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I. List of Publications and Uncompleted Problems.

The results obtained under this contract should ultimately
vield the more than thirty articles listed below thich includes some
receiving only partial support from this source. The first nineteen
of these articles, which are listed@ in chronolegical order, have been
published, and reprints of tnem accompany this report. The twentieth
and twenty-firet are 7in press'. The la%ter, the chapter for "Organic
Reactions® 18 11 ‘ted here because one of tie nuthors did a consider-
able amount of the literature survey and some of the writing while

being supported by the Office of Naval Researciis The twenty-second

last nine titles listed (24-32) refer to problems in various stages
of complcilon,
L. "Metalation and Garbonation of Benzohydrylamine and Deri-

vatives Using Potagsium Amide", by C. R. Hauser, Ina C.
Flur and 8., W, Xantor. J. Am. Chem. Soc., 71, 294 (1949).

2. "Boron Fluoride Catalyzed Addition of Aliphatic Anhydrides
to Aldehydes", by E. H. Yan, J. J. Sanderson and C. R. Hauser.
J. &m. Chem. Soc., 72, 847 (1950).
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/-‘f n'n/ er,Adusle.c/. &?Qf/w/can be 742(»9///; 2, c/-.m«w//‘/,a/,y/,
3. { "CXalsen Acylations and Carbethoxylations 6f Ketones and
Esters by Means of Sodium Hydride", by F. W. Swamer and

Co. Re Hauser. J, Am. Chem. Soc., 72, 1352 (1950).

"Pentaphenylacetone and Tetrapherylacetone®, by S. W. Kantor
and C. R. Hauser. J. Am. Chem. Soc., 72, 329 {1950)0

"Formation of Symmetricali Ketones frorn Zeif--condensations of
Anhydrides by EBoron FTluoride", by L. H. Man and C. R. Hauser.
Je Am. Chem. Soc , Yz, 3294 {1559}

"Relative Fase of Cyclization of 2-, 3.., and 4-Amincpyridine
Derivatives. Synthecstie of Naphthyridines“? by C. R. Hauser
and G. A. I".eyfﬂoldt;r \Z_o :)I;gu (;_l:_\g::l\. ;_:L, .1.224’ \1950)0

"Action of Basic Reagents on Benzorltriie %o Form Triazines',
vy Fo W, Swamer, G. A, Reynolde and C. R. Hauser. J.Cy¢. Chem.
16, 43 (1951).

"Condensations of Nitriles Eaving alpha Hydrogen to Form beta-
iminonitriles, Cyclic Trimers, and Substituted 2-Hydroxy-4-—
Aminopyridines", By G. A. Reynolas, W. J. Humphlett, F. W.
Swamer, and C. R. Hauser. J. Org. Chem., 16, 165 (1951).

"The Clalsen Acylation of Methyl Xetones with Branched Chailn
Aliphatic Esters’, by E. H. Man, F. W. Swamer and C. R.
Hauser. J. Am. Chem. Soc., 73, 901 (1951).

"Rearrangement of Benzyl Ethers %to Jarbinols by Potassium
Amide. Mechanlsm of Isomerization of Carbanions Invclving
1,2-Shiftsy by C. R. Hauser and S. W, Yantor. J. Am. Chem.
8oc., 73, 1437 (1951).

"Rearrangements of Renzyltrimetiylammonium Ion and Related
Quaternary Ammonlum Ions by Sodiuwn Amide Involving Migration
into the Ring", by S. W. Kantor and C. R. Hauser. J. Am. Chem.
Soce, 73, 4122 (1951).

"Cleavage of Benzyl~, Diphenylmethyl.-- and Triphenylmethyl~
trimethylnilanes by Pcicssium amide and Certain other Bases',

?y C,)R. Hauser and C. R. Hance. J. Am. Chem. Soc., 73, 5846
1951).

"Preparation and Reactions of alvha--Halo Derivatives of
Certain Te%ra--substituted Hydrocarbon Silanec. Grignard
Syntheses of Some Silyl Compounds®, by C. R. Hauser and
C. R. Hance. J. Am. Chem. Soc., 74, 5991 (2952).

