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ABSTRACT ‘ L e

The reductions of three hindered esters of differing
steric environments by three radical anion reagents [sodium ¢

. . \
naphthalene (NaNp), sodium hexamethylphosphoramide (NalIMPA)

and sodium trimesitylboron (NaTMB) ] were investigated. |
Reduction with sodium naphthalene gave rise to some unique
alkylation products wherein coupling had occurred at the
B-position of the naphthyl moiety. Alkylation products were
also obtained n NaHMPA reductions. The product distribu-
‘tion was found to be highly dependent on the type of radical
anion used, reaction time and the presence of a proton
source. The order of reducingwability for these reagents
was found to be NaHMPA >> NaNp >3 NaTMB. Sodium tri-
mesitylboron‘showed promise as a selectivé reducing agent.
Three new crystalline or%anoboranes have been prepared
- dimesitylborane, lithium dimesitylborohydride, and lithium
dimesitylborohydride bis(dimethoxyethane). The latter com-
pound was shown to reduce the carbényl function of cyclic
ketones in quanfitative yield, and with the highest stereo-

~selectivity recorded for organoborohydfide reducing agents.

Lithium dimesitylboréhydride bis(dimethoxyethane) is a

*
- A

unique stable compiex formed between two molscules~of

% dimethoxyethane (DME) and 1ithiumﬁdimesitylborohxdride. Its

-

X-ray structure is recorded.

vi
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PART 1

'RADICAL ANION REDUCTIONS OF STERICALLY HINDERED ESTERS

_— | | J& -

. GENERAL INTRODUCTION

V(\.
( .

Radical énionsl’z’3

are negatively charged species
possessing an odd number of electrons which. are usually
easily generated by treatlng a neutral molecule with an

alkali metal (eq. 1). .
AB '+ M ————s M'[AB]T . L (1)

Of* particular interest in theé present study is the

chemlstry of three dlStlnCt radical anlons, namely, those

4 5

t’orlglnatlng from naphthalene (Np), hexamethylphosphoramlde
| ‘(HMPA) and trlme51t¥1boron (TMB) All three radlcal
an;qns are‘generate&'ln a similar manner - chemical reduc-
tion W1th\alka11 metals in polar aprotlc solvents such as
dloxane, tetrehydrofuran(THF) or d1methoxyethane(DME)
Anhydrous\amd oxygen free eondltlons are necessary both
for the gen?ratlon and malntenance of solutions of stable
radical anibns | | | i

Hlstdrécally, the’ rad1ca1 anlon of naphthalene was
the first: of ‘these' three to- be dlscovered In 1867,

’-Berthelots g descrlbed the formatlon of a black addltlon




“hy

."P-'

‘ : ~
product on fusing metallic potassium with naphthalene in
N \
a closed tube. 1In 1928, Schlenk and Bergmann10 observed ' '

a reaction between lithium and naphthalene in diethyl

“ether, but reported no detectable reaction with sodlum

under similar conditions. To° Schlenk 1is attrlbuted the
first real understanding of the nature of radical anions.

Earlier work concerning the chemistry of sodium anthra-

cene and of ketyls in,ether solutions11 led Schlenk to

hreport his findings in terms which closely cérrespond

to our modern notation of electron transfer processes
1nvolv1ng carbanlons, radicals and radlcal 1ons

A solution of sodium in liquid ammonla was the first
o J
method reported to brlng about the "addltlon" of sodium

’

~ to naphthalene 1n solution. 12 Then, in 1936, Scott and

coworkers4,descrlbed‘what has since become the most common
method for its preparation;nnamely; in speeific solvents
such as dimethyl ether.er DME; metallic sodium reacts with
naphthalene rapidly, producing a darh green homogeneoqu/ﬂ

solution. These workers also observed that addition of
. . - . \ !

. K : A\ .
benzene to the green solution followed~by removal of the
dethereal solvent, led to a’reversal of the reac‘&on -

sodium naphthalene was reconverted 1nto naphthalene and

-+ Y

sodium dust.
The dark green solutlon of sod1um naphthalene (also

4
referred to as sodium naphthalenlde) conducts electricity

;Vand exhibits an electron.spln resonance(esr).spectrum.ls’}4'

1



A

A

The esr signal shows hypérfine splitting_ahe to inter-

action of the unpaired electron spin with the nuclear

1;"' : ' '
spins of the four‘a and four g hydrogens of naphtha-.

15 . . ¥ ' ) . .
* lene. ~. This confirms the presence of a radical.anion

sodium salt with the odd electron‘delocqlized about the
naphthalene moiecule, thus: ° »

-

+ + o
N;a é Na “ e
4 x. ' . o ' ’.. '
. | B “ - etC.
L N : . . "

' ‘._ - -
. ~

Reductlon thus g1ves a stable spec1es which can be ’

.reconverted to naphthalene by ox1dat10n.

“
.

4 )
Scott also noted that the reactlons of sodlum.

_naphthalene could be divided inte two classes. Using

- his termlnology,_the classes were: - (1)“those reactions

fn which naphthalene is recovered unchanged - such as

‘-thé<reactions with mercury, oxygen or benzyl chloridéy -
“and,  (2) those reactlons where naphthalene is reduqed
"to dlhydronaphthalene or its der1vat1ves - c1t1ng

‘reactlonséwlth water or organit. compounds contalnlng

active hydrogens, ‘e g aceterne or alcohols.

In preSent day tefms, the first class axe called‘

\ . . e
: . ’ ' P

) 'uik\,.
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| . |
clectron fransfor processes as illustrated (eq. 2) for

« the reaetion with molecular axygen. The second, and most

‘\ - N "
Na + \02 @ f,A N;]Oz (2)

characteristic reactions of radical anions, arc now termed

"protonation” or "nucleophilic" reactiomrs, i.c. the radical

anions act as bases. An example is the quenching of
sodium naphthalene\with 5§ter16—18 (eq. 3).
4 ;
— b 5“
' AY
'f
2 Na * 2 H0 ————
’ L4
. HH ’ ‘
. - tfb
w ’ * 2 NaOH (3)
) :

H H A

.Some reactions, for example} the reduction of organic

‘halides by the naphthalene radical ion®»!9740 encompass

both types of classes (Scheme I - the cation is omitted

€

for convenience). - -
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Scheme [

+ R-X ———ue + R™ o+ X

/ C “
o H R H

H H
R — RH

This duality of reactivity of sodium naphthalene has
been the suﬁjoct of numerous recent studies.17’4l’42
Banks and coworkers!7,41 have suggested that the extent of
celectron transfer and proton abstraction are functions of
the stat¥ of ion-pairing in the solvent system used.
Kinetig studies have shown that for electron transfer from
sodaum=naphthalene to naphthalene, the reactivity order is
"free" > "loose" D> "contact-ion" pairs43, whereas for
proton transfer to sodiunm naphthalenc by water, the order

is "contact" ) "loose" D> '"free" ions.17 Est studies of

by
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[
sodium naphthalene in ether solvents by Weissman and

A4 have indicated that the sodium ion is in

\
rather close Qroximity to the naphthenide f{ramework

Atherton

(contact-ion pair) in THF. With DME as solvent, however,
[ 4
they exist as solvent separated or loose ion pairs. Heats

[
and cntropies of dissociation carried out on the same

45 confrimed these findings.

systems by Szwarc and coworkers
Thus, in the reaction of sodium naphthalene with a
substrate which offers the possibility of bothethe elec-
tron transfer and the nucleophilic pathway, such as phenyl-
acetonitrile, it has been shown that the product distribu;
tion can be varied by as much as 45% by varying the solvents
from THF-diethyl ether (50:50) to THF-tetraglyme (50:50).41

5,46-53

Hexamethylphosphoramide (HMPA), also called

tris(dimethylamino)phosphine oxide, is a polar aprotic

solvent which dissolves alkali metals slowlySl to %ive
- . S
blue paramagnetic solutions51 >6 up to 1 M in the metals 2
(eq. 4).
CH
[3
H3C—N
TR : R )
3‘>N~P:O + Na —————» Na [HMPA]- (4)
H3C——¥
CH4

' , .
No other aprotic solvent demonstrates this ability. These

solutions decompose after several hours with a"os§ of para-
magnetism, accompanied by a changé of colour (blue to red)lsz

~ o



However, the stability of these NalMPA solutions can be
£ 3

markedly enhanced by the addition of various cosolvents

T S . . 55,°
AO55 0 rip 1s a particularly cohvenient one. » 6

e - 9 .
The esr spectrum of HMPA® 5’4"52’53’55, independent

N

of the cation used, Consisti of a single sharp line at

5 . . : - .
g = 2.0022 5, identical with the valuc for that of sodium
in liquid ammonia. This single line csr spectrum has

been interpreted in two ways; (a) as being duec to a solu-
- ‘ ‘ R
tion of phosPhoryI radical anions undergoing rapid elec-

tron transfer, or (b) due to a solution of solvated elec-
trons. According. to Normant, the active spcci?s is the

radical anion which slowly disproportionates to a dianion

5,49

(red color) or a mixture of anions eq. 5 and 6).

i
{

. ) o

2[RzP=0])" T———= R3P=O + R3zP-0 " (5)

Ry P-0 —_ N(cn3)2 + R,P-0 (6)
where R = N(CH3)2

b

Dimethylamine is isolated after hydrolysis of the "dianion"
solutions. Similarly, alkylation leads to the isolation
©of alkylphosphoramides and the alkyldimethylaminei

Other authors have interpreted the est spectrum
differently and believe NaHMPA to be a solution of solvated'
electrons similar to solutions of alkali metals in liquid
52,55

ammonia.

HMPA has an exceptional ability to strongly coordinate



3 -—

with catlons (owing to the easy <ttr1c ﬂcccs51b111ty of

the O‘S }. Thus, the reactivity of an anion dlssolvedzln
ﬂ -
HMPA is markedly enhanced and furthermore it cx1Sts as a

"free" anion. 37 Since "free" radical anions fa%pur
eleqtron transfer processes over thse ofﬂprStdnd;ion,
it is reasonable to expect that“électron traﬂsf;r ‘
processes should be preferréd:in NaHMPA.

The third radical anion studied was sodium tri-
mesitylboron (NaTMB). The reaction of triarylboron
reagents with alkali metais in ethereal solvents may
proceed.;ith the transfer of either one or two electrons
to form coloured salts. These reagents were first

58,59

studied by Krause and coworkers. However, TMB

s
represents a unique example in this class.
TMB was first prepared by Dod$0n60, and soon after,
it was reported to react readily with sodium in THF,

forming a dark blue solution of the mono sodium rad1ca1

anion, Na *TMp*’ (eq. 7). These blue solutions are
CH3 F : CH3 *

f .
Na + B-t CHy] — Na'| B Hz ] | = NaTMB

(%]

CH X 3]
3 CH3 (7)

~stable for extended periods.of time7, and furthermore,
the bulky mesityl group serves Lo'impede dimerization of
the radigal anion as well as to inhibit form%tion of

quaternary boron compounds6’61 or rapid reaction with



. . 6
protic substances. 3

The est spectra of Na TMB®, K'TMB®,and the TMB®
s

solution obtained by electrolytic reduction in ethereal

solvents were all identicalbl’62

64

) as was that of Na TMB-

in 1liquid ammonia. A1l spectra indicated that there

]

was no metal coupling; thus, the metal ion is not .im

contact with the TMB- (i.e., the TMB: is a '"free" ion). Co

The geometry of NaTMﬁ @lso plays an important role

" in its chemistry. Griffin and van Willigen intenpreted
their esr data for Na'TMB® as reflecting the fact that
steric hiedrance between the orthb-methyl groups causes

a significant nonplanarity of the‘mesityl rings, which f,
results in effective shielding of the position of highest
charge density (the boron atom) in Na*TMB*.%1 This
inhibits "tight" ion pair formation.

