Investigation of Grignard additions to acetylenes

This investigation was undertaken only as a side project since it

is not pertinent to the main objectivgs of this thesis.

During the synthesis of 5-hexen-l-yn-3-o0l (63) by the reaction of
propargylaldehyde with allylmagnesium chloride, a higher boiling con-
stituent (97) was isolated in addition to the desired 63. For this
reaction; an excess of Grignard reagent was used beyond that theoreti-
cally required to react with the aldehyde.

V.
0 H HO %

" |
HCEC_C-H + ‘H2C=C_CH2—MgCI — / + Cg H|4O
.2 mole .7 mole 63 o7

The physical constants and elementary anaiysis‘of the higher bOiliﬁg
compound were consistént with the formula Cng4O. The infrared spectrum
indicated an olefinic'alcqhol ﬁith no acetylenic functionality. The
n.m.r. spectrum consisted of olefinic multiplets corresponding to eight
protons, a bis-allylic two protoﬁ doublet, an allylic two proton triplet
and a carbinol proton triplet. The ulfraviolet spectrum showed only end
absorption thus precluding conjugafion. On the basis of the analytical

and spectral data the most likely structure for the higher boiling com-

pound would appear to be 5—methylene-l,7—octadien—4—oi 97).

.
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The proposed structure was confirmed by hydrogenation with Pd/C.
The hydrogenation was nonquantitative and gave a saturated hydrocarbon
a saturated ketone and a saturated alcohol. This mode of hydrogenation
is characteristic of allylic alcohols32. The ketone and alcohol were
isolated by preparative v.p.c. and identified as S-methyl-4-octanone
and 5-methyl-4-octanol respectively. The v.p.c. retention times, infra-
red spectra, indices of refraction and boiling points of the hydrogenation
products were identical to those of authentic 5-methyl-4-octanone and 5-
methy1;4—octanol.

The above reaction appears to be an example of a Grignard reagent
adding to an acetylenic group of a propargylic alcohol. The addition of
Grignard reagents to allylic alcohols such as allyl alcohol has been re-
ported. Theée reactions.were reviewed in the Ph.D. thesis of Iorioa.
As‘an example, Chérest55 has reported the addition of allyl and benzyl
Grignard reagents to the internal carbon atom of allyl alcohol to give

branched compounds.

o ; 1o
. 1 :
H,C=C-CH,OH + H,C=C-CHp-MgCl —= HpC=C-CHzC-CH,OH
!
H

Benkeser and Broxterman56 have recently reported addition of the

crotyl Grignard reagent to an isolated double bond (a homoallylic alcohol).

OH | OH

[ 1
Et-C - H H Et-C-Et H H
’ |
CHy=C = C=CH, + CHy C=C-CH,~MgBr —= CHy= C = (CH,lpm G- C=CH,
H H | CH,




After completion of this investigation, two papers appeared giving

examples of Grignard additions to triple bonds of propargylic alcohols.
. . 58 |

Richey and VonReln5 have reported the allyl and vinyl Grignard reagents

to add to the alkyne carbon nearer to the OH group in 2-butyn-l-ol. The

allyl Grignard was found to give both modes of addition with 3-pentyn-l-ol.

- OH

OH

| | | | OH
' OH , ,
—E—/— + o~oMCl \=<;// +
0

H

These results for 2-butyn-l-ol were in general agreement with our
.findings. The authors believed trans addition of R and of magnesium to
occur for the reactioné where R becomes attached to the alkyne cérbon

nearer the hydrokyl»group.

Eisch and Merkley57 reported stereospecific addition of allylmag-
nesium bromide to 1-(2-butynyl) cyclohexanol (1}9)..'In this reaction
the R group became attached to the alkyne carbon farthest removed from

the hydroxyl group.

H
O-Mg-CHz-C =CH, OH . H
o <:>< o /cHz—c=CH2
CH,~C=C~CH, CH,~C=C
VCH,

The authors consider this cis addition strongly indicative of an

intramolecular mechanism for Grignard addition.
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In order to investigate the generality of the addition of Grignard
reagents to propargylic alcohols, the reaction of propargyl alcohol with
several Grignard reagents was investigated. All reactions were carried
out using a 3:1 molar ratio of appropriate halide to alcohol. The same
reaction volumes and approximately the same reaction times were used.

