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IKTRODUCTION

While the literature contains a large volume of
material on the reduction of carbonyl compounds, the
historical section ofAthis thesls will be chiefly con-
cerned with the reduction of of ,f?~ unsaturated carbonyl
compounds by catalytlc hydrogenation, metal combinstions,
aluminum slkoxides and by lithium aluminum hydride.

The purpose of this thesis is to study the effect
various substituents have on a conjuguted system when the

system is undergoing reduction by lithium aluminum hydride.



CATALYTIC HYDHROGENATION

The number and the nature of the publications on
catalytic hydrogenation are so numerous thet no critical
or comprehensive survey of the field will be attempted in
this section.

Sabatier has given a genersl historical development
of catalytic hydrogenstion (1). In various publications
Bllis (2), Ipatieff (3), and Adrkins (%) have discussed the
wide s:plication of catalytic hydrogenation in organic

chemistry. Hence, this section shall be limited to a brief

(1) Sabatier, ¥, - Reid, Catslysis in Orgznic Chemistry, D.
Van Nostrand Comgany, New York (1922).

(2) Ellis, Hydrorenation of Orgsnic Substsnces, D. Van
Kostrend Comrpany, New York (1930).

(3) Ipatieff, Cutelytic Recections at High Fressures and
Temperatures, The Macmillon Company, Kew Yora (1936).

(4) Adkins, Reactions of Hydrogen with Orgsnic Compounds
over Corper~Chromium Oxide snd Nickel Catalysts, Univer-~
sity of Wisconsin lress, Madison (1937).




discussion of the hydrogenation of o( ,f?- unsaturated carbonyl
compounds employing such catulysts as nickel and platinum in
order to ascertain whether reduction by this method involves

1,2 or 1,4-aduition to the compound.

Nickel: The most common nickel catalyst today is Raney
nickel, which was prepared by Murrazy Raney and patented in
1927 (9). Since that time numerous hydrogenations of unsat-
urated compounds employing Raney nickel as a catalyst have
been reported.

It has been said by Fuson (6) that nickel i1s more active
Catalyticélly for carbon-to-carbon double bond hydrogenations
than it is toward carbonyl groups. For example. c¢rotonaldehyde
> is converted to butyraldehyde (7) f
Hy

2 Q
CH3CH = CHCHO o —> CH3CHoCH,CH

W e Gme NS e wawe NN S e W SUMS  Gmma  WEWR MESN e GG SR MR R GEmR  GBED G M G A A SRR A e SR e s

(5) Raney, Murray, U.S. Fatents, 1,628,190, (May, 1927).

(6) Fuson, R. C., Advanced Organic Chemistry, John Wiley
and Sons, New York (1950), p. 256.

(7) Distillers Co. Ltd., Britain 595, 941 (Dec. 23, 1947).




" and mesityl oxide is converted to isobutyl methyl ketone (8)
‘by hydrogenation using a nickel catalyst.
CH3~ C= CHCOCHB ~>— CﬁscHCHECOCHB
Ni

.- -Further evidence in support of this generalization is given
“ by Baker and Weiss (9) who hydrogenated O-ethylbenzoylacetone,

: I, employing nickel as a catalyst. They have shown several

" plausible courses which the reasction might take. Of the two

. routes to the saturated ethoxy:cerbinel, 111, evidence was

praesented to show that the preferred one was through the
ethoxyketone, iI, by limiting the addition of hydrogen'to
one mole., However, the presence of IV could nut be discounted,

 for its presence was indicated by tests for unsaturation.

G ey B, OH  CHy

- (11) CgligCOCH,CHOC Hy - — CgHgCICH,CHOC Hg  (I11)
5 N

i CH3 M o CHy )

 ('1) gsﬁgcocsi = C-0CoHg »CeHsCH-CH = C-0CHg (IV

The statement of Fuson that nickel is more active catalyti-
5 7 célly for carbon-to-carbon doublé bond hydrogenations than it

(8) Dupont, G., Bull. Soc. Chim. (5), 3, 1021-30 (1936).

(9) Boker, R, H. and Fs Co Waiss, J. Am. Chem. Soce, 66,
343, (1944). -



1s towszrd carbonyl groups is true if end results are considered.
However, if resonance structures of O-ethylbenzoylacetone are
censidered as plctured Abelow, then it may be shown that hydro-

genation may have proceeded 1,2 or 1,4 to the conjugated systerm.

-

Q . 0
CHRCC = CHC - CgH CH3C-CH = ({~CgH
30(52}15 ! 65 <~ H‘B()CQH;= 645

(z) 1 (v)
e
/

CHaC = CHC - CgH
36catiy + O 2

(e)
If resonance structure (b) is considered, reduction may pro-

cead 1,4 as pictured below.

el - on = g-c B 2 fondcn = cc’oﬁ'
30coHs 65 T 30cHy  ©
b
cujcECHxC CeHy

oC 2H5

- If resonance structure (c) is considered, reduction may pro=-
ceed 1,2 as shown by the equation below.
0 Hy CH

/ /
CHAC = CHC-CgH > CHaC = CHC~CgH
300255 e ni 30c2}15 H 5

The presence of the enolic compound above was demonstrated by



tests for unsaturstion as menticned slready. ©&ince the enol
was present only in minute amounts, the preferential attack
of hydirogen to a conjugated system when nickel is employed
may be said to be zt the olefinic linkage.

Other examples showing preferentisl attaclc of hydrogen
at the olefinlc linkage when nickel 1s smployed are given by
Wojelk and Adkins who hydrogenzted many unsaturated esters and
acids employing nickel as a catalyst (10).

The carbonyl grou; 0f‘°(,19~ unsaturated carbonyl compounds
has been hydrogensted also using nickel as a éatalyst and
“varying the experimental conditions. It has been reported by
Pslfrey and Sabetay (11) that the catalytic hydrogenaztion of
cinnamaldehyde employing Raney nickel resulted in slmost

quantitative yields of ¥ -phenylpropsnol-l at 105°C,

Ni L
CeHsCH = CHCHO o > CgH5CHCHaCHoOH
0

Delepine and Henegraaf have studied the order of the
addition of hydrogen in the hydrogenation of cinnamsldehyde
- employing Raney nickel as a catalyst (12). 7They have reported

(10) Wojeek and Adkins, 1bid., 56, 224 (1934).

k(ll) ‘alfrey L.y 8. Scbetay, and B. Ganthler, Coupte. rend.,
- 218, 553-5 (1954).

(12) Qela sine, M. end C. Hunegraaff, Bull. soc. chime, (5},
L, 2087-93 (1937)s Ce.hey 32, 2520 (1938).



i that reduction toék'place simult&neously gt the deuble bond and .
the CHO group but that adiition to the double bond pfocaeded
more rapidly.

1t may be sald that when ,roper cconditions are employed,
nickel m&y'be used to hydrogenste selectively at the olefinice

linkage or may be‘used to hycrogenzte completely.

Flatinum: Ferhaps the most videly used cetclyst in
hydrogenation procedures has been rletinum. There zre numerous
articles in tns literature on the hydrogenation of unsaturated
'carbonyl compounds enploying platinum.

Hans Weldlick and Roger adams ure two outstanding men who
have done much work on the catulytic bhydrogenzilon of unsaturated
compounds employing platinum, |

weidiick has made a comprehensive study of the eatulytic
hydrogenstion or,o<,f?- unsaturated carbonyl compounds and has
reported that the rroducts of catslytic hy&rogénation of

c(,#gn ﬁnsaturated carbonyl compounds in acid medium ccn be
interpreted as resulting from l,2-additlon to the c#o or

C=C bond end those in alkaline medium as resulting from 1,4
addition to the conjugated syster (13). For exanple, chalcone

when hydrogenated in acid medium gave CeligCH = CHCH (o C6HS

WS e v Gt e oew AW Sewe WS e R e W BN M SN s e R GRS e avee e AWE s SR MER . s SWA eae swe  Same

(13) Weidlick, H. A. snd M. Meyer, Delius, Bers, 7B, 11G5-
U7 1212 (19%). C.A., 36, 4805 (agk2), | T



alwost quuntitatively, but when hydrogenated ln alksline medium
‘gave the saturuted ketone, 06H5CH2CH26006H5. The conversion of

© ' cinnamaldehyde to 8'-phenylproyionaldehyde in glkaline medium

further supports the generalizetion formulated by weidlicks
Other examples have been reported which support the above
generalization.

Weidlick has proposed two conceivable méchanisms for
hydrogenation employing rlatinum. In ecid medium, the course
of the reaction may be formulated thusj |

+

Q |  LH
RCH = CHC-R HX - | RCH = CHC-R —~<—>
. . (=) +
OH + - PH OH | o~
RCH = CHC-R ~— FCH-CH - ¢-R ~—> RCH-CH = C-R
~(b) (c) (a)

+-—
with which the hydrogen reacts as H He The H anion may

combine with any of the above resonance forms; the H cation
always conbines with X~ to form HX, If the H énion combines
witﬁ resonance form (a)y it will only replace the H already
present and no change in the resonznce form will be effected.
If the H anion combines with the carbonium C of formula (b)),
the unsatursted alcohol will result. The reaction may be

rictured as below:



E | _ . - oH
RCH = CP%’,_-R K HE _ FCH = CH(R + HX
—

'If the H enion corbines with the carbonium C of formula (d),
the saturated ketone wlll result. The reaction meay be pictured

"as below.
- CH | - * - OH
[%CH -~ CH = CR f\ HH Rgﬁ - CH = CR|-+ HX
+

0
RCHgCHZCR . —<

| Weidlick has stated that in the course of the hydro-
genation in acid medium only form (b) seets to be responsible,
(d) being the determining factor only in exceptional cases.
However, he has further stoted that (b); by polarization of

the double bond induced by the charge on the carbonium C atom,

may react as follows:

4+~

' - CHY - uH ¥ OH| 0
RCH - CH - CR ¥ ————p—| RCH-CH~CR | ECHoCHoCR + EX
* H

This memns that in aclid medium there should be formed in
addition to the saturated ketone, RCHpCHpCRO, a carbinol,
RCH = CHC(OH)R, depending on the mechanism which has been
followed and on the stability of the intermediate formed during
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the course of the reaction.

The course of the resction in alkaline solution proposed
by Weidlick may be formulated as pictured below. He has pro-
“posed that the OH snion of the alkaline liguid takes possession
of an H atom with the formation of water, while the election
of the H atom is taken up by the electrophilic’o of the carbonyl

group as shown in equations (a) and (b).

+
- 0 0
(a) RCH = CH-C~-R ——— o RCH-CH ®» C-R+'H + OH
+ -
O _ 0-
(b) RCH - CH = C-R+ OH — H,0 + RCE ~ CHC - R
0 OH
(e) RCH - CH = C-R+ -H —-RCH-CH = CR
oH (e) oH  _
(d) BCH - CH = C-R + Hp0 _-_,Rgn - CH=CR + OH
OH 0 ‘\' -
(f) RCH = CH-CR + H50 RCH2CH2CR + OH
H,0
OH _
RCH - cgcrz + OH

Weldlieh further proposed that a second H atom combines
with the radical-like enion, equation (¢), und depending on

the relative stability of resonance forms, yields a carbinol,
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RCH = CHC(CH)R, equation d—>f, or an enol RCHCHC = C(OH)R
equation d —e whiech can rearronge into the saturated ketone.
The course most likely taken is shown by eguation d—-e, the
saturated ketone being the final rroduct.

Adoms and eco~-workers have reported many catalytic hydro-
renations oi’c(,79- unsatur:zted carbonyl compounds. They have
shown that pletinum zmay catalyze the hydrogenation Ofcx’,f?~
unsaturated compounds selectively. For example, benzalaceto-
phenone was converted to benzylacetophenone and benzalacetone
was converted to benzylacetone by hydrogenation employing a
platinum catalyst (14%). Another example was the conversion
of mesityl oxide to lsobutyl methyl ketone, Adams has reported
that unsaturatsd ketones or. hydrogensted rapidly, whereas,
the hydirogenstion of unssturated aclds and esters proceeads
rather slowly.

Before Adoms made his systeratic study of catalytic
hydrogenation of orgenic compounds, it had been impossible
to hydrogennteof ,yg- unsszturcted sldehydes selectively. In
alwost every instance the ultimste product of the hydrogenstion

- of &n unseturated aldehyde wes the corrasyonding satureted
alcohol, Hence, the ultirzte product of catalytic hydrozenztion
| of cinnsmaldehyde was rhenylpropyl alcohol (15). However, Adams

(1%) Adams ond Shriner, J. Am. Chem. Soc., L35, 2171 (1923) Vorkees
and Adems, ibid., 4, 1347 (1 22);"0rganic Syntheses", Collect-
ive Vol. I, John Wiley and Sons, New York (1932), p. 452.

(15) Adams, J.W.Kern and R. Shriner, J.Am.Chem. Soce, 427, 1047 (1925
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was able to convert cinnarmaldelyde to cinnamyl slcohol (16)
by adding a trace of ferrous salt to promoté reduction of the
aldehyde group and glso a trace of zinc acetate to inhibit
the reduction of the olefinic linkage. J

_ Hp(pt) ’ ~
CH5CH = CHCHO — > CglisCH = CHCH,OH

In this manner, Adams also acuvom, lished the conversion of

VQitral to geraniol (17).

cH CH Ha(pt) CHg CHy

3 . 3 :
CH3¢ 2 CiiCHoCHpC 2 CHCHO ~ FE¥ZE:7TCH3C = CHCHoCHoC = CHCHoCH

' The selective reduction of the olefinic double bond in unsaturated

aldehydes employing platinum has not yet been accomplished.