"Evidence for alpha- ané beta--Elimination from Deutero Alkyl
Halides with Potassium Amide", by D. G. Eill, W. A. Judge,
P, S. Skell, S. W. Kantor and C. R. Hauser. J. Am. Chem. Soc.,

724, 5599 (1952).
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15.

16.

17.

18.

19.

20,

21,

22.

23.

2k,

25.

26,

27.

28.

"8ilico-alkyiation of 8odi:> Tsters with Trimethylchloro-
sllane to Form Stiyl Erters”, by (. R. Hance and C. Re Hauser.
J. Am. Chem. Soc,, 7%, 9¥% (L953)-

"A Rapid Method fer the Resoiutian cf s -Butyl Alcohol", by
?igga)xantor and C. R. Hauserc J. Am. Chem, S=c., 75, 177L

"Rearrangement of Benzyl Sulfides to Mercartans and of Sul-
Tonium Tons to Sulfides Involiving the Armoatic Ring by Alkall
Amides", by C. R. Hauser; S. W. Karntor and W. R, Brasen. J.
Am. Chem. Soc., 75, 2650 {1933,

"Rearrangement of Diphenar %n ¢,.0 .Dihydro~9.-Phenanthrol by
Potasgsium Amide and Celwridraticr to Phenartnrene. Results with
1,8-Naphthalan, Phthalan, anl 2,5 Tinylrcfuren', by A. J»
Veinheimer, S. W. Kantor and (. R Hauser. J. Orge. Chem., 18 ,
801 {1953).

"The Ortho Substitution Reavrrangeiment versus beta--Elimination
of Certain Quaternary Ammoniur Ions with Scdium Amide. Exten—
slon of the lethods of Synthesis of Vicinel Alkyl Aromatic
Derivatives", by C. R, Hauger and &, J. Weinheimer. J. Am,
Chem. Soc., 76, 1264 (1954,

"Mechanisms of beta-Elimination with Alkyl Halides and Bases
Using Deuterium ag Tracer", J. Am. Chem. Soc., "In press'.

"The Acylation of Xetones to Form heta.-Diketone or beta Keto
Aldehydeg", Organic Reactions VIII, "In press'.

"Synthesle and Reactions of alvha--Dislkylaminobenzyl n-Butyl
Ethers. Condensations with Grignard Reagents to Form Tertliary
Amines".

"Relative Ex%ents of Rearrangement of Some Primary Amines of
the Neopentyl Type with Nitrous Aclid. Electronlc versus
Steric Factors'.

"Controlled Acylation of Ketones with Acid Chlorides to Form
beta~-Diketones Using Sodium Amide',

"Some Methods of Synthesls of beta-Ketc Esters of the Type
RCOCHZCOOCZHj".

"Influence of Metallic Cation of Organc Metallic Compounds
on Courses of Reactiona'.

"Theory of Formation of beta-Diketones from Anhydrides and
Ketones by Boron Trifluoride'.

"Stereochemistry of Rearrangement of Benzyl Secondary Butyl
Ether by Potassium Amide",
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29+ '"Stereochemical Courss of Ronrrangement of bie-(alpha-Methyl-
benzyl )-ethor ",

30. '"Beta-Elimination of Jertain Ethers and Tertiary Amines with
Potassium Amide',

31. "Exclusive beta~Eliminacion trrom (ertain Deutcero Alkyl Halides
with Basges®.

32. '"Conversion of alpha Phenyla.rxy.l Ealider to Dimeric Olefins
by Sodium Amide".

ITI. gSummary of Reculig.

The results will D2 consgilered unler the headings, (A) Con-

densations, (B) Rearrangements, ard 7)) Llinirstions anc Displace—
ments. The numbers in parentheses rcfer i the above 1list of publi-

cations and uncompleted probleme. 7r=2 urpumii:ohzd results will be
treated more fully than the published ones, the abctracts and com-~
plete discussions of which can be found in the accompanying reprintse.

A. Condensationg.~ (a) Acylations of Ketcnes to Form beta--Di~-

ketoneg.~ The forthcoming chapter in Organic Reactions (21) presents
a critical survey of this field =mnloring both basic reagents and
boron fluoride. Also other m=athods for pren-ring oceta.-diketones are
congldered.

