convenience in handling. Experimentally,
we started from the commerclally-avallable 4-chlororesorcinol and
investigated its methylation., The preparation of 4-chlororesorcinol
has been described (19).

The diether of 4-chlororesorcinol was treated with sodamide in

1iquid ammonia to form 3,5~dimethoxyaniline via & benzyne intermediate,

-

A by-product of the benzyne reaction 15 another amine, thought

to be bis(3,5-dimethoxyphenyl)amine, - C} , & new
I
compound. OMe

MeO

11




The aniflne was subjected to the Sandmeyer reaction to produce
the desired l-chloro-3,5-dimethoxybenzene. The major 1imitation in
this sequence 18 the Sandmeyer step, which proceeds in low ylelds and
requires the use of an eXbensive reagent, cuprous chloride. It is
possible that part of the cost of the cuprous chloride might be offset
by recovery of the copper salts.

The best overall yieid from k~ch10roreéorcinol to l-chloro-

3, 5-dimethoxybenzene obtained was 22%.

. The raw materials cost for the preparation of 1-chloro-3,5-di-

methoxybenzene from resorcinol is based on these requirements, per

pound of product, using our best ylelds:

Resorcinol 6.08 moles§ 85 Me + S02Clz .._._Bi* ;

MeoS04 21.2 moles
NaOH 30.4 moles ! M; 7 6.2 moles
. NHp
c1
ﬁ Na 8.65 g-atoms NHg(1iq. T4+
Me0 X"0Me * NH4Cl 9.19 moles 7'('4‘1*—50 MeO Me
l&.ell moles 2.12 moles
c1 :
CuCl  2.56 moles W O | |
NaNOp 2.12 moles —_— : : !
HC1 718 ml MeO OMe ‘ 3

1,0 mole = 0,38 pound (MW=172.61)

12
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To prepare one pound, the following materials would be required:

Reagent _ cost”per_pound W, b _Cost
NaOX $ 0.05 7.05 $ 0.386
MepS04 0.175 17,34 2.711
Resorcinol 0.79 3.gh 3.132
S02C15 0.13 4,86 0.632
NH4C1 .10 2.84 0.284
CuCl 0.43 1.4 0.634
NaNQ» 0.10 0.8 0.084
HC1 (aq. conc.) 0.175 3.95 0.684

$8.873

¥Pr1ces are all commercial prices and, in general,
are the lowest possible,

The cost of 1iquld ammonia was not included since it should
be largely recoverable. Cost ot the cuprous chloride in materials
plus labor should be increased sllghtly since it must be freshly
prepared for the reaction, and the commercial material at $0.§3 per
pound will not work. However, against this there would be a cost
reduction 1f any copper salts could be recovered from resldues and
recycled or sold.

On a laboratory scale, this route requires 7 man days.

d. 5-Chlororesorcinol from 4,4-Dichlorobuten-3-one-2 The

contemplated reaction sequence was: -

. C M
CHaCOCl + C12C=CH = 13’ [Claccﬂagmsl-}ClaC=C}£CHs -N—————--——a-aCH(COOR)e
ONa OH
ROOC
+
Clm base . Ht
ca O c1~ ‘oH
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The first step was carried out using a modification of the literature
procedure {38) and resulted in an 80% yield of 4,4-dichlorobuten-3-one-
2. The second step was carried out using the sodium derivaﬁive of di-
methyl malonate, and no définable product was obtained. Hdwever, a
basic work-up procedure was'employed, and; if dehydrohalogenation
oceurred before decarboxylation in the work-up.of X,‘then the product
obtained would probably be méthyl 2;chloro-4,6—d1hydroxybenzoate. Frbh
the latter, under basic conditions, several products might be obtained.
When this reaction sequence was proposed, it was felt that it
cculd compete economically with the p-nltrosophenol route if it went
in rcasonable yield. Now, with the availablllty of the route (o 14
chloro-3,5-dimethoxybenzene from 1,3,5-TCB described above, 1t appears
that the Subject reactlon sequence could not compete even if the
second step were quéntitative.

e. Attempted Preparation from Lithium Chloride and Dimethylforma-

mide on 1-Chloro-2,4-dimethoxybenzene This route was an attempt to
improve the benzyne route from resorcinol by eliminating its most ;
troublesome feature: the Sandmeyer reaction on 3,5-dimethoxyar*line,
The benzyne routebmight sfill have been competitive if it were possible
to convert l-chloro-2,4-dimethoxybenzene to 1-chloro—3,5—dimethoxyé
benzeﬁe without the necéssity of proceeding through thg aniline deriva-
tive, This might bevaccomplished by dehydréhalogenatioh of l-chloro-
2,lk-dimethoxybenzene, followed by reaction of the resultant benzyne |

intermediate with excéss chloride 1ion.

14
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However, the literature reveals that a similar experiment was tried

without success{97),

O/BI‘ - Cl
+ KC1 + NH, Lo s O’

That experiment was unsuccessful even though bromobenzene is signi-

ficantly more reactive toward alkall amide than 18 chlorobenzene.

The dehydrohalogenation of certain halo-ketones with lithium
chloride in N,N-dimethylformamide has been investigated by R. P.
Holysz(u3), It was suggested(BS)that we employ this method in an
attempt to prepare l-chloro-3,5-dimethoxybenzene.

L101 Excess
MeO OMe

This method seemed qulte speculative, since Holysz’ work was done
on haloketones; whereas, to be successful our experiment would in-
volve the dehydrohalogenation of an aryl halide. However, a single
experiment was carried out. Although intense color formation was
observed, only starting material, 1-chloro-2,4-dimethoxybenzene,

was recovered from the reaction mixture.




‘ f. Attempted Reaction of Phloroglucinol and Phosphorus

Pentachloride =~ One unsuccessful attempt was made to prepare

5-chlororesorcinol directly by the chlorlination of phloroglucinol

' with phosphorus pentachloride,
OH | ¢l
| ) + PCls ==
HO OH - HO OH

g. From Aromatic Carboxylic Acids in the Presence of Copper

In view of the patent literature (49)‘pertaining to the con-
version of aromatic carboxyllc aclds to phenols; isophthallc acid,
which is relatively cheap (18¢/1b), was considered as a possible

source of 5-chlororesorcinol.

?OOH COOH ?
COOH : ©\J

(88)by Toland regarding the mechanism

However, a recent publication
of this reaction eliminated this idea from consideration for

two reasons. First, the incoming hydroxyl group always occuples

a position ortho to the carboxylic acid group it 1s replacing, and,
second;'phthalic acids do nof: yield dihydric phenols. M |

However, Toland pointed out that he could see no reason why

other groups could-not bo introduced in the same manner. On this

basis the following reaction mlight be worth considering.

?OOCuCl OMe 1

A N A
‘\ .+Cu+002
Me ‘ Me
This reaction would start with 2,k-dihydroxybenzoic acid, which 1s

Me

the most avallable of all Lhe dihydroxybenzole aclds.
" , 16




h. From Resorcinol Dimethyl Ether A long and unwleldy

synthesis of 5-chlororesorcinol from resorcinol dimethyl ether (20)
was not considered practical. It was not investigated.

2. 3,5-Dimethoxyphenylmagnesium Chloride

The difficulty in forming Grignard reagents from aryl
chlorides 1s well known(27’28x Chlorobenzene, the first member

of the series, forms a Grignard reagent only when specisl con-

ditions are used. Phenylmagnesium chloride has heen prepared

without a solvent at elevated temperatures(30)or in the presence
of certain activators(31’69’9u)

Methods of formation of Grignard reagents from other aryl
chlorides have appeared in the literature. These compounds were
prepared by using molar quantities of ethyl bromide(26) or ethylene
bromide(6*)es an entratnment carrier for the aryl chlorides. With
ethylene bromide and magnesium, only ethylene and magnesium

bromide are formed as by-products. Thus, only the Grignard
reagent of the "inert chloride" is formed, and a mixture of two

Grignard reagents, which would have resulted if ethyl bromide had

been used, 18 avoided.

In 1954, Normanési)IEported the successful preparation of
phenylmagnesium chloride and pgchlorophenylmagnesium chloride using
tetrahydrofuran as solvent. Ramsden and cOWOrkers(7l) have recently
elaborated on the work begun by Normant. These workers have re-

ported that every aryl chlorlde trled reacted with magnesium 1n

1y
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tetrahydrofuran. Referring to this work, Pearson points out(sh)

that tetrahydrofuran is a more powerful coordihating solvént than
diethyl ether. In the addition of the»Grignard reagent complexed

with tetrahydrofuran to sloﬁly reacting‘carbonyl compounda, lower
yields or even side reactions may take place} Ramsden has answered(TQ)
this objection by devising methods of displacing tetrahydrofuran

with higher boiling lihear ethers‘after the formation of the Grignard
reagent and prior to subsequent reaction of the Grignard reagent

with carbonyl compounds. With the single reservation that the
addition of the Grignard reageﬁt might be retarded, the use of

tetrahydrofuran (the "reactive solvent method") was an extremely

attractive approach.
Cl MgCl

The solventless technique, the entralnment method,'peVeral of
the activators which have been réported, and uslng magnesium powder
plus ethylene bromlde, (79) were all tried in unsuccessful attempts
to make 3,5-dimethoxyphenylmagneslum chloride, Only the reactive
solvent method in tetrahydrofuran proved successful. Following
Ramsden's (71) prbcedﬁre, the desired Grignard reagent was preparéd
in 79% yield. |
An sttempt to modify this method by using the mixed solvent
system tetrahydrofuran-N-methylmorpholine, suggested by a cohaultant(89),

resulted in no Grignard formation.

18




3, 2-(3,5-Dimethoxyphenyl)-3-methyloctanol-2

This intermediate can be obtained by reactlion of the Grignard
reagent above with 3-methyloctanone-2 or by a two-step reaction via

2-methylheptanonitrile.

" 1 .
fiIgCl + CsHlchgCHs \\ Hac HCsH, 4

Hs C
M - 0= H 5H11

CsHy, CHON ~ I/"/,,
Me Me

a. Synthesis of %-Methyloctanone-2 Six routes to this key

intermediate were examined experimentally, and another was considered.
Although we concluded that 2-(3,5-dimethoxyphenyl)-3-methyloctanol-2
could be prepared more practically via 2-methy1heptanoﬁitrile, this
part of the investigation was extremely important, since this ketone
had long been considered the key to the synthesis of the desired
resorcinol.

The' routes are arranged in order of practicallity, as far as
possible. The firsé three methods listed are far more practiﬁal

then any of the others.

(1) 3-Methyloctanone-2 by Direct Alkylation of Butanone

Butanone 18 alkylated directly with amyl halide, using sodamide in

1iquld ammonia as the condensation medium.

19




0
il - =
CHaCCH2CHa + NHz -——» CHaCCHCHa + NH3

CsHllx + g' 3 i
CHa CHCHqa CHac?HCH3.+ X

CsHyy

Using amyl bromide a 47% yield of 3-methyloctanone-2 was ob-

talned. A prellminary experiment using a two-flask method had
given only a 36% yleld, evidently because the sodium salt of the
enoclate anlon was too lnsoluble to be conveniently transported as a

slurry from one flask to the other in the two-flask method.

The yield was further raised to 54% Ly using a greater amount
of butanone and sodium: two moles of each to one mole of amyl
bromide. Thé previous ratio was 6:5. Since the sodium aﬁd
butanone make up a relatively small portion of the raw material
cost of 3-methyloctanone-2 by this route, increasing thelr con-

centration does not increase the raw materlal cost if the yield

of product increases enough to balance the added cost by reducing

the amount of bromide required. The validlty oflthis statement

could be confirmed by a detailed development study of the amylation

coupled with careful economic evaluation of every modificétion made.
Alkylatlens using amylating agents other than amyl bromide E

were not as successfgl. When amyl chloride wés substituted for

the bromide, no 3-méﬁhyloctahone-2 was obtalned. In fact there

seemed to be little or no ketol formation, a secondary reaction

that was very much in evidence in the experiment using the

bromide.
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This negative result was unexpected. It was surprising that
the use of the chloride should have had such a large effect on the
yield. In order to demonstrate that the fallure was not due to
faulty experimental technique, two reactions were set up and carried
out under identical conditiorns. In one case amyl chloride was em-
ployed and in the other amyl bromide was used. In spite of the
great care exercised in keeping conditions identical, the run using
the chloride falled to produce any ketone while that in which the
bromide was employed resulted in a 474 yleld (by VPC) of 3-methyl-

octanone-2.

The literature on the alkylation of ketones(gl)ahows clearly
enough that the alkyl chlorides would be expected to react slower
in this reaction than the bromldes, but we were disappointed to
find no product from the chloride in this case.

The alkylation with amyl chlorlde was repeated using 0.1 mole
of sodium bromide per mole of amyl chloride, but no significant
amount of 3-methyloctanone-2 was obtained. This particular tech-
nique had been suggested by the Chemlcal Corps. It had been found
useful for alkylation of amines.

In another attempt to find an amylatiné agent cheaper and more
efrqaffie than amyl bromide, the alkylation was carrlied out using -
diamyl sulfate, but the yield of 3-methyloctanone-2 obtained was
only 284 by vapor phase chromatography (VPC).

Each of the successful alkylations of butanone har also led
to the formation of the isomeric ketone formed by reaction on the

primary hydrogen: 3-nonanone.



| 0
0 . CH3CH®CH3 ey C5H1 1 ?HBCHa
CHaCHaCCHa + NHz . © CHs

CHaCHg@CHz —? CHscHachaCSHJ.l

The yleld of 3-nonanone is 5-8%. This ketone 1s isomeric with the
desired 3-methyloctanone-2 and cannot be separated from it by dis-
tillation, although separation via an appropriate carbonyl deriva-
tive might be feasible.

The best conditions found tc date for the direct amylation of
butanone are the use of two moles each of butanone andbsodium per
mole of amyl bromide. This gives 544 3-methyloctanone-2 and 5.2%
3-nonanonc. Thus, the ketone Lhal could be isolated would be an

isomeric mixture containing only 91¢ 3-methyloctanone-2.

The preparation was attempted again using sodlum t-amyloxide

as the base in place of saodamide. The followed work of Conia (22).

CHaCCHaCHs  + CsHysBr —NocCMeaBt_ (yha0e) Cﬂaciﬂcsﬁll

Hs
The alkylﬁtion with sodiumbg-amyloxide was attempted in toluene and
in ether. The use of gther was recommended whe;é‘the ketone 1s es-
peclally prone toward self-condensation, since the enolateyion is

supposedly more stable in ether than in toluene(22)- B-Methyloctanone~?1

was formed in only trace amounts (1-24 yields basedkon VPC) together
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with lesser quantities of the usual contaminant, 3-nonanone (0.3-

0.4% yields based on VPC). Both experiments led to the recovery of
about one-third unaltered alkylating agent, amyl bromide. The major
products were o, f-unsaturated ketones, a pair lower boiling and a

pair higher boiling than the desired ketone. These ketones could

result by dehydration of the di- and tri- self-condensation products

of butanone

Conla's work (22) ralses the hope that a more careful choice of
alkylating agent and ketone might lead to more favorable results. He
observed that dimethyl sulfate was the most reactive alkylating agent
in the sodium t-amyloxide-toluene (or ether) base-solvent system.

One could aLLempL the alkyletion of octanone-2, a ketone less suscep-
tible toward self-condensatlon than butanone, with dimethyl sulfate.
The final evaluation of the merits of the direct alkylation

route to 3-methyloctanone-2 should also consider whether or not a
separation of the 1lsomers 1s feasible and what the effect on the
efficacy of the ultimate agent would be if 1t were derived from a
mixture of these lsomers. It might also develop that the rate of
reaction of the two ketones with 3,5-dimethoxyphenylmagnesium
chloride is sﬁfficiently different to enrich the product cdrbinol
with the desired qfﬂe-chain.

(2) 3-Methyloctanone-2 from 2-Methylheptanonitrile

3-Methyloctanone-2 car also be prepared by the alkylation of propio-
nitrile to 2-methylheptanonitrile, followed by the reaction of the
latter with methyl Grignard to form the desired ketone.
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oo oH
Na/11q. NHs S  CHaMgBr s
{

CHsCH2CN + CsHy X Csﬁ;;CHCN ——E—t—o—?— CsH, 1CHQCH3

Propionitrile was alkylated(98) with 1—chloropehtane using sodium-
in 1iquid ammonia to give a 64% yleld of 2-methylheptanonitrile,
Some higher-boiling by-product, presumed to be 2-amyl- 2-methyl-
heptanonitrile, was also obtained.

The 2-methylheptanonitrile was reacted with methylmagnesium
bromide. After hydrolysis, distillation resulted in the iéolation of
a 76% yleld of 3-methyloctanone-2 in 91 area-% purlty. The major
contaminant, 8 area-%, wac unrcacted-2—methy1heptanonitfile,‘which
could not be convenientiy separated by distillation. Increasing the
amount of Grignard reagent up to a 25%kexcess did not result in any
improvement. | ,

One unsuccessful atfempt was made to hydrolyze the unreacted
nitrile so that the ascid and ketone could then be separated by
either distillation or extraction with dilute base. More work could
be done to improve this route to the ketone 1f the other problems
aspsociated with the route via 3-methyloctanone-2 are resolved.

(3) By the Alkylation of Acetoacetic Ester  Ethyl 2-

acetylproplonate, a monoalkylated ethyl acetoacetate,- was purchasedv-
and alkylated(72) with lodopentane and potagsium in t amyl alcohol
to ethyl 2-acetyl-2- methylheptanoate of 95 area-% purity by VPC, and
T76% yield.
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g KOCMe oEt Q ¢staa
CH3COHCOOEt + CgHy3l ——————3— CHg-C-CCOOEL
e ;

Ha

The same ester had also been obtalned by the alkylétion In the re-
verse order (amylation followed by methylation), but in that case,
the bolling point of the ethyl 2-amcetylheptancate was too c¢lose to
that ot the dialkylated ester for convenient separatlion. The yleld,
based on VPC (but not isolable), was 79% of 92 area-% purity. Substi-
tutlon of sodium in f{-amyl alcohol for the potassium lowered the
yield to %%, but tﬁe yleld was unaffected by the use of commercial
potassium t-butoxide.

Ethyl 2-acetyl-2-methylheptanocate was converted to 3-methyl-

octanone-? by decarboxylatlon using potassium hydroxide in refluxing

aqueous methanol(72).

0 CsHia
0 - -002 I
CHs—C-?COOEt + Oi" ———=—a—CH3CCHCsH;1,
CHja

5-Methyloctanone-2 of 98 area-% purity was obtained in 64% yield.

The overall yleld of 3-methyloctanone-2 from ethyl acetoacetate by
this method is 36%.

Although this route could not be commercially practical on a
large scale, because of the low overall yleld and relatively high
cost 1t 1s useful for laboratory preparations since the ketone pre-

pared 1s not contaminated with nitrile or with any close-bolling

adulterant.



(4) From Acetaldehyde and 2-Heptylmagnesium Bromide 2-Hep-

‘tylmagnesium bromide was reacted with acetaldehyde to form 3~methyl-

octanol-2, which was then oxidized to the desired ketone. One prepara-
tion of this alcohol proceeded through the succinlc acid half—estér;
the second avoided {he use of this intermediate.

Cls CHO

CsHl 1CHBI"CH:3 ———— QSHJ. 1&HCH3 e e CsHl 1%2301“@:81‘
o gBr 3
0-0
q?aa ) or
G
gﬂs ' OH™ gﬂa
CSHllgH HOCOCH, CH, COOH e CsHy 12}:‘[ HOH
Hs 3

The use cf the sucecinlc acid half-ester followed a 11teraturp
procedure(l) and resulted in a 57Y% yield of 3-methyloctanol-2 944 pure
by VPC. This alcohol was oxidized with dichromate according to FPowell's
procedure(65) to give a 65% yield of 3-methyloctandﬁe~2.

When the unusual use of succinic anhydride was eliminated from the
procedure, a mixture of 27% 3-methyloctanol-2 and 13% 3—methyloctanone;2
was formed, which could be oxidized to the pure ketone in 73% yield.
This method, although resulting in lower total yield, requires about .
half the work of the succinic acid half-ester method when done on the
laboratory scale. )

Whether or not the succinic acid half-ester is made, the prepara-
tion of 3-methyloctanone-2 by the Grignard reaction with acetaldehyde

is impractical because of mediocre ylelds and high cost.
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(5) From the Aldol Condensation of Butanone and

Valeraldehyde An approach to the synthesis of 3-methyloctanone-2

that has been used by another Chemical Corps contractor(87) is by
the condensation of butanone and n-valeraldehyde(65,66), roliowed by

dehydration and hydrogenation of the condensatlion product.

OH 0
i ! ]
C.;HgCHO + CHaCHoCCHz —— C4H90H9HCCH3 + side-product
CHa
I. |
; ;
- CaHgCH=CCCHs B2, C4HgCHACHCTH,
a . Ha

Interpretation of instrumental data on the supposed condensation
and dehydration products, 4-hydroxy-3-methyloctanone-2 -and 3-methyl-
octene-3-one-2, was inconclusive, 80 the dehydrated material was
hydrogenated,

The product of this hydrogenation was & mixture cf two saturated
‘ketones. The desired 3-methyloctanone~2 made up about 40 area-#%, and
i an unknown ketone of higher retention time made up the other 60 area-%

. on the VPC of éne distillation cut of this mixture, shown in Figure 1.

o



Pigure 1. Vapor phase chromatogram of pample 21118-2,
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The unknown saturated ketone was separated by VPC from one of the
distillation cuts of the mixture In 98 area-% purity. The infrared
spectrum of this component is shown in Figure 2. This component has
a carbonyl absorption at 1712 em™! attributed to a saturated ketone
(saturated aldehydes are expected at around 1730 em™! and saturated
ketones at around 1715 cm‘l)(lS). Further evidence that the unknown
component was probably not an aldehyde was obtalned from an infrared
spectrum of the VPC-separated unknown component run at higher thickness.
This spectrum showed no evidence of C-H stretching at about 2720 em~1,

which would be characteristic of an aldehyde. 'This would seem to rule

out the possibility that the unknown major component was 2-amyl-
valeraldehyde, arising from the self-condensation of valeraldehyde.
An isomeric ketone, nonanone-3, would arise if the original

aldol reaction took place, in part, on the methyl carbon of the buta-
none instead of on the melhylene carbon.

9
C4HgCHO + CHgCHggCHa — CHSC}[280H28HC4H9 — %CgﬂsgceHla
H

In any event, the reaction scheme seems unsuitable as a source
of the desired ketone. The conditions used were identical to those
in the literature(65!66) and to those that were used by another

-"Chemical Corps contractor(87) to make 3-methyl-2-octanol.
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(6) Y¥rom Epoxybutane The reaction of 2,3-epoxybutane

witih an amyl organometallic was suggested in the hope that 1t would

provide an unambiguous and relatively inexpensive route to the

desired ketone,

OH
|
CH30H7HCH3 + CgHi11M—> CHoCH HCHa —Lgl—b. CHac?HCHa .
\ H
0 sH11 CsHia

(M = metal)

Reactions of this type have been reported(Qu), but the alkyl metall-
organics give considerably lower ylelds than the arcmatic analogs(77)
The scheme had the advantage that only a single isomeric alcohol
could be formed since the epoxide 1s symmetrical, )

The use of amyl Grignard for CsHi;Mwas considered but rejected,
since the presence of magnesium hallde, a Lewis acid, in the Grignard
reagent 1s known to catalyze the isomerization of epoxldes to ketones
(95)

Two experiments were performed using amyl sodium and 2,3-epoxy-

butane, The first experiment, utilizing commercial amyl sodium and
2, 3-epoxybutane (lzi molar ratio), resulted in a 2% yiéid (determined

" by VPC) of what apparently was the desired carbinol, The second

experiment, utilizing 2,3-epoxybutane and amyl sodium in situ (2:1

molar ratlo), resulted in a 6% yleld of carbinol as determined by

VPC.




A single eXperiment:was performed using butyl lithiuﬁ and 2,3-
epoxybutane to ﬁee whether or not a libhiumqalkyl w°u1d react more
favorably with 2,3-epoxybutane than had amyl sodium. Butyl 1ithium
was chosen since 1t was readily avallable and behavior of this re-
égent should reflecg—potential behavior of amyl 1ithium, Butyl
lithium was reacted with 2,3-epoxybutane (1:1 molar rabio); and re-
sulted in only 6% yleld of carbinol as determined by VPC. -

The experimenﬁ with butyl 1ithium was carefully evaluated in an
attempt to determiné what had happened to the bulk of the starting

epoxide. The carbinol produced by the reaction was most probably

the desired one, since its infrared Spectrum exhibited absorption
characteristic of a secondary alecohol, bonded ~OH at 3350’cm’1, and
C-0 bend at 1100 ecm™ !, A small quantity of ﬁaterial was obtained
that exhibitea infrared’absorption eharactéristic of carbonyl func-
tlon and ethylenic unsaturation. This suggests that a portion of thé
starting epcxide may have been isomerized to butanone, which thén
self-condensed to a ketol that underwent dehydration during distilla-
tion of the reaction products. Alsc a small amount of relatively

-

high boiling hydrocarbon was‘detected, bossibly a dimer of 3—methy1->
hé;tene-a. Such a product could result bylaifih‘catalysis(23} in-
volving butyl 1ithium and 1ithium alkoxide on a reaction intermediate,
v'The'products previously discussed still do not account for the bulk
of the starting epoxide, It would appear that most of the epoxide
had been lost during the distillation of reaction solvents (hexane

and octane) at atmospheric pressure, The infrared spectrum‘of re-

%2




covered reactlon solvent exhlblted a medium intensity band at 1125

em~* that could be due to the presence of an alkyl ether, This

absorptlon band was not exhibited by the starting epoxide., Such a

product could be accounted for by the dimerization of the starting
epoxide to gym-tetramethyldioxane, The dimerization of ethyleﬁé and
propylene oxldes to dioxancs 15 a known reacbion(u8).
AN
CHa?H THCHa
CHACHCHCH4 2 g
Y CHaCH [HOHs
\\O

Since the reaction of 2, 3-epoxybutane with metal alkyls produced only
negligible ylelds of carbinols, no major effort was made to prove the
above conjecture. Suffiolent evidence was obtained, however, to
11lustrate the complexity of this reaction, and its impracticality
as a route tona-methyloctanone-e.

Diethylmagnesium, free of magnesium halide, has been reported
(96)to glve a higher yleld of 3;methy1pentanol-2 with ¢iz-2,3-epoxy-

butane than it does with the trans-isomer. This would suggest that

the exclusive use of c¢is-2,3-epoxybutane would be required for

optimum ylelds in the present experiment. Since only traces of the
desired carbinol were obtained using the commerical mixture, which
contains substantial proportions of both c¢is and trans-isomers, the

results did not jJustify further investigation using pure cis-isomer,

2 A
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(7) From the Oxo Reaction In the past there h.s been
discusslon of a preparatlon of 3-methyloctanone-2 via an aldehydé,
2-methylheptaldehyde, obtained from the oxo reaction. The ovér~a11

scheme would be:

CHa

CsHyiCH=CH, —2XC csnnémcno
HaC OH H
e e i of 9
CHaMgX P CsH131CHCHCHy .2 — o CsHy 1 CHCCHa

The route has not been examined on a laboratory scale. Its cost 1is

discussed below.

(8) Relative Costs of the Most Practical Roubes Lu 3-Methyl-

octanone-2 A rough raw material cost calculation was made for the
preparatlon of the ketone'by the alkylation of butanone, assuming

a 55% yield of 3-methyloctanone-2 from l;brbmopenténe, the cost of
liquid ammonia negligible since 1t should bhe recoverable, and l-bromo-

pentane available at $1.15/1b,

Raw Material Cost(lb‘ Pounds rngired - Total cost

Butanone - $0.125 , 0.93 $0§ 116

1-Bromopentane 1.15 1.95 ' 2.24

Sodium 0.16 0.318  0.085
Motal raw material cost/lb of ketone $2.301

The highest single raw material.cost (97% of the total) is that of
l-bromopehtane. It would be desirable to obtain a firm price quota-’
tlon on this material in the required quantities. This is a one-

ntep‘route.




The preparation of 3-methyloctanone-2 vla 2-methylheptanonitrile
is based on proplonltrile which, while not at present avallable in
bulk, should easily be obtained at reasonable price by hydrogenation
over palladium of acrylonitrile at 25 cents per 1b or by the reaction
of diethyl sulfate at 19 cents per 1b with sodium cyanide at 19 cents
per 1b. The use of sodium 1n lliquid ammonla for the alkylation would
be both economical and easily handled on a large scale. This route has
been successful wlth l-chloropentane, the lowest priced of the amyl
halides. The overall yleld for the two-step route is 42%, corrected
for purity.

The ethyl acetoacetate route has consistently given ketone of
high purity (over 98 area-%) while the best material obtainable from
propionitrile has been about 91% pure. The former route stacts from
ethyl acetoacetate at 58 cents per 1b and involves two alkylations
with potassium in t-amyl alchol, which would be an expensive condensa-
tion agent, In order to obtain the yleld mentioned above, the alkyl
lodides were used. Alkyl iodides are expensive and not readily avail-
able. To approach an economical process, the iodine would have to be
recovered as potassium iodide. This would require additional processing.
While substitution of the lodides by chlorides would greatly reduce
costs, their use might appreciably lower the yleld. The use of bromides-
would be expected to lower the yleld somewhat and would alsc probably
require reccovery of the bromine as potasslum bromide to be economical.

The overall yleld for the three-step route from ethyl acetoacetate is
36%.



In past discussions of the oxo reaction route, 1t waé
taken for granted that the oxo aldehyde would be lnexpensive by
énalogy with common commercial examples. This line of reasoning
is correct only if heptene-1 1s avallable at a very low cost.
Humphrey-Wilkinson Co. 6f Nor?h Haven, Conn., qﬁoted a price to us
of $2.25 per pound in 16,500 pound lots for heptene-1l. While it
is acknowledged that this price is unrealistiec, it still might |
1ndicate that a gobd grade of the olefin would be fairly expénsive.
Sincg heptene-1 has an odd number of carbon atoms it 18 not likely
to be avallable from the dimerization of propylene or somé
similar reaction. This, plus the facﬁ that the oxo reaction woﬁld

. 3
give two products, CsHug;CHO and CsHj,31CH>CH»CHO, could make
2-methylheptaldehyde fairly expensive.

Once this aldehyde is obtained, two mofe steps are required
to.get 3-methyloctanone~2. The first of these 1s a Grignard
,feaction, which should go in good yleld. Grignard reacfions are
expensive, and, while they can be run on a lérge séﬁle, they preseht
some problems that are avoided‘by the more direct amylation of
butanone. The other reaction required, the oxidation of 3-methyl-

octanol-2, should present no problems,

f. Reaction'of 3-Methyloctanone-2 and 3,5-Dimethoxyphenyl-

magnesium Chloride This reaction proceeds to form tﬁékdesired,
2-(3,5-dimethoxyphenyl)-B-methyloctanol—e,‘but 1ts complication byAa
gide reaction was not discpvered until a large, prepgrative run was
made. | ' |

. »




H? ?Ha
MgC1l CHa? ~-CHCsHj 3

i THF
+ CHoOgHOgHy ———>— (@
M OMe CHa Me CHte

The results of the distillation of a 0.67 mole run are shown

in Table 2.