W Saie VAW SEE TOBA e Wl e MR G ERs M GRS SR W WO M WRRR SRR e Gave W AR e B M S Bee e weee e

(16) Vavon, Conpte randey, 154, 359 (1912); Skita,Ber., 48,
1685 (1915); Armstrong snd Hilditch, Chim, Ind., 12,
2117 (192}). ~

(1Y) Adams @nd W. Tuley, J. ime. Chem. Soce, 47, 3061 (192%).
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REDUCTIONS BY METAL COMBINATIONS

There have been numerous examples of reduction of
unsatursted carbonyl compounds by various metal combinations
reported in the literature; however, only a few representative
'examﬁlas of some of the more conmon metal combinations will

ba conslidered in this secticn.

Alkeli Metsnl and Aleohol: Ferhaps the first reduction

of carbonyl compounds by an alkali metsl and an elecochol was
performed by Klages and Allendorf in 189&, when they reported
the reduction of many aryllalkyl ketones by sodium and ethsnol
(1). Since that time many reductions oif &, ’3 - unsaturated
‘ vcarbonyl compounds by an alkali metal and an alcohol have

- been reported. GSeveral examples of reduction of unsaturated

- earbonyl compounds by this method appear below.
o] Na 0

(1) CH = CHCCH3 — CHpCHCCH3
c 2H5QH

W eme e avae  AGW e N e e AR B W S WA AR e TR WS oeor A WA BN Ml SN amR AR WM e I el

(1) KXlages, and Allendorf, Ber., 31, 1003, (189E).



1k

- ¢ Na
. (2) CH = CHC c:xzcﬁaé (2)
’ C,H-CH
- [:] [:]
f(3) Cinnamic Acid Derivatives Dihydroeinnamic
| o : Acid Derivatives (3)

(i;) CH-CHACH,CH 2 CCH —————%— CH,CH,CH,CII CHCH,OH (%)
| 3r-2v2 6235 BuOH 3-errere 2H52

(5) Cglyy g CgH5CH,OH C5Hia
¢ = cxch —>—  CHCHpCHpOH
K

(2) Fraderick, Di;ry and Lewis, Rec. Trzv, Chime, 56, 100C-6
"7 (1937); Cid., 32, 5212 (1938)

(3) Veygand, Crgenic Irevarations, Interscience Fublishers,
Inc., New York. pe 5. ‘

() g?%smann, Sulzbacher, and Bergmann, J;:Chem. Socey (1947)

(5) ziiogtggli Pierre, Am. Chim., ;_, 281-37'7 (19_;8), Cedey 33,
\ 2927 -
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It has been proposed by Kohler and Thompson (6) that
reduction cf'O(,fg— unsaturated ketonaes by metzl combinations
involves l,4~-addition to the conjugated system, For example,
" benzalacetone is reduced to benzylacetone (2)

0 0
CH = CHCCEy CH,CHCCH,

and benzclacetophenona to benzylacetophenone (2),

CHQCHQC

il 00

The reduction of cinnamylideneacetone to 3’- rhenylpropylace=-
tone by sodium and ethanol further supports this generaliza-
tion. PFurther evidence in support of this generalization as

waell as exceptions will be discussed later.
Amaleangss There has been widespread use of various metal

amalgams in reduction of unsaturated carbonyl compounds. The

(6) Kohler, &., F. and R. B. Thompson, J. Am. Chem. S0Ce, 59,
890 (1537).



most commen metal amalgams reportedly used are sodium amalgeam,
magnesium amalgam, amronium esralgam, and sluminum zmalgam.
Several representative types of<X , B- unsaturated carbonyl

compounds reduced by metal amalgams appear below.

0 ' 0
[1] 1
1. CH = CHCCH ——  CHaCHoCCH
3 Ka(Hg) 2CH0CH3 (75
. Na(Hg) : :
2. CiyCH = CHCOH S o CH3CH2CHCOOH (3)
» 2 Ry, (Hg) .
3. CH = caCocHy s— CHaCHyCOCHy (8)
N
%, CH = CHCOCoHsg 8 . CHaCHaCOCoHy (3)

| |

N

Lo~

In this category there are many examples of reduction
ofcx',fe- unsaturated ketones by metsl amelgams reported which

support the generalization of Kohler and Thompson mentioned

(7 Higéinbottom, Lucyy and Lapworth, J. Chem. Soc., 1923,
1618,

(8) Takaki and Uedg J« Pharm. Boce. Japan, 58, 427-30 (1937),
Celey 32, 66362 (1938).
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previously. Howaver, it ls also 1n this category that numerous
exceptions tovthat generalization are found, It has been
reported (9) that ,f9~ unsaturated ketones and esters
undergo bimolecular reduction in which the two simple molecules
‘are joilned at position 4% when certein amelgams are used. Hence,
reductlon of ethyl ethylidenemzlonate by sodium amalgam ylelds
the bimolscular product as pilctured by the equation below (7),
2CH3CH = C(CO0CoHs5) % CH3CH(COOCHS) o
CH3CH(CO0Cg)

and methyl cinnamate yields methyl 8 ¥~ diphenyladipate
with aluminum amalgame
Al(Hg)
2CgHsCH = CHCOOCH ~————pm Csiis?ﬁCIizCﬁGCH;s

CéﬂSCHCHQCGCCHB

Also sodium amalgam and aluminum smalgam rezct with benzel-~

acetone and benzzlbsnzylacetone yielding l,6-diketones (7).

Furthermore it is reported ethyl cimnamaste ylelds ethyl,éz

Y _ diphenyladipate as well as the normel dihydroderivative
(7)« Sorenson has reported that ohly réarely is birolecular

reduction of an aldehyde encountered,

MR SR m SR M ek unn W AR R M AW e S R RN WNEE SRR M M wee W G GRe M e G G e e o

(9) Fuson, Advs
I-nec, Hew YOI‘k, Pe D2
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Higidnbottor has proposed that the mechanisnm of the
" pimolecular reductions takes a free radical path (7). Buch

a mechanlsm falled to explain why the bimolecular reductlon

'?,proéucts were formed only wvhen metals in certsin forms were

"~ used as reducing agents. Higgenbottonm svaded this difficulty
- by assuming that the carbonyl compounds were absorbed on the

>"surface.of the retal setiting up conditions which would permit

“ecoupling of the molecules.

ieta Agld:s Perhaps the most widely used of a2ll metal
cambinationé'in reduction of unsatursted comﬁounds have been
the metel-ascid cosbinations. It was through e stﬁdy of this
,i “econrbination that Knhlar and Thompson proposed thelr generall-
»‘:~zétion that reduction afC%.,f9— unséturated'kétones with
metal combinations involves 1,k- sddition to the coﬁjugated
~ system. Severul examples of reduction of unsatursted carbonyl

*’?fcompounds by various petal-acid combinztions appesr belowW.

CHiy M - CHy
(1) CHy- C = CHCOCH s >~ CHCHCHLCOCH
3 3 ieon N (11)
o Zn _
(2)  (CgHg)oC = CHCUCGH,(CH3) 3 —H{(CeHy) ;CHCH,COCH(CHy) 3
AeQH ‘
|

G e R oM mae A G e Bra e G et SR ARG A e R W W mah et s W eer e B WS e e

(11) Weiwmann und Glacet Comﬁt. Rende.y 226, 923-25 (1948);
C.hay 42, 5416g (1548). y &= 5
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Zn
(3) CH3CH = CHCOOH ——————9~CH3CHpCH,CO0H (3)
Ho80)

The above examples involve 1l,4- adiition to the con-

ﬁﬁ'gﬁgateﬁ systex. However, there sre examples cof bimolecular

reduction snd alsd‘ring formation when certain compounds are

- feduced by met.l-zcid combinations. 1t has been reported by

 'Finch snd shite (12) that reﬁﬁction of chalcone by zinc and

7 acetic acld resulted in the bimolecular rroduct,

o in

Célki'SCH‘\-— chcecéﬁs T C6H5?HCH20(}C6H5
CéﬂscHCHacocéﬁs

When Glacet and “lemann (13) reduced acrolein with mag-

- nesium in acetic acid, they obtained a mixture of Y-hydroxy-

‘ ' 5-vinyltetRahydro-furan and 2-hydroxy-5-vinyltetrzhydrofuran.

Mg CHp- GHOH 4+ CHa - Cip
CH,CH = CHO > GCHp CHCH = CH HOCH  CHCH = CHp
2 HOAC 20/ 2 N

An attractive mechanism for meﬁal‘combination reductions
has becn sugyested by Fuson (9). He has proposed that the

Mmet:l funetions by ceding an electron to the cerbonyl compound.

' (12) Fineh, L. R. and D. B. White, J. Chem. Socs, 1950,
3367 {195C). :

(13) Glacet andt i mann, Compte ronde., 208, 1323-5 (1939);
CQAO’ 33’ !"')""90 (1939)'
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This results in the formation of a free radic:l that may be
represented by two different structures, I snd Il. He then
proposes that
- R R
RCH = CICON Sopm RQH = CH = CON
I I1

it a second atom of the metul reacts with the free radical
as structure I and the product trested with water, the

carbinel would result.

R R
RCH = CHCOM ___52_‘3__,. RCH = CHCHOH
Y

However, if the second atom of the metal reacts with the
- free radical of structure Il, the product of hydirolysis
would be the saturcted carbonyl compound.
R R
RCHCH = COM —————— RCH5CH = COH ——RCHoCHoCCR
M L

Furthermore, Fuson has ststed that the free radical may
undergo coupling also, yielding either a pinacol, corresponding
- to structure I, or a bicarbonyl conpound, corresponding to
- structure Il.

kK R
CHCOM H,0 HCHE = CH?OB
ciiCge — ¥ RCH = CH%OH

R

1

R HCH
QRQH = CnQOM ——*-RCH

1]
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R

R _JRCHCH = COE o  RGHCH,COR
GHCH = COK '
2REHCH = CO RCHCH = COM ~—— > RCiCi,COR (11)

R 2

It has been shown that 211 three types of products are
- favored, the amalgaus being perhaps the.best réagents for

bringing about bimolecular reduction.
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ALUMINUM ALXCXIDE REDUCTION
(Meerwein - Fonndorf - Verley Reduction)

Aluminum alkoxldes have been used extensivsly in the
reduction of azldehydes and ketones. an excellent review of
reduction with aluminum slkoxides, the Meerwein-Fonndorf-Verley
reduction, has a;peared in QOrgunic Hieactions, Vol. I1I, p. 178
£fe (1)« The tables im edistely following have been abstracted
for the most part from data giveﬁ in Or-anilc Rezetions, snd
show the results obtained in a great many reductions of«s(,{g-
unsaturated sldehydes and ketones.

dost of the reductions listed a,pear to proceed specifi-
cally 1,2 to the carbonyl group. 7The one excejption in vhich
~ conjugate reductlion may have occurredy if the finasl product only
is considered, is the re;ﬁction of quinone tec hydroguinone.

This has been explained (2) in terms of 1,2 reduction at one
carbonyl followed by 1,5~ enolization at the other.

Campbell and Khaznna (3) reported thétla;uﬁinum isopropoxide

reduction of dibenzoylethylene and nuclear-substituted dibenzoyl-

(1) Adems, et al., Orzonic Heections, Vol. I1, John Wiley and
Sons, lew York, F. 178 ff.

J.Am.Chem. Soc.
(2) Lutz and Gillesrie, #b&d,, 72, 344 (1550).

(3) Camphtell and Khanne, Nature, 161, 5S4 (19h49).
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ethylenes gave the corresponding saturated diketones in good ‘
yield, They interpreted thelr reduction as being 1,6~ reduction,
following a mechanism that was proposed by Lutz and co-workers.

().

céachCH = CH0006§5 S [ééﬁsgﬂz CHCH = g§6H5

|

Lutz, however, has reported (2) results for the same

s ZZ‘ 2VeTal
Céﬁ COCL . Cii Lﬁﬁéﬁ,

5 272 5

reaction which are in disagreement with that described zbova.

"~ Whereas Campbell snd Khanna reported they obtained the saturated

ff diketone in the reduction of dibemzoylethylené‘by éluminum
;fisoprcpoxida, Lutz and Gillespie reported'they were not able to
obtain the saturated diketone even after many fapetitions. They
reported instead, the trans-unsaturated glycol (III) in yields
as high as 34%. Lutz and Cillespie found the sluminum isopro-
 ;poxide in low concentrztion csused ecls-trasns inversion of di-
benzoylethylene but in higher concentration caused reduction to

- the trans—unsaturated glyecol (111). 4 sumnesry of the reactions

Just discussed sppear below.

(%) Lutz and co~-workers, J. Am. Chem. Soc., 45, 1047 (1923);
51, 3C0E.
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‘_'Acéﬂs(lm (‘3006}15 o (;635(\;0 " g
. C c AL (OC3H7)3 C=C
H H H COCgHg
Al(OC3H7)3
C H.CHOH
"6 . 111

C=—==(

H CHOBcéﬁS

- Lutz has said "Consideration of mechanisms of aluninum

aikoxide reductlions which have been put forward suggests that
& coordlnate comyplex between the carbonyl grour and alurinum

" alkoxide is involved snd 1s in fact requisite; the electro-
philic aluminum may make the earbonyl group so positive that
it can abstrset & hydride ion frowm an alcohol meolecule gnd
at the same time it would activate the alkoxide - hydrogen in
the sense of facilitating release of hydride hydrogen, all this
occurring through & resonating transition state or six-membered

quasl-ring rhase such as that plcturad below.

c? P>
7’ H clchy),

- Buch & mechanisy would be consistent with the seeming limitation
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of the reagent to 1,2 - reductions, and ex;uréssed in these terms
' 4t is analogous to that of 1,2 - reductions of ketones by
alkylmagnesivm helides, and 1,4% - reactions btetween the<X, S~
unsaturated ketone system ané ths Grignard reasgent and lithium '

aluwrinum hydride" (2).