The acylation of sodic methyl ketones (prepared by means of
sodium amide) with branched chain esters was found to be effected
much more satisfactorily with phenyl esters than with methyl or
ethyl esters (9). The method has been especially useful for pre-
paring beta-diketones having oranching at both ends such as

(CHy )BCCOGHZCOC ( CHz)q

Although phenyl esters generally produce good yields of beta-
diketones, the yleld of the unsaturated beta-diketone from phenyl
cinnamete and acetophenone has be=n only 30% and the reaction follows

another course (Michael reaction) with ethyl cinnamate (21).
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A much better yileld (7C%) has now 22cn >bZained emploving cinnamoyl
chloride under contrelled conditvione (Z4), One eguivalent of the acld
chloride is added at 0° to the sodio ketone prepared from three

equlivalents each of the ketone and sodium amide.
NaNH, CgHgCH --CHLCOUL
CH3C00CgHg ———w-m- HnCHZCOC6H5 " e 2 G6H50HHCHCOCHc0006H

It should be pointed out thet, uvrier the ueual condisions, the acid
chloride diacylates the ketone, th't g, *he bela-diketone (as 1ts
godio derivative; is fuvrihner acyusisi 2. Jlue szipe of the present
method 1s beilng investigated.

Sodllum hydride was shown te prowuce £quraly good ylelds as sodium
amide and better ylelds than sodlum ethoxide or scdium in various
acylations of ketones with ethyl or methyl esters (3).

Boron trifluoride 1s especlally approprlate for effecting certain
acylations of ketones witi allnhatic onhydrides (21}, and the theory
of the reaction is interesting. %vidence wae obtained (27) that the
boron trifluoride complex of %the beta-diketone 1s first formed and
that 1t loses hydrogen fluoride to ~slve the boron difluoride complex
of the beta-diketone from which the beta-dlketone 1s subsequently
liberated by means of hot sodium acetate solution. The evidence will
be presented in a forthcoming paper together with more extenslve
results obtained under other sponsorshipe.

In connection with the acylations of ketones, a study was made
of the self-condensation of allphatic anhydrides by boron trifluoride
which produces, after hydrolysls and decarboxylation of 1intermedlates,
good yields of certaln symmetrical ketones (5).

In contrast to ketones, aldehydee having aipha-hydrogen fail %o
be acylated with acetic anhydride in the presence of boron trifluoride.

Instead, addition occurs to form the diacetate (2).

R



e T J RETACTING P T = s B IR S PN T ¥ N s AT it atpaatrinn

(b) Other condersaticns Jrnvo. wirg Cerbtonyl Jomrcunis or Nitriles.

L4

Sodium hydride was shown (5) T 22 i use. W »Meagea” “o» effecting the
acylations of esters and the cartetihcxyintions of ketones and esters.
It 1s particularly appropriate for certaln mixed ester condensations
(3).

Nitriles having alpha hydrogen were self condensed by basic re-
agents to form beta..imino nitriles (8)o Cersain mixed nitrile con-
densations were also effected &4,

Potossium dlphenyimethide. gresar sl 1vzo netassium amide and
diphenylmethane, was acylated witn trichci;iacetyl and diphenylacetyl
chlorides to form pentaphenylacetone and teiraphenylacetone resnect-
ively (4)e The potassium derivative of benzohydrylamine, prepared
from potassium amide and the amine, was carbonated to give the cor-
responding alpha-amino acid (1). Similar reactions were effected
with certailn derivatives of the amine (1).

Verlious condensatlon reactions le2ding to the formation of

beta-keto esters of the type RCOCEpCOOC,Hg are belng investigated (25).