As a result;~Na+TMB7, like” Na*HMPA®, would be anti-
ciﬁated to display a preference for electron transfer
rathér than "protonation" processes. In fact, because
of the remarkable stability towards decomposition of the
Na*TMBT and its slow reaction Qith protic substances, the
radical anion of TMB could be expected to undergo electron

transfer processes only.
thyonly may relatively stable radical anions be fo;med‘

by chemiéal reduction, but also by electrolytic and photo-

lytic methods.f's'68 The parent moleéule must possess a

shfficiently low-lying empty..orbital for acceptancé of



the odd electron. In addition to numecrous aromatic

1,2,11,69-71 and compounds containing phos:

6,61,62 67,68
B

hydrocarbons

\
5,55,56,65f67’ boron ,silicon6s’

nitrogehs’65’67 or transition metal§67’71, there are

phorus

(
"various additional class;g of compounds whi¢h exhibit
this capability of .accepting an electron and forming a
- radical anion. These include unsaturated compounds con-

taining conjugated bond$ and electron withdrawing groups

such as tetracyanoethylene67, tetraphenylethxlenell’72,

71’ enones73, diones65’71’74, triones65’74-77,

azo cbmpounds65, nitro compoundsGS-?7, and heterocycles

67,71,78,79

aryl ketones

Radical anion solutions are very reactive towards

a wide variety of substances, such as water17_19’80.

81-83 84 85

, carbon monoxide”"”,
88,89
P

oxygen7, hydrogen , Nitrogen

carbon dioxide5’16’86, suiphur dioxide87, gsoprene

19-38 :
alkyl -and ary139’40’90

halides, ether%s’gl, and

. . 3,5,55,56,
many other 'electrophilic" organic compounds.™’ »56,

63,92-102,

The versatility of these reagents as electron trans-
l . . M lﬁ‘
fer reagents and as tools for organic synthesis is evident

hd

by the mahy transformations which they can accomplish. - ”

Some representative reactions are shown below:

hl N L
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(1) Cleavage of sulphonamides to amines. 94,95

' NaNp o ) _
CH S0, NR -+ R.NH + CH S0
3 22 "DME or THF 2 3 2

25°C, 1 hr , >90% (8)

3

(2) Reductive dehalogenation of a-haloketones. >

0 0]
- C1 o
DME, 0°C

— (9)
a) NaNp, 50%

b) NaTMB, 100%

(3) Reductive cyclization of unsaturated ketones

(enones, ynones and allenic ketones).3 /
»OH N
0 HsC % d CHy  HsC
// Na Biphenyl > ‘
> + (10)
DME,.HZO(trace)
-35°C 72% - 208
OH .
LiTMB L :
~> (11)
DME, t-BuOH- ) "
. O s “x
r 473 o ‘

f

(4) Cycfization to fused ring systems via acyloin-
type condensatlons 100,101

o COOCH .
(12)
. NaNp, THE -
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(5) Reduction of «,f8-unsaturated ketones.03,102

“ ’

‘NaTMB

— ‘ (13)

g - DME, RT .
95% (70/30:t/c)
r 3
LiHMPA | )
25°C
0 0

25%

(6) Alkyiation'rééctions.S

1) LiHMPA,25°C |
CHy : > CH(CH,) 4CH
2) Br(CH,),Br . 2 )

(15)
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THE REACTION OF SODIUM NAbHTHALENE, SODIUM

HEXAMETHYLPHOSPHORAMIDE * AND. SODIUM

TRIMESITYLBORON WITH STERICALLY HINDERED ESTERS
)

INTRODUCTION

*

In 1958, Wenkert and Jacksont®3 reported a mé%%%d
for the reductive hydrélysis of hindered es;?rs by treat-
ment with lithium in liquid ammonia. This method was
'a1so recommended as a diagnostic tool for differentiating
Between axial and equaforiai esters in rigidly held ring 1
systems. ’Tﬁé less étericg}ly hindered equatorial esters
were reduced to‘éicohols'(eq.,lﬁ), whefeas the axial
epimers underwent reductive hydrolysis to the corresponding

acids (eq.r1 17).

. CHy

Li
e
; NHS
COOCHS
CH3
COOCH3
Li
ANH3 :

a

Then, in 1963, Gutsche and Tao100 showed that the keto

'



14

ester, methyl B-(2-ketocycloheptane) propionate, Eould be
cyclized to 7-hydroxy-8-ketobicyclo [5.3.0] decane byﬂ
treatment with a THF solution of sodium naphthalene
(eq. 12). These observations led to the expeégﬁtion
that electron transfer from a radical anion to a hindergd
ester would»be a facile process.

Furthermore; at the cOmmentewent of this work only
a few methods were available to effect reduction of

sterically hindered esters. These involved reagents

such as lithium iodide in refluxing pyridine, 2,6-

. ... 104 ' . ' .
lutidine, or 2,4,6-collidine ; potassium tert-butoxide

. and lithium iodide 6t

106

in dimethylsulfoxide (DMSQ)10
bromide in hét dimethylformamide (DMF) Some of
these reaction conditions.are rather drastic.

Ddring and since the completiqnfof the work done
in this thesis, totally new methods for such reductions
107-109, all giving'yields greater than 90% of acid,
have been described. | ‘

Bartlett and Johnson employed lithium'ﬂ-propyl ‘
mercaptide in HMPA to cleave methyl esters under mild .
7

conditions (eq. 18)10 The reactioﬁ procedded readily

Py nPr$-Li* (4-6 equiv.) P |
R-C-OCH; = > R-C-OH (18)
' HMPA o

100%



qf‘ ititative yields. Moreover the reagent is compatlble
WA
cu‘,h the presence of acid-or base- sensitive functlon-

}t1es .
(fp  The use of boron trlchlorlde (4 equiv.) in methy-

\
K

Jene chlorlde at 0 g has also been descnibed!?® for

vthhat purpose. The third; and most general method, which
ft can also be applied to non-hindered esters, uses 1;5—
< diézabicyclo [5.4.0] undecene-5 (DBU) in o-xylene at
i refiux temperaturés (ed. 19)109; Yields of acid for
‘ﬁ the latter two methods are similar and > 90%.

[N
) .

\ .
.jk 0 . 0

4 / é’ , DBU (10 equiv.) /7
Mo . R- -OCHz - R-C-OH - (19).
N\ o-xylene =
A - :
e | r2 90-100%
LY The sterlcally hindered esters chosen for the

\ § .
rpresent study were methyldehydroabletate (la), an equa-

ftdvlal ester methyl O-methylpodocarpate(Z), an axial

Al

.ester, and methyl mesitoate (Sa), a h1ndered aromatic
L

1f‘eSQer These same model systems were employed. in the

R \Wenkert study and it was thus possible to make a com-

N G-
A parlson between &he results ‘of the two methods

vu. It was also hoped that by 1nvest1gat1ng thig

P

rbaculon with a variety of rad1ca1 anions, some under-

ﬂtandlng of the nature and ‘use of these reagents in

Sy?thetlc organlc chemlstry could be gained.

1 g'
5
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o N0 o oW

-

-

-

.

‘0
o

COOCH;

‘CH20H

COOH .
CONHCHg ,
CON(CHs),

16
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RESULTS AND DISCUSSION

Wenkert repoxted»&:hat treatment of methyl podocarpate
(4b) with lithium in 1&&uid ammonia led to a 62% yield of

podocarpic acid {4a). This hydrolysis, a "reductive"

Y a, R= COOH, Y= OH
b, R= COOCHs, Y= OH
¢, R= COOH, Y= H -
d, R= COOCHz, Y= H :

. e, R= CHsOH, Y= H
£, R= COOH, Y= OCHjg
g, R= COOCHs, Y= OCHsg
h, R= CHOH-naphth{1l, Y= OCH;
i, R= CHp-naphthyl, Y='OCH; . '

R= CONHCHz, Y= OCHj

e &

§
L]
-

" process, was formalized by Wenkert in the following way

(Scheme II): o ’
?‘~ .
Scheme. I1 ;iﬁl
o ' .* )
0- [ 0 ]
. / . 2e” i e” /o
‘[R-C" +——— .. RCO,CH, _— R-C*
OCH; | | - OCH3 |
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This ability to form the acid rather than tholulcohol

has been integpreted as being® duc to resistance of the
‘ .

axially trigonal carbonyl carbon atom to expand to the
morc sterically demanding tetrahedral state. While the
fate of the mecthyl function'hﬁg;not been ascertained, it
wags suggested that host probabiy Fhe group was reduced
to mcthane or ethaﬁo.

thle this reaction dppegred to be useful as an easy
means of hydrolyz1ng highly qterlcally hindered esters, ’
it alﬂo %ugge§ted \}splf asvw diagnostic tool for dif-
fcrcntlatlng Eetween axf§¥/éndhcquatorial carbonyl-groups
~in rigidly held ring systems. .Esters of les§s ste}ically
hindered acids are expected tg be reduced to the corres-
ponding alcohol, whereas hindered esters should undergo

.

reductive hydrolysis to the acid (see eq. 16 and 17).

Three esters studied by MWenkert gave results which

suppgrted this hypothesis. .y

Methyl desoxyvpodocarpate glr?. an axial ester, on

_ treatment with metal-ammonia solutions, gave a 77% yield

of the acid (dc) and a 23% yield of the alcohol (4e)

\/‘\‘

However, methyl dehydfpapﬁetate (la), an equatorial ester,
afforded 3% deﬁydroa5i3£ic acid (1c) and 62% dehydro-

abietinol (1b). The sterically hindered aromatic ester,

methyl mesitoate (3a), was rgduhe&'éxclusively to the

i

alcohol, 3b. o { :
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Reactions with Sodium Naphthalene

Our initial attempts to study the feasibility of
employang a radical anion solution for ester reductions
were carried out with sodium naphthalene (NaNp) in THF
at room temperature on methyl-O-methyl podocarpate (4g)
as substrate.

Preliminary experiments showed that at least iwq
molar equivalents of NaNp were necessary for complete
utilization of the ester.. Also, inverse addition (i.e.,
addition of the radical anion solution to asolution of
the ester) gave the same yield of acid as did normal
addition.

When one equivalent of axial ester, ig, in THF was
added (10 minutes) to 2.3 equivalents of NaNp in THF, two
solids were obta¥ned as the major products. Acid 4f was
produced in 34% yield and the other proauct (24% yieldi
was'alcopol 4h, def%ved frohxalkyiation of the ester by
the naphthalene moiéfy. 1Furtﬁ§%more, when the reaction

)
was rebeated with a large excess of NaNp (6.6 equiv.),
the amount of alkylation products increased. Corres-
p;ndingly, the yields of products 4f and ip decreased -
(17% and 16%, respectively), and a third compound, ii,

was isolated as the major product in 54% yield (see Table

I, entries 1-4). - | \
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Compound 4h was assigned structuré~§, that of
O-methylpodocarpyl 2-naphthyl carbinol fon the’basis of
spectroscopic (nmr and mass spectra) and chemical studles |,

(oxidation to the corresponding ketone).

OCH3

3

The nmr spectrum (pyridine-dg, 100 MHz) of 5

exhibited the following absorptions: a sharp singlet for
3 protons at 61.07 (-CHz on C4), a sharp siﬁélet for 3

_ protons at §1.56 (;CES on Cyp), a multiplet from 61.20 to
2.95 for 11 éliphatic protons, a sharp singlet for 3
protons at §3.66 (Ar-OCHz), a doublet for 1 proton
(J=2Hz) at §5.72 (-CEOH'f which collapsed to a singlet

on -D,0 exchange, and a broad singlet f?r one proton

S

>

3 .

3 ‘



22

located at 86.42 (-OH), which exchanged witﬁ D,0. Since
the hydroxyl proton is couglcd to the one absorbing at
§5.72, the hydroxyl group must be in a relatively fixed
position. Absorption for the pﬁcnyl ring of the podo-
carpyl skeleton appeared at §6.80 (3H,m). The seven
naphthyl protons absorbed at §7.46 (3H,m), 7.85 tSH,m)
and 8.19 (1H,s).

The proton at C-1 in various 2-substituted naphtha-
lenes appears as a sharp singlet and i§ readily identified.
In addition, the shifts induced on tﬂg C-1 hydrogen due
to a substituent atlghe 2-position further aids in their
identification.llo Therefore, the nmr spectrum of §
indicates that the linkage of the naphthalene moiet; is
at fhenz—position.

