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Reduction to the corresponding hydrocarbons of a .
-l‘number of structurally diﬁferent tertiary nitro compounds
"‘has been\achieved by the use, of the initiated reaction with»

.tri-n—butyltin hydride in solvent benzene.' The mechanism

o g'of thG reaction was shown to proceed via a free-radical

;pchain process, one of the propagation steps consisting of
v-an electron transfer from the stannyl radical to. l.IIL"
"organic nitro compound to form a- transient radical anion. ‘
i;The radical generated from the decomposxtion of the radical

ranion intermediate is rapidly converted to the hydrocarbon[

'fliuby reaction with the tin hydride regenerating a stannyl

’ é:radical. The facility of ‘the hydrogen transfer step pre—»

‘ﬂ{u_cluded the oc3§:::hce of undesirable radical—radical or .

radica1~substrate reactions.g Although the emphasis was

S by ,
V_‘;placed on an understanding of the mechanism, the reactiona

| ";fffwas also shown to be synthetically useful since the

‘:fwffproducts were formed in/high yield and were easily separ— ,-l‘

: "fvable‘ from their accompanying tin residues. LT \ S
PART 11 :;_;gfj,;;ff]?,i];g,f;ff§3fj‘;;i;;{ﬁjegﬂwﬁ”*ai-:'

The reduction of a number of aromatic ketones by

triphenyl- and tri“n-butyltin hydride was\studiea in gj?,l-,”e;i

solvents benzene, acetonitrile and methanol. Thee:educ~f5;ff[f

tions occurred with some ketones in the absence of an




| T initiator.f Evidence is presented‘that indb'enzene'these~ . A'i
| ﬁ%' | reductions proceed by a molecule—induced homolytic process \ |
| :{owhile in the more polar solvents acetonitrile and methanol .
wf<6oth induced homolytic and heterolytic pathways are
o :_fo»lnl,owed.,_-" ',‘_"’_ , R ." : | ) ¥
‘;;. o o It:is'suggested.that'theyinduced homolytic\reductio;s o
proceed3by,anfelectronftransfer process, theltin,hydrideh |

”~being'the'donatingﬂspeciesL“vUnder‘initiatingvconditionsr

;(AIBN) the reactions were shown to proceed

, radical chai : The absence of a solvent effect

S

upon ‘the yﬁeld obtained ;rom the reduction o{\four of ‘the
.Vl ketones under study suggested that the propagation sequence.-‘
:. involves the addition of the stannyl radical to the
'1ecarbonyl oxygen followed by hydrogen atom transfen.from thei_‘
-tin hydride, the final product being the alkoxystannane.v
- y;tWith the more electrgnegatively substituted ketones, a,u,a-:
'ﬁ“!}gatrifluoroaCetophenone and w—fluoroacetophenone. the

[

'~ﬁapropagation of the chain involves electron transfer ftom :

‘“’ffffthe stannyl radical to the carbonyl substrate-‘_;f;aﬁaﬁ o
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ian electron from one reactant tg another to nge'rad1cal— -

PART I % T
: S c . x : "l .
A INTRODUQTION : e T

e Organxc reactxon processes 1nvolv;ng the transfer of ;
\ \ . . ’

L S /

5lon 1ntermedgates have been known for almost a’ century.

One of the earlfest reports of thlS type of reactlon )
- .

’*occurred in 1891 by Beckman and Paul 1 They apparently

'fﬁmethyl sodlum reduces a number df aromatlc ketones._ The fﬁ B

Hhhgyence was indicated by the color of the solutlon §h1ch

=4T'§upon hydrolysxs andiatmospherxc oxidation y1e1dedfthe ‘{;;f;ﬁf?_ef

»

first recogn1zed that meta111c sodlum reacts W1th benzo-‘

Aiphenone and other d1ary1 ketOnes.j The 1ntense blue }"'
;colorat1on observed 1n the absence of oxygen and the‘ -
f{inature of the products were atﬁéabuted to the formatlon
{fdof the radlcal an1on of the ketones._ The free rad1caf‘“

f‘naturg\of these metal ketyls has been conf1rmed by)

numerous subsequent investlgatlons 2 9 “,th;w{;,,j'

Later. in\1916 Schlenk10 11 found that trlpb/pyl"“

VﬁfireductiOU was proposed to proceed through the formatlon

-Efffof sodlum ketyl and/xtiphenylmethyl radxcal._ Thelr pres-t*f;lfsti

S TR

‘




A 020 + PhiNa* —— Ar-07Na* £ PhyC:

* SCHEME 1

e S . . B | 4(,( : K e

I3

;_*Hy'dfo'IySis

- PhyC-0-0~CPHi;

1

E magne51um bromlde 12 13 ‘Here, electron transfer was-.

, R o
1nd1cated to occur from the 1nc1p1ent carbanlon of the

)

Grlgnard reagent to the ketone. ,e o ;? 'g!‘fffte,;li@

The reductzon of dlazonlum salts by hypophosphorous

ac1d was studled by Kornblum14 1n 1950._ He found that

the reactlon was accelerated by catalytlc amounts of

lt
'41

~He

P e s.'
- T

txon'sequence contalnsja”SJngle-eiectron transfér to the w*fQ}ifﬁ

N

:j‘;i

ox1dlzlng agents such asfcuprlc sulphate, sodlum n1tr1te,

proposed a free radlcal Chaln mechanlsm, whose propaga—*f"'”'




‘alkyl halides,18-22 and activated olefins,23725

SCHEME 2
Initiation: |
\*\
Ar—N‘EN-”X ——— Ar- + N, +X- . . S (3)
_Propagation: . S
Ar- + HPO, — A0H + HPO; . )
P l’-"'N + HPO: T — Ar- + N. + H pot (5)
Ar-N= 2" 0; 2 7 M2t R
| ) p |

v

accepted thedry became more numerous. A variety of
organic substrates yeré reported to be involvéd in single-
electron\tfénsﬁer processes. Those Include donors such

as anions of \ketones,15 merpaptané,lGFana hydro-
carbons,17’2; organometallicséz and ahines;23'25'and

J
acceptors such as iodonium saltsl?, nitroaromatics, 16717

In 1964 Russell26 expanded the scope of this type of
reacﬁion. 'Hg observed the existénce 6f electron tfaﬁsfer
for a variepy'of dongrlacceptor.systems by monitoring the
conceniration q§ rédicalFanions formed by e.s.r. spec-
troscop§. The dono;s usgd in Fhis work were anions and .
organometallics.l The‘acceptqrs were uﬁsaturated systems
like azozcompoundsk,ojgféns, ketohes,»and nitrdaromgfics.

Despite this‘largefbody of evidence the role of

sihgle-electrpnftransfer processeS'was}pnly adequately



P
[0

¢

~as shown in equation 8.

recognized among organic chemists when Kornbluh and
Russell. proposed a mechanism for fhe carbon alkylation of
nltroparaffln salts u51ng_Efn1trobenzyl halldes.

The usual mode of reactlon of the salts of nitro
compounds with aliphatic, allylic, and benzyllc halides
is oxygen alkylation. This results simpiy from nucleo-
philic displacement of halogen to produce intermediate
nitronic esters and evﬁhtually carbonyl compounds (see
Scheme 3). This method serves as a usg;ul means of pre- "

paring aldehydes and ketones.

SCHEME 5[’
0

OCHR .

'/OH »
=N + RCHO (7)
During the reactions of a series of‘Efnltrobenzyl

halldes, and specifically W1th‘E;n1trobenzyl chlorlde,’e

second reaction pathway has a chance to compete and it is

this second process which results in carbon alkylation,

(-4



>=-N02 + R-CHX — R-CHZ—-}—NOz + WX~

\’,\ g
. B

Oon the basis of rate-studies, e.s.r. detection of
intermediate éﬁézkes, and the observation of inhibition
by m-dinitrobenzene Kornblum27 proposed that carbon
alkylation, in contrast to dxygen alkylation,‘is a
radical-anion process. The final product emerges from a
selective coupling‘of 2-nitro—2—b:opyl and p-nitrobenzyl
radicals. Later, Russell?8 ang Kornblum29 concluded that
this reaction is a qpain process invélving as a key step
the attack of the p-nitrobenzyl radical upon thé 2-nitro-
‘2 propyl anion. The radical-anion adduct acts ‘as an
electron transfer reagent, which rapldly transfers an
electron to the p-nitrobenzyl halide (see Scheme 4).

Subsequently Bunnett30 recognized -this reaction as
providing a mechanism for radical mediated nuéleophilic
aromatic substit@tion and préposed the name Sgyl. This
mechan1sm is un1molecular in the same, ‘sense as le,
except that unymblecular bond fission occurs in a radlcal
anion instead of in a neutral leecule. However, it
should bé pointed out that in the Syl mechanism, the
departure of the leaving group is the rate determlnlng

step, whereas in the SRNl mechanlsm thls may not be the

f

3
I <

(8)

-~



SCHEME 4 T

HCI” | <
o \
—— @ + >-—N02 | (9)
| NO,
H,
+ Cc - (10)
NO,

(11)




~

‘case in all the reported examples. The relevanﬁ

~

" mechanistic steps are outlined as Scheme 5.

SCHEME 5 \
. .' ( o‘ ‘} ‘\
Arl + electron donor —= ArlT +  residue
ArlS  —— Art ot 1T
Ar+~ + NH, —  Ar=NH :
Ar-NHT + Arl  —  Ar=NH, + A

Today 81ngle-electron transfer 1s _perhaps the most

1mportant mechanism under studyyka'large body of

ev1dence now exists in support of the view that these .

proce@ses occur more frequently than was prev1ously

rrealized. A wide variety of chem1cal épegles are known

!

| o

to act as donors in electron trampsfer reactlohs{\ For
example metals,3174l organometallic reagents and s
carbanions, 42755 anjons, 56-64 metals in their lower

oxldatlon states, 82~ -72 ‘Lewis bases 73-179 and alkyl

\

'radxcals72 +80~- -83 are recognlzed be1ng able to transfer’

an electron to approprlate subétrates. Conversely, when

- energy requlrements are satlsfactorlly met carbonium
jons ,84-86 metal 1ons in their hlgherroxldaplon

N

N

(13)

(14)

(15)

(16)



electron to various organic substrates 1s well docu-

mented.

aliphatic ketones may react with aromatic ketones by an

‘states 67, 87 90 aromatic hydrocarbons,91 =917 molecules
‘with electronegative substituents.89 =99 and
.radicalsloo -101 accept electrons to. produce the corres—

“ponding ions, radicals, or radicaleanions.

'Many reactions haue heen reinyestigated and'their :

‘mechanisms reinterpreted. The condensation of'an alde-

b

hyde or ketone in the presence of a base (Aldol condensa-

tion) is an important synthetic reaction. the mechanism

<

of which is con51dered to be polarlin nature. -Neverthe-y

-,less, the ability of enolate anions to transfer a 51ngle

The'possibility,that'avradical-chainpmechanism may

be operating‘in these condensations was investigated:by

ALY

“Yaz? ' . .'

Ashby 102 From rate studies in solvents of different

dielectric constants and from e.s. r. spectroscopic re-

~sults, 1t was concluded that typical enolate anions of

.electron transfer process to produce paramagnetic inter-
‘mediates. The kinetic analysxs showed that some para— |
~magnetic 1ntermediates disappear at the same rate that
.the condensation products form. Large amounts of free :
“ketyl are observed when the pathway to condensation |
'product is’ blocked by steric hindrance._ These observa—i'

»ftions are conSistent w1th the mechanism outlined

LU

Kl




in Scheme. 6. o “ S
oL - . ‘; : . | .v" i‘ | . ’
o o - schEME 6 |

' dtransfer route.: Convincxng ev1dence has been presented ~

A

5d he study of the Grignard react1on w1th ketones has

4‘af.valso been a subject for 1nvestlgat1on.' For man'*years j

the react1on was | proposed to occur by a polar rou!

‘_1nvolves an attack of an anionic carbon upon the farbonyliﬁ-:

group.x Since 1964 however, posxtlve advances have been

‘.made towards the understanding of the 51ngle electron e

»

.for 1ts occurrence in some Grignard reactlons. Thls ;if
: fevidence 1ncludes the formatlon of anomalous products
1"iwhxch cannot be explained by aPPIY1ng the polar mechan—‘gfd
fism: p1nacols. hydrocarbons, other products arlszng from }

'uhf;coupllng of the kety11°3 109 (5cheme 7)'£"

- (18)

- | S
\\\3 oLi



‘ Another body of evidence ar1ses from - the observa— :
‘:tion of rad1ca1 speczes by phy51cal and chemlcal tech-

niques. 103 110-112 ppe 51ngle electron transfer route

fhas been openly demonstrated and proposed in a few

- ‘.
SCBEMEZ?

&

L |
b : . . . ! b . T

>=o + R_",'ng' —_— >“*dM9X R - Q9)

10.

R I
R R,

- Pinacol ,‘A'°9h°" i Ot;.,.bérf?'c’d"ct?

The reductlon of alkyl and aryl halides w1th sodlum

?borohydride 1s well known and has been proposed to pro-a )

ffceed, dependlng upon the structure of the halide, v1a an’

”rfSNI process,115 and an 5N2 process, or. nucleophilxc

L afrte

'é,attack on ha10gen 115 D e |
In 1973 Baltrop117 studied the reaction of halo—



'genated aromatip hydrocarbons w1th sodium borohydrlde in
aqueous acetonltrlle. The reactions were carried out
under 1rrad1ation at 254 nm. The sole organic product in
the‘case of halobenzéges was benzene formed in guantita-

tive yield and with quantum yields considerably'in excess

x

r

of unlty.‘

The, radlcal chain nature of - these processes was con-

firmed by us1ng acrylonltrlle an n efficient trap for
.phenyl‘radlcals.' Photoreductlons were totally 1nh1b1ted

'iby small“amounts of acrylonxtrlle.‘ Quantxtat1Ve photo—"

reductzon and 1nh1b1t1on were also observed for 2-bromo-

naphthalene and 9-bromophenanthrene. A mechanlsm con-..

‘s1stent wlth these flndlngs 1nvolves a free rad1cal chaln

process,vwhose propagation sequence contains an electron

transfer from the:borane radioal-anion to the halides as -~

~_shown in Scheme 8.

SCHEME 8
';Tlnltlation: | | )
Cenx A _ [Phx] S — Ph + X
Propagation :j | | | Vo
Ph + BH4 | '—" Ph" | + B"; A,

(21)

(23)

1l1.



A similar mechanistic pathway was prOposed by

Groves118 for the conversion of gem -dlbromocyciopropanes .

-

._&"

to .the correspondlng monobrdmldes in DMF.

»

Br R

~N. B O DME. N
| -+ NaBH, —° 4 (24)
"~ Br > H AR

=]
Y

Althbugh-thé~initiation step is notvclearly defined

the results of the study are in accord with the mech-
anistic scheme proposed by Baltrop.'l’

@

‘SCHEME 9 . )

Initiation: . *

]
- A

BH; + X — BH7 + XH- .

H

Propagation:

4+ BHy —=




D

] "actions 1n whxch they are used, e1ther as reactants or as

lxntermedlates, 1n synthetxc procedures.- In the donor-'

Electron transfer involving lithium aluminium

hydride has also been reported.l19-121 ©o-Bromopheny]

dihYdrobenzofuran. Lithium aluminium hydride acts<not

algyl ether_produces-phenylallyl ether and 3-methyl-2,3- .

only as a source of electrons but also hydrogen atoms as

111ustrated in Scheme 10.