~
(4
The work has not yet progressed sufficiently far to draw any con-—

clusions as to the value of the geveral methods under consideration,

t¢) Influence of Metallic Cation in Sertcin Condensatlons and

Associated Reactiong.-- When two courses of reactlion are nossible -=sith

a carbanion (or potential carbanion) the metallic cation may determine
which course will predomincte (26)e Thus. whereas 1ithium phenyl and
phenylmagnesium bromide add to the carbonyl groups of acetophenone and
ethyl phenylacetate, sodlum phenyl was found to lonize mainly the

alpha-hydrogens of these carbonyl compounds to form the enolate anlons

which are the reactive intermedioctes in tihelr self-condensotions.
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Similarly sodlum pheryi *crlzci mas:dy o a”-halwdrezer ¢f mesityl-
acetonitrile whereas lithium phenyl addsg largery te the nitrile groupe.
However, like 1lithium phenyl, sodium phenyl underwent 1,2-addition
with benzalacetophenone wliereas phenylmagnesium bromlde 1s known to
exhibit exclusively 1,%-addition.

(a) Condensations of alpha-Dinlkyvlaminobenzyl n-Butyl Ethers

with Grignard Reagents to Form Tertiary Amineg,~ Thls type of con-

densatlion may be represented bty the general equation in which Y stands

&

for a relatively electronegative group.

CsHs,,CH-Y 4 RUMEX —-moe—e- 3 CéHS?H-R' 4 Mexy
NR2 NRo

The present reaction in *hilch Y 18 OC4H9 produces much better ylelds
than previous cascs where Y 1s another group. The preparations of the
alpha-dialkylaminobenzl ethersg are also of interest. The abstract of
the paper soon to be submitted for publicatlon is given below.

Absgtract.- l!lethods have bean devalon2d for the synthesls of
alpha-dlalkylaminobenzyl n-butyl ethers aznd their p-methoxy and
p~chloro derivatlves from aromatic aldehydes, aliphatlc secondary
amines and butanol~l., The parent type of compound, C6H5CH(NR2)OC4H9,
R = CH3, was shown to be readlly intercenvertable with the dlamlne,

06H5CH(NR but not wlth the acetel. A series of the amino ethers

2)2’
were condensed with Grignard reagents to form tertiary amines of the
type, C6H5CH(NR2)R', certaln of which are difficult to prepare by the
more common methods. Thls substitution with Grignard reagents ie
freer of side reactlons tkan that of amino nitriles, CgHgCH(NR;)CN,

with these reagents which has previously been employed for such

tertiary emines.
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An amino ether was reduced by w Lu-s'magncsim chlo ! ée vinvolving
the hydride ion) and by Lydrsgen in she muefence 37 ¢ CACE LY
Certaln aspects of the mechanisms of rorira“in': of the aaiino ethers
and of their reactions with Grignard reagents ore considered.

(e) Condensations to Form N-Yeterocyclics.— The theory of the

relative ease of aromatic cyclizations of 2-, 3-, and 4-aminopyridine
derlvatives was elucldated, and then used in the synthesis of new
naphthyridines (6). Acyl derivotiveg of beta.-imino nitriles (see b)
were cyclized by sodium amide to feorm 2-hydroxy-—ik-aminopyridines (8).
Benzonitrile was trimerized by basic reagents to form triazines (7).

(f) Condensations Involving Silicon Compoundge— The alpha-

hydrogen of cartaln estere was metalated with sodium triphenylmethide
and the rcsulting sodio esters then silico-alkylated with trimethyl-
chloroellane to forr silyl esters (15). Grignard reagents prepared
from alpha-halosilanes were condensed *ith acetic anhydride to form
ellyl ketones, with allyl bromide *o form the silyl olefln, and with
acctone and benzaldehyde to glve =ilyl cardirols (13)s Certain other
condensation type of reactions were also effacted with silyl com-—
pounds (13).

B. Rearrangementse.— (a) The mechanism of the Stevens re-

arrangement involving the 1,2-shift of an alkyl group wlthin a car-
banlon, was elucldated and then used in the extenslon of this tyve of
sarrangement (10)e In agreement with the mechanism, optically active
benzyl seccondary butyl ether was found to be rearranged by potassium
amide with some retention of activity but further experiments are re-
quired before drawing conclusions (28). In connection with this work

a rapld method for the resolntion of s-butyl alcohol was devised (16).
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The stereochemica’t ccurie o wthe avrrargomor’ ¢ 1o . alphs tebhsd-.
benzyl j-ether with potasciva rmile wes nteavgaioda bulh ruriser —work
18 needed before defini%e concluricns s ©s ¢raws [(£7). Dinhenan
wag rearranged to a phenanthi'ol and phenanthrene by poiasclumn amide
(18).