No attempts were made to maximize yields as it was desired only to ascer-

tain relative reactivity. The results are given in Table XII.

Table XII

Summary of Grignard Addition Data

’

Alcohol R-Mg-X React., Time Adduct Yield
5-Hexen-1-yn-3-01(63) Allyl- : 3 Hr. 97 10%
Propargyl- " 15 ' 2-Methylene- 35

: 4-penten-1-
ol (98
" ' . Methallyl- 18 2-Methylene- 28
: 4-methyl-4- :
penten-1-01(99) ﬁ
" _ Propargyl- | 15 2-Methylene- 27 )
o 4-pentyn-l-ol
(100)
" Benzyl- 18 ' 2-Methylene- 12 :
' 3-phenyl-1- 5
propanol (101)
" n-Propyl 15 2-Methylene=l- 5
propanol (102)
3-Butyn-2-01(103) Allyl- 18 3-Methylenes5- = 22 3
: : penten-2-01(104) ]
2-Methyl-3-butyn-2- " 15 0 eem——— N.R.
01(107) :
3-Butyn-1-01(108) " 18 = e N.R.
1-llexyne (109) " 35 —————— N.R.
Allyl- " ‘ 15 ‘ 2-Methyl-4- 13

¥ n-Propyl- " e=mmee- N.R.
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It is seen that allyl, methallyl, propargyl, benzyl and n-propyl
Grignérd reégents all added to the internal carbon of the triple bond in
propargyl alcohol to give the corresponding allylic alcohols. All com-
pounds gave physical constants, elementary analyses; infrared and n.m.r.
spectra and hydrogenation data consistent with the proposed structures
and inconsistent with the corresponding product in whidh the Grignard
reagent added to the terminal carbon of the triple bond. All yields
were low, wiﬁh propargyl alcohol always being recovered. The data for
these reactions is detailed in the experimental section.

In a typical structure elucidation, the Grignard adduct obtained from
the reaction of propargyl alcohol with allylmagnesium chloride was iso-
lated by preparative v.p.c. The physical constants and elementary anély-
sis were consistent with the formula C6HlOO' The infrared spectrum
indicated an olefinic alcohol with no acetylenic functionality. The
n.m.r. spectrum showed olefinic and allylic absorption in the integral
ratio 5:4 and contained a two proton allylic singlet plus a two proton
bis-allylic doublet. The ultraviolet spectrum showed only end absorption.
Hydrogenation with Pd/C gave a saturated aldehyde as the major product and
a saturated alcohol as a minor product. The v.p.c. retention time and
infrared spectrum of the aldehyde were identical to those fof authentic
2-methylpentanal. The 2,4-dinitrophenylhydrazone melted in agreement witﬁ
the literature and showed no mélting point depression on admixture with
an authentic sample. The saturated alcohol gave a v.p.c. retention time
and infrared spectrum identical to authentic Z—methylpentanol. On the
basis of the above data the 2-methylenc-4-penten-1-ol (98) structure is

assigned to the Grignard adduct.



H
| v
H,C=C-CH,-C -CH,~-OH
o

98
The compound 3-butyn-2-ol (103) was also found to add the allyl

Grignard internally, however, 2-methyl-3-butyn-2-ol (107), 3-butyn-1-ol
(108), and l-hexyne (109) failed to give Gfignard additioq products

under these conditions. Allyl alcohol‘(lgé) was found to add the allyl
Grignard internally in agréement with the report of Cherest, however, the

n-propyl Grignard reagent failed to add to allyl alcohol under these con-

ditions. i
OH - oH
HC=C-C-CH HC=C-C-CH
o | L |
103 o | CHy
107 g
HC R | HC=C-C H |
=C—CI}2/_-__—C 2-0H A =L 4 9 )

108 109

Although the amount of data for this new reaction is limited, the
following constraints.seem to be operative in the addition. The fact
that l-hexyne (109) fails to add the allyl Grignard reagent even after
prolonged stirring indicates that the hydroxyl function is necessary for
the addition to occur. The failure of the tertiary alcohol 2-methyl-3-
butyn-2-o0l (291) to react indicated a possible steric retardation
of the addition. The failure of 3-butyn-l-ol (108) to add a Grignard re-

agent shows that the carbinol function must be alpha to an alkyne carbon



for an addition to occur. This result is in apparent disagreement with

Richy58 and Eisch57 although their.reactions were run for considerably
longer periods. Also, it appears that saturated Grignard reagents (i.e.
n-propylmagnesium chloride) react at slower rates than the unsaturated
Grignard reagents.