" SCHEME 10

Recent studxes ‘on chem1stry of organometalllcs have

-standlng of electron transfer reactxons._ Interest 1n

-

;brought some 1nterest1ng new 1ns1ghts lnto the under-ewf’

: thls f1e1d stems largely from the w1de varxety of re-,f5:'

13,

ey
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LY

¢
acceptor 1nteract10n, which precedes electron transfer,

-organometalllc substrates prefer the role of’ donors, but
can also play that of “an. acceptor.\ The very 1mportant .
role of electron transfer mechanlsms in organometalllc

-chemlstry has been rev1ewed‘by Koch1 122‘123

/
Organotln hydrldes are a class(of organometalllcs of

Y

_partlcular 1nterest and thelr Value 1s now widely”
recognlzed amongrorgan1c chemlsts. In 1959 Noltes.and
-‘van der Kerk124 -126 dlscovered that trlphenyltln hydrlde
vreacts w1th allyl bromlde to give propene and trlphenyl-
'“t1n bromlde 1n quantltatlve yleld under mlld condltlons
’(room temperature). These orlglnal reports were followed
,by a number of other papers concernlng the scope and
vmechanlsm of the reductlon of alkyl ‘and aryl halldes wlthp.'
dlfferent organotln hydrldes." | \

Ku1v11a127 132 made a s1gn1f1cant contrlbutlon to_

"the understandlng of the reactlon and proposed a radlcal-”"

_.L'chaln mechanlsm for 1t,_based upon severalvobservatlons

:(Scheme 11). Ku1v11a found that reactxons show catalyS1s
. by AIBN and ilght, and 1nh1b1t10n by small amounts of hy- ”:'x
“'droqulnone. Addltlonal ev1dence of a carbon-centered freej:
’"gradical 1ntermed1ate can be adduced from the fact that

'_4opt1ca11y actlve a—phenylethyl chlorlde on treatment w1thfI7

f,tr1phenylt1n deuterlde yxelds racemlc u-deuter1oethy1— r"d;
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In- + HSnR; —— InH + -SnR, S (30
RX + -SnRy — R+  XSnRy . - G

*

R+ _'H_Sn.ﬁé —' : R'"H;‘ + 'SnR; 32) .

. 2RsSn- — R;Sn-SnRy ,;“ o  ‘1]:1&;3)

2R, — v_a"/.._n_" S o i\ SR | BT

benzene._ Similarly,lé-fand‘y-methylallYI'chlorides'each

lead to the fo%gatlon of m1xtures of" l—butene, -and cis-
.and_tggggfz butenes. Thlrdly, the reduction of propargyl
| bromlde leads to the format1on of both propyne (85%) and
"ljfﬂl ;;‘,1 allene (lS%D |
L The most s1gnif1cant feature 1n thls mechanlstlc
}ischeme 1s the proposal that the halogen atom 1s ;f_;i

~v."..v.abst:x:act:ed in a dltect manner by the trlalkyltxn radlcal.g,'f




SRS

C ..

o reactlons agreed well w1th the orde '

-

Tt

(s Th1s radlcal—chaln mechanlsm 1nvolv1ng a halogen

e .

' abstract1 n in thé propagat1on sequence was later

_conflrmed by the work of - Carlson and Ingold 133 They - ©

”

came-to the'conc1u51on,that in the.process,-dependlng

o upon structural varlatlons, "either the X* abstraction B

(alkyl chlorldes) or the H abstractlon (alkyl bromxdesf::\
methyl 1od1de) can be the rate controlllng step.
" Coates and Tedder134 also accommodated thelr results

in th1s scheme._ They studled the reductlon of . alkyl

halldes by trlmethyltln hydrlde in the gas phase and con-,:

cluded that dlfferent halogens are’ abstracted by Me3Sn
from similar 51tes 1n the order Br > Cl > F..
Tanner135 examlned the conver51on of benzyl halldes

1nto toluenes by trl—n-butyltln hydrlde. /He found that 4

-

the relat1Ve rates of reductlon determlned by com vi'

’v1ously reported
for the relatlvr 3N ahkyl halldes 128 ArCHzI >

ArCHzBr > ArCHZCl a-Fluorbtoluene and other alkyl

fluorldes were completely unreactlve under the cond1t10ns L

employed 1n thls study (90°C, solvent benzene,vlnltlatlon'

by benzoyl perox1de).;“s

' 7f Three mechan1sms may be cons1dered to exP1aln thet"at

S ?"f,’g_"ﬁ"
Lack of rea°t1V1tY of the fluorldes-ff' ST R

16.
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a. A direct hdlogen transfer from the benzyl halide

to the stannyl radical, as proposed by Kuivila.128

- *L o
ArCH2X + 'SnRaz—:ArCHz"‘X"*SnR?J—— ArCH,", + 'XSnRa (36)

A‘high activation enefgy for the abstraction stép would
account for this non-reactivity.

b. A two step abstraction, which involves a
reversible stannyl radical addition to the hangen, to

3

form an intermediate with an expanded octet.

{' . - o6+ ¥ )
ArCH,X- -fSnR3d‘=? ArCH,-X-SnR,

- ArCH, X + -SnR, S

) 3- 5+ * . |
v_'{A'rCHz---XS_nR:]—‘ ArCH, + XSnR, | (37)

136

This mechanism was originally Q.sed by Sakurai
. in 1972 while investigatiﬁg'tﬁe peduc€16n of benzyl
chlorides by &riethylgermanium hydridé under almost simi-
lar conditions to those employed to study the .reduction

USing.triﬁgjbutyltin-hydride'(90°c,-benzene, benzoyl -

peroxide). Fluorine, a first-row element, is energeti-



~cally incapable of expanding its octet, and would not
undergo reduction by this mechanism.
c. A radical-chain process which includes transfer

of a single.electrOn from the tin radical to the halide,

in the propagation sequence as shown in Scheme 12.

SCHEME 12
ArCH,X + SnR; ——  AICH, X" + *saR, - (38)
ArCH,X™ —— ArCH, + X (39)

ArCH, + HSnR, —= ArCH, + -SnR,
This mechanism would also suffer from the same limita-
tion. A high activation energy would be required forA
eleétron transfer to the electronegatiye fluoride.

Tanner135 calculatea the enthalpies of reactions for
reduction of halides proceeding by eq. 36, and then,
using these data he determined the corresponding
activation‘energiesty the application of‘either the
empirical Hirschfe}der ruigsl37 or the empirical method
7uggested by Semenov.138 He came to the conclusion that
all of the benzyl*halides are capable of undergoing a
favorable direct abstraction progess.

\'
The total absence of reactivity of the fluorides

18'
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¥
towards the tin hydride suggests that either the mech-
anism incorporating an intermediate with an expanded
octet (37) or a mechanism involving electron transfer
(Scheme 12) may be operating in these reductions. Some
insight into this dilemma was obtained by analyzing the
relaﬁive mégnitude of the p values obtained for the re-
duction of a series of benzyl chlorides, bromides and
iodides. Both of the mechanisms, if subject to polar'
substiﬁuent effects, would be predicted to show Hammett
equation correlations which follow o~ substituent con-
stants. If'oniy one mechanism were- involved, then the
relative magnitude of the p values should be the inverse
of the relativé rates since reactions which occur more
readily should be less susceptible to substituent
‘effects. The iodide series was expected to have the .
smallest p value. The series of benzyl bromideé showed a
lower p value than the chlorides (p = 0.17 vs p = 0.34)

as expected. However, the p value for the iodide series

M——;«~w§s?abnormally high (p = 0.81). This relative Ordering'

of the‘magnitude of the p values is inconéistent with the
operation of one mechanism for the reduction of the
halides with tri-n-butyltin hydride. It was suggested
that the iodides are reduced by a different mechanism
than the bromides and chlorides.

The high p value observed for-the series of benzyl

19.
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iodides was considered to be indicative of a greater
charge separation which would be the case of the glectron
transfer process. Consistent with this hyppthesis was
the lérge solvent effect observed when the reductions of
the iodides were carried out in acetonitrile. "The »p
value became more negative. On the basis of these obser-
vations Tanner proposed an electron transfer radical-
chain mechanism for the reduction of benzyl iodides.

In the last five years aliphatic nitro cempounds
have been widely used as sybstrates in electron transfer
reactions. Aliphatic and élicyclic sec-nitro compounds
are synthetically useful in carbon-carbon bond formation
processes under hild ®nditions. The resulting product
in these processes is a tert-nitro compound in which
other functional groups may be present. The utility of
these methods now appears greater because of ‘the feasi-
bilty of replacing the tert-nitro group by hydrogen.

Four methods so far eiist for this purpose. 1In
1979, Krasuskal3? reported the reductive elimination of

tert-nitro group in 5-nitro-1,3-dioxanes. An ethylene

glycol solution of potassium hydroxide was used as the
reducing agent. Thé‘radical nature of the process was
1nferred by carrylng out the reactlon in the probe of an

ESR spectrometer whlch gave 51gnals of an unpalred é



w

NO, - R _H
KOH —ethylen& glycol (a1)

:><? 120 —140%C

~

electron localized on the nitro group of the 5-nitro-1,3-
dioxénes. Experiments usihg deuterated“pptassium
hydroxide,‘g;deuterated} and perdeuterated éthylene
.g9lycol ‘led to £he conclusion that hydrogen abstraction
_tékes place from .the -CHo- of thé glycol.

kornblum!40 replaced the nitro group by the hydroéen
in a wide variety of tert-nitro compounds using the |
sodium salt .of methyl mercaptan. The substrates utilized

'in this work were empirically classified into three dif-

ferent categories on the basis of the influence of the <

sol&ent on the course of their reaétion with the thiolate
anion. The first group comprises Sliphatic or alicyélic.
syStems; The reduction of these substrgtes cleanly
proceeds to afford the hydrogenated compound'as‘the
unique product regardless 6f_the solvent employed ( DMSO,

DMF, HMPA).

CH3S™-

RaCT'NO2 g Rs

CH B ‘ (42)

21..-



The second group is formed by a—afylated‘nitroparaf-
fins;"Here, a cohpefitive process takes place depending
upon the-sglvent.‘ When feactions are conducted in DMF,
the sole result is the replaéement of the nitro group by
hydrogen, whereas, in HMPA reélacement‘by hydrogeh and

" thiomethyl both occur.

Ar-+4—4402

>

Ar H + Ar-H-scu3 (44)

HMPA

'An important feature in the reductioh of the -
~arylated nitroparaffins is that hydfdgenapéd proddctsrdo
not arise from further réaCtion of the thioethers. The
‘last‘groﬁp of'substfaﬁeé involves a va;iety of u—nitro—
cumenes. - In this series,-regardless of'the'solvent,.thé
: methyl thioether is éérmedvfifst ahd then.it'is converted

(&)

to the cumene.

: CHas~ | CHsS~ |
Ar—+—N02. 357 ard Scﬂa'*i‘f.Af*+-H'ﬁ' (45)

o |

wth W

22.
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‘The second process, reblécement of the thiomethyl

group by hydrogen,»occurs at rates cbmparati?ely slower '

than the formétion‘of_the methyi thioether. For all of
'the three groups of nitroparaffins the sol#enﬁ has a
large influence on rapes.,.Reaétions are much faster in
. /HMPA than in DMF or DMSO.
'/m A numbertof addifional«obsérvatiohs léd-Kornblum to
.prppose a radical-aniOn-free—rédical chain meéhanism‘for\
the replacement of the nitro group by hydrogenu_'All -
processes‘show inhibitiqnvby di{éﬁs&;butylnitroxide'and
_ﬁrdinitrobeniene.' Moét'qf the reactions take place in
the dark ét é;mea;urable rate, bqt‘they aré‘Unambiguouély
- V‘accéleratedbby light. These observat;ons are feaéily
accounted for by the sequeﬁce'of steps_deséribed by |

equations 46—49 in Scheme'l3.

SCHEME 13

-NO.. CH.S" fa__;f‘_ -NOT S (46
R-NO, + CH$™ —— R-NO; ¢ ‘cnas‘,,. (46)

R-NO] — R~ .+ NO; - (47) .
R-NO, + CH,8 &ff"‘.R‘NO;‘i+foH2S, @)

i

A simplistic interpretation for thioether formation

!

23.
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can” be envisioned from an alternate encounter of the
radical generated in equation 47 with the methyl-

. mercaptide ion to give a radical-anion followed by
electron transfer to the starting nitro compound.
o ‘ ' e
R- + CH,S© —— R-SCH3 | (50)

3

R-NO, + MR-$CH; —— R-NOj + R-S5CH; (5D

4
] : v -

HoweVer,.this,assumption does not provide a satisfactory
explanatioﬁ for the fact that regardless of the solvent
used,aliphatﬁ;‘and alicyelic,nitro compouhds abstract
.donly hydrogen frdm metﬁyimercaptide ion, whilé B-arylated
nitroparaffiné alsonform‘thioethers when the reactions
‘are carrled out 1n HMPA. |
Kornblum140 proposes that B-aryl radlcals differ

-_from the other radicals in that they can cyclize to,
"spiranes; A nucleophiiic displacement byvthe methyl
mercagt;de 1on on one of the carbons of the sp1rane ring
leads to the formatlon of a relatively stable radical-
- anion. This Species»trahsfers one electfbn‘t0=the
startlng nltro compound wlth the overall result of a
n1tro group replaced by th1omethy1. The' hydrogenated
H'product>ar;ses f;om.hyd;ogen:abetra¢t1on by the open—“

chain radical.

24.
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[

O
|

In HMPA the nucleophilic attack competes with the

(52)

Y—{<::>>—*——+—41 (48)

hydrogen abstraction process, whereas in DMF only the
last process occurs. . Radicals from aliphatic and ali-
cycllc nitro compounds are unable to form the splrane and
no thloether can be observed : .

The pattern observed in the series of a-nitro-
cumenes; initial fornation of methyl thioether followed
by slow\conver51on to the cumene, is’fationalized by A
vaKornblum in terms of a klnetlcally ‘controlled process.
Cumyl rad1ca1s are well stabilized and consequently they
-are less reactlve than a 51mple alkyl radlcal because
the odd electron 1s delocallzed 1n the phenyl mojiety of
the system. These radlcals can abstract a hydrogen atom
from the. methyl mercaptlde ion 1n a slow, but 1rrevers—_
'ible process. As a consequence of thls, relatxvely low
energy radlcal anions are’ formed by collapse of cumyl
'-‘ radlcals and mercaptlde ions in a rapxd but rever51ble

reactlon.
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. CH, |
- CHyS™ @ SHaST ' (53) .
slow . ' : .

Y ' Y

The formation of methyl thioether derives from an elec-
tron transfer process, which also generates the chain

carrying radical anion of the nitro compound. .

-

Y Y Y Y |

: These cumyl thioethers are reduced to cumenes by the
continued action of the'sodidm.salt of methyl mercap-
tan. These transformationS'aré:eaSily pndqrstood on the

basis of equétions‘SS-to 58 in Schehé_l{,

.



SCHEME 14

.+

(56)
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.. The oattern followed by a-nitrocumenes can be
considered as a variation of the mochanism used»to
rationalize the chemistry of the_firit"two groups of
Eggt}nitro compdunds; n |

In 1980, Onol4l repotted the }eplacement of the
tnitro gréup by hydrogen in a series of s?cdndary aho
tertiary aliphatic nitro compouods using l-benzyl-1l,4~-
dihydronicotinamide as tﬁ% feducihg agent in solveots
benzene, DMF and HMPA. The substrates utiliZed in

this work were highly'actiyated compounds of the tyoeﬁ
(Rl)(RZ)(Y)CfNOZ'there Y is the cyano, carboalkoxy or

_ keto~ group. The réeqtion does not occur in the dark,Abut

7
shows initiation by 1lght and catalytic amounts of AIBN,

aperoxyoxalate, and sodium . dlthlonlte. - The

‘ &

1nh1b1ted by m—dlnltrobenzene or di-tert-
Ono suggests that the reductlon takes -

f;electron_transfer'radlcal chalnrreactlon.