TAbBLE I

, - Unsaturated Compounds Reduced by Meerwein - Fonndorf -

Verley Reduction

. Conpound heduced
- Mesltyl Oxide

 kcis—Heptene~3~0ne—2
trens-Heptene-3-One-2

Cyclohexen-2~0One-1
L.Isopropyleyclohexen-2-One~-1

1-Menthen-4-One~3
Axerophthylidene Acetone

" Benzalacetone
Dibenzelacetone

Dibenzalcyelohexanone

 Dibenzalcyclopentzanone

Diecinnamyl Acetone
Dicennamalscetorhenone
Benzaldesoxybenzoin

 Cholesten-l-One-3

- Cholestan-8-0ne-7

4-01-3

Axerophthylidene Isoprbpyl
Alcchol

Methylstyvrylrethanol
Flstyrylmathancl

Difficult to isolate the
Fure Reduced Coumpounds

1, 24 3-Triphenyl
allyl alecohol

Cholestéﬂ-¥—01-3 and
Bpi-Cholesten-4-01-3

Cholesten-8-01-7

Froduct Formed % Yield
L-Methylpentene-3-01-2 63

" Heptene-3-01-2 (Eoth 2224
gave same isoner)
Cyclohexen-2-01-1 497k
h-Isopropyleyclohexen-2- 73-88
0l-1
cis snd trang-l-Menthen- 84

35

t 111

91

52



 1mepound Reduced

~ Cholestadien-l, 7~Cne-3

. Ergostratrien-i,7,22-0ne-3
Ergostratetraen-i4+,7,9(11),
22-0ne=3 |
M-Dehydrostigagenona—s
Q-Bromocholeéten~h~0ae~3
Quinone 7
‘Androstena%~Dione~3,l?
3~Enol Ethyl Ether of 16-
Benzal androsten-4-Uione-
3417, '
Androsten-t~-0l-17~0ne-3
16-(1-NKethylpropylidine~)
Androsten-5-01-3-0One-17
Allopregnen-16-01-3-One-20
Fregnadiene-5,15-01-3-0ne-20
3,17~Diacetoxyandrcsten~5-0ne~7
3-Acetoxycholesten~5-One~?7

3-epi-Acetoxycholesten-5~0ne~7
3-Acetoxysitosten-5-One~7

 3-Acetoxystigmastadien-5,
22-0ne~-7

27

Frodu

Cholestodien-l, 7-01-3(35%) =
Epicholestadien~ity 7+01-3(49%)=
Cholestadien~y, 7-01-3(15%) =
Epicholestadien~5, 7-01-3(1%) ~

Ergostratrien-i,?,22-01-3(45%)-
Epiergostatrien~i,7-22-01-3{35%)~

Forped } Yia:

Mixture of EBrgostatetraen- 73
Ols-3

Epi-k-Dehydrotigogenal-3 22

Little Bromine in FProduct -
Hydroquinone 1cC
¢ls snd trans-Androsten- 70
4-01~17-0One=-3
16-Benzalandrosten-i~Cl 68
17-Cne~3 (isolated &s

acetate)

Stersolsomers of Androsten-t- 995
D101“3,17¢ :

16~-Benzylidine indrostens 52
5-Diol~3,17.

Allopregnene-16-Diol-3,20 L0
Fregnaciene~5,16-Diol-3,20 -
Androstaﬂ-E-Triol~3,?,l? -

Stereolsomers of Cholesten- 63
5-Di°1”3’7

Cholesten-5-Diol~3~Epl- 88
7(35%)5 7-(253)

Stereoisomers of 3itosteh~ 93
5-Digl~3,7 -

Stereolsomers of Stigmasto- 68
dian-5,22~Diqln3,7



Bthyl-<(-Benzylidene
Acetoacetate

Methyl Ester of 2 -7-
Keto Cholenic icid

Yethyl Octenyl Hetone
(double bond not dpecified)

Trans~Dibenzoylethylene
cis-Dibenzoylethylene

Traens-vi-p-Toluylethylene
cls~-Di-p-Toluylethylene
Irans-ui-p-Chlorobenzoylethylene
¢is-Di-p-Chlorobtnzoylethylene
o Trans-Di—p—Brcmobénzoylethylene
cis~ﬁi~p—Br0mobenzoylethyiane

d-Fulegone

Bthyl--Benzylidena-~
Hydrozybutyrate (%)

5’7~Choladienic Acla
(after hydrolysis)

(CE3)3CCH = CCHpCHOLCH3
1

CH3

(CH3)3 CCHC = gHCHOHCHB

C:;3

Dibenzoylethone
1,4~diphenyl-2-butene~l,
4-Diol :
Dibenzoylethone
1,4~-diphenyl-2-butene-1,
L-Diol

Di-p-Toluylethane
Pi-p~Toluylethane
Di-p-Chlorobenzoylethane
Di-p-Chlorobenzoylethane
Di-p-Bromobenzoylethune
Di-p-Eromobenzoylethane

d~ﬁeoisnpulegol

28

4 Yield

90

75
95
80
90
75
90
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Reagent % ¥ield

R L;; 3;503)3
_f‘j;Crotonaldehyde | Crotyl Aleohol 1-C3Hy 60-65
i o{-Chlcracrotonalaehyde 2-Chloro-2~Butenol-~1l 0235 -
; a(—Bromccrotenaldehyde -Bromo»Z-Butenol-l c H5 -
2,4-Hexadienol-l 2,\-llexadienol-l  1-C,H, 6l
;hz,k,6~0ctatrienol~l 2,4,6-0ctatrienol~1 i~ CBH7 70
ff2,%,6,8-Becatetraenal—l 2,&,6,8~Becatetraénol— -CBH? -
{ ' g :
. Citral Geraniol (24%) 1-CH &3
: A : Nerol (144%) - 3 7
. Cyclocitrsl ~ Cyclo-Geraniol -6357 77-93
 ; Axeerhtha1 | Isomer of Vitemin A 1~C3H7 ' -
fjaupﬁaal | Fseudolupenol ~C3H7 59
Cinnsmaldehyde Cinnemyl Alcohol 1-C3Hpand CHg 45-86
‘ o ~Chlorocinnamaldehyde & -Chlorocinnamyl .
. Alcohol : 02H5 , | -
"c(-Bromocinnamaldehyde =4 -Bromocinnamfi ‘
,3’01‘ l"”,hit&'@ﬁimaﬁb’ 293’ or 4-,Nitro- '
aldehyde clnnanmyl Aicohol C2H5 ) -
‘of -Methyleinnsraldehyde X ~Methylcinnamyl
‘ Alecohol ‘ i~03H7 -
11-Phenyl-2,4,6,8,10-Un-  11-Fhenyl-2,4,6,8, 1-CiH, 90

‘ decapentaenal~1 10-Uhdscapantaenol-l



Comround Reducegd

2-Styryl Benzaldehyde

3~Fyrenealdehyde

Froduet Formed

2-Styryl Benzyl
Alcohol

3-Pyrenylrethanol

5.~C H7

Reagent

3

1~C4H,

B3

6,:

30

Yie

95



LITHIUM ALUMINUM HYDRIDE

| Since it was first reported in May, 1947, by Finholt,
~ Bond gnd Schlesinger (1), lithiur eluminum hydride has
; prcved to be extraordinarily useful as & redug}ng agent,
and it is now commercially availableg u

Lithium aluminum hydride has been employed to reduce
acids, esters, acid anhydrides, acid chlorides, aldehydes,
and ketones to the corresponding aleohols (2), amides,
nitriles, sldirines, aliphatic nitro compounds, and oximeé
have been reduced to amines. Aronmatic nitro and azoxy
compounds have been reducéd to azo compounds (3)., Other
groups have also been reduced by lithium aluminum hydride
but only the reduction of a( ,}3- unsaturzted carbonyl com-
pounds by this reagent will be considered in this section.

(1) Finholt, Bond and Schlesinger, Je Am, Chem. Soc., 69,
1197 (1947).

(2) Brown and co-workers, J. Am. Chem. Soc., 63, 2548,
(1947).

(3) Brown snd co-workers, ibicd., zg; 3736 (1948).

31
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Brown has said (6) that, normally, carbon-carbon double

 bonds are not attacked by lithium alurinum hydride even when

. they are in conjugation with the functional group undergoing

reduction. For exemple, sorbic acid, CH,CH = CHCH = CHCOOH,
has been reduced to sorbyl alecohol, CHSCH CHCH = CHCH,0H,

(h) snd crotonaldehyde, CHBCH = CHCHO, reduced to crotyl

alcohol using lithium aluminum hydride (2). hthylle

ioylidene acetate,y a highly conjugated ester, has been re-

duced toxp -lonylidene ethyl slecohol (5) in which the double

bonds remained intact. The reduction of beﬁzalacetophenona

(7) to phenylstryrylecarbionol by lithium aluminum hydride |
“has further suprorted this generalization. There are instances,
i’hcwever, which are excertions to this. One class is‘represented
L by an ethylenic nucleus substituted on one side by a phenyl

- group énd on the other side by a reducible group such as

\ earboxyl, aiaehyde, etec. In theAncrmal reduction of thése
- compounds at room temperature, the double bond is reduced.

~An excellent example of this class is cinnamaldehyde. Brown

(8) has rapcrted that at room temperature in the normal reduction

(4) Brown and co-workers, ibid., 69, 2549 (1947).
(5) M¥iles and Herrington, Je. Am. Chem. Soc., 69, 2247 (1947).
- (6) Brown and co-workers, ibid., 69, 1197 (1947).
(7) Hochsteiny J. #m. Chem. Soc., ZLl, 305 (1949).
(8) Brown and Hochstein, J. im. Chem. Soc., Z0, 3484 (1948).
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 procadure‘cinnamaldehyde is converted to hydrocinnamyl aleohol,
However, the reversc mode of addition, carried out by adding
he calculated amount of hydride‘solution to & solution of
cinnamaldehyde at temperatures below 10°C, resulted in an
excellent yield of cinnamyl alcohol. Cinnamyl alcohol in turn
- was found to be reduced at room temperzture ﬁg hydroeinnamyl
“alcohol. '
Brown has propeosed that cinnamyl alcohol results from
tne formation of an intermediate metello-organic complex which
upon hydrolysis yields the unsaturated alcochel. Gillespie (9)

has sugrested a possible route to the complex which is pletured

" below.
LiALH i VS
CgHsCH = CHCHO — ¥ o lc H.CH = c:H-é'i 0 HiileE| Lt
- Sl
CghisCH = CH CH - CHyCily OAL:H —
‘— CI;HE ____..__-.—(iﬁa—‘ . CHp CHp —1
CoH5CH 0 CH,CH 0
///// . . : . \\\\\ ///,/
Al\. k- A | /Al\
H H 0 CHC4Hs
L 4 [ N\
| o, CHy -

L R I it i A R R I R . TR e ™ . .

(9) Gillespie, Dissertation, Univ. of Virginia, June, (1949).
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It should be noted that benzalacetorhenone, a ketone
“which is comparable to cimmemaldehyde was reduced to
fthenylstyrylcarbinol a2t room temperature (7), but that no

" reduction of the double bond, anélogous to that of cinnemal~

~ dehyde occurred.

| The reduction of unsaturated 1,h~diketohes by lithium
aluminum hydride has been studied by Lutz and cb~workers (10)
fiﬁ order to ascartain whether the reagent wbulé Bring about
1,4 reductions snalogous to 1,l- adiition of the Grignard

" reagent. |

When Lutz and Gillespie reduced eis and trsons-dibenzoyle-
:‘thylanes with lithiur aluninur hydride (10), they obtained as
their maln product, the partially reduced compoﬁé, 1,k4-
diphenyl-l-hydroxy-l-butenone, In addition, they also obtained
the trans unsaturated glycol, l,hwdiphenylvz-butene-l,%-diol-

CéﬁscGCH = CHcec635 - (a) Lismlm, — ?6HSCHOH ?
’ (b)] H,O0 ? ¢
Cis and trens H éHOHCGH5
i 11
66H5?hﬁﬁacﬂz?ﬁ66H5‘ _,c63500032c32§ﬁcéns
OH CH — - *OH
v 111

(10) Lutz and Gillespie, J. Am. Chem. Soc., 72, 2C02 (1950).
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In the reducticn of trans-dimesitoylsthylene by an
| excess of lithium aluminum hydride, Lutz reported only a

~ single product, a saturated hydroxy ketone, VI,

(a)LiAlH,

CoH{COCH = CLCOCQEil ______4,.C9EHQOCEZC§2§h09H11
(b)H,0 OH
v ‘ VI

Lutz has also reported the reduction of 1,2- dimesitoyl-
propenone (VIII) by lithium aluminum hydride (il). He obtsined
an enol IX, which was isolated and ketonized with methanoiio
“hydrogen chloride to 1,2~ dimésitoylprcpanene X. He subse~
guently reduced the l,2-dimesitoylpropanone to the corresyonding

elcohol XI.