Table 2
DISTILLATION OF GRIGNARD REACTION PRODUCTS

Cut 1 Cut 2 Cut 3 Cut 4,
Boiling point, °C/mnm to 80/ 80-128/ 134-6/ 140-7/
0.35 0.45 0.25 0.25
Weight, g 26 .4 10.3 30.6 82.0
Products, area-%
3-Methyloctanone-2 5.8 9.1 25.6 3.9
1-Chloro-3,5-dimethoxybenzene 16.5 46.0
m-Dimethoxybenzene, 76.9
unknown 1.0 23.0 39.2 3,6
2-(3, 5-dimethoxyphenyl)-3- 8.5 30.4 92.5

methyloetanol-2
(desired product)

D-Dimethoxybenzene, which wag the majJor component in the first
fraction, was collected by VPC and identified by 1té—infrared Bpec-
trum. 'This product could only arise from the hydrolysls of unreacted
Grignard reagent. The amount obtalned represents about 23% of the
chloride used. In addition, 8% of the starting chloride was recovered
ﬁnchanged. The following conclusions were reached as a result of these

figures. First, Grignard formation could have occurred in as high asg

<

e
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92% of theory since only 8% of the starting chloride was recovered un-
changed. Second, only 69% of the chlorlde used ever Qas involved in
the formation of the desired product. 'This mcans that‘while the con-
version to product was only 50%, the yield was 73%. Third, since a
large amount of m-dimethoxybenzene (equivalent to 23% of thé‘starting
chloride) was recovered appérently,owing'to Gfignérd hydrolysié, a |
side reaction was competing with the Grignard'reagent for the ketone.

A dlsturbing feéture of the analytical results was the presence
of the very low boiling starting ketone in all the distillétion
fractions regardless of boiling point. It would seem uhlikély that
this was original unreaéted ketone but rather that it was forming
as a result of a decomposition elther during distillaﬁion br on the
VPC column.

The unknown component was collected by VPC and its infrared
spectrum obtained. It was not aromatic and its spectrum showed two -
carﬁonyl abosrptions and allphatic unsaturaﬁion. It was concluded
that this unknown is very likely an aldol condensation product of
S-methyloctanone-2 that undergoes thermal decomposition to the start-.
ing ketone on distillation.

The most reasonable explanation for all of th¢ above obserVationg
is éhat the Grignard reagent is greatly deactivated by the very power-
ful coordination effect of the tetrahydrofuran solvent and therefore
reacts slowly wlth the ketone, The Grignard intermediate ROMgCl is
known to catalyze aldol condensations(35). The followlng quotation
is from a paper(41) by Hickinbottom and Schliichterer. "The‘structﬁre
of the ketone 1s also an important factor (in condensation); those -

with an available hydrogen adjacent to the carbonyl and a slow rate of

38




reaction toward Grignard reagents condense more readily. If they
react with Grignard reagents which do not cause reduction, such as
the arylmagnesium halides, the formation of the condensation is still
more favored". Thus conditions are ideal for condensation, and in
this particular caserit competes very well with Grignard addition.

It was hoped that displacement of the tetrahydrofuran with a
higher boiling solvent of weaker coordinating ability, such as dibutyl
ether, or diglyme would Increase the reactivity of the Grignard re-
agent to a point where condensation could not compete. Unfortunately,
substitution of either of these solvenis resulted in no decrease of
the aldol side-reaction.

The side-reaction 1s perhaps the largest stumbling block in the
way of the use of 3-methyloctanonc-2. When 2-(3,5-dimethoxyphenyl)-
3-methyloctanol-2 is formed from the Grignard reagent and 2-methylhep-
tanonitrile and a subsequent Grignard step, no such aldol side-reaction

is possible.

c¢. Reactlon of 2-Methylheptanonitrile and 3,5-Dimethoxyphenyl-

magnesium Chloride: Synthesis of 2-(3,5-Dimethoxybenzoyl)heptane The

preparation of 2-methylheptanonitrile from proplonitrile was described
above in Section II.A.3.a.2. )

-

The reaction of 2-methylheptanonitrile with 3,5-dimethoxyphenyl-
magnesium chloride resulted in a 71% yield of 2-(3,5-dimethoxybenzoyl -

heptane, 9% area-% pure by vapor phase chromatography (VPC). -

W
O




o
MgC1 ' 0=C-CHCsHi:
y CHa
| + Coly by — .
™
MeO OMe ' MeO OMe '

The 1iterature!6) indicates that similar reactions of aryl Grignard
reagents with higher aliphatiﬁ nitriles have fesulted in the isolation
of aryl alkyl ketones in 80 to 90% ylelds. The probable reason for
the lower yield in this .ase is 1n§omp1ete Grignard formation,
Indications are that the reaction of l-chloro-3,5-dimethoxy-

benz;ne with magnesium has been producing Grignard reagent

in only 70 to 80% of the theoretical yield. Taking this into

consideration, the yleld of 2»(3.5~dimcthoxybcnzoy1)heptane
would be about 85%.

d. 2-{3,5-Dimethoxyphényl)-3-methyloctanol-2 from 2-(3,5-Di-

methoxybenzoyl)heptane (the Nitrile Route) The reaction of 2-(3,5-

dimethoxybenzoyl)heptane with methylmagnesium bromlde resulted in a
93.5%'y1e1d of.2—(3,5-dimethoxypheny1)-B-methyloctanol-e‘based on VPC
analysis of the cruect product. Distillatioﬁ resulted in the isOla—
tion of this product in greater than‘96 area-% purity.

‘HO CHa
[}
.CHa . HaC-C-CHCsH1y
0= éHCSHll ‘
+ CHaMgBr ———r—

MeO OMe MeO OMe
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It must be noted that the nitrile route to 2-(3,5-dimethoxyphenyl)-
3-methyloctanol-2 is.-the same as the ketcne route when the ketone is
prepared from 2-methylheptanonitrile., The only difference is the
order in which 3,5-dimethoxyphenylmagnesium chloride, 2-methylhep-~
tanonitrile, and methylmagnesium bromide are reacted with one another,
The over-all yield of 2-(3,5-dimethoxyphenyl)-3-methyloctanol-2 via
3-methyloctanone-2 prepared from 2-methylheptanonitrile and methyl-
magnesium bromide is 45%, while 1t is 62% when 2-methylheptanonitrile
is first reacted with 3,5-dimethoxyphenylmagnesium chloride and the re-
sulting 2-(3,5-dimethoxybenzoyl)heptane then reacted with the methyl-

magneslum bromide.

€. Comparison of the Two Routes to 2-(3,5-Dimethoxyphenyl)-3-

methyloetanol-2  The recommended vroute t£o this carbinol from 3,5-

dimethoxyphenylmagnesium chloride is the route via 2-methylheptano-
nitrile,.

The route via 3-methyloctanone-2 would be preferred if the self-
condensation of that ketone during the Grignard reaction could be
suppressed and if a really satisfactory and economical preparation of
3-methyloctanone-2 could be deviged. After a reasonable effort we
were unable to avoid the self-condensation and can see no solution to
that problem. Evaluation of the projected preparation of 3-methyl-

-‘octanone-2 from 2—methy1he£aldehyde prepared by an oxo reaction would
have to be made on the basis of cost information and estimation. Lab-
oratory work might not be very helpful on that question. It appears
qulte certaln from our'work during the first year that 3-methyloctanone-2
can never be obtained by the aldol reaction of valeraldehyde and
butanone unless a method for separating close-boiling lsomeric products

can be discovered, which 1s improbable.
h1




4. 2-(3%,5-Dimethoxyphenyl)-%-methyloctenes and 2-(3,5-Dimethoxy-

phenyl)-3-methyloctane ' The dehydration of 2-(3,5-dlmethoxyphenyl)-

3-methyloctanol-2 resulted in an 85% yleld of 2-(3,5-dimethoxyphenyl)-
3-methyloctenes-1 and -2 which was 95 area-% pure. According to the
infrared spectrum, the mixture was predominantly the terminal olefin
dl pair, The olefin mixture was reduced to the corresponding octaﬁ;
using 10% of 65% nickel-on—kieselguhr at 125°C and hydrogen at 1750-

2500 psig for six hours.

H Ha_ " -
CH inc H | iﬂa ZHS | f1s
oG- | o
i . n  CHa=GCHCsHia CHaG=CCsHj 1 CHaGHCHCsH,
2 .

Ha /N

=H0 - 7 .
Me Me and OJLQJLn
Me OMe Mel WMe 7 - Me OMe -

It was not possible to distinguish between the product and the
olefin mixture using VPC and infrared, but the litéfature(l) 1ndicates o
that ultraviolet will distinguish between these mateflalé. The‘example‘
in the literature irvolved 2-(3,5-dimethoxyphenyl)-3-methylheptene-2

and the corresponding heptane.

Ha ‘ o 1“3 | .
CHaC=CC4 Hg ' CHaCH HC4H9 -
.MeO Me : ~ Me _‘Me

They found that the saturated material showed a minimum in the ultra;
violet at 240-250 nytwhile the olefin did not. Our product showed
adsorption maxima at 272 and 278 mu and a minimum at 247 mm . The

starting materlal did not show a minimum.




Wé frequently experlenced difficulty with catalytic reductions
of ‘ntermediates in this serles, as have olher workera(l). We were
also unable to catalytically hydrogenolyze the carblnol, a sub-
stituted benzyl alcohol(s) using nickel-on-klieselguhr, copper chromite,
or platinum oxide catalysts, pressures ranging from 50 to 2500 psig,
and temperatures ranging from 30 to 250°C. These difficulties appear
to be due to 1nltilal poilsoning of the catalyst. The recommended pro-
cedure 1is to discard the catalyst after an unsuccessful hydrogenation
attempt and try again with fresh catalyst. One or two successive
treatments with fresh catalyst and hydrogen under pressure suffice to
remove the polson and the desired reduction will take place on the
next attempt.

This method of poison removal might also work on the direct

hydrogenolysis of the carbinol to 2-(3,5-dimethoxyphenyl)-3-methyl-

octane.
HO CHa GHa
HaCC~-CHCsHy 1 HaCCHCHCgH; 3
+ Hp = | + H20
N
Me Me Me Me

5.. 2-(3,5-Dihydroxyphenyl)-3-methyloctane (I) 2-(3,5-Dimethoxy-

_phenyl)-3-methyloctane was treated with 48% hydrobromic acid 1in
glacial acetic acid according to the Army Chemical Center's procedure,
& modification of the method of Suter and Weston(85). The procedure
permitted recovery of uncleaved starting materlal. The yield of
.cleaved product was 90% (98.5 area-% pure by VPC), with a conversion
of 78%.
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A sample of thls product, 2-(3,5-dihydroxyphenyl)-%-methyl-

oclLane, I, bp 154°C/0,25 mm, was dellvered to the Army Chemleal
Center on 19 January 1962.
B.  WITTIG ROUTE TO 2-(3,5-DIHYDROXYPHENYL)-3-METHYLOCTANE (I)

The Wittlg route was abandoned as beihg of no further practical
interest because it wags based on an expensive starting material and
~ because two key reactlons falled Lo take place to a reasonable ex-
tent.

'The route was based on the preparation ofv3,5-dimethoxyaeeto-

phenone and the Wittig.reagent from 2-bromoheptane and thelr expected

reaction to form the important olefin, 2-(3,5-dimethoxyphenyl)-3-

methyloctene-2, Cs

S
0=CCHa H300=C05H11

oo ,,
CsH;1C=PRa + )
: Me Me Me0 OMe

1. Preparation of 3,5-Dimethoxyacetophenone

a. From 3,5-Dimethoxybenzonitrile In the laboratory,
_the most convenlent prepafation of the ac?toghenone was from the
corresponding nitrilé, supplied for this work by the Chemical Corps,
The ultimate source of the nitrile is 3,5~dihydroxybenzbic acid;

which would be gn expensive starting material.

i
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3,5-Dihydroxybenzoic acid was methylated. The resulting 3,5-

dimethoxybenzolc acid was converted to the amlde and dehydrated to

the nitrile. The nitrile was reacted with methylmagnesium bromide

to form the deslred 3,5-dimethoxyacetophenone by a published pro-
cedure(ll) in a 64% yield. _
COOH COOH CONH 2 0=CCH3

J:i:l+ MEQSO4-91fi:l -H OJ:j:L CHaMgBr J:f:[
HO OMe Me OMe OMe MeO OMe

b. From 3%,5-Dimethoxybenzoyl Chloride This was a more

involved procedure and would probably not have been suiltable for
large-scale production because of prohlems associated with the organo-
cadmium reagent required.

3,5-Dihydroxybenzoic acld was methylated with dimethyl sulfate
to form(58) 3,5-dimethoxybenzoic acid. This was converéed to 1ts
acid chloride with thionyl ¢hloride by the method of Munch-Petersen(Sg)
in an 87% yield. The acid chloride was reacted with dimethyl eadmium

according to the gensral procedure of Cason and coworkers(la) in
64% yleld.

COOH coc1 0=CCHa )

. - CdMex
MeO OMe Me0 Me MeO Me




c. ng'Methyl Lithium Thils procedure was less satisfactdry

because of low ylelds.

Methy) lithium was reacted directly with 3,5-dimethoxybenzoic

acid in an attempt to make the acetophenone, but the highest yield

attained was only 35% (by VPC). 3,5-Dimethoxy-c-methylstyrene was

also obtalned as a by-product.

OL1
" :
cooH CH3COL1 0=CCHs CHo=CCH3

. Q:r 2CHsL1 — @ @ @
Me OMe OMe MeO OMe ‘Me0 OMe

Extra preéautions such as smaller metal particle size, use of a
Dry Ice condensér to avold loss of lodomethane during methyl l1ithium
formation, and the use of inverse additilon, did‘not improve the yleld.

2. Quaternization

The sequence of reactions desired ﬁas the reaction of 2-bromo-
heptane with a trisubstitutéd phosphine to give a quaternary phos-
phonium bromide thst would be dehydrobrominated with bﬁtyl 1ithiﬁm
to glve the ylene.

?r ‘ CHa

, CHa
i +
CsHiiCHCHa +-PRs —4- [CsHy;CHPRs] Br~ LiCsMg

\ _
CsHy 1C=PRs

The large amount of premature dehydrobromination accompanying

~the quaternization step was the main reason for‘abandoning further
_work on the Wittlg route.

o




a. 2-Bromoheptane 2-Bromoheptane wan prepared in two

steps from hexanal by treatment with methylmagnesium bromide to
produce 2-heptanol, which was then treated with phosphorus tribromide,
The respective ylelds were 87% and 88%.

o Br
- \ P 1
CsHyyCHO + CHaMgBF ——~ CgHy 3 CHOHa ~—— D25 CsHy s - CHCHg

TLeter 1t wag posnit e to purchase the bromide directly.

b. The Competition between Quaternizatlon and Dehydro-

bromination Wittig reacticns are normally run with triphenyl-
phosphine as the trisubstituted phosphine. Since this reagent is

relatively expensive, it is a severe disadvantage that the final

oxidation product, triphenylphosphine oxlde, cannot be reduced back

to triphenylphosphine and recycled. For this reason, some of the

experiments were run on tributylphosphine: Tributylphosphine oxide

can be reduced and recycled.

Isolation of heptene-l and heptene-2 from attempted quaternization

reactions demonstrated that the following competition was taking place.

CHa
+ 1
gr ///’)( RaPCHCsHy1| By~
_ - -Rap + CHgy HCHQCQ,Hg
+ .- -
\\\\“x [RaPHIBr™ 4 CHaCH=CHC4Hg

(also + CHa=CHCHzC4Hg)

The experimental results are summarized in Table 3.
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The heptene formation was not due to simple thermal decompo-
sition of the alkyl bromide since the heating of 2-bromoheptane
at 110-120°C for 66 hours resulted only 1n recovery of the halide.
VPC.indicated that no heptene was formed.

Lowering the reaction temperature favors the desired reaction;
however, with tributylphosphine, the amount of heptene formed even
at lower temperatures was still too bigh to make ite use practical
In the synthetic scheme under investigation. With triphenylphos-
phine, lower temperatures gave almost exclusively the desired
reaction, but the reaction time required to obtain complete
quaternization would be prohibitive on anything other than a very
small scale, even if the desired product were formed in the subse-
quent step. Comparison of phe uge of the two phosphines in the
reaction indicates that much more dehydrobromination 1s observed
with tributylphosphine than with triphenylphosphine. This is not

unexpected in view of the bgsicities of the two materials [pK, of
BusP 18 8.4 vg pK, of gaP or 2.73(39))

hy
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has been recently reviewed

3. Ylene Formation and the Attempted Wittig Step

After the premature dehydrobromination was‘understood, a flnal
attempt at ylene formatlon and reaction with 3,5-dimethoxyaceto-
phenone was made. Careful examination of the final reaction mixture
on a high-temperature vapor phase chromatograph showed no significant
quantity of product with the retention time of either of the two o
isomers of the'authentic'2—(5,S-dimethoxyphenyl)-3-methyloctene—2.

- The conclusion 1s unavoldable that attempts to make the desired
Intermedliate vlia the Wittlig reactlon have been unsuccesaful and offer
no promise, as far as can be séen. o ‘
C. THE MEERWEIN REACTION ROUTE TO 2-(3, 5-DIHYDROXYPHENYL) - 3-METHYTL-
OCTANE (I |

The Meerwein reaction is the arylation of olefins with diazonium
salts with the evolutilon of‘nitrogen. The halogen 1s usually lost

and in most cases the product isolated 18 the olefin. The reactlion

The application of this reaction that was proposed for the
present problem was the reaction of 3,5-diméthoxypheny1diazon1um
chloride and ethyl 2-ethylideneheptanoate.

| L V ?sﬂll 1 -
NHz ‘ Nz"Ci " QsHia CHSCH"?"COEEt

HC]. i c1 | -
LQ NaNO, Q CHaCH=C-~ COaEt . ___‘_gﬂ‘)_
OCHa OCHg » o : ‘ .

b -
CH:; CHS
CHs csull '
‘/
« I
CHs0 QCHg

(74) | | ~ )




This reaction was run once, but was unsuccessful. The unsaturated
ester was tried first because 1t was most readily obtalned, but a
much more reactive class of oleflns are thecﬁyétunsaturatcd nitriles(7 ).

Any future work should involve the use of anc{vétunsaturated nitrlle.
1. Preparationrof Ethyl 2-Ethylidencheptanoate

a. Ethyl 2-Acetxlhgptanoa§g Acetoacetic ester was

alkylated with 1-bromopentane to ethyl 2-acetylheptanoate 1in 59% yield.

0
1 1l
CHaCCHoCOOEt + CsHy Br —> CHQCC;HCOOEt

CsHya

The VPC of the product showed three peaks consistent with the

assignments given in Table 4,

Table U
COMPONENTS OF ETHYL 2-ACETYILHEPTANOATE

Retention
Time, min. Area-z Assignment
4,1 b enol with alkyl HO, _ COOEt
groups cis :C=C\
HaC CsHya
Q
5.5 93 keto form CHaé?HCOOEt
CsHiy
7.7 3 enol with alkyl HO ’Csﬂll
groups trans C=C

HaC”  “CQOEt
The assignment 1s made on the basls of the following assumptions:
the enol form with the alkyl groups cls would be more prone to lntra-
molecular hydrogen bonding between the proton of the hydroxyl group




. _-.-'_‘] )

and the carbonyl group than would the other enol form, so the form
with alkyl groups trans would be expeoted to boll higher than its
geometric isomer, or than the keto form, if the Intramolecular hydro-
gen bonding 1s suffioiently inhibl ted.

b. Ethyl 2-(1-Hydroxyethyl)heptanoate Ethyl 2-acetyl-

heptanoate was catalytically reduced to the desired hydroxyester in

"Qh% yleld.

CsHjya CrHll
CHaCOCHCOOEE + Hp ~——y~ CHaCHCHCOOES
OH
Although the infrared spectrum of this compound was qulite con-
sistent with the proposed structure; the VPC showed two major com-

ponents:

Retention Time,

min. | Area-ﬁ , Asslignment

1.5 : 1.2 -

2.4 , 4.7 Ethyl 2-acety1heptanoate
(starting material)

3.1 2.1

3.4 , 52.0

The 3.1- and 3.4-minute peaks Wererincompiétely resolVed, so thelr

proportions relative to one another could not be measured exactly.
They are, at least, of approximately equal concentration.

) Examination of the structure of ethyl 2-(l-hydroxyethyl)-
HO CsH11

CHa-fﬂ %ﬂ -COCEt

dissimilar asymmetric centers and thus would exlst as two 41 pairs.

heptanoate, s Shows that the compound contains two

The ratio of intramolecular and intermolecular hydrogen bonding

between the hydroxyl proton and the carbonyl oxygen again plays a




part. It can be shown that the two dl pairs would have different
possible conformations with respect to thls hydrogen bonding pos-
sibl lity. VPC would not be expected to resolve enantiomorphs in

either pair but might very well have separated the two pairs.

c. Ethyl 2-Ethyl)deneheptanoate Ethyl 2-(1-hydroxyethyl)-
heptanoate was recovered unchanged, no dehydration to any unsacu.aveu
ester having taken place when the mild dehydrating agents, dry
hydrogen chloride, iodine in refluxing benzene, and fused potassium
acid sulfate, were used.

When the stronger agents, phosphorus pentoxide and phosphorus
oxychloride, were used, dehydration to the desired o S-ester occurred,
accompanied by varylng amounts of the/g,7¢ester, ethyl 2-vinylheptanoate.

OsHia ?SHLL CsHja

CH3%?CHCOOEt -H20 ~——r CHaCH=CCOOEt + CH2=CHCHCOOEt
H

Et 2-ethylidene- Et 2-vinylhepta-
heptanoate noate
" ﬁ-ester“ "ﬂ,'f—ester"

The ethyl 2-vinylheptancate was successfully eliminated from
the products by running the dehydration with phosphorus oxychlorlde
in pyridine. This reagent pair introduced two new components, which
turned out to be the two dl pairs of ethyl 2-(1-chloroethyl)heptanoate.
The final solution was to dehydrate with phosphorus oxychloride in
“pyridine and then treat the mixture with the stoichiometric quantity
of ethanolic potassium hydroxide. Distillation of the resulting
reaction mixture resulted in the isolation of ethyl 2-ethylidene-
heptanoate in greater than 98 area-% purity. The overall yield,

based on the starting ethyl 2-(1-hydroxyethyl)heptanoate, was 76%.




d. A temptecd Mecerweln Reaction The prcparation of 3,5-

dimethoxyaniline by the benzyne reaction on l-chloro-g,h-dimethoxy-
~ benzene has been discussed earliér, section II.A.l.c.
The reaétion'of 3,S-dimethoxyphenyldiazonium‘chloride with ethyl
2-ethylideneheptanoate in aqueous acetone using cupric chloride as a

catalyst resulted in recovery of 86% of the starting unsaturated edter.

It appears Lthal dlaze pealng weie the npineipal products of tho'rcgcﬂrm.
?5“11 ' CsHia
NH2 Nztgq- CsHyy CHCC1COOEt CH30=éCOOEt
\
CHaCH=CCOOEt w . -
Q2= 0, = 2
MeO Me MeO Me MeO OMe MeO OMe

The‘unsaturatea ester was tried for the first attempt with the
Meerwein route because it was the most easily obtained.' A much more
reactive class of olefins is the‘dvéLunsaturated nitriles(B). A
future attempt with the Meerwein reaction could involve the use of
2-ethylideneheptanonitri1é, which could be prepared from ethyl
2-ethylideneheptanoate:

95511 ' ?5“11 ?5H;1
CH3CH=CCOOEt =3 ~ CHaCH=CCONHs -~ CHaCH=CCN

To test whether this approach has any promise at all, a model

experiment could be conducted with crotononitrile.

Noterm © CHaC=CHON |
(ﬁ]\ + CHaCH=CHON —— Q S
Me OMe o Me0 Y bwe |
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HENORMATSKY RENCTION ROUVE TO 2-(3,5-DINYDROXYPHENYL) - 5-METHYLOCTANE( 1)

The Reformatsky reaction is the reactlon between zinc, an
A-bromoester, and an aldehyde or ketone resulting in the formation
of & ﬁLhydroxyester. The reactiép has been reviewed(BO);

fhe Reformatsky route to the desired resorcinol depends on the
reaction of ethyl 2-bromoheptancate and 3,5-dimethoxyacetophenone
to form ethyl 2-aﬁy1—3-hydroxy-3(3,5-d1methoxypheny1)butyrate, an

inftermediate that could bo converted Lo the desired resorcinol by a

number of simple steps.

HaC CsH, 4
COCHg HO-C-CHCO,HEL
Br
CsHi 1 CHCOEL + —
CHa OCHs CHa OCHa

The preparation of 3,5-dimethoxyacetophenone had already been
gtudied during the work on the Wittig route.

Ethyl 2-bromoheptancate was purchased directly.

The reaction between ethyl 2-bromoheptancate and 3,5-dimethoxy-
acetophenone was carried. out once with apparently negative results,
as 1t appeared that the starting materials were recovered on distilla-
tion of the reaction mixture, but on re-examination of the reaction
products, it was established by VPC that the recovered ester had a
distinctly lower retention time than the starting ethyl 2-b39mo-
heptaﬁoate. ]

Since the literature indicates that in some cases/flhydroxy-
esters undergo cleavage on heating rather than dehydration, it is
considered possible that ethyl 2-amyl-3-hydroxy-3(3,5-dimethoxyphenyl)-
butyrate_was'acbually formed and decomposed on distillation to 3,5-
dimethoxyacetophenone and ethylheptanoate.

[
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HO CsHy4

COCHg CHa-E-CHCO00EL
AN
CsHa IEHCOOEt, o+ —— ———
r Meo” ~ OMe MeO” X 0Me ?
COCHa

CsHj 1 CHaCOOES + I:i:lo
MeO Me

An example(93) of this type of decompogltlon would be that of

& -(1-hydroxy-3-methylcyclohexyl)propionic acid.
HO
CHsa

HaC ’H-COOH —y
A

HaC, 0

+ CHaCH2COOH

Such & course appears reasonable 1n view of the observatiqns
made during distillation of the crude product. The distillation
regulted in two small fractions, one of which was anyester and the
other 3,5-dimethoxyacetophenone. The main fraction was very high
boiling: 150-160°C/0.4 mm. Redistillation of the high-boiling
fraction resulted in larger amounts of the ester and ketone and’

2 smaller high-boiling cut. Each subseQuent distillation had the
“same result. From this it appears that the qistillation‘was resulting

in decomposition. VPC's on the crude product before distillation

were inconclusive since the column tempefature required,‘310°c, also

caused decomposition. However, even with this decompositién, a |

component with a retention time that was reasonable for the desired
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ethyl 2-amyl-3-hydroxy-3(3,5-dimethoxyphenyl)butyrate was shown
to be present in 26 arca-%.
This decomposition could be circumvented by conversion of

the halozinc intermediate to a chloride without hydrolysis(IO).

Hs? ?5H11 Ha? C5H11
BpZnON-CHANORE C1C-CHCOOEt

SOC15 J[f:l
MeO Me i Me0 OMe

The chloride could be dehydrohalogenated or hydrogenolyzed.

Alternatively, the halozinc intermediate could be dehydrategd

before hydrolysis(SO).

HaC CsHia 95H11
Brznot-CHCOOE: CHaC=CCOOEL
' 4+ Zn(OH)Br
MeO OMe MeO Me

Finally, the crude alcohol could be hydrogenolyzed at tempera-

tures below the decomposition paint.

Ha? CsHia - ?5“11
HOC-&HCOOEt CHsCHCHCOOES
Ha
catj
MeO OMe MeO OMe
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E. PHOSPHONATE CARBANION ROUTE TO 2-(3,5- DIHYDROXYPHENYL.-%-METHYL-
OCTANE (I) | '

The route started from 3,5- dimethoxybenzyl halide, which would
be reacted with trlethyl phosphite. The resulting phosphonate
carbanion was methylated and added to e—heptanone, The addition of
phosphonate carbanibns to carbonyl compounds has recently been des-

cribed by Horner and coworkers(uu) and by Wadsworth and Emmons in
“this country(ge).

CHeX ?HQP(OEt)z CHSFHE(OEt)z
| + P(OEE)  — NaH,  OHeX, OKEL
Me Me MeO Me . . Me OMe
“ Hy
CHaC=CCsHi,
0
NaH CHaCCsHay

MeO OMe

The investigation had three separate’phases: (1) the alkylation
of the phosphonate‘carbanion; (2) the application of the olefin .
synthesis for ﬂhe introduction of the desired side-chain: and (3) the
preparation af 3,5-dimethoxybenzyl hallde, for which no economical

preparation was avallable,
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1. Diethyl 1-Phenylethylphosphonate Introduction of the side-

chain was 1lnvestigated using an unsubstituted benzyl halide as
a model compound since the two methoxy groups should have 1ittle

or no effect on the olefin synthesis. The following sequence was

Investilgated:
- . E
GHoC1 cHaP(OEt )o CHaCHP(OEt )2
© + P(0Et)a —s _NaHl > NaH :
Me S04 8
CHalC oty 5
XTI XII
Ha( CHa
C= CsH11

+ (EtO)gg(ONa)

Diethyl benzylphosphonate, XI, was prepared in 97% yield by
the reaction of benzyl chloride with triethyl phosphite. This
product was then treated with sodium hydride and dimethyl sulfate
in 1,2~dimethoxyethane at 60°C. An exothermic reaction took place
and hydrogen was evolved. Since the desired product, diethyl .
l-phenylethylphosphonate, XII, and the starting material differ
by only- a methyl group, it was felt that separation by distillation )
vould be impossible and the reaction would have-to§be quantitative
to be of any value. In order to have an authentic sample of XII for

comparison, triethyl phosphite was reacted with (l-bromogthyl)benzene.
CHa(HBr CHaCHP (OEt )2

”
< + P(OEt)a




Samples of diethyl benzylphosphonate and the methylated‘pfoduét
prepared by the two different routes were compared, but the dif-
ferences in boiling point, refractive index, and retentlon time
were too small to demongtrate that reactlion had taken place

quantitatively. Later, VPC conditlons were worked out that gave

resolution of XI and XII. Under these conditions, VPC showed that the

methylation had only proceeded to the extent of 25%.

As another model reactlon, a butylation of XT was ecarried out,
using dibutyl sulfate, which had been prepared by the Organie
Synthesis proqedure(Bﬁ). This resulted 1n an 82% yield of diethyl
1-phenylamylphosphonate having a retention time readily distinguish-
able from that of the unalkylated diethyl benzylphosphonate (19.5
minutes compared with 9.2 minutes). | B

The reason for the contrast between the 82% yield on butylation
and the 25% yield on the desired methylation is not known.