Due to the‘limited data available and the complex nature of the
Grignard reagent, any mechanistic interpretation seems tenuous at best.
A direct nucleophilic attack at the internal acetylenic carbon would be
a possibility. However, since the neighboring oxygen bears a negative
charge in its complexation with the magnesium, it should electrostatically

repel an approaching carbanion.

H H |
- [ | ,
CH,-C =CH, o - CH,-C =CH, -

4 /

HCEC-CH,~ 07 "MgBr —Z». IC=C-CHp-0 "MgBr

H
HY ) |
— > CH=C-CH,-C ~CH,~OH
CH,

Since the presence of the oxygén is required for the reaction to
proceed, this mechanism does not explain the data. l-Hexyne would be
expected to react faster than propargyl alcohol by this mechénism.‘

Another possible mechanism would involve a cyclic seven membered
transition state in which the magnesium is complexed to one oxygen and

an allylic carbanion. This mechanism is favored by Eisch and Merkley .



7 M0 HyC = C~CHy ~C ~ CH, ~OH
i
Mg"O CH2

However this mechanism does not explain the addition of the n-propyl
Grignard reagent to ﬁropargyl alcohol. The addition of the benzyl Grig-
nard reagent to propargyl alcohol by this mechanism might be expedted to

yield 112.
CH,
¢ ~CHp-OH

CH,

However, the product of the reactlon was rigorously shown to be 2-
methylene-3-phenyl-l-propanol (101). It is conceivable that the benzyl

Grignard reacts through its ortho resonance form via the above mechanism.

R . HCECE-CHZ-(I)' '
Mg-0-CH=CH -
/{% d 2 /.Mg

It is evident that further study of this reaction is necessary in
order to establish its mechanistic pathway. The reaction has potential

synthetic utility for the production of 2-methylene substituted alcohols.
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Addition of allylmagnesium chloride to S5-hexen-l-yn-3-o0l ( 63)

The compound 97 obtained as a high boiling byproduct in the syn-

thesis of 5-hexen-l-yn-3—ol was purified by preparative v.p.c.

(yield_of about 10%), b.p. 188-9°(1 atm),nD27 1.4675.

9714
Found: , C’ 77-93 ; . Hy 10025.

Anal. Caled. for C.H.,O @ c, 78.22 ; H, 10.21.

‘The infrared spectrum showed bands at 3400(m),-3050(m),2960(m),
2900(m), 1830 (v, overtone ), 1650(m},1440(m), 1415(m), 1310(x),1210(x),
1120(w),1055(m),1030(m),995(s),905(s),and 875(w) on T,

The n.m.r. spectrum (4 scale) showed a singlet at 2.05 (1H,
hydroxyl, collapses upon addition of D2O), a triplet at 2.35 (EH?
allylic), a doublet at 2.8 (2H,allylic), a triplet at 4.10 (1H,

" methine), a complex centered at 5.1 (6H, terminal vinyl), and a

complex centered at 5.78 (2H, internal vinyl).

The ultraviolet spectrum showed only end absorption above 220mp.

Hydrogenation of 5-methylene-1,7-octadiene-4-ol.( 97 )

A 0.741 g (5.38 mmols) samplé of the alecohol in pentane; over
Pd/C, was found to absorb 360 ml of hydrogen at 298°K, which was
- 92% of the 394 ml theoretically required to saturate three double
bonds. After filtration to remove the catalyst, the pentane was
evaporated, to yield a coclorless liguid. V.p,c.»analysis indicated
the liquid to contain three conponents which were separated by pre-

parative v.,p.c. The lowest bbiling product (12% of the mixture)
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was shown to bg a saturated hydrocarbon by its infrared spectrum,
This component, bslieved to be 4-methyl-octane, was isolated in
only traée quantity and was not further identified. The major coh—
ponent (71% of the mizture) was shown to be a saturéted ketone by

its infrared spectrum. Its physical constants were b.p;179-81°,

25
)

shown by infrared to Be-a saturated alocohol. The latter two com—

1.4145. The highest boiling component (17% of mixture) was

ponenfs wore identified by compafison to synthetic samples, as
desgribed below, as 5-methyl-4-octanone and 5-methyl-4-octanol
respectively.