LiALHy,

CgﬁllCCGC9Hll . C9H11?H - € CgHyy

. Cc 3 OH

viiz IX
CH40H LiALE,
3 . CgHjjC - CHGCCgHIY % ColyqCH-CHCgH)y
HC1 CHy | oy, OH
| : 3
X XI

(11) Lutz und ﬂinkley, Ibide, 22, Leol (1950).
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The unsaturated 1,4~-glycol (1i) formed when dibenzoyl-
‘ethylene was reduced by lithium aluzinum hydride was the
expected result of successive 1,2-reduction of the two carbeayl
grours. Lutz has sug ested that the hydroxyketonse (III) must
have been stabilized in the form of an enolate ond liberated
upon hy:drolysis of the reaction mixture. The mechanism offered
fo explain this result inﬁolvad 1,4 adﬁition}ef the reagent to
the « ,¥?~ wmsetursted ketone system (ef. XII b) with pricr or
subsequent 1,2~-reduction (XII 2) independently of the other
carbonyl group. These several possibilities are pletured in
formulas XII - XIV below as three two-step vaths,(4d,c), (a,B),
and (b,a)e

———

- L1A1H), - .
CEHSCOCH = CHOOCGH; ———t | C6lialCH = CECCGH,

RN

3
XII
A3C § H,0 N
- CHsCICH = CHCHCGHy \- CglisCHOR= CLCHCH5
0 0 . o CH

- -

" a.be oOr CH = CC
Vift—i———*-C6H5?HCHBCH ?06H5 HEO
8 0 0 7:06§gCGCHszgH06H5
4 - " OH
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In the case of dimesitoylethylene Lutz has proposed
that steric hindrznee would diminish the faecillity of the 1,2
attack at the carbonyls, but would not affect the 1,4 addition.
This he offered as the reason for just the one product, the
hydroxyketone, III.

Lutz has rigorously demonstrated that 1,4~ addition of
‘1ithium aluminum hydride to an.GK,f;ikunsaturated carbonyl
*vsystem oceurred vhen he reduced 1,2~ dimesitoylpropenone VIII
and isolated the enol IX.

Immediately following are severzl tables of of ,ﬁ-— un-
“saturated carbonyl compounds which have been reduced by lithium
slurinum hydride. The tables are by no meuns complete since

some examnples doubtless have been overlooked,
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LITHIUM ALUMINUM HYDRIDE REDUCTICHS

‘Compound Reduced

Sorble Acld

Cinnamie Acid

Ethyl- -Ionylidene Acetate

’Crotonaldehyde
Cinnamaldehyde
Cinnamaldehyde
Malele Anhydride
Sorbyl Chloride

| /v - Benzoguinone
Benzalacetophencns

1,2~Dimesitylpropenone
- Cis-Dibenzoylethylene

trans~Dibenzoylethylene

truns-Dimesitoylethylene

Coumzrin

Eroduet Formed
Sorbyl Alcochol 92
Hydrocinnamyl Alcohol 85
~lonylidene Ethyl -
Alcohol
Crotyl Alecohol 70
Cinnamyl Alcohol 90
Hydrocinnamyl Alcohol 87
Sorbyl Aleohol 98
Hydroguinone 70
Fhe nylatyrylcarbinol 65
ly2~Dimesityl-l~Propene~ 90

1-01

1,4-Diphenyl--Hydroxy-1
Butanone
Dikaniphenylua—Butene~l y b=

1 M—Diphenyl-h—ﬂydroxy-l
Butanone

ik Diphenyl~2-Butane-1,b-
D

1,4%-Dimesityl-b-HBydroxy-
l-butsnone

3-(0-Hydroxyphenyl)-Fropanol
O-Hydroxycinnamyl-aleohol

% Yield _

50
40



1'Comabﬁng Reduced
CH CH = CCHO

d CHB
(CHy),  CHy 0
CH“CHCSCHCH”CHCCHS

Vitamin A Aldehyde

Ethyl 2-heptencate

Ethyl 2-NHonenoate

Ethyl\ﬁ -Ionylideneacetzte

(CHy),. ~ CH3 CH3

~CH=CHC=CHCCH= CHCOGCHg

CHj

4-Androstene-3,17-dione, 3-(

hydroxy-ethyl) ~thiocenol ether
L.Androstene-3,17~dione,3~-benzyl-

thicenol ether

,3,-& - Cholestenone

39

Froduct Formed . 4 Yield
(CH3)2  CHy 89

CHoCH = CCHoOH

CHg

4

(CHy),
CH=CHC=CHCH=CHCHCHCH3

~~CH3

Vitamin 4 Alcohol
2-Heptenol

E—ﬁbnenol

;ig~ Ionylideneethyl
“ale

ohol :

(CH3)2
CH=CHCHCH=CCH=CHCHp20OH

Hy

Testoterone,3-( ~hydroxy-
ethyl) thioenol ether

Testoterone,3-benzyl-
thicenol ether

Allocholesterol,eplallo- -
cholesterol

65
79

95

66

66



- %0

Compound Réduceg Product Formed % Yield

(CHy),  CHy (CH3)p  CH3 |
CH=CHC=CHCH=CHCOCCH CH=CHC=CHCH=CHCH,>OH 68
CH3 , CH3

p-Methyleinnamic 4Acid p~Methyleinnamyl alcohol ac

Fumaric acid 2-Butene-1,4-diol 78

Acrylic Acid Allyl Alecohol o 68

Fropiolic Acild 411yl Alcohol &5

c¢-Cyclohexene~l-yl hydroperoxide  3-cyclohexen-l-ol 83
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DISCUSSION CF RESULTS

It has been shown in the Historical Section that
reduction of<N’,f9~ unsaturated carbonyl compounds by
aluminum alkoxides proceeds specifically 1,2 to the
~carbonyl group. It has also been shown that, when.c(,79~
unsaturated carbonyl compounds are reduced by lithium alumi-
num hydride, the reductlon may rroceed either 1,2 or 1,4 to
the carbonyl group. |

Benzalacetophenone end p,p' substituted derivatives
were chosen for the lithium aluminum hydride reductions for
this study because they could be easily prepared and parti-
cularly because they are sirpler compounds than the dlketones
which were reduced by lutz., The series of compounds were
reduced by sluminum isopropoxide in ofder to compare the
product obtained by this reduction with the product obtained
- by reduction with lithium aluminum hyiride.
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| Cne can write seversl resonance forms of benzalaceto-

- phenone which can account for 1l,% or 1,2 reduction with lithium
aluminum hydride. |

‘ o o

F_de-cu=cl v « > ¢ w:-cn:czs@

() [¢)

(D) (c)

When benzalacetophenone was raduced_by lithium aluminum

| ‘hydride,'phanylstyrylcarbinol was obtaziped. This was proven by
~comparing its ultraviolet sbsorption spectrum with the ultra-
violet absorpticn specirum of rhenylstyrylcarbinol obtained

by zluminum isopropoxide reduction of chalcone. Although it

'is not possible to predict which path reduction might have
taken by examination of the resonsnce forms ebove, the reagent
preferenticlly attacked 1,2 since the product obtzined was
vhenylstyrylcarbinol. ,

In the reduction of p'-methylbenzslacetophenone by
lithiun aluminum hydride, the unsaturated aleohol, l+(p~methyl-
rhenyl)-3~thenyl-2-propen-l-ol, was obtzined. This was proven |
by the ultraviolet absorption spectrum of the preoduct. The

resonance forms of p'-methylbenzalacetophenone are pictured below.
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o)
\J

. I Q S
“ —_— \ Cocl =\ _ AR
}‘CHB C-CH =CHL_Y HQHB\@C CH=CH< >

(2) : (B)

an 35.; CH CH > 4—»-0313—'@. ¢ = ci-CB ___ >+

() B (D)

It is not possible to make & prediction thch path reduction
might have taken b& examination of the resonance forms above,
but the product thained was the unsaturzted alcohol, indicating
“that the re:gent preferentially &ttaCﬁGﬁ 1,2

When p!-methoxybenzalacetophenone was reduced by lithium
“aluminum hydride, the product obta.ned was 1l-(p-methoxyphenyl)=-
3-phenyl-2-propen-1-ol. This was proved by its ultraviolet
‘absorption spectrum, Reduction must have proceeded 1,2 to
" the carbonyl group, since the produet of reduction was the
unsaturated slcohol., However, if the resonunce forms
~ pictured below are examined, it may be seen that concelvably
the reduction could take a 1,4 path. Such, however, was not

the resulte.

CH30 -———@gm =cH___ ><—+-cxi30—-—<:\>g-c:ﬁ =i d __%

(A (B)



Ly

| ¢ﬁ3g§<—‘>-— c-czs-ca@ ——CH0—__ S 6-CH~CH</ >

) (D) I
CHBO-—@gCH el __S
(8)

When the methoxyl group was shifted to the p position as
" in p-methoxybenzalacetophenone, the product of reduction by
“lithiur sluminum hydride was still an unsaturated aleohol. In
this instance, the product obtained was 3-(p-methoxyphenyl)-l-
rhenyl-2-propene~l-ol, which was proved by its ultravioclet
“absorption syectrum. The preferential attack by the reagent
rust have been 1,2 to the carbonyl group, although a rossible

1,4 attsek could have occurred ss is shown by the resonance

foris pictured below.

o ,
Z__ >§..cr1= CH @- OCH3 <—> @-ﬁ -CH=CH @._‘-OCHB

(a) (B -
| qQ o %
& __> d=cu-cu= @:0@13 —d_> C=CH-CH @.—OCH3
() (D)

The product of reduction of p'~-bromobenz alacetophenone

by lithium aluminum hydride was the unsaturated alcohol, 1=~
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(p-bromophenyl)-3-phenyl-2-propen~-l-ol. Thils was proved by
,cémparing its ultreviolet absorption spectrum with the absorption
- spectrum of the product obtzined by aluminum isopropoxide
reduction of p'-bromobenzalacetorhenone. Althouzh it is not
‘possible to predict which path reduction might have taken by

- examinetion of the resonance forms pictured below, the reagent
‘ prefarentia11y attacked 1,2 to the carbonyl groun since the

unsaturcted alcohol was the product obtained.

Br: -—mg casCl __ S <—mBr—l__ St & cr=cn &’

- 0-
r @8‘481&-«0}{@&-(—» Br—&__ S ézczi-gn __ >

Nothing ecan be said of & definite nature about the product
obtazined when p-dimethylaminobenzslacetophenone was reduced by
lithium aluminun hydride. The ultrcviolet absorption spectrum
did not indicute one definite and distinet product. It is not
possible to predict whether the reagent will add 1,2 or 1,4 to

- the conjugeted system if the resonance structures are considered

as below.

(CHy) N _@ci-c"c an ~—r(CHN~ g, cascﬁc@
» Lo
(CH3 ) ZN‘-‘-: -l crici=d Q ~—(CH3)oN @ ca-cac—®+
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- If the reagent ad s to the system 1,2 as it did in all instances

~thus far, the expected prodnct of reduction wsuld be 3-(p-

~ dimethylaminophenyl)-l-phenyl-2~propen~1-ol,

In 211 instences where a definite product was obtazined and
4dentified, lithium aluminum hydride preferentially attacked
1,2 to the carbonyl groupr. There was no instuinee of conjugate
reduction by the reagent as in the diketoneé of Lutz.

If one considers the resonance structures which are exhibited
7in the diketones of Lutz, consideration must be given to the
“spatial configurstion of the compound in guestion. The benzene
"nuclei in dimssitoylethylene cannot be planar with the carbonyl
'grbups bec:zuse of the ortho substituents on the rings; hence
the resonance structures which must be considered must arise

from the encircled part plctured below.

P Lo

3 . .
CH : \ ‘H ’ CH
3 H X C ——0C ‘
3 ‘\ H ~ ) CH

g 3
- . : CH,

AL -
- - - . a .
- - -

' These resonance structures are plectured below where R = mesitoyl.

.'( . —

'R-C = CHCHC - R ~——> R-c};CH = CHC=R

'MWhGn_Lutz feduced'dimesitoylethylane, he obteined only the
hydroxyketone, indicating that the preferential attack by
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the reagent was 1,4, Steric hindrance must have diminished
" the facllity of the 1,2 attack at the carbonyl group, but did
ot affect the 1,4 attack.
When Lutz reduced dibenzoylethylene he obtained the
hydroxyketone, ¢, as the main product, but also obtuined the
~ unsaturated glycol (b).

0
’06356
A | CHACEOH
C=c . CgHsCH
B SC-Celly — 650\(3 _x
| H
(a) | CHUHCgHy (D)
OH
4+  CeHsCH
CH, - CH,

| % - C6H5 (e)

The benzene nuclei in dibenzoylethylene can be planar,

~hence they can be considered in the resonance forms.

@ C\C - (H;\ 0
H <s<?___.>> <<::::j>§\\\
‘ < CH=CH

- e
: |
@g‘éu- N ,/ > 8*0 - ¢

b
|
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Although the preferred path taken by the reagent in the above
‘reduction was 1,4, there was 1,2 reaction at the corbonyls
also as indicated by the presence of the unsaturated glycol,
(b). Steric hindrence did not deminish the 1,2 attack at the
“carbonyl as in diwesitoylethylens.

Lutz repated that he obtained and lsolated the unsaturated
“enol, (b) vhen he reduced 1,2-dimesitoylpropcrnone by 1ithiuﬁ
eluninum hydride.

- L oM
: JHB :' Q \‘,H3 ‘
ciy > ——Cz=CH,} . OH c=¢ i
-____.>_.
(a) (B)

" The compound above exhibits similar resonance formulae as

did dimesitoylethylene. The benzene nuclei cznnot be plensr
with the cuarbonyl gfcup because of the ortho methyl groups on
the ring, sé that the resonance forms to be considered are as

‘pictured balowe

o o= S e et

T g T
Rigzi.§é?“?§;$} R R = ¢ -cZ

(c) ()
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If mesityl group Ry is planar in resonence formula D, then

the structure will be further stabilized, and 1,4 attuck by

~ the reagent would be feeilitated. Steric hindrance of mesityl
‘group Ry, would diminish the 1,2 attack at the carbonyl group

~ but would not affect the 1,% attuck.