2. Attempted Preparation of 2-Phenyl-3-methyloctene-2

Before investigating the alkylation further, the olefin-producing
step was studied because if it falled, this entire route would have to

be abandoned. In order to have an authentic sample of 2-phenyl-

"~ 3-methyloctene-2 for comparlson, phenylmaghesium bromide was

reacted with 3-methyloctanone-2 and the resulting alcohol dehydrated.
However, VPC and infrared analyses indicated the product to be
largely the terminal olefin, 2-pheny1-B-methyloctene-l, instead

of the desired lnternal oiéfin.

. Haf CHa CHa
MgBr o CHa HO-£-CHCsHa 1 CszgéHCSHu
|

4 I . =
@ + GHaC-CHCsHyz —» — m L,
Y ~ A D,
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The diethyl l-phenylethylphosphonate used in thils work was
prepared from l-phenylethyl bromlde and triethyl phosphiteias out-
11ned above and was greater than 99 area-% pure by VPC,

The reaction of this phosphonate with 2-heptanone'and sodium
hydride in 1,2-dimethoxyethane was carried out twice following
the literature procedure(92). The‘reaction proceeded as described,
but on work-up, the residue obtained would not distil at 125°C/0.% mm.
'he desired 2-phenyl-s-methyloctene-2 should boll al aboul 80°¢/

0.3 mm. After looking at the mechanism proposed for olefin forma-
tion,' a possible reason for failure in this case was considered.

The mechanism of the reaction 1is:

(&)
$crz P ert
0 @@ R"5C=0 (RO)2 -?Rﬁ ——us (RO)2 _?Rﬁ
(RO)2#CHR'2 + NaH-—Eb(Ro)a CR'y —— o R *1;‘”’ b-CRa
XIII i A&~ XIV
"

RGC=CR;  + (Ro)z-g-o9 !
While previous workers(4”,92) used generalized equations, they did
not show any examples that led to tetra-gsubstituted olefins. In our
case one R'-.is phenyl and the other methyl, and one R"- 1is methyl
and the other amyl. This might mean that in this lnstance, for
steric reasons, XIII could not assume the spatial arrangement necessary
for breakdown to the desired producte or, if the reaction proceeds
thrqugh a four-center transition state as shown in XIV, that the steric

—_

requlirements of the groups involved prevent its formation. This would

mean that the reactlon would stop at XIII and hydrolysis in the work-

up would lead to 0 eHs

(E£0) 2 b— —CHs
HO-—(I)-—-—CHS
CsHiy
Xv
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which would be a high-bolling liquid. It is 1nteresting to noﬁé
that when this reactilon 18 carrled out in a protoh-donating solvent,
products of the type represented by XV are obtained(63).

In an attempt to decompose an intermediate such és XV, the
reaction was rerun at a higher temperature with 1dent1¢a1 negaﬁive
results. | 7 |

vlelln synthesis by tle phusphonabe‘carbanlon reaction may not |

be feasible in thils instance,

3. Attempted Preparation of Orcinol from }-Chloro-m-cresol

The final phase of this route 18 the de elopment of a practiéal
route fo 3,5-dimethoxybenzyl halilde. 3;5-D11ethoxytbluene (the
dimethyl ether of orcinol) might be a usefu” intermedlate since
it might undergo side-chain chlorination t. .orm the desired
benzyl halide directly or 1t could be converted by oxidation'to
3,5-dimethoxybenzoic acid, which could then be converted to the
desired halide. \

HzCl ’ -
Me . OMe
A .
Ha >B;>”
Me e
\fcz) OOH 2Cl
(H) C1,
’Me Me Me OMe
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In order for theme preparationg of 3,5-dimethoxybenzyl chloride to

have a practical value, an lnexpenslive route to orcinol dimethyl

elher would be necessary.

A scheme was devised starting from

m-cregol at 60 cents/l1b, as outlined below.

Me 28 04

b

ONa MeO

?Hs Hs Ha H3
G@ Clz Me 2S04 NaOH
— —— —_——
H H NaOH Meo H20 Mo
1

o 350°0

Ha

Me

The first step was not carried out in the laboratory since it was
possible to purchase l-chloro~m-cresol. The second step was
carried out and resulted in a 92% yield of 3-methoxy-U4-chloro-
toluene.

The critical step is the third step, which 1s an aqueous
benzyne reactlon, Bottini and Roberts(ls)have investigated
the 1liquid phase hydrolysis of halotoluenes and found that at
350°C the mechanism of reactlon involves a benzyne liitermediate.
Since previous workers(47)have shown that the reaction of 3-
methoxybenzyne intermediates gives exclusively m-disubstitution
products, 1t seems reasonable to assume that the basic hydrolysis
of 3-methoxy-4-chlorotoluene under benzyne conditions might lead

to the desired product.

FHa Ha Ha
d@ . NaOH
> —
Me %1 350°C | Me 7 Me Na

The reaction of 3-methoxy-4-chlorotoluene with 4M sodium
hydroxide at 340-350°C for two hours in an autoclave resulted in

a 46¢% yleld of m-cresol as the only identifiable product.
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h. Conclusion; on the Phosphonate Carbanion Route

! None of the three phases of the lnvestligation of this route gave

favorable results. The alkylation of the phosphonate ecarbanion with a

e,

methyl group gave a very poor yleld, the olefin synthesis step was
i unsuccessful, and one scheme to prepare the 3,5-dimethoxybenzyl

hallde failed. Each of these three phases would have to be satisfac-

tory for the routc ﬁo be fcasible.

F. ROUTE TO 2-(3%,5-DINYDROXYPHENYL)-3-METHYLOCTANE (I) VIA DIRECT
- RESORCYLATION OF BUTANONE

This route depends on the formatlon of the anion from butanone
by a strong base and its interaction with the benzyne derived from
1-halo-2, 4-dimethoxybenzene. The resulting ketone would be reacted

with amyl Grignard to form a carbinolrpreeursor of the desired

intermediate. ‘
x . ' g~ .
- y CHaCHCOCH3
L NaNHoH, — »
MeO ) MeO Me . B
9 CHaz .
CHaCHCCHs CHaCH-Q‘CSHll i
. OH :
) C!5H11ng
Meo/ Me Me OMG

1. Preparation of 1-Halo-2,Y4-dimethoxybenzene Starting Materials

The preparation of l-chloro?Q,H-dimethoxybenzene from k-chloro-

resorcinol was repeated on a 4.4-mole scale. The yleld was 78%.

CH
I-
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1-Bromo-2, i-dimethoxybenzene was prepared from 4-promoresorcinol

by the same route on a 0.5-mole seale, in T1% yleld.
’ X

X
ﬁx 4+ Me oS04 .._—;6©;
H H M Me

2. Attempted Resorcylation Reactions in Liquid Ammonia

Six attempts were made to prepare 3-(3,5-dimethoxyphenyl)-

butanone-2 by the resorcylation reaction(52) in the liquid ammonisa

system.

| CH3 GHCCH,
/"\ /x e
I+ NaNHo/NH, - CHaCHCOCH,
Meg” > OMe MeO oMl T Me

The results are summarized in Table 5. I{ 18 apparent that the re-

OMe

action has proved unsatisfactory. Only trace quantities of the
desired ketone have been isolated. Unfortunately, the major reaction
product has been found to be 3,5-dimethoxyaniline, which results from
the attack of amide ion on the transient benzyne intermediate.

Concern about the possibility of rcaction at the wrong point on
the butanone chain proved to be Justified. -Examination of the products
of these runs with programmed VPC revealed the presence of 1-(3,5-d1-
methoxyphenyl)butanone-2, XVI, in trace amounts relative to the desired
3-(3,5-dimethoxy)butanone-2. 0

CHa&CHECHa

Me OMe
XvVi




Table 5

«simeng K.

RESORCYLATION REACTIONS IN THE LIQUID AMMONIA’SYSTEM

Experiment No.

1 2 ) oy 5 6
Reaction Conditions |
Tﬁo-flask procedure X X | X
One-flask procedure o ' y S X
Reaction time, min. ' 15 90 16 30 - 30 15

Starting Materlals

1-Chloro-2,4-dimethoxybenzene,moles 0.25 0.25 0.25 0.25 0.25
1-Bromo-2,h-dimethbxybenzene;'moles o . 0.25 ‘
Butanone, moles ~0.50 '1.25 1.00 0.75 0.75 0.50
Sodamide, moles © 1,00 1.50 1.50 1.25 1,25 1.00
Liquid ammonia, ml 1200 2400 1400 600 600 800
Reaétion Products
3~(3,5-Dimethoxyphenyl )butanone-2 | | | -
(desired product) % yield 1 0 2 b 4 3
- 3,5-Dimethoxyaniline, % yield .38 0 30 32 65 b2
1-Halo-2,4-dimethoxybenzene,
recovered starting materlal, : o
% yleld 37 98 59 k6 23 kg
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a. Experiment No, 1 Thls reactlon was carried out using

the stolchiometry and reaction conditions found by Leake and

Levine(52) to be most favorable in forming %-phenylbutanone-2 from

bromobenzene and butanone.

b, Experiment No, 2

Just sufficlent sodamide was used in

Ehis run to geﬁerate the benzyne and the ketonic carbanion. It is
significant that apparently no benzyne formed, since no trace of
3,5-dimethoxyaniline could be deteéted in reaction product. This
suggests that it 1s necessary to have sodamide 1n excess of the
améunt theoretically needed to dehydrohalogenate the 1-halo-2,4-
dimethoxybenzene and promote subsequent reaction.

c. Experiments No, 4§ and 5 Thege runs were carried out

under identical conditions, except that in experiment 5, l-bromo-2,4-di-

methoxybenzene was substituted for its chloro analog. The

bromo compound was found to form the benzyne more readily and to a

greater extent than the chloro compound. Unfortunately, this 1s

manifested in increased yield of the aniline and not of the desired

reactlon product.

d. Experiment No. 6 This run was carried out via the one-flask

method also described by Leake and Levine(52),

- e. Interpretation of Results Recent consultat{gn with

Dr. Robert Levine, whose original work on the phenylation of active
hydrogen compounds suggested this route, revealed the followlng

discouraging information.

Substitution of the benzyne with methoxyl groups appears to

favor the formation of the aniline derivative at the expense of
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the desired product derlved from the ketone anion, Thus, reaction
of the benzyne derived rrom bromobenzene with the anlon from
butanone led to the 1solatlon of 75% ylelds of 3-phenylbutanone- 2(52)
but when the benzyne source was g—bromoanisole, the yleld of
phenylated ketones dropped to between 15 and 20%, and'tﬁe major
reaction product was found to be mwanisidine(75). The results

reported here for the benzyne substituted with two methoxyl groups

are concistont with that trend. ‘ S

3. Attempted Resorcylation Reactilon in Diglyme

The reaction was carried out in the same manner, except that
diglyme was substituted for liquid ammonia a8 the reaction solvent.
The desired 3-(3,5-dimethoxyphenyl)butanone-2 was formed in only %
yield, 5,5~ dimethoxyaniline was absent, and 71% of the starting halide
was recovered.

In addition to the desired ketone, two other ketones were formed
in trace amounts. Infrared spectra indicated these ketonee to be
1-(3, 5-dimethoxyphenyl)butanone-2 (XVI) and either 1-(2,4-dimethoxy-
phenyl)butanone-2 (XVII), or 3-(2,h—dimethoxyphenyl)~butanone-2 (XVIII).

) HaC O
CHzéCHgCHs - @:&HE‘:CHs
- - MeOJ:IOM_e Me0™ ¥ “OMe -

XVII XVIII

Compound XVI results from resorcylation on the active methyl group of

butanone, while XVII or XVIII result if reaction proceeds by direct
substitution.
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ln summary, Lhe use of diglyme as a solvent for resorcylation

veactlons was Ineffective, Apparently direct substitution occurs to

a nmall dogree in this solvent,

Y, Use of Lithium Alkyl Amides

In most cases in the 1iquld ammonia system, when reaction tqpk
place, the principal product was 3,5-dimethoxyaniline, The benzyne
intermediate apparcntly rcacted quite readjly with amlde ion. It
appeared that the use of a base more hindered than amide ion might
lead to more favorable results.

Gilman and Kyle(32) have reported the use of 1lithlum dibutyl-

amide in ether on o-chloroanisole to obtaln a 48% yield of m-methoxy-
dibutylaniline.

c1 ¢
+ LiNBug B0
OMe e

It 1s interesting to note that lithium dialkylamides react with

Buo

aryl halides to form N,N-dialkylanilines on a mole-to-mole basis(32’u5),

while sodamide reacts with aryl halides to form anilines on a 2:1

mole basis. It was hoped that this new approach would eliminate

the previously-encountered complication caused by the presence of
excess amide ion.

This base-solvent system was applied to the Resorcylation Route,
but the results were very disappointing,

The reaction products included recovered l-chloro-2,4-dimethoxy-

benzene (414 recovery), a mixture of lsomeric ketones (5% yield), a

trace of what appeared to be 2,2', 4,4 ' tetramethoxybiphenyl (coupling
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product), and the major reactlon product, shown by infrared to be
3,5-dimethoxy-N,N-dibutylaniline in excellent purlty and 4% yleld.
The infrared spectrum of this compound exhibited 1,3,5-substitution

on the benzene ring. 5,5-Dimethoxy—y,ﬂ—dibutyianiline is a new com-

pound.
o (CaHg) 2
7 O3
i ¢ LAN(Callg)e — B/“] C5CHCOCH 7
He0” > ome ’ |MeU” " OMe MeO™ S\0Me -
cnsg HCHa
Me Me

The ketonlc portion of the reaction products was composed of
four isomeric ketoneg. VPC was used to trap two of these ketones in
~good purity, but the remaining two ketones could only be trapped as
an unresolved pair. Infrafed study of these ketones indicated the
presence of & pair exhibiting l,e,u—subatitution on the benzene ring,
and a second pair exhibiting 1,3,5-substitution. The first pailr
~would result from direct gubstitution, and the second pair from attack
on a benzyne intermediate., Since the combined yield of 1Boméric ke~
- tones was 80 lew, no effort was made to deternmine which of the ketonés,
exhibiting 1,3,5-§ubst1tution was the desired ketone. VPC and ihfrared
indicated that the 1,2,4-ketones were predominant. The four possible

ketones are the desired 3-(3,5-dimethoxyphenyl)butanone-2 and XVI,
XVII, and XVITII. ’
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In view of the dlscouraging results, further investigation of

the Resorcylatlon Route did not seem warranted.

G. SYNTHESIS OF 2-(3,5-DINYDROXYPHENYL)-3%,4-DIMETHYLOCTANE (1)

The synthesis 1s based on the reaction of 3,5-dimethoxyphenyl-
magnesium chloride and 2,3-dimethylheptanonitrile:

MgCl -
NaNHn E 3 /s
CHaCHeON + CHalHCeHe gz > CaboCIICHCN S
Br Men) OMe
{mwub H HﬂLC cg@ CH mHe
8
HO— C4H9 —_
MeO M Me HO H
11

1. 2,3-Dimethylheptanonitrile

Propionitrile was alkylated with 2-bromohexane to result in the

isolation of 2,3-dimethylheptanonitrile of 97.1 area-% purity in 51%

converslion. Since a portion of the 2-bromohexane was necovered the

overall yield was 57%.

2. 2-(3,5-Dimethoxybenzoyl)-3-methylheptane

2,3-Dimethylheptanonitrile was reacted with 3,5-dimethoxyphenyl-

magneﬁihﬁ chloride to form 2—(3,5—d1methoxybenzgyl)-3-methy1heptane-

in about 504 yleld. The presence of two dissimlilar asymmetric centers

in the product causes the formation of two dl1 pairs, so VPC rcoults

were inconclusive.

KA

3, 2-(3%,5-Dimethoxyphenyl }-3,#-dimethyloctene-1

This compound was originally approached via a QGrignard reaction

1
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of the ketone 2-(3,5-dimethoxybenzoyl)-3-methylheptane with methyl-
maghesium bromlde. When the dehydrafion of the resulting carbinol
compllcated, the Grignard reaction was replaced by a Wittig'reaction

of the same ketone wlth trlphenylphosphine methylene.

a. 2-(3,5-Dimethoxyphenyl)-3,4-dimethylocianol-2 by a Grignard

Reaction 2-(3,5-Dimethoxybenzoyl )-3-methylheptane was reacted with

methylmagnesium bromlde to form 2-(3,5-dimethoxyphenyl)-3, b-dlmethyl-
octanol-2, which was separated by distillation but not further charac-

terized.

b. Attempted Dehydratlon of 2-(3,5-Dimethoxyphenyl)-3,4-dimethyl-

octanol-2 The carbinol was dehydrated by heating with iodine to

form, if there was no rearrangement, a mixture of the cis and trans

isomers of the internal olefin and the various stereoisomers of the

terminal olefin containing two asymmetrilc centers:

HaC ?Ha HaC CHsa |
w3$$mm ‘ .ch=£mmmg
? F
and
MeO OMe " MeO OMe
“cis and trans - 2 dl pairs

VPC was inconclusive since the above mixture could show as many as |
four components; two arising from the c¢is and trans forms of»the
1nterha1 olefin and two being the result of the two dl pairs

possible for the terminal olefin,
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The VPC dld show four components; however, none of these showed
terminal double bond absorptlons in the Infrared, From this it
must be concluded that, at most, only two of the components repre-
sent the desired product. The most likely explanation would be
that dehydration of the carbinol was accompanied by isomerization,
"In order to circumvent this difficulty it was felt that a
method of dehydratlon had to be found in which no 1somerization

cccurrcd. The first conslderalion was given to acetate pyrolysis.

The cprbinol wag never converted to 1ts acetate., Difficulty was
encountered 1n the converslon of the corresponding carbinol to acetate

for resorcinol IV (see below) and at that time it was suggcsted by the
Project Offlcer, Donald H. Wadsworth, that the Wittlg reaction on the pre-
decessor ketone be consldered for preparation of the olefin.

¢. Olefin-formation by the Wittlg Reaction The use of the

Wittig reaction completely ellminated dehydration and its accompanying
isomerization.

|
(CeHs )aP=CH> + o=“AHCHC4H9 —>» CHz= cncuc4H9 + (CeHs )aP+0

MeO OMe Me OMe

The reaction of triphenylphosphine methylene with 2-(3,5-dimethoxy- )
benzoyl)-3-methylheptane resulted in a 53% yleld (by VPC) of 2-(3,5-
dimethoxyphenyl)-3,4-dimethyloctene-1. The product was contaminated

with a small amount (5 to 7 area-%) of unreacted ketone, which was

removed by careful fractionation after reduction.

-~
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N, 2-(3,5-Dimethoxyphenyl)-3, k-dimethyloctane

Initial attempts at catalytic reduction of the olefin over nickel-
on-kieselguhr were unsuccessiul, but use of a higher temperature and a
larger amount of fresh catalyst resulted in the isolation of 2-(3,5-
dimethoxyphenyl)-3, 4-dimethyloctane.

5. 2-(3,5-Dihydroxyphenyl-3, 4-dimethyloctane (II)

2-(3,5-Dimethoxyphenyl)-3, b-dimethyloctane was cleaved with 48%
hyarobromic acid in glaclal acetic acid by the procedure used fér res-
orcinol I (scc scction II.A.5) fo yleld the desired resorcinol. A 7.5¢g
samplé of this product; 2-(3,5~dihydr0xypheny;)—3,4-dimethyloctane, II,
was shipped to the Army Chemical Center on § April 1662, 1t boiled at
160-161°C/0.3 mm. J

H. SYNTHESIS OF 2-(3,%5-DIHYDROXYPHENYL)-3,%-DIMETHYLOCTANE (IV)

Similar to the route for resorzinol II, this one is based on the

reaction of the same Grignard reagent with 2,2- dlmethylheptanonitpjleo

o &C1
NaNHz 5}111 jil
(CHs)zCHCN + CgHpC1 — == (CHs‘}g CN . -
NH N Js
, MeO Me -
H3 (Cels) o P=CH Ha '
C H gils/3 2 o > .1
S HaC CHs HzC=C SZHH CHBCH§}H5H11
HOC- 005H11
13 -_> —>
"//éa;eo OMe HO  OH
MeG  OMec ‘ - T v




1. 2,2-Dimethylheptanonitrile

Isobutyronitrile was alkylated with amyl chloride and sodium 1n

liquid ammonia to give a 46% yield of 2,2-dimethylheptanonitrile of
97.2 area-% purity.

2. 2-(3,5-Dimethoxybenzoyl) -2-methylheptane

2,2-Dimethylheptanonitrile was reacted with %,5-dlmethoxyphenyl-
magnesium chloride on O.4-mole scale resulting in the isclation of
57.0 g ol 2-{3,y-dimeLhoxybenzoyl)~-2~methylheptane, bp 134%-13%6°C/0.19
mm, > 98 area-% pure by VPC. The coaversion was 53% of theory (71%

" yleld based on nitrile consumed).

3. 2-(3,5-Dimethoxyphenyl)-3,3-dimethyloctene-1

As with the analogous olefin in the synthesis of item II, the
preparation of this olefin was originally approached via the Grignard
reaction of 2-(3,5-dimethoxybenzoyl)-2-methylheptane with methyl-
maghesium bromide. Agaln, when the dehydration of the resulting car-
blnol became complicated, the oleflin was prepared by the Wittig reaction

of triphenylphosphine methylene on the same ketone.

a. 2-(3,5-Dimethoxyphenyl)-3,3-dimethyloctanol-2 by a Grignard

Reaction 2-(3,5-Dimethoxybenzoyl)-2-methylheptane was reacted with
methylmagnesium bromide to form 2-(3,5-dimethoxyphenyl)-3,3-dimethyl-
octanol-2. This carbinol was separated by distillatiog but was not

further characterized because of decomposition on attempted investiga-
tion by VPC.




b. 2-(3,5-Dimethoxyphenyl}-3,3-dimethyloctenes by Iodine Dehy-

dration The best distlllation cut of the carbinol, 44 g, bp 139-

140°C/0.15 mm, was healed with two small crystals of lodine at 120-
135°C for 2.3 hours, and after distillation, 29.4 g (80% yield) of a

dehydration product (bp 115.5-116°C/0.2 mm) was obtained. VPC indi-

cated the presence of two major components, 78.1 area—%»and 20.2 area-%.

This was diéturbinm since the desired dehvdration,

?He fHa CHa
_c H ' ' >
g sHia : —- G-CsHi1a
~ CHa
-H 0 )
MeO OMe :

should lead to a single product incapable of cls-trans or stereo .
isomerism. Infrared indicated that the larger component was a |
terminal olefin while the smaller was an internal olefin. The 78%
component was latervidentified as the desired l-olefin by 1ts identity
with the product from the Wittig reaction (see section II.H.3%.d,
below). Before the‘Wittig reaction was performed, the,proper identi-
fication of that olefin was complicated by the observation that

neither component of this olefin mixture showed the ultraviolet ab-

sorption expected for a double bond'conjugated wlth the aromatic ring.

Examination of the literature led to an explanation of the
anomolous ultraviolet spectrum. Heddon and Brown(37), 1nvestigatihg

the ultraviolet spectrum of pivalecphenone,

-C-CHj
3

)
N
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had found that no conjugation band was present. Thelr explanation
is that 1n order to observe a cohjugation band the double bond has
to be coplanar with the ring. Inh pivalophenone the two methyl groups
on the a-carbon displace the carbonyl group out of the plane of the
benzene ring and, as a result, resonance is inhibited and no conjuga-
tion band appears in the ultraviolet spectrum.

The samc abscnct of a vunJugabivun baud was vbserved in the uiira-
violet spectrum of t-butylstyrene la

tH2= - -CHS
CHa

by Ramart-Lucas(ss), who also clted steric inhlbition of resonance
as the expianation.

In view of the above observations we concluded that the olefin
present in 78% was the desired one and that the lack of a conjugation
band in the ultraviolet was again due to steric inhibition of resonance.
A quaternary carbon atom or its equivalent in bulkiness seems to be
neceasary for this effect, as steric inhibitlon of resonance was not
noted in the spectra of 2-(3,5-dimethoxyphenyl)-3-methyloctenes (sec-
tion II.A.4, above) or of 2-(3,5-diﬁethoxypheny1)-3-methy1heptene-2(1).

We must further conclude that the dehydration of 2-(3,5-dimethoxy-
phenyl)-3,3-dimethyloctanol-2 must have led to about 22% rearrangement.

'A possible rearrangement was the following:
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—>

} N and/or J
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c. Attempted Preparation of 2-(3,5-Dimethoxyphenyl)-3,3-dimethyl-

octenes by Acetate Pyrolysis To avold the rearrangement found on iodine

dehydration, acetate pyrolysls was consldeged. 2-(3,5-Dimethoxyphenyl)-
3,3-dimethyloctanol-2 was reacted with acetyl chloride and pyridine
in dimethoxyethane. Distillation of the reaction mixture reésulted in
very little product and a very large amount of viscbua, high;boiling
residue.

At ﬁhis point the w1ttig'reaction was suggested as an alternative

by Wadsworth and no further work was done on acetate pyrolysis.

d. 2-(3,5-Dimethoxyphenyl)-3,3-dimethyloctene-1 by the Wittig
Reaction Triphenylphosphine methylene was reacted with 2-(3,5-di?
methoxybenzoyl )-2-methylheptane to give a 70% yleld of* the desired
olefin. The major distillation cubt was 97 area-% pure. The infrared
spectrum was éonsistent with the structure and the ultraviolet spectrum

identical with the anomolous spectrum described above in section II.H.3,b.
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?HS Ha
(CgH5)3P=CHg + O -?Csﬁll CH2=C-§05H11 + (CBHS)ap—-)O
CHa — Ha
~
MeO OMe MeO OMe

4., 92-(3,5-Dimethoxyphenyl)-3,3-dimethyloctane

As with resorcinols I and II, the precurgor olefln prepared by
Lhe wiliig reactlon could not be catalytically reduced on the first
attempt. It was successfully reduced to 2-(3,5-dimethoxyphenyl)-3,3-

dimethyloctane on the second atiempt with a larger amount of fresh

catalyst.

5. 2-{3,5-Dihydroxyphenyl)-3,3-dimethyloctane (IV)

2-(3,5-Dimethoxyphenyl)-3, 3-dimethyloctane was cleaved with 48%
hydrqbromiclacid in glacial acetic acid by the procedure used pre-
viously for resorcinols I and II, to yield the desired resorcinol.

A 15 g sample of thig product, 2-(3,5-dihydroxyphenyl)-3,3-
dimethyloctane, IV, was also shipped to the Army Chemlcal Center on
5 April 1962. It boiled at 154-155°C/0.18 mm.

I. ROUTES TO 2-(3,5-DIHYDROXYPHENYL)-2,3- DIMETHYLOCTANE (III),
2-(3,5-DIHYDROXYPHENYL ) -2-METHYLHEXANE (VI), AND 2-(3,5-DINYDROXY-

_-PHENYL)-2-METHYLHEPTANE (VII)

1. Metalation Routes to Resorcinols III, V, VI, and VII

Several routes were suggested for the preparation of resorcinols
111, Vv, VI, and VII in which the key reaction involved the metalatinn
of a 3,5-dimethoxyphenylalkane, H-C-R'

d

<
Me6 ~ Me
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with butyl 1ithium at the benzyl hydrogen followed by either coupling
with methyl halide or carbonation and reduction. An example is the

metalation route to resorcinol ITI:

H HaG CH
3 3 3 3 3
CH:;CHg]I:lICSHn Li -g]:xcsﬂn , CHa C-CHgHya _
‘e - CHsX s - =
| + CgHold ——= [T | — l
. ~
N N
| ¥ e Cipgee CoMew Uivger lVIPU OMe
‘ OOH _»””
€Oz  (H,C-CHCLH \LH CHa
\\\§§ £ft) s ~ Sé CHCsH;
Meo OMe HO  'OH
111

The key assumption in the meta.ation routes; namely, that a 3,5~
dimethoxyphenylalkane could be metalated with butyl lithium on the
benzyl carbon atom, has been demonstrated to be false. Adams and co-

workers(G).subJected the dimethyl ether of orcinol,

CHa

MeO OMe
to reaction with both phenyl'and butyl lithium and in both cases ob-
served metalation at the 2-position (between the mebhoxy groups) .
This was proved by carbonation of the 1ithium derivative to give the
known 2,6-dimethoxy-4-methylbenzoic acid. In view of this réport it
1s extremely unlikely that the proposed metalation routes ﬁould have
been successful. They were ébandoned in favof of the routes via

2-(},5-d1methoXypheny1)-2-methy1propionitrile described below.
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2. Routes yla 2-(3,5-Dimethoxyphenyl)-2-methylpropionitrile

These routes are based, in part, on the work of Adams, MacKenzie,
and Locwe{5). They apply only to resorcinols JTI, VI, and VII, and

would not provide a route to V, for which no route iB presently avail-

able.

Ef A

OH MeO OMe

(CHS) (CBa)ngR (Cﬂa)e - (CHa 2v- R
RMgBr ___ ChaMeX - =
" MeO e Me Me
\\g (CHa)2fCH2R III, R = CgHyy
0

VI, R
ViI, R

OH

CaH+
C.Hg

nn

The common nitrile intermediate was only used in an attempted

preparation of 2-(3,%-dihydroxyphenyl)-2-methylheptane, VII. Funds
were not avallable to complete that attempt, or to start work on

resorcinols III or VIt

a. 2-(3,5-Dimethoxyphenyl)-2-methylpropionitrile from 3,5-Di-

methoxybenzoic Acld Since the program for the preparallon of
resorcinols III, VI, and VII was merely synthetic and did not require
extremely cheap starting materials, it was practical to consider the

followiﬁg rather long route to the common intermediate for resorcinols
III, VI, and VII:
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COOCoHs
é Me280$; é ¢ HSOH ﬁ) LiATH, _

« CHs
HaOH - CHaCl : HaCN , cuaﬁ:cu
S0C1 NaCN CHal N ~
' 2 c CEHE,CH : NBNHQ NG ‘
MeO OMe MeO MeO' ~ OMe " Me OMe

3,5-Dimethoxybenzoic acld was prepared in 84% yield from 3,5-dihydroxy-
benzoic acid, dimethyl sulfate, and sodium hydroxide following a pro; ,
cedufe outlined previouslyv(section II.B.l1.a). This acid was con- -
verted to ethyl 3,5-dimethoxybenzoate, bp 102°C/0.2 mm (lit(34)'bp
199-200°C/50 mm) in 88% yileld by refluxing with ethanol containing
10% by volume of concentrated sulfuric acid. Lithium aluminum hy-
dride reduction of the ester yielded 88% of theory of 3,5-dimethoxy-
benzyl alcohol. The alcohol was not purified further but was instead
treated with thionyl chloride in refluxing dilethyl ether to form
3,5-dimethoxybenzyl chloride, white solid, bp 101-102°C/0.55 mm, in
85% yleld. This chloride was converted to the corresponding nitrile,

' 3,5-dimethoxybenzyl cyanide, bp 122-124°¢/0.5-0.6 mm (33% yield), by

refluxing with sodium cyanide in aqueous ethanol.