Mass measurements of 5 gave a molecular ion of
400.2394 (calcd for C28H3202'400 2402) The mas; spectra
of the starting ester, 4g, and the product alcohol, 5§,
‘showed major differences in the1r respective fragmentatlon
patterns and each possessed different base peaks (227 and
161, respectively). Compound gg displayed the typical
fragmentation of a podocarp-8,11,13-triene deriva-
tive possessing oxygenation in the saturated part of the

111-113

molecule. In contrast, initial fragmentation of

S led to a podocarp-8,11,13-triene - derivative lacking



oxygcnationfin the saturated part of the molecule.lls’114

115

Collins oxidation of 5 led to the corresponding

ketone, 6, ir: 1670 cm” 1 (conjugated :C=0), the struc-

ture of which was conflrmed by additional spectroscopic

data (nmr and mass spectrum). The mass measurement

OCH3

1 l'o

was 398.2258 (calcd for C,gHz,0,:398.2246) and the frag-
mentation pattern of.g was similar to th?ﬁ of 5, and
gave the same base peak (m/e 161).
The nmr spectrum (CDC1lz, 100 MHz) of g showed
absofptions similar to thoéé of the d:methylpodocarpyl
f/“skglgtdﬁ/absorptiOns in‘g (see Experimental). .The nmr
spectrum showed absorptions for thé segéh naphthyl protons
\\V// at 67.57 (3H,m), 67.83 (2H,m), 87.89 (1H d,J=8 Hz) and
§8.05 (1H, s)
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» These results are in accord with observations by
Martin and coworkers, who measured the nmr spectra of

1- and 2- acetylnaphthalenesll6 (7 and 8).

N /CH3
H
1 CH
CH3
l::::, !:::ll CQb
Hg

8

- “.
)

v,

1~Acety1naﬁhth51ene, 7, showed two well separated reso-
nances for phe naphthyl protons in the ratio of 1:6.
The hydfogen at C-8 QHS) appeared as a multiplet at §8.76.
For 2-acetylnaphthalene, the hydrogens at C-lm(Hi) and
Cc-3 (H3) appeared as a singlet at §8.42 é%d a aoublet at
§8.04, respectively, downfield from the remaining five
protons which were further separated into two multiplets
at 67.88 and 67.55 in the intensity ratio of 3:2. This
latter spectruﬁ is in agreement with our observations
for ketone'g

Measurement of the nmr s;;cter in the presence of
the shift reagent [Eu(fod) 4] prov1ded add1t10na1 support
for the B-linkage assigned to 6. The observed chemical

shifts of the protons H; and Hy of the naphthalene ring |

[

[ o
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for 6 are given in Table II. Since the isotropic shifts
" decrease with increasing distance of the respective nuclei

117,118

from the bonding site of the [Eu....0=C ] complex,

the assignment of the position of Jttachment of the car-
bonyl to the naphthyl moiety can be made by compar&ng the
changes in chemical shifts (A6). In the presence of
[Eu(foéié], protons H; and HSIwere shifted downfield ?y{
the same‘magnitude and appeared as a singlet (H;) at
§10.09 as a doublet (H3) at 69.93 (J=8Hz), respectively.
Had the bonding been to the a-position (see structure ;),
the absorptions dué to H, and Hg would bé expected to.
undergo chemical shifts of different magnitudes and,
furthermore, both wouig have appeared as multiplets hown-
, fiéid. This provides suppoxt for the Bflinkage assigned.
>Compound ii, the major prodﬁct ofwfhe féaction of 4g

with 6.6 equiv. of NaNp, was assigned structure 9. Mass

-

i
>
»
-
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TABLE II

N
Chemical Shifts® for O-Methylpodocarpyl 2-Naphthyl Ketone 4

L

H

8 Hl T,

C3

H, 0

/ H6 H3
He H,

Hy Hy
Normal 8.05 7.89
Eu(fod):,’b 10.09 " 9.93
X L 2.04 S 2.04

(a) Given in & units, measured at 100 MHz in CDC1,.

(b) Ca 0.5 equivalents of shift reagent.

L t
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measurement revealed a molecular weight of 384.2444
(caicd for C28H3201384.2453). The nmr spectrum (CDCls,
100 MHz) showed, for the 7 naphthyl protons, absorption
‘ as a doublet ofdoublet$ for one proton (H;) at 68,i8, as
a muitiplét for two protons at 67.77 ar{as a multiplet
for four protons at §7.41; in pyridine-dg as solvent, the
naphthyl protons appeared as a doublet (J=8Hz) for 6ne
proton (Hz) at §8.34, as a multiplet for two protons at
57.88 and as multiplet for four protons at 87.50.: The
observed doublet is indicative of the B-linkage (a down-
field miltiplet would have been observed if the linkage
had been to the a-position).

. : v
Alkylation products arising from reactions of

organic halides with sodiuh naphthalene have been reported

23,24,33,39,40  pu¢t the majority of these are

previously
of a different type than those observed here. Usually,
1,4-§ihydronaphtha1ene derivatives (10) .result, wherein

the naphthalene ring has been monoalkylated at the

R H

<:::> where R’ =
. ) R

| R H
10

" u
=B

——

dfposition,‘or dialkylated at positions~1 and 4.%% An



!

‘insensitive to the presence of excess naphthalene.

) N . | R H /R; - X

39,40

exception is the reaction of aryl halides which give

at most 2 to 4% of a- and B- arylated naphthalenes in an

approximately 1:1 ratio, resulting from aryl radical-

radical anion coup‘ling.39

Sargent and:ﬁux33, as well as Garst and coworkersSz,

have postulated the following mechanism for the formation
of structures such as 10 (Scheme III), and have also noted

that the yields and 'ratios of -products were wholly
33

Scheme II1

A

o) . 00

R H

Q-+




The observation in the present study of B alkylatlon
ie (at 1east formally) the result of a coupling process
| r

between the B-position of the naphthalenide species with

the aryl carbon of the ester function (eq. 20).

| ' 0
- - H n e
oo - -« C-R° \
| . 0. . |
+ | R-C7 —_— C" + "OCH 20
‘ “OCH; 3 (20)

The product of such a reaction would be, initially,
.
a ketone 9 which upon further reduction would give rise

to 5, the benzylic alcohol. Similar observations have o

been made in related systems. Forhexample, Hall and
~N

coworkers have reported the reduc@gon of alkyl aryl

ketones Ar-CO- R to benzyllc alcohole and thence to‘

hydrocarbons using lithium in liquid Ammoﬁgﬁ 119‘ There

is thus‘pfecedence for the reduction products observed

.
~

1
)

in the present study. N \
 Further difficulties were encoun&ered when the reac-
{3tiOp'Wﬁ?“extendedth;th remaining twe!hindered esters.
~ With the equatorial ester, methyl{dehyd.oabietate
.(ia), and 2.8 equigi'of sodium naphfhaiene (see TableAI,
 entry 6), oply a 4% yield of the acid, ge, was realizedt
The neutral fraction (remaining 95% of the products)

'proved to be (by tlc) a mixture of at.least six compounds.
r o : : ’ . ' )



‘'t
\\

- Owing to the complex1ty of the mixture, these producte
' could not be successfully separated or identified. How-
ever, the mixture was;showh not te contain the starting
ester; the alcohol (;b), nor any nephthalene'@lkylated
products. | . : ‘ %5

The, sterlcally hlndered aromatic ester methyl
mesitoate (3a) reacted with 2.0 equiv. of sodium naphthae
lene (see T;ele I, entry 7) to give, in addition to the
acid 3c (5%), two couplingftybe products. . Mesitil (11)

——

and mesitoin (12) were iso}jated in 34 and 16% yields,

O=0
=0

1
o

respectively. At least ﬁwprotﬁer neutral compounds were
also formed which could not be .identified.

| 'The'presence oﬁ meeitoin;;;ggestedgfhat it maf arise
from over—reduction'of mesitil. To test this possibility,
ben211 was' employed in the reactlon rather than mes1t11
due to the 11m1ted amount of me51t11 available. Treatment
of benzil with two equiyalents of NaNp_gave benzoin in
>75%‘§ie1d._ This expe;imen} thus'offerea the pe§sibility

that mesitoin could result from over-reduction of mesitil.

i

)
O
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Reactions with Sodium Hexamethylphosphoramide .

\

Several studies have been reported involving the use

of sodium HMPA as a redQCing agent. Whitesides and Ehmann
reported the reduction of olefins using sodium—HMPA—tjbutYl

v .
120 This reducing mixture provided a convenient

alcohol.
and general method for reducing carbon-carbon double bonds.
Even tetraalkyl substituted olefins were saturated with

ease (eq. 21).

' NaHMPA

— : "(21)
t-BuOH

-91% trans,3% cis

House and coworkers have studied the reduction of .
enones w1th sodium-HMPA both in the presence and absence
- of a proton source (HZO DZO MeOH, and Q—BuOH);SS 56
'Read%ion cond1t1ons were varled substantlally (;Ie R the
amount of sodlum used, thenamount of proton donory the
reactlon temperature, the t1me, and the order of m1x1ng),
ir® an effort to_determlne how these parameters ‘would affeet
| the Yieidsvand ratio.of products forned: Also, it'wes

;f,noted’that @he use of THF as gdco$OIVent markedly enhanced
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the stabllity of the sodium-HMPA solution. As a result,
¢

most. reactions were run in a 2:1 HMPA-THF solvent system.
These blue Na-HMPA-THF solutions worofstnblo for periods
of . onc hour or more at 09C after the dddition.of tertiary
alcohols suchdas t-BuOH. o

It was thus of interest to explore the sodium HMPA
system for the rcdu;tion of the hindered-esters ¢to make
a comparison with those results obtained previously with

.

sodium naphthalene.

When a solution of methyl-O-methyl-podocarpate (4g)
was added slowiy to Na-HMPA-THF (Table III, entry 1), the
reaction was exothermic and a gas was. evolved. A mixture

of podocarplc acid (4a) and the podocarplc acid-HMPA 1:1

complex (13) was 1<ola§pd in ca 70% yleld * The complex
J
OH

COOH

(o)
(%)

I

Yo )'

* This yield was likely higher owing to loss of the water

soluble gpmplex to the aqueous extracty. Less than 7%

of neutral products were obtained.

r

3

.4

>
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13, was isolated as colourless crystals, mp 154-156°C;

+ Sy e
ass spectrum, m/e, M’ 274. The mass spectrum exhibited

=}

fragmentation pcaks which were essentially superimposable
on those of the mass spectra of HMPA and podocarpic acid
taken independontly.

Thus, both the ester and the cther linkages had begn
cleaved undCK\thesc conditions with NalMPA. ‘

The' cleavage of ethers, Ar-0-R, by solutions of alkali
metals in HMPA has been previously observed by Normant . }21
Although dialkyl ethers are not cleaved, mixed alkyl aryl
and diaryl ethers give phenols and phenol -HMPA complexes.
For example, phenetole gives phenol (20%) and 65% of
phenol-HMPA upon reaction with potassium in HMPA.121
Thus, our observation of ether Ccleavage and formation of
an HMPA complex with podocarpic acid finds precedence in
the French workers' studies.

However, cleavage of the methyl ether could be pre-
vented. When éhc reaction temperature was reduéed to 0°C
"and a fast addition rate wasAempldyed (Table III, entries
2 and 3), O- -methylpodocarpic acid (df) was the maJor pro-
duct along with a small amount of N-methyl-O-methyl-
podocarpamide (4j) (eq. 22). No difficulties were encoun-
tered with HMPA form{ng complexes with the products of

this reaction, and only the ester group was involved in

the reduction.
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COOCH; COOH

4f (89%) 4j (8%)

When the reaction was repeated in the presence of
t-butyl alcohol as a proton.source, the ratio of 4f:4;
decreased to ca 3:1.