In the reduction of the benzulacetorhenones here reported
several points shoﬁld be noted. The conjugsted systen present
in the compounds is somewhat different from that in the unsaturated
compounds rpreviously studied since it contains only one carbonyl
grcup. The benzene nuclel are plenar with the rest of the
molecule and casn therefore contribute to the rescnance structures
of the molecule. There is no steric hindrance tc dininish a
‘possible 1,2 adiition of the reagent to the conjugated system.

Ho instonce of eonjugate reduction by lithiuw zluminum hydride

was found in the present study.
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EXPERIMENTAL

Benzalacetophenone
0
Eij‘= Cfij
0 - 0
Reactants: [fi anﬁ[ffHB

A solution of L4 g. of chemically pure sodiun hydroxide
(1.1 mole) in 396 g; of distilled water znd 245 ml. of 95%
ethyl alcohol was introduced into & 2-liter flask fitted with
a stirrer and a thermbmeter snd supprorted in & vessel vhich
would permit cooling with ice. Into the alkaline solution
1C% g. of acetophenone (0.&6 mole) was poured; the flask was
immediztely surrounded by ice snd the stirrer was started.
Innediately afterwards 112 g. of bhenzaldehyde (1.05 mole) wsas

added. The temperature was kept at approximately 25°C, and



| 'fwas not sllowed to go below 15°C nor above 30°C. Stirring

was continued until the mixture thickened (about 3.5 hours);

-;;fthen it was placed in an icébax overnight. The mixture was

' filtered on a Buchner funnel ond washed with cold water until

thé'washings were neutral to litmus. The product wes recrys-

'   tallized from 95% ethanol. The temperature of the ethanol was

not allowed to rise above 50°C. The alccholic solution was
allowed to cool gradually, then placed in an ice bath at 0°¢ to

corplete the recrystallization.

Yield: 163.5 g.3 91.5% of theory.
Meps 56-57.5%C.

Reduction Froduct of Benzalacetophenone by Aluminum

Isopropoxide

' 0
Reactants: CH = CHC and A1(0C3H7)3

A solution of 10 g. of bonzalacetophenone (0.C48 mole)
was dissolved in 7% ml. of freshly distilled anhydrous
isopropanol and introduced into a flask fitted with a still-
head and hected by a heszting mantle. A 50-ml, volume of hot
1.0M aluminum isopropoxide solutlon was added and the mix-

ture was refluxed for 30 minutes. Acetone was avolvéd slowly.
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 ‘ Thasolvent Qas evaporated under reduced pressure. The residue
‘was hydrolyzed in the cold with 100 ml. of 50% sodium hydroxide
- $61ut1on an@kextracted with three 10C-ml. volumes of ether.

';fhe'éther eétract;was washed twlce with water and dried over

sodium sulfate overnizht. The ether was evaporated under

reduced pressure employing no heat. 4in oil remained which

‘ ‘crystallized upon scratching %he container aznd ecoling it in

an ice bath at 0°C. The product was recrystzllized from 95%

. @thanol. The temperature of the ethanol was not allowed to

rise sbove 30°C, The aleoholic solution was placed in an

icebox at 0°C to complete the recrystallization. The melting

»‘Vgoint of the product obtained agreed with the melting point

= of 1,3-diphenyl-3-hydroxy-l~yropens, the exrected pfoduct.

| The ultravioclet absorption spectrum of the product was deter-~
mined in a Beckman DU quartz spectrophotometer. Maximum
absorption occurred at a wavelength of 255 mu, indicating the
rresence of a styryl radicsl which is present in 1,3~diphenyl-
3-hydroxy-l-rropene.

Yield: &.8 g.; 88.0% of theory.
Me.ps 55-569C.



Reduction Froduct of Benzalacetophenone by Lithium
, Aluminum Hydride

0 i
Reactznts:  CH = CHC and LiAlH,

A solution of 1C g. of benzalacetophenone (0.048 mole)
dissclved in 10C ml. of enhydrous ether was slowly added to
2 g. of 1ithium aluminum hydride (0,052 mole) dissolved in
200 ml, of anhydrous ether. After all the ethereal benzal-
acetophenone solution had been added, the mixture was stirred
for 1C minutes. The mixture was then cooled in an ice bath
and hydrolyzed by dropwlise addition of 1C0 ml, of water
followed by 10C ml. of 10% sulfuric scld. The ether layer

‘ was extracted, washed twice with water and dried over sodium

‘Sulfate overhight. The ether was evaporsted under réduced
“pressure., 4n oil remsined which did not solidify upon
scratching tﬁe sides of the contziner or uron standing in an
icebox at 0°C for two weeks., The oil was froetionally dis-~
tilled, the largest fraction distilling over at 151-153°C

ané at 2 mm pressure., The distillaté did not crystallize
upon standing in an icebox at 0% for six months. The ultra-
violet absorption spectrum of the product was detormined in a
.Beckman DU quartz spectrophcto¢eter. The gbsorption spectrum

of the product above was almost identicel with the sbsorption
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‘;speétrum of the product obtoined by reduction with sluminum

~ isopropoxide, 1,3-diphenzl-3-hydroxy-l-propenes
C Yield: 9.3 ge; 92.2% of theory.

Oxidation of 1l,3~dirhenyl~-2-propen-l-o0l to benzalaceto-
phenone.,

OH
Reactants: CH = CECH

and CrO3

A solution of 2 g. of 1,3-diphenyl-2-propen-l-ol (C.01
mole) obtalned by the reduction of benzslacetophenone with
aluninum 1sopropoxide in 100 ml of glaclal acetic acid was
introducedvinto a flask fitted with a stirrer. A solution of
1.0 g. of chromium trioxide (0.01 mole) in 1¢ ml of 5C% acetic
‘acid was added dropwise over a perlod éf 30 minutes with cone
tinued stirring for another 3¢ minutes. The acetic'écid
éclution was then poured on ice, Crystals formad which were
filtered on a Buechner funnel, washed with cold water, and
‘recrystallized from $5% ethenol. The oxidetion product gave
: no~depress1on of melting yoint in mixture with benzalaceto-

rhenone.
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 Yield: 1.3 g.; 62.8% of theory.
: M‘pﬂ 56"5706:'
| Similar oxidation of the oil obtained by lithium sluminum

 v,'hyaride reduction of benzalacetophenone gave only & resinous-

like substance which could not be crystallized.

p!~-Methylbenzzlacetophenone

Q
61 | CH@
CH3‘

Reactants: [fjﬁ and C~CH ,

A solution of 40 g. of chemically pure sodium hydroxide
(1.0 mole) in 400 ml. of water end 245 ml. of 95% ethanol
was introduced into a 2-liter flask fitted with a stirrer and
a thermometer snd suprorted in a vessel which would permit
cooling with ice. Into the alksline solution 134 g. of methyl
p-tolyl ketone (1.0 mole) was added, the flasx was lmredilately
 surrounded by ice, and the stirrer was started., Imredlately

afterwards 106 g. of benzaldehyde (1.0 mole) wss added., Stirring
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- was continued for 7 hours at 25°C after which the mixture

, was placed 1n an icebox overnight. The mixture was filtered

"l!cn*a Buchner fﬁnnel and waéhed with water until the washlngs
”'?ére neutral té litmﬁé. The product was recrystallized from

95% ethanol. Thé temperature of the ethanol was not allowed

- to rise above 40°C. The alecholic solution was allowed to cool

~o  gradually, then place& in an ice bath at o°c»to conplete thse

recrystsllizstion.

Yield: 18307 Ees 82.7% of thEOI'Yo
M.pe 58-59°%C,

Reduction Froduct of p'-Methylbenzslacetophenone by

Aluminum Isopropoxide

¢ .
Reactants: CH = CiC and A1(003H7)3

CH3

A solution of 11 g. of p'~methylbenza1acetoph@none
(0.049 molé) was dissolved In 75 ml. of freshly distilled
~anhydrous isopropanol znd lntroduced into a flask fitted
4‘with a8 still-head and haated by a heating mantle. A 50-ml.

volume of hot 1l.0M aluminum isoproroxide solution was added
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3 and the mixture was refluxed for 50 minutes. ficetone was

. ~evolved slowly. The solvent was evaporated under reduced

. pressure. The residue was hydrolygzed in the cold with 1C0 ml.

:  of 50% sodium hydroxide solution and extracted with three

- 100-ml. volumes of ethor. The ether extract was washed twice
with water and dried over sodium sulfste overnight. The ether
was evaporated under reduced rressure e¢myloying no heat. 4An

0il remained which crystallized upon scratching the contsiner

and cooling it in an ice bath at 0°C. The product was recrystall-
ized from 95% ethanol. The temperature of the ethanol wag not
allowed to rise above 40°C. The alcoholic solution was placed

in an icebox at 0°C to complete the recrystellization. The
product obtained by the above reductlon and the product obtained
by reduction with l1ithium aluminum hydride gave a mixture melting
point of 73-74°C. The ultraviclet sbsorption spactrum of the
product was determined in a Beckman DU quartz spectrophotometer,
The absorption specirum of the product above was alwost ldentical
with the spectrum of the product obtzined by reduction with
lithium aluminum hydride, i.e., l-(p-msthylphenyl)-3-rhenyl-

- 2=propene-~l~0l,

Yield: 9.8 ge.; 89.3% of theory.
M.I}. 73"71"000
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Reduction Froduct of p'-Methylbenzslacetophenone by
Lithium Aluminum Hydride

- Resa ctants. CH = CI C and LiAlH),

00

A solution of 11 g. of p!'-methylbenzalacetophenone
(0.045 mole) dissolved in 100 ml. of anhydrous ether was
slowly added to % g. of lithium aluminum hydride (0.104 mole)
dissolved in 3C0 ml. of anhydrous ethsr. A4fter gll the ethereal
pt-methylbenzalacetophenone solution had been added, the mix-
ture was stirred for 2¢ minutes. The mixture was then cooled
in an ie¢e bath and hydrolyzed by dropwlse addition of 100 ml.
of water followed by 1C0 ml. of 10% sulfuriec acid. The ether
layer was extracted, washed twice with water and dried over
sodium sulfsate overnight. The ether was evaporated by reduced
pressure employing no heat, An oll remained which crystallized
upon scratching the container and cooling in an ice bath at
0°C. The product was recrystallized from 95% ethanol. The
temperature of the ethenol was not allowed to rise above 40%C.
The aleoholic solution was ;laced in en icebox at 0°C to comélate
- the recrystallization. The ul;r&violeﬁ absorption spectrum

of the product was determined in s Beclkman DU quartz spectro-
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“.*;photometer. Maximum absorption occurred at a wavelength

*f,;cf,ZSS:mu, Indicating the presence of s styryl radiesl which

Jffis preéent in 1-(p-methylphenyl)-3-phenyl-2~propen-1~ol.

“‘ ,¥131dg 943 go3 474 of theory.
Mop. | 73-74°C.

Oxidation of l-(p-methylphenyl)-3-phenyl-2-propen-l-ol

to p'-methylbenzalacetophenone.

Reactants: C}CH

O Q and Cr03

o A solution of 2.2 g. of l-(p-methylphenyl)=-3-phenyl=2-
if 'propen-1-o1 (C,Ol mole) obtained by reduction of p'methyl-
‘benzelacetophenone with lithium sluminum hydride in 10C ml. of
glacial acetic acid was introduced iﬁto aiflask fitted with a
stirrer. 4 solution of 1 g. of chromium trioxide (C.01 role)

s in:lo ml. of 50% acetic acid was added dropwise over a period

of 30 minutes with continued stirring for another 3C minutes.
The acetic scid solution was then poured on ice. Crystals
- forped which were filtered on a Buchner funnel, washed with

cold wéter and reerystallized from %5% ethanol. The oxidation
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”‘f‘prnduct above gave no depregsion of melting point in mixture

" with p'methylbenzalacetophenone,

Yi0lds 1.l ge; 49.9% of theory.

. Mepa 58“'5900»

Similar oxidation of l-(p-methylphenyl)-3-phenyl-2-propen=-
1-0l obtained by aluminum isopropoxide reduction of p'!-methyl-
bengzalacetophenone gave the expected product, p'methylbenzale

acetophenonee.

- pt-Methoxybenzalacetophenone

00

0 0
Reactantsz 07053 and C-H
OCH3

A solution of 40 g. of chemically rure sodium hydroxide
(1.0 mole) in 400 ml. of water and 245 ml, of 95% ethanol was
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 introduced into a 2-liter flask fitted with a stirrer and a

3¢7ftharmometer,and suprorted in a vessel which would permit

‘cooling with ice. Into the alkaline solution 15G g. of p-
methoxyacetophenone (1.0 mole) was adéed,,the flask was
immediately surrounded by ice, and the stirrer was started.
| Iﬁaadiately afterwards 106 g. of benzaldehyde (1.0 molae) wes
added. The temperature was kept at 25°C ¥5°. Stirring was
continued for 3 hours, then the mixture was placed in an ice-
box overnight. The mixture was filtered on a Buchner funnel
and washed with cold water until the washings were neutral
 to litmus., The product was then recrystallized from beiling
95% ethanol. The alcoholie solutlon was zllowed to cool
gradually, then it was ﬁlaced in an 1ce bzth at 0°C to com-
plete the reérystgllization.