~

;iydrogen in tert—nltroparafflns is the
subié; fof the first part of this thesis. We have
-ﬂv? the reduct1on of a varlety of_tgig —nitro"

‘ ﬂ&;h trl-n—butyltln hydrld »;n~benzene as
a solvent. “The . substrates used for his‘purPOSe
were 2-(n1trocyc10hexy1)1sobutyron1tr11e A1), E?fs

cyano—u-nltrocumene (I1), and 2,3- dlmethyl ~2- (Rf>

28.
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SCHEME 15 g

 R-NO; —_— R  + _N‘O- _’ , “ (60)




. . _ o \
benzenesulfonylphenyl)-3-nitrobutane (III), which

correspond to typical examples of each.of fhe_thrée

groupé of tert-nitro compounds empirically esfablished by

Korhbium.140 _in addition, a—nitrogumene‘(IV)‘Was algo'
includeGJS This substrate waé~the-least succésSful‘
exampie of the synthetically useful reductions carried
out by Kornblumwith sodium thiomethgxide since'it,
yielded'a mixturé 0£.produc£s in which only 29% |

corresponded to cumene.

30.
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RESULTS

The four tertiary nitro compounds (I-1V) used in
this work were synthesized by methods previously

described by Kornblum (see Experimental Section).

CN NO, NOp NO,
NO, '

Ortt

CN /v SO,Ph

| I T v

Under satisfactory reaction conditions, treatment of
these substrates with triﬁg;bu}yltin hydride cleanly led
to the replacement of the nitro-group by hydrogen. The
products resulting from these reductions were 2-cy¢lo—
hexyl-2-cyaﬁopropane (Ia), p-cyanocumene (I1a), 2,3—d}—
methy;—Z—(B;bepzenesulfonylphenyl)butane (Il;alg and
cumene (Iva). n B &

A typical primary (l-nitropropane) and several secondary
(2-nitrppropane and nitrocyclohexane) nitro compounds
werc inert to this procedure.

The reduction mechanism of tertiary nitroparaffins

was shown to préceed by a frée-radical,ghain process by a

o
»

31.



CN

CN ~ SO,Ph

la lia Illa IVa

comparison of the yield of products obtained from thermél
reactions of the reactants under a‘set of standard con-
ditions (solvent benzene, 'at 38°C or 90°C, 18 h in the
absence of light or oxygen) with}fﬁose arising from
reactions carried out under Copditioqs to test initiation
by light and benzoyl peroxide and inhibition by\gr
dinitrobenzene. Additional information in regard to the
mechanism was obtained from reactions conducted in the
presence of hexa-n-butyldistannane and oxygen. The yield
of products was determined either by glpc or hplt (see

)
Experimental Section). The results of these comparative

reactions are listed in Tables I-III.

Mixtures of nitro compounds I, II, and IV were rela-
l
tively unreactive (1-7%) at 38°C in the dark .in absence

of additives (Table 1, reaction 5; Table I1I, reaction 4;
Table II1I1, reaction 5) When the thermal reactions were

carried out at 90°C, the observed reactivities were

relatively higher to afford the reduction products in

s

32.
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'}abput 40% yield (?able I} reaction 9; Table II, re-
~actions 3 and ?; Table LfI, reaction 3).

fg;Nitro compound 1 showed enhanced reactivity with
tri-n-butyltin’ hydrigde uﬁder exposure to light at 38°C.
The reduction could .be initiated by irradiation of the
reaction mixtﬁre at a wavelength where the substrate
showed tail absorption (3500 A). 1a was produced in 96%
yield (Table I,.teactiops 4 and 5). However, under
identical conditions of_irradiation-eompound IV yielded .
only 7% of Ive aﬁd a number of other products resulting
from the photolysis of the eubstrate:. a-ﬁethylstyrene*
(42%); and a-nitrosocumene (14%). Bicumyl was also pro-
duced in 5% yield. On the basis of these results no
further use of pﬁotoihitiation was attemptedveince it

appeared that, in some cases, the photodecomposiffion of

the nitro compouhd was competitive with its cHain.
reductlon. ' _. N | .

When the thermal reactions at 90°C of all of the
‘nltro compounds were cerrled out in the presence of
catalytlc -amounts of benzoyl perox1de (4%), the yleld of
the correspondlng reduction products were con31derably_
h1gher than those detected in the reaction without
" initiator (Table 1, reactlons 1 and 8, 3 and 9; Table’II,
reactions 1 edd 3, 5 and 7;.Table 111, reactions 2 and
3).. The effect of added benzqyl peroxide was ﬁore

noticeable when larger amounts of initiator were used.
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~ Addition of 8% or 12% of initiator caused a pronounced
increase of the degfee of feection and led to the
formation of reduction products in synthetically useful
yields (Table I, reaction 10; Table II, reactions 2 and
_6; Table III, reaction'7).

Both the benzoyl peroxlde induced reactions and the

dark thermally initiated reactions were 1nh1b1ted by the

addition of m-dinitrobenzene which presumably acts as an

electron trap and interferes with the chain (Table I,
reactfens 3 and 6 or 7, 5 and 11, 9 and 12; Table I1II,
reactions 1 and 6).

It was conceivable that the uninitiated reactions
were initiated thermally by-the homolysis‘of a small'
amount of_hexafgjbutYIdistannane; which appears to be
aiways present»in the starting ﬁrijﬂfbutyltin hydride.
However, addition of tﬁis distannane to the reaction
mixtures at 38°C and 90°C did not appear to affect the
yield of the uninitiété@ reduction rea;tiohs (Table I,
'reactlons 5 and 13 9 and 14). Fufthermere, nitro
c%?pound I was not affected by hexa -n= butyldlstannanerln
the absence of trifgjbutyltln hydride. When mixtures of
1 and the distannene in a mole ratio.l:3.were subjected
to reactlon at room temperature, 38°C, and 90°C no la nor

nonchain products (coupllng or dlsproportlonat1on) were

detected, and the substrate was.recovered unchanged

39.
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(Table I, reactions 15, 16; ahd‘17).

It is widely récéénized thét molecular oxygen
interferes with radical processes acting either as in-
itiator or inhibitor. Although the free-radical re- |
duction was not noticeably affected by the oxygen present
in the undegassed reaction ampules (Taqle 1, reactions 9
and 18, 10 and 19), the mixtdkés‘were routinely degassed
prior to reaction only as pért of the standard procedure.

On the basis of yield of products, thg»tih hydride
reduction of Eertiary nitro compounds compares favorably
with Kornblum's.methodl404(see Table IV). However, it
.sﬁéulg be pointed out that the yields reported in this
work were determined by glpc or hplc analysis, whereas
the yields reported by‘Kornblzm for compéunds I, 11, and
111 correspond éo isolated pr6d0cts. h

Apart from the intrinsic interest from the mechaq;
istic point of view, this reaction wag also shown to be .
nbteworthy for its(potential value in synthesis. The
reducfiqﬁ of Efcyano¥a—nitrocumene (iI) toﬁgfcyaﬁoéumeme
(IIaf was cafried out as illustration of a syntheticaily
useful reacfion. A beﬁzene solhtioﬁ of:nitro compOund,
‘:'tri:gfbutyltin hydride and benzoyl peroxiaeﬂﬁas heatedjtbv

;feflux undef an atmoSphére of nitfogeh. "Tin éompouhds

»weré separated from the‘reaction'miﬁture'by filtratibn @é;
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after treajiiapt with iodine followed by preCipitétion

with'potéf joride. The'impure-material was

purified § fography to afford a colorless oil (75%
fd nmr spectrum corresponded to p-

cyand end »9}Experimenta1 Section).



DISCUSSION

The reduction of te?tiary nitro compounds ké hydro-
carbons witu%;rijgjbutyitin hydride takes place {n a
mechanisticéiiy prédictable manner, free‘jfom{expéri—
mental complicatioﬁé; The dark uninitiated reactioné of
these reactants at 365C and 90°C could be aCceléréted by
irradiation at 3500 ; and by the‘addition?of small
_amounts of benzoyl peroxide or inhibited by m-dinitro--
benzene. The,resulté of these cdmparative reactibns.
clearly/established the reduction as one prééeeding by a
radical chain mechanism. The initiating step in both thé‘
photo and chemically iﬁduced reactions leéds to the

formation of stannyl.radicals.

Ph,otoinit‘iation-:

h . - L
R-NO, — R-NO; R - (63)

R-NO; + HSnBuz  ——  R-NO,H 4 SnBu, (64)

Chemical Initiation: o I

. | | R |
In, —— 2@~ - (63)
lne  + HSnBuy  —7%InH + -SnBuz (66)
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Radicals of organometals, particularly those with
alkyl groups as ligands are oredicted to be good eleotron
'donors;” Consequently, the efficienoy of an electron
transfer'process under a set of satisfactory reaction
conditions wouid depend upon the capability of the sub-
strate to aot as electron acceptor. The abilityuofl
,tertiary‘nitro_oompounds to accept a single electron from
Ia'yariety of donors has been demonstrated in a number of
'Qorks. These}include the already mentioned examples
reported by Krasuska,139 kKornblum,140 and Ono,14;‘where
the'nitro group is replaced by hydrogen. Many other.re-s\
actionsiof these substrates with‘the anion of thiophenol,
phenol,'Z-Carboethoxycumaran—3-one,142 and 2;nitro—
propane53 have also been rationalisedrin terms of

radlcal chain mechanlsms whlch 1nvolve the transfer of an .

electron from the anion to the nitro compound

R‘-'Nog, + A — R‘,,NO?-;_ + residue | (67)

.By analogy, the stannyl rad;cal once qene&ated from the
- startlng t1n hydrlde ‘would be predlcted to perform thls
'electron transfer w1th even more fac1llty.‘ The chain
mechanlsm of equatlons 68- 70 prov1des a 51mple bﬂgls for
understandlng the fore901ng facts and 1s con51stent wlth

,_what is known about related processes 135 140
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SCHEME 16

V . [
- . —_— _ - +
R-NO; —— R+ NOj 69)

R- + HSDBUS —_— RH + ‘SHBU3 (70)

The key step in this ﬁecﬁénism is the reaction of the
nitro compound with the stannyl radical, which generates
a transient\radical anion. The radical formed from the
decomposition of this translent intermediate is rapidly
converted to the hydrocérbon. An additional observation
supports this mechanistic sequence. Both the dark
uninitiated and the benzoyl peroxide initiated reactions
were inhibited by the addition of m-dinitrobenzene which
P | :

is recognized as a diagnostic for radicals and/or

radiéal—anions.143 The nitroarene intercepts the chain

.on,
-probably by takig@ a@ﬁglectron away from the transient

Ll iy N
¥4
P

radical-anion before b loss of the nitrite takes

place,52 or by scavenging radicals

R-NOj +

_ NO
: —— R-NO; + ¢} (71)
. L}

NO,

5.
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Y
144 Radical chains can also be

present in the mixture.
intercepted by molecular oxygén. The ability of oxygen
to prevent substitution of the tertiary carbon in
substrates where the potential leaving group is nitro or
chloro has been well documented by Kornblum. 22 Oxygen
scavenges the radical formed from the transient radical

anion and the resulting peroxy radicals pfesumably are

converted into hydroperoxides.

R~ + 0, ~—= R-0-00 ——  R-0-OH (72)

However, the reduction of tertiary nitro compound I with
tri-n-butyltin hydride was not noticeably affected by the
oxygen when reactions were carried out in undegassed am-

pules. Although no evidence is at hand, a possible

explanation for the lack of interference by molecular

oxygen is the ease of hydrogen abstraction from the tin

hydride even by the less reactive peroxyradical.145

0, R-o-o..ﬂgﬂaﬁ. R-0-0OH + ﬁnBus
R: (73)
/
\. " RH + -SnBua



The results obtained in the dark uninitiated’ re-
actions at 38°C and 90°C suggest a key gquestion about the.
nature of the initiation step in these processes. At
'least four initiation mechanisms can be considered to
"account for these observations:

The first is homolysis of hexajgjbutyldistannane,
which appears alQays to be present in the tri-n-butyltin
hydride. The low values for the bond dissoci?tion energy
of the Sn-Sn bondl46 suggest that tin radicals can be

easily generated by homolytic cleavage,‘when the energy

requirements are satisfactorily met.

A
BuysSn-SnBu; T 2 Bu;Sn- (74)

The extent to which the distannane compounds undergo dis-
sociation has been-the subject of several conflicting re-
ports. Some reports indicate that in dilute solutions
the compounds are dissociated, while in more concentrated
solutions they exist in the completely associated form.
Other reports indicate no evidence for dissociation.“For
example, Krauss and Sessionsl47 state that cryoscopic
measurements indicéte that hexamethyldistannane is almost
completely dissociated intobtrimethylstannyl radicals in

dilute solutions. As supporting evidence for dissocia-

8
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t;on Bullardl48 prepared 1,1,1-triethyl-2,2,2-trimethyl-
distannane by heating to reflux a mixture of hexamethyl-
distannane and hexaethyldistannane in benzene.

A second mechanism which aeserves consideration
involves electron transfer from hexa-n-butyldistannane to

the tert-nitro compound.

- g
R-NO, + Bu,Sn-SnBu; —— R-NO; + Bu,S5n-3nBu,75)

4+
BuySn-SnBu; — BuzSn® + -SnBu, (76)

Organometals of the type R,Sn and RgSn, can potentially
be good electron donors by virtue of the perrful in-
ductive effect exerted by the:alkyl groups. The occur-
rence of this initiation step has been suggested for the
radical reactions of hexaalkyldistannanesl49 a;d tetra-
alkylstannanes.150"152 The tin-tin bond of the distan-
nane radical cation generated in equation 75 is expected
to be more labile than the é{émagnetic precursor.
Electron transfer from trifgfbﬁtyltin hydride to the

tertiary nitroparaffin is the third mechanistic possi-

bility:
T T
R-NO, + HSnBu3 —_— R"NOZ + HSnBuy, (77)
+. +
HSnBu3 H + 'SnBu3 (78)
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The occurrence of the initiation step at low temperature
and its inhibition by m-dinitrobenzene suggests the pos-
sibility that tin hydride itself can act as the electron
transfer reagent in the same manner as proposed for
tetréalkylstannanes and hexaalkyldistannanes. Similarly
to these substrates( it can be proposed that the re-
actants are in equilibriuﬁ with their charge transfer
complexes, and that the charge tr;isfer complek dis-
socliates to R-NOZT and HgﬁBu3 either thermally or
photochemically promoted. The ggtter process coﬁld also
account for the photoéhemical initiation. The suggestion
of electron transfer from the tin hydride is consistent
with the sponténeous initiation'observed in a’number of
reactions involving metal hydrides. Tannerl35 reported
that 1n tﬁe reduction of benzyl halides with tri-n-
butyltin ‘hydride, the inddced homolysis reaction aépears
to take place only with the more reactive substratg .
Kochil®® also suggests that an inner sphere electro;
transfef'was in&oived‘in the spontaneously initiated\

\

addition of triethyltin hydride to tetracyanoethylene\in
solvents toluene and cyclohexane. \\
A fourth possibility, the thermolysis of the tri-n-

butyltin hydride can be considered:

A | _
HSnBug ~— 'H- + SnBu, . (79)



The relatively weak B-Sn bond154 suggests that small
éﬁounts‘of tin radicals could also be generéged by
homolysis of the tin hydride.

Some insight into the initiation step in the
uninitiated reactions was obtained by examining the
reduction of nitro compound I in the aark-at‘38°C and
90°C with equimolar amounts of tin hydride and di-
sqgnnane. Electron transfer from hexabutyldistannane or
thermolysis' of Sn-Sn_béndlcould be‘discarded as the
initiating act on the basis of fhe observation that the:
yields of product la were comparable to those obtained
under identical conditions in the absence of added di-
stannane. A similar conclUsjoh could b% obtained f;gm
the fact that this substrate wgs not affecteé\by hexa--
butyldistannane in the absence of tin hydride.