Quaternary ammcniun iong having the benzyl grour, which exhibit
the Stevens 1,2-¢hiit with moul bacgic reagents, were shiwn to undargo
rearrangement invciting She conmz2n: ring wita sodium amide in ilquld
ammonia to form ortho gubdstitutel Sertlary amines (11). The mechanism

wag elucldated and used Iin the extension of thils remarkable type of

rearrangement to form vicinal alkyl aromatic derlivatiwves (11, 19).

In contrusat to benzyl ethers (10), benzyl sulfildes were found to under~

go this ortho substituticn rearrangement (17).

(b) Rearrangements of Carbonium Iong.-~ A study was made cf the

factors governing the relatlve extents of rearrangement of certain
primary amines of the neopentyl tvme 'with nitrous acid (23). These
reactlions involve presumable the intermedlate formatlons of dlazonium
ions and unrearranged and rearranged carbonium ilons. The present
results 1llustrate the importance of both electronic and steric
factors. The abstract of the paper scon to be submltted for publi-
cation 18 glven belows

Abstract.~ Four primary amines of the alpha-phenylneopentyl type
have been prepared and thelr products of rcaction with nitrous acld
determined., Alpha-Phenylneopentylamine gave excluslvely the cor-
responding unrearranged alcohol or its nitrite ester, whereas the
amine having three ethyl groups on the beta-carbon atom and amines
having a phenyl group and two methyl or sthyl groups on thé beta-
carbon atoms, formed rearranged products as well as the unrearranged

alcoholse.
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The rearranged prciusis ¢onelghed <7 wR3 Lromeric s..fine and e
rearranged alcohol. All of the iejzs~urcsd and urrearrangsc atcrhcls,
some cf the olefins, and certaii cf The Ketcrnes prcduced on ozoni~
zation of the olefins were independently synthcsizeda for comparieson.
In connection with the synthesls of two of the amrines, the inter-
mediate oximes were obtained more readily from the correeponding
imines and hydroxylamine than from the corresponding ketones. The
relative importance of electru.i: and sberic factors in determining
the extents of rearrangervwi linve b2en considerede.

Ce Eliminotions an® Disp.acements.- (a) Beta.Eliminations

versus alpha-Eliminationg.~ Appropriately substituted deutero alkyl

halldes were employed to determine the mode of elimination of the
halides with potassium amide in liquid ammonia, It was experimentally
established thot beta~-elimination occurs exclusively or predominately
with the halldes studled but, when ether also was present, some
alpha~elimination appeared to tak%e wlace with n—octyl halide (14).
However, further work has indicated thot, in the absence of ether,
even this halide exhibits exclusive betn-elimination (31). The pro-
blem i1s being thoroughly investigated.

In contrast to purely aliphatic 21lkyl halides having beta-
hydrogen, alpha-phenylalkyl halides react with sodium amide 1n liquid
ammonlia to form dimeric olefins, and evidence was obtalned that the
reaction involves an alkylation mechaniem and not alpha-elimination,
accompanlied by dimerization (32). Further work is in progress.

(b) Mechanisms of beta-=Elimination.—- By employing appropriately

deuterated alkyl halides, evidence was obtalned that the beta-
elimination of the hydrogen halide frcm certain alkyl hdlides by

potassium amide in 1liquid ammonisa involves the simultaneous removal

i NS SN N BT S TS A S A R I T R R A I 2 S il
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of the proton and halile icn (1&,20). However, the beta—-elimination
cf methanol from certain beta..phenyl alkyl ethers by potassium amide
evidently involves the intermediate formation of the corresponding
carbanion, since, on adding deuterium oxide to the mix*“ure before the
completion of the reaction, some deuterium was found in the recovered
ether (30j).