Authentic 5—methyl-4-octénol vas synthesized by the reactioh
of the Grignard reagent prepared from 2Qbromqpentane with butanal,

followed by.workup and purification by standard proceduﬁes.

The infrared spectrum and v.p.c. :etention_time of the
éynthetic material were found to be identical to those of the
alcohol obtained from the hydrégenation of S—methylene-l,7—o¢tadien-
-4-ol. |

Authentic 5-methyl-4-octanone was synthesized by oxidation
of 5-methyl-4-octanol with potassium dichromafe/sulfuric acid
according to standard procedures.,

The boilinz point, index of refraction, infrared and n.m.r,
spectra of the synthetic S~methyl-d-octanone were identical to
those of the ketone obtained from the hydrogenation of H~methylene-

-1, 7-octadien-4-ol,
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Addition of allylmagnesium chloride to proparsyl alcohol,

In a 5 liter three neck flask, equipped with mechanical stir-

rer, dropping funnel, and condenser were placed 72 g (3 mols) of

mééhééiﬁﬁ turningé,VSOO nl of dry ether and severq} crystals of
iodine, Then 50 ml of a solution of 115 g (1.5-mols) redistilled
allyl chloride in 500 ml of dry ether was added in one.portion
and the mixture stirred vigorously. After five minutes,the reac-
tion comménced as evidenced by formation of a white solution and
vigorous ether reflux.\ The remainder of the solution was then
added dropwise over six hours. Midway through the addition 50 ml
of dry tetrahydrofuran waé added to redissolve precipitaféd
Grignard domplex. After completion of the chloride addition, the
. solution was stirred for one hour. Then a solution of 28 g ( 0.5
mol) redistilled propargyl alcohol in 200 ml ether was added, drop-
wise, over a period of three hours. A vigorous reaction occurred
resulting in considerable ether evaporation. .At the end of the
addition, 300 ml additional ether was added and the solution was
then stirred for fifteen bours. The mixture was decomposed with
ioe/émmonium chloride and the two layers were separated.‘ The
agueous layer was extracted with two 200 ml ether portions. The
combiﬁed ether layers were wached twice with 100 ml portions of
wvater and dried with magnesium sulfate. The ether was removed,
on é steambath; to yield a light yellow oil. Careful fractiona-
tion of the oil, under aspirator pressure, with the Tantalum wire

colum, yielded 22 g of crude material b.p. 75-90° (30 mm).
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>_Hethylene—4-penten-l1-ol (98)

Preparative v;p.o. of the crude distillation hixture desoribed

above afforded 17 g (35% yield) of a pure compound, subsequently

identified as 2-methylene-4-~penten-l-ol, b.p.158m9c, nD27 1.4535,

d4290.860. The compound had not previously been reported. A higher
boiling product also was obtained. See page 175. |
Anal. Caled. for CsHiOO : Cy T3.43 3 H, 1.0.27..

Found s C, 73.32 3 . H; 10.32.

The infrared spectrum showed bands at 3400(5),3050(m),2970(w),
2900(m),1830(w,overtone),1650(m),1440(m),1420(m),1230(m),1100(w),
1060(m),1030(m),1000(u),920(s), and 905(m) onL,

The n.m.r. spectrum ( § soale) showed a singlet at 1.92 (1H,

" hydroxyl, collepses on addition of D20), a singlet at 4.10 (2H,ali-
phatics), a doublet at 2.82 (2H,allylic), a multiplet centered at
5.1 (4H, terminal vinyl), and a multiplet centered at 5.8 (1H, in-
ternal olefinioc).

The ultraviolet spectrum showed only end abéorption above 210 mu.