If tin radicals Eannot be generated from hexa- .
butyidistannane under the experimental conditions used
in this work, thermolysis of H-Sn bond is even less
likely to oécur since the bond dissociation energies
for Sn-Sn are lowef (46.7x4 kcal/mole)146 than the
bond dissociation energies for H-Sn (65.0 kcal/mole).154
The small amount of reaction which occurs at 38°C
in the uninitiated reactions of cdmpounds I, II, and 1V
‘fs probabiy not the result ofvthermolysis, since the

change in the extent of reaction, for a change in tem-

‘perature of 52°C, does not appear to be of sufficient

50.
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magnitude (compare the following reactions; Table I,
reaction 5 and 9; Table II, reaction 4 and 3; Table 111,
reaction 5 and 3). The observation that the tin hydride
reduction of benzyl haLidesl35 at 90°C in solvent benzene
5;pgcurs spontaneously only with the more reactive sub-
t‘s,trat:es supports this point of view. From the foregoing
facts we propose that'the initial stép in the uninitiated
reactions 1nvolves an electron transfer from the tin
hydride to the nitro compound as shown in equation 77.
From the'po1nt of view of ;ynthetlc utility, the
reduction of tertiary nitro compounds with tin hydride
compares favorably with Kornblum's method. Aside from
the high yields the tin hydride reduction\method has the
added advantage that side reactions are less likely ﬁo |
occur. For example, the reduction of a-nitrocumene with
sodium thiomethoxide in HMPA, which is the least success-

ful example in this series, affords a mixture of four

products where only 29% corresponds to cumene.140
(80)
Ph+NO CH3 ’.Ph-‘j( ¢ Ph—< + N _T_C:Ha
: 1T +
2 HMPA | T .
Ph | Ph

2‘9% 30% o 3% 9%.



The almost identical yields of cuéene and a-methylstyrene
suggest that these products derive from disproportion-
ation of the cumyl radical. On the other hand, the
Substantigl'amoﬁnt of bicumyl, which arises from radical-
radical combination, also testifies to the reluctance of
the cumyl radical to enter into reaction with the
mercaptide ion. The reductioﬁ of this substrate with
tri-n-butyltin hydride in benzene affords cumene as major
product (79% yield) and only trace amounts of u-methyl-
étyrene and bicumyl are detected. The difference in the
rea;tions is undoubtedly due to the ease of hydrogen
transfer wit§ the tin hydride compared to the less facile
transfer reaction with thiomethoxide. 1In the latter
case, the relatively stable cumyllradical undergoes
dimerization and disprdportiona;ion in preferencé to

hydrogen abstraction.
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EXPERIMENTAL

A. Materials.

7
4L

n-Undecane (99% pure) and octadecane (97% pure) were
purchased from Aldrich Chemical Co. and used without fur-
ther purificationé.

Cumene (Eastman Kodak Co.) was distilledi@t 84-85°C/
100 mm prior to use.

a-Methylstyrene (Aldrich Chemical Co.) was purified
by two consecutive distillations and the fraCtibn b.p.
162-163°C/700 mm was collected.

‘Triﬁgjbutylgin hydride and hexabutyldistannane (Alfa
Research Chemicals and Materiais) were used as ﬁhrchased-

m-Dinitrobenzene (Fisher Scientific Co.) was puri-
fied by recrystallization from ethanol: m.p. 88-90°C
(1it155 90°C). o

Durene (Aldrich Chemical Co.) was recrystallized
from agqueous ethanol: m.p. 79-81°C (1it155 7§°C).

Benzoyl peroxide (Fisher Scientific Co.) was
purified by ﬁecrystallization from dichloromethane-
methanol: m.p. 102-105°C (1it155 106-108°C).

Hexamethylphosphoramide (Aldriéh Chemical Co.) was
distilled from calcium oxide at 127°C/20 mm and stored
over molecular sieves 4A. |

Diﬁethylformamide‘(Fishe; Scientific Co.) was dried

over calcium sulphate for one day, distilled at 72-73°C/

53.
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40 mm, and stored over molecular sieves 4A.

bimethylsulphoxide_was dried over powdered barium
oxide, distilled (74-75°C/12 mm) and stored over molecu-
lar sieves 4A.

~Commercial benzene (Caledon LaboFatories Ltd.) was 7
shaken with concentraﬁed sulphuric acid (10% v/v) 7
times, washed with watér (3 times), 10% sodium carbonate
‘sélution, water, and then dried over anhydrous calcium
chloride. The benzene was fractionally distilled from
sodium wire, the middlé.fraction, b.p. 77-78°C/705 mm,
collected and SUbjECﬁﬁz to fractional récrystallization

at low temperature (sodium chloride - ice bath).

Nitrocyclohexane. This compound was prepared ac-

cofding to the method outlined by Nametkin, 156 using
cyclohexane (40 mL, 0.36 mol) and nitric acid (60 mL,
d 1.2 g/mL). The crude product was distilled ét 110°C/
40 mm: n22 1.4604 (1it156 nl% 1.4612); IR (neat) 6.45,

’ The lithium salt of nitrocyclohexane. Using the

literature proc‘edure,157 nitrocyclohexane (18.8 g, 0.146
mol) was converted to its lithium salt by reaction with a
methanolic solutiqn of lithium methoxide. The produft
was collecfediin quahtitative‘yield as an off white poQ—

der.

~ 2-Bromo-2-cyanopropane. This material was prepared

3




o -

+ \

from isobutyronitrile (25 g, 0.36 mol) and bromine (58 g,
0.36 mol) in the presence of phosphorus tribromide (98 g,
0.36 mOi) by  the procedure reportedoby Stevens.1%8 The 7
crude reaction product was distilled at 138-140°C/699 mm.

2-Cyano-2-nitropropane. This compound was synthe-
7

sized by the method reported by Kornblum.l40 A DMF solu-
tion (400 mL) of urea (38 g, 0.63 mol), sodium pitrite ,
(28.4 g, 0.41 mol) and 2-bromo-2-cyanopropane (40.8 g,
0.275 mol) yielded a crude product, which after distilla-
tion (70-75°C/10 mm) gave 7.6 g (24.4%) of 2-cyano-2- .
nitropropane: m.p. 34-36°C (1it140 35,5-36°C)."

2-(Nitrocyclohexyl)isobutyronitrile (I). This tert-

nitro compound was pfepared by the reaction‘of 2-cyano-2-
gitropropane (8.8 g, 0.08 mol) with the lithium salt of"
nitrocyclohexane (16.2 g, 0.12 mol) in DMSO (330 cc)}
according to the procedure reported by Kornblum.l‘i0 Re—
crystallization of the impure material from hexane gave a
white solid (8.7 g, 55.7%): m.p. 108.5-110°C (11140
108-109°C); NMR (CDCly) 6 1.45 (s, 6 H), 1.2-2.0 (m, 8
H), 2.5-2.9 (m, 2 H); IR (CHCl3) 4.46 (CN), 6.47, 7.24
(NOy) um; MS m/e 150, 81, 69.

Anal. Calcd for CygHigN,0p: C, 61.19; H, 8.21; N,
14.28. Found: C, 61.28; H, 8.31; N, 14.33. |

Sodium thiomethoxide. This‘material'waé}obtained by

passing methyl mercaptan (5 g, 0.1 mol), through a solu-
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Kornblum.140 The crude product, a yellow 011

tion of the sodium salt of 2-propanol,l40 (1.8 g, 0.08
mol of sodium in freshly d&stilled 2-propanol). The
final product, obtained in guantitative yield was a white
powder.

2-Cyano-2-cyclohexylpropane (la). This compound was

obtained from the reaction of 2-(nitrocyclohexyl)iso-
butyronitrile (0.4 g, 2 mmol) and sodium thiomethoxide
(0.42 g, 6 mmol) in DMSO u51ng the method outlined by
was puri-
fied by column chromatography (silica gel and hexane-
ether) and then by distillation (87-88°C/3 mm, 1it140
70°C/1 mm) to yield a colorless liquid: NMR (CDCl3) §
1.34 (s, 6 ), 1.07-2.1 (m, 11 H); IR (neat) 4.46 (CN)
pm.

N-a-Cumylformamide. This cOmpound,was prepared from

a-Methylstyrene (118 g, 1 mol) by treatment with sodium

cyanide (55 g, 1.1 mol) and concentrated sulphuric‘acid(

L

(250 gi in glacial acetic acid, using the procedure re-

ported by Ritter and Kalish. 169 Two consecutive

Kugelrohr dlstgﬁfgklons of the crude product, a yellow
oil, at 124-128°C/1 mm (1it53 93°C/0.1 mm) yielded 41 g

(25%) of N- a-cumylformamlde, a colorless 011.

a-Amlnocumene. This tert-amino compound was obtalned»

by the alkallne hydroly51s of N-a-cumylformamide (40 g,

C:

;‘ .

'\, Dlstlllatlon of the crude produpt (83-

56.
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86°C/10 mm. Lit>3 94°C/26 mm) gave 17.6 g (53%) of a
colorless liguid, n3? 1.5190 (1it160 n25 1.5175-1.5185)
having a NMR (CCl,) spectrum §°1.26 (s, 2 Hi,\l.37 (s, 6
"H) 7.1-7.6 (m, 5 H) which was consistent with a-amino-

cumene.

a-Nitrocumene (IV).. fhe general. procedure for the
transformat1on OfAEEEEfaﬁan 1nto.£g££_61£ro compounds
described by Kornblum161 was followed. Permanganate Oxi-
~dation of,a-amrnocumene (15 g,AO.ll mol) gave the product
(5.8 g, 32%), whose physical properties were éon51stent
with those given in" the literature>3; 22 1.5191 (11t162
720 1.5204); NMR (CDCl3) 6 1.97 (s, 6 H), 7.43 (s, 5 H)7 >
IR (neat) 6.51, 7.40 (NOp) um; MS m/e 119.°
‘. Anal. Calcd for CgHjjNO,: C, 65.44; H, 6.71; N,
§.48. Found: C, 65.54; H, 6.81; N, 8.38.

Lithium salt of 2-nitropropane. This lithium salt

was prepared in quantitative yiéld by the reaction of 2-
nitroprOpané (17.8 g, 0.2 mol) with a methanolic solution
of lithium methokide.157

p-Cyano-a-nitrocumene (II). 'Using the literature

procedure, 163_B;n1trobenzon1tr11e (14 8 g, 0. lgmol) was
subjected to reactlon with the llthlum salt of 2-nitro-
propane (19.0 g, 0.2 mol) 1n HMPA. 4The crude product,‘a

yellow1sh solid, was pur1f1ed by column chromatography on.

\ I

neutral alumlna using benzene as eluent,/and then re-

i ®
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crystallized twice from pentaneito give a :white solid
whose phyéical propefties were identical to those fe-'
ported‘for p-cyano-a-nitrocumene: mp 62-63°C (lipl63‘:
59.5-60.5°C); NMR (CDCl3) 6 1.96 (s, 6 H); 7.6 (m, 4 H) ;
IR (CHCly) 4.47 (CN), 6.46 (NOp) ym; MS-m/e 144, 116, 89.

Anal, Calcd for CloﬁloNzoz‘ C, 63;15f H, 5.30; N,
14.73. . Found: C, 62.84; H, 5.30; N, 14.76.

p-Cyanocumene (IIa). Treatment of Pp-cyano-g-nitro-

cumene (3.8 g, 20 mmol) with sodium ,thiomethoxide (&.g g,
60'mﬁol)>iﬁ umpal40 gave a yellow oil which was subjec£ed
to\Column chromatography on silica gel‘(benzené-ether,
49:1). After removing the solvent,vthe“material was pur-
ified,by gas chromatography using a 10% OV 101, Chromo-
sorb WAW DMCS, 10' -x 1/4" sﬁainlesé steel column, 5The
collected colorless oil was p-cyanécumene: NMR . (CDCly) 6 '
- 1.27. (4, 6 H), 2.97 (h; 1 H), 7.55-7.?5 (m, 4 H); IR

(neat) 4.46 (CN) um; MS m/e 145, 130.

4-Ni£rophenyl phenyl sulfone. The synthesis of
this compound was Cérriéd out by treating p-dinitro-
benzene (21.0 g, 0.125 hol) yifh sodiumjbehzene sulfinate
(23.0 g, 0.140 mol) in4DMSO.163? The_resultiﬁgibrqwn
solid was recrystalliiea'thféev?imes'from absolute
éthanolth'afford ag off whitejsolid: "mp 141.5-143°C

(1it164 140-142°C).

,4¥Phenylsulfony1-u—hitrécumene. ‘4-Nit;ophehyl,
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phenylsulfone (13.5 g, 50 mmol) was converted to 4-phen-
ylsulfonyl-a-nitrocumene from its reaction with the lith-
jum salt of 2-nitropropane (9.3 g, 98 mmol) 1in HMpa. 163
'de recrystallizations of the impure material from
absolute ethanol afforded a white solid: mp 118-120°C
(1it163 117-117.5°C); NMR LCDCly 6 1.97 (s, 6 H), 7.46-
7.70 (g, 5 H), 7.88-8.17 (m, 4 H).
2,3—Dimethy1jz:ip—benzenesulfonxlghenxl)—3—nitro:

butane (III). Using the literature procedure,53 4-phen-

ylsulfonyl-a-nitrocumene (3.05 g, 10 mmol) was subjected
to reaction with the lithium salt of 2-nitropropane (10.6
g, 110 mmol) 1in HMPA (100 ml). The crude product obtain-
ed from this reaction was recrystallized twice from meth-
anol to give a white solid: mp 141.5-143.5°C (1it°3 143-
143.5°C); NMR (CDClj3) 6 1.48 (s, 12 H), 7.40-7.65 (m, 5
Hy, 7.80-8.05 (m, 4 H).

Anal. Calcd for C18H21NO4S: C, 62.25; H, 6.05; N,
4.03; S, 9.22. found: C, 61.90; H, 6.16; N, 3.98; S,
9.21.

2,3—Dimeth11—2—(p—benzeneSulfonylphenyl)butahe
. ,
(IITa). This compound was obtained by reduction of 2,3-

dimethyl—z-(gfbenzenesulfonylphenyl)—3-nitroputane (0.44
g, 1 mmol) with sodium thiomethoxide (0.26 g, 3.7 mmol)
in DMF using the method described by Kornblum; 140 The

crude product was recrystallized twice from hexane to



give a white solid: mp 76-77°C (1it140 79.5-80.5°C).
NMR (CDCl3) 6 0.72 (d, 6 H), 1.21 (s, 6 H), 1.90 (h, 1

H), 7.40-7.63 (m, 5 H), 7.80-8.02 (m, 4 H).

B. Methods and Procedures.

)

&

All melting point values are uncorrected and were

1. Physical Constants.

obtained with a Reichert melting point apparatus.
_ -
Refractive indexes were'fmeasured on a Bausch & Lomb

refractometer.

2. Microanalyses.

Microanalyses were performed in the Microanalytical
Laboratory, Chemistry Department, University of Alberta,,

»
Edmonton.

3. Spectral Measurements.

Infrared spectra.(IR) were recorded on a Perkin
Elmer 457 spectrophotometer. Nuclear Magnetic Resonance
(NMR) sbectra are proton spectra and were obtained oOn
either a Varian Associates A-56/60 A, a Perkin Elmer R-32
90 MHz, or a Vvarian HA—lOO/Digiiab - 12 1inch Magnét spec-
trometer. Chemical shffts are expressed in § units. The
following symbols are used to denéte multiplicity:
singiet, s; doublet, 4; hepéet, h; mulﬁiplet, m, “Mass

Spectra (MS) were obtaiqed using a A.E.I. MS-50 high
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resolution Mass Spéctrometer coupled tfgg Data General
Nové 2 DS-50, with an ionizing voltage 6f 70 ev. Gas
chromatography - mass gpectra (Glpc-ms) data were
obtained using a Varian Aerograph 1400 gas chromatograph
coupled to a A;E.I. MS-12 medium resolution mass spec-
trometer with a Data General Nova 3 DS-55. Columns are

specified in the individual experiments. .

4. Gas Liquid Partition Chromatography (glpc) Anglyses.

Glpc analyses were carried out using a Hewlett
packard 5840 A gas chromatograph provided with either a
normal injector system for packed columns or a H.Pl
18835-B capillary inlet system for capillary columns. A
thermal conductivity detector was utilized for ;nalysis-
with packed columns, while a flame ionization detector
was used in case of capillary chromatography. Both de-
tectors were coupled to a Hewlett Packard 5840 A terminal
integrator.