Yield: 191.7 g.; 80.6% of theory.
M.p. 107-108°C.
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Reduction Froduct of p'-Methoxybenzzlacetophencne by

Alurinum lsopropoxide

Resctontss: CLC - and A1(CC3H7)3

A solution of 12 g. of p'~methoxybenzelacetophenone
(0.050 mole) was dissolved in 10C ml. of freshly distilled
anhydrous isopropanol and introduced into a flask fitted
with a still-head snd hected by a heating mentle. A 60-ml.
volume of hot 1l.0F alurinum isopropoxide splution was added
and the mixture was refluxed for 75 rinutes.  Acetone was
evolved slowly. The solvent was evarorated undsr reduced
pressure. The residue was hydrolyzed in the cold with 1CC
mle of 50% sodium hydroxide solution snd extracted with three
100-ml. volumes of ether. The ether extract was washed twice
with water and dried over sodlum sulfste overnight. The sther
was evaporated under reduced pressure esploying ne heat. An
04l remoined which would not crystzallize uyon ‘scratching the
" container and cooling it in an ice bath at 0°C. The product
begen to crystzllize uron continued standing in an icebox,
but would not crystallize completely. A white paste wes obtuined

upon repected scratching of the container and upon standing in
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an icebox at 0°C for four months. The ultraviolet absorption
“spectrum of the product was determined in a Beckmen DU quartz

7"5§eatrophotometer. Maximum absorption occurred at a wavelength

5fffof,260 mu, Indicating the presence of a styryl group. The

"absorption Spectrum of the product above was almost identical
‘with thet of the product obtained by reduction with llthium
aluminum hydride. The spectrum indicated that the product was

~ l~(p-methoxyphenyl)-3~phenyl-2-propen~-l-ol.

© Yield: 10.8 g.3 90.0% of theory.

Reduction Froduct of p'-methoxybenzalacetophenone by

- Lithium Aluminum Hydride

Reactants: cH = CPC and  L1AlH),

)

| A 12-g. semple of p'-methoxybenzalacetophenone (0,050

- mole) was extracted from a Soxhlet thirble over a period of
5 hours by refluxing with a solutionlaf L g of 1ithium
~aluminum hydride (0.104% mole) dissolved in 500 ml. of snhydrous

ether. Thils proceiure was em;loyed because the coxgcuund was

difficul%? soluble in ether. The mixture was cooled 1n an ice
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© bath and hydrolyzed byxﬁropwise addition of 1¢0 ml. of water
~followed by 160 rl. of 104 sulfuric acid. The other was
:7igéxtra¢tea, washed twice with water and dried over sodium

' sulfate overnight. The ether was evavorated employing no

**ﬂ{’heat. An o1l remsined which would not erystallize ugpon

 scratching the sides of the container ond uron continued

'  stan&ing in sn icebox at 0°C, The oil vas frzctionally
distilled, the largest frection distilling over at 200-202°C
end et 0.2 mrp pressure. The distillste d < not erystallize
'upon standing in an lcebox et 0°C for eight months. The
ultraviolet abéor;tion spectrunm of the sroduct was determined
in a Beckman DU quartz spectrophotometer. Maximum absorption
| océurxed at ¢ wavelength of 260 mu, indicuting the presence

df a styryl group, The absorption spectrum indicuted that the

product was l-{(p-methoxyprhenyl)-3-phenyl-2-propen-1-ol.

Yield: 10.2 g.; 85.0% of theory.



: o5

Oxidation of 1-(F¥mathoxylphenyl)—3~Phenyl~2-propen—

1-0l to p'-methoxybenzalacetopheonone.

‘Reactants: i = CLCH

[:] {:] anc ngo3
OCH

A solution of 2.4 g of 1-{p-methoxyghenyl)-3-phenyl-2-
propen~l-o0l (C.Cl mole) obtained by reduction «f pY-methoxy-
benzclacetophenone with lithium sluminum hydride in 100 ml.
of glacinl acetic scid was introduced into a flask fitted
with a stirrer. A4 solution of 1.0 g. of chromium trioxide
(0.01 mole) in 10 ml. of 5C% acetic acld was added dropwise
over a period of 30 minutes, with confinued stirring for
znother 30 minuteé. The secetic zwcid solutlon was then voured
on ice. Crystsls formed which were filtered on a Buckner

funnel. Kot enough product wzs formed for recrystallization.,

Yield: 0.7 gey 29.4% of tnzory.
M.ps 100-101 (crude).

Similar oxlidation of the product obtained by reduction
with eluminum isopro;oxiue gave o resinous yproduct which could

not be crystalllzed,
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p-Mathoxybenzulacetophenone

0
CH = CHC
HG

CCH 3
Reactants: {:jﬁ anﬁ ~Gh
0CH3

" A solution of 40 g. of chemically pure sodium hydroxide

“ (1.0 mole) in 400 ml. of water and 245 ml. of 95% ethanol

was introduced into a 2-liter fiask fitted with a stirrer

and & thernomster and supporteﬁ_in a vessél_which would

rernit cooling with ices Into the aslkaline solution 120 g.

.;3 of acetophenone (1.0 mole) was poured, the flask was inmediately
;i surrounded by ice and the stirrer was started. Imrediately

' afterwards 136 g. of aniseldehyde (1.0 mole) ﬁas aded. The

temperature was kept at approximately 25°C snd was not allowed

6 go bzlow 15° nor above 3C°C. Stirring was continued until

~the mixture ‘thickened, then it was placed i» =n icebox over-
'7lhight. The mixture was filtered on e Buchner funnel and

. washed with cold water until the washings were neutral to litmus.
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The/product was then recrystellized from 95¢ ethanol. The
' temrerature of the ethanol was not allowed to rise above 50°C,

4

since the product would separate as an o0ll at & higher tempera-
ture. The alcoholic solution was allowed to cool gradually,
then it was placed in an ice bath at 0°C to complete the

recrystalliizztion.

Yield: 203.6 g.; 85.6% of theory.
Mopu 77__7800‘

Reduetion iroduct of p-Methoxybenzalacetophenone by

Aluminum Isopropoxide

Reactants: CH = CHC and Al(OCBH7)3

00

OCH3

A solution of 12 g. of pimethoxybenzalacetophenone
(0.050 mole) was dissolved in 150 ml. of freshly distilled
anhydrous isopropanol snd introduced into a flask fitted
with 2 still-head and heated by a he&ting mantles A 50-zle.
volurme of hot l.0M sluminum isopropoxide solution was adied
and the mixture was refluxed for 60 minutes. The solvent was

evaporated under reduced pressure. The residue was hydrolyzed
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f, in the cold with 100 ml. of 50% sodium hydroxide solution and
 extracted with three 100-ml. volures of ether. The other
extract was washed twice'with wvater and dried over sodium
sulfzte overnight. The ether was evaporated under reduced
pressure employlng no heats An oll remeined which would not
crystallize.uyon scratehing the container and uron standing
in an icebox at 0°C for three weeﬁs. The product was fraction-
ally diétilleﬁ, the largest fraction distilling over at 156~
157°C snd at 0,15 mo pressure. The distillate would not
erystallize upon standing in an icebox at 0°C for 8 months.
The ultrsviolet absorption siecirum of the product was
deterrined in s Beckman DU quartz spectrorhotometer. The
absorption spectrum obtzined on the above product was slmost
identical with the spectrum of the product obtained by
reduction with lithium aluminu@ hydride., The absoryption
spectrur indicuted that the produet was 3-(p-methoxyphenyl-

l-phenyl-2«~propen~l-o0l,

Yield: 1C.7 g} 8943% of theory.
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Reduction Froduct of p-Methoxybenzslacetophenons
by Lithium Aluminum Hydride

o
Reactsnts:  CH = CHC and LiAIH),

OCH3

A solutlion of 12 g. of p-wmethoxybenzalacetorhenone
(0.050 mole) dissolved in 200 ml. of anhydrous ether was
slowly adied to 3 ge of lithium aluminum hydride (0.078
mole) dissolved in 250 ml. of snhydrous ether. After all the
etheresl p-methoxybenzalacetophenone solutiqn had been added,
the mixture was stirred for 20 minutes. The mixture was then
cooled in an ice bath snd hydrolyzed by dropwise addition of
100 ml. of water followed by 100 ml. of 10% sulfuric acid.
The ether layer was extracted, washed twice with water, and
dried over sodium sulfute overnight. The ether was evarporated
under reduced pressure exploying no heat. 4An oll remained
which would not 5olid;fy upon scratening the sides of the
container or upon stunding in zn icebox at 0°C for four weeks.
The oil was fractionally distilled, the lurgest fractlon dis-
tilling over at 167-16¢°C and at 0.2 mm yressure., The dis-
tillate would not erystalllze upon sianding in esn icebox at
0°C for six months. The ultraviolet absorption spectrum

of the product was determined in & Beckman DU guartz spéctro~
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. photometer, Maxirum sbsorption occurred at a wavelength of

260 mu, indieﬁting the presence of a styryl group. The ab-
‘, sorption spectrum indicatad that the product was 3-(p-methoxy-

rhenyl)-1~phenyl-2-propen~1-ol.
Yields 10.6 ge3 88.3ﬁ of theory.
Oxidation of 3~(p-methoxyphenyl-l-phenyl-2-propen-l-ol.

Resctant CHCh

O O and CI‘03

OCH3

A solution of 2,4 g. of 3-(p-methoxyphenyl)-l-phenyl-2-
propen-l-ol (0.0l mole) obtained by reduction of p-methoxy-
benzalacetophenone with lithium aluminum hydride in 100 ml.
of glaclal zcetic acid was introduced into a flask fitted
- with & stirrer. A solution of 1.0 g of chropium trioxide
(0.01 mole) in 25 ml. of 50% acetic acid was adied dropwise
over a period of 4O minutes., The acetic acid solution was
then poured on ices. OSoxe crystalligzution was zpperent, but
when the product was filtered on a Buchner funnel, 2 resinous-

- like materlial appeared.

Yield: 0.8 By 3306% of theﬁryo
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Similar oxidation of the product obtained by reduction

"; with glwninun isopropoxide gave crystals which gave a mixture

melting roint of 76°C with p~methoxybenzalacetophenone., The

'5v praduct; w&s; therefore, p-methoxybenzaslacetophenone, thus

'-proving that the double bond was not reduced in the aluminum

isopropoxide reaction.

Yield: 1.2 gej 50.4 § of theory.
M'PC 770C0

p' -Bromobenzalacetophencne

CH = CdC

00

Reactants: C~E and C*CH3

\
Br

A solution of 10 g. of chemicslly pure sodium hydroxide
(025 mole) in 100 ml. of water and 75 ml. of 95% ethanol
was introduced into a 500-ml. flask;fitted with & stirrer
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 ‘anﬁ a thermometer and supgorte& in & vessél which would permit
- eooling with ice. Into the alkeline solution 50 g. of p-
»‘bromoacetophencne (C.25 mole) was placed, the flask was
‘im&ediatélyVSur:aunded by ice end the stirrer was started.
Irrediately afterwards 26.5 grams of benzaldehyde (0.25 mole)
was adieds Stirring was continued for & hours at 25%5°C,
then the mixture was pleced in an icebox overnighi. The mix-
ture was filtered on a Buchner funnel and washed with cold
water until the washings were neutral to litmus. The product
© was recrystellized from 95% ethenol, Thé”téﬁﬁérature of the
ethenol was not allowed to rise above 60°C. 'The aleoholie
solution was allowed to~cool gradually, then it was ﬁlaced in

an ice bath at 0°C to complete the recryétallization.

Yield: 60.5 ge; 84.7% of theory.
Mepe 99-100°C, |
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Reduetion Froduct of p'~Bromobenza1acetophenone»by

Aluminum Isopropoxide

Reactants: CH CHC end A1(003H7)3

|

A solution of 1% g. of p'-bromobenzalacetorhenone
(0.049 mole) was dissolved in 100 ml. of freshly distilled
anhydrous l1sopropanol snd introduced into o flask fitted with
a still-head and heated by & heating muntle. A 6C ml. volume
of ﬁot 1.0M aluminum isopropoxide solution was added rapidly
~and the mixture wes refluxed for one hour. The.solvent was
evaporsted under reduced pressure. The residue wes hydro-
lyzed in the cold with 100 ml. of 50% sodium hydroxide solu-
‘tion end extracted with three 1CO-ml. volumes of ether. The
ether was washed twice with water end dried over sodium sul-
fate overnight. The ether was evaporated under reduced
pressure employlng no heat. in o0il remained which crystal-
lized upon scratching the container and upon stending in an
icebox at 0°C for three weeks. The product was recrystullized
ffem 95% ethanols. The temperaturc of the ethanol was not

" allowed to rise above 30°C, The wleccholie solution was placed

"~ 4n =n icebox at 09C to complets the recrystallization. The
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uitraviolet absorption spectrum of the product was determined
= in s Beckman D U quartz spectrophotometer. The absorption

: spactrun of the above sroduct and the spectrum of the product
obtained by reduction with lithium zluminup hydride were
almost identical. The spectrum indicated that the product
was l-(p-bromophenyl)-3-phenyl-2-propen-l~ol.

Yield: 10.8 g.3 76.0% of theory.
Moﬁ. 1&6.5’-‘*700.