Hydrogenation of 2~methy1ene-4-penten-1—ol

A 0.567 g (5.8 mmols) sample §f the aleohol was dissolved in
pentane, over 104 pd/cC and hydrogehated until gas absorption ceaced.
The sample absorbed 295 ml at 208°K, which was'104% of the 284 ml
theoretically required to saturate two double bonds. After filter-
ing off the catalyst and evaporation of the pentane, the residue was

analyzed by v.p.c. Threc hrdrorsonation products werce detected. The
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firet product, 207% of the mixture, had a v.p.c. retention time in
line with that expected for 2-methyl-pentane and was not character—
izod further. The remeining two products were pﬁrified,by prepara—
tive v.p.c. The major product'(70% of the mixture). had.a VeDoCo
retention time and infrarsd spectrum jdentical to those of aﬁthen—
tic 2—methy1pentanal., The 2,4—dinitrophenylhydrazone was ﬁrepared
by the method of Shriﬁef and Fumné%nd recrjstallized from ethanol/
water, m.p. lOl-lO2°(lit§2: m.p. 103°). Thé compound showed no

melting point depression on admixture with an authentic sample.

The remaining hydrogenation product, 10% of the mixture, had a VeDeCo

retention time and infrared spectrum.identical to thosme of
2-methylpentanol.
The high boiling product (3.14 g ) from the reaction of allyl-

magnesium chloride with propargyl alcohol, was isolated by prepara-

tive v.p.c. A Rast determination gave a molecular weight of 180+10.

The physical constants were consistent for a twelve carbon alcohol,

' B.p. 188-9%, n 0! 1.4767.

Anal. Caled. for C,,H,,0, C, T73.43 3 H, 10.27.

C, 73.29 3 H, 10.40.

Found :
The infrared spectrum showed bands at 3400(5),3O3O(W),2900(3),
2850(m),1650(w),144O(w);l360(w),1320(w),lBOO(W),1265(w),l22O(w),
1150(), 1045 (), 1015(n), 985 (m), 950(w), 935 (3), 905 () yand 825 (w)om .
The n.m.r. spectrum ( § scale) showed a multiplet.centered at

2,2 (12H,aliphatice), a broad singlet at 3.95 (2H,hydroxyl,collapses

/

authentie
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with D_0), a multiplet at 4.15 (2H,deshislded aliphatics),and a

2
multiplet at 5.6 (2H, olefinics). No further structure determination

was undertaken.

Addition of méethallylmagnesium chloride to proparzyl alcohol.

A 2-1liter thres neck flask was fitted with mechanical stir-

rer, dropping funnel and condenser. Then 54 g (2.25 mols) magne— ;ﬁ?
sium, several crystals of iodine, 500 ml dry ether and 20 ml of a i
solution containing 109 g (1.2 mols) redistilled methallyl chloride
in 150 ml ether were added to the flask, After five minutes vigo-
rous bubbling occurred and stirring was commenced. The remaining
chloride solution was added dropwise over a period of six hours.,
A 10 ml portion of anhydrous THF was added during the addition to

~ dissolve precipitated complex. A solution of 20 g (0.35 mol) re-
distilled propargyl alcohol in 75 ml of dry ether was then added
dropwise o&er a period of two hours so as to maintain a m&derate
ether reflux. After complete addition, 400 ml additional ether

was added and the mixture stirred for 18 hours.  After decomposi-

tion and extraction in the usual manner, the ether layer was dried

with magnesium sulfate and the ether was removed to yield a yellow
0il, PFracticonation under asgspirator pressure gave pure 2-methylene-
é&—methyl—@—penten—Z—ol (99 ), 11.08 z (28% yield). B.p. 60~61" (10

— nD22 1.4600, d425 0.863.
Anal, Calcd, for CTHIQO s Cy 74.95

Found s Cy T4.T6 o, 11.00.

Hy 10078.

1)
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The infrared spectrum chowed bands at 3350(5),3050(w),2950(m),
2900(m),lSOO(overtone),l650(m),1450(8),1380(m),1230 (n),1065(s),
1025(s),990 (1), 955 (w),895(v.s.), and 825 (w)om *.