In order to gquantify the products in reaction mix—
tures, calibration data were obtained by analyzing mix-
tures of known composition of standard (s) and authentic
material (x). Glpc response calibration factors, f s(x,
of the s#andard relative to the product were obtained

from the equation:
f

() (4

|

] ‘ ’ )

/



where A's represent peak areas, and M's number of moles.
Under the same glpc conditiens as fhose used to ana-
lyze the mixtures of known compositions, these factors
can be used to calculate the numbef of moles of products
formed and the number of moles of unreacted material in

the reaction mixtures:

(o)

The specifications of the columns used throught the

-

course of this work are given in the individual experi-

ments.

5. High Pressure Liquid Chromatograph (hplc) Analyses.

Hplc analyses were performed with a pPerkin Elmer,
Series 2 liquid chromatograph, supplied‘%ith a Perkin
Elmer LC-55B Spectrophotometéic UV detector and a
Differential Refractometer R.1. detector, and coupled to
a varian CDS 401 Data System.

Two types of columns were used: (1) Stainless Steel
columns (3.9 mm x 30 cm Porasil, 3000 plates per
column) and ¢2) Radial PAK-A:reverse phase permanently
bonded octadecylsilane, compressed by\a RCM-100 module.
The particular type of column, as well as, the standard

and solvent system used, are specified in the individual

experimehts. As in glpc analysis, quantifications of

62.
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products were carried out using f s/x values obtained
from mixtures of known composition of standard and

authentic material.

. - .
6. General Procedure for Reactions.

Reaction ampules were Pyrex tubes joined to 10/30
joints. The ampules were cleaned with chromic acid
solution, water, concentrated ammonium hydroxide, and
distilled water, then oven dried at 120°C. The reactants
were placed in the ampules, degassed by three freeze-thaw
cycles at 2-3 um (-198°C), and sealed under vacuum.

The degassed mixtures were subsequently ailowedvto react

under the desired conditions.

C. A General Procedure for the Reactlon of Nitroalkanes-

e

. ™ 4ith Tri-n-butyltin Hydride in Solvent Benzene. Re-

duction of 2-(Nitrocyclohexyl)isobutyronitrile (1).

An aliqﬁot sample (0.5 ml) of a stock solution which
was 0.08 molar in the compound I and 0.024 molar in n-
undecane (internal standaid) was placed in an ampule
wrapped with aluminum foil. Another 0.5 ml of benzene
solution of tri-n-butyltin hydride (0.24 molar) was added
and the ampule was degassed ané then sealed. The mixture
was subjected to reéction_in an o0il bath at 90°C; in the

dark,



dark for a standard time (18 h). The ampule was opened
and analyzed by glpc using a 10% UCON Polar 50 H 2000,
Chromosorb W. AW 60-80 mesh, 13' x 1/8" stainless- steel

column. The chromatogram showed 6 major peaks. The

‘structures of the compounds related to these glpc peaks

were established by a comparison of thelr retention times
and glpc-mass spectra with those of.authentic samples.
Three of the peaks correspond to tri-n-butyltin hydride,
tetrabutylstannane, and hexabutyldistannane. Two peaks
correspond to the starting material and the reduction
product Ia. Quantification of‘these'peaks against n-
undecane afforded 46% of I and 36% of Ia. The sixth peak
corresponds to the internal standard.)

One Oor more experiments were carried out to fest the
effect of each of the following: éoncentration‘of tri-n-
butyltin hydride, temperature, initiation by light, benz-
oyl peroxide, and hexabutyldistannane, inhibitibn by m-
di;hitrobégzéne\and 0,. The results and specific

conditions for these experiments are listed in Table I.

The Reduction of a-Nitrocumene(IV) with Tri-n-butyltin

Hydride in Solvent Benzene.

The reactions of a-nitrocumene with tri-n-butyltin
hydride in benzene were performed undef»anaIOgous
conditidns to those outlined in £he.general procedure

(degassed mixtures thermostated at a given temperature

64.
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for 18 h in the dark or light). The experiments were
those designed to test the effect of concentration of
tri-n-butyltin hydride, temperature, initiation by
benzoyl peroxide or light and inhibition by m-dinitro-
benzene. Analyses wereé carfied out by either glpc.
using a 10% UCON Polar, Chromosorb W AW, 60-80 mesh, 13'
x 1/8" stainless steel column or by hplc using a 10 cm
Radial PAK-A cartridge (reverse phase permanently bonded
octadecylsilane) and a 1:1l waté}—acetonitrile solvent
system. The structure of the compounds related to the
peaks observed in the chromatégrams were determined as
indicated in the general procedure. 'Determination of
moles of products was done againstlﬂjundeéane (internal
standard in glpc) or durene (external standard }n

hplc). The results and specific conditions of these

experiments are listed in Table III..

The Reduction of p~Cyano-u~nitrocumene (II) with Tri-n-

butyltin Hydride in Solvent Benzene.

The reactions of nitrocompound II with trijg}
butyltin hydride in benzene were carried out in an
identical manner to that described in the general
procedure (aegassed mixtures thermostated at 90°C or 38°C
for 18 h in the dark). These reactions invdlved test for
initiation with benzoyl peroxide and temperature

effect. The reaction mixtures were analyzed by glpc
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using a 3% OV-101, Chromosorb waw DMCS, 60-80 ﬁesh, 10"
x 1/8" stainless steel column. Bgsides the peaks
gssigned to tin compounds (tri-n-butyltin hydride,
tetrabutylstannane, and heiabutyldistannane) and internal
standard (octadecane), two major peaks are observed.

They correspond to p-cyanocumene (IIa) and p-cyano-a-
nitrocumene (II). The yield of these products was
Qetermined.as described in the general procedure.

Results and specific conditions of these reactions are

listed in Table 1II.

Reduction of p-Cyano-g-nitrocumene with Tri-n-butyltin

Hydride in Benzene. A Synthetic Method.

A mixture of p-cyano-a-nitrocumene (327 mg, 1.719
mmol),‘tfiigjbutyltin hydride (1.%17 mg, 5.204 mmol), and
benzoyl peroxide (33;5 mg, 0.138 mmol) in benzene (18 mL)
was heated to reflux for 18 h under a nitrogen
atmosphere. The solvent benzene was removed'bf
distillatiQn. .A dilute solution of iodine 1in
diethylethér was added to_desttoy the excess’qf tin
hydride. The tin salts p;gsent in the mixtuté were
precipitated as the fluoride salis by addition of an
aquéous sélutiOn‘of potassium fluoride.165 The fluoride
salt was removed by filtration and #he organic layer
washed'with'an équeougusolution'of-sodium thiosulphate,

water, and dried over anhydrous magnesium sulphate. The

'



ether was removed by distillation and the residue, after
column chromatography (silica gel, pentane), and
“distillation, yielded 187.2 mg (75%) of p-cyanocumene,
n20 = 1.5190 (1it 1.5194166 ang 1.5196140). wmr (coc13).

§ 1.27 (d, 6 H), 2.97 (h, 1 H), 7.25-7.75 (m, 4 H).
o

The Reduction of 2,3-Dimethyl-2-(p-benzenesulfonyl-

phenyl)-3-nitrobutane (III) with Tri-n-butyltin Hydride

in Solvent Benzene.

Theifeactions of nitro cohpound III were.performed
as indicated in the general procedure, except that no
internal standard was used. These reaction involQed test
for initiation with benzoyl peroxide. The reaction
mixtures were ahalyzéd‘by hplc using a 3.9 mm x 30 cm -
Porasil stainless steel column (3000 plates) and a 4:1 n-
hexane-chloroform solvent system. m-Dinitrobenzene was
used as external standard. The results of these J

experiments are listed in Table II.



) PART 11

INTRODUCTION

Organotin monohydrides have been found to reduce
aldehydes and ketones to their corresponding alcohols

under a variety of reaction conditions. These reactions

‘were initially reported as occurring according to the

following general equatidn:

. H |
N Nn~/
-/C—O + 2R,;SnH /C\OH + (R35")2 (81)

The reduction of these carbonyl compounds was first
reported by van der Kerk and Noltes.167 They found that
triphenyltin hyqride could reduce methyl vinyl ketone and
phényl vinyl ketone, the products being ﬁhe alcohol and‘

hexaphenyldistannane. Later, in 1961 Kuivilal68 jinp-

| vestigated the reaction of benzalaehyde with triphenyl-
. ‘ ) ‘

and trijgfbﬁtyltin hydride. The aldehyde was reduced in
the absence of solvent by both tin hydrides to yield 86%
6f benzyl alcohol. . Under comparable conditions, 4-
methylcyclohexanone and 4-tert-butylcyclohexanone could
also be reduced by triphenyltin hydride to-prééuce the
alcohols in high yields. 1In both»éases the méjor product
was the trans-isomer. Thg reduction mechanism was re-

ported‘to-préceOd‘by transfer of - hydrogen to the sub-

68.



strate. .

Since then a lafge‘number of aldehydes and ketones
ha(é been converted into alcohols by using different
trialkyltin hydrides. These include chloral and penta-
fluorobenzaldehyde,169'170 aliphatic171 and aromatic
aldehydes.171“l73 The ketones that have been stud:.ed
include aliphatic,l71"172'l74 cérbocyclic17l'175_176 and
aromatic ketones.l69‘l71 The yields, obtained from the
reductions carried.out in either neat solutions or 1n.
solvents, methanol, cyclohexane, isobutyronifrile,
toluene, etc., are generally high. Studies on the re-
activity of the tin hydrides indicated that HSnPhj is
more reactive than HSnBu3l32’l68 while in another s;udY
.of the reduction of electrophilic ketonesl70 the order of
reactivity was reported to be HSnEt3 > HSnMe3‘> HSnBuy >?
HSnPhj.

Today it is generally accepted that the reduction of
ketohes may occur uhder ionic or under free-radical
generating conditions. 1n both céses.the process in-
volves a pet'initial addition of HSnRy to the carbonyl

group to generate an alkoxystannane which upon hydroly-

~0-SnR, 7 NOH

\
/

-»

C=0

Z= OH,6 OR, SnR,
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'sis, solvolysis or hydrostannolysis gives the corres-

ponding alcohol. ,

Two different mechanistic pathways have been
\ _
proposed to account for the formation of the alkoxy-
stannane, a heterolytic and a'homolytic pathway. The

heterolytic mechanism, which invblves a hydride transfer,

was initially suggested by Newmann rand Heymann171 and

subsequently confirmed by other works. 170 _ /

' .
N\ |\ — | /
RySnH + C=0 s,—w-[Rasn--Q-(':'é: (83)

)
f : ' |
ast H-C-0SnR, (84)

_ o
R.SntY + H'—CII,-O'

3

The hetérolytic pathway was proposed to explain the
observation that the rate of reduction increased with the
increasing polarity of the solvent and that electron re-
ieasing substituents at tin and electron withdrawing
substituents ; to the carbonyl 1ikewisé in, ﬁeaﬁfd tHe
rate of reduction. Reactions conducted in solQent meth-
anol in the absence of q,a—azobigisobutyronitrilé (AIBN)
or light were not affected by galvinoxyl. The rgductions
were aiSo found to be‘éatalyzed by ZnCl2 and by acid. 1in
the case of ionic addition, the attack of the nuclebphile
detefmined the stereochemistry of the~addition.

The homolytic pathway has been shown to be catalyzed

_ ) ' 4
either -by light or by AIBN, or inhibited by}galvinoxyl,

#

70.
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and is proposed to involve a free-radical chain addi-

tion.17l’l77
>C=0 + -SnR3 —_— >C—OSnR3 : (85)
~ - ‘ H

C—OSnR, + HSnR Ne” + - 86

In this mechanism, the stereochemistry of the products 1s
determined during the hydrogen atom transfer.

More informétioo concerning the free—radioal chain
mechanism has been obtained by analyzing the reactions.of
a-cyclopropyl and a-cyclobutyl ketones.l78-182 The re-
duction of a-cyclopropyl ketones with tri-n-butyltin
hydride' in refluxing methanol leads to the alcohol as-

only productl78 (eqg. 87).

v MeOH 0' SnBua ,
e
D’% Mve HSnBuj 65c ' D—(': -Me (87)

The initial hyd:ostgnnation presumabiy arose from an
ionic mechanism. However, when the reaction was con--
ducted in the presence of AIBN or under U.V. ‘irradiafion
followed by methanolys1s the product was the opén chain

ketone (eq{ 88).



[>-c _Me + HSnBuz YUY~ A\ Me (88)
2. MeOH ' 8

When cyclopfopyl methyl ketone was treated with DSnBujy

under the same conditions (U.V., methanol) the product

was the y-deuterated open chain ketone.178

~

‘@

D
LUV -
>C Me + DSnBu, S MeoR - \/\(Me _, (89)
. : | :
S |

The openlng of the cyclopropane ring was inferred to be

concom1tant with the addlthn of the stannyl radlcal to
g"‘

the carbonyl oxygeq.

(90)

The rate and dlrect1on ‘of ring opening was pro osed not

- to be controlled by the relat1ve stablllty of the ring
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opened radicals formed but by stereoelectgongc factdrs
and polar effects179-180 which governed the relative
stability of the proposed transition states. A.study of
the reactivity with tri-n-butyltin hydride of two series
of cyclopropyl ketones (m- and p-substituted bX 2- pe /ﬁA
phenylacetylcyclopropanes and m- and p-substituted :
benzoylcyclopropanes) under radicél generating conditions
shows positive p values using the Hammett correlation.’
The results were interpreted as consistent with é polar

transition state for the radical-promoted ring

opening.lSO ‘ ‘ ' .
‘ \
2
SnR,| ¢ =C~ NS
C/ \/ ' —_\/
I". | |
o) O---SnR, O---SnR,
be
\Jﬁ\v/ (91)
A
VO—SnRs
Recently the chemistry of trialkyltin hydrides has <

been proposed to‘involve electron transfer with a variety
.of substrates.. Tannerl35 suggested a radical-chain
mechanism  involving electron transfer for the reduction

of benzyl iodides with tri-n-butyltin hydride in solvent
LI \ .
benzene. ‘Subsequently, the results of a study of the

N

1
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reduction of methyl 1iodide by triélkyltin hydrides has
been likewise interpreted as proceeding by electron
transfer.183 Most recently, Tanner184 demonstrated that,
following the same type of reaction process, the replace-
ment of the nitro group in tertiary nitro compounds could
be effected by tri-n-butyltin hydride réduction when
carried out under free-radical conditions. Since this‘
alternative pathway, the electron transfer process,
appears to be involved in tin hydride reductions, it was
of interest in light of the newly proposed reaction
scheme, to reexamine in some mechanistic detail the well
documented reduction of organic carbonyl compounds by
these reagents. For this purpose, the reduction of a
series of six different aromatic ketones and cyclo-
hexanone by either triphenyl or tri-n-butyltin hydride
was studied in solvents benzene, acetonitrile and\
methanol. The ketones used in this work.were aceto-
phenone (V), benzophenone (VI), 1—phenyl—5—h§;en-l—one
(V11), a,a,a-trifluoroacetophenone, (VIII), w-fluoro-
acetophenone (IX), cyclopropyl phenyl ketone (X), and
cyclohexanone (XI}. The reactions were conducteé using a
standard set of‘COnéitions (8egassed samples, 61°C, 16

h), but changing one variable at a time in order to

establish the applicability of each mechanistic process.

-



RESULTS

Acetophengne (V), benzophenone (VI), l-phenyl-5-
hexén—l—one (VII) and a,a,a—trifluoroacetophenone‘(VIII),
could be reduced either by triphenyl or tri-n-butyltin
hydfide, thé products being a-methylbenzyl alcohol (va),
benzhydrol (Via), l-phenyl-5-hexen-1-ol (VIIa) and
a-trifluoromethylbenzyl alcohol (vIIla). Reduction of
w-fluoroacetophenone (IX) gave two products, acetophenone
(V) and a-fluoromethylbenzyl alcohol (IXa). Similarly,
cyclopropyl phenyl ketone (X) gave a—cycfbprogylbenzyl

j
v}(alcohol (Xa) and butyrophenone (Xb).