The structure proof of N-methyl-O-methylpodocarpamide
(4j) was based on the following spectral data. The infra-
red spectrum showed a sharp band at 3490 em™1 (amide-NH),
a;d~an amide carbonyi absorption at 1650 cm-l. The mole-
cular weight was determined as 301.2038 (calcd for
‘C19H27N02:301.2043) by high-resolution mass spectroscopy.
The nmr spectrum exhibited the characteristic r:sonances
observed_for the O-methylpodocarpyl system, and in addi-
tion, showed a doublet (J=5Hz) at 62.85 (3H,N-CH) and a
broad sihglet at §5.74 (1H,NH) which‘exchanged slowly with
D,0. | |

The reactions of the equatorial ester, methyl

~
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dehydroabietate (la), gave similar results (Table 111,
entries 4 to 7). As the tempcraturec and time for addition
were decreased,‘thé amount of acid formed increcased with a
Efsultant decrecase in amide production. Entry 7 illus-
trates the important effect of addition time. When the
Na-HMPA-THF solution was added quickly (15 sec.) to a
solution of la at OOC, a 70% yield of acid lc, was
obtained. Difficulties were encountered in isolating
this'%QUatorial acid (lc). Apparently HMPA fofmS'él
stronger complex with the equatorial acid than with the
axial acid. Dehydroabietic acid (lc) was isolated by
"salting'" out the aqueous extracts.
In one run (Table III, entry 6) it was found that

the acid could be liberated from the dehydroabietic acid:
HMPA complex by acid exchange (i.e., by refluxing with a
small amount of acetic acid in THF). Thi§ treatment
simply replaced acetic acid for -dehydroabietic acid, since,
as a stronger acid, HOAC presumably forms a more stable
%complex with- HMPA.

| The amide formed in the above reactions was idehti-
fied as N-methyldehydroabietamide (id) on the bagis of
speétralkdata. The infrared spectrum (CHCl3) exhibited
absorptions for an amide NH (3490 cm-l) and an amide

carbonyl (1650 cm'l). The mass spectrum showed a molecular
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iop of 313 (calcd 313) The nmr spectrum (CDCI\) showed
absorpt1on for one hydrogen as a broad singlet at ca 65.87
(NH) and absorption for three hydrogens as a doublet at
62.75 with J=SHz(N- CH;). The remaining nmr absorptions
were consistent with the dehydroabietyl skeleton (see
Experimental).

‘The formation of the monomethyl amide in these
exﬁeriments was somewhat surprising. Solutions of NaHMPA
reportedly undergo slow disproportionation to a mi£ture

5,49 (eq. 6), one of which is the dimethylamine

I

anion. It seemed reasonable to expect the dimethyl (le)

of anions

rather than the monomethyl amide (ld) as product. To
account for the formation of the monomethyl am1de two
possible reaction sequences were investigated.

To test whether it could derive directly from the
;Eid (anion), lc was tréated with 2.1 equiv. of NaHMPA-THF
(Table III; entry 8). No amide was produced, and the acid
was recovered (100%) as its sodium salt. We then tested
whether the N,N-dimethyl amide was an intermediate which ¢
éould be convérted to the monomethyl amide in the presence
of NaéMPA radical anion.

N,N-dimethyldehydroabietamide was prepared by converting
'dehYdroabietic acid to the corresponding acid chloride using

thionyl chloride (neat), folléwed by addition of dimethyl*
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formamide (DMF) and refluxing the resulting solution

(eq. 23), according to the method of qupingér.1

1) soC1,.

(23)
2) DMF,

COOH

This is a 51mp1e and effective method of preparing dimethyl-
amides and aV01ds the use of the somewhat objectionable
dimethylamine. ‘ . ‘ ,

When le was reaéted with Na-HMPA-THF (OOC),'the'blue
colour of the radical anion solution faded immediately.
Upon Workup only two products were isoléted, N-methyl-
dehydroabietamide, and N;N-dime%hy1dehydroabietamide
(the startlng materlal) in ca 50 50 ratio. Thus, the
monomethyl amide (rd) could»p0551b1y arise by further
reaction of the tertiary amlde (1e) with NaHMPA. A plau-
sible meéhanism {analogous to the Wenkert scheme) for

such a process involves 1n1tlal electron transfer ‘to the

tertlary amide, loss of a methyl group (either as an
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anion or radical), followed by hydrolysis (eq. 24).

) ] ” |
O C - . ] !
n /M3 e . (|) r9CH3. - (*CH3)
R~C-N\ EEEE— ,R-C-N s
CH3 o \CH3
Q | "0 0 H
\ o i H* n
R C=N, ~ =—> R-C-N-CH; —— R-C-N
CHy ‘ ‘ . CHy

(24)

When the mogt favourable reaction conditions fof‘reducm
tion of the resin esfers were applied to methyl mesitoate
(ia), both in the pre§ence‘and absence of a proton source,
a complex mixture was obtained-(see entries 10 and 11).
Examination by tlc showed the presence of at least seven
products in each reaction, but in varying amounts. F&ur
of these were acid derivaiiyes. The nmr spectrum (see
Experimental) of the acidic mixture appeared to indicate
that reduction of the aromatic ring had occurred and that

the majority of the acidic fraction consisted of a mixture

of epimeric acids possessingﬂthé dihydroaromatic skeleton 14.

—




40

Thus, with the NaHMPA-THF reducing medium, difficul-

ties were encountered which mainly involved the physical

Properties of HMPA itself. This aprotic polar solvent has

the ability to form very stable 1:1 complexes with carbox-
ylic acids and phenols.5 Freeing the de;ired product from
éomplexing HMPA can be at times difficult. Furthermore,
du;ing workup procedures, cére must be exercised to
extract the aqueous layers extensively in‘order to avoid
product loss in the form of water-soluble acid : HMPA
(1:1) complexes (Table ITI, entries 1,»4 and 6). Lastly,
like naphthalene, HMPA can partake in the reaction and act.
as an alkylating agent. However, it was obse;ved that the
amount of alkylation product (i.e., amide formation) could
be controlled by varying the addition and reaction times
(Table III, entries 4 to 7).

In connection with our studwes on reduction of the
. ’ \

'resin esters, nmr spectral data was collected for a number

of new compounds which may constitute an important addition
to the body of nmr data already available for such com-

123,124 and thus be of aid in the solution of struc-

pounds
ture problems in the'chemistry of diterpenic substances.
Tables IV and V summarlze the chemical sh1fts of the

C- 4 and C-10 methyl group5aobserved for the various podo?

.carpyl and dehydroabietyl derivatives used or isolated in

this study. Large differences in the chemical shiffs.of
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the methyl groups ( A ¢ ) were observed when the

4 - Ciro
functlonaligtou was B at C-4 and particularly so when the BN

LT

naphthyl ring wa v1nvolved (sh1e1d1ng effect of the ring
current when p051t10ned favourably over the C-10 methyl}).
When the functlonal groups were a at C-4 (dehydroabietyl
serles), the magnltude of the chemical shift differences
were ratner small. |

‘The investigation was then extended to include the
sodium trimeSitylboro radical anion as a reducing agent
toward the same ester:. ‘

/

Reduction with Sodiym Trimesitylboron.

"\ -4-"‘ 3

v
Methyl mesitoate was employed as substrate for ini-

tial 1nvest1gat10n due to its fallure upon reductlon w1th

both NaNp and NaHMPA to give clear results. The effects

‘the absence of the proton source, t-BuOH, three products

of varying the ratio of reactants on the formation of

products are glven in Table VI (see entries 1 to 4). In

‘were 1solated - the ac1d (50%) and the two coupllng type

products observed preV1ously in reactlons with NaNp, namely,

mesitil (35%) and meSitoin (1;%). The formation of the
latter products was eliminated when_£~Bu0H (added just
prior to the addition of the ester)'was present.in~the
reducing solution (Table VI, entries 2 - 4). Excellent

-
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.resulte fSO%Vyield of acid)4were obtained when excess
sodium and t-BuOH were‘employed (entry 3).

Conditions incorporating the most faVourable‘ratie
of reactants were then applied to the equatoriai re;in

'

ester, la. The starting ester (76% yield) was recovered

along with 21% of the corresponding’acid, lc. The axial
ester, 4g, did not react with NaTMB undervtheée conditions
and was completely recovered unchaﬁged. When the reéctioﬁ
was repeated w1th both Tesin esters, la and 4g, in the
absence of E—butyl alcohol, no reductlon occurred and
oth starting materiels were recovered quantitatively.

Thqs Na+TMB“reacrs’eiuher extremelr slowly with- the resin
esters or not at all. |

;In coniclusion,” the reaction of sterically.hindered
esters with radical apioﬁs was shown to be a complex pro-
“cess.' In no case was the correspdnding alcohols of the '
types observedlw Wenkern.and Jackson elﬁr obtained. Thus,

g O
the radlcal anions 1nvest1gated here do ngszappear ‘to
{
Sp

51mu1ate the react1v1ty and se1ect1V1ty displ by meta1=
in liquid -ammonia solutlons}AfRather, some uhexeected and
novel products were obtained. - : %

| Wherees NaHMPA proved to be a species of.verynhigh‘
react1V1ty, 1n contrast, the use of NaTMB may show some

promise as a rather selective electron transfer reagent. ©

Since the comazetlon of thlS wprk, L. St-Laurent has“

J
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demonstrated its use as a selecVive eclectron trans{er
L4
reagent for reductive cyclizations.3 NaTMB had the added
advantages of not acting as an alkylating agent, or under-
going no decomposition and of being totally recoverable.
The order of reactivity (i.c., reducing ﬁbility) towards
these hindered esters thus appears to be NaHMPA 5> NaNp
>> NaTMB.

Parameters such as temperature, mode of and time for

addition, time for mixing, stoichiometry and the pgesonce

» .
or absence of a proton source all play a role in affecting
[ 4

product distribution, some most dramatically.
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Infrared (ir) spectra recorded using a Perkin-Elmer
421 G or Unicam SP 200 Infrared Spectrophotometer. Ultra-
vio{or (uv) spectra were determined using a Perkin-Elmer
Model 202 Spectrophotometer. Nuclear magnetic resonance
(nmr) spectra were recorded on a Varian A-60 or HR-100
Spectrometer. Unless otherwise stated, doutrochlorofqrm
(CDC13) was employed as the solvent withitetramothyl§ilnne
(TMS) as the internal standard. Chemical shifts are
reported in & values relative to TMS=0. The following
abbreviations are used in the text: s=singlet, d=doublet,
t=triplet, q=quartet and m=multiplet.

Mass spectra were recorded on an AEI Model MS-2,
Model MS-9 or MS-12 Spectromcter. Spectra are recorded
in the following manner: m/g: peak mass (relative intensity).

Refractive indices were measured on a Bousch and Lomb
Abbe-3L Refractometer.

Melting points were determined using a Fisher-Johns
" or a Rexchert meltlng point apparatus and are uncorrected

Microanalyscs were performed by the Microanalytical

Laboratory, University of Alberta.

-
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A1l recactions involving the radical anion solutions

125,126

were carried out using oxygen-freec nitrogen or

argon.

N

ELQ parat _i on. Q_f t h‘(:ﬂ _j t S_r‘_i_c ‘le 1y Hi n}l or c‘d Est ers

- [a¥
’.‘t !

A Méthylﬂﬂghydronbictate

| Pure dehydroabictic acid, mp 169-171.5°C, was

obtained by trecatment of the commercial grade product with
2-cethanolamine, atidifying the resulting purc cthanolamine ;}
salt with 3N HC1, followed by recrystallization of the

acid from 75% alcohol according to the method of Halbrook

127 The acid was then esterified with

128

and Lawrence.
ethereal diazomethane and the resulting methyl ester
was chromatographed over BDH alumina using ligroine

(bp 63-75°C) as eluent. This afforded colourless crystals

129 61.62.5°C];

of methyl dehydroabietate, mp 60-62°C [1lit
ir (KBr disc): 1720 (-CO-OCHg), 1245 (axial esterl38),
1170, 1120 (-C0-0-CHy) and 818 cm™! (two adjacent H's on
aromatic ring); nmr: § 6.83 - 7.33 (m, 3, ArH), 3.66

(s, 3, -CO-OCHg), 2.62 - 3.08 (m, 3, -CHp-C=C), 2.1 - 2.45
(m, 1, -C-H), 1.35 - 2.10 (m, 8, -CHz-), 1.27 (s, 3, -CH3
at C4), 1.21 (d, 6, -CH(CH3)z, J=7cps) and 1.20 (s, 3,
-CHz at Cyp); mass spectrum: m/e: 314(23), 29%(25),

240(24), 239(100) and 173(8).
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B. Mcthyl O-methylpodocarpate

This materjal was preparcd according to the procedure

of Sherwood and Short131

by treating a 50% aquecous
cthanolic solution of podocarpic acid (1.0 cquiv.) con-
taining sodium hydroxide (3.2 equiv.) with dimethyl sulfate
(3.0 cquiv.), mp 120-128°C [1it'?1 128°); ir (€S,): 1721
(-CO-0CHz), 1185, 1145 cm_1 (cquatorial ester130); nmr:

§ 6.5 - 6.9 (m, 3,*ArH), 3.72 (s, 3, Ar-0CH3z), 3.63

(s, 3, -CO-0CH5), 1.3 - 2.9 (m, 11, aliphatic H's), 1.24
(s, 3, -CH3 at C4) and 1.02 s, 3, —CH3 at'Clo); mass
spectrum: m/c: 302(70), 287(S), 255(S), 243(S), 228(20),

227(100), 173(19), 171(22), 16Q(19) and 147(19).