The last step in the sequence, the preparation of 2~(3,5-di-
methoxyphenyl)-2-methylpropionitrile, has been reported by Adams and
coworkgrs(5). Attempts to repeat tﬁeir procedufe led to the pro-
duction of mixtures of di- and monomethylated nitriles. Two experi-
ments were carried out. The first experiment, following closeiy
the procedure outlined by Adams, resulted in a mixture composed of’

approximately 80% dimethylated nitrile together with 20%'
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monomethylated nltrile. It was not posslble to separate these pro-

ducets by distillation, It was necessary to recycle the mlxture in

order to obtain pure dimethylated nitrile. A second experiment,

exaggerating the reaction conditions described by Adams in order to
favor the formatlon of the desired dimethylated nitrile, also led
to an 80:20 mixture of nitriles as had the initial experiment, this

in spite of the fact that a very large excess of methyl lodide had

been used. The original work by Adams and coworkers was done before

the VPC technique had been developed and it 1s felt that the pro-
duct described by Adams was, in fact, a mixture of mono- and di-
methylated nitriles, since the mixtures produced during the present
investigation had properties identical to those described by Adams,
Recycled nitrile mixtures led to the isolation of 2-{3,5-dimethoxy-
phenyl)-2-methylpropionitrile of purity 97-99 area-% (VPC). A
sample 99% pure bolls at 130-133°C/0.6 mm, ngo 1.5223.

b. 2-(3,5-Dimethoxyphenyl)-2-methylpropionitrile from Isobutyro-

nitrile Although the route to I by resorcylatlion of butanone was not

practical, it was hoped that the substitution of a nltrile less sus-
ceptible to base-catalyzed self-condensation for the ketone would

have better results and lead to this key intermediate.

Ha

1 iﬁa _ CHaCCN
+ CHaCHON M2
Me Me

MeO OMe
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A single experiment was carried out. The resulté were similar to
those in experiments where butanone had been used. Only a trace of
what may have been the desired product could be detected. The major'
reaction product wask3,5-dimethoxyaniline, and a slignificant amount
of 1-chloro-Q,h-dimethoxybenéene was reclaimed unchanged.

This route to the nitriie intermedlate has been abandoned in favor

of the route from 3,5-dimethoxybenzoic acid, described above.

c¢. 2-(3,5-Dlmethoxyphenyl)-2-methylheptanone-3, Precursor of VII

The reaction of pure 2—(3,5-dimethoxypheny1)—2-methylpropion1trile

with butylmagnesium chloride was carried out on a 0.l-mole scéle to
yield 59% (by VPC) of the ketone {(bp 120°C/0.65 mm, n2° 1. 511%).

The procedure was essentlially that used by Adams and co—workers(5)

for similar compounds. = 2-(3,5-Dimethoxyphenyl)-2-methylheptanone-3

is a new compound,

.3 ) 3 v
CHa PCN (CHs)aCloyHe
+ CgHoMgCl —= ‘

d. Attempted Preparation of 2-(3%,5-Dimethoxyphenyl)-2-methyl-

heptane, Precursor of VII  Suter and Westbn(BS) and Adams and co-

workers(u) have reported successful Wolff-Kishner reductions of 3,5-

dimethoxybenzoylalkanes
0=CR

MeC OMe
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where R i1s.a normal alkyl group of C2 to Cg, in ylelds ot from
54-85%. Since the work of both groups was published before 1946,
the modern Huang-Minlon{%*0) modification of the Wolfl-Klshner
reaction was not used., Suter and Weston described their procedure,
while Adamg' group did not report the details of the reductions.

For ketones more nearly resembling 2-(3,5-dimethoxyphenyl)-2-
mcthylheptanone-3, Adams and coworkers did not use the Wolff-Kishner

reduction., For ketones of the type
Ha
HaC-C-C-R
Q]
|
N
MeO Me
where R ls a normal alkyl group, they reduced the ketone to the

corresponding secondary alcohols, which were subjected to the

Chugaev reaction and the resulting olefins hydrogenated.

In an effort to conserve time, we decided to attempt a
Wolff-Kishner reduction of the 2-(3,5-dimethoxyphenyl)-2-methyl-
heptanone-2, rather than follow the more complicated reduction

scheme used by Adams enhd co-workers,

@ NNHz
(CH3)2 C4H9 (CH3)2 CC4H9 (CHa)e -CH204H9
- - — o |
D ~
MeO OMe MeO OMe MeO OMe
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This type of ketone 1s sterilcally hindered, so the Wolff-
Kishner procedure developed especiall& for sterically-hindered
carbonyl functlons by Barton, ives, and'Thomas(lh) was éelected.
This procedure incorporates the Huang-Minion technique, and also
involves the uée of anhydrous hydrazine, The ;results were negative,
so 1t may be that this type of ketone does not respénd to the
Wolff-Kishner reduction. Inslrumental evaluation revealed the major
réaction product to be 2-(3,5—dihydroxyphenny3~heptanone. Appar-
.ently a base-catalyzed ether cleavage had taken place, while the
carbonyl function had remained intact. The yleld of what apparently
was 2-(3,5—dihydroxypheny1)—B-heptanone, determined by VPC, was 29%.
This material was collected as an amber, viscous liquid, bp 138.

- 141°C/0.40 mm, n%o 1.5252. 1In addition to this reaction product, é
trace of unaltered starting materlal was recovered, together with
small amounts of 1owér-boiling unidentifled materials. The reaction
also produced a moderate quantity of brittle orange solid that was

insoluble in water, ethen and benzene. It is possible that this
solid may have been the ketazine, a known by-product of the Wolff-
Kishner reduction (85),

OR ’ R

\ r'ls ?439 ?Ha

Or LHs C4Hg Ha OR
R =CHs or H




The carbonyl reduction method used by Adams and co-workers for
this type of ketone may be preferable to the Wolff-Kishner reduction.
Sufficient good purity 2—(3,5-d1methoxyphenyl)—2-methy1propion1trile
was available to prepare more of the required ketone, but further

work on this intermediate was suspended because of depletion of avail-

able funds.
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III. CONCLUSIONS
A. THE BEST COMMERCIAL SCALE PREPARATION OF 2-(3, 4~ DIHYDROXYPHENYL) -

3-METHYLOCTANE (1)

The key intermediates in thils preparation are l-chloro-3,5-di-
methoiybenzéne, its Grignard reagent, and 2-(3,5-dimethoxyphenyl)-3-
methyloctanol-2. The'best'preparation of the first of these is by the
methanolysis of trichlorobenzene. The Grignard reagent is best pre-
pared in tetrahydrofuran solution. The key carbinol could be formed
by reaction qf either 3-methyloctanone-2 or 2-methylheptanonitrile
with the Grignard_reagent. No really satisfactory preparation oflj—
methyloctanone-2 is available. If there were one, there would still
be the problem of the aldol self-condensation of the'ketone during
the Grignard reaction step. The reactlon via 2—methy1heptanonitr11e
meets the problem in a reasonably economlical way.

The carbinol, 2-(3,5-dimethoxyphenyl)-3-methyloctanol-2, is con-
verted to 2—(3,5-d1methoiyphenyl)-B—methyloctane by dehydration and
reduction. A catélytic hydrogenclysis might be suitable for this
transformafion. However, up to now, catalyst poisoning has been the
main problem in all of fhe hydrogenation work.

2-(3,5-Dimethoxyphenyl)-3-methyloctane 15 cléaved to the desired

resorcinol I by the known procedure.
c1 | ‘ c1 gCl .

| Cty,
+ NaOMe — ——sm Me SsHaa CHON

177t MeO  OMe MeO~ 'OMe
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0= -gﬁ-csnn HaC-C~CH-CsHy ) H3CCHCHCsHi 1
CHaMgBr “ -H2Q  olefins Hp HBr
: \
MeO OMe MeO OMe MeO Me
CHa
HsCCHCHCSH, 5
HO OH
I

No practical way was found to circumvent a Grignard reaction in-
volving 3,5-dimethoxyphenylmagnesium chloride, None of the other
routes were close to being competitive,

B. LABORATORY PREPARATIONS OF SIX OTHER RESORCINOLS

1. Resorcinols II and IV

Thege two resorcinols were prepared in the laboratory by the re-
action of the appropriate dimethylheptanonitrile with 3,5-dimethoxy-

phenylmagnesium chloride, followed by a Wittig reaction, reduction,

and cleavage. )

MgCl HacQHR
Calig ) aP=CH H =) BBr
+RON Hz = [T —
MeO OMe Me MeO OMe  MeO  DOMe
HaCCHR
resorcinol II, R = C4,HgCHCH-
HO OH gsﬂll
resoreinol IV, R = (CHg)aC-
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2. Resorcinols III, VI, and VII
‘ The recommended routes to these three reéorcinols 1s by reaction
of 2-(3,5-dimethoxypheny1)-2-methy1propionitr11e with an alkyl Grig-
nard followed by a subsequent Grignard reaction’to give'a‘precurBOr

of III, or_reduction to glve precursors of VI or VII.

0002H5 CHoOH CH,C1 2CN
— —d- —_— — — —
OMe Me OMe MeO OMe

HO ~ OH MeO Oe MeO
@ -G
(CHa) 200N (cns)zc R (CHs)2¢-
O RMgBr __ CHaMgX - >
MeO  OMe HO ~ oH
(o) 2 PCH ~ III,-R = CgHy,
o  ‘OH
VI, R = CaH;
VII, R = C4Hs

The preparation of resorcinol VII was actually carried as far
ag 2-(},5-dimethoxypheny1)-2-methy1heptanone-3, and an unsuccessful
attempt was made to reduce.that intermediate directly to'2-(j,5-dimeth-x
oxyphenyl)-2-methylheptane.
3; Resorcinol V

No practical laboratory synthesis of r.sorcinol V was worked out.
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IV. EXPERIMENTAL
A. COMPOUNDS AND REACTIONS RELATED TO 2-(3,5-DIIYDROXYPHENYL)-%-METH-

YLOCTANE ~(I)

Because of the very large number of compounds examined on over-

lapping routes to this resorcinol, the compounds in the experimental

section that relate to resorcinol I are arranged in an alphabetical,

rather than logical, order.

1, 5-Aminoresorcinol

In response to our inqulry about 5-aminoresorcinol, the Dow
Chemical Company stated that they had worked out a process for making
this compound, but that the expected cost would be relatively high.
Since they could not supply us with any research samples, they could
not expedite the research program, It is questionable whether the
existence of their process would provide the Chemlical Corps with a

source of large quantities more cheaply than would the benzyne reaction

on l-chloro-2,4-dimethoxybenzene.

2. Amyl Chlorosulfonate(13)

The reaction was carried out in a three-necked 500 ml flask equipped
wlth stirrer, condenser, dropplng funnel, and an lnlet for dry nitrogen.
The flask was charged with freshly distilled sulfuryl chloride (135 g,
1.0 mole). An lce-water bath was placed around the flask. Freshly
distilled n-amyl alcohol (88.2 g, 1.0 mole) was added dropwise over a
45—minﬁte period. Hydrogen chloride was evolved during the additilon.

The ice-water bath was removed and the mixtvre stirred for 1.5 hours,

dur;ng which time dry nitrogen was bubbled through the reaction milxture

to displace residual hydrogen chloride.
9]

The crude, sweet-smelling




chlorosulfonate was then transferred to a dropping funnel attached to
the flask in which crude diamyl sulfite had been simultaneously pre-’
pared,

3, Bis(3,5-dimethoxyphenyl)amine

(See under 3,5-dimethoxyanlline, section IV.A.20.a.) -

4, 1-Bromo-2,4-dimethoxybenzene

The reaction was carried out under a dry nitrogen atmosphere in a
j-neéked, 2-liter flask equipped with dropping funnel, stirrer, conden-
ser, and thermometer. Sodlum hydroxide (100 g, 2.50 moles) was dissolvedb'
in 640 ml of water. ‘4—Eromoresorcinol (Aldrich) (o4.5 g, 0.50 mole) was
added, followed by the dropwise addition of dimethyl sulfate (224.5 g,
1.78 moles). The additlon of the dlmethyl sulfate requiréd 45 minutes,
the temperature of the mixture rising‘to 64°C at the completion of the
addition. The mixture was then refluxed for 4 hours at 98°C. The re-
actlon mixture was then transferred to a separatory funnel and extracted
thrice with 250-ml portions of ether, The extracts were combined and
washed twice with 200-ml portions of water, then dried over anhydrous'
magnesium sulféte. Ether was removed from the dried extract to leave.
83.2 g of a brown, syrupy residue. This residue was distilled thrpugﬁ
a l-foot glass helix-packed column to yield 76 g of 1-bromo-2,4-dimethoxy-
benzene (71% yield); bp 113-115°C/2.6 mm; n§° 1.5726;'reported(73)

bp 135°C/18 mm, 158-159°C/30 mm.

5. 2-Bromoheptane

a., From 1-Heptene The procedure followed was essentlally that of
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Splegler and Tinker(83). 1Into a mixture of 204 g (2.994 moles) of
l-heptene and 750 g of chloroform, cooled to -20°C and stirred
continuously, was Introduced a rapid stream of dry hydrogen bromide.
This reaction was éarried out in subdued light and under a dry nitrogen
atmosphere, The theoretical amount of hydrogen bromide was absorbed

in about 12 hours. The reactlon mass was then washed with cold water,

and the oil was distilled through a short, packed column, Artér re-

moval of the chloroform, 437.% g of a mixture of 1- and 2-bromoheptane
(82% of theoretical) was obtained. This mixture of bromides contalned
22% of the desired 2-bromoheptane and 78% of l-bromoheptane.

b. From 2-Heptanol Into a 1000 ml flask was placed 228 g

(1.97 moles) of 2-heptanol and the solution was cooled to -20°C. To
this cold stirred solution 194 g (0.72 mole) of phosphorus tribromide
was added dropwise over 2 1/2 hours so that the reaction tempera%ure
was maintained below -10°C. The solution was then allowed to come to
room temperature and stand overnight, The mixture was poured onto
400 g of ice and the organic layer was separated. After being washed
with NaHCO; solution, it was distilled yielding 307 g (88%) of a
colorless liquid, bp 64-66°C/25 mm,

6. 1-Chloro-2,4-dimethoxybenzene

To a cold solution of 900 g (22.5 moles) of sodium hy¥droxide
in 5400 ml of water was added 636'g (4.4 moles) of k-chlororesorcinol.
This solution was vigorously stirred and cooled to 10°C. An
atmosphere of nitrcgen was introduced, and from a dropping funnel
1990 g (15.75 moles) of dimethylsulfate was slowly added. This
moderatély exothermic addition required about 3.5 hours. At the end




of the addition the temperature of the mixture had risen to 53°C,
The mixture was then refluxed for 17.5 hours. ,Thé reactlon mass
was extracted thoroughly with ether, the extract washed with water
and dried over anhydrous magnesium sulfate. The eﬁher was -~ hen re-
moved under reduced pressure by means of a rotary evaporator. The
residue was distilled through a short, packed column, and ylelded
616.7 g (81%) of a pale yellow, almost colorless liquid: bp 77-80°C/
0.65 mm, n2® 1.5478; reported: bp 135-7°C/17-18 mm (9),

'Aggl. Caled. for Cglg02C1: C, 55.7; H, 5.3; €1, 20.5,
Fouhd: C,'55.5; H, 5.1; C1, 20.4. The product has a tendency to
darken on storsge, so it should be stdred under dry nitrogen in the

cold and away from light.

7. 1-Chloro-3,5~dimethoxybenzene

a. From 3,5-Dimethoxyaniline The dlazonium solution was pre-
pared(a) from 61.3 g (0.40 mole) of 3,5-dimethoxyaniline. This was
subsequently reacted with freshly-prepared cuprous chloride solution
(representing 0.50 mole CuCl). The reaction mixture was éteam'dis—
tllled. The organic portion of the steam distillate was taken up in
ether. The ether extracﬁ was dried, th;n evaporated under reduced |

—b;éésure leaving 33.6 g of an amber oll. -This oil was then distilled
under reduced pressure. The product was collected as a water-white
liquid, bp 69-70°C/0.75 mm. After a brief'periodvthe distillate ery-
stallized as small, colorless plates, mp 34-35.5°C (11t(33:u2)3 38°C).
The yleld, based on VPC assay, was 29 g or 42%.

' Anal. Caled. for CgHaCl0z: ©C, 55.7; H, 5.3; Cl, 20.5.

Found: €, 55.6; H, 5.0; Cl, 20.6. |
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b. From Nitrosophenol The procedure of Goldschmidt and

Suchanek(33) wds followed., Anhydrous hydrogen chloride was passed
into a flask containing a solution of 98.5 g (0.80 mole) of technical
p-nitrosophenol in a mixture of 500 ml of absolute methanol and 500 ml
of anhydrous diethyl ether. The gas was introduced at a rapld rate
while maintaining the temperafure at 28-33°C until vapors could be
observed coming through the condenser and then for 1.3 hours longer.
The mixture was then stirred in an lce bath for one hour and filtered.

The preclpltate was washed with ether and was then subjected to vacuum

to remove residual solvent and hydrogen chloride.

The deamination procedure employed was that of Adams and

Kornb]um(B). A solution of 110 ml1 of concentrated hydrochlorie

" acld in 1 liter of water was heated to 85°C, and then the previously

collected amine hydrochloride was dissolved in it. The solution was
cooled and at 15°C another 110 ml portion of concentrated hydro-
chloric acid was added. To this there was added portionwise a
solution of 55.2 g (0.8 mole) of sodium nitrite in 120 ml of water
while maintaining the temperature at 5-15°C. The resulting dilazonium
salt solution was stirred in an ice bath for 0.7 hour and then fil-
tered. The deep red filtrate was immediately poured into 820 ml
of cold 30-32% hypophosphorus acid and the resulting mixture allowed
to stand overnight at room temperature.

The product was removed from the aqueous reaction medium by
ether extractlon. The ether extracts were combined, washed with
8everal portions of 20% sodium hydroxide solution, and dried over

anhydrous potassium carbonate. After filtration and removalvof the




solvenﬂ, there was obtained 59.1 g of crude product (96% pure by
VPC) representing a conversion of 41%. Distillation gave 51.3 é
(37% conversion) of pure 1-chloro-3,5-dime thoxybenzene, bp 63-65°C/
0.33 mm,rwhiéh crystallized on standing, mp 38°C, reported(33’42) mp
38°C. | |

c. From 1,3%,5-Trichlorobenzene

(1) Normal Quantity of Solvent - A 2000-ml reaction flask
was charged with 294.3 g (1.622 mole) of 1,3,5-triéhlorobenzene (Tbﬁ)—
and }84 g (3.41 moles) of sodium methoxide in 500 ml of dry diglyme
and the mixture was heated at reflux {164°C) for 42 hours;

After cooling to room temperature, the mixture was filtered and

‘most of the solvent was removed by distillation at ambient pressure.

Distillation of the residue gave the cuts listed in Table 6:

‘Table 6

RESULTS OF DISTILLATION.
SYNTHESIS OF 1-CHLORO-3,5-DIMETHOXYBENZENE

Fraction
2 3 4
bp, °C/5 mm | 92-96 96-97.1 97.5-99
Weight, g ~ | - 38.3 35.7 7.7 -
Composition in area-%, by VPC | o
diglyme 10.4 6.1 2.1
l—gzgggﬁg-&,s—dichloro- 29.8 16.4 2.5
1-chloro-3,5~-dimethoxy-
engere Wesired s ma ks




The distlllation was carried out using a 12-inch, glass helix-
packed column. A more efficlent fractionating syztem could easily
effect better separation. The important point 1s that the over-

all yield of l-chloro-3,5-dimethoxybenzene based on VPC was T0%.

(2) With InsufTicient Solvent 1,3,5-TCB was methanolized

by the procedure described above, using 45.4 g (0.25 mole) 1,3,5-TCB;
29.7 g (0.55 mole) sodium methoxide; and 16.8 g (0.125 mole) diglyme.
The weight of rcsiduc obtained was 41 g. Distillation gave three
fraééions: 2.1 g bp 41-85°C/4.3 mm, 23 area-% 3,5-dichloroanisole

and 3 area-% 1l-chloro-3,5-dimethoxybenzene; 10.1 g bp 85-89°C/4.3 mm,
73 area-% 3,5-dlchloroanisole and 26 area-% l-chloro-3,5-dimethoxy-
benzene; and 17.2 g bp 91-94°C/4.3 mm, 29.7 area-% 3,5-dichloroanisole
and 70.3 area-% 1-chloro-3,5-dimethoxybenzene. Yields, by VPC, were
29% of 3,5-dlchloroanisole and 34% 1-chloro-3,5-dimethoxybenzene.

(3) wWith More Nearly Optimum Quantity of Solvent The re-

action was repeated as in the above paragraph, except that twice as
much diglyme was used. The weight of residue obtained was 38.7 g.
Distillation gave three fractions: 3.7 g bp 43-85°C/4.3 mm, 3 area-%
3,5-dichloroanisole and no 1-chloro-3,5-dimethoxybenzene; 3.7 g bp
85-91°C74.3 mm, 60 area-% 3,5-dichloroanisole and 30 area-$ 1-chloro-
3,5-dimethoxybenzene; and 22.8 g bp 92-95°C/4.3 mm, 12.1 area-% 3,5
dichloroaniscle and 87.7 area-$ 1-chloro-3,5-dimethoxybenzene. The
yleld of 1-chloro-3,5-dimethoxybenzene was 50% (by VvPC) and that of

' 3,5-dichloroanisole was 11% (by VPC).
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d. Atempted Preparation of 1-Chloro-3,5-dimethoxybenzene from

1—Chloro-2,H-diméthoxybenzene, Lithlum Chloride, and'Dimethylformamide

A dry 1000-ml, three-necked flask was equipped with a Hershberg stirrer,
dry nitrogen inlet, thermometer and Friedmﬁcha condenser topped with
a drying tube. The flask was charged with 1-chloro—2,4-d1methoxy-
benzene (43.2 g, 0.25 mole), lithium chloride (53.0 g, 1.25 moles) and
500 ml of dry N,N-dimethylformamide. Dry nitrogen ﬁasvclrculated
through the system and stirring was begun. There was an immediate
exotherm, the temperature rising to 5250 (probabiy due to the heat

of solution of lithium chloride). The mixture was heated to 135°¢

for 3 hours. About half way‘through the heating period the solution
developed an intense pink color. The reaction mixture was cooled to
room temperature, transferfed to a separatory funnel; and thoroughly
shaken with water and ether. The ether extract was washed with
water and dried bver sodium sulfate. Ether was removed under reduced
pressure, and the residue fractionated. Starting material, l-chloro-

2,4-dimethoxybenzene, was recovered almost quantitatively,

8. 4-Chloro-3-methoxytoluene

A SOOO-ml reaction flask equipped with a stirrer, thermometer,
and condenser was charged with 2800 ml of water and 291 g (7}26 moles)
of sodium hydroxide were dissolved thereln, After cooling to room
temperature, 427.7 g (3.0 moles) of u-chloro-g-cresol'was added in por-

tions. Then 651 g (5.16 moles) of dimethyl sulfate was added dropwise

-in 1.3% hours. The additlon was started at 33°C and when it was com-

bleted,Athe temperature had risen tov55°c. The mixture was then hegted
at reflux for 17.5 hours. After coollng to room temperatﬁre, the reac-

tion mixture was extracted with several 250-ml portions of ether. These -
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extracts were combined, washed with three 300-ml portions of water,
and dried over anhydrous magneslum sulfatc., Afler flltration and re-
moval of the solvent, distillation gave 434 g (93% yield) of 4-chloro-
3-methoxytoluene, bp 87-88°C/6.5 mm; calculated for CgHeClO: C, 61.5;
H, 5.8; C1, 22.6; found: C, 61.3; H, 5.8; €1, 22.6. VPC showed the
product to be greater than 99 area-% pure.

9, Attempted Formation of 5-Chlororesorcinol

A 500-ml flask equipped with a stirrer, thermometer, condenser
with drying tube, and solids addition funnel was charged with 31,6 g
(0.25 mole) of phloroglucinol in 100 ml of dry benzene, To this, 52,1 g
(0.25 mole) of phosphorus pentachloride was added portionwise with no
appreclable indication of reactlon. The mixture was heated at reflux
for 16 hours and, although a clow cvolution of hydrogen chloride was

evident throughout reflux, no definable product was obtained on work-up.

10. Diamyl Sulfate

a. Unsuccessful Attempt The Organic Syntheses procedure(Bu) for

dibutyl sulfate (section IV.A.11, below) was used as a model for diamyl
sulfate, without success., 1In this route, amyl chlorosulfonate,
CsH,1080,C1, is formed from diamyl sulfite and thionyl chloride. The
route requires a distillation at a high pot temperature and resulted in

formation of a large quantity of tar.

b. From Amyl Chlorosulfonate and Diamyl Sulfite(13) Crude diamyl

sulfite was rapldly heated to about 115°C, and crude chlorosulfonate
added dropwise over a 2-hour period., The temperature of the reaction

mixture was not allowed to exceed 120°C during the addition. The mixture
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was then heatéd an aﬁditional 30 minutes (temperature of the mixture
not allowed to-eiéeed 130°C), during which time dry nitrogen was
bubbled through the mixture to displace resldual gases. The reaction
mixture was cooled to room temperature and 200 ml each of water and
ether, together with a little charcoal were added. The mixtﬁre was
~then filtered through a "Celite" mat, and the flltrate transferred to a
separatory funnel. The organic layer was set aside, and the aqueous
layer extracted with additional ether. All organic phases were cdmbined
and washed with cold scdium carbonatc solution, and finally with cold
water., After drying over anhydrous magnesium sulfate, éther was re-
moved under reduced pressure. The residue was distilled to yield 203 g
(85%) of dlamyl sulfate, bp 102-105°C/0.6 mm, n3° 1.4290; 11t.(13,53)
bp 117°C/2.5 mm, 128-130°C/3 mm, n3° 1.429, ‘ a

11. Diamyl Sulfite(13)

The reaction was carried out in a three-necked 1000 ml flask
equipped with stirrer, condenser, droéping funnel, and an inlet for dry
nitrogen.  The flask was charged with freshly distilled‘g—amyl alcohol
(194 g, 2.2 moles), Freshly distilled thionyl chloride (130.9 g, 1.1
moles) was added dropwiée over a 40-minute period. Hydrogen chloride
was evolved durlng the modérately exothermic addition. The mixture was-
gently heated in ahboil»bath for 80 min. During this heating perind
dry nitrogen was bubbled through the reaction mixture to displace
residual hydrogen chloride.r The maximum temperature of the mixture

during this preliminary heating period was 80°C.
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12. Dibutyl Sulfate(8")

A 500-ml reactlon flask was charged with 207.% ¢ (1.065 mole) of
dibutyl sulfite. Then 72 g (0.533 mole) of sulfuryl chlorlde was added
dropwise over a 20-minute period, the temperature rising from 25 to 36°C.
The mixture was then heated at reflux for 0.5 hours. After this time,

a distillation head was put on the flask and butyl chloride was

distilled off to a pot temperature of 148°C. After cooling to

room temperature, 50 ml of saturated sodium carbonate solution
was added and, after stirring for 10 minutes, the mixture was

allowed to stand one hour. The two layers were then separated

and the upper layer wés dried over calcium chloride. After
filtration, distillation gave 93 g (83% yleld) of dibutyl sulfate,
bp 8’*"87°C/003‘0 ol" mm.

13. Dibutyl Sulfite(B84)

A 1000-ml reaction flask was charged with 204 g (2.75 mole) of
anhydrous n-butyl alcohol. Then 168.9 g (1.25 mole) of thionyl chloride

was added dropwise in one hour. The temperature was kept at 35-45°C

with a cooling bath during the first part of the addition, but as the

evolution of hydrogen chloride became vigorous, heating was required

to maintain this temperature. When addition was completed, the mixture

was heated at reflux (pot temperature 193°C) for thirty minutes.

Distillation then gave 230.2 g (95% yleld) of dibutyl sulfite, bp 109-
110°C/15 mm.

14, 4, 4-Dichlorobuten-3-one-2(38)

A 1000-ml reaction flask was charged with 235.5 g (3.0 moles) of

acetyl chloride. Then 233.3 g (1.0 mole) of anhydrous aluminum chloride
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was added in portions while keeping the temperature below 10°C. The
mixture, whlch was thich and difficult to stir, was then allowed to’
warm up to room temperature and 148 g (1.5 moles) of vinylidene
chloride (Dow) was added dropwlge over a period of 1.7 hours keeping the
temperature below 30°C. The mixture was stirred for 30 minutes and
was then hydrolyzed by pouring onto 2 llters of cerushed ice.

After Btirring,‘the resulting layers were separated and the aqﬁcous
layer was extracted with three 300-ml portions of ether and discarded.
The gthereal solutions and thc organic layers were cumbined, washed
successlively with 500 ml of water, six 300-ml portions of 15%
potassium carbonate, énd two 500-ml portions of water and then

dried over anhydfous sodium sulfate. After filtration and removal

of the solvent the residue was dark and fumed, indlcating incomplete
dehydrohalogenation of the intermediate ﬁ ﬁ'@ trichloroketone, so

the entire washing procedure was repeated. After drying and re-

moval of the solvent, distillation of the residue gave 164.1 g

(80% yield) of 4,4-dlchlorobuten-3-one-2, bp 81°C/50 imu, n%o 1.4930;
reported(38): bp 58°c/15 mm, n201.4940; caleulated C1: 51.1;

found C1: 650.84.

15, Reaction of 4,4-Dichlorobuten-3-one-2 and Sodium Dimethyl Malonate

A 500-ml flask was charged with 38.9 g (0.28 mole) of 4,4-dichloro--

buten-3-one-2. A solution of 0.25 mole of sodium dimethyl malonate in
125 m1 of absolute methanol was added dropwise in 40 minutés while

maintaining the temperature below 35°C. The first few drops of malonate

‘salt caused reddish coloration, and by the end of addition the reaction

mixture_was deep red. The mixture was stlrred at room temperature for
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20 minutes, and then a solution of 29 g (0.5 mole) of potassium
hydroxide in methandl was added, keeping the temperature below 35°C,
The color was somewhat lighter, and a precipitate had formed., After
filtration, the solvent was removed from the filtrate by warming under
water pump vacuum and a dark solid residue wae obtained. This was
suspended in ether and 15% hydrochloric acld was added slowly until the
solid dissolved. The ethereal portion was separated, washed with water,
and dried over magnesium sulfate. After filtration and removal

of the solvent, 45.3 g of dark red residue was obtained, Distilla-
tion'failed to yleld any distillate up to & pot temperature of 150°c/
3.0 mﬁ, and a rapid increase in pressure indicated extensive de-

composition.

16. Diethyl Benzylphosphonate

A 500-ml flask was charged with 191.1 g {1.15 mole) of redistilled

triethyl phosphite and 126.6 g (1.0 mole) of benzyl chloride. Heating

was Initiated and at a pot temperature of 145°C reaction started as
evidenced by the condensation of the by-product, ethyl chloride, in

& Dry Ice trap connected to the exhaust end of the reflux condenser.

The mixture was heated at 150-155°C for 17 hours., At the end of this

time the Dry Ice trap contained 54.5 g (85% of theory) of ethyl
chloride.