The n.m.r. spectrum ( § scale) showed a broad singlet at 3.4

(1H,hydroxyl), a singlet at 4.0 (2H,aliphatics), & singlet at 2.8
(21,aliphatics), a triplet (3<1 ops) at 1.7 (31, mothyl), multiplets
at 4.9 and 5.1 (total éH,methylene) and a multiplet at 4.75 (2,
terminal vinyl). |

The following grignard additions were succeséfully accomplished
using ether volumes and reaction times proportional to those descri-
bed for the addition of methallylmagnesium chioride to propargyl

alcohol.

Addition of n-propylmagﬁesium chloride to propargyl alcchol.

79 ¢ (1 mol) n-propyl chloride, 18.5 g (0.33 mol) proparzyl
alcohol and 60 g (2.5 mol) Mg were reacted by the previously des-
cribed procedure. Preparative V.p.Ce. yielded 1.57 & of materials 102,
(5% yield), b.p. 165-6", nD27 1.4355.

Anal. Calcd., for C6H12O : ¢, 71.95 ; H, 12.08.
found: B 8 72;03 H H, 12.01.

The infrared spectrum showed bands at 3400(5),305O(m),2930(s),
2860(5),1650(m),1460(m),1380(m),1220(w),1050(s),1030(5),995(m),
980(w),900(s),880(w),.and 745 (w) cm_l. |

The n.M.T. SpectrTum (‘féoale) chowed a distorted triplet at 0.90
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(34, methyl), a multiplet at 1.5 (ZH,aliphatics), a distorted trip-
let at 2.0 (2H,aliphatics), a doublet with fine splitting into trip-
lets at 4.95 (2H,methylene), a singlet at 4.05 (2H,aliphatics),and

a»broad singlet at 3.35 (lﬁ,hydroxyl, collapses on addition of Dzo).

Hydrogenation of 2-mathylene-l-pentanol (102)

A 0.535 g (5.35 mmols) sample of the alcohol in pentane, over
Pd/C, was found to absorb 140 ml of ‘hydrogen at 298°K which corres-—
ponded to 107% of the 131 ml theoreticaily required to saturéte one
dbuble bond. The catalyst was removed By filtration and the pentane
evapofated yielding a ocolorless liquid. Extensive hydrogenolysis
evidently occured since less than halfl of the hydrogenated alcohol

_ was recovered. V.p.c.analysis showed the meterial to consist of
three products. The lovest boiling constituent, 13% of the product,
had a v.p.c. retention time in line with that expected for 2-methyl-—
pentane and was nof further oharacterizéd. The highest boiling pro-—
duct, 8% of thebmiiture, had & retention timo identical to that of
authentic 2-methylpentanol. The major componeni,'79ﬁ, had & V.D«Co
retentidn time and infrared spectrum identicai to thosé of authentic
os-methylpentanal. The 2,4—dimitropheny1hydrazone was prepared by
the Shriner and Fusogthooedure. Recrystallization from ethanol
yielded yellow cryétals, MePe lOO-lOZc(lité% Mol 103° ) which
chowed no melting point depregsion on adnixture with an authentic
aanple. A 50/50 mixture with hexanal DH?H, MePe 103°,wa3‘deprassed

and melted at G5 -90°,
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Addition of propargylmacnesium bromide to proparsyl alcohol.

48 g (2 mols) magnesium, 0.1 g HnC12. 400 ml dry ether and a

solution of 99 g proparsyl bromlde (0. 84 mol) + 300 ml ether were

reacted at -25°by the procodure given in the synthesesvof l-phenyl
~3-butyn-l-ol (see page 152). A solution of 15 g (0.27 mol) of
propargyl alcohol in 100 ml dry ether wasiadded to the cold Grig-
nard prepared above, over a period of two hours, While‘allowin

the flask to warm from the heat of the reaction. After stirring
for fifteen hours the mixture was worked up in the usual manner.
Preparative v.p.o. gave 6.80 & (26.4%) of product, b.p. 89-90°
(30'mm), nD28 1.4705. 100 gave the following analysis and spectra.
Anal. Calecd. for C6H80 : C, T4.97 3 H, 8.39.