C. Methyl mesitoate

2,4,6-Trimethylbenzoic acid was esterified with
diazomethane (or dimethyl sulfate) to afford the colour-
less liquid, methyl-2,4,6-trimethylbenzoate (methyl
mesitoate), nég = 1.5090 [lit13%‘n60 = 1.5083]; nmr:
8§ 6.86 (s, 2, ArH), 3.86 (s, 3, —CO-OCES) and 2.27

(s, 12, Ar-Clig).

Preparation of Sodium Naphthalene Solutions

!

Stock solutions of sodium naphthalene (0.3 - 0.55m)

were prepared by stirring (with a glass-covered magnetic

P

Ar‘
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)

gnr) sodium pclictsl(1/16" to 1/4" in diameter) with 1.1
molar cquivalent of naphthanenc in dry tetrahydrofuran, in
a sealed system under an atmosphere of nitrogen at room
temperature. Formation of the radical anion appeared to
be sensitive to traces of oxygen or other impurities and
the time required for complete reaction of the sodium
under these conditions was quite variable. The active
sodium content was determined by titration of 10 ml

aliquots with 1.0N solution of absoluté ethanol in

benzene, to the disappearance of the green colour. )33

General Procedure for the Reaction of Sterically Hindered

Esters with Sodium Naphthalene in Tetrahydrofuran at 25°C

(Table I).

Reaction between Methyl-O-methylpodocarpate (4g) and

Sodium Naphthalene in Tetrahydrofuran (THF).

o | ‘
A sélution of methyl-O-methylpodocarpate (1.80 g,.
5.98 mmole) in 20 ml of anhydrous THF was added dropwise
during 10 minutes to 2.3 molar equivalents of sodium
naphthalene (25 ml, 0.55N) at 25°C. After stirring for .
an additional 60 minutes, the remainming sodium naphthalené
was destroyed with 4 drops of aqueous THF (1:10 - H,0:THF).
Additiomal wafer was added. Then the mixture was acidifiea

with concentrated HC1l, and extracted with chloroform (three
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v
25 ml portions). The combined organic extract was washed

with 5% NaOH solution, brine, then dried over anhydrous
sodium sulfate. Evaporation yielded 3.16 g of neutral
products.

| The basic extract was acidified with conc. HC1,
extracted with CHCl; and dried (NaSO,). Removal of sol-
vent afforded 0.584 g (34% yield) of O-methylpodocarpic

acid, mp 157-158°C [1it10®

157-158°C].

The neutral residue was chromatographed.ovgr BDH
alumina (ActL 2, pH 5), using Skelly "B", then benzene,
then benzene-chloroform as eluents. In order of e%ﬁtion:
naphthalene, a viscous liquid (0.32 g) and a white solid
(0.57 g, 24%) were obtained. The latter solid was crys-
tallized from acetone-CHCl3 to yield a white solid, mp
245.5 - 246.5°C,which was identified as'O-methylpodocarpyl
2-naphthyl carbinol (5). Ir (KBr disc): 3540 (-OH),
1608, 1570, 1120 and 1040 cm'1 (Ar-OCHS); nmr (pyridine-dg):
5 8.19 (s, 1, Hy), 7.85 (m, 3), 7.46 (m, 3) [7 naphthyl

'protons], 6.80 (m, 3, H of benzene ring), 6.42.(broad s, 1,.
-OH, exch By D,0), 5.72 (d, 1; -CHOH-, J=2Hz, s on exch by
D20), 3.66 (s, 3, Ar-OCE3), 1.2 - 2.95 (m, 11, aliphatic
H's), 1.56 (s, 3, -Cﬂ3 at C4) and 1.07 (s, 3, -Cﬂ3 at Clo);
mass spéctrum: m/e: (calcd. for CZSHSZOZ: 400.2402. Found:
409.2349;): 406(5), 272(5), 2&4(52), 173(30), 161(100), and

e ¥

156(28); uv max (absol. EtOH) 228.5 (e = 73,00), 279

»
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(e = 5,750), 289 mp (e = 4,080). Anal. Calcd. for

283272
83.14; H, 7.93.

C,oHz,0, : C, 83.96; H, 8.05; O, 7.99. Found:

C

Inverse addition

To a solution of 4g (1.82 g; 6.03 mmole) in 20 ml of
THF at 25°C was added gropwise (10 min.) 25 ml of a 0.55N
sodium naphthalene solufion (2.3 equiv.). After addition
;the solution was stirred for an additional 60 minutes,
then quenched with aqueous THF and extracted as described
previously. Acid (ﬁf), 0.59 g (34%) was isolated; the
neutral products were not investigated.

r

Reaction between Methyl-O—methylgodocargate and 6.6

[N

equivalents of Sodium Naphthalene.

Using the same procedure as described above, with the
excepti&h t gt 6:6 equiv. of sodium naphthaleng¢ was used,
1.897 g (6.28 mmole) of the ester.(ig) }ielded after workup
0.310 g (17.5%) of the acid (4f) in addition to neutral
products. The naphthalene was removed by elutioﬁ ofzthe
‘neutral products on BDH alumina with pet éther. Elution
with pet ether, pet efher—beniene and beniene gave 1.31 g
V(S4.4%) of 4i. Further elution with CHC13 afforded 0.39 g
(15.5%) of O-methylpodocarpyl Z-n;phthyi carbinol (5) and

. X , A =

» . . .
t

\n »
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R
0.45 g of an unidentified viscous liquid. Compound 4i, a
white crystalline solid, mp 140-141°C (Skelly "B"), was
shown to be O-meghylpodocarpyl}2—naphthy1 me thane (9). A
IT (KBr disc): 1605, 1495,’1055 (Ar-O-CHS), 790 and—775

en !5 nmr (CDC1y): & 8.18 (d of d, 1, Hy or Hy), 7.77

3)
(m, 2), 7.41 (m, 4) [7 naphthyl protons], 6.83 (m, 3, ArH,

ABC t 7.00 (d, 1, H_, J__ = 9Hz), 6. o1, H,, ‘
C system) | ( 1 HB BC z), 6.88 (d A

Jac = 2.5Hz), 6.67 (d of W, 1, H,, J, = 2.5Hz, Jy. = 9Hz)],

3.76 (s, 3, ArOCHy), 3.21 (s, 2, naph-CH,-), 2.92 (m, 2,

3

Ar—Cﬂz—), 1.34 to 2.54 (m, 9), 1.41 (s, 3, -CH at-C4), and

3

0.65 (s, 3,;-CE3 at ClO); nmr (pyridine—ds);&d 8.34 (d, 1,

Hy or Hy, J 8Hz), 7.88 (m, 2), 7.50 (m, 4) [7 naphthyl
protons], 6.98 (m, 3, ArH), 3.76 (s, 3, Ar—OCﬂ3), 3.23

\

(s, 2, naph-G@H,), 2.90 (m, 2, Ar-CH,-), 1.2 - 2.5 (m, 9),

1.3% (s, 3, -CHy at C, ) anq 0.62 (s, 3, ~CE3 at Clo); mass
'spectrum: m/e: (Calcd. for C,gH3,0 : 384.2453.  Found:
384.2444): 384(15), 243(15), 173(25), 161(100), 147(23)
and -141(25). Anal. Calcd. far C,gHz,0 : C, 87.45; H, 8.39

- Found: C, 86.62; H, 8.48.

Reaction between Methyl Dehydroabietate (la) and Sodium -

Naphthalene.

-

1

In the same manner as described earlier, employing 2.8

equiv. of sodium naphthalené 1.560 g (4.97 mmole) of the
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equatarial ester yieldq% after workup 0.070 g (4%) of the
acid (lc)\and 3.48 g of neutral products. Column chromato-
graphy on BDH alumina gave, in addition to naphthalene,
three major fractions: from Skelly '"B'-benzene (1:1) |
elution, 0.55 g; from benzene, 0.40 g and Mom CHC13,

0.67 g. The first and third fractions were shown (tlc) to
contain at least six components. Further attempts at
separation by additional column chromggography and prep.
tlc proved fruitless.  Attempts at’§§%ucture elucidation
of the mixture usiné spectral meéhod; failed }o provide

any definitive evidence.

Reaction between Methyl Mesitoate (3a) and Sodium
—=

Naphthalene.

¢

A solution of 0.895 g (5 mmole) of 3a in 25 ml of THF
'was added dropwise (15 min.) to 25 ml of 0.40N sodium
naphthalene. reagent (2.0 equiv.). After addition was
_complete, the initial %reen black colour turned brown- bléck
The mixture was stirred an additional 45 minutes, then
quenched with aqueous THF. Workup in the usual manner
yielded 0. 047 g (5%) of ac1d, and 1.99. g of/&eutral products

The acid, mp 151-153°C [1it!07 1§3-154°C], showed an
nmr spectrum identical to that of authentic mesitoic acid:
8 6,84 (s, 2, ArH), 2.39 (s, 6, -CH; at C, and C,), and 2.26

‘(;, 3, -Cﬁ3~at C4). pﬁ
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Column chromatography removed the naphthalene and
afforded 0.59 'g of a mixture, shown (tlc, silica gel HF,q,)
to contain at least five components. Elution on alumina
with Skelly "B"-benzene (50:50) gave 0.25 g (34%) of a
yellow crystalline solid, mesitil, mp = 118.,5 - 119.5
it134 ‘

%

[1 119-120°C]. Ir (CHCls,

>

1%, 0.5 mm): 1695
(Ar-C0-CO-Ar), 1610, and 850 cm"l; mass spectrum: m/e:
147 (Mes-CO)* and 119 (Mes)®; nmr: & 6.84 (s, e, ArH),
2.29 (s, 6, -Cliy on C4 and C4.) and 2.20 (s, 12, -CHy).
Elution with methanol gave 90 mg (16%) of a }ellow viscous
liquid, shown to Be mesitoin. Ir (CHClg), 3530 (-OH),
1680 (-C=0), 1590, 1035, and 850 cm !; nmr: 8 6.70 (m, 4,
ArH), 5.24 (s, 1, -CHOH-), 3.23 (broad s, 1, -CHOH-, exch
with‘DZO) and 1.8 to 2.4 (m of s, 18, 9-CHz).

It was shown, on the basis of nmr spectra, that noné

of the remaining unidentified compounds contained the

presence of a nabhthyl moiety.

‘'Reaction between Methyl é—methxlpgdocarpate (4) with

excess Sodium Naphthalene in the Presence of t-Butyl

~alcqhol. ‘ .

To 3.987 g (31.1 mmole) of naphthalene in 50 ml of
anhydrous THF was added 0.21 g (9.1 mg-atom) of'sodium.

The resulting dark green solution was stirred Z hours,

&
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then cooled to 0°C. A solﬁtion of 0.428 g (5.77 mmole,)
of t-butyl alcohol in 10 ml of .THF was added all at once
and the mixture was stirred for two pinutes. ;ﬁen
0.454 g (1.50 mmole) of the ester (4g) in 20 ml of THF
was added (15 min. ) The mlxture was stirred at 0 C for
a further 30 minutes then quenched with 1IN Hél

Workup as described prev1opsly gave 0.445 g (98%) of

!
starting material 4g.