Distillation of the residue resulted in the isolatlon of
221.1 g of diethyl benzylphosphonate, bp 100°C/0.3 mm, n;° 1.4966,
greater than 99 area-% pure by VPC. The yleld was 97% of theory.
17. Diethyl 1-Phenylamylphosphonate

A 500-ml reaction flask was charged with 9.4 g of 51.8% of sodium

hydride (0.2 mole), #2.1 g (0.2 mole) of dibutyl sulfate, and 45.6 g
(0.2 mole) of diethyl benzylphosphonate in 100 ml of anhydrous
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l,O—dimeLhoxyeLhanc. Heating was initlated. At 75°C evolution
of hydrogen was very vigorous and the reactlon waé self-sustaining.
The temperature rose to 90°C with vigorous reflux before subsid-
ing. The mixture was then heated at reflux for one hour. After

cooling, the mixture was flltered and the solvent removed by

distillation at ambient pressure. Distillation of the residue ~

gave k6.3 g (82% yleld) of diethyl 1-phenylamylphosphonate, bp
118-120°C/0.3 mm, n§° 1.4868, greater than 99 area-% pure by VPC,

18. Diethyl 1-Phenylethylphosphonate

a, By the Arbuzov Reaction A 500-ml reaction flask was

charged with 83.1 g (0.5 mole) of triethyl phosphite and 56 g

(0.315 mole) of l-phenylethyl bromide. Heating was initiated

and the mixture was heated at 155-177°C for 1.35 hours. The

by-product, ethyl bromide, was removed as formed. A total of
30.2 g of distillate vas obtained, which was 91% of “theory for
ethyl bromide. Distillation of the pot residue éave 50 g (68%
yield) of diethyl 1-phenylethylphosphonate, bp 101-102°C/b.22 mm,
ngo 1.4938, greater than 99 area-% pure by VPC.

b. By the Methylation of Diethyl Benzylphosphonate A 1000-

ml reaction flask was charged with 113.1°g (0.495 mole) of diethyl
benzylphosphonate, 67 g (0.53 mole) of freshly distilied dimethyl
sulfate, and 23.0 g of 51.8% sodium hydride dispersion (contains
0.495 mole or Naﬁ) in 200 ml of anhydrous 1,2-dimethoxyethane.
Heating was initiated. At a pot témperature of 60°C hydrogen evolu-
tion started, The temperature was kept between 83 and 91°C until

hydrogen evolution was complete. The mixture was then heated at

E WY
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reflux for 75 minutes. After cooling, Lhe mixture was flltered

and the solvent removed at reduced pressure, Distlllation gave

2

108.2 g of a fraclion, bp 113-114°C/0.5 mm, nf°® 1.4944, which VPC

showed to be 27 area-% diethyl l-phenylethylphosphonate and 73

area-% diethyl benzylphosphonate.

197 2-(3,5-Dihydroxyphenyl)-%-methyloctane (I)

2-(3,5-Dimethoxyphenyl)-3-methyloctane (20.0 g, 0.076 mole), 484
hydrobromic acid (6% ml) and glacial acellc acld (200 ml) were combined
in a three-necked, 1-liter flask edqulpped with condecnccr, stirrer, and
therﬁometer. The mixtufe was stirred and refluxed for six hours. After
cooling, the mixture was poured onto 300 g of cracked lce and 300 ml
of water. Solid sodium bicarbonate was cautlously added to neutralize
the strongly acldlc mixture. This was followed by ether extractlon.
The ether extract, extract I, was then extracted with 10% aqueou§
sodium hydroxide. The basic extract was acldified with hydrochloric
acld and extracted with ether, extract II. Extract I was evaporated
to yield 2.5 g of what was presumably unclcaved ether, Extract I1I was
evaporated to yleld 27.6 g of a brown-amber liquid which was distilled
to yield 14.0 g of é—(3,5—d1hydroxyphenyl)-B-methyloctane, bp 154°c/
0.23 mm. The yield of cleaved product was 90% (98.5 area-% pure by
VPC), with a conversion of '(84. Its VPC 1s shown in Figure 3. It was
determined on an Aerograph Model A-3%50, 6-ft, 15% Aplezon E.on 35-80 '
mesh Chromosorb W, 275°C, 85 c¢ He/min. The VP( is compared with that
of a sample from the Chemical Center, PL5386, which we had had for
several months (and which might have become somewhat degraded), in
Table 7. The two VPC'e being compared in Table 7 were run on the same

instrumént under the same conditions, and in succession.
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Vapor phase chromatogram of 2..(3,5-d1hydroxy-

i S —— o e 4 e
g | " - - i — o

o [p— — >
) : “l' o ior o= [}
A Y &
I IR +>
P P 3
: — L o
: - -
- — -~ — -
B e s L TR S e R Ty =
1 g Ln.l,v

i I
m— pam— o - To—f QE
I ! - I
| IEEPY BESUSNE DU AN S : . K| S P LAY
) | et e i
H o
T M . — P
[ : : >
= — —— e —— .lll.-l.rl.” — — n.
: Z
i TP b - —— Q.

]
Figure 3.

e
) R I e 5
LA L 3 03

— - £ — — —_— w——tna -— -_— L] L3 L -




Table 7

VPG!S OF 2-{3,5-DIHYDROXYPHENYL)-3-METHYL,OCTANE

Sample MRC28883 Sample PL5386
Retention Retention
time, min, Area-% time, min. Area-%
3.0 1.3
E?7 1.5 3.5 15.8 _
3 98.5 4.3 70.0 product
5.2 5.5
5‘8 7-

The infrared spectrum of MRC28883, Figure 4, 18 the same as that of
the 4.3 minute component of PL5386 after its separation by VPC.
Anal. Calculated: C, 76.2; H, 10.2; found: C, 76.3; H, 10.2,
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20. %,5-Dimethoxyacetophenone

a. From 3%,5-Dimethoxybenzonitrilc The procedure of Baker and

Smith(ll) was l'ollowed. Into a 2-1iter flask blanketed with nitrogen
was placed 100 g (0.615 mole) of 3,%-dimethoxybenzonitrile (obtained
from the.Army Chemical Center) and 640 ml of anhydrous ether. To this
stirred, heterogeneous solution was added rapidly 222 ml of a 3 M solu-
tion of methylmagnesium bromlde 1n ether (Arapahoe Chemlcals, Inc.,
Boulder, Colorado). The temperature was maintained at 30°C during the
addition and the reaction mixture was allowed to stand 1€ hours at
room'temperature. After heating under reflux for 4 hours, the mixture
was decomposed by pouring lt onto 2 kg of lce and 50 ml of concentrated
sulfuric acid and stirring for 2 hours. The ether was separated, washed
with bicarbonate solution and removed, leaving & dark brown residue.
The residue was distilled under nitrogen, bp 107-109°C/0.45 mm,
reported(sn 151-152°C/10 mm. The yleld of 3,5-dimethoxyaceto-
phenone was 71 g (649).

b. From 3,5-Dimethoxybenzoyl Chloride The procedure of Cason
and Prout(1®) was followed. Into a 500-ml flask blanketed with nitro-
gen was placed 175 ml of a 3 M solution of methylmagnesium bromide
(0.53 mole) in ether (Arapahoe Chemicals, Inc., Boulder, Colorado) and
an additional 100 ml of anhydrous ether. The Grignard solution was

cooled in an ice bath and 5% g (0.3 mole) of anhydrous cadmium chloride

was added in portions so as to minimize foaming. The 1lce bath was re-
moved and the heterogeneous solution was stirred for 15 minutes. The
ether was then distilled rapidly by heating in an oil bath with stirring
until a dark semi-solid residue remhined. After addition of 150 ml
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of dry thiophenc-free benzenc, the distillation waé resumed ﬁntil
most of the benzene had been removed. After 100 ml of benzene had
been added to the residue, the mixture was stirred and heated under
reflux until the cake had been broken up and dispersed through the
mixture. A solution of 52 g (0.26 mole) of dimethoxybenzoyl chloride
in 100 ml of benzene was added during a 15-minute period. After

the exothermic reactlion had subslided, the mixture was heated under
reflux for one hour with stirring.

The organometallic cump]ex>was decomposed with a mixture of
1000'g of ice and 50 ml of concentrated sulfurlic acid. The waﬁer
was separated and extracted twice with benzene, The ‘combined ben-
zene layers were washed with 5% sodium hydroxlde solution., The

benzene was then removed under reduced pressure and the red oll that

" remained was distilled under nitrogen, bp 167-172°C/21 mm. Thirty g

(64%) of 3,5-dimethoxyacetophencne was obtalned as a colorless,

moblle liquid,

¢c. From 3,5—Dimethdxybenzoic Acld énd Methyllithium The pro-

cedure was adapted from the work of Tegner(86). A solution of methylév'
1ithium was prepared by the addition of 21é.9 g (1.5 mole) of lodo-
methane in 125 ml of dry diethyl ether to 20.&,g (3.0 mole) of lithium
ribbon that had been cut into small pieceé suspended in 3000 ml of dfy
diethyl ether under nitrdgen. A 25-ml portlon was added to inlllate
the reaction and the remaining iodbmethane solution was added at such

a rate as to maintain reflux. When addition was éompleﬁed, the mixture

was refluxed for three hours and was then allowed to stand overnight.
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To this solution there was then added 149.3 g (0.825 mole) of
3,5-dlmethoxybenzolc acid. The acid was added in portions as a
8011d at a rate that malntained reflux. The mixture was heated at
reflux for one hour and was then hydrolyzed by pouring onto 4 liters
of crushed ice in one liter of water. After stirring for one hour,
the ether layer was separated. The aqueous layer was extracted with
several portions of ether and the ethereal solutions were combined

and dried over anhydrous magnesium sulfate,

The aqueous layer was neutralized with concentrated hydroghloric
acid to yleld, after filtration and drying in vacuo, 43.8 g (0.25
mole) of unreacted 3,5-dimcthoxybenzoic acid.

The ether solution was filtered and the solvent remnved under
reduced pressure. Distillation gave three fractions, (1) bp 81-83°C/
0.3 mm, (2) bp 83-98°C/0.3 mm, and (3) bp 99-100°C/0.3 mm. Fraction
(1) was identified by 1ts infrared spectrum and elemental analysis as
3,5-dimethoxy-d-methylstyrene. (Calculated for CiiH1402: C, T4.2;

H, 7.9. Found: C, 74.3; H, 7.8.) VPC indicated fraction (2) to
be a mixture of 37% 3,5-dimethoxy- -methylstyrene and 63% 3,5-
dimethoxyacétophenone. Fraction (3) was found to be 99.8% desired
product. The yleld of 3,5-dimethoxyacetophenone was 35% and of the
by=product 3,5-dimethoxy-A-methylstyrene was 12%.

21. 3,5-Dimethoxyaniline

3,5-Dimethoxyaniline has been worked up and isolated in two

different ways: crystallization and vacuum distillation. The latter

1s the more efficient method of isolation, resulting in a better yileld.
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a. Isolated by Crystallization The procedure is an example

of the benzyne reaction(?9),

Sodamide was prepared according to the directions of Vaughn, Vogt
and Nieuwland(90) from 48.3 g (3.10 g-atoms) of sodium and 1.3 g of
hydrated ferric nitrate in 2 liters of liquid ammonia, .Then 177.8 g
(1.03 moles) of l-chloro-2,4-dimethoxybenzene was added over a period
of about 30 minutes. The mixture was ailowed to‘stir at reflux for
LO minutes. Excess sodamide was then destroyed by the addition of
119.3 g (2.23 molés) of éolid ammonium chloride. This latter ad-
dition was exothermic and, as a result, required 1.25 hours to
complete. ‘The ammonia was then allowed to evaporate. The residuél
solid was extracted with 2 liters of ether. The émine was precipl-
tated from the ether solution as its hydrochloride, which was subse-
quently treated in water with ammonium hydroxide. The viscous,
brown oll (95 g) that résulted solidified after a brief period; it
was recrystallized-from ethanol to give 75 g of brownish-pink needles,
mp 53-55°C. Vapor phase chromatography indicatéd éhe presence of
a minoﬁ contaminant. This contaminant may be femoved by subsequent
recrystaliization from ethanol, Pure-3,5-d1methoxyan111ne'melts'atv
56.5-58°C., The desired amine present, indicated by VEC, after the
one recrystallization was about 71.1 g for a minimum yield of 45%.
The infrared spectrum of product was consistent witb a _dimethoxy-
aniiine. Its strucbure was confirmed by its acetanilide, mp

155.5-157°C; literature value for 3,5-dimethoxyacetanilide:
'15700(6?, 82) .
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Anal. Calcd. for CgH110pN: C, 62.7; W, 7.2; N, 9.1. Found:
¢, 62.7; H, 7.2; N, 9.1.

Phe minor contaminant, described above, was 1isolated in milli-
gram quantities from the mother liquor. It was recrystallized from
ethanol giving tiny, white, felted needles, mp 140-41°C. 1Its infra-

red spectrum was consistent with the proposed structure:

OCHa OCHa

N

B
CHa CHa

b. Isolated by Vacuum Distlllatlion Sodamide was prepared from

56.4 g (2.45 g-atoms) of sodium and 1.5 g of hydrated ferric nitrate

- in 2.7 liters of liquid ammonia. Then 207 g (1.2 moles) of 1-chloro-

2,4-dimethoxybenzene was added dropwise over 1.5 hour period. The
mixture was allowed to stir at reflux for 25 minutes, Excess sodamide
was then destroyed by the portionwise addition of 139.5 g (2.61 moles)
of solid ammonium chloride., The ammonla was then allowed to evaporate.
The residual solid was stirred with 1500 ml of ether for 1 hour. The
ethereal slurry was filtered, and the collected solid was washed

with an additional 500 ml of ether, The ether extracts were com-
bined and washed with 500 ml of water, then dried over magnesium
sulfate. The ether was rempved under reduced pressd;ehleavins an
amber, viscous residue which welghed 183.5 g. This residue was
distilled, and 3,5-dimethoxyaniline (119.9 g for a 65% yileld) was

collected at 112°C/0.67 mm, mp (uncorr) 5%.5 - 55.5°C; reported bp
115°¢/0.5 mm( 89, mp y6°c(78,82)
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22, 3,5-Dimethoxybenzoic Acid

The procedure of Mauthner(sa) was followed. To a cold solution
éf 200 g (5 moles) of sodium hydroxlde ln 1250 ml of water in a
S5-liter flask blahketed with nitrogen was added 154 g (1 mole) of
3,5—d1hydroxybenzbic acid. The flask was closed 1mmediaté1y and
the mlxture was stirfed until all of the acld had dissblved. Then
220 g (1.75 moles) of dimethyl sulfate was added and the solutlon
stirred for 20 mirutes, belng cooled with cold water to'maintain'
the ?emperature below 30 to 35°C. A second portion of 220 g of
dimethyl sulfate was then added and durlng the next ten minutes
the temperature was not allowed to rise above 40 to 45°C. The con-
tents of the flask were then heated under reflux for two hours. In
~ order to saponify the small amount of ester that was produced, a
solutién'of 50 g of sodium hydroxide in 75'm1 of water was added
and the contents were heated under reflux for an additional two
hours. The reaction mixture was cooled and acidiried withvdilﬁte

hydrochloric acid. The precipitated dimethoxybenzoic acid was
collected by filtration and washed well with cold water. The wet

product'was bolled 1n three liters of water, cooled, filtered and

dried. The yield (mp 179-82°C; reported(17) 182°C) was 160 g (88%).

23, },S-Dimethogybenzoyl Chloride

The procedure of,Munch-Petersen(59) was followed. Intoc a
250-ml flask blanketed with nitrogen was placed 55 g (0.3 mole) of
.3,5-dimethoxybenzoic acid and 124 g (1.05 moles) of thionyl chloride.
The mixture was stirred and heated under réflux for three hours. The

thionyl chloride was removed under reduced pressure 1eav1ng a8 brown
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residue that was distlillled under nitrogen through a Claisen head

yielding 52 g (87%) of a colorless liquid, dimethoxybenzoyl chloride,
bp 158°C/20 mm; reported(56) 157°C/16 mm.

24, 2-(3,5-Dimethoxybenzoyl)heptanc

A 500-ml round-bottomed flask equipped with a stirrer, therm-
ometer, condenser with drying tube, dropping funnel, and nitrogen
inlet, was flamed out under nitrogen and charged with 7.3 g (0.3
g-atom) of magnesium turnings. A solution of 4#3.2 g (0.25 mole) of
1-chioro-3,5-dimethoxybenzene in 54.1 g (0.75 mole) of freshly
distilled tetrahydrofuran was prepared and about 15 ml added to
the magnesium. Ethyl bromide, 1 g, was then added and a vigorous
" reaction started. Hcating was initiated and thce remainder of the
tetrahydrofuran solution added in 30 minutes. The mixture was
heated to reflux (78-86°C) and maintained there for three hours.

After cooling the Grignard reagent to room temperature, a
solution of 34 g (0.27 mole) of p-methylheptanonitrile in 30 ml
of dry tetrahydrofuren was added dropwise in 27 minutes. The

addition was started at 27°C and the temperature had risen to 40°C

by the end of the addition. The mixture was then heated to 60°C

for six hours and allowed to stand over the wezkend.

' To the reaction mixture was added 160 g of a 40% sulfuric
acid solution. The reaction was quite vigorous and an ice bath
was employed to keep the temperature below 40°C. After stirring
for 15 minutes, the solvent was removed by distillation at amblent

pressure. Then 40 g of a 50% sulfuric acid solution was added and
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the mixture heated for one hour at 95-100°C. After cooling‘a
50-mi portion of ether was added and the resulting tw0'1ajera were
separated. The aqueous layer was extracted with three 75-m1 por-
tions.of ether. The ethereal solutions were Qombined, washed with
three 100-ml portions of water, and drled bver anhydrous magnesium

sulfate,

-

After filtration and removal of the solvent, 68.4% g of dark,

olly residue was obtained. Distillation gave:

Eggg&;ég_ﬁg; ' bp, °C/mn Weighé. g _jﬁfl__
1 up to 90/0.25 .  1.4589
2 120-132/0.2 1 | 1.5288
3 133-138/0.2 43 1.5116
4 142-148/0.2-0.5 1.5 1.5224

Fraction 3 represented a T1% yleld of product of 9% area-% purity
by VPC. Redistillation resulted in the isolation of 2-(3,5-
dimethoxybenzoyl)heptane, bp 134°C/0.2 mm, nso 1.5100, in greater
than 96 area-% purity.

25. 3,5-Dimethoxy-N,N-dibutylaniline

(See under use of 1lithium alkyl amides for the resoréylation'ree

actlon, section IV.A.45.e.)

26, 3,5-Dimethoxyphenylmagnesium Chloride

a. Unsuccessaful Attempts

(1) Solventless at Elcvated Temperature A 50-ml three-

necked flask was fitted with thermometer, alr condenser topped with a
drying tube, dry nitrogen inlet, and magnetic stirref. Magnesium

turnings (1.8 g, 0.075 g-atom) were placed into the flask together
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with a small crystal of lodine. The entlre reaction system was then

flamed out and allowed to cool under a stream of dry nitrogen. When
the sysﬁem had cooled, 1-chloro-3,5-dimethoxybenzene (8.6 g, 0.05
mole) was rapldly added. The mixture was then stirred and heated at
159-160° for 4.5 hours. The mixture developed a slight gray color
(probably due to the presence.or finely divided magnesium). A small
aliquot gave & negative Michler's ketone test(50)., fme temperature of
the mixture was increased to 190-200°C for an additional 13 hours.

No Grignard reagent formed, and starting halide was recovered.

(2) With Zinc Sulfate Activator(69): Zinc sulrate

heptahydrate was dehydrated by heating in a sand bath under dry nitro-
gen until the bath temperature reached 280°. Most of the water of
hydration was evolved at about 170°,

A dry, 500 ml, three-necked flask was equlpped with mechanical
stirrer, water-cooled condenser, dry nitrogen inlet and long-stemmed
thermometer. Magnesium turnings (3.6 g, 0.15 g-atom), anhydrous
zinc sulfate (33 mg) and l-chloro-3,5-dimethoxybenzene (17.2 g,

0.10 mole) were placed into the flask and heated and stirred, under
a slow stream of dry nitrogen at 135-45°C for about 0.75 hour. At
this stage a dark color developed, probably due to finely divided
mégnesium. The mixture was heated over the same temperature range

for an additional 1.25 hours. Freshly-distilled xylene (80 m1)

~and an additional 33 mg of anhydrous zinc sulfate were added. The

vigorocusly-stirred, gray-black mixture was heated to reflux, 143°C,

for 20 hours. A negative Michler's ketone test indicated the

absence of Grignard reagent.

117



— o—

wamm— .

(3) With Gllman-Kirby Activator(31) A dry, 500 mi,

three-necked flask was equipped with dry nitrogen inlet, stirrer,
Claisen head topped wlth é pressure-equalizing dropping funnel,
condenser set for distillation, and bent recelving adapter equipped
with drying tube and recelver. All apparatus had been previously
oven-dried. Magneslum turnings (5 g), 1odine’(2.5’g), and 100 ml
of dry benzene were Gombined in the flask and stirred vigorously.

A stream of dry nitrogen was circulated above the mlxture through-

‘out the preparation. The mixture was deep purple. Dropwise

addi%ion of 5 ml of anhydrous ether was carried out over a 20-minute
period. The mixture changed from purple to brown to coloriess during
the course of the addition. Solvent was then removed by distillation
using an oll bath. When all of the solvent had been removed, the
températuré of the oil bath was increased to between i50°C and 160°C.
The solid residue was heated over this temperature range for 10

minutes. The dull gray residue was then ready for use,

A 50 ml, three-necked flask wes equipped with thermometer, alr-
cooled condenser topped with a drying tube, dry nitrogen inlet, and

magnetic stirrer. Magnesium turnings (1.2 g, 0.05 g-atom) and the

sctivator prepared as above (259 mg) were added to the flask. The
entire reaction system was then flamed out and allowed to cool under
;»égfeam of dry nitrogen. When the system had cooled, still under

a slow stream of dry nitrogen, l-chloro—3,5-dimethoxybenzene

(8.6 g, 0.05 mole) was rapidly added. The vigorously-stirred mixture
was heated at 232°C for 28 hours. Initially the mixture turned milky,
and finally turned dark brown. Most or all of the magnesiﬁm turnings
had remained intact. An aliquot gave a negatlve Michler'skketone '

test. Starting halide was recovered.
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(4) With Magnesium Powder A 50 ml, three-necked flask
was equipped with thermometer, alr condenser topped with a drying tube,

dry nitrogen inlet, and magnetic stirrer. Hugneslum powder (Matheson

Coleman and Bell) (1.2 g, 0.05 g-atom) was placed in the flask, and
the entire reaction system was {lamed out and allowed to cool under a
stream of dry nitrogen. When the system had cooled, sti11l under a
slow stream of dry nitrogen, l-chloro-3,5-dimethoxybenzene (8.6 g,
0.05 mole) was rapldly added. The mixture was vigorously stirred and

heated to reflux, 232°C, for 27.% hours. An aliquot gavc a negative

Michler's ketone test.

(5) Entrailnment Mcthod Using Ethylene Bromide(6%) a 500

ml, four-necked flask was equipped wlth a 125 ml pressure-equalizing
dropping funnel, dry nitrogen inlet, stirrer, condenser topped with
drying tube, and long-stemmed thermometer, Mégnesium turnings

(2.84% g, 0.116 g-atom) were placed 1n the flask, the entire system
was flamed out and allowed to cool under a stream of dry nitrogen.
1-Chloro-3,5-dimethoxybenzene (8.6 g, 0.05 mole) dissolved in 50

ml of anhydrous ether was then added. The resultant mixture was
stirred and heated to gentlc reflux, under a slow stream of dry

nitrogen. Ethylene bromide (9.3 g, 0.05 mole) dissolved in 50 ml
of anhydrous ether was then-added dropwise. An attempt was made

to keep the rate of addition at about 1 drop/l15 seconds as
recommended by Pearson(Gh),but 1t was not possible to fabricate a
Hershberg dropping funnel to give a slow enough dropping rate. As
a result, the rate of addition varled greatly, but, in general, was

slower than the recommended rate. The addition was interrupted

after about 7 hours, and the reactlon mlxture, now dark black, was
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allowed to stand overnight under dry nitrogen. The addition was
continued and required an additional 5 hours to complete. Most of
the magnesium turnings still seemed littact. A Michler's}ketone’

test on a small aliquot of the reactlon mixture sppeared to be
negative. However, the hydrolysls stage of the‘test was exothermic,
end a white precipltate formed. Magnesium turnings, 1.6 g, were
recovered. The residual reactlon mixture was‘hydrblyzed with'cracked
ice and dilute hydrochloric acld. Ether extracﬁion, followed by
distillation ylelded only starting halide.

(6) Using Ethylené Bromide and Magnesium Powder A dry 250-mi

three-necked flask was equipped with dry nitrogen inlet, stirrer,
condenser topped with drying tube, and a small pressure—equalizing
dropping funnel. The flask was charged with magnesium powder
(Matheson Coleman and Bell, 20 mesh) (1.5 g, 0.062 g-atom) and

a small crystal of lodine. ‘The system was flamed out and'allowed
to cool under a gtream of dry nitrogen., The dropping funnel was
charged with l-ghloro-3,5-dimethoxybenzene (10.7 g, 0.062 mole)
dissolved in freshly distilled tetrahydrofuran (du Pont Co.; has
negligible water content) (13.4 g, 0.186 mole). About 5 ml of

this solution,’together with a few drops of ethylene bromide, was
added to the magnesium powder and stirring was begun. Theré was

no sign of reactlion initiation. The remaining h#lide solution -
was added dropwise over a pericd of 15 minutes. Hegting was
commenced midway during the halide-THF addition; the temperature of
the mixture had reached 5030 by the end of thls addition. The mix-
ture was heated at reflux (68°C) for two hours. A negative Michler's
ketone ‘test, together with récovery of 1.5 g of magnesium indicated

that nonc of the deslied 3,5-dimethoxyphenylmagnesium cnlordide had

formed.
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(‘7) Using Tetrahydrofuran and N-Mcthylmorpholine as a

Mixed Solvent System

A dry 250-ml three-necked flask was equipped
with a thermometer, condenser topped with a drying tube, pressure-

equalizing dropping funnel, and dry nitrogen inlet. Magnesium

shavings (Matheson Coleman and Bell) (3 g, 0.125 g-atom) and a small
crystal of lodine were placed into the flask, and the entire system

was flamed out and allowed to cool under a stream of dry nitrogen.
+ The dropping funnel was charged with l-chloro-3,5-dimethoxybenzene (21.4 g,
0.124 mole) dissolved in a mixed Bolvent system composed of tetra-

hydrofuran (24.1 g, 0.33% mole) and N-methylmorpholine (2.7 g,

0.027 mole), Both of these solvents had been freshly distilled

prior to use. About 5 ml of this solution, followed by 0.5 ml
. of ethyl bromide, was run in wilth the magnesium, but no initlation
was observed, A second 0.5-ml portion of ethyl bromide was

added, also with no effect. Dropwlise addition of the remaining

halide solution was begun. The addition required 30 minutes.

The solution was refluxed for an additional 4,5 hours, but there was

no evidence of Grignard formation, the magnesium appearing unaffected,

A Michler's ketone test was negative. Further heating at reflux

the following day also resulted in a negative Michler's ketone
test, )

b. Buccessful Method: The Rcactive Solvent Method with

Tetrahydrofuran(71) A 500-ml, three-necked flask wes equipped with

thermometer, Friedrich's condenser topped with a drylng tube, stirrer,

-125-ml1 pressure-equalizing dropping funnel, and dry nitrogen inlet.
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Magnesium shavings (Matheson Coleman and Bell) (6.0 g, 0.248 g-atom),
and a small crystal of iodine were placed into the flask, and the
entire system was f1amed out and allowed to cool under a stream of
dry nitrogen. The dropping funnel was charged with l-chlore-3,5-
dimethoxybenzene (42.8 g, O.EMB mole) dissolved 1in freshlyédistilled
tetrahydrofuran (supplied by the du Pont Company and having a
negligible water content) (53.6 g, O.THMkmole).‘ About 10 ml of this
solution was run in with Lhe magnesium. A few drops of ethyl bromide
were added to initiate reaction. Stirring was begun, the lodine
color discharged, and a very exothermic reaction set in, Dropwlse
addition of the remaining tetrahydrofuran-halidé solution was started;
The additinn required about 1 hour, the temperature of the mixtﬁre
finally reaching 75°C, The mixture, a dark yellow 1liquid together
with a lot of as yet unreacted magnesium, was heated to vigorous
reflux (79—85.5°C) for an additional two hours. When the tempera-
 ture of bhenuxturefeaohed 85.5°C, reflux from the condenser ceased.
The reaction mixture now apparedvas a dark,'brown—amber syrup; only
a small amount of magneslum remalihcd unrcacted (about 0.5 g). A
positive Michler's ketone test was obtained. |

k The yield‘was determined by titration. The reaction mixture
was transferred to a 250-mi volumetric flask (the Grignard reagent
hydrolyzes only slowly in air), and was i luted to the mark with
tetrahydrofuran. Twenty-ml allquots were pipetted into 50 ml of

0.5 N hydrochloric acid and 50 ml of water, heated in a hot water
bath at 80-85°C for 30 minutes, and back-titrated with 0.4 N NaCH
with phenolphthalein as indicator. The yleld of Grignard reagent,
thus determined, was 79%.
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Proof that the desired Grignard reagent had actually been formed
was obtalned by hydrolysis of the remaining bulk of the Grignargd
solution. It was poured onto 500 g of cracked ice with vigorcus
stirring, and then was acidified by the addition of 55 ml of 6 N
hydrochloric acid. The hydrolysate was extracted with two 150 m1
portions of ether. The comblhed ether extracts were washed with
water and dried over anhydrous sodium sulfate, The ether was re-
moved under reduced pressure. The amber, olly residue was then
distilled under reduced pressure, bp 77-78°C/4.6 mm, n2° 1.5254
(lit for m-dimethoxybenzene: (76) bp 214-215°C/750.4 mm)

An authentic specimen of m-dimethoxybenzene (Eastman No. 314)
was obtained n;° 1.5249, 1Its infrared spectrum was identical to that of
the product obtalned from the above hydrolysis procedure.

27. 2-(3,5-Dimethoxyphenyl)-3-methyloctane

8. Unsuccessful Attempt by Direct Hydrogenolysis of 2-(3,5-D1

methoxylphenyl)-3-methyloctanol-2 The carbinol used for these attempts

was prepared from 2-(3,5-d1methoxybenzoy1)heptane and methylmagnesium

bromide.

(a) 2-(3,5-Dimethoxyphenyl)-3-methyloctanol-2 (10 g) was mixed

with 5 ml of hexane and 1 g of Girdler G-49A nickel-on-kieselguhr
catalyst. This.quture was transferred.to a 43-ml bomb, which was
then inserted into a rocking autoclave, The mixture was heated

to 100°C under 1500 psig hydrogen pressure for 3.5 hours. The
mixture was removed from the bomb, catalyst and solvent were removed,
and the residue was submitted for infrared spectrum. The spectrum

vwas identical to that of starting carbinol,.