Found : C1 74053 H; 8-620

-

The infrared spectrum showed bands at 3400{s),3300(spike),
3080(w),2870(m}, 2120(w), 1650.(m),'142O(m),1200(w),1290(}1),1280(1&),
1060(s),1020(s),990(s), 905(s), and 620(s) om -1,

The n.m.r. spectrum (<§scale) showed a trlplet at 2.2 (1H,
acetylenic), a multiplet centered at 3.0 (2H,aliphatics), a broad
singlet at 4.30 (1H, hydroxyl,collapses on addition of DZO)' a
singlet at 4.1 (2H,aliphatics); and a multiplet centered at 5.2

(25, methylene ).

Evdrogenation of °~Fethvlcnr«{wﬂ9n‘Vnml-ol (LOQL

A 0.410 g (4.23 mmols) sample of the aleohol, in pentane, over

Pd/C, wae Tound to absmorb 450 ml of hydrogen at ?93 ¥ which correc—

et e e e R T T T T T
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porded to 145% of the 310 ml theoretically regquired to saturate
three double bonds., The catalyst was filtered off and the pentane
uhgyaporated. Extensive hydrogenolysis apﬁeared to have occurred as
less than 25% of the initial alcohol volume was recovered. V.p.c.
analysis showed the material to ocontain four préducts.,Two low boil-
ing constituents (17% of the mixture) were probably residual pen-
tane and 2-methylpentane., The major'product (62%) had a v.p.c. re-
tention tine equal to that of authentic 2-metﬁylpentanal. The long-
est eluting froduct (21% ) gave a v.p.c. retention time equal to
that of authentio 2-mothylpentanol. The hydrogenated product was
dissolved in ethanol and was then treated with 2,4-dinitrophenylhy-
dragine reagent. The resulting precipitats was reéryétallized twiéé
" from ethanol to yield yellow crystals, m.p. 98—1oo°(1it§%_m.p. 103°).
The erystals showed no melting poiﬁt depression on admixture with an

authentic sanple of 2-methylpentanal-2,4-dihitropheny1hydrazone.

Addition of sllylmgnesium chloride to éllyl alcohol.
The Grignard reagent prepared from 60 g (2.5 mols) magnesium
and 77 g (1 mol) allyl chloride was treated with 19 g (0.33 mol)

of allyl alcohol, The yield was 4.10 g (13%), b.p. 56° (12 mm),

21
pD 1.4347.
Anal. Caled. for C.H,,0 : Cy 7195 5 H, 12.08.
Found s ¢, 71.81 ; H, 11.80.

Compound 106 had the following spectral properties.




G
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The infrared spectrum showed bands at 3400(s),3080(m),2960 (=),
29oo(s),287o(s),1640(m),1450(m),143o(m),1410(m),1380(m),1210(w),

1090(w),1040(s), 990(s),950(w),910(s), and 87O(W')cm—l.

The n.m.r. spectrum (<§s¢ale) showed a distorted doublet at
0.95 (3H,methyl), a multiplet at 1.90 (3E,allylic + methine), a
singlet overlapping a doublet centered at 3.4'(3H,hydroxyl + gli-
phatics), which collapsed to a clean doublet (2H) at 3.4ron addi-
tion of DZO’ a multiplet at 5.0 (2H,terminal vinyl) aﬁd g multiplet

centered at 5.8 (1H,internal vinyl).

Hydrogenation of 2-methyl-4-penten—l-ol (106)

A 0.879 g (8.79 mmols) sample of the aleohol in pentane over

10% Pd/C was found to absorb 2°5 ml of hydrogen at 295°K which
corresponds to 109% of the 215 ml theoretically required to satur—
ate one double bond. The catalyst was removed.bybfiltration and
the pentane evaporated yielding a c¢olorless liquid. V.p.c. of the
hydrogenated product showed a lovw boiling constituent (10% of the
mixture), believed to be residual pentane, A higher boiling pro-
duct (10%) bad a v.p.c. retention time identical to that of authen-
tic 2-methylventanal. The major hydrogenation product, isolasted
by preparativg VeDeC., had v.p.c. retention time and infrared spec-
trum identical to thoze of authentic 2—methylpeﬁtanol but different
from those of authentic l-hexanol.