Oxidation of O-methylpodocarpyl Z2-naphthyl carbinel (5)

to O-methylpodocarpyl Z—naghﬁhxg ketone (8).115

A solution of 300 mg (0.75 mmole) of the a}cohol (5)
>fin 6 ml of anhydrous pyridine was added to a slurry of ;50
mg (4.5 mﬁele) of CrOz in 6 ml of anhydroue pyridine at
25°C. Affer addition, the mixture turned dark brown

”~

within a fey minutesr The mixture was stirred at 25°C
(Nz,.ll hrf; then filtered. Water (50 ml) and chloroform
(100 m1) were - added to the filtrate and the mixture was
washed with 5%~Hé1, saturated bicarbonate solution, brine,
drled (Na SO ) and evaporated tp leave 456 mg of a brown
materlal
Elution of ghis materiai-on'a colymn of BDH alumine

swith 1igroine £63-75°C) and,Subsequeﬂt~recrystallization

from methanol gave 72 mg of white crystals of ketone 8

¢

s
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mp 160-162.5°C. Ir (Kﬁr diéc): 1670, 1625, 1608,.1571,
1500, 1247 and 1035 cm-l; nmr (pyridine-d¢): & 8.23

(s, 1, H)), 7.8 (m, 3), 7.48 (m, 3) [7 naphthyl protons], .
6.85 (m, 3, ArH), 3.60 (s, 3, Ar-OCH3), 1.9 - 2.9 (m, 7,
aliphatic H's), 1.1 - 1.6 (m, 4, aliphatic H's), 1.44

(s, 3, -CHsz at C4) and i.lQW{%; 3, -CHz at Cyg); nmr
(CDC13): 6 8.05 (s, 1, Hy), 7.89 (&; 1, Hg, J=8Hz), 7.83
(m, 2), 7.57 (m, 3) [7 naphthyl protons], 6.81 (m, 3, ArH),

3.77 (s, 3, Ar-OCHz), 1.63 (s, 3, -CHz at Cy) and 1.24

‘ (s, 3, ~C§3 at Clo); nmr (CDC13 + ca 0.5 equiv. of

Eu(fod)z): .6 10.09 (s, 1, Hl) and 9.93 (d, 1, Hg, J=8Hz).

Mess spectrum: m/e (Calcd for C28H3202 : 398.2246. Found:

398.2258): 398(3%), 243(12), 173(24), 161¢100), 155(70)
and 127(23); uv max (CHCl-EtOH (1:9)) 242 (e = 51,400)

shoulder at 250, Zdl my (e = 15,700) with,shoulder at

288 my.

Reduction of Benzil to Benzoin by Sodium quhthalene.

A Q.9N stock solﬁtion of NaNp in DME containing§§0%

toluene was available in our laboratory and was used for

-

‘ the above reduction.

A solutlon of 4.33 g of ben211 in 50 ml of THF ‘was

' added dropw1se (10 min.) to two equlvalents of the NaNp

solution. ,After an additional 60 minutes of stlrflng,



the mixture was‘quenched with aq. HC1 - THF solutlon

The solvent was evaporated and benzene was added in order
to azeotropically remove the trace amount of water. The
residue was washed with pet ether to remove tHe naphthalene.
The remaining white solid was crystallized from ethanol to
give 3.22 g (75%) qf benzoin, mp 134-135°C [1it}35 135°C].
The ir and nmr Spettra were identical te those of an
authentic samplee The lower 1imit of the yield is 75%{ .
but additional unisolated material wes shoWn to be present .
in the'pet ether washings (tlc, silica gel, benzene: |
CHC14 - 80:20); no starting material was pfesent (tlc).

v

Preparation of Sodium Hexamethylphosphoramide .

¢

Hexamethylpﬁ%sphofamiée (HMPA) was first dried over
13X molecular sieves, then distilled froh sodium (2.0 g/
500 ml) to give a colouriess 1liquid, bp 65°C/0.5 mm;

. 75-76°C/2 mm [1it55 65°C/0.4 mm, 5 68-70°C/1.0 mm ]

The THF was purified by shaking with successive por-
tions of sodium hydrox1de pellets, reflux1ng for 24 hours
over sodium spheres, then d1st1111ng from sodlum metal.
The distilled THF was then tréated with L1A1H4 and redls-
t111ed under a nltrogen atmOSphere prlor to use.
[WARNING It has been reported that serlous explosions
may occur when ,impure THF is treated -with solid potass1um ”

,hydrox1de 136] . )

.
IS
1
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Stock solutions.of.NaHMPA (0.2 - 0.3M in Na) were
prepared by adding ca 1.0 g of freshly cut sodium sphere§
(1/16" to 1/4" in diameter) to 60 ml of stirred (glass- .
. covered magnetic bar) HMP& undér ﬁffrogen for one minute v
and then diluting with 30 ml of THF [E;g. House's
prepar:—ition55 should possibly read 1.0 g ;nstead of 10 g].
The resulting mixture was sfiired at 0° for 2 to 5 hours
and standardized (as described for sodium naphthaiqne,

p. 50) before use. A
: All solutions of NaHMPA-THF used were in the ratio

fud
2:1 in HMPA:THF, unless otherwise specified.

Reaction between Methyl-0- methylpodocar9¥;e (4g) and* ' \,

NaHMPA THF at 25°C.

A solut1on of 4g (0. 83 g, 2.75 mmole) in 25 ml of
HMPA THF (2: 1) was added dropw1se over 55 minutes to
40 ml of ca 0.2M NaHMPA - THF . Durlng anltlon‘ the
reaction wasdexothermic anh a gas,was evalved; After
complete addition of theoester, the blue colour remained.
The solution was stlrred ‘an additional 5 mlnutes, then
quenched with methanol

The—mlxture was concentrated on a rotavapor and the

i rema1n1ng solutlon was partltloned between 5% HCl and

- CHC1z. (In the initial experiments, CHClz was used.
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Subscquently, Skelly "R" WHS.USOd as the solvent for
thrnctinn due to the ability of chloroform to form
complexes with HMPAS®)  The combined c¢hloroform extract
was washed wi}h 5% NaOll solution (four 40 ml portions),
water (100 ml), brine ({00 ml), then dried (NnZSO4).

Evaporation afforded the neutral products which stitl /

contained HMPA. In order to r6mpvc the HMPA the extrac-

affordod_SOﬂmg (Q,ii) Afiéxgiﬁgbgnd with a mol%cular
woight of 287 (m&ls»éggéirum):

The sodium h)";;ilroxidc washings were acidified (conc.
HC1), then extracted with CHClS; Thc combined organic
extracts were shaken with brine (100;51), dried (Na,S50,4),
and evaporated to yield 0.625 g of an off-whitc solid,
mp 115-127°C. Recrystallization from aq. methanol yielded
the colourless crystalline podocarpic : HMPA 1 : 1
complex (13), mp 154-156°C, and a viscous liquid. Further
crystalli;;tion (aq. ethanol) of thé viscous liquid
yielded podocarpic acid, mp 190-192°C [lgit131 193.5].

Spectral data for 13: mass spectrum: m/e: 274,-259,
213, 179, 157, 136, and i3S. The 179, 136 and 135 peak
were characteristic of HMPA; the remaining features of the
spectrum were identicgl to thit.obscrvcd.fﬁ; autbhentic -
‘podocarpic acid. Nmr (pyrid}ng{ds, 100 MH;): § 7.16

(s, 1, ArH), 6.99 (s, 2, ArH), 2.8 (m, 2, Ar-CH,-),
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2.5 (d, 18, Cli's of UMPA, J=1Qlz), 2.0 - 2.0 (m, 5) and

y §
1.15 to 1.75 (m, 10).
’
Roaction between Methyl Dehydroabietate (la) and

NallMPA-THE at 25°C.

In a similar manner to that dcscr.i‘d above for Ag,
to 25 ml of a 0.2M NallMPA-THF solution (3.5 equiv.), a
solution of la (0.504 g, 1.67 mmole) in 20 ml of THF was
added dropwise over 25 minutes. Five minutes after
addition, the rcaction was quenched with aquecous THF.
Workup as before (with Skelly "B" instcad of CHCl3 as the
cxtracting solvent), yiclded 0.21 g (44%) of dehydro-
abietic acid, ir and nmr identical to an authcntic.sample,
and 0.26 g of neutral products. Traturation of the neutral
product with Skelly "B" and recrystallization (Skelly "B"-
ether) afforded 0.18 g (36%) of N-methyldehydrobiectamide
as a white crystalline solid, mp 165-165.5°C [lit137
156.5-158.3]; ir (CHClg, 2%, 0.5mm): 3490 (amide N-H),
1650 (amide C=0) and 1385 cm™! (-C(CH3)7); mass spectrum:
m/e 313(100), 298(65), 239(65), 173(61) and 159(27);

nmr (CDC1 100 MHz): & 6.97 (m, 3, ArH), 5.87 (broad s,

3’
1, NH), 2.75 (d, 3, N-Cllz, J=SHz), 2.75 (m, 3, Ar-CHp-),
2.25 (m, 1), 1.60 (m, 8) and 1.21 (s, 3, -Chy at Cp),

*1.17 (d, 6, isopropyl methyls, J=7ps) and 1.17 (s, 3,

jCI_{_s at CIO) .
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When a slower addition rate (80 minutes) was employed
for this reaction, a decrease in acid (5%) and an increase

in amide (ca 06%) was obscerved.

»

Reduction of the Hindered Estorslwith NalMPA -THE at 0°C:

To a solution of NallMPA-THF at 0°C under an atmos- .
phere of nitrogen or argon was rapidly added (0.5 min.)
a solution of the ester in 15 ml of anhydrous THF. The.
resulting solution (deep blue colgdf) was stirred for
S minutes, quenched with aqueous THF, then poured into
150 ml of 1IN HC1. Extraction with ether (three 25 ml
portions) was followed by waéhfng the combined éther
extracts with 5% NaOH (three 25 ml portioﬁs).

The resulting ether layer was shaken with brine
(50 m1) and dried (NaSO4). Evaporation of the solvent
yielded the neutral fraction.

Thgtsolid acidic products were obtained from the: 5%
NaOH extracts by rcprecipitafion with conc. HC1 and '

filtration,

With Methyl-O-methylpodocarpate (le.

As outlined above in the general procedure, 4g

(0.54 g, 1.79 mmole) was added to 7.4 mmole of NallMPA-THF

(4.1 equiv.). This reaction gave as products, 0.456 g
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‘(88.6%) of O-methylpodocarpic acid (4€), mp 154-158°C
(Skelly "B") [1it!05 1sg-161°¢, 107 157.5-158.5°C], nmr’
and mﬂés spectrum identical to an authentic sample, nndl
65 mé_(B%) of N—mothyl—O-mctﬁylpodocnrpnmidc (ij),
mp 91-93°C (Skelly "B"). R
Spectral data for 4j include: Ar (CHClg, 2%, 0.5mm):
3490 (amide N-H) and 1650 cm‘1 (amide C=0); mass spectrum:
m/c (Cacld. for CjgH,,NO, : 301.2043. Found: 301.2038):
301(50), 286(7), 270(16), 229(25), ZZS(IOOj, 227(18);.
173(16), 171(15) and 161(21); nér: § 6.84 (m, 3, ArH),
5.74 (bd s, 15 NH, exch with D20),.3.81 (s, 3, OCiig),
2.85 (m, 2, Ar-CHy-), 2.85 (d, 3, ~-NCHz, J=5Hz), 1.40
to 2.44 (m, 9), 1.32 (s, 3, -CHy at C4) and 1.18 (s, 3,
-CHg at CTpq). ©

With Methyl-O-methylpodocarpate (4g) in the Presence of

t-Butyl alcohol.

As in the general procedure, 4g (0.54 g, 1.78 mmole)
was added to a solution of 13.3 mmgletgf NaHMPA -THF
(7.47 equiv.) and 0.366 g t4.94 mmole, 2.76 equiv.) of ,
t-butyl alcohol. The t-BuOH was added to the radical
anion solution prior (1 min.) to addition of the ester.
This reaction afforded 0.378 g (73.4%) of 4f and 0.127 g
(23!5%) of ij. °
With Methyldehydroabietate (18).