(b) The process described in "a", above, was repeated. This

time the temperature was maintalned at 17550 under 2600 psig
hydrogen pressure for 11 hours. There was no change in the infra-
red spectrum.

(¢) The process was repeated at 250°C under 2500 psig hydrogen
pressure for 2,5 hours,. again with negative results,

(d) The process was repeated at 250°C under'2500 psig hydrogen
preasure for 10 hours, also with negative results. ‘

{e) An attempt utilizing Girdler G-13 copper chromite catalyst (1
waskélso unsuccessful, This time the mixture was heated to 250°C'
under 2500 psig hydrogen pressure for 4 hours. B
(£) Finally, an atiempt at low pressure hydrogénolysis was made .
The carbinol (14 g, 0.05 mole) was dissolved in 50 ml of hexane.
Adams' catalyst (platinum oxide, 0.05 g) was édded, and hydro-
genolysis was attempted at room temperature with 50 psig hydrogéh

- pressure, in a Parr shaker. This attempt was also unsuccessful .

b. Sucecessful Eeduction of Mixed 2-(3,5-Dimethoxyphenyl)-3-

methyloctenes A one-liter autoclave was charged with 25 g of 2-

g)

(3,5-dimethoxyphenyl)-3-methyloctenes-1 and -2 and 2.5 g of 65% nickel-

og—ﬁ;ggelguhr (Girdler G-49A) in 100 ml ©f dry hexane together with 1750

ppig of hydrogen. The temperature was gradually increased to 12506’,

After three hours the pressure was increased to 2850 psig of hydro-

gen and maintained there for another 2.5 hours. After filtration and

removal of the solvent, the residue, 24.8 g, was submitted for infrared

and ultraviolet spectroscopy and VPC and was identified as 2-(3,5-di-

methoxyphenyl)-3-methyloctane, N pax 272 and 278 my and Mpyn 247 m,

in 94.1 area-% purity.
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28. 2-(3,5-Dimethoxyphenyl)-3-methyloctanol-2

a. PFrom 3-Methyloctanone-2 and 3,5-Dimethoxyphenylmagnesium

Chloride A 500-ml flask equipped with a stirrer, thermometer, condenser

with drying tube, dropping funnel,and nitrogen inlect tube was
charged with 9.7 g (0.33 g-atom plus 20% cxcess)of magnesium
turnings and flamed out under nitrogen. A solution of 57.3 g
(0.3% mole) of l-chloro-3,5-dimcthoxybenzene in Yé.l g (1.0 mole)
of freshly-distilled tetrahydrofuran was prepared, and about 10 ml
was added to Lhe magnesium. When 1.0 g of bromocthane was added
as Initiator, a vigorous rcaction occurrcd, and the remainder of
the tetrahydrofuran solu.ion o/ l-chloro-35,5-dimethoxybenzene was
added dropwise in 20 minutes, The mixture was then heated at
reflux (pot temperature 79-85°C) for 3.5 hours. At the end of this
time only a small amount of magnesium remained.

After coollng to room temperature, a solution of 47.4 g (0.33
mole) of 3-methyloctanone-2 in 30 ml of tetrahydrofuran was added
dropwise in 22 minutes while maintaining the temperature at 10° to
20°C. The reaction mixture was heated at 60°C for 2.0 hours. The
reaction mixture was then hydrolyzed by the addition of a solution
of 17.8 g (0.35 mole) of ammonium chloride in 54 ml of water over a
period of ten minutes while keeping the temperature_below 10°C.
When the addition was complete, the mixture was stirred for 30
minutes and Lhe precipilale allowed Lo sellle out. The organic
layer was separated by decantatlon and the residue was extracted

with two 135-ml portions of diethyl ether. The solutions were com-
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bined and dried over anhydrous magnesium sulfate. After filtratioh
and femoval of the solvent, 91.6 g of red-orange reslidue, assumed
to be the desired 2-(3,5-dimethoxyphenyl)-3-methyloctanol-2, was
obtained. A 1.5 g sample was retalned for study by VPC and the

remainder was dehydrated as outlined below.

When the reaction was carried out on a larger scale, the aldol

‘side-reaction was discovered. Details of the work-up and a discussion

.of the products appcar above in sgction II.A.3.L.

Reactions where the fetrahydrofuran wag displaced with dibutyl
ether or dlglyme were otherwise carried out as described in this

section.

b. From 2-(3,5-Dimethoxybenzoyl)heptane and Methylmagnesium

Bromide A 500 ml flask equipped with a stirrer, thermometer, condenser
with drying tube, addiﬁidn funnel,‘and nitrqgen inlet was charged
with 31 ml of a 3 M solution of methylmagnesium bromide in diethyl
ether. Then a solution of 21.8 g (0.082 mole) of 2-(3,5-d1methoxy-
benéoyl)heptane in 30 ml of dry ether was added dropwise in 15
minutes while maintalning the temperature at 15-20°C. After heéting
at reflux for one hour, the mixture was hydrolyzed by pouring it
onto a solution of 10 g of sulfuric acid in 100 ml of water and

200 cc of crushed ice. After stirfing for .10 minutes another 10 ml il
of sulfuric acid was addéd and the mixtﬁre stirred for an additlonal
hglf hour. The two layefs vere separatéd. The adueous layer was

extracted with two LOO ml portions of ether. The ethereal solutions

Wwere combined, washed and dried over anhydrdus magneéium sulfate.

After filtration and removal of the solvent, 21.6 g of pale yellow
residﬁe.remained. VPC indlcated this material to be greater than

95 area-% product, representing a 93% yleld. Distillation gave
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2-(3,5-dimethoxyphenyl)-3-methy loctano1-2, bp 124°C/0.2% mm,

n;o 1.5100, greater than Q97 area-% purc by VPC,

29. 2-{3,5-Dimethoxyphenyl)-3-methyloctencs

a. Dehydration with Oxalic Acid Crude 2-(3,5-dimethoxyphenyl)-
3-methyloctanol-2, 90 g, and 5 g of anhydrous oxalic acid
were placed in a flask and heated at 130-140°C for 1.7 hours,
After cooling, 100 ml of benzene was added and the liquld was then
separated by decantation. The solid was washed with another 100 ml
of bénzene. It was then dissclved in 250 ml of water and the re-
sulting solution extracted with two 100 ml portions of benzene. All
the benzene solutions were comblined, washed until neutral, and
dried over anhydrous magnesium sulfate, After filtration and
removal of the solvent, distillation gave 50.4 g of a fraction,
bp 113-153°C/0.5- 0.65 mm (mostly 123-133°C). The yield of the
cls and trans isomers of 2-(3,5-dimethoxyphenyl)-3-methyloctene-2
was 65% based on VPC. Redistillation resulted in the i1solation of

the desired product, bp 114-119°C/0.25 mm in greater than 95 area-%

purity.

b. Dehydration with Iodine Crude 2-(3,5-dimethoxyphenyl)-
3-methyloctanol-2, 40.7 g, and 1.5 g (0.006 mole) of ilodine were
placed in a flask and heated at 99-103° for 40 minutes. At this point

water could be observed condensing around the top of the flask, The

mixture was cooled and transferred to a separatory funnel and. 50 ml of
benzene added. The mixture was then washed with two 25-ml portions of
a 6% aqueous sodium thlosulfate solution followed by two 50-ml portions

of water. The benzene solution was then heated with activated charcoal,
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filtered hot, and the solvent removed. Distlillation of the residue
gave 7.4 g, bp up to 88°C/0.3 mm; 2.6 g, bp 94-115°C/0.3 mm; 19.8 g,

bp 113.5—120°C/0.25 mm, énd 6.4 g of residue. Examination by VPC indi-
cated that thé first fractlon contalned 25 area-% of l-chloro-3,5-
dimethoxybenzene and 2% area-% of 3-methyloctanone-2, but none of the
desired product. The second fraction contained 49 area-% of l—chlord-
},S*dimethoxybenZene together with 26 area-% of the cis- and trans-
1somérs of the deslred Be(ﬁ,B—dimethoxyphenyl)#B;méthylocﬁeneeZQ The
third fraction contained 76 area-% of the cis- and ggggg—isémersvof the
desired product. VPC also showed the 6.4 g residue to contain a con-
siderable amount of product. The yleld based on these VPC results

was at least 46%. 4 ‘ /

The infrared spectrum of the third fraction compared well with that
of an authentic sample of the 2-(3,5-dimethoxyphenyl)-3-methyloctene-2
supplied by the Chemical Corps. The ultraviolet spectrﬁm 6f the third
fraction was identical to that of the authentic sample.

30, Ethyl 2-Acelylheptanoate

A 1000~-ml,: round-bottomed flask was charged wlth 500 ml of
absolute ethanol. Sodium metal, 23 g (1.0‘mole), was cut into
small pleces and added in pdrtions to the alcohol while maintaining
the temperature at 30-45°C. The mixture was stirred until all
the sodium reacted. At this point 130.2 g (1.0 mole)’ofvethyl
acetoacetate was added and the resulting solution was heated to
70°C and 166.3 g (1.0 mole) of 1-bromopentane was added dropwise
at 70-75°C. The mixture was then heated at reflux for Qne hour

and allowed to stand over the weekend.
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After heating at reflux for two hours, the mixture was cooled
and filtered. The solvent was removed by distlllation at atmospheric
pressure, The resldue was distilled at reduced pressure, the keto-
ester being collected at 83-86°C/1.0 mm. The yield was 130 g of
crude product (92% pure by VPC) representing a yleld of 59%.
Literature(21) value for ethyl 2-acetylheptanoate: bp 116°C/10 mm,
ngs 1.43261.

31. Ethyl 2-Acetyl-2-methylheptanoate

A 2000-ml, round-bottomed flask was charged with 400 ml of
dry 2-methyl-2-butanol. Then 26.1 g (0.67 g-atom) of potassium
metal was cut into small pleces and added portlonwise at 60-70°C.
When the addition was complete, stirring was continued until all
the metal had reacted. To the resulting solution, 101 g (0.7 mole)
of ethyl 2-methylacetoacetate was added and the mixture stirred for
several minutes. Then 148.6 g (0.75 mole) of 1-iodopentane was
added dropwise at 70°C in twenty minutes. The mixture was
heated at reflux for three hours.

After cooling to room temperature, 300 ml of water was added
and the mixture stirred. Although the mixture seemed to be neutral
to pH paper, 10 ml of glaclal acetic acid was added. The organic
layer was separated, washed once with water, and allowed to dry
over anhydrous magnesium.ﬂulfate.

After filtration, the solvent was removed by distillation at
ambient pressure. Further distillation gave two major fractions:
9.4 g, bp 66°C/0.3 mm, shown by VPC to be 84.0 area-% product;
'and 101.2 g, bp 62-63°C/0.2 mm, shown by VEC to be 95.2 area-%

product. The total yield of ethyl 2-acetyl-2-methylheptanoate,
based on VPC, was T76%.
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30, Attempted Meerwein Reaction (Ethyl 2-Amyl-3-(3,5-dimethoxyphenyl)-

Crotonate)

A 500-ml round-bottomed flask was charged with 20 ml of
concentrated hydrochloric acid, 20 ml of water, and 15.3 g (0.1

mole) of 3,5—diméthoxyaniline, This mixture was then stirred

 for 15 minutes, and 18.4 g (0.1 mole) of ethyl 2-ethylidene-

heptanoate in 60 ml of aceténe and 4 g of cupric chloride di-
hydrate in 10 ml of water were added undef nitrcgen., The re-
sulting mixture was cooled to -4°C and a solution of 8 g (0,12
mole) of sodium nitrite in 20 ml of water added in 7 minutes at
—S° to +5°C. The mixture was then allowed to warm up to foom
temperature. At 14°C nitrdgen evolution started. After 45 minutes
the Lemperature bad reached 56°C and nitrogen was being evolved
at a steady raté. The mixture was then heated at reflux (pot
temperature 69°C) for 3 hours.

The mixture was extracted with two 125-mlAportiOns of ether.
The ether extracts were combihed, washed with water until neutral,
and dried over anhydrous magnesium sulfate. After filtration and
fémoval of the solvent, distillation gave only starting materlals

and a very small amount of high-boiling residue.

3% . ~ Attempted Reformatsky Reactlon (Ethyl 2-Amyl-3-hydroxy-3-{3,5-

dimethoxyphenyl)butyrate)

A 500-ml flask equipped with a atirrer, thermometer, condenser
With drying tube, and a dropping funnel was charged with 19.6 g
(0.3 mole) of 40-mesh metallic zinc that had been washed with dilute

hydrochloric acid, ethanol, water, and acetone, and dried. Then,
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about 40 ml of a solution of 48.6 g (0.27 mole) of 3,5-dimethoxy-
acetophenone and 57.6 g (0.25 mole) of ethyl 2-bromoheptanoate
(Sapon Laboratories, redistilled) in 100 ml of dry benzene was
run into the flask with stirring. Therec was no indication of
reaction, so heating was 1nitiated and addition wae resumed. At

90°C there was a sudden, vigorous reflux, and .the pot temperature

increased sharply to 105°C. The addition was completed and the

mixture wes heated at reflux. In order to increase the pot tem-
perature, solvent waé removed by distillatlion. At a pot temperature
of 130°C the residue,which had been becoming more and more viscous,
solidified, probably because solvent removal left the halozine

salt of the hydroxyester. At this point, heating was discontinued,
and 100 ml of benzene was added. The product was obtained by
hydrolysis of the reaction mixture with 100 ml of 20% sulfuric acid.
The organic layer was separated, washed with portions of 5% sulfuric
acid, 10% aquéous sodium carbonate, and water, and drled over an-
hydrous magnesium sulfate. After filtration and removal of the
solvent, 75 g of a yellow liguld residue was obtained. Distillation
gave 14 g of colorless liquid, bp 34-70°C/1.0 mm (mostly 35-36°C),
19 g of colorless liquid, bp 99-129°C/1.0 mm, which partially -
crystallized on standing, and 35 g of almost colorless liquid, bp’
170-180°C/1.0 mm, as well as a small amount of residue. Redistilla-
tion of the high~boiling cut resulted in the recovery of the two
lower-bolling materlials and a much smaller amount of higher-bvoiling

product. Apparently, decomposition was taking place.




. According to the VPC, the mlixture contained a high—boiling
compound consistent with ethyl 2-amy1—3—hydroxy-3-(3,5—dimethoxy_
phenyl)butyrate; 5,5—dimethoxyacetophenone; and several other com-

ponents. No ethyl 2-bromoheptanocate was present,

34, Ethyl 2-Ethylideneheptanoate

a. Attempted Dehydration of Ethyl 2-(1-Hydroxyethyl)heptanoate

Using Dry Hydrogen Chloride Dehydration of ethyl ?-(l-hydroxyethyl)-
heptanoate following the method of Natelson and Gottrried(60) was
attempted. The method consists of passing dry hydrogen chloride |
thfough the hydroxy ester while heating on a steam bath. In this casé,
ﬁreatment for two hours in the manner outlined fesulted in the recovery
of unreacted ethyl 2-(1-hydroxyethyl)heptanoate.

b. - Attempted Dehydration Using Todine in Refluxing Benzene ,

Dehydration of ethyl 2-(1-hydroxyethyl)heptanoate was attempted
using the procedure of Hibbert(hO). This consists of treatment of
the B-hydroxyester with iodine in tefluxing benzehe. In this
instance, after 16 hours of reflux, no reaction occurred and the

-starting materlal was recovered unchanged.

c. Attempted Dehydration Using Fused Potassium Acid Sulfate

B-Hydroxyesters have been dehydrated by heating over fused potasshnq
acld sulfate for several hours and this method hasbbeen studied ex-
tensively by Kon and Nargund(51), 1In the present work, heating ethyl
2~(1-hydroxyethyl)heptanoate over fused potassium acid sulfate for

four hours at 130°-150°C resulted only 1ln recovery of starting material.
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d. Dehydration with Phosphorus Pentoxide Following the pro-
cedure of Doering and coworkers(25), a 500-ml flask equipped with a
stirrer, thermometer, condenser, and addition funnel was charged with
11 g (0.075 mole) of phosphorus pentoxide in 25 ml of dry benzene,
Then, 22.7 g (0.112 mole) of ethyl 2-(1-hydroxyethyl)heptanoate was
added dropwise while the temperature was kept at 30°-40°C with
occaslional cooling. When the additlon was completed, the mixture
was heated to 75°C, cooled, and the solvent removed. Distillation of
the residue gave a crude product, bp 56-6%°C/0.3-0.7 mm. Redistilla-
tion resulted in the isolation of 14.6 g (71% yleld) of a colorless
1iquid, bp 49-50°C/0.25 mm, nR° 1.4366. VPC showed the material to
consist of essentially three components in 49, 12, and 39 area-%. Sep-
aration and ilnvestigation with infrared indicated that the 49 and
12 area-% peaks were cis-trans isomers of the desired | ,B-unsaturated
ester while the 39 area-% peak was the undesirable B,<y-unsaturated
ester, cthyl 2;v1nylheptanoatc. Nelther ester has been previously

reported.

e. Dehydratlon with Phosphorus Oxychlorlde Following the

method of Kon and Nargund(5l), a %00-ml, round-bottomed flask was
charged with 61.% g (0.4 mole) ol phosphorus oxychloride and 50.6 g
(0.25 mole) of ethyl 2-(1l-hydroxycthyl)heptanoate in 50 ml of dry
benzene. The mixture was hecated at rcflux (pot temperaturc 95°C)_for
22 hours, After removal of the solvent and uﬁrc;cted phosphorus
oxychloride, distillatlon resulted in the 1solatlon of 30 g of crude
product. Upon redistillation, 27 g (65% yleld) of a colorless ligquid,
.bp 45-46°C/0.2 mm, was obtained. lLxamination by VPC indicated that it

conslsted of a mixture of clis- and trans-,],P-unsaturated ester in 76

area-% and B, ¥ -unsaturated ester in 24 arca-%.
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f. Dehydration with Phosphorus Oxychloride in Pyridine A

2000-m1, round-bottomed flask was charged with 122.6 g (0.8 mole)

of phosphorus oxychloride and 400 ml of dry pyridine, and 136.5 g
{0.675 mole, Ok area-% pﬁre by VBC) of ethyl 2-(1l-hydroxyethyl)-
heptanocate was added dropwlse, The addition was started at |
30°C,.and by the end of the addition, the temperature had reached
84°C, The mixture was then heated to 120°C and maintained at 120

to 130°C for 1.5 hours. After cooling to 10°C, the mixture was f11-
tered to remove the pyridine hydrochloride that had formed. Most

of the excess pyridine was removed by distillation at atmospheric

pressure.
The residue was transferred to a separatory funnel and

extracted with 674 dlethyl ether. The agueous layer was extracted

with two 250-ml portions of ether. The ethereal solutions were
combined, washed with water, and dried over anhydrous magnesium sul-
fate. After filtration and removal of the solvent, distillation gave
107.3 g of clear, colorless liquid, bp 44-54°C/0.23 mm. VPC showed
the desired ethyl 2-eshylideneheptancate to be'present in 65.1

area-%. The undesired ﬁ;xﬁunsaturated ester, ethyl 2-viny1héptanoate,
was present in only 2.2 area-%. However, two components of slightly’

higher retention times were present in 20.5 and 12.2 area-%,

. respectively.




Although these components were not separated and ider!ified,
it was felt that they probably represented the two dl pairs of ethyl
2-(1-chloroethyl)heptanoate since pyridine and phosphorus oxychloride
could readily replace hydroxyl with chlorine. A 500-ml flask was
charged with 107 g of the mixture of esters and then 10 g (0.179
mole) of potassium hydroxide in 8/ ml of anhydrous ethandl was added
dropwise. The addition was started at 25°C and the temperature had
reached 37°C by the end of the addition. The mixture was heated
at 50°C for thirty minutes, cooled, filtered, and the solvent re-
moved. Distillation of the residue gave 89.3 g of clear, colorless
product, bp 46-47°C/0.23 mm, nS° 1.4422; calculated for C;1H2002:
C, 71.7; H, 10.9; found; €, 71.8; H, 10.9, VPC indicated the
product to be ethyl 2-ethylideneheptanoate in 98.1 area-% purity.
The yileld, based on ethyl 2-(1-hydroxyethyl)heptanoate, was 76%.

35, Ethyl 2-(1-Hydroxyethyl)heptanoate

A 1-liter autoclave was charged with 99 g (0.49 mole) of ethyl
2-écetylheptanoate ir. 150 ml of ethanol and this solution was
plgced under 1450 psig of hydrogen and heated at 125°C for two hours
using nickel-on-kieselguhr catalyst, following the procedure of
Adkins and coworkgrs(7). When the hydrogenation was complete, the
mixture was filtered to remove the catalyst. After removal of the
solvent, distillation gave 93.6 ¢ (94% yleld) of ethyl 2-(1-hydroxy-
ethyl)heptanoate, bp 74-75°C/0.2 mm, n§° 1.4346., The compound has

not been previously reported.
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36. 2-Heptanol

Into a 3-1liter flask in an atmosphere of nitrogeniwas placed
1500 m1 of 3N methylmugnesium bromide (4.6 moles) in ether (Arapahoe
Chemicals, Inc., Boulder, Colorado). To the Grignard solution was
added dropwise 226 g (2.3 moles) of hexanal in 500 ml of anhydrous
ether in 85 minutes at a rate to maintaln gentle reflux, The
reaction mixture was heated under reflux for an additlonal hour and
then hydrolyzed by pouring it onto 4000 g of ice and 200 ﬁl of
concentrated sulfuric acid. The ether layer gas separated and
washed twlce with sodium blcarbonate solution. It was coﬁcentrated
and the residue distilled ylelding a clear, colbrless fraction,‘
bp 74-75°C/28 mm, weighing 228 g (87%).

37. 2-Methylheptanonitrile

A 1000-ml, round-bottomed flask fitted with a take-off stopcock
on the bottom, was equipped with a stirrer, Dry Ice condenser with
soda lime tube, thermometer, and addition funnel anq'charged-with
500 ml of anhydrous liquid ammonia and 1.0 g of ferric nitrate
nonahydratc. Then 2 %0 3 g of sodium which had becen cut into
small pleces was added and air bubbled through the resulting solution
until it was apparent that reaction was taking piace. More sodium
was then added portionwise until a total of 11.5 g (0.5 gQatom) had
been added. The mixture was allowed to warm up to ammonia reflux
and 27.6 g (0.5 mole) of proplonitrile was added falrly rapidiy.
After stirring ten minutes the mixture was added dropwise (through ’
the bottom take-off stopcock) to 53.3 g (0.5 mole) of 1-chloropentane

which was in a flask equiﬁped with a stirrer,'thermometer, and Dry




Ice condenser with soda lime tube. When the addltlon was completed,
the ammonia was allowed to evaporate. To the residue was added

200 ml of diethyl ether followed by 200 ml of water. The water was
added cautiously at first until it was apparent that any unreacted
sodamide had been decomposed, The two layers were separated and

the aqueous layer was extracted with two 100 ml portions'of ether.
The ethereal solutions were combined, washed severai times, and
dried over anhydrous magnesium sulfate. After removal of the solvent,
distillation gave 40 g (64% yleld) of 2-methylheptanonitrile, bp
56°C/5.0 m, n§° 1.4151 (literature(5%) ngo 1.415%); calculated for
CgHisN: C, 76.6; H, 12.1; N, 11.2; found: C, 76.56; H, 12.1;

N, 11.0.

38. 3-Methyl-A4-hydroxyoctanonc.-2

This preparation was carried out accordlng to the method of

Powell, Murray and Baldwin(66). A 1-liter, 4-necked flask was

equipped with stirrer, thermometer, Friederichs condenser, and

125-ml dropping funnel. The flask was charged with 90.% g (1.254
moles) of butanone and 21 ml of 1N alecoholic potassium hydroxide
solution. Stirring was started, and a slightly turbid, yellow
solution resulted. Dropwise addition of 36 g (0.418 mole) of n-
valeraldehyde was thzn carrled out over a 30~-minute period. The
temperature of the mixture rose to 45°C during the course of the
addition. The solution became orange-amber. The mixture was
stirred for an additional half hour. Aqueous tartaric acid (1N,
.27 ml) was then rapidly added over a 5-minute period. The precipi-
tated tartrate was flltered off, and the small water layer in the




riltraté was discarded. The organic‘portion of the filtrate was
dried over sodium sulfate, Excess butanone was then removed from
the dried, brilliant yellow organic liquid by distillation at
atmospheric pressure. The residue, weighing 49.4 g for a 75%
crudebyield, was thén fractionated under reduced pressuré. A
significant forerun, belleved to be 3-methyloctene-3-one-2 produced
by thermally-induced dehydration, was taken, and then the product
wes collected at 64.5-65°C/0.75 mm, ng° 1.4429; reporteal 66,87
bp 98°C/16 mm, 73-76°C/1 mm, n27 1.4404. ‘

39, %-Methyloctanol-2

"a. From Acetaldechyde and 2-Heptylmagneslum Bromide vla the

~ Suceinic Acid Half Ester(l) The Grignard reagent was prepared from
146.9 g (0.82 mole) of 2-bromoheptane in 115 ml of anhydrous ether.

This was then‘reacted with 33.0 g (0.75 mole) of acétalaehyde in 45

ml of anhydrous ether. Anhydrousvdioxané (160 ml) was then added,
followed by the addition of 75.1 g (0.75 mole) of succinic anhydride. -
After a few minutes had passed,-the entire reaction mixture formed into
a hard, solid mass. At this point an additional 500 ml of ether and»SOO:
ml of dioxane was added, The solid{mass soon édftcned, and efficieht
stirring was again possible. The mixture was refluxed at 52°C _
for one hour, then hydrolyzed by pouring onto cracked ice, followed
by acidificatlion with hydrochlorlic acld. The half-ester was
isolated by ether extraction. The ether was removed under vacuum
and the‘oily residue dissolved in a slight excess of 10% sodlum
hydroxide. The baslc solution of the half-ester was then extracted

with ether to remove neutral substances. The concentration of




sodium hydroxide was increased to 20%, and saponification was
effected by refluxing the tasic solution for about 4 hours. Ether
extraction, followed by drying and distillation, gave the alcohol,
bp 76°C/7.5 mm, ngo 1.4%3%4,

This compound has been reported(1’66), bp 85-87°C/7 mm and 75°C/
15 mm, ng° 1.4330 and ng” 1.437, The yield (based on VPC assay) was
43.2 g or 40%. The yleld of crude alcohol (prior to distillation)
was 61.5 g, or a crude yleld of 47%,which agrees well with the 60%

yield reported by Adams, Harfenist and Loewe(l).

Anal. Caled. for CgﬂgoO: C, 74.93; H, 13.98. PFound: C, 75.6;
H, 13.8.

The sahple chosen for clcmental analysls was assayed by vapor
phase chromatography and found to be 94.1% pure, having carhonyl
and olefinic contaminants., Adamg, Harfenlst and Loewe(1) also

report a high carbon analysis for their product.

b. Avoldlng the Use of Succinic Anhydride A 1l-liter flask

equipped with a gtlrrer, thermometer, condenser with drying tube,
dropping funnel, and nitrogen'inlet tube, was charged with 38 g
(..57 g-atoms) of magensium turnings, and the entire system was
flamed out under nitrogen. After cooling, QS ml of arhydrous
dlethyl ether was added, and then a solution of 247.2 g (1.38 moles)
of 2-bromoheptane in 125 ml of anhydrous ether containing a small
crystal of iodine, was added dropwise al such a rate &8s to main-

tain reflux. DBy the end of the addition the temperature of the

.reaction mixture was 72°C. The mixture was then heated at reflux

for one additlonal hour, After cooling the Grignard solution to

-10°C, & solution of 55.1 g (1.25 moles) of freshly-distilled




acetaldehyde in 65 ml of anhydrous ether was added drépwise in one
hour'while maintaining the temperature at -5 to -15°C by means of
a Dry Ice-methanol bath. The reaction mixture was then allowed
to stand overnight: ’ ’

The reaqtioh mixture was hydrolyzed by the addltlon of a solu-‘
tion of 84.2 g of ammonium chldride in 240 ml of water while
maintaihing_the temperature at 10°C or 1ess. The organic layer
was decanted off, and the solid residue was extraéted with several
portions of ether. The ethereal solutions were combined, washed
with 'water, and dried over énhydrous magnesgium sulfate., After fil-

tration and removal of the solvent, distillation gnvé the followlng

- fractions:
Composition by VPC, Area-%

Boiling bress, Welght, o S-methyl-2- S-methyl-2-
Range, °C mm Hg g ' nj octanone _octanol
68-74 10-11 164 1.4230 68 Y

T4-78 9.7 15.9 1.4266 48 48
79-81 8.5-0.0 4,0 1.4430 9’ ; 85
Residue ’ 25

Literature values for 3-methyl-2-octanol are: 85-87°C/7.0 mm,
n2° 1.4330(1); bp 75°0/15 mm, nd” 1.437(66). |
40, 3-Methyloctanone-2

a. From 3~Méthyloctene-3-one-2 The procedure ;hosen was‘that
of Powell and Secoy(67). fhe dehydrased aldol, 70.1 g (0.50 mole) was
dissolved 1n 200 ml of 954 ethancl. Platinum oxide, 0.8 g, was added
and the mixture was reduced with hydrogen in a Parr reduction apparatus

at 40 psig.
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After filtration and removal of the solvent, distillation gave
39.7 g, bp 67-68.5°C/8.5 mm, n§° 1.4228; and 20.3 g, bp 68-70°C/
8.3 mm, ngo 1;4268. VPC indicated that the lower-bolling cut was
an approximately equimolar mixture of 3-methyl-2-octanone and an
unknown compound.

The VPC of the higher-bolling cut showed 15 area-% 3-methyl-2-
octanone, 65 area-% of the same unknown compound, and three minor
components, Additional comments on these results appear 1ln the

discusslon section II.A.3.a.(5).

b. From 3-Methyloctanol-2(65)  3_Methyloctanol-2 (31.5 g,
0.218 mole) Qas added, dropwise with stirring over a 1.3-hour period,
to a solution of 27.1 g (0.001 mole) of sodium dichromate dihydrate
and 49 g of concentrated sulfuric acid in 160 ml of water. The addi-
tion was exothermic, and the temperature was not allowed to exceed
30°C. After the agdition had been completed, the mixture was stirred
at room temperature for an additional 18 hours. The mixture was then
extracted with ether, the extract being dried over anhydrous magnesium
sulfate., The ether was evaporated under reduced pressure leaving a
pale-yellow liquid residue. This residue was distilled under reduced
préssure, the ketone being collected from 66-68°C/13.5 mm, n%o 1.4195;
reported(65) bp 64-65°C/18 mm, Y 1.424, The yleld of ketone, based
on VPC assay, was 20.2 g or 65%.