Reduction Froduct of p'-Bromobanzalacetophenone by Lithium
Aluminum Hydride

0 , ,
Reactants: CH = CHC and Lialn,

Br

A solution of 14 g« of p'-~browobenzalacetophenone
(0,049 mole) dissolved in 100 ml. of anhydrous ether was
slowly added to 3 ge of lithium aluminuw hydride (0.078 mole)
dissolved in 30C ml. of anhydrous ether. dfter all the
ethereal p'-bromobenzalacetophsnone solution had been added,
the pixture was stirred for 15 minutes. The mixture was then

cooled in an ice bath and hydrolyzed by dropwisae addition of
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100 ml. of water followed by 100 ml. of 10§ sulfuric acid.
The ether layer was extracted, washed twice with water and
dried over sodium sulfate overnight. The other was evsporated

under reduced pressure epmploying no heat. An oll remained

© which would not erystsllize upon continued standing in en

‘icebox at 0°C. The oil was fractionally distiiled, the
largest fréction distilling over at 168-170°C and at 0.15

Im pressure. The aistillste erystallizéd on standing at

0°C in an icebox for two months. The ultraviolet absorption
spectrum of the product was determined on a Beckman DU quartz
spectrorhotometer, Maximum absorption oceurred at a wave~
length of 265 mu, indicating the presence of a styryl group.
The absorption spectrum indicated that the compound was 1-

(p-bromophenyl)-3-phenyl-2-propen-l-ol.

Yield: 12.8 gej 90.1% of theory.

. Maops 46.5-47°C,
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Oxidation of l-(p-bromophenyl)-3-phenyl-2-propen-l-ol
to p'~brorobenzulacetophenone

OH
Hasetants: = CHECH and Cr03

00

A solution of 2.8 g. of l‘(p~bromopheny1)~3~phany1~2-
propen-l-ol (0.Cl wole) obtained by the reduction of p'-
“bromochaleone with lithium aluminum hydride dissolved in
100 mle of glaclal scetic aclid was introduced into a flask
“‘fitfed with & stirrer. A solution of 1 g. of chromie acid
- {C.01 mole) in 10 wl. of 50% acetic acid was added dropvise
“over a period of 30 minutes with continued stirxing for
- another 3¢ mpinutes. The acétic acid solution was then poured
“'on ice. Crysiels formed which were filtered on a Buchner
ffunnel, washed with cold water and recrystallized fror 95%
ethanol. The product gave no depression of melting roint

when mixed with p'~bromobenzalacetophencne.

Yield: 145 ge; 52.2% of thecry.
© M.p. 101-102°C.
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p;Dimethylaminobenzalacetoghenone

0

CH CHC
N-(CHj3),
Reactants: C-H and -CH

N~ (0113)2

A solution of 20 g. of clemically pure soéium hydroxide
(0.5 mole) in 20C ml. of water and 125 rl. of 95% ethanol
was introduced intc a l-liter flask fitted with a stirrer

‘ 'gand & thermometer and supported in a vessel which would per-

‘3g.m1t.caoling with lee, Into the alkaline solution 75 g. of
? p»dimethylaminobenzaldehyde (0.5 mole) was added, the flask

- immedietely surrounded by lce snd the stirrer started. Im-

‘ff mediatelyvafterWnrds 6¢ ge of écetophenons (C.5 mole) was

“ adied. Stirring was coutinued for 8 hours at 25% * 50,
“ﬂ then the mixture was filtered on e Buchner funnel snd washed
“  Qith eold water until the washings were neutral to litmus.,

The product was recrystallized from 95% ethanol. The

ff‘ pemperature of the ethanol wns not allowed to rise above
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‘}fféQOC. The alcoholic solution was allowed to cool gradually,
~ then it was plsced in an ice bath at 0°C to complete the
f%\grecrystulliz&tiong |

o Yield:  Shuk gej U3ME of tbeory.
. Mepe 114-114%,5°C.

Reduction Froduct of p-DMmethylaminobenzalacetophenone

by Aluminum Isopropoxide

"5

N(CH3)p

‘Rezetants: and A1(0C3He) g

| A solution of 12.5 g. of p-dimethylsminobenzslzceto-
g ?henone (C.050 mole) was dissolved in 795 rl. of freshly
‘distilled snhydrous isopropanol and introcduced into a

" flask fitted with a still-head znd heated by a heating

{,'mantle. An 8C-zl. volume of hot 1.,0M aluminum isopropoxide

. solution was added and the mixture was refluxed for 2 hours.
’Acetone was evolved slowly. The solvent was evzporated under
reduced pressure. The residue was hydrolyzed in the cold with
100 ml. of ECﬁ'sodium hydroxide ani extracted with three 100 ml.

volumes of ether. The ether extract was washed twice with
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':W water and driled over sodium sulfate overnicht. The ether

. was evaporsted under reduced pressure enploying no heat.

:5f,An 0il remuined which would not solidify upon scratching
the sides of the container or upon standing in an icebox
at 0°C for four weeks. The oil was fractionslly distilled,
the lorgest fraction distilling over at 175-178°C ana at
0.2 m» pressure., The distillate would not erystzllize upon
standing in an icebox at 0°C for eight ronths. The ultra-
violet‘absorption spectrum of the product was determined in
a Beckman DU quartz spectrophotometer, Maximuw absorption
occurred at wavelengths of 260 and 300 mu. The spectrum
obtained indicated a probable mixture, but nothing of a
definite nature can be sald about the rzroduet or products

obtsined by the azbove reduction,

Yield: 11.2 gaj 88.8% of theory.
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Reduetion Iroduet of p-Simethylaminobenzalacetophenone

- by Lithium Alupinum Hydride

Reactants: CﬂC and LiAlR,
N(CH3)2

. A 12.5 g. sample of p-dimethylaminobenzalacetophenone
(0.050 mole) was extracted from & Soxhlet thimble over =
period of 6.5 hours by refluxing wlitn & solution of 2 g.

of 1lithium aluminum hydride (0.C52 mole) dissolved in 50C ml.
of anhydrous ether., This procedure was employed because the
coppound was difflcultly soluble in ether. The mixture was

- ecooled in an ice bath and hydrolyzed by dropwise ad:iition of
100 ml. of water followed by 100 ml. of 107 sulfuric scid.
The ether was extrazcted, washed twlce with water and dried
over sodium sulfate overnight. The ether was evaporated under
- reduced pressure employing no heat. An oil remaihed which
would not crystallize uron scratching the sides of the con-
tainer and upon standing in an icebox at 0°C for eight months,
The ultraviolet absorption spectrum of the product was
dutermined in s Beckmsn DU quartz spectrophotometer. Meximum
absorption cecurred at 260 and 3CC mu. The spectrum of the

- produect above was similor to the spectrum of the product
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~ obtained by reduction with alusinum isoproﬁoxiﬁe,'but nothinsg

of a definits nature can be said Lbout the ;roduet or products

obtained by the zbove reduction,
Yield: 10.7 ge; 84.9% of theory.
p-Methylbengalacetorhenone

0
CH = CKC

CH3

Reactants: and C~Ch

0

CH3

A solution of 40 g. of chemically pure sodium hydroxide
(1.0 mele) in LCO ml. of water and 245 ml. of 95% ethznol
was introduced into a 2-liter flask ritted with a stirrer
and supported in a vessel which would verpit cooling with
i1ee, Into the slksline solution 120 g. of acetophenone
(1.0 mole) was added, the flask Was immediately surrounded
by ice and the stirrer was started. Inmediately afterwards

120 g. of p-methylbenzaldehyde was adied. The temperature
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- was ¥ept at aiproximately 25°C, end was not allowed to go

~ below 15°C nor above 30°C., Stirring was continued for 8

“hours, then the mixture was pleced in an icebox overnighte

’” fThe mixture was filtered on o Buchner funnel and washed

- with cold water until the washings were neutrzl to litmus.

The product was recrystallized from 95% ethsanol. The tem-
perature of the ethanol was not allowed to rise above 4G°C,
 The alcoholic solution was allowed to ccol graduelly, then it
was place: in an ice bath at 0°C to complete the reerystelli-

zation.

Yield: 179:6 Bes 80- 9% of thecrya
Mo o 55-56°C.

Reduction Product of p-Methylbenzalacetophenone by
Lithiur Ajuminum Hydride

Reactants: C%C and Liﬁlﬁh
: CH

A solution of 11 g. of p-rethylbenzslascetoghenone
(0,050 mole) dissolved in 25¢ ml. of anhydrous ether was
slowly added to 3 g. of lithium aluminum hydride (0.078 mole)



83

. dissolved in 2QO ml. of anhydrous ether. 4ifter all the
ethereal p~methylbénzalacatophenone solution had been added,
Vthe mixture was stirred for 15 minutes., The mixture was thon
cooled in an ice bath and hydrolyzed by dropwise addition of
107 ml. of water followed by 10 ml. of 10% sulfuric acid.
‘The ether layer was extracted, washed twice with water, and
dried over scdium sulfzte overnight, The ether was evsporated
- under reduced pressure. An oll remained which would not
801idify upon scrstehing the sides of the contalner or.ubon
standing in an icebox at 0°C for two weeks. Crystals bogsn

- to form during the third week of standing in an icebox at

09C, The product had not completely erystallized after
stdﬁding for four months. The ultraviolet absorption spectrum
was determined in a Beckman TU quartz spectrophotometer.
Maximum sbsorption occurred at a wavelength of 255 and 315

miu. The absdrption spectrum indicated the prosence of a
mixture of p~methylbenzanlacetophenone end 3-(p-methylphenyl)=-
1l-phenyl~2-propen~1-ol. | |

Yield: 8.9 ge3; 79.4% of theory.



p-timethylaminoacetorhenone’

0]
CCE‘E3
/
N(CH3)p
0 0
Reactonts: H(CH3)2 and CH§Q~0-CCH3

A solution of 89 g, of zinc chlorile (C.65 mole)
70 g+ of acetic aznhydride (0.09 mole) and 50 g. of
adiméthylaniline (0.141 mole) was rafluxad for four hours.
A dary resiheus materiel rasulted which was extracted with
three 200-rl. volumes of ether. The ether was evaporated,

but no product remained.

8l
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SUNMMARY

Some reductions of substituted benzalacetoprhenones by
lithium zluminum hydride and aluminum isopropoxide are
described. 1In all of the reductions described the product
obtzined was the corresponding unsaturated alcohol indicating
a 142 recduction of the conjugated system. The ultraviolet
ebsorption spesctrum of each unsaturated zleohol 1s also

given.



87

ACKNOWLEDGENENT

The author wishes to express the deespest grntitude‘
to Dr. J. S. Gillesple, Jr., who directed this research
and who proofread and clarified the lsnguage of this
thesis. His profound knowledge and thorough understsnding
of chempistry will alwsys be an inspiration;to me.
| Groteful acknowledgement is clso mede to Ur. R. E.
Murrhy of the A. H., Robins Company for his helpful suggestions
and for the use of the Beckman D U Spectrophotometer,

Finally, I wish to express my thanks to Miss June Allen
who so kindly consented to type this thesis.



&8

BIBLIOGRAFHY
Adams, R- and To GOVindaChari, Ja A, Ch@mo SOC., _Zg, 158 (1950)0
Adams, R. and R. Shriner, ibid., 45, 2171 (1923).

Adams, R, and W. Tul@y, ibiﬁ., _"tz, 3061 (1925)0

Adkins, R., Recctions of Hydrogen with Orgsnic Comiounds over
Copper-Chromium Oxide and Nickel Catslysts, University

of Wisconsin Fress, Madison (1937).

Alexa. V:. Bull. soc. chim., Romania, 184, 67-82 (1936).CeA., 31
. 33875.
Alexander, E., J. Am. Chem., Soce., 69, 289 (1947); ZQ, 259 (1948).

Arcus, C. and J. Kenyon, J. Chem. Soc., 1938, 698,

Armstrong, i. and I. Hilditch, Chim. Inde, 12, 211 (1924). C.h.,
19, 58 (1925).

Baker, R, and L. Lim’ Je &m. Chen. SOCO, :Z;’ 1399 (191“9)0

Bartlett, Fe and G. Woods, 1bid.’ éa’ 29360



89

~ Benedict, G. &» and R. R. Russell, J. Am. Chem. Soc., Z3,

Shiy (1951).
f ’ Bergmann, F‘; Je Org. Chem.; 6, 547

- Bergmesnn, F,,B. Schaprio and H. Exchinazi, J. im. Chem. Soc., 64,
560 (19%2). . | |

Boothe, J., E. Boyland end E. Turner, J. Chem. Soc., 1950, 1185-90,

Bradlow, He L. and C. A, Van der Werf, J. Ame Chiem. Soc. 69,
1254 (1947). |

Braude, Es As, Chemical Socilety, fnnual Reports, 42, 105-30 (1945).

Brown, W. and Co-workers, J. Am. Chem. Soc., 69, 1197, 2549 (1947);
20, 3736 (1948).

Buraway, Ae, Ber., 53, 3155 (1930). C.hsy, 25, 796 (1931).

C&mpbell,vﬁ. Ha, B.C. Cempbell and M. J. McGuire, Froc. Indlana
Acad. Sci., 50, €7-93 (1940). C.A., 35, 56733,

Climpbell’ Ke and N, Khma’ Nature’ l_él__, 5)‘{’ (19’4’9)- CtAt, ﬁ,
5874 (1950). '

Eelepine, 4o and C. Hanegraaf, Bull. soc. chim., () k4, 2067-93
(1937), C.A., 32, 25203 (1938).

Doering, W. end T. Ascher, J. Am. Chem. Soce, Zl, 838 (1949).

Doering, We, T. Taylor and E. Schoenewaldt, ibid., 70, 455 (1948).



50

{If Duhannel, 4., ibid., Z, 356 (19%C), C.A., 39, 3721%.
':fﬂfDupont, Day ibide, (5) 3, 1021-30 (1936), C.A. 30, 5935% (1936).

':‘ Qupont, Go and M. Menut, ibide, 6, 1215 (1939), Ceds, 33, 81751,
(1939).

Durst, O., O. Jeger and L, Ruzicka, Helv. Chim, aActa, 32, 46
(1949), C.Ae 43, 2446 (1949).