N
N\

I ] ' ?
Ph-C-Me Ph—g—Ph Ph—gw Ph—g—CFs Ph-é—CHzF Ph—g-q

Ph-C-Me Ph-C-Ph Ph-C~™ Ph —CF Ph—g CH,F Ph-g-d
H H H Ho H

Y Vi Vil Vil . IX X
OH OH OH
Va Via Vila Villa  1Xa Xa

Ph—g—Me Ph-g’v |

v Xb



The reductions were effected in solvents of different
polarity: benzene, acetonitrile, and methanol under a set
of standard conditions which ensured the decomposition of
the initiator, AIBN (ty,p = 18 h) and the ability to dif-
ferentiate between the reactivity of® the two tin hydrides
(degassed ampules, 61°C, dark, 16 h). One-or more
experiments were carried out to test the effect of the
initiator (AIBN), the inhibitor (m-DNB), concentration of
triphenyltin hydride, polarity of the solvent, and the
structure of the tin hydride. Yields of products and
unreacted startihg materials were deéérmined by glpc.-

The results are listed in Tables .V-X.

Uninitiated Reactions. Mixtures of ketones and

triphenyl or tri-n-butyltin hydride in solvent benzene

- were only sparingly reactive in the absence of addi-

tives. The yields of products in the reductions usCSﬁL///ﬁ//

triphenyltin hydride ranged from traces to less than 6%
(Tables V-X, reaction 1 in each table), while the re-
ductions by tri-n-butyltin hydride afforded less than 1%

¥

of the reduction products (Tables vV-X, reaction 8 in'.each
table)l‘ A similar pattern was observed.for the reduc-
tions of ketones by triphenyltin hydride in solvents
acetonitrile (Tablés V-VII,  IX-X, reaction 10 in each

table) and methanol (Tables V-vII, X, reaction 14 in each

table). Exceptions to these general observations were

76 .
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table). The reduction product VIIIa, obtalned from the ,

. ketone IX in methanol afforded a—fluoromethylbenzyl

84.

a,a,a-trifluoroacetophenone (VIII) and w-fluoroaceto-
ghenone (IX). Ketone VIII gave alcohol VIIIa in 31.6%
jield in aoetonitrile (Table VIII, reaction 10) and 66.3%
in methanol (Table VIII, reaction 14). Ketone IX 1in
methanol yielded'4l.4% of'a—fluoromethylbenzyl alcohol

(Via) and 5.3% of acetophenone (V) (Table IX, reaction

14).

?

Initiation by AIBN. The reactions of ketones with

triphenyltin hydride in solvents benzene, acetonitrile

and methanol were unambiguously initiated by the addition

of small amounts of AIBN (4%) to give a reasonable yleld

of reduction praducts (Tables V-X, compare reactions 1

Aand 3, 10 and 12, 14 and 16 in each table). The chadge

in the extent of the reaction of u,a,a—trifluoroaceto¥

phenone (VIII) and w-fluoroacetophenone (IX) 1in benzene
.~ ' “

was more dramatic since the corresponding reduction

' products were obtained in almost quantitative yields

(Table VIII- IX, compare reactions 1 and 3 in each

~ s e

reaction of ketone VIII with trlphenyltln hydrlde in

' methanol, 1n the presence of AIBN (4%), was not formed 1n

»*

a substantlally dlfferent yleld than that obtalned from'“

the unlnltlated reactlgn (Table. VIII, reactlon 14 and

16);' On the other han - the unlnltlated reactlon of S a
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alcohol (IXxa) and acetophenone (V) in 41.4% and 5.3%
yield, respectively. When this reaction was carried out
under similar COﬂdlthnS, But in the pfesence of AIBN
(4%), the comparatlve yleldF of products were reversed.
Products IXa and V were formed 1in 1.8% and 65.8% yield,
respectively (Table.I*, reactione 14 and 16). 'fne.
initiation by AIBNKOf the reactions with tri-n-butyltin
hydride in benzene 1s less effeciive. Most.of the
ketones gave low yields o£ products, (Tables V-VII, X,

. o e
redction 9 in each eable), wiih'the exe;pﬁieﬂ“éffa,a,a—
trifluoroacetophénone (VIII) which afforded 47.5% of

/
-alcohol VIIla (Table VIII, reactien 9) and wFfluorq—  4%?
acetophenone (IX) which gave 55.2% eg(acetoéhenene (V) A
(Table I1X, reaction 9). ’It is obvious that under the
experimental conditions used .in th}s work triphenylﬁin
hydriée'is more reactive than triinfbuﬁyltin herideﬂ'
When the reduction of cycloneXanene (XI) With'tfiphenyl-‘

-

.tln hydride was attempted in solvents benzene, aceto-
nlprlle and methanol, using AIBN (4%), Cyclohexanol was R
obtained in low yield’(<4%). Because- of ‘the low yield of
‘reduction product;'ﬁhis ketone was not fur;hef

investigated.

6, . g
The Effect of m—Dlnltrobenzene. The. uninitiated

reductlons of a,a, a—trlfluoroacetophenone (VIII). anq g

fluoroacetophenone (IX) by trlphenyltln hydrlde 1%

\ ' ‘ :
N - N +
. | _

\'\ : . ' o S @



"duction products were observed urder these gpnditions

(Tables V-X, reactions 3;and 5; Fables‘V—VI,‘x, reactions

'.obtalned\from competttlve reductlons, by determlnlng the

estlmated kVIII/kIX values were 2 30 x 0. 01 and 9. 86 %,

86.

solvents benzene and methanol could be totally or par-
tially inhibited by the'addition of small amounts (6%) of Yy
m- dlnltrobenzene (Tables VIII and IX, compare reactions 1

and 2, 1l0. and 11, 14 and 15 in each table). Ketone IX,
for example, 1in solvent meﬁnanol in the presence of m-
. @ —

dinitrobenzene afforded 39.4% of a-fluoromethyl benz?ﬁ
alcohol (IXa) and ‘only 0.6% of acetophenone: The yields

of these products in the uninitiated reaction,.fespec- <

tively, werev4i.4% and 5.3%. ‘In the same solvent, @

methanol, ketone VIII yielded 38.7% and 66.3% of alcohol o

VIIIa, in - the presence and absence of m-dlnltrobenzene.

The AIBN.induced reductions of all of the ketones were ) T o
. . R ;
also inhibited by m-dinitrobenzene (6%), and regardless

- - . o . :
‘of the solvent and the structure of the ketone np.Ee-

5o
£y

12 and 13; Tablesiv, X, reactions 16 and 17)}

&

Competltlve Reactlons of a,aya- Trlflquoacetophenone ’

a

(VIII) and m—Fluoroacetophenone (IX) w1th rlphenyAtln'~

ketones VIII and IX with trlphenyltln ij -1.were e

relatlve 1n1t1al and final amounts of/ each ketone. The .

/

0 33 in benzene and acetonltrlle respectlvely. 'f

| : . ! . . ‘
| o R ( o v 5

|
« . D S

Ve ¥



Polarographic Measuremepts. The half-wave poten- ;

tials obtained from the polarqgraphic current-voltage
curves for the reduction of triphenyl-'and trifg;butyl-
stannyl cations to ghe‘corresponding stgpnyl radicals, in
dimethoxymethane were -1.43 and -1.35 v vs Agt/Ag respei;
\tively. For u,a;u—trifluoroacetophenoné (Viin), w=

f luoroacetophenone (IX) aFd acgtophenone (vi, the haif-
wave potentials were -2.0, -2.05, and -2,51 v vs Ag*/Ag.

“

~—

N

87.
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DISCUSSION

‘

The reductions of acetophenone (V), benzophenone

(V1) and l—phenyl-S-hexeﬁi@;ohe (VI1) are geen to occur

by a free-radical chaih mdhanism (Scheme 17): .
- scheme 17
- snR.( Né—os,
7 3 3 7 0SeR,
H H
4 >c/ | >c’ L | (94),
“ NosnR, “oH R ‘

s
In solvent benzene, the ketones V and VI were not

- feduced significantly by eitheg\ttiphenyitin hydride or
tri-n-butyltin hydride in the agsence of an initiator
(Tables V, VII,}reaction 1 in each table); BenzOphenoﬁe
(VI),‘however, was reduced to‘é small extentm(l.S%) by
triphenyltin hydride in the abseﬁce of AIBN (Table VI,
reaction 1). The small amount of uninitiated reaction
was shown to occur by a homolytic process since the

'formation of the product was inhibited by'm;dinitfgi/
benzene (Table VI, reaction 2). The uninitiated re-

actions are seen to take place not only with benzophenone

but wiih the fluorinated ketones VIII and IX (Tables -

\ | | 8.



\ : " ‘
VIII-Ixnireaction 1 in each table). Both of these {'

ketones showed inhibitibn‘by m;dinitrobenzene when the K

reactions were carried out in golvent benzene (Tables

r Q

VIII-IX, reaction 2 in each table). However, when VIII

1

and IX were reduced in the more polar solvent methanol,

‘reduction of VIII was_oni;\pattially inhibited-whiie only
f

one of the two products, acetophenone, formed from the
3] .
reduction of IX was inhibited (Tables VIII-IX, reactions

14 and. 15 in each table). The partial inhibition

observed during the reaction of the fluorinated ketones

in the more polar solvent methanol, suggested the possi-

"bility. that two reduction pathways (radical and

heterolytic) were 1nvolved (see discussion pages- 98-

99)s The inhibition of the uninitlated reductions is
incon51stent with a hydride transfer process (see pagg\
45, Part ikof tﬁis thesis). The thermal homolysis of the
th‘hYdride bond’ (D(R3Sn-H) = 65.0 kcal/mol)154 ‘is not
s1gn1f1cant under the reaction conditions (61°C) (see
page 50, Part I of this the31s) By analogy with the.

v _ TN .
proposed initiation stepié\:fe reductlon_of benzyl

‘{odides135 and tertiary nitro compounds,l85 the

<

initiation step for the tin hydridé reductions of the

‘ketones which proceeds in the absence of initiator

presumably occurs by an electron transfer process (eq.

95).



90.

¢

Ph\C‘O . ) Ph - ‘-+ ‘ |
€20 * HSnPhy —— © 3¢-0" + Hénph © 93

N\ .

The honolytic process initiated by electron transfer
appears to be nore favorable for the more electro-
negatively substituted ketones.‘ This observation coupled
with the fact that triﬁgybutyitin hydride was less re-

active than triphenyltin hydride, suggested énat the ease
of initiation and possibly the propagation reaction were- |
moderated by the electron donor and acceptor prooerties
of the reactants. Although the differenceS”are.not
dramatic, the above observatlons are in accord with the

order obta1ned for the estlmated half-wave potentlals of

the ketones and the trlalkylstanny;77at10ns. Table XI

s

o shows -that benzophenone (VI) and the fluorlnated ketones ke N
VIII and IX are better electron-acceptors than aceto- |
phenone (V). Also consistent-Wirh the.donorlacceptor‘
suggestion was the observatxon that tri- n—butylstannyl
radical was shown to be slightly harder to oxidrne-;han
.the trlphenylstannyl radxcal (from ‘the measurement of the
reduction of the cations, A 31/2 = 0.08 v)._ It is
recognized, of course, that the order observed for the. d

ease of'rednction of the ketones would also be the same.
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. 91.
. 5 ‘ ' , 5 i L
Table XI . T
— . ‘ Uninitiated Reactions . o
Ph-CO-CHj§ (V) -2.,6lv. =-2.4. .0 3 %
Ph-CO-Ph  (VI) - ~2.04 1.5 ~
‘ph-cofcﬂ3’(VLiI) -2.00v ' 4.4 l ‘fmﬁf
o L o . R k\‘: » . | . o
Ph-CO-CHyF (IX)  =2.05v _ S 6.1 SR
o - \ | ‘;.‘P;%R:
o a
- as thatipredicted for any"of the other proposed"' » PN
mechanf/ms of reduction, although it is not clear'that "

->reversed.

th:{%eactiv1ty .of the tin hydrides would be in the order

-fo

i

d. In fact, for the heterolytic reduction55 the -

order ‘of reactivity»of the tin hydrides is reported to be ‘

170
The reduction of ketones V-VII with triphenyltin
4

\hydride in solvent benzene was 1nit1ated by the addition

of catalytic amounts of AIBN (Tables V—VII. reactions 3

-and 4 in’ each table)., The length of the chain could be

‘estimated as being 16 24 units long (assuming an effivt

ciency of 0.5 for AIBN)186 since the addition of 4% of
initiator led- to the formation of the reauction products i

in 32 47% yield.i | C o 7
‘Tt was expected that the triphenyltin hydride

=
.



i

‘ phenylcyclopemtanol from an- internal attackwof the

" 96 .-

reduction of l-phenykrs hexen-l-one (VII) under free- | ?“

, rad1ca1 generating conditions could afford 2-methy1 1-

,ytransient rad1cal on™ the double bond as shown 1n equation ~ A

”

OSnPh3 , s
_ A HSnPha

‘These cyclization processes have been observed in radical

reactions of substrates of the type S-hexen-l—x.187 ‘How~-

}‘ever. the anticipated cyclic material was not formed evenn ft
| '1n the reactions where the yields of reduction product
juwere telative high (Table Vi1, teactions 3 and 6). This
- ~suggests that the cyclization of the alkoxystannyl ragi-
,tcal has to compete with a much faster procesh, the hydro-v-"
'3f gen abstraction from the tin hydride.. Apparently the B

1_transient radical is totally trapped by the tin hydride

"f‘,before any cyclization takes'place._ An estimate of the .‘_:Qg

'”-6 bromo-6-methy1 1~heptene with tri-n-butyltin hydride.,n,;pﬁdS

g }rate of cyclization tO the five membered ring of the
5stanny1kety1 can be obtained from the known rate of cy_».u e

'-,clization (0 9 x 105 sec‘l) of the radical generated from ;;?Ld

‘



)
N - >

sincetthe cyclization of the 1-pheny1—5-herenyl’radical
.should occur at a rate < 105 sec-l at 61°C188 in competi-
| tion with theJtransfer of hydrogen from tri-n-butyltin
- “hydride (5 x 107 mole-l sec?l. at 100°C)133 and since no

cyclizéd material is dbtained from the ketone reduction
o C $ RN ;
/v'e K carq}ed out under similar concent&ation condltionslg7

the rate, of cyclizatlon must be <1o2—103 sec"l

+

The addition of m-dinitrobenzene inhibiteda'nillly
. S “the formation of the products in the AIBN initiated
,reductions (Tables V-VII. reaction 5 in each table).-

Van der Kerk and Noites reported that the reduction

-

of ketones may take place by a two—step process which

”},‘s .“leads to the alcohol and the distannane.lﬁ? n

m S

d!'n

| \C-O + 2R SnH

‘+ (Ras“)z e
‘ % ' . .