\ i
“ As in the general procedurg, la (0.56 g, 1.78 mmole)




was added to 20 ml of a 0.24M NallMPA-THE solution (4.8
minole, %.7 equiv.). The neutral fraction was shown (tlc)
to vontain at least six components. N-Methyldehydro-
nh?ctﬂmidc (1d) was isplatcd'(lo mg, 2 - 4%). by prepara-
tive tlc and its ir spectrum (CHClg) was identical to
that of an nuthéntic sampie. The remaining neutral com-

ponents were not identified.
) Addition of conc. HC1 'to the NaOH extracts, followed
by refrigeration overnight, failed to precipitate the
acid (lc). .Extraction yith ether - Skelly "B" gave 16 mg
of lc. Aad{t{onal acid was obtained by the addition of
NaCl and further addition of conc. HCl. Extraction with
ether - Skelly "B" yielded 0.428 g of a viscous liquid
whose nmr spectrum (CDClz) was indicative of the dehydro-
abietic acid:HMPA zomplex; § 2.62 (d, J=9Hz, HMPA) plus
dehydroabietic acid pattern. The viscous liquid w;s
diluted with 40 ml of THF, 1 ﬁl of acetic acid was added
and the resulting solution was refluxed for one hour.

The THF was removed by evaporation (rotavapor), and the
residue was partitioned between Skelly "B" andlwater.fh
The organic layer was drié& (Na,S0,) to proVide,,after
removal‘of thé solvent, 0.269 g of lc, mp 154 - 165°C,
159 - 169°C (recry 75% EtOHj; nmr (CDC13) idenfical to

that of an authentic sanple.
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Wlth Methyldehydroabietate (14) Inverse nddit{onh

To the ester (0.508 g, 1.61 mmole) in 1S ml of THF
at 0° was added, by means of a hypodermic Syringé, 20 ml
of a 0.2N NallMPA-THF solution (4.0 mmole, 2.5 equiv.)
over 15 seconds. The resulting solution was Sfirrcd'
5 minutes, then quenched with IN HC1l. Workup ga&é'0.34 g
(70.2%) of 1c and 9.105 g of neutral products.

The neutral residue wal shown (tlc) fo contain at
least five'compéncnts. One tlc spot was coimrcident with
an authentic sample of N-methyldéhydnéﬂbietamide (id}.

With Methyl Mesitoate (Sa)

As outllned in the gejeral- procedure, 3a (0.365 g,
2.05 mmole) was added ‘to 20.ml of a 0.24M N;HMPA-THF
solution (4.8 mmole; 2.34jequiv.). Workup as previously
described gave 0.138 g &f an‘écidicifraction,~ shown 6y
. .
tlc {Polygram, Sil G/uv{ CHCl3:EtOAc:HOAc (50:50:1)] to
confain four spots, an .226 g of a neutral fraction
shown by tlc [Polygram, Sil G/uv,\beﬁzene:skellyﬂB” (1:1)]
to contain three cohpounds. Column_chromatography (BDH ‘
alumina) of the neutral fraction‘ggve_40 mg (13;3%) of
mesitil on elution with Skelly "B"-ether'(g:l) whose ir
spectrum was 1dent1cal to that of an’ authentlc sample.
In view of the complex1ty of the reaction, no further -

attempts were made to elucidate the structures of the

remaining compounds.
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With Methyl Mesitoate (3a) in the Presence of t-Butyl
Alcohol . | |

In a similar manner as above, 3a (0.360 g, 2.02 mmoie)
was added to 40 ml of a 0.24M N;lHMP;\——THF Solutién (9.6
Amold, 4.7 equiv.) and 0.228 g (3.08 mmole, 1.5 equiv.) of
i-butyl alcohol. The proton Source wés added to the radical
anion one minute prior to addition of the ester.

Workup yielded the same seven producés as in the
previous reaction but in different ratios (by intensity
of tlc spots). |

The nmr spectrum of the écid fraction (83 mg, 4 com-
ponents by tlc, one major sbot) exhihited absbrptiop at:

6 0.98 (d, 3, -CHy, J=7Hz), 1.02 (d, 3, -CHy, J=7Hz),

1.78 (s, 12, -CH3), 2.83 (broad m,-2, -CH-COOH), 3.38

(s, 1, allylic H), 3.48 (s, 1, allylic), 5.62 (2s, 4,

vinyl H) and 10.27 (broad s, 2, -COOH, exch by,Dzdﬁ. The
above nmr spectrum is consistent with‘a“mixturé_of épimeric
acids with the 1,4-diﬁydromesitoic skeleton 15.

In an.effort to further confirm the structures of the
epimeric acids (14), the p-nitrotoluyl ester derivatives
were prepared as -outlined in‘Sﬁriner, Fuson and Curtin.}38
Elution with benzene over A1203lof'thé product from the
derivatization reaction gave 125 mg‘of.a visc&us liquid.
which failed fd.cyystallize; nmr (see strucéure lﬁ):

6§ 0.90 and 1.18 (d, 3, -CH3 at Cg4, J=7Hz), 2.24 (s, 6,



67

-CHlz on C, and Cg), 3.56 (q, 1, H at Cg, J=THz), 4.48
(s, 2, O,N-Ar-Cli;~), 4.57 (s, 1, H at C-1), 5.21 (s, 1,
N at C-3), 5.40 (s, 1, H at C-S), 7.60 (m, 2, ArH) and
8.20 (m, 2, ArH) 1in adaition absorptions .at 1.67 (s)
5.53 (bd s) and 6.85 (s) were observed. Further eluci-

.

dation was abandoned.

CHs

H ‘H -

O,N

H H

Reaction of Dehydroabietic Acid with NaHMPA-THF

To 0.570 g (1.9 mmole) of 1a in 15 ml of THF at 0° C LT
was added, by means of a hypodermlc syr;gge‘ 20 m1 of a
0.2N NaHMPA-THF solution (4.0 mmole, 2.1 equiv.). The
esu1t1ng solution was stlrred (o0°, 30 min.), then quenched

with 1N HC1. Workup in the psual manner gave a white solid

mp > 320°C, thought to be the sodium salt of la due to

T

incomplete neutralization.
Addition of “the solid to 50 ml of ether containing
1 ml of-acetic aicd and a few drops of conc. HCl yielded,

after washing (25 ml H;0), drying (NaS04), and evaporation
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of the ether, 0.570 g (100%) of the starting material,
1a, mp 165 - 170°C (75% Etom) [1it}?7 171.5-172.5°C].

The nmr spectrum was identical to that of an authentic

sample.

0

Preparation of N,N-diméthyldehydroabietamide (le).'?

%6 2.34é g (7.8 mmole) of dehydroabietic acid (la),
2 mlldf thionyl chloride Q;s added and the resulting
solution was stirred at ZS°C for 15 minutes. Then 2
drop's of DMF was_added and the mixture was stirred for

a further 24 hours. Thereupon, DMF (12 ml) was added

and the solution heated to reflux for 4 hours. The
resulting black‘éolution was partitioned bétween Skelly
"B" and water. The organic layer was washed successively
with water, 5% NaOH, water, dil. HC1, brine then dried

- (MgS04). Solvent was evaporatéd to yield 1.40 g of a

- dark brown viscous liquid: ir (CHC1l3) 1610 cm™ !
(amide C=0).

- Column chromatography with Skelly "B" over BDH |

- alumina, followed by short path distillation (Kugelrohr,
180°C at 0:18 mm Hg) afforded 0.750 g (30.0%) of

";a ;iscous liquid:  ir (CHC1l3) 1610 (amide C=0) and 1380
cm-1 (gem-dimethyl of isopropyl); mass spectrum: m/e:

327(35), 312(27), 255(26), 240(15), 239(65), 185(30) and
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\
173(100); nmr: & 7.0 (m, 3, ArH), 3.03 (s, 6,"N-CHz),
1.5 to 3,10 (m, 12, aliphatic hydrogens characteristic
of the dehydrgabiefyl skeleton), 1.36 (s, 3, -CHs at C;),
1.28 (s, 3, -CHz at Cyq) and 1.23 (d, 6, isopropyl-CHz,

J=7Hz). /

o

it‘

Reaction of N,N~dimethyldehydroabietamide (le) with

NaHMPA-THF.

A solutlon of the amide le (2.0 mmole), in 20 ml of

THF was added (3 min.) to 20 ml of a 0.2N NaHMPA-THF
solution (4.00 mmole) at 0°C. -During addition the biue(
colour.faged. Thereforevan additional 10 ml of 0.2N
NaHMPA-THF solution was added. The solution was stirred
for a total of 30 minutes, then quenched with 1N HC1.

~ ‘The resultirg mixture was poured 1nto 100 m1 of 1N
HCl and extracted with Skelly "$" (three 30 ml portlons)
The - comblned organlc extract was ‘washed with water (40 ml),
brine (50 ml) and dried (Na;S04). Evaporatlon of solvent
yielded 0.567 g of a viscous;liquid, shown by ir, nmr and
tlc [Sil Gel G; benzene:EtOAc (1:1)] to be ca. a 50:50‘
mixture of the diméth 1'(£é) and monomethyl (1d) amides.
Elution BDHgalumina v\éth benzéne- EtOAc (9: 1') afforded _
ca 0.3 g of 1d N- methyldehydroablwde, mp 161 - 165.5°C,

ir, nmr, mass spectrum and tlc behavior was 1dent1ca1 to

1
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that of an' authentic specimen.

Preparation of Trimesitxlbordn (TMB) .

Trimesitylboron was prepared by the reaction of
mesiéylmagnesium bromide with boron tyifluoride etherate.
according to the procedure of Brown _Dpdsonﬁ, with
the following modification. During the preparation of
the Grignard reagent, the magnesium turnings were
covered with 80 ml of THF and 20 ml of diethyl ether
instead of {00 ml of diethyfiether. The presence of
THF resulted in an increase in yield of TMB from ca
304 to 5A%. |

After crystallization from 95% EtOH, thg TMB was
chromatographed over a short column of BDH alumina with
Skelly "B". "After removal of sblvent, a white solid was
isolated, mp 196.5 --197°C [1it® 190.5-191.5°¢ 139
194-195°C]: mass spectrum,‘m/g: Calcd.for 627H3311B:
368.2675. Founfl 368.2681. |

All samples of TMB were-always sublimed;(140°,'0.1‘

‘mm Hg) priér'to use.

deuction‘df Methyl Mesitoate (3a) with Sodium

N -

Trimesitylboron.

To 80 ml of THF in a three neck 200 ml flask under
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nitrogen was added 2.457\g (6.68 mmole, 2.3 equiv.) of TMB
and 0.236 g (10.26 mg-atdm, 3.6 cquiv.) of sliced sodium
spheres. Rapid stirring with a glass—coaied magnetic bar
produced a pervading blue solution after 15 minutes.

When a deep blue-black colour was obtaiﬁed after 2 hours

of additional stirring, a solution of 3a (6.508 g, 2.85

/ 4
mmole) in THF (20 ml) was added over 15 minutes. The
resulting solution was stirred at 25°C for an additional
15 hours. | ' L '

Excess reagent (no sodium metal remained) was
destroyed by addition of @ dilute solution of HC1 in THF,
The mixture_wasupoured onto 100 g of ite containing 25 ml
of methanol, then acidified with conc. HCl. This pre-
cipitated the TMB which was‘;ecovered by filtration (for
‘reusé):“The solid was washed with cold methanol : water
(l:lj and the product obtained weighed Eﬂﬂpoﬂl (85%),
mp 196.8 - 197.0°C after sublimation.

" The filtrate was concentrated (rotavapor). Tﬁe
resulﬁéfg aqueous mixture Yas extracted w1th Skelly "B"
and the combined organlc layer was washed with 59 NaOH
solution (four 30 ml portions).
| The organic 1ayer.eontaining the neutral'products
.was washed w1th _water, brine, dried (Na>SO ) and eQapo—
rated: ‘to prov1de ca. 0~49 g of a yellow solid.

t
The basic extracts were comblped,”ggldlfled with

et e

et
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eonc. HC1, and thenlextracted with Skelly "B" (three 30
ml portions). The combined erganie extract containing
the acidic preducts was washed with water, then brine.

After drying (Na,SO4) and evaporation of solvent fhere

was obtained'O.iSS g (50.2%) of mesitoic acid, mp

151 - 153°C (50% aq. EtOH) [1it107 153-154°C]. The

nmr spéctrum (CDC13) wés’identical to that of an

authentic sample.