(c) Displacements on Siliccn and Carbone.— The benzyl, di-

phenylmethyl and tripheuylmethyl grcups in appropriately tetra-
substituted hyd-ocarbon silanes were found to be displaced by potas-
sium amide in 1liquid ammonia and by sodium ethoxide in refluxing
ethanol, but not by certain other basic reagents (12). Weakly basic
anlons such as the acetate and cyanide ions atcack the clpha-carbon
displacing halide ion in certain alpha-halosilanes whereas the
strongly basic amide ion attacks silicon displacing the halocarbon
group (13). However, we believe thnt by employing an appropriate
metallic cation along with the amids ion or other potentially strong
base, 1t should te possible to efrfect dlsplacements at the alpha-
carbon of alpha-halosilanes without cleaving the eilicon—carbon bond.
We hope to study such reactions since they may lead to the synthesls
of a number of new silicon compounds having functicnal groupse.
Displacements on carbon were involved in certain of fhe reactions
considered above. Thus, this type of reaction occurs in the alkyl-
ation mechanism for the conversion of alpha-phenylalkyl halides by
sodium amide in 1iquid ammonia to dimeric olefins. This was con-
sldered above under C (a). Moreover, the reaction of alpha-dialkyl-
amindsbtenzyl n-butyl ethers with Grignard reagents considered under
A (d), appears to involve a varticularly interesting tyove of dis-

placement,




-l P

III. Gontributlon *o Toenpi © gty

<
s ~ Jeee )
P e T M S . G0 oA

A complete evaluation of the contributicn of %he present results
to organic chemistry would be difficult to make at this %ime. How-
ever, some general aspects of the contribution may be indicated. They
are concerned with hoth the theory and practice of organic chemlstrye.

A. Mechaniemg and Factors Governing Reactions.— The mechanisms

ol several reactions have been eluciddated including; the boron fluoride
method of acylation of ketones (27), the displacemant of carbanions
from silicon by the amide ion (12,13), “he beta-ciiminations of alkyl
halides (14, 20, 31) and ethers (30), and especinlly the Stevens
1,2-shift of benzyl ethers (10,28, 29) and the ortho substitution re-—
arrangement of benzyl quaternary ammonium ilons (11, 19).

The factors governing several reactions have been established
or indicated including the rearrangements mentioned above, the
acylations of ketones (9, 24), the cyrclizations of aminopyridine
derivatives (6), and certnin renctions Hr basic reagents in which
the metallic cation plays an important »cle (12, 25)s These contri-
butiong to the theory of reacticns are of imnortance not only in
themselves but also for the advancement of synthesgis,

B. Synthegeg.~ Many new corpounds rave been synthesized and even
certain paamseegweSy new types have been prepared. Probauly the most
significant contribution from the practical standpoint wos the dls-
covery of several essentially new metnods of synthesis which has made
possible the preparation of many new compoundc., A particularly
important method involves the ortho subgtitution rearrangement (11,
17, 19) which may be employed rot only for the preparation cf the
vicinal alkyl aromntlc tertiary amines rezulting from the rearrange-

ment but also for the synthesis of various related compcunds including
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alcohols and carboxylic coida,  3d-.¢t1al rew wrplicotlcens of this
method are belng maae,

Two useful developments invoive the synthesls of alpha -dialkyl-
aminobenzyl n-butyl ethers and their condensations with Grignard re-
agente to form tertiary nmlines some of which are difflcult to prepaere
by other methods (22).

Methods for preparing silicon compounde include the sillco-
alkylation of sodio esters (L5, and of votassio diphenylmethide and
triphenylmethide with trimethylchlorosilane (12), and the reactions
of the Grignard reagents of alpha-~haloslilanes wlth certaln compounds
(13).

Other methods include tre syntheges of dilacetates (2), ketones
(4,5), naphthyridines (6), beta—iminonitriles and 2-hydroxy-lamino-
pyridines (8), beta dilketones and beta=keto esters (3, 9, 24), cyollic
ethers and phenanthrenes (18), tertiary csmines and quaternary am-—

monium compounds (11, 19) and primary amines and alcohols (23).

submitted August 31, 1954
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
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GOVERNMENT PROCUREMENT OPERATION, THE U. S, GOVERNMENT THEREBY INCURS

'"NO RESPONSIEILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR CYI‘HER DATA IS NOT TO BE REGARDED BY

PERSON OR CORPORATION, OF. CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, GHIO
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