. The aldehydic component was lsolated as itz 2,4~dinitrophenyl-

hydrazona. TJecryostallization from ethanol/water zave yellow crys—

Al
b




~182~

6 . :
tals, m.p. 104-105.5°(1it.? m.p. 103°) which showed no melting
point depression on admixture with the authentic derivative of

2-methylpentanal,

Addition of benzylmagnesium chloride to proparsyl alcohol.

The Grignard reagent prepared from 60 g (2.5 mols) Mg and
154 g (1.25 mols) benzyl chloride was treated with 19.5 g propar-
gyl élcohol (0.35 mol). The yield was 5.70 g (12%) b.p. 96-97°
(2 mm), nD25 1.5427. Compound 101 gﬁve the following épectra.

The infrared spectrum showed bands at 3400(s),3050(m),3040(m),
3010(m),2920(m),2870(m),1640(m),1600(m),1490(s),1450(3),1435(ﬁ),
1400(m}),1075(m},1055(s),1030(s),990(m), 900(s), 840(w), 825 (w),740(s)
~and 700(s) cm-l.

The n.m.r, spectrum (.9scale) showed a broad singlet at 3.0
(1, hydroxyl), a singlet at 3.20 (2H,methylene), a singlet at 3.90

(2H, benzylic), broad singlets with fine eplitting at 4.85 and 5.10

(2H,o0lefinics) and a singlet at 7.20 (5H,phenyl).

Hydrogenation of 3-phenyl-2-methylene-l-propanol (101)

A 1.90 g (1.28 mmole) sample of the alcohol, in pentane, over
10% Pd/C, absorbed 225 ml of hydrogen at 300°K which corresponded
to 725 of the 316 ﬁl theoietically required to saturate one double
bond. Analysis by v.p.c. showed fthree products. The low boiling
constituent (29%) had a retention time in line with isobutyltoluene,

The major product (627°) had a v.p.c. retention time in line with
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that expected for 2~methyl—3~phenylpropanal. The remzining high
boiling product had a V.p.c, retention time in line with that ex~

pected for 2-methyl-3-phenyl—l-propano1. Two derivatives of the

 major hydrogenation product were prepared. Recrystallization of

the 2,4-dinitrophenylhydrazone from 1:1 ethanol/eth&l acetate

yielded yellow crystals m.p. 120—122°(lit§% m.p. 119°for DNPH de-
rivative of 2-methyl-3-phenylpropanal). The semicarbazone,after
recrystallization from ethanol/water, gave m.ﬁ. 118;121°(lit§?

MePo 123-40 )'

Addition of allylmagnesium chloride to 3-butyn-2-ol.

The Grignard reagent prepared from 30 g (1.25 mols) Mg, 250 ml
ether and 54 g (0.7 mol) allyl chloride was £reated with 13 g (0.185
mol) 3-butyn-2-0l in 50 ml ether. After stirringrfor 18 hours, the
solution was decomposed and worked up in the usual manner. Prepar—
ative v.p.c. gave 4.63 g (22% yield) of pure compound, B.p. 64=5
(22 mm).

The infrared spectrum showed bands at 3400(3),3030(m),2960(5);
29oo(m),164o(m),1425(m),1410(m),137o(m),128o(m),1loo(m),1o7o(m),
995(m), 960(m), and 905(=) em L,

The n.m.r. spectrun (évscule) showed a doublet at 1.25 (3H,
methyl), a doublet at 2,75 (2H,aliphatic methylenes), a broad sing-
let at 3.0 (113, aydroxyl,collapses with D,0 addition), a quartet at
4.1 (1d,methine), a multiplet at 4.8 (4H,terainal olefinie), and a
multiplet at 5.6 (1%, internal olefinic). The 3=-meihyleme-5-penten-

~2~0l (104) atructure assicnuent is based solely on the above data,
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The following attempted recactions did not alfford Grisgnard

addition products under the same conditions as those previously
described and only afforded recovered starting materials.

With ellylmagnesium chloride

a ) 1-hoxyne (109)

b ) 2-methyl-3-butyn-2-ol1(107)

¢ ) 3-butyn-1-01(92)

With n-propylmagnesium chloride

a ) l-hexyne

b ) 2-methyl-3-butyn-2-ol

¢ ) 3-butyn-l-ol

d ) allyl alcohol (105)
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