Bllis, Hydrogenation of Orgsnic Substences, D. Van Nostrand
Company, New York (13930).

Felkin, H., Bull. soc. chim., (5) 18, 347-8 (1951).
Felkin, H., Compt. rend., 230, 3C4-6 (1950).

Ferguson, L. N. and Re Fs Barnes, J. im. Chem. Soc., 70, 3907,
(1948€).

Finch, L. and D. White’ Je« Chem. SOCQ’ 1259, 3367 (1950).

Finholt, A., 4. Bond ani H. Schlesinger, J. Am. Chem. Soc., £3
1199 (1947).

FOlkers, Ke and H.‘ﬁdkinS’ ibid.’ E&, 11%5 (1932).

Frederick, J., Je Uiypy and R. L. Lewls, Rec. Irav. chim., 56
1000-6 (1937), Cehs 32, 5217,

Fuson, K. C., Advonced COrgznic Cngmlggxx, John Wiley aud Sons,
Inc., New York, p. 482; also p. 256 (19 50).



91

' Gillesple, J. S., Jr., Doctor's Dissertation, University of
| Virginia, June, 1949,

Gillespie, D. and A. Macbeth, J. Chem. Soc., 1939, 1531.
Glllespie, Day 4. Macbeth and T. Swanson, ibid., 1938, 182..

Gilwmen, O., Organic Chemistry, John Wiley and Sons, Inc., New
York (19“8). Vol. I. Fs 8C0.

Glacet, Z. and J. Wlemann, Compt. rend., 208, 1323-5 (1939),
Cohey 33, 5845 (1939).

Goering, H.y, S. Cristol, and K. Dittner, J. Am. Chem. Soc., 7Q,
331k (1948).

Grubb, We and Je Read, Je Chem. SOC.’ lQ}h, 2“2-
Hall, E. and D. Turner, Nature, 163, 537 (1949).

Harmett, L., bhysleal Organic Chemistry, McGray-Hill Book
Coumpany, NHew York, 1940, p. 352.

Hampton, R. snd J. Newell, 4nal. Chem., 21, 914-16 (1949).

Higpenbottom, L., L. Lucy ond A. Lapworth, J. Chem. Soc., 1923,
1618.

Higuchi, T., C. Lintner and K. Schleif, Science, 111, 63-4
(1950), Ceie, 4k, 77081 (1950



92

| Hochstein, Foy Jo Am. Chem. Soc., 7L, 305 (1949).
| ';HOChStein, Fo, and w; Ge Brown, ibido’ ZQQ 3&8“ (l9b8)o

f‘Inﬁqffeng H., F, Bohlmann and M. Bohlmann, Ann. 565, 35 (1949).,
O Cudeyll, 6834C (1950).

- ~ Ipatieff, Catalytic Resctions st High Iressures ond Temperatures,
The Macmillan Company, New Yorlk, (1936).

Johnson, J« Re, To L. Jacobs and A, H. Schwartz, J. Am. Chem,
Soc., £0, 1685 (1938). |

JOhnston, RU’ and J. Read’ Je Chem. SOCO’ laah, 2330
. JOHGS, R, N.’ ibida’ éﬁ,,lﬁla (19%3).

Kalzenellenbogen, B« Re and G. E. K. Branch, J. im. Chem. Soc.,

69, 1615, (1947).

Karrer, F. and F. Benerjea, Helv. Chim., AcfaQ 32, 1692-3 (1949),
CQAQ’ u& 16640 (1950).

Karrer, Fey Ko Karanth and J. Benz, ivid., 32, %36 (1949), C.h.,
L3, 6989f (1949) «

Kazig, C. and ¥s Thomas, Comprt. rende., 232, 1166-8 (1951).
Kenyon, J. and D. F. Young, J. Chem. S0c., 1940, 1547.

Klages, K. and Allendo:f, Ber., 31, 1C03 (1898).



93

~ Kohler, &. Fe cnd R, B, Thompson, J. 4Am. Chem. Soc., 59, 890
(1937).

'gjfxrajkeman, Av Ju, Mfg. Chemist, 22, 147-52 (1951). C.A., 46,
4036 (1952).

Kuhn,Rc and M, Hﬁfi‘ﬂr, Berav, é_Z, 358’ C.A.’ _2_&" 1315, 23’4’37 (19311').
Kuhn, R. and G. Wendt, ibld., 69, 1555, C.A., 30, 5959% (1936).
Lund, H., Ber., 70, 1520, Cehs, 31, 66112 (1937).

Lutz, R.‘E. and co-workers, J. Am. Chem., Soc., 45, 1047 (1923);
51, 3008 (1929); 57, 1957 (1935); 61, 1854 (1939).

Lutz, R. B, and J, S. Gillesyle, ibid., 72, 344 (1950); 72, 2002
(1950).

Iutz, R, E, and Q; Hinkley, ibid., Z2, 4691 (1950).

Lutz, R. £, and W. Revaly, ibid, 63, 3184 (1941).

Lutz, R,‘E. and J, vood, ibid., 60, 229 23938).

Mcﬁennis, H, and Goffréy, J. Biol. Chem.,, ;ZE; 217 (1948).
Malcolm, D. and J. Reid, J. Chem, Soc., 1939, 1037.

Martin, C., A. Schepartz and B. Denbert, J. im. Chem. Soc.,Z0,
2601 (19%8). |

Masdupuy, Ee., and F. Gallais, Compt. rend., 22%, 128 (1947), C.4.
41, 7294b (1947).



9k

' Mastagli, F., Ann. Chim., 10, 261-377 (1938), Coha, 32, 12533,
(1938).

‘Mastagli, F., Conpt. rend., 205, 802-5 (1937), C.A., 32, 12533,
V”:' 4ay, Be and E. Roésettig, Je Org. Chem,, 13, 663 (1948).

Meek, J. Se, Fe J. Lorenzi and 8. J. Cristol, J. Am. Chem. S0C.,

Meerwein, H. snd R, Scmmidt, Ann., hhb, 221 (1925). C.A., 19,
3251 (1925).

Meisenheimer J. and N. Campbell, Ann., 539, 93-5 (1939)ey Celle,
a3, 62831, (1939).

Michel, J. Bull, soc. chim. Belg. 48, 10:-57 (1939). C.he, 38,
76507« |

Milss, N. and T, Harrington, J. Am. Chem. Soc., 69, 2247 (19%7).
Neville, K., J. Am. Chem. S50c.,70, 3499 (1948).
Natelson, N. znd S. Gottfried, ibid., &4, 2962,

Nystrom, F. 2nd %. G, Brown, ibid., 70, 3484 (1946),

F‘glfrey, Ln, Se S&b@t&y and B, Gauthiel‘, CO{Z’;th rendo, 218, 553*5
(19%44), C.de, 39, 2742% (1545).

¥auly,H., H. Schmidt. end &. Bohme, Bers, 57, 1327 (1924)., C.A,
L 19, 265 (1925). | |



95

-~ Ponndorf, W., Z. Angev, Chem., 39, 138 (1926). C.i., 20, 1611,
o a6 |

f5 ;R§ichstein, Tey Ce Ammann end 8y Trivelli"HElV.‘Chem‘ st
15, 261 (1932), C.hs, 26, 2701 (1932).

Zg;/Rasenkranz, Gey 5te Keufmann, end J. Romo, J. Am. Chem. Soc., 71,

| 3689, (1949).

Rupe, He, A. Collin and L. Schnniderer, Helv., Chem. Actz, 1k,
13)10—5,4' (1931)0 Cn{’u, _a_é, 1916.

R}lssell,' A‘, Je Todd and C. L. Wilson’ Js« Chem. SOC., lg 3’4’, 191*00

Sabatier, F. and Reid, Catelysis in Organic Chemistry, D. Van
Hostrand Company, New York (1922),

S&Chﬁ, Ferfumers' J., ﬂ, 0. 3, 11’ 320
SChOenigf?r, de dnal. Chimn’ m, )"‘"‘7 (1951).

Schwarzkopf, 0., Hs Cahnmenn, A. Lewls, J. Swidinsky and H. Wuerst,
Helv. Chim., Acta, 32, 443 (1949). C.A., 43, 5374b (1949).

Schoppee, C. and G. Susmers, J. Chem. Soc., 1950, 687-9.
Short, A. and J. Read, ibid., 1939, 13.6.

Shorygin, F. Pey, K. I. Bogacheva and 5. Ueschchester, Sbornick

Statei, 1939, 142-% C.As, 36, 3793 .

Shriner, R’, Je Ame Chem. SoC., ﬁ, 107+7 (1925).



96

. Skita, Ber., 48, 1685 (1915).
‘ 80rensen, Ney Jo Stene and &, Semuelson, Anne, 543, 137 (1940),

Spgeter, Yey We Byrd, L., Cheney and S. Binlsley, Je Ar, Chem. S0C.,
ZLly 57 (19%9)-

/

Steinkopf, W. and A, Wolfrom, Ann., %30, 113-61 (1923). Cafs, 17,
8 .
12237, (1923).

Stevens, F,, 0. &4llenby and A, auBois, J. Am. Chen. Soce., 62,

1424,

Stoll, Au, 4. Hoffmann and Schlientz, Helv. Chim. Actsz, 32, 1547
(1949)

Strauss, F. and H. Grindel, Ann., 439, 276 (1924). C.A., 19,
58 (1925).

‘_ Sutton, ﬁ. A. Chemistry end Industry, 1951, 272.

Takaki, S. and T. Ueda, J. Fharm, Soc., Japan, 58, 427-30
(1937), Ceha, 32, 66367,

’Trevoy, L. and ¥e G. Brown, J. 4m. Chem. Socey 71, 1675 (1949).
‘Vavon, V., Coupt. rend., 154, 359 (1912).

Verley, A., Bull..SQc. chime (%) 32, 537, €71; L1, 788 (1927).
_ Vorheas} Je anﬁ,R._Adams,‘J. Am._Chem. Soc., Lk, 1347 (1922).

Weidlich, H. i, and M. Meyer, Delius, Ber., Z4B, 1195-1212,
C.h., 36, 4Boel.



97

 ,{ Welmann, J. and C. Glacet, Comipt. rend., 226, 923-25 (194§},
Cehe, k2, Shlog (1LOM8). '

Weismann, C., M. Sulbachi ant £. Bergmann, J, Chem. Soc., 1947,

//8 51 .

Wendler, N.,, C. Rosenblum and M. Tishler, J. Am. Chem. Soc., 72,
23% (1950. |

Wendler, N., H., Slates and M. Tishler, Ibid., 71, 3267 (1949).

Weygand, C., and H. Hennisz, Ber., £6CB, 2428-32 (1927)., C.A.
..2,_2..3 953-

Weygand, C., Orpanic Freparations, Interscience rublishers, Ince,
New York, pe 9

Whitwore and George,lhe Common Bz of the Reuction of Grignard
Reagents with Carbonyl Compoundss Addition, Reduction,

Enolization
Atlantic City, Sept. 9, 1941.

and Conilen

sation, 102nd leeting, #.C.S.,

Whitmore, F. snd G. Pedlow, J. fm. Chem., Hoc.y 63, 755,

Wilds, L., Orce sctions, Vol. I1I, John Wiley znd Sons, Ince,

New York, New York 1944, p., 178,

¢ Be

Willsard, H. Hey Le Lo Merritt and J. A Dean,';nstrumegta; Methods

of Analysis, D. van Hostrand Co., New York, 1949.



98

© Willstadt, H., Svensk, Kem. Tid., 53, %15-21 (1941)., C.A., 37,
3744

. Wojelk, B. nd H. Adkins, J. im. Chem. Soca, 56, 2424 (1934).
Woodward, He, N, Vendler and F, Brutschuy, ibid., 67, 1425 (1945).
Wooten, W. and L. McKee, ibid., 71, 2946 (1949).

Ycuhg, de Gey We He Hartwlg, and F. S. Crossley, ibid., 58,
100, (1936).



99

FATANTS AND BULLETINS

Distillers" Coe, Ltd. Britain 595, 941 (Dec. 23, 19*#7).

ﬁ~ Eﬁllatin h&lE, Méﬁal Hydrides, Inc., Beverly, Mass.

i ‘Eértung, Young and Crossley (Sharpe snd Dohme)s. U.S. 2,095,206,

Organic Syntheses, Collective Vol. l., John wiley anﬁ'Sons,

lNew York (1932). p. 452.
4Fonndorf, Gen. Fatent 535, 954 (Oct. 17, 1931).

Raney, U.S. Fatent 1,628,190 (May, 1927).



100

AUTUBIOGRAFHY

I, Calvin Lyndall Fisher, was born on May 2%, 1927,
in Wilson, Virginia. When I was two years old, my father
.maved to Patersburg, Virginia, where I started my primary
education. Due to the death of my father in 1935 I was
rlaced in the Kethodist Orphengge in Richmond, Virginia.

I completed my primery education st slbert H, Hill Junior
High School znd in 1942 I entered Thomas Jefferson High
Sehool where I majored in generusl science. Upon graduation
in 1945 I left the Orphanage and entered the United States
Navy.

In 1947 I was honorably discharged from the Nuvy and
entered the University of Richmond. There I majored in

-~ Chemistry snd received the B,3. degree in 1949, I was awarded

the Furyesr Fellowship in Chemistry for the year 19951,
This thesis is submitted in partial fulfillrent of the

requirements for the M.S. degree for which I am an applicunt.



	University of Richmond
	UR Scholarship Repository
	4-1-1952

	Some reductions of substituted benzalacetophenones by aluminum isopropoxide and lithium aluminum hydride
	Calvin Lyndall Fisher
	Recommended Citation


	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110