Aleooever.'no compelling eyperimental data were reported B
”1£or these reductions.f .4,' o L 0 4i i
R On the other hand, it is generally accepted tha 1the- '
”'ff;ireduction may also occur by a one-step process, the R

"'ﬁlfproduct bein§ the alkOXYStU“"a“e° - fo-- ‘

>c=o | HSnR\(H d(gB)



‘ : -

- In the one—éiep mechanism the final product, the alkoxy—
stannane,_can be further solvolyzed to givé the alcohol.
In the two—step mechanism the alcohol is formed by hydro-'
rstannolysis of the alkoxystannane 1ntermediate. The |
stoichidmetry for the reductions of ketones V-VII couid
not be unequivocelly deduced‘fromvthe observedsyieidsgof
ptoduéts} s}nce under the COndition ‘that the reactions
were studied these substrates afforded less than 50% of .
reduction products. »However, the intermediacy of the

N

~alkoxystannane was confirmed by a comparison of the IH -
'NMR spectrum of the reaction mixture resultina\from the .
reaction of acetophenone (V) and triphenyltin hydride in
. benzene- d -with that of -an authentic sample of,a—methyl- ‘
benzyl alcohol in the same solvent, ‘The spectrum of the
",pteaction,mixture showed_a multipiethat»5.14 ppm while the
‘authentic material showed. a. multiplet at 4.63 ppm (85 =
N - 0.51 ppm). A comparison of the - chemical Shlft of a- .
B 1,‘hydrogens of tri-n-butyltin methoxide and tri— -butyltin o
ethoxide with the chemical shift of a-hydrogens of the

'_parent alcohols showed chemical shift. differences of A8 '_q .
‘1.0 38 anﬁ“Ac 0. 37 ppm. -on this,hasis the absorption at ;,5\
| JA55 14 ppm in the spectrum of the teaction mixture was |
assigned to the e—hydrogen of the elkoxystannane. d
"*Jp The reductions of ketones V—VII with tri n-butyltin

hydride with added initiator (AIBN 4%) was shown to



proceed by a very short or prophbly non-chain radical
»‘process (Tables V-VII, reaction“9 in eachktable). J

| ~In the free radical chain mechanism Tza:ations 92-
94) hhg nature“cf the reaction between the cerbonyl |

" substrate and_the‘stannpl radical-to_formrthe alkoxy-
stannyl radical (eg. 92) has- not been unequivocally'”e~
veStabrished. A free radical addition hae been suggested,
but in light of ' the mechanistic pathways 1nvolv1ng |

i stannyl radicals recently proposed by Tanner135 184 ang
K-ochi183 an electron transfer process as represented in

~N

v-ﬁequation 99 can not be ruled out.

/c=o + -sn"_’h’sl “'—‘5‘5-—0’ + *SnPhy ——-—- "

>c-OSnPh3_.“- - * S

,’The ketyl radical- anion stannyl cation pair thus formed
‘could collapse to . form the incipient alkoxy radiéal and
would be indistinguishable from the’ intermediate formed

’,from radical addition. A reduction process occurring by

| such a mechanism should be dramatically affectgd by the"'

R

= . polarity of the solvent because of ‘the charge separation

‘ in the transition state of the rate controlling step.
| However, reductions of ketohes V-VII under uninitiated or
initiated conditions in the more polar solvents aceto-

}nitrile and methanol did not show substantial differences

-

95.

[
(995 -
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/

o ,
'§n théﬁ?\elds of products from those observed in thlrless
polar solvent’ benzene (Table v-vi1, reections 3. 12, and
16 in each table) The foregdﬁng facts apparently i;
militate against the occurrence of an electron transfér

~

process in the propagation sequence of the reduction of

ketones V-VII. An analy51s of the results of the reduc— h

tion of cyclopropyl.phenyl ketone (X) wrth both tin

) 'hydrides led to 51milar conclusions as "those arrived at

@

from the other ketones V-VII. The AIBN 1nitiated re;}
actions gave both the ring*opened prodUCt, butyrophenone,
(}bi and thehring closed meteriel, a—cyclopropplbensyi N
alcohol (Xa). ThF products were consistent with either ,
an electrog transfer-hydrogen abstraction sequence or a
radical addition process. The overall yield of products
. as well as “the ratio Xb/Xa did not chaﬂ@e dtamatic;}ly :
regardlese of the polarity of. the solvent (Table Xeo
rreactions 3, 12, and 16). Thls suggested that the

_‘”‘reactioh proceeded by a short chain. radical mechanism‘ \
~which probably 1nvolves addltion of ‘the stannyl radical

2

-to the carbenyl oxygen..'7

| Substituted cyclopropyl ketones have been prevzously o
_'reduced with tin hydride reagents. These reductions have

.~ been carried out in methanol on cyclopropyl methyl ketone

~nundgr heterolytic conditions and yielded cyclopropyl-ﬂ"

i‘carbinol 178 when ‘the reductions were performed

96.
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ynder homolytlc condztions (AIBN 1n1t1at10n) in toluene,

k!

only open cha1n ketonei$were obtalned From the studles

on the mechanlsm of the freeAradlcal Efduct1on the

S

authors suggested that the flng opened product was formed

by a conce;ted homolytrc\prpoeéé.lao ‘ 4 ‘ ;3

In accord w1th these observatlons the major product for

reductﬁon of ketone x was rxng opened material, however,

’mlnor amounts of alcohol, Xa,- were also found. When

the /eductzon of ketone X w1th tr1phenylt1n hydrlde in

be,zene was carr1ed -out wlth increas1ng amounts of

-vt;n hydrlde relatlve to ketone, the overall yields of. the
;J}products were 1ncreased and the ratxo Xb/Xa changed )

/’~£rom 5, 5 to 2, 7 (Table x, reactlons 3niI. nd 7)-

dbntrary to the previous reports180 1t appears that at

’gh1§her concentration of tin. hydtlde the rad‘;al formed
B by tﬁe add1tion Jof thgéstannyl radlcal to the: substrate l}
‘ggcan be trapped to g1ve cyclopropylcarblnol at a rate

competltlve with ring openlng. The concentratlon

\/\\/ (100)



%

' dependence of the product rat;e demands that at least two

14

1ntermed1ates are.lnyolveduieq. 101).,

,

A OSnPh3 . §SnPhy

D—clph + SnPh3 —_ (>—c-v=h = /\//\Ph

,O /

RN . HenPhy|  HSnP,

%, o . ‘ - o - (101

The fluorlnated ketone\VIII showed un1n1t1ated fe-

ductlon 1n the threersolventS‘used. In the less polar
\ B

solvent benzene “the reductlon product was totally 1n-

N

hlblted by m-dlnltrobenzene (Table VIII, reactlons 1 and

2) whlle 1n the mqye polar solvents acetonltrlle and “

methanol only partial 1nh1b1t10n occurred (Table VIII,

reactlons 10 and 11, 14 and 15) ' The partlal 1nh1b1t10n

suggested the p0551b111ty that w1th the 1ncreaS1ng —

polarlty of the solvent the reductlon proceeded Sy both _l

homolytlc and heterolytlc pathways. Prev1ous reports for»f

reductlons of ketones conducted 1n methanol concluded gp

that the reductlon products were formed ﬁcom a hydrlde J;j'

"98.
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. . . K . . T ' L ' o
transfer process 171'175- The AIBN induced reductions of

P

a,a,a—trlfluoroacetophenone (VIII) carried out 1n benzene

<

}by tr;phenyl- and tri-n- butyltln hydrlde were shown to

proceed by longer chains than those observeé for the

other ketones prev1ously 1nvest1gated. The length of thj}'

,chalns in benzene were estlmated as belng -45-46 and 24

’- 3"

units- long, respectlvely, 51nce the addltlon of 4% of

1n1t1ator led to the formatlon of the reductlon produ@f

in 91% and 48% yleld (Table VII1I, reactlons 3 and 9) A

comparison of the 1H NMR speckrum for an 1n1t1ated re-
action of VIIT. carrled out in benzene- dg wlth trlphenyll‘
tin hydrlde W1th that of authentlg a—trlfluromethyl- ‘,:
qbenzyl ‘alcohol showed that the flnal productﬁpn the .
;reactlon mlxture was the alkoxystannane. A multiplet for
the a-hydrogen is observed at 5Vl7 ppm whlch can be N
. a551gned to H-C(CF3)(OSnPh3)(Ph) since the a-hydrogen in
_the alcohol VIIIa ‘'shows a multlplet at 4 35 ppm (Aé =
.0 72 ppm) As argued prev1ously the formatlon of the
alkoxystannane could be the result of elther radlcal
v addltlon or electron transfer—hydrogen abstractlon.
The reductlon of ketone VIII in" acetonltrlle d1d
l’u,show some dlfference between the un1n1t1ated and the
Lnltlated reactlons (Table VIII, reactlons 10 and 12).‘

r

hTh1s dlfference was even less dramatlc in solvent

-

methanol (Table VIII, reactlons 14 and 16).' Although no

e

& ;

9.



clear cut evidence is at hand, it appears that under free
. ' . |

radical generating conditions_the duality of .mechanisms

\\

observed in the uninitiated reactions disappears and the
s z

formation of the reduction product occurs only by the

faster homolytic process. ?ﬁis suggestion is supported

L

. 3
by the analysis of the results of the reduction of ketone
]

4

IX in solvent methanol. The formation of product IXa in

-

the uninitiated reaction was shown by the inhibition
. X

'studies to be the result of a héiérolytic process, while
\acetbphenone whose formation was inhibited‘by m-
dinitrobenzene arose from a homo@ytic pathway (Table IX,
reactions 14 ana 15). However, 'when the reduction was
carried out in éhé presence of AIBN (4%), the reaction
took an éntirely differe5£’c0urse and the~formation of
‘acetophenone was dramatically increased‘wqile the
heterolytic product IXa was only formed in small‘amodnts
(1.8%). The above results'argued that the defluorinated

s

product came from the radical process.
ad

v By
Two radical chain mechanisms can be envisioned to

©

accqunt for “the formation of -acetophenone. The mechanism
repfésented in Scheme 18 irvolves & radical addition of

the stannyl radifg} to the carbonyl oxygen.

The stannylkegyi radical formed by addition of the

stannyl radical .to-the subgirate may undergo Lewis acid
’ \

_assisted B-scission,189 the radical fragment being a

100.



Scheme 18

. 9 ?SnPh3
FCH,-C-Ph + ‘SnPh; ———= FCH,~C-Ph (102)

(')SnPh3 (.)SnPha |
FCH,-C-Ph ——— F- + CHj=C-Ph (103)
F- + HSnPh, FH + -SnPh, ),? (104)
or

F- + RH FH + R-

R- + HSnPh, RH + -SnPhj

' 3

FH + HSnPh, — H; + FSnPh; (105)
i o ?SnPaa

i
FCH,~C-Ph + 2HSnPh; — CH=C-Ph + H, + FSnPh; (206)

fluorine atom. The high reactivity of F+ and the ease of

hydrogen abstraction from tin hydride necessarily should

lead to the formation of HF which subsequently reacts
0

with another molecule of triphenyltin hydride to produce

Hy and triphenyltin fluor_ide.190 In this mechanistic
sequence the formation of the alkoxystannane rqu%res at

~least 2 moles of triphenyltin hydride for each mole of

}

starting material.
s

The second mechanistic pathway involves an electron

transfer from the stannyl radical to.the ketone as shown

-,

in Scheme 19.

101.



Scheme 19 _ w
o-

. + &
—Ph + ‘SnPhy — Fc“z’é"’“ + SnPhy

(107)

(108)

(109)

FCH, _&_pn + HSnPh, — CH3~C-Ph + FSnPh,

In this mechanism acetophenone can be formed in
yield higher than 50% from a 1:1 stoichiometric re-

lationship.

(110)

A 1H NMR examinaton of a reaction mixture (l:1 mole

-~ ratio) of w-fluoroacetophenone and triphenyltin hydride

in the presence of AIBN (4%) in solvent benzene-dg showed

that the final product was acetophenoné (s, 2.13 ppm)

&

since no indication of vinyl protons was observed. Glpc

analysis of this mixture revealed that acetophenone was

- :
formed in 80% 'yield. On the other hand, when the ini-

tiated reaction of IX in solvent. benzene was subjected to

analysis for the formation molecular hydrOgen, non- .

L

condensable gases were found to correspond to only 4-7%,

i

the amount of nltroggnip?od ced from the decomp051t10n of

the initiator.

AU L.
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The observations that the reduction of ketone IX
§ave acetophenone and not aikoxystannane in high yield
(>50% at a 1:1 stoichiometric ratio of IX and tin
\hydride) that no hydrogen was produced during the re-
astion, and that the production of acetophenone was the
resdlt of a radicaléchain process, argued that the
mechanism was indeed the electron transfér process
aepicted in Scheme 19. Although no clear evidence is at’
hand, it seems likely that the reduction of the even more
\electronegatively substituted ketone VIII proceeds by the
same mechanistic pathway. This conclusion was further
substantiated by carrying odt competitive reactions of
ketones VIII and IX with trlphenyltln hydride under
1n1t1at1ng conditions in solvents benzene and aceto-
nitrile. The competitive reactions showed a substantial

solvent effect and the values of the rel}ttvefsat3§*

4 .
kyirr/kix in benzehe and acéton@trile?were,.respectively

2.30 and 9.86. - This observed solvent effect is con-

sistent with anelectron transfer process which should
’ /

depend heavily on the poli?ikz’giﬁfﬁe solvent. ///



EXPERIMENTAL

A. Materials -

. | N\
g;Trldécane (99% pu?e)'fnd g;heptaégcane_(99% pure) -
(Aldrich Chemical Co.) were used as purchased.
E;Difggggfbutylbenzene-LAldrich Chemical Co.) was
récrygggllized from ethanol-hexéne- m. p. 77-78°C (liﬁ;ss
g80°C), The mater1a1 was shown by glpc (FFAP 10%.
'>Chromosorb W AW DMCS, 5' x IVB"‘column) to‘be >99% pure.

. Tri-n- butyltin hydride .(Alfa Research Chemicals and

A
o

Materials) was distilled and the fractxon 68-74°C/0.3 mm
was collected. . | |

.Sriphenyltin hydride, tetrabugylstannane, and hexa-
butyldistannane (Alfa Research Cheﬁicals and Materials)
'were@used as purchased.__ | »

Benzoyl peroxide (Flsher Sc1ent1f1€ Co ) was “
purified by recrystalllzatron from d1chlorom¢thgne-
methanol: m.p. 102-105°C (1it155 106°C).

a,al-Azobisisobuty:oﬁitrilg (Aldrich Chemical Co,)\
was reéfys;allizéd’from ethanolfwater:v ﬁ;p.f101-102°c .
Caeddllozee). | |
Cyclohexanone (Br1tish Drug Houses), cyc10propy1-

phenyl ketone (Aldrich Chem1ca1 Co. ) and butyrophenone' ¥

'.(Matheson Coleman & Bell) were used wlthout further

purlflcatlons. Benzq\?enone (Fisher 5c1ent1fic Co.) was

\ recrystallized from ethanol- m p..47 48°C (11t155

-104.



'48 1°C). Acetophenone (Fisher Sc1entific Co.) was dis-
tilleq at 93- 95°C/10 mm (11t155 202.6°C/760 mm).

. Benzhydrol (Koch Light Laboratories Ltd ) and a-
v:methylbenzyl alcohol (Aldrich Chemical Co.) were used as
| purchased, qulohexanol (Mallinckrodt Chemical Works)
-was heated to reflux over freshly iguited calcium oxide,
distilled at 153°C/700imm, and stored over molecularu

)
'31eves 4 A, .

Benzene (Caledon Laboratories Ltd.) was purified as
" ‘indicated in part one of this thesis and stored over

molecular 51eves 3 A,

Acetonitrile (Caledon Laboratories Ltd., HPLC grade)

- was stored over moleCular sieves 3 A and used ‘without.
further purificatiOn}“.<"j A -

AAbsolute methanoi (Terochem Laboratories Ltd.) was

3

dried by treatment‘with'magnesium activated by iodine and

stored over molecular sieves 3 A.

Tri -n- butyltin methox1de.v This compound. was pre-

‘pared from the reaction of tri—n butyltin chloride
(10 9 30 mmol) with a methanolic solution of sodium

methoxide (0 8 g of SOGium wire 1n 20 mL of absolute L

,methanol) 192 ’Distillation of the crude product at 75-'

- 78°C/0. 25 m (11t192 101°C/i3mm) gave a colorless liquid.