Anal. Caled. for CgH,g0: C, 76.0, H, 12.8. Found: C, 76.4;
H, 12.8
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c. From Ethyl 2-Acetyl-2-methylheptancate A 1000 m1

flask was charged with 74 ml of water, 370 mil of’methanol, and

29.1 g {0.518 mole) of potassium hydroxide. Ethyl 2-acetyl-2-methyl-
heptanoate, 85 g, (92 area-% pure) was added and the resulting solu-
tion wap heated at reflux for four hours. Water, 40 ml, and 29.1 g
of potassium hydroxide ﬁere édded,‘and the mixture was théh heated
at reflﬁxrfor another eight hours. Distillation at atmospheric
pressure removed 390 ml of solvent., The residue waS‘tfansferred to
a one-liter separatory funnel and 92 ml of water was added. The
resulting two 1ayers.were separated, and the aquéous layer was extracted
wlth two 75-ml portions of ether. The extracts were combined with
the organic layer, and the resulting soluﬁion wa.s washed with three
100-ml portions of water and dried over anhydrous magnesium sulféte.

After removal of the solvent, distillation gave 33 g 6f 5=

~methyloctanone-2, bp 60-63°C/7-8 mm, nZ° 1.4202, 97.9 -area-% pure

D
by VPC. The yield was 644.

d. From 2-Methylheptanonitriie A 500-ml, rouné-bottomed flask

was charged with 175 ml of a 3M methylmagnesium bromice solution in
ether. The entire reaction was carrled out under nitroggn; A sdlﬁ—
tion of 62.6 g (0.5 m@fé) ofAPmmethylheptaﬁonitrile in 60 ml of dry
diethyl ether was added dropwise in 1.2 hours, The addition was stérted
at 16°C, and by the end of the addition, the solution had come to a slow
reflux at 35°C. The mixture was then heated at full reflux (40°C) for
8ixteen hours. .

The reaction mixture was hydrolyzed by pouring onto crushed

lce containing 250 g of 33% sulfurlc acid, After stirring for one
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hour, the two layers were secparated. The ether layer was washed

with water and driedover anhydrous magnesium sulfate. After f11-
tration and remcval of the solvent, a 30 g residue was obtalined.

This was much less than the expected émounﬁ.

Since some imines hydrolyze only slowly, 1t was felt that the
low—weight of reéidue might be due to incomplete hydrolysis. There-
fore, 15 ml of concentrated sulfurlc acld was added to the agueous
layer and it was allowed to stand overnight., After eighteen hours
a second phase had formed. The aqueous mixture was extracted with
three 100-ml portions of ether, The extracts were comblned with
the residue previously obtained and dried over anhydrous magnesium
sulfate. After filtration and removal of the solvent, 60.3 g of
yellow residue was obtained. Distillation gave 5% g of 3-methyl-

octanone-2, bp 64°C/9.5 mm, n§° 1.4195, 901% pure by infrared. The
yileld was 76%.

e. By the Amylatlon of Butanonc

(1) Two-Flask Method A 1000-ml reaction flask fitted with a

take-off stopcock on the bottom was charged wilh about 500 ml
of anhydrous liquid ammonia and 1.0 g of ferric nltrate nonahydrate.
Then 2 to 3 g of sodium that had been cut into small pleces was

added and alr bubbled through the resulting solution until= it was

apparent that reaction was taking place. More sodium was then

added in portions until a total of 13.8 g (0.6 g-atom) of sodium

had been added, The mixture was allowed to warm to ammonla reflux
and 43,3 g (0.6 mole) of butanone was added fairly rapidly.

After stirring the mixture five minutes, it was added dropwise
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(through the bottom stopcock) to 75.6 g (0.5 mole) of 1-bromo-
pentane, which was in a 500-ml, round-bottomed flask equipped

with a stirrer, thermometer, and Dry Ice condenser with soda

1ime tube. When the addition was completéd, the ammonia wés
allowed to evaporate, To the resldue was added 200 ml of ether
followed by 200 ml of’water, The two layers were separated‘and

the aquéous layer was extracted with two 100-ml portions of ethér.
The ethereal solutions were combined, washed several times, and
dried over anhydrous magneslum sulfate, After removal of the solvent,
the fesidue was distilled and everything boiling up to 61°C/

4.0 mm was collected. This fraction, which weighed 30 g, was shown
* by VPC to be 86 area-% 3-methyloctanone-2 with no evidence of the

other possibie product, %-nonanone. The yielq was 36%.

(2) One-Flask Method A 1000 ml flask was charged with 500 ml

»of anhydrous ammonia and 1 g of ferric nitrate nonahydrate, A few
small pleces of metallic sodium were added and air bubbled through the
solutlon until it was‘apparent that reaction was taking place. Then
more sodium was added portion-wise until a total of 13.8 g (0.6 g-
atom) has been added. Butanone, 43.3 g (0.6 mble), was added dropwise
in 5 minutes and the resulting mixture was allowed to stir for 10
minutes. l-Bromopenténe, .6 g (0.5 mole), was added dropwise in
81x minutes and the resulting mixture allowed to stir for one-half
hour. The 1liquid ammonia was allowed to evaporate and 200 ml of ethyl
ether was added followed by the cautilous addition'of 200 ml of water.

The resulting two layers were separated and the aqueous layer was

extracted with two 100 ml portions of ether. The ethereal solutions

Lhiy




were comblned and washed with water until essentially neutral, After

drying over anhydrous magncsium sulfate the ethereal solution was
filtered and the solvent removed leaving 59 g of residue. Distilla-
tion gave three fractions: 2.0 g bp up to 47°C/5.4 mm, ca 50 area-%
3-methyloctanone-2; 36,0 g bp 52-55°C/5.3 mm, 5.5 area-% unknown
low-boiler, 84,5 area-% 3-methyloctanone-2 and 8.4 area-%'B—nonéhone;

14.7 g residue, 10 area-% 3-methyloctanone-2, 4 area-% 3-nonanone,

and the remainder high-boiling. 3-Methyloctanone-2 was identified

by its infrared spectrum and by VPC. The yleld was 47% by VPC.
3-Norianone was isolated by VPC in 92 area-% purity and identified
by infrared spectrum and by comparison of the VPC with that of an
authentic sample. The yicld of this component was 6%, by VEC.

(3) Using Excess Butanone and Sodium The procedure outlined

above in (2) was repeated using the following quantities-of reagents:

1000 m1 1iquid ammonia, 1 g ferric nitrate nonahydrate, 23 g (1.0 g-
atom) sodium, 72.1 g (1.0 mole) butanone, and 75.6 g (1.0 mole)
l-bromopentane, The weight of residue obtained was 64,7 g. Distilla-
tion gave three fractions: 1,1 g bp up to 55°C/7.5 mm, 45 area-%
3-methyloctanone-2; 45 g bp 57-61°C/6.5 mm, 6.3 area-% unknown low-
boller, 82,4 area-% 3-methyloctanone-~2, and 8.2 area-% 3-nonanone;

and 13.2 g residue bp above 61°/6.5 mm, 6 area-# 3-methyloctanone-2.
The ketones were identified by VPC. The yleld was 58% of 3-methyl-

octanone-2 and 5.2% 3-nonanone, by VPC.




(4) Using Amyl Chloride The above procedure was carried out

twice using 53.3 g (0.5 mole) of l-chloropentane in place of the

l-bromopentane. There was no appreciable product (>5%) formed in
elther experiment.

(5) Using Amyl Chloride and Sodium Bromide = The following

reactants were used in an amylation attempt following the procedure
outlined in (2) above, except that 10.3 g (0.1 mole) of sodium bromide
was added Lo the sodamide solution: 1000 ml liquid amﬁonia, lg
ferric nitrate nonahydrate, 23 g sodium (1.0 g-atom), 72.1 g butanone

(1.0 mole), and 53.6g(1.0 mole) 1- chloropentane. No significant

amount of product was observed.

(6) Using Diamyl Sulfate The following reactants were used in
an amylation attempt following the procedure outlined in (2)'above: k
1000 ml liquid ammonia, 0.3 g ferric nitrate nonahydrate, 23 g
sodium (1 g-atom), 72.1 g butanone (1.0 mole), and 119,2 g diamyl

sulfate (0.5 mole). The preparation of diamyl sulfate is described
in section IV.10. The major product of the reaction was 3-methyl-
octanone-2, 28 area-% by VPC, contaminated with 3-nonanone (8% yleld
by VPC) and with what was believed to be the two bimolecular ketols
resulting from the self-condensation bf butanone, together with their

dehydration products.

(7) In Toluene Solvcnt A one-liter flask was equipped with

Hershberg stirrer, thermometer, additioﬁ funnel, nitrogen inlet, and
condenser topped with a soda-lime drying tube.  The eystem wag flamed
‘out and allowed to cbol under a stream of nitrogen. The flask was
then charged with @ry‘tolucne (550 m1) and freshly cul sodium (12.9 g
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0.56 g-atom). The mixture was vigorously stirred and heated to reflux.

After the sodium had been dispersed as a fine sand, freshly distilled

t-amyl alcohol (48.5 g, 0.55 mole) was slowly added from a dropping

funnel. The mixture turned pink during the 30 minute addition period.

Heating at reflux was contlnued for 5.5 hours. The resultant clear
yellow liquid was then cooled to room temperature and stored under dry

nitrogen until used in the amylation.

A two-liter flask equipped with glass stirrer, thermometer, dry
nitrogen inlet, addition funnel and condenser topped with soda-lime
drying tube was flamed out and allowed to cool under a stream of dry
nitrogen; then charged with 250 ml of dry toluene, butanone (36.0 g,
0.5 mole) and amyl bromide (90.6 g, 0.6 mole). The sodium t-amyloxlde-

toluene solution, previously prepared, was rapidly charged into the

dropping funnel, ﬁhen‘added dropwlse to the rapldly-stirred reaction
mixture. The addifion was g8lightly exothermic, sSo an lce-water bhath
was intermittently placed in contact with the reactlon flask. ‘The
color of the reaction mixture changed from water-white to yeliow to

orange during the l-hour addition period. The mixture was then heated

in an oil bath until the pot temperature reached 83°C. The color of

the mixture intensified during the 0.75-hour heating period. The mixtur:

was cooled to room temperature and hydrolyzed by the addition of 200 n
of water,

The exothermic hydrolysis was moderated with an ice-water

bath, The mixture was transferred to a separatory funnel, and the

organic layer drawn off and set aside. The resldual aqueous phase wat

then extracted with two 100 ml portions of ether. All organic phases

were combined and washed with four 150 ml portions of saturated aqueous
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sodium chloride solution. After drying over sodium sulfate, toluene
was removed by distillation at atmospheric préssure.' Thé residue was
fractionated under reduced pressure. A series of six distillation

cuts were collected from 35°C/23 mm to 127°C/14 mm, ngo 1.4396 - 1.4829.
Instrumental evaluation indicated that the desired B—methyloctanone-Q
nad been formed in only 2% yield, fogether with the usuallcontaminant
3-nonanone in 0.4% yleld. ' About one;third of the starting amyl bromide
was reclaimed unaltered. The major reaction products appeared to be

«,/0-unsaturated ketones, a pair lower boiling and a pair higher boiling
than the desired ketone.

(8) 1In Ether Solvent The preparation of sodium t-amyl-

oxide was as described above, except that the amount of dry toluene
was diminished from 550 ml to 370 ml 80 as to prepére an approximately
1.5 M solution of the amyloxide, ' , ; '

A reactlon system ldentical to that described for the amylation
in toluene was dried in the usual manner, then charged with 370 ml
of sodium dried ether and butanone (36.0 g, 0.5 mole).- The sodium t-
amyloxlde solution was then slowly added from ﬁhe dropping fﬁhnel.
Amyl bromide (90.6 g, 0.6 mole) was then added dropwise to the turbid
yellow reactlion mixture over a 15 minute peripd. Stirring at room>
temperature was continued for 5 hours. The mixture was then hydrolyzed
by the cautious addition of 200 ml of water. The hydfolydate was treated
as previously described. Fractionation under reduced bresaure provided
a series of 5 cuts collected from 30°C/17 mm to 121°C/17 mm, ngc 1.4401 -
;.4808. Instrumentai evaluation indicated that the desired 3-methyl-
octanone-2 had heen formed in only 1% yield, along with a 0.3% yield

of 3-nonanone. About one-third of the starting amyl bromide was re-
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covered. The major reaction products agaln were found Lo be the same

four-a(yg-unsaturated ketones formed when toluene had been used as

exclusive reaction solvent,

f. Attempted Preparation from Epoxybutane

(1) Purification of 2,3-Epoxybutane

The 2,3-epoxybutane
used in the following series of experiments was obtained from Farchan

Research Laboratorics. The sample contained about 4% water, determined

by Karl Fischer titration. Butylene oxldes have been reported to form

azeotropes with water at aﬁmospheric pressure(99). The epoxide

was shaken with an equal volume of dry n-octane. A water layer

formed, and was drawn off and discarded. The turbid epoxide-octane

solution was then dried for several hours over anhydrous magnesium

sulfate, followed by a brief period in contact with Linde no. 3A

molecular sieves. The solution was then slowly distilled through

a short packed column to isolate the dry epoxide,

(2) Reactlon of 2,3-Epoxybutane with Commercial p-Amyl
Sodium (1:1) A carefully dried, three-necked, 2-liter flask equipped

with a Hershberg tantalum stlrrer, dry nitrogen inlet, thermometer, and

drying tube was charged with amyl sodium (50 g, 0.532 mole) (supplied

by Orgmet as a slurry in heptane). This operation was carried out

in a dry box under a dry nitrogen atmosphere. A rapid flow of dry

nitrogen was passed through the reaction system during subsequent

reaction. The mixture was cooled to -20°C in a Dry lce-kerosene

bath. Freshly dried, 2,3-epoxybutane (36 g, 0.5 mole) dissolved
in 70 ml of dry octane was added dropwlse over a period of 1,7 hours.

The cooling bath was removed shortly after the addition was begun,
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since the reactlon was not exothermic. The mixture was stirred‘at
room temperature for 10 minutes, then again cooled to -20°C,
Absolute ethanol, 100 ml, was added over a 20-minute perlod. The
mixture thickened and then thinned again during the addition.

Water, 200 ml, was rapidly added. Two layers formed, an upper water-
white organié layer and a lower yellow aqueous layer. The aqueous 7
layer was extracted with ether, and the ether extract combined

with the original organic layer. The combined organic phases were
washed with water and dried over sodium sulfate, Ether was removed
on-a‘rotary gvaporator, and the bulk of the reaction solvents were
then removed by distillation at atmospheric pressure. The residue,

a pale yellow liquid weighing 31 g, was fractidnated under reduced
pressure, In addition to residual hydrocarbon 301vénts, a small
-amount of liquid, 2.0 g, was collected fromrh3~45°c/5mm, ngo 1.4155.
VPC and infrared épectra‘indicated that this small éut consisted

of 83.9 area-% of the desired 3-methyloctanol-2 (2% yield).

{3) Recaction of n-Amyl Sodlum, Prcpared in-situ, with 2,3--

Epoxybutane (1:2) A threc-necked, ?—liter Morton flask was equipped

wiéh high speéd stirrerf Nichrome Hcrshbcfg whlp, dreoppling funnel,
dry nitrogen 1n1et, chermometer nhd alr-cooled condenser topped N
with a drylng tube, The systoem was [hamed oub and allowed to

\cool under a stream of dry nitrogen. Sodium spheres (23.0 g, 1.0
g-atom) were charged into the flask, together with 30C ml of dry,
synthetic octane. The octane was heated to reflux; then the stirrer
was adjusted to high speed for about 2 minutes. Heating was dis-
continued, and the fine sodium dispersion was cooled to -10°C in

a Dry Tece-keroscne bath. Modecrate stirring was maintaincd throughout
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the subsequent procedure. Purified n-amyl chlorilde (53.3 g, 0.5
mole) dissolved in 500 ml of n-octane was added dropwise over
a 30-minute perlod, The mixture was slirred at ~-5°C for 30 minutes,
then allowed to come to room temperature.

2,3-Epoxybutane (72.1 g, 1.0 mole) dissolved in 7O ml of n-
octane was added dropwise to the amyl sodlum dispersion over a
40-minute period. The addition was moderately exothermlic. The
mixture was stirred for 1.75 hr at room temperature, then cooled
to -10°C. Absolute ethanol, 100 ml, was added, followed by the
addition of 200 ml of water. The mixture was acidified by the
addition of 60 g of glaclal acetic acid. The aqueous layer was

extracted with ether. All organic phases were combined, washed

with water, then drled over sodium sulfate. After the removal

of solvents, the resldue was distilled under reduced pressure. In

addition to residual reaction solvents, a small cut, 5.2 g, bp

53%-54°¢/8 mm, n%o 1.4140, was collected. Instrumental evaluation

indicated that this «ut consisted of 82.4 area-% of the .desired
product (6% yield).

(%) Reaction of 2,%-lpoxybutanc with Butyl Lithium A three-

necked, 2-llter flask was equipped with stiirer, dropping funnel, dry
nitrogen inlet, thermometer, syringe cap, and condenser topped wlth

drying tube. The system was flamed out and allowed to cool under

a stream of dry nitrogen. The [lask was charged with butyl lithium

(32.0 g, 0.50 mole) in hexane solution with a hypodermie syringe.
Dry 2,3-epoxybutane (36.0 g, 0.5 mole) dissolved in 70 ml of dry

n-octane was added dropwlse over a two-hour period. After about
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20 ml of the epoxide solution had been added with no apparent exotherm,'

the reaction mixture was heated to 50°C, heatlng was stopped, and Lhe

addition was continucd. The reaction was self-sustalning, the

temperature of the mixture rising to 60°C before fﬁe addition had

been completed. The mixture was then gently refluxed for 45 minutes,
- Aftér cooling the mixture to -10°C, 200 ml of water was sloﬁly

added., The mlxture was acidified by the addition of 30 g of glacial

acetic acid. The organic layer was separated and the resldual

aqueous layer extracted with ether. All organic phases were combined

and washed with water, then dried over sodium’éulfate. Solvent

was removed and the residue distilled unde? reduced pressure,

Several cuts were collected from'27-77°c/17 mm, n;o 1.3998-1,4238,

Instrumental cvaluation'indicated thahithe desifed product, 3-methyl~

heptanol-2, had been formed in 6% yield. The best distillation cut

assayed only 77 area-% purity by VPC. ‘ 4 B

Thé carblnol produced by fhe reactlion was most probably the

desired one, sihce its infrared spectrum exhiblted absorption
characteristic of a secondary alcchol, bonded4—0H at 3350 em-*, and
C-0 bend at 1100 em™*, The nature and significandc of other products

formed during this reactlion have been treated in the Discussion,

section II.A.3%.a.(6).

1. B—Methylocteﬂe—j-oqe-z :

3-Methyl-4-hydroxyoctanone-2 (q.v.) was prepared using 300 g
(3.483 moles) of n-valeraldehyde. Excess butanone was removed,
.ieaving a residue of 587.7 g. Iodine, 4.0 g, was added to this
residue, and distillation continued at atmospheric pressure, Water
was removed first and an unsaturated ketone distllled from 170-190°c/
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700 mm. A large, dark-cclored, viccous pot residue remalned. The

distillate was washed with two 100-ml portions of 2% aqueous sodium

bisulfite solution and dried over calcium chloride. The crude un-

saturated ketone, 201.6 g, was fractionated under reduced pressure

and collected at 35-40°C/0.65 mm, ngo 1.4497-1.4512; reported(87)

bp 55-60°C/1 mm. The yield of purified product was 164.8 g (344,

calculated as 3-methyloctene-3-one~?2).

42. Attempted Preparation of Orcinol Monomethyl Ether by Basic

Hydrolysis of 3-Methoxy-4-chlorotoluene

Following Lhe procedure of .-Bottinl and Roberts,(16) a 300-ml
rocking autoclave was charged with 23.4 g (0.15 mole) of 3-methoxy-

4-chlorotoluene and 175 ml of 4M sodium hydroxide solution. Heat.-
ing was initiated. At approximately 3%0°C, the rocking mechanism
was turned on. Tpe pressure at this point was 2100 psig. The
mixture was maintéined at 340-350°C with rocking for two hours,
The pressure at the end of this period was 2350 psig. After
allowing it to cool overnight, the autoclave was vented. The con-
tents were removed and acidified with 20% hydrochloric acid and
thén extracted with two 150-ml portions of ether. The extracts

were combined, washed with water, and driled, After filtration

and removal of the solvent, distillation gave 7.5 g (46% yleld)

_.of m-cresol, bp 49°C/0.6 mm, n§° 1.5384. The product nad the

same VPC retention time and infrared spectrum as an authentle

sample of m-cresol.

43, 2-Phenyl-3-methyloectenc-2

a. From Phenylmagnesium Bromide and 3-Methyloctanone-2

A 500-ml reaction flasi was charged with 120 ml of 3 M phenyl-

magnesium bromide solution (Arapuhoe) (ca. 0.36 mole) under
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nitrogen. A solution of 47.4 g (0.33 mole) of 3-methyloctanone-2
in 50 ml of dry diethyl ether was added dfopwisevin 25 minutes
while maintainihg the témperature at 10¥15°0.’ The mixture was
then stirred at room temperature for 20 minutes and heated at
reflux for one hour. After cooling, the mixture was-poured onto
ice and 300 ml of 25% sulrurié acid. After stirring 30 minutes,
another 40 ml of concentrated sulfuric acid was added and stirring ~
continped. The two 1ayers'were separated.’ The aqueous 1ayef was
extfacted with three 100-ml portlons of ether and then discarded.
The éthereal solutions were combined, washed until neutrai, and
dried. The solvent was then removed under vacuum.

The residue was placed in a flask with two very small crystals
of iodine and heated at 110-120°C for two hours. After cooling,
the maferial was dissplved in twice 1ts volume of ether and washed
successively with three 100-ml portions of 30% sodium thiosulfate
solution and two 100-ml portions of water., After drying and re- |
moval of the solvent, distillation gave 50 g of a fraction boll-
1ng at 73-78°C/b;25 mm, n§°‘1.5069. VPC gave ﬁhe following

anélysis:

Component |  Retention Time, min. Area-% -
1 2.5 0.2 :
2 - 3.0 9
3 3.9 8.9
4 h.6 . 2.9
5 5.3 a7
6 7. 0.5
T

9.1 ‘ 3.3
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Component 3 was shown by infrared to be the terminal olefin, 2-
phenyl-3-methyloctene-1. Component 2 was assumed to be one of the
cis-trans isomers of the desired internal olefin, 2-phenyl-3-
methyloctene-2. The other 1somer could be component 4 or a part

of 3.

b. Attempted Synthesis via a Phosphonate Carbanion AR 500-

ml reaction flask was charged with 36.3 g (0.15 mole) of pure di-
ethyl 1-phenylethylphosphonate, 17.1 g (0.15 mole) of redisti;led
2-heptanone, and 7.0 g of 51.8% sodium hydride (0.15 mole NaH) in
100 ml of anhydrous 1,2-dimethoxyethane and heating was initiated.
At 70°C vigorous evolution of hydrogen started, The temperature
was kept below 85°C until hydrogen evolution was over. By this
time, a yellow precipitate had formed. The mixture was then
heated at reflux for 80 minutes. After cooling the mixture to
room temperature, 300 ml of water was added, slowly af first and
then rapidly. The resulting mixture was extracted with three
150-m1 portions of ether. The ethereal solutions were combined
and washed with water until neutral and dried over anhydrous

maghesium sulfate, After filtration and removal of the solvent,

33 g of pale amber residue was obtained. Distillation gave:

Cut bp, °C/mm Weight, g ngo
1- . up to 82/0.26 1 -
2 | 83-88/0.25 6.4 1.4675
3 92-110/0.2 5.4 1.4765
4 115-160/0.2 small 1.4755
5 resldue large -
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volatile materials obtained was then anal&zed-by VPC.

It was felt that only cuts 2 and/or 3 could be the desired olefin,

Combination and distillation of 2 and 3 falled to yleld a constant-

boiling material. In addition, the refractive indices are too

low to be the desired prodﬁct.' |
This procedure was followed in a second run'without success.

In a third run, diglyme was used as sclvent in order to obtain

a higher reflux temperature but the results were still the same.

44, Quaternary Phosphonium Bromide Preparation, General Procedure

A 500-ml, round-bottomed flask equipped with’a stirrer,

" thermometer, condenser with drying tube, and a nitrogen 1nlet,

was charged with the desired amoqnt of tertiary phosphine (usually
0.25 mole) and a sllght exceas (3 to 5%) of 2-bromoheptane. The

mixture was then heated with stirring to the desired temperature

range by means of an oll bath. The course of the reaction was

fecllowed by the formation of a second lower layer of phosphonium
bromide. Heating was discontinued when the upper layer had essen-

tially disappeared or the desired length of time had elapsed.
The extent of reactlion and of dehydrobromination was determined by

removing the unreacted 2-bromoheptane and the heptene-1 and -2 by

distillation at reduced pressure {ca 1.0 mm). The mixture of
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45. Resorcylation, General Procedures(52)

a. Two-Flask Method A three-necked, 2-1liter flagk

(flask A) was equipped with stirrer, Dry lce condenser topped with
a soda lime tube and dropping funnel. A second one-liter flask
fitted with a stopcock in the bottom (flask B) was arranged so _
that the stopcock could feed directly into flask A. Sufficient
sodamide was prepared in flask A to convert the butanone to its
carbanion, Excess sodamide (cf. Table V, section II. F. 2)"

was prepared in flask B. The butanone was added dropwise to the
sodamide-1iquid ammonia in flask A over = 15-minute period. The
mlxture was stirred an additional 15 minutes to insure conversion
of the ketone to its sodium derivative. 1-Halo-2,4 -dimethoxy-
benzene was then added dropwise as rapidly as liquid ammonia
reflux would permit., Excess sodamide-liquid ammonia was- run

into flask A ffom flask B over a 20-30 minute period. The mix-
ture was then stirred for the appropriate reaction time, followed
by the addition of excess solid ammonium chloride. Ether, 250 m1,
wasyadded, and the ammonia allowed to boil off. The residue

was poured onto a small quantity of cracked ice, and acidified.

by the addition of conéentraﬁed hydrochloric acid. The acidic
mixture was extracted thoroughly with ether (extract I), the

extract was washed with water ard dried over sodium sulfate.
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The remaining acldic aqueous phase was made basic by addition of
solld sodlum carbonate. This‘basic mixture was thoroughiy ex-
tracted with ether (extract II), the extract washed with water,
-and dried over sodium sulfate.
Ether was removed from extract I, and the residue distilled
to yield butanone ahd its bimolecular condensation products, un-
reacted 1-halo-2,4-dimethoxybenzene, and higher-boiling cuts that

contain varying amounts of the desired 3-(},5—dimethoxyphenyl)-

butanohe—E contaminated with 3,5-dimethoxyaniline., ' The desired
ketong neQer formed in appreclable amounts; 1t was found in high-
est concentration in pot residues, 7

Ethef was then removed from extract II; the residue was

chiefly 3,5-dimethoxyaniline.

b. One-Flagk Method This procedure was essentially

the same as the two-flask method, except that required sodamide

was prepared all at once in the same flask in which subéequent

reaction was to take place. ‘ , o

¢, Isolatlon and Characterization of 3-(3,5-Dimethoxy-

pheny1)butanone-2 The pot residue that remained after the
distillation of the residue from extract I, experiment No. 3,(Table V)
‘was treated wifh semicarbazide hydrochloride according to the o
method of Shriner.and Fusbn(al). Crude semicarbazone was ob-

talned which ﬁas recrystallized from aqueous ethanol, to yileld

tiny white needles, mp 176-178°C. The infrared spectrum of this
semicarbazone was consistent with the desired structure, showing

1,3,5-substitution, methoxyl absorption and semicarhazone functions.
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Elemental analysis: calc. for 013H1903N3: C, 58.8; H, 7.2;
N, 15.8; feund: ¢, 58.4; H, 7.4; N, 15.9.

9 1]

Since two ketones were possible, CHoCCHzCHa and HaCCHCCHj,

- "~ MeO OMe MeO OMe

it was.necesaary to show that the ketone from which the semi-
carbazone was made was in fact a methyl ketone., A small portioﬁ
of tpe semicarbazone was treated with dilute hydrochloric acid to
regenerate the original ketone. The hydrolysate was extracted
with ether and the ether was then removed to provide several mg
of ketone. A small portion was submitted for infrared spectrum.
The spectrum was conaistent with the desired product. An 1odo-
form test was run on another portion of the ketone and found to
be positive indicating the existence of a methyl ketone. The
ketone melted from 58-60°C; reported(l), mp 62.5°C. VPC demon-

strated that this same ketone was formed in experiments 1, 4, 5

and 6, in addition to experiment 3.

d. Use of Digylme Solvent Sodamide (1.25 moles) was prepared in

1iquid afmonia according to the usual procedure. Diglyme previously
refluxed over and distilled from calcium hydrlide, 250 ml, was added
and the 1iquid ammonia allowed to evaporate. Butanone {54.2 g,

0.75 mole) was added dropwise over a 10 minute period, followed by
the addition of l-chloro-2,4-dimethoxybenzene (43.2 g, 0.25 mole).
The mixture was stirred for 30 minutes, then quenched by the addition

of excess solid ammonium chloride (71.? g, 1,33 moles), The
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reaction mixture was poured over cracked lce, and acidified with
concentrated hydrochloric acid. The acidic mixture was extfacted
thoroughly with ether (extract I), the extract washed ﬁith water and
dried ovér sodium Sulféte. The remaining acidic'aqueous phase was
made baslc by the addition of solld sodium carbonate. This basic
mixture was thoroughly extracted with ether (extract II), the extrﬁct,
washed with water and dried over sodium sulfate. |

Ether was removed [rom extract I, and the residue fractionated .
under reduced pressure. The desired 3-(B,S—dimethoxyphenyl)butanone-e
was formed in only 3% yield (determined by VPC), 3,5—dimethoxyan111ne
was absent, and 71% of the starting halide was recovered. In addition

to the desired ketone, apparently two other ketones were formed in

trace amounts. Infréred spectra indicated these to be 1-(3,5-
dimethoxyphenyl)butanone-2 and either 1-(2,4-dimethoxyphenyl)-
butanone-2, or 3-(2,4-dimethoxyphenyl)butanone-2.