‘ NMR (CDC13) 6 0 65 -1, 8 (m; 27 H)' 3 65 (s, 3 H).
‘ Anal.vCalcd for C13H3008n.*’ 48 63 ‘Hi 9. 41._
3,Found.‘ C, 48.94; H, 9. 54. | | |

‘ (*;Q;i-i

\

105.
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Tri—n butyltin ethoxide. This corfpound was made as

described ‘for tri-n- butyltin methox de,‘except that the

solvent used was absolute ethanol. The crude product was
_ distilled‘at 97°C/1 mm.to'oive a coldrless 0il: NMR

(CDC13) 6 0.65-1.8 (m, 27 H), 1.18 (&, 3 H), 3.78 (q, 2

\

H)o

~ Anal. Caled. for CigH308n: C, SO?lB} H, 9.62.
\;Sund'» c; 50.21: M, 9.69. | |
Hexaphenyldistannane., Using the 1iteriture.pro—-

.cedure,193 anhydrous stannous chloride (3 8 g, 0. 02 mol)
* was Sub]ected to reaction with phenyllithium (0.06. mol)
An ether solution of triphenyltin chloride 7.7 g,.O 02
'mol) was added and the reaction mixture heated . to reflux
for 3 h._ Two recrystallizations of the crude product |

from benzene-ether gave a whitefsolid. m.p.,23 -234°C

(lit193 229 231°C).‘

,a,q—Trifluoroacetophenone (VIII) This kptone was

'obtained by treating trifluoroacetic ac1d (34 2 g, 0 3

:t mol) with an ether solution of . phenylmagnesium bromide ,
. (0. 9 mol in 600 ml solution) 194 The crude product,'ai.;,*

‘~iYellowish oil, was distilled tW1ce, and the fraction 69—i?
i~70°C/30 mm collected (1it195 75°C/37 mm) IR (neat) 5 78
'7"(c0) umy "MS /e 174,,105.e¢,‘1J“. v

','a-Trifluoromethylbenzyl alcohol (VIIIa).-}This B

material was prepared by the reduction of ara, a-tri- ;7 :

Z fluoroacetophenone with lithium aluminum hydride in



ether. Distillation of the.crude product at 58°C/2. 3 mam
| gave a colorless oil. which was further pur1fied by gas

‘chromatography using a 108 FFAP, Chromosorb W AW DMCS,
| ‘ SR \ o \ A
~3' x 1/4" stainless steel column: NMR (CDClj3) & 2.95 (d,
| L . -
-1 H), 4.95 (m, 1 H), 7.30;7.56-(m1 5 H); MS m/e 176, 107,

l-Phenyl-S-hexen-l-o1 (VIIa), The synthesis of‘this

‘alcohol was carr1ed out by adding benzaldehyde (9,0 g,

0. 085 mol) to an ether solution of 4 éentenyl magne31um »

brom1de (from 12. 549 R 085 mol) of 1- bromo—4—pentene and

2.149 (o 086 mol) of magnesium in 250 ml of ether). 196

3 Théwlmpure material obtained from this reaction, a-

| colorless oil, was dlst111ed twice and the fractlon 76-
2°C/l mmﬁcollected‘, NMR (CDC13) § 1.20-2.12 (m, 6 H),

,1 2. 44 (s, 1 H), 4.55 (t, 1 H), 4. 85- 5 86 (m. 3 H), 7.12-

76, 158, 107. v

7 40 (m, 5 H); MS mi/e 1f

-Phenyl 5-hexen l-one (VII).V This ketone was pre—‘v"

’pared by oxidation of the preceeding alcohol (3.0 g,
0. 017 mol) thh manganese dioxide (15 g, 0 17 mol) in

,"pentane 195 After the 1norganic material was. removed and X
/"fthe solvent evaporated, the residue was purifled by -

‘dvacuum distlllation and the fraction 75 77°C/3 “mm (lit196 |

7= 78°C/3 mm) was collectedx NMR (CDC13) & 1 60 2 22 (m,
a4, 2 .95 (t, 2 H). 4. 94 5. 92, (m, 3°H), 7. 38-7.60 (m,-~

,"H).,7 90-8.00 (m. 2 H) IR (neat) 5.93 (CO) umj s n/e e

y5174, 120, 105.

L

2 Methyl-l—ghenylcyclopentanol._ This_tert#aICOhoi‘

107.
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was prepared(by the Grignard reaction of 2-methylcyclo-
“pentanone (2 g, 0.02 mol).1%7 The purification of the
. crude product was cErried out by Vacuum distillation

(115- 118°C/10 mm, 1it197 124-127°C/14 mm) and then by gas

.chromatography us1ng a.l0%- FFAP Chromosorb ‘W AW DMCS, 5°

x 1/4" stalnless steel colym NMR (Cpcly 6 0. 84 (4, 3

H)’ 1.52- 2 35 (m' 8 H)' 7. 2 -7.68 (m' 5 H), ‘MS m/e 176'
158, 133, 120, 105.

Fluoroacetic acig. Fluor63cetamide (50 g, 0. 65 mol)

was converted to fluoroacetlc acid using the method re-
ported by Buckle.198 but a mlxture of nxtric oxide and

nitrogen d10x1de was used rather than nztric acid and

arsenousvoxlde. After the excess_nltrous fumes were. re- -

&

moved, distillation at ordinary pressure (160-162°C) gave:

42 g (83%) ofthe pL’OdUétt‘ ' NMR (CDC13) 5§-5.04 (d, 2 H,.J

47.7 cps), 11.53 (s, 1 H), | -

: Fluoroace§y1~ehloride. This material QasAprepared -

from fluoroacetic acid (39 g,«O 5 mol). and‘a,a,a—tri-
chlorotoluene (108 g, 0. 55 mol) in’ the presence of a

: catalyt1c amount of zinc chloride.l99 The crude product

of the reaction was d1st1lled at ambient pressdre and the

fractlon 69- 3°C collected. A second dlstillation at>70—;n

;-;71°c (lit199 71.5- 72. 0°C) gave* 20.5 g (84%) of fluoro-

“*-_acetyl chloride, a colorless oil NMR (CDC13) 6 5. 20 (d'*

3 48. 0 cps) IR (neat) 5. 51 ‘CO)',13 07 (C- c1) um.~"

I w-Fluoroacetophenone (IX). stng the lzterature

¥
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procedure,200 this ketone was prepared from fluoroacetyl

chloride (38.6 g, 0.40 mol) and benzene- (39 ml) in -the

_presence of aluminum trichloride (120 g). The reaction

crude was distilled at. 70- 72°C/l 5 mm (1it200 g5- 7071 mm )
to give a colorless liquid whose phy51ca1 prOperties were
consistent w1tn w-fluoroacetophenone. mp 26 27°C (llt 0
27 28°C); NMR (CDC13) 6 5 57 (d 2 H, J 47. 5 cps), 7. 36—
8.10 (m, 5 H); IR (neat) 5.86 (CO) um; MS m/e 138,°105.

a-Fluoromethylbenzyl alcohol(IXa) B This compoung

was prepared by reduction of the preceeding ketone w1th

lithium aluminum hydrlde in ether. 1In the dLStillation

o

of the crude product, the material b01ling at 95- 99°C/8
mm was collected (11t201 97-102°C/8 mm) NMR (CDC13) 8

3 15 (s, 1 H), 4.48 (m, 3 H), 7.40 (s, 5 H), MS m/e 140,
- 8 .

120, 107.

_ngclopropylbenzyl alcohol (Xa). .This, alcohol. was

obtained by reduction of cyclopropyl phenyl ketone w1th

lithium alumxnum hydride in ether. The crude Qroduct was

distilled, and the fraction 129 -132°C/18 mm - c&iiected._

T PR
;NMR (CDC13) 6 0. 2~1 6 (m, 5 a). 2,20 (s, 1 H), 4. no««d 1
- e ! . ) ’
. vH): 7 35 (ml 5 H) S - _b : 'f‘ ‘ .7.;,"“' g
./f, E o S : .» #4
B.v,jnethodsland,ptecédures{' T R

Physical constant measurements. microanalyses,

spectral measurements,/and gas liquid partition -

_Vchromatograph analyses were carried out using the same =

Lo K
e B
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instruments describedhin Part I'of this thesis.

¢ 1In addition to those, 14-NMR high resolutionfspectra
were obtained. using a Bruker WH 400 high field cryo-]
spectrometert Gas chromatography—infrared Spectra (Glpc-
I%) data were obtained using’a Nicolet 7199VFT-IR
intérfaced to a Varian series 3700 gas\chromatodraphl'
Polarographlc measurements were. carrled out using a EG &

G Prlnceton Applled Research Model 174—A polarographlc

analyzer coupled‘to‘a.x-x ‘recorder model RE 0074 and to a

" EG & G model 303vstatic.mercury‘dropﬁeleetrode.

_ C;’ A General Procedure for the Reactlon of Ketones WIth

Organotln Hydrldes. The Reductlon of Acetophenone

3 Kr(v) w1th Tr1phenylt1n Hydrlde 1anolventJBenzene.

VAn aliqnotzsample (0.2 ml) of a stock solutioh”wbich
was 0.1 molar in ketone’v andfo 042 molar in n-tridecane

(1nterna1 standard) was placed 1n an ampule wrapped w1th

: alumlnum f01l. Another allquot (0 2 ml) of a benzene

solutlon of trlphenyltin hydrxde (0 1 molar) and AIBN :

(0 004 molar) ‘was added., he ampule was degassed by

| three freeze thaw cycles and then sealed under vacuum.d

The mlxture was thermostated in an oil bath at 61 C for a

standard time (16 h) 1n the dark. The ampule was opened v

g and the reaction mlxture analyzed by glpc using a 10%

110,

FFAP. Chromosorb W AW DMCS 60~ 80 mesh 5' % 1/8' stainless :ﬁ}rj”f”;
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steel column. The chromatodram showed three major
peaks. The structure of the compounds related to these
peaks was establlshed by a- comparlson of the1r retentlon
t1mes, glpc mass spectra, and glpc-IR with those of
authent;c samples. The flrst peif corresponds to the.
internal standard The other two peaks correspond to -

»acetophenone (V) and a-methylbenzyl alcohol (Va)

h;Quantlflcatlon of these peaks against n—trldecane

v'afforded 49.7% of V and 46 5% of Va._'

| ) Duplzcate experlments using ketone Vv, were carrled
“out to test the effect of each of the follow1ng concen-
tratlon of trlphenyltln hydrlde, initiation by different’
concentratlons of AIBN, 1nh1b1tlon by m—dlnltrobenzene,_
structugi of the hydrlde, and polarity of the soLvent.

The results and specific condltlons of these experlments

:iare listed in Table.v.l

\-

‘p. Redhction‘oflother Ketones by Orgarfotin Hydrides,

b

"the general procedure (61°C, 16 h, dark, degassed
' /

:37ampules) were also carr;ed out to test the effect of the

uconcentration of the hydrlde,-inltlatlon by AIBN, :

4 4

'“‘ffand polarlty Qf thg solvent 1n the reductlon of each of

Ty

75;E;the followxng getones-f benzophenone (VI), l—phenyl 5-

Experlments at the standard cond1t1ons specxfled 1ni

'aftion by m—dinztrobenzene, structure of the hydrlde,i;'

111.
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he;en l=one (VII), c,u,u-trlfluoroacetophenone (VIII),.m-
fluoroacetophenone (I1X), and cyclopropyl phenyl ketone
(X). 1In all cases the 1n1t1al concentration of ketone
was c.a. 0.1 molar., All glpc analyses were performed »
u51ng 10% FFAP, Chromosorb W AW DMCS 60- 80 mesh, 5‘ X 4
1/8“ stalnless steel columns. The structure of th##
compounds related to the peaks observed in the chroma-"

- tograms was established as indicated in the‘general
procedure. Determlnatlon of moles of'products was done

agalnst an 1nterna1 standard. The reLults and spec1f1c

condltlons are 1lsted in Tables VI to X.

e

E. Competitive Reaction of «,a,a-Trifluoroacetophenone

'and‘m#Fluoroacetophenone;with Triphenyltin Hydride.

\

a;a,a-Trifluoroacetopnenone (1.0 mmol),‘w¥fl§oro-
acetophenone (1.0 mmol) and_Efdl tert butylbenzene (0.3
mmol) were accurately we1ghed 1nto a volumetrlc flask and ‘
dlluted to 10 mL WIth benzene.' Trlphenyltln hydrlde (1.0 .
mmol) and AIBN (4 X 107 2 mmol) were welghed 1nt0\another :

» volumetrlc flask and the mlxture dlluted to 10 mL w1th

benzene. An allquot (0:3 mL) of each"olutlon was:
plpetted 1nto a reactlon tube.A The r_act;on vessel was
degassegl and sealed and the mlxture allowed to react at
61°C for 3 ??tu he product analy51s was effected by |

glpc us1ng a FFAP 10%, Chromosorb w Aw DMCS, 68 80 mesh,
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5! x 1/8" stainless steel column. A competitive reaction

of these two ketones was also carried out in identical
NV

manner in solvent acetonitrile. The relative rates r

‘kVI}}/ka‘in each solvent were estimated from the

equation: o | - .
‘ - . ‘
| T (areao CF;COPh ///'areaf CF3COPh)f
kVIII 199 area- standard areafstandard,

Kix 1  tarea® cn FCOPh area® CH._FOOPH\|
log 2 / ~ 2

area® standard areaf standard
where the sugerscrlpts,o and f refer to the areas in the

*

%nitial mixture and the final reaction mixture.
. b Raithebel : .

F.q"Polarographic Measurements, The Reduction of

} ) glass frit. The solutlon conta1n1ng Ph3Sn C104 was

v‘l;dlstannane (70 mg, 0 1 mmol) was dlss°lved in 10 L. of

Trlphenyl and Tri-n- butystannyl Catlons 1n

Dlmethoxyethane.

~

Polarographic measurements were carried out in‘a'one

compartment glass cell prov1ded with drOpplng mercury

, electrode (DME), a referehcé ﬁ'1ectrq,de l0 01 M. AgClO4 1n

\dlmethoxyethane (0. 1 M Bu4NC1o4)/Ag wire] and a mercury

R -~

pool counter electrode. The reference electrode made

r

electrlcal contact Wlth the cathode env1ronment v1a a

s

‘prepared by react1on of trlphenyltln chlorlde or heﬁa—

phenyldlstannane w1th 51lver perchlorate.202 Hexaphenyl—



)

114.

electrolyte SOl;tiOn (0.1 M tetrabutylammonium per-
chlorate in dimethoxyethane). Silver perchlorate (8.3
mg, 0.04 mmol)lwas dissolved in 10 mL of electrolyte
solution. The two solutions were mixed and thén,filtered
under a blanket of N>. An aliquot of the fiitraté (10
mL) was placed in the polarographic cell and Triton X-100
added. The mixture was purged with dry nitrogen (8

min). The dc polarographic current-voltage curve was
recorded at a rate of 5 mv per s from an initial
potential of -0.7 volts. Bu3Sn' Clo,~ was generated by
mixing electrolyte solutions (0.1 M tetrabutylammonium
perchlbrate in dimethoxyethane) of hexa-n-butyldistannane
(1.5 x 10°2 M) and siiver perchlorate (6 x 10-3 M). No
suppressor (Triton x;lOO) was used to record the ac

pblarographic current-voltage curve.

G. Polarographic Reduction of Ketones.

The current-voltage curves for the polarographic
reductions of acetophenone (V), a,a;ﬁ—trifluoroaceto—

phenone (VIII) and w-~fluoroacetoMienone (IX) were

~obtained from.electrolyte solutions (0.1 M tetrabutyl-

>

ammonium perchlorate in dimethoxyethane) of each ketone
(1073 M) by using the cell previously described. The
half-wave potentials estimated from the current-voltage

curves were -2.51 v, -2.0 v and -2.05 v



vs Ag*/Ag for the ketones V, VIII and IX respectively.

)

H. Analysis of Non-condensable Gases in the Reduction

of w-Fluoroacetophenone (IX).

An aliquot éample (1 mL) of a stock solution of
ketone IX in benzene (0.1 M) was pPlaced in a break seal
tube. Another aiiquot (1 mL) of a benzene solution of
triphenyltin h?dride (0.1 M) and AIBN (0.004 M) was
added. The tube was dega;sed, sealed and the mixture
allowed to react at 6i°C for 16 h. The reaction mixture
was frozen and the dead volume evacﬁated~in a ultra high
vacuum line. The seal was then broken and the non-
condensable gases transferred ;sing a Toppler pump to a
bulb of known volume. The temperature and the pressure

of the gases were measured and the number of moles

estimated from the ideal gas law equation.

115.
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