Ether was removed from extract II; the residue was mainly

diglyme.

e. Use of Lithlum Alkyl Amldes

A 2000 ml three-necked flask was
equlpped with stirrer, qondenser topped with drylng tube, dry

nitrogen inlet and 500 ml preasure-equalizing dropping funnel topped
with‘a syringe cap. The reactlon Syateﬁ was‘flamed out and allowed Lo
cool under a stream of dry nitrogen. The flask.wathhen charged with
300 ml of anhydrous cther and dibutylamine (72.4 g, 0.56 mole).
Butyllithium (32.0‘g, 0.50 mole) 15 hydrocarbon solvent (supplied

by the Foote Mineral Company as a 14,5 wt % solﬁtién) was introduced
‘into the dropping funnel by means of a hypodermic syringe, Dropwise
addition of the butylllthium solution required 1.2 hours. Butanone
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(18.0 g, 0.25 mole) was then added, followed by the addition of 1-

chloro-2,4-dimethoxybenzene (43.2 g, 0.25 mole). The mixture was

refluxed for 3.7 hours, then cooled to room temperature and hydrolyzed
by the cautious addition of 200 ml of water. The mixture was
acidified with hydrochloric acld and thoroughly extracted with ether
(extract I). The residual aqueous phase was then made basic and agaln
extracted with ether (extract II), Both cxtracts were dried and
distilled. Instrumental evaluation, including VPC and infrared,
indicated the following to e among the reaction products recovered
from extract I: unreacted l-chloro-2,4-dimethoxybenzene (41% yield),
the desired ketone [3-(3,5-dimethoxyphenyl)butanone-2] together with
three isomeric ketones (5% total yield), a trace of what appeared to
be 2,2',4,4'-tetramethoxybiphenyl (ecoupling product), and the major
reaction product, apparently 3,5-dimethoxy-N,N-dibutylaniline (44%
yield). This latt;r product is not a known compound, it was 1solated
in excellent purity as a brilliant pale yellow liquid: bp 139-140°C/
0.70 mm, nj° 1.5233. Anal. Calc. for CigHz70.N: C, 72.4; H, 10.3;

N, 5.%. Found: C, 72.1; H, 10.3; N, 5.3, Dibutylamine was recovered

from extract II.

B. SYNTHESIS OF 2-(3%,5-DIHYDROXYPHENYL)-3, 4. DIMETHYLOCTANE (II)

- Compounds are arranged in alphabetlcal order.

1. 2-(3,5-Dihydroxyphenyl)-3,4-dimethyloctane {(II)

2-(3,%-Dimethoxyphenyl)-3, 4-dimethyloctane was cleaved using the
procedure described in section IV,A.19 and the following quantities:
crude 2-(3,5-dimethoxyphenyl)-3,4-dimethyloctane, 18.9 g (0.068 mole);
48% hydrobromlc acid, 58 ml; and glacilal acetlc acid, 18C ml.

161




—— e

LT

Removal of the solvent from the ether extracts resulted in 16.9 ¢

of higher-boiling material, which was distilled. VPC of the distillate

. showed 5.6 area-% low boilers, 23.l1 area-% of what was assumed to be

the monomethoxy compound, and 71.4 area-% of the desiredrresorcinbl.

It was therefore necéasary to recycle the mixed cleavage pro-
ducts, The desired product was.finally isolated; 7.9 g, bp 169-161°C/
0.3 mm, ;

Anal. for CieH»g02: Cald. C, 76.75; H, 10.47., Found: C. 76.2;
H, 10.3, | o ’

The VPC of the product, Figure 5, showed a principal‘component
at a retentlon time of 4.8 min, 96.9 area-%, with other components
totalling 3.1 area-% poorly resolved at retention times of about
3.0 min, The VPC was determined on an Aerograph Model A-}ﬁO, 6 ft
15% Aplezon L on 30-60 mesh Chromosorb W, 265°C, 100 cc He/min.

The infrared speclrun of II, Flgure 6, is consistent'with the

‘structure and free of absorptions attributable to the ronohydroxymono-

methoxy intermediate,

2. 2-(3,5-Dimethoxybenzoyl);3—methylhep§ane

3,5-Dimethoxyphenylmagnesium chloride was prepared in the usual
manner from 9.5 g (0.4% g-atom) of magnesium and 69,1 g'(o.u mole) of”
1-chioro-3,5-dimethoxybenzene,using as solvent B6.5 g (1.2 moles) of

~ anhydrous tetrahydrofuran containing a small crystal of iodine, It was

then reacted with 59.9 g (0.4% mole) of 2,3-dimethylhertanonitrile and,
after hydrolysis, distlllation gave 58.8 g of 2-(3,5-dimethoxybenzoyl)-
3-methylheptane, bp 138-1h2°C/0.25 mn, Qg 90 aﬁea-% pure by VPC. Exact
purlty couid not be determined by VPC dﬁe to the presence of diastere-
omers. The yleld was 50%. |
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Figufe 5.

Vapor phase chromatogram of 2.(3,5-dihydroxyphenyi)-3, b

dimethyloctane, II.
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3. 2-(3%,5-Dimethoxyphenyl)-3, 4-dimethyloctane

A one-liter autoclave was charged with 20 g of 2-(3,5-dimethoxy-
phenyl)-3,4-dimethyloctene-1, 100 ml of hexane, 2 g of 65% nickel-on-

kieselguhr (Girdler G-49A), and 3000 psig of hydrogen. It was heated

at 150°C for six hours, the mixture filtered from the spent catalyst,

and the solvent removed to leave a residue that was'not completely

reduced. The procedure was repeated, using 4 g of catalyst. Complete-

ness of reductlon was verified by the use of ultraviolet, infrared

and VPC analysis. No further purification was required.

4, 2-(3,5-Dimethoxyphenyl)-3,4-dimethyloctene~1 yia the Wittig Reaction

A 500 ml flask equipped as usual was charged with G4.2 g (0.18

mole) of methyl triphenylphosphonium bromide (Aldrich) in 150 ml of

dry benzene. Then 104 ml of 14.9% (by wt.) of butyl lithium solution

(Foote Mineral Co., actlve contents 11.6 g, 0.18 mole) was added drop-

wise in 75 minutes at 28-32°C. The color changed from white to deep

orange. The resulting mixturc was heated to 60°C and cooled. A
solution of 49 g (0.176 mole) of »-(%,5-dimethoxybenzoyl)-3-methyl-
heptane in 40 ml of dry benzenc was added, kecping the temperature

below #0°C. The mixture was heated at reflux for two hours, cooled,

and filtered to remove the triphenylphosphine oxide. After removal

of the solvent, distillation gave: 2 g, bp up to 125°C/0.35 mm; 21.3 g,

bp 126-128°C/0.35-0.41 mm; and %.2 g, bp 128-129°C/0.4 mm.
Instrumental analysis disclosed that all three cuts were the

desired product contaminated with small, varylng amounts of the start-

ing ketone. This was removed by careful fractionation after reduction.

The yleld by VPC was 53%.




e

5. 2-(3,5-Dimethoxyphenyl)-3,4-dimethyloctenes-1 and -2

The previously described 2—(3,5-dimethoxybenzoy1)—B-methylheptane,
58.8 g, ca 90 area-% pure, was reacted with 83.3 ml of a 3M methyl-
magnesium bromide solution in diethyl ether (Arépahoe). After hydrolysis,
distillation gave two main fractions: 10 g, bp 139°C/0.24% mm and 32.6 g,’
bp i39—140?C/0.23 mm. These fractions were not subJected to an ana-
1yt1ca1 study but instead were dehydfated using iodine as described in
section IV.A.29.b. Distillation resulted in the isolation of 20.% g of
2—(3,5-d1ﬁethoxypheny1)-3,4-dimethyloctenes-1 and -2, bp>117;118°C/
0.2 mm. The mixture showed four major components on the VPG, These
were assumed to be the cis-trans isomers of the 2-octene and the ex-
pected two pairs of dlastereomers of Lhe l-octene. |

6. 2,3-Dimethylheptanonitrile

Following the procedure described in section IV.A.37 for the
alkylation of nitriles, 82.6 ¢ (1.5 moles) of propionitrile was

reacted with 220.1 g (1.33 moles) of 2-bromohexane using a sodamide

“solution prepared from 3%4.5 g (1.5 g-atom) of sodium in 1200 ml of

liquid ammonia as the base. Distillation resulted in the 1solation of
22:3 g of unreacted 2-bromohexane and 88.1'g of 2,3-dimethy1heptand;
nitrile, bp 59°C/3.0 mm, O7.1 area-% pure by VPC. The total yleld

was 57% (by VPC). |

C. SYNTHESIS OF 2-(3%,5-DIIYDROYVPHENYL)-3, 3-DIMETHYLOCTANE (1IV)

Compounds are arranged in alphabetical order,

1. 2-(3,5-Dihydroxyphenyl)-3, 3-dimethyloctane {1V)

2-(3,5-Dihydroxyphenyl)-3, 3-dimcthyloctane was cleaved using
the procedure described in section IV.A.19 and the following quantities:
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2-(3,5-dimethoxyphenyl)-3, 3-dimethyloctane, 28,7 g; hydrobromic acid,
92 ml; glacial acetic acid, 270 ml.

Distillation of the final residue resulted 1? the isolation of the
desired product; 18.6 g, bp 154-155°C/0.18 mm.

Anal. for CigHze0p: Caled: C, 76.7; H, 10.4. Found: C, 76.9;
H, 10.4.

The VPC of éhe product, Flgure 7, showed a principal component
at a rgtention time of 3.9 mln, 97.3 area-% and another component(s)
at 3.3 min, 2,7 area-%. It was determined on an Aerograph Model
A-356, 6 ft 10% SE-50 methyl slloxane polymer on 30-60 mesh Chromo-
sorb P, 235°C, 85 cc He/min,

The infrared spectrum of IV, Figure 8, 1s consistent with the

structure.

2. 2-(3,5-Dimethoxybenzoyl)-2-methylheptane

?,5-Dimethoxyphenylmagnesium chloride was prepared in the usual
manner from 9.5 g (0.43 g-atom) of magnesium and 69.1 g (0.4 mole) of
1-chloro-3,5-dimethoxybenzene using as solvent 86.5 g (1.2 moles) of
anhydrous tetrahydrofuran contalning a small crystal of lodine. It
was then reacted with 59.9 g (0.4% mole) of 2,2-dimethylheptanonitrile
and, after hydrolysie, distillation gave 57.8 g (71% yleld) of 2-(3,5-
dimethoxybenzoyl)-2-methylheptane, bp 134-136°C/0.19 mm. in greater
than 98 area-% purity.

3, 2-(3,5-Dimethoxyphenyl)-3,3-dimethyloctane

The reductlion was carrled out as described above 1n section
IV.B.3, using %5 £ of 2-(35,5-dimethoxyphenyl)-7%,3-dimethyloctene-1,
100 ml of hexane and 7.5 g of catalyst for the initlal attempt and 7 g
for the final reduction. Completcness of reduction was verified by

Infrared and VPC. No furt!:2r purliflication was required.
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4, 2-(3,5-Dimethoxyphenyl)-3,3-dimethyloctanol-2

2-(3,5-Dimethoxybenzoyl)-2-methylheptane, 56.% g (0.202 mole),
was reacted with 84 ml of a 3M methylmagnesium bromide solution in
diethyl ether (Arapahoe). After hydrolysis, distillation gave 48 g'
(83% yield) of 2-(3,5-dimethoxyphenyl)-3,3-dimethyloctanol-2, bp
139-140°C/0.15 mm which was nét further characterized.

5. Attempted Preparation of the Acetate of 2-(3,5-Dimethoxyphenyl)-
3,5-dimethyloctanol-2 ;

Crude 2~(3,5-dimethoxyphenyl)»3,3—dimethyloctanol-2, 69 g, pre;
pared as indicated above but not distilled, was placed in a flask with
400 ml of 1,2-dimethoxyethane and 50 g of pyridine.- Then 50 g of

acetyl chloride was added dropwise without cooling. The reaction

mixture was heated at reflux for two hours and was allowed to stand
overnight, after which 400 ml each of ether and water were added.
The resulting two layers were separated and the organic layer was

washed twlce with water and dried on magnesium sulfate. After f£i1-

"tration and removal of the solvent, distillation was attempted.  This

resulted in decomposition as evidenced by continuous 10ss of vacuum
and conslderable fuming. A large amount of vliscous residue was ob-
tained together with several asmall distillation cuts, none of which

had a constant bolling point,

6. 2-(3,5-Pimethoxyphenyl)-3,3-dimethyloctene-1 yia ths Wittig Reaction

The reaction was run exactly as the example in sectlion IV.B.4 except
that the following amounts were employed: methyl tr;phenyl
phosphonium bromide (Aldrich), 89.3 g (0.25 mole); dry benzene,
400 ml; butyl 1ithium solution (Foote Mineral Co.) 143 ml (16 g,
0.25 mole); 2~(3,5-dimethoxybenzoyl)-2-methylheptane; 61.1 g
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(0.22 mole) 1in 50 ml dry benzene., Distillation gave: 1.3 g,

bp 113-116°C/0.25 mm; 36.4 g, bp 117-118°C/0.25 mm; and 6.5 g,

bp 118-119°C/0.25 mm. Cut 1 was 90.9 area % product and 9 area-% of
8 other components. Cut 2 was 96 area-% product and 3.3 area-%
starting ketone, Cut 3 was 02 area-% product and 8.0 area-% starting
ketone. The yleld by VPC was 68%,

7. 2-(3,5-Dimethoxyphenyl)-3, 3-dimethyloctenes by Dehydration

A 44 g sample of 2-(3,5-dimethoxyphenyl)-3, 3-dimethyloctanol-2
was dehydrated with iodine by the procedure described in section
IV.A.20b. Distillation gave 29.4 g (80% yleld) of a dehydration pro-
duct, bp 115.5-116°C/0.2 mm. VPC indicated the presence of two major

components, 78.1 area-% and 20.2 area-%.

" 8, 2,2-Dimethylheptanonitrile

Following the usual procedure for alkylation of nitriles, 103.7 g
(1.5 moles) of isobutyronitrile were reacted with 142.2 g (1.33 moles)
of n-amyl chloride using a sodamide solution prepared from 34.5 g
(1.5 g-atom) of sodium and 1200 ml of liquid ammonia as base. Dis-
tillation resulted in the isolation of 85.8 g of 2,2-dimethylheptano-
nitrile, bp 59°C/4.0 mm, 97.2 area-% pure by VPC. The yleld was 464,
D. PRECURSORS OF 2-(3,5-DIHYDROXYPHENYL)-2, 3~ DIMETHYLOCTANE (III),

2-(%,5-DIHYDROXYPHENYL)-2-METHYLHEXANE (VI), AND 2-(3,5- DIHYDROXYPHEN-

.YL-2-METHYIHEPTANE (VII)

Compounds are arranged in alphabetical order.

1. 3%,5-Dimethoxybenzyl Chloride xla 3,5-Dimethoxybenzyl Alcohol

A 2-1iter flask equipped as usval was charged with 1.3 moles
(49.2 g) of lithium aluminum hydride in 1400 ml of dry diethyl ether
and 1.4 moles (294.3 g) of ethyl 3,5-dimethoxybenzoate were added
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dropwlise at such a rate as to maintain gentle reflux. The time

of addition was 5.5 hburs. in the same manﬁer 1.4 moles of ethyl

gcetate were addéd to destroy ‘the unreacted lithium éluminum'

hydride. The semisolid reaction mixture was then hydrolyzed by

portion-wigse addition to six liters of crushed ice conbaining 300 ml

of concentrated sulfurlc acid. The resulting éwo layers were

separated and the aqueous layer was éxtfacted with several portions

of ether. The ethereal solutions were comblned; washed until |

neutral, and dried over magnesium sulfate., Filtration and removal

of the solvent resulted in the isolation of 205.9 g (88% yield)

of 3,5—d1methoxybehzy1 alcoh01 as fine, slightly yéllow needles.
This alcohol was not further purified but was dissolved in

' 600 ml of diethyl ethgr containing 15 ml of pyridine, and 2.4 moles

(288 g) of thionyl chloride in 350 ml of ether were added dropwiée

at reflux using cooling as required. wheﬁ addition was over, the

mixture was stirred for 0.5 hour and then one liter of water

was added cautiousl&. The ethereal layer was washed until essen-

" tially neutral and then dried over magnesium‘sulfate. After

filltration and removal of the solvent distillation gave 181,g

(80% yield) of 3,5-dimethoxyhenzyl'chloride, bp 101-102°C/

0.55 mm. The product solidified on standing.

2. 7%,5-Dimethoxybenzyl Cyanilde , ot

A llask was charged with 169 g (0.906 moles)‘of %,5-dimethoxy-
benzyl chlorlde, 73.5 g (1.5 moles) of sodium cyanide, 600 ml of 95%
ethanol and 250 ml of water. The mixture was then refluxed for eighteen
hours. The mixturc was then bartitioned between 500 ml of water and one

liter of ether, ‘'he ethereal layer was separated, washed, and dried.

|.l:;)




After filtration and removal of the solvent, 150.8 g (93.5% yield)

of s1ightly yellow product were obtalned. The product was purified

by distillation to yleld colorless 3,5-dimethoxybenzyl cyanide,
bp 122-124°C/0.5-0.6 mm.

5. Attempted Preparation of 2-(3,5-Dimethoxyphenyl)-2-methylheptane
by Woltf-Kishner Reduction

A dry, three-necked, 500-ml flack was equipped wilh glass
stirrer, thermometer, dropping funnel, dry nitrogen inlet and an

efficlent reflux condenser topped with a drying tube, The flask was

charged with 2.8 g of sodium and 140 ml of freshly distilled diethylene

glycol. This mixtur» was heated under dry nitrogen to 180°C. An-

hydrous hydrazine, 11.1 g (0.346 mole), was combined with 5 g of

sodlum hydroxide pellets in a separate flask. The hydrazine was re-

fluxed over the sodium hydroxide for 30 minutes, then distilled

.
directly into the dropping funnel attached to the flask contalning

the diethylene glycol-sodium mixture. Rigid precautions were taken

to exclude alr and mol sture from the entire reaction system. The

hydrazine wag added to the dlethylene pglycol-sodium mixture over a

10-minute perlod. The mixture was cooled to room temperature, and

2-(3,5-dimethoxyphenyl)-2-methylheptanone-3 (14.8 g, 0.056 mole) was
rapidly added.

The-mixture was refluxed overnight and cooled to room )

temperature. The reflux condenser was replaced with a simple distilla-

tion amsembly, and excess hydrazine was distllled out of the system

until the pot temperature rose to 210°C. The mlxture was refluxed
at thils temperature for 24 hours, then cooled and pourcd onto a

mlxture of cracked lce and water, A britile orange solld adhered to the
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wialls of the reaction flask and was insoluble in water, beﬁzene, and
ether, The mixture was extracted with benzene,'and the benzene ex-
tract thoroughly washed with water andvdried over sodium’sulfate.
Solvent was removed under reduced pressure ieaving 7.8 g 6f a brown
oily resldue. This was fractionated under reduced pressure and;
after colleéting a sméll foreun, ylelded an amber, viscoﬁa 1liquid,

bp 138-141°C/0.40 mm; ng° 1.5252. Instrumental evaluation indicated
that this liquld was not the expected product, but was 2-(3,5—d1hydroxy-‘
phenyl)-heptanone-3, VPC indicated that this product of ether cleavage
had Seen produced in 29% yield. |

4, 2-(3,%-Dimethoxyphenyl)-2-methylheptanone-3

This procedure 1s essentiall& that used by Adams, MacKenzie and
Toewa(5) to prepare 2 (3,5-dimethoxyphenyl)-2-methylpentanone-3 and
2~-(3,5-dimethoxyphenyl)-2-methyloctanone-3% from 2-(3,5-dimethoxyphenyl)-
2-methylpropionitrile and the appropriate Grignard reagent,

A one-liter flask was equipped with stirrer, dropping funnel,
dry nitrogen inlet, thermometer and condenser topped with drylng tube,
The system was flamed out and allowed to cool under'a stream of dry

nitrogen. The flask was charged wlth 102’ml of 3M butylmagnesium

chloride solution In ether (0.}66 wole) (Arapahoe). 2-(3,5-Dimethoxy-
phenyl)-2—methylpr6pioniﬁrilc, 21 ¢ (0,102 mole), dissolved in 100 ml
of dry ether, was added dropwlse over a period of 30 mihutes. The
bulk of the etﬁer was removed from the system by distiilatioh, being
simultaneously replaced with‘25o ml of dry benzene. The mikture wae
refluxed for 48 hours, cooled in an ice bath, énd 108 ml1 of 5N sul-

furic acid was cautliously added., The bulk of the benzene was removed

Ve




from the hydrolysate by distillation. The dark brown residue, con-

sisting of intermedlate imine and sulfuric acld, was heated on a

steam bath for 2 hours to promote the conversion of imine to desired

ketone. The mixture was diluted with 200 ml of water and thoroughly

extracted with ether. The ether extracts were combined and washed

with water, and finally dried over sodium sulfate. Solvent was re-

moved under reduced pressure leaving 26.9 g of a syrupy residue,

which was distllled to provide the following cuts:

area-% desired

cut no. bp, °C/0.65 mm  nR° wt, g ketone, VPC
1 to 118 1.4967 2.2 20
2 117-119 1.5096 8.2 87
3 119-120 1.5095 4.3 9l
4 120-122 1.5114 2.8 99
5 122-130 1.5135 1.7 88

pot residue 3.0

In addition to expected bands, the infrared spectrum of the purest
cut (cut %) exhibited a weak absorption band in the N-H (0-H) region,
indlcating the presence of traces of either intermediate imine or
the Grignard reducticn product of the desired ketone (!li" the

corresponding carbinol). The yleld of 2-(3,5-dimethoxyphenyl)-2-

methylheptanone— 3 (based on VPC and disregarding pot residue) was

59%, This 1s a new compound,

Anal, for C;gH2403: Calc. C, 72.7; H, 9.2; Found: C, 73.1,
H, 9.3.
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5. 2-(3,5-Dimethoxyphenyl)-2-methylpropionitrile

a. From 3,5-Dimethoxybenzyl Cyanide, Fifst Experimeg& Sodamide
was prepared in the usual manner from sodium (14,0 g, 0.608 g-atom):
1iquid ammonia, 800 ml; and 0. 3 g of ferric nitratg nonahydrate.

About two;thirds_of the ammonia was allowed to boll off, then 800 ml of
anhydrous ether was added and the mixture stirred until the bulk of the
ammonia had been displacéd. Dry nitrogen was Ciréulated through thé
system during subsequent reaction, 3,5-Dimethoxybenzyl ¢yanlde (10b g;
0.564 mole) slurried in 550 ml of dry ether was rapidly added and the

mixtﬁre refluxed for 18 hours. The mixture was cooled to room temperaturé"
and freshly distilled methyl iodide (99.9 g, 0.704 mole) added

dropwlse over a 20 mlnute period. The mixture was refiuxed for 2 hours;
again cooled to room temperature and 200 ml of absolute ethénol added.
The clear oraﬁge organic phase was decanted from ﬁhe solid’matérial |
present and washed thoroughly with wateb, the washing; béing“added

to the residual solids in the reaction flask. This'aqueous solu- -
tion was then extracted with etheb, the ether ektraét washed with
water then combihed with the original organic phase, The dried
extract was concentrated under reduced pressure. The oraﬂge olly
residue weighea 103 g. This orange oil was dissolved in 250 ml of -
dry benzene, then about 200 ml of the benzene was removed by dis-~
tillavion at atmospherlc pressure in order to azeotrope 6utvany
resldual water present in the orange.oil; The'fesidue was again sub-
Jected to methylation using the saﬁe procedure. ‘There was obtained
107 g of crude reaction product. This was rracﬁionated under

reduced pressure to provide three cuts:




bp, press, 20 Composition 1in area-z§ by VPC
wt, g °c mn np monome thyl imethyl

dimetny.
5.2 Th-127 0.45  1.5137 3.8 40.8
64.5 124-5.5 0.35 1.5196 12.7 85
19.6 127-9 0.30  1.5207 22.7 | 75.8

7.9 pot residue

‘The infrared spectrum of the pot residue exhibited N-H ab-
sorption, The distinction between the mono- and dimethylated
dimethoxybenzyl cyanides was made by trapping the individual com-
ponents by VFC and determining their infrared spectra. The starting
material, 3,5-dimcthoxybenzyl cyanide, had an average rctcntion time
of 9.9 min; the monomethylated nitrile 9.1 min, and the dimethylated
nitrile 8.1 min. The component having the lowest retention time,
8.1 min, had an infrared spectrum which differed from the spectrum
of the 9.1 min component by exhibiting stronger 2963 em™" absorption
(C-H stretching) and also exhibited absorption at 1387 and 1366 cm'l,
characteristic of -C(CHz)2. The 9.1 min component showed'bnly
weak 1377 em-? abgsorption, characteristic of -C-CHa absorption.
Based on infrared spectra it would appear thep that the major
reaction product wae the desired one. The ylelds of respective
products, based on VPC, were 62% and 124 for the di- and mono-
methylated nitriles.

Since the di- and monomethylated nitriles could not be seﬁarated
by distillation it was neceassary to recycle the mixture. The
remainder of the two best distillation cuts (61.9 g of the second
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fraction and 15.6 g of the third fraction) were combined and
again treated with methyl lodide (a large excess: 150 g, 1.063
moles) after preliminary treatment with 0,608 mole of sodamide., Dis-

tillation of the crude reactlon product provided four cuts:

Compositioh in

W, g _bp, P np’ M
2.7 87-121.5 0.75 1.5116 ; 0.8

2.5 126.5-41.5 0.80 1.5158 40,8

29.0 141 ,5-2 .0.80 1.5202 98.3

3.3 14-6.5  0.80 1.5238 95.6

7.9 pot residue, viscous tar ‘

An elemental analyris was obtalned for the 29.0 g fraction,

" the purest sample of 2-(3,5—dimethoxypheny1)-2-methy1propionitrile.

Calculated, for Ci2Hi1s02N: C, 70.,2; H, 7.4%; N, 6.8, Found:
¢, 70.4; H, 7.4; N, 6.9.

"b. Second experiment The procedure of the‘flrst‘experiment
was uéed, with the following modificatlions: The concentration of
reactants was varied. 3,5-Dimethoxybenzyl cyanide‘(li}.e 2,

0.639 mole) was treated with 0.703 mole of sodamide, then_sub-
sequently with methyl lodide (136.1 g, 0.959 mole). The reflux
period, after the methyl ilodide addltion, was increased from two to
three hours. After work-up and isolation of the crudé réaétion
product, 1t was again subjected to the ﬁethylation procedure Justv
described. Removal of solvent left 128.% g of a red-amber oil
ﬁhieh was fractionated through a short, glass helix-packed column
to glve the following dilstillation cuts:
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. ferric nitrate nonahydrate (0.3 g) and 800 ml of liquid ammonia,

wt, g bp, °C/0.70 mm n§° ﬁgggﬁiiﬁign - areii%2t¥§g
9.8 86-118 1.5051 8.7 48.9
30.8 118.5-20.5 1.5201 18.1 78.1
4ok 121-4.5 1.5204 22.9 7.1
13.3 124-5 | 1.5213 33.1 66.1
3.3 | 125-7.5 1,5225 52.1 46,9
éb.e pot residue, viscous tar

Based on the VPC, the yields of the two nitriles would be 54g
of the dimethylated nitrile and 18% of the monomethylated nitrile,

¢. Attempted Preparation {rom Isobutyronitrile Sodamide

was prepared in the usual manner from sodium (23.0 g, 1.0 g-atom),

Iso-
butyronitrile (4.6 g, 0.5 mole) was then added over a 10 minute period,

followed by stirring for 15 minutes. . 1-Chloro-2,4-dimethoxybenzene

(43.2 g, 0.25 mole) was then added over a 10 minute period, followed by

stirring for 22 minutes. The reaction was quenched by the addition of

g0l1id ammonium chloride (66.9 g, 1.25 moles). The mixture was then

poured onto cracked lce and acldifled with concentrated hydrochloric

acid, and cxtracted thoroughly with ether (extract I), The residual

acldic aqueous phase was made baslc by the addition of golid sodium

carbonate, and agaln extracted with ether (extract II). Both extracts

were dried over godium sulfate. After removal of solvent Ghder reduced

pressure extract I left a residuc of 28,6 g, and extract II a residue

of 12.6 g. The residue from cxtract I was fractionated under reduced

pressure to provide a scries of three cuts, bp #8-81°C/0.75 mm; n2°

D
1.4982 - 1.5436, Instrumentnl evaluation indlcated the distillate to

be largely l-chloro-?,%-dimethoxybenzene., Extract IT was principslly

3,5-d1imethoxyaniline,

179




- S W

ey s @ WER @ e

< SE—

mm

6. Ethyl 3,5-Dimethoxybenzoate

A flask was charged with 584 g (3.2 moles) of 3,5-dimethoxybenzoic
acld, 1100 ml of absolute ethanol, gnd 120 ml1 of concentrated sulfurile
acid. The mixture was then heated to gentle reflux for twenty hours,
after which 800 ml of ethanol were removed by distillation at ambient
pressure, The residue was paftitioned between ethér and water, The re-‘
sulting layers were separated and the aqueous layer discarded, The
ethereal layer was washed with two portions of water and was tﬁeu ‘
extracted with three‘portions of 10% sodium bicarbonéte. Neutral-
1zatlon of this extract resulted in the isolation of 25.8 g of un-
reacted acid. The ethereal solution was dried over magnesium
sulfate, filtered, and the solvent removed. Distillation of the

residue gave 568 g (88% yield) of ethyl 3,5-dimethoxybenzoate,
bp 100°C/0.2 mm.
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Ww:bw Report, 31 May 1962, 205 pp- incl. tables,
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A number of synthetic rputes to 2-(3,5-dihydroxy4

phenyl}-3-methyloctane have peen Anvest gated.
The most practical route starts from 1,3,5-tri-
chlorcbenzene, which 18 converted in two steps
to ub..o»u.inwoﬂv‘uvoago.ng chloride. This
Grignard reagent 1is reacted with 2-methyl-
neptanonitrile, and the resulting ketcne is o=
acted with methylmagnesium halide to give

2-(3, mvn»anerox«dvoauuv..vnaur-kwoc_.nbov»m .

This carbinol i3 dehydrated, reduced, and
cleaved to produce the desired resorcinod .

A large number of other routes and variations
in individual steps were also inveatigated

t over }
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and detailed comparigons of their meritn are
included.

The ayntheslis of six related alikylrescroinols
was also investigated.. Two of these were

prepared: . 2- u.m..nube&.ou«vsqap -3, %~dimechyl-
octane and - u.m-ngn‘o%u.uu. 3-dimethyl-

octane. A lcey precursor for thres of the’
others was prepared.
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A number ci synthetic routes
phenyl)-3-sethyloctane have
The most practical route starts
chlerovenzene, which
to %,5-dimethoxyphe
Qrignard reagent 18
heptanonitrile, and ths result
acted with methylmagnesiunm halide to give
2-(3, 5-dinethoxyphenyl)-3-methyloctanol-2.

denydrated, reduced, end
cleaved to produce the desired

Thia carbdbinol is

A large number of other
1n individual ateps were

lllll'\llllill-'ll‘lll]

and detalled comparisons of their merits are

included.

The synthesis of six related alkylresorocinols
was aleo investigated. Two c? the
prepared: 2- 3,5-dihydroxyphenyl
octane and 2-(3,5
octans. A key pracursor for
cthars was prepared.

ll‘ll‘ll'll.‘

Accession No. UNCLASSIFIED

Resorclnols, synthesls
grignard Reaction
Witsig Reactisn
contract Nc. g-vm..vom.“

Laa l 1
s s e .

to 2-{3,5-ainydroxy:
been ‘nveatigated.
from 1,),5-tri-
s converted in two steps
nylmagnesium chloride.
Teasted with 2-methyl-
ing ketone 1ls Te-

routes ani variations
also investigated

3, 8-dimethyl-
-dihydroxyphenyl}-3,
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