The neutral products were chromatographed over BDH
alumina. Elution with hexane provided 265 mg of TMB, mp
195.- 196° C (96% total recovery). Benzene elutlon
yielded 150 mg (35.5%) of mesitil, a yellow solid, mp
117 - 118°C.(hexane) [1it134 119-120°C]; the ir, nmr,
and mass spectra were identical eo that of an autheetic
sample. Further elution with chloroform yielded”45 mg
(10.6%) of mesitoin, whose ir, nmr and mass spectra
proved identical fo those of the previously isolated

sample.

Reductioﬁs of Methyl Mesitoate (3a) with Sodium

.‘Trimegitylboren in the Presence of't-Butyl Alcohdl.

Three reactions were carried out with t-butyl

-

alcohol present as a proton source (Table VI ‘entries

2 to 4). The quantltles of reactants for the three A
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independent reactions were varied in the following

amounts (mmole):

Na  : TMB . t- Bu&&\ ester
(1) 18.7 : 6.3 6.2 : 2.95
(2) 4.3 - 5.6 §.4  :  2.85 B
(3) 6.7 : 6.0 : 4.5 : 3.03 T
| | )

The procedures for these three reactions follow:

(1) The same procedure was used as descrlibed above
for the reducfion of methyl misitoate with foe exception
that the t-butyl a}cohol (z{§§'g) was added dropwise QIO'
min.) together with the ester 3a (0.525 g) in THF (20 ml)

to the NaTMB solution. The resulting solution was . -

NEARY
s 4

stirred four hours at 25°C. ::5 .

Workup (as above) gave 0.32 g (66.2%) of mesitoic
acid, mp 153.5 - 154°C (crude). JQW revidence was obtained
for the i@rmatlon of any coupllng" products (1. e.,
me51t11‘or mesitoin). Column chromatography of the neu-
tral ffaction'és bofore gave ;hree'products: TMB (from ]
hexane eluate);‘75'mg of an unidentified colourless| vis-.
cous iiquid /(from benzene eluate), and by'elution with.

/
chloroform, ca 140 mg of dimesitylborimic acid, mp_

143.5 - I44 C. (hexane) [llt6

1140-141°C), ir (CHC1z):
3600 (-OH), 1610 1430, 1290, 1260, 1165, 1060, 856 ahd

812 em~l, nmre 676.77 (s, 4, AtH), 5.88 (broad s, L¢ “oH)
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and 2,25 (s, 1 CHB); mass spectrum: m/e: 200(5),

P46 (13), 1220100, 120(100), 120(20) and 105(16).
(2) As in (1) with the following modification:
the t-butyl alcohol (0,025 g) in THE (15 ml) was added

all at once to the radical anion solution two minutcs
N E
prior to the addition (over 8 min.) of tht e¢ster (0.525§

\

g) in THE (20 ml). The resultant solution was stirred
.
6.5 hours at 25°C.

Worhup as before gave 1.98 g of TMB (95% recovery),
. ° ’ ~~>\ AN
mp 193 & 195°C; 0,374 g -(80%) of mesitoic acid, mp 151 -

153°C, 90 mg of the same unidentificd viscous liquid and

¢a 40 mg of dimesitylborimic acid.

, (3) As in (2), however after one hour of st¥rring
at 25°C, the blue colour of the radiéal anion was com-
p letely discharged. " Therefore; the reaction was quenched

and worked up to give 0.202 g (40.6%) of mesitoic acid,
[}

mp 154 - 15%°C, and 3%% mcthy#AmositoatS (estimated by

gle, 5 ft x 1/8" 5% SE 30 on chromosorb W at 123°C).

-

+

Reduction of MothylmDchvdroqbigtgigwilgl &jth Sodium

RN _‘d s =

» —

~Trimesitylboron in the Presgnce of t-Butyl Alcohol.

i

4

‘The most favourable p§OCPdure and ratio of reactants

in the above reductions of.methyl mesitoate in the pre-
. L4 -

- 6ence of t-butyl alcohol [rcaction'(Z)] was chosen for

-y, L]

2 A )

e



the reduction of the resin ester, la.  Thus, 0,188 g-atoms

(5.38 cquiv.) of sodium was added to 1.135 g (2.08 cquiv.)

of the TMB in THEF (80 ml) to form the radical anion.

\

t Butyl alcohol (0.333 g, 2.96 cquiv.) was added as
|
described previously, just prior to the addition (14 min.)

of la (0,477 g, 1.0 cquiv.). The resulting sélution was
stirred 10 hours at 25°C before quenching.

Workup fﬁ a manner similar to the above gave 94 mg
(20.6%) of the acid, lc¢, and 0.380 g (76%) of starting
material, la. i

When ; reduction was attempted with methyl-0-

methylpodocarpate under identical conditions, complete

recovery of the starting material was obtained.

-

éllﬁﬂﬂﬁ?d Roductionsﬁpf (ﬁs‘ﬁysin lptors_ﬁiih Sodium

TrimFSitIXbPIEE_LIﬂh}SUXll- °

&
Reductions were attempted®vith la and 4g in the same

manner as outlined above in the absence of the proton

! [4 H
source, £~butylwaléﬁh01: “No reduction occurred. The

L4

starting esters wore both recovercd quantitatively.

~
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PART T1

A STEREOSELECTIVE REDUCTION OF CYCL1C KETONES

INTRODUCT LON

The stercosclective and stercospecific control of
o : 140-142 . .
chemical reactions is a topic of much concern to

~synthetic chemistry. 1In particular, the stercochemistry of

T

addition of a varicty of nuclcophilic reagents to the A

-

carbonyl group has. becen the subject of numerous
rcports.laz‘ldg

Because the reductions of a large number of cyclic
ketones with various reducing agents can lead to cither

epimorié alcohol as the major product, prediction of the

stereochemical outcome of such reactions cannot always be

‘made with certainty. This has generated a number of
\
(heor105145’15”‘155 to account for the observed results

and considerable discussion.l45’151'160

In reducfions where the steric environment for the I
abproach of the reducing agent to either side of/the
ca}bonyl function is comparable, as in 4-t-butylcyclo-
hexanone, the major réduction product is usually the more

_stable product, i,e., the equatorial alcohol (eq. 25)2161

However, when approach to one side of the carbonyl function

is definitely more hindered, as in camphor, the predominant

¢

¥
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formation of the least stable alcohol is favoured (eq. 20).
154

)

. ( :

. . LiAlll,
t-Bu o

H

H OH
. \
OH
1 (25)

t-Bu ' t-Bu N

H

H
92% 8%

~

0 LiAlH, . OH H
> + (26)
. H i OH

92% 8%

In 1956, Dauben, Fonken, and Noyce termed these obser-

vations "prodhct‘deveIOpment control" and "steric approach

¢

control", respectively.151 It was assumed that the transi-

A

- tion state geometry resembled the geometry of the aléohql

products for reduction of unhindered ketones, and resembled

Al
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}hc starting ketone in geometry for the roduction'of
hindered ketones.

\\\ In 1965, Brown and Deck!®4 suggistod that the terms
"steric appYoach control"™ and ”prodUQt dOVClopmonr control"
be replaced by "steric strain Contrkl' and "product stability
control' in order.to focus greater attention on the transi-
tion state of the rcaction rather than on events which occur

on the way to the transition state.
Also in 1965, an alternate explanation was suggested by

152 For a small

Richer based on a "steric approach'" only.
entering group (which does not "interfere' with the

- - - . - \d
3,5-axial substituents), the reaction will be directed exclu-

sively by the 2,6-axial substituents which hinder equatorial

N "

attack. However, as the size of the entering group becomes
larger it was suggested that fhe'infcraqtions with 3,5-axial
substituents increase and the reaction ﬂ%occcds in favour

of equatorial attack. This is most easily seen by envisaging

[
|-
|
axial _ equat.
‘ —— 3 1} —
approach
\ ) .

; () Hydrogéh

e
»

J T

P
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the uppfoach of the nucleophile to an unhindered cyclohexanone
/ perpendicular to the plane of the carbonyl group, not to the
planc of the ring. The equatorial hydrogens (or other sub- ,
sritucnts).at the 2 and 3 positions are in the plane of the

162 and conscquently will not interfere with a

carbonyl group
species apprbaching the carbonyl group fram either the axial
or cquatorial side. On the other hand, the axial hydrogens
are not in the plane of the carbonyl gréwp (the Z,Q-axigl
hydrogens are at an approximate angle of 116° with the
cnrbonyi and the 3,5-axial hydrogens at an qnglq of ca 64°).
and would interfere with a species aﬁprnachinédtheilarbonyl
group from either side. Thus, the resulting prqducts would
be dependent on the size (or shape) of the attacklng recagent.
Marshall and Carroll supported the above explanation by

considering transition-state geometry.153 These authors
concluded that as . the transition—sfate bond lengths increased
(between carbonyl and attacking nucleophile, i.e., larger
nucleophiles) in distance from the carbonyl, greater infer—

y actions with the 3,5-axial substituents would resulf, and‘ .

therefore axial attack would decrease asAthe attacking species

became bulkier.

In 1968, Cherest and Felkin®ascribed the Samé.ste}i_“

interference to bond eclipsing factorsl55 - “torsionail
'strain" with respect to équatorial attack (ed. 27) .and

"sq?ric strain" with -the 3,5-axial substituents with fespecg
A . # ) '

L]
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R
oHem
» ”° /611 ‘
= PG H
(27)
H,
TrRe. M
,x 1
R

M R H
nf@ H '
H. - He \
——
(28)

H . Hy

to axial attack (eq. 28). The authors proposed that an
important portion‘of the energy requirement for equatorial
approach is due to torsional strain resultlng from the

development of two eclipsed nucleophile-hydrogen inter-

actions with the,palr of axial hydrogens at C-2 and C-6

early in the transition state.142 ‘Axial approach involves

. a much higher proportion of 'classical" steric hindrance.
. - N Il ‘ N

. : ' . .-
In reactions of unhindered cyclohexanones with small nucleo-
RN

philes, the "Steric strain' associated with axial attack is

‘expected. to, be smaller than the "torsional strain" associated

- § -
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with equatorial attack; therefore equatorial alcohol pre-
\ ;
dominates ‘(cq. 28). As \the size of the nucleophile increases

or as the 3,5-axial substituents beccome larger, the gituation
' . - !

is reversed.

Recent investigationslso’157’159 haVc proved the

. ‘ - : , .
"product development control" concept to be inoperable, and
[n] K

have supported the view!®2,153,155 that the reduction stereo-

chemistry is determiped by a combination of steric inter-
ference, torsional strain, and electrostatic effects in the
’ .

_transition‘stéte;

il

146-149, 163

Complex borohydrides™ ™" , boranesl04-166

aluminum hydrideslsz,!ﬁ4:160»167, alkoxyaluminum dichlorides

168, and the use ol Iridium-containing catalyst5169’170’
are examples of reagents that effect ster®oseléctive carbonyl
reduction. _Table‘VIJ gives the'results for.the reduction
(under comparable reaction conditions)“of a series of cyclic
‘ketones by a number of these reducing reagents. The seme

ey cYclic ketones were investigated‘in the'bresenr study in -

; order that comparlsons could be made.

..Jwo trends can be seen from the Table: (1) as the

ralkyl subst1tuent becomes further removed frfﬁ_the carbonyl

. . .+ s
carbon the amount of equator1al attack (i.e., axial alcohol

formatxon) dec¢eases, and (2) as the reducing reagent

"becames’ larger, the stereoselect1v1ty for ax1a1 alcohol

formatlon 1ncreases.

 ‘4""‘?" N . TR W
. , - ' L . ) . ) : i

- :
* ) . . ..
. c. . -
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During the course of the inbestigations with tri-
mesitylboron, the possible preparation and use of the
correspondinglunknown dimesitylborane (DMB) became of
interest. Subsequont studies on it and the onréqunding
lithium borohydride have led to a method suberior‘to
existing procedures for the reduciion of unhindered cyclic

ketones to the least stable alcohol by organoborohydride

reducing agents. ‘ _ .- K<
. . 1 . ‘
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RESULTS AND DISCUSSION -~

Dimesitylborane (DMB) was initially prepared by the
addition. of one equivalent of a standard ethereal lithium
alumlnum hydrlde solutlon”l to four cquivalents of

dlme51ty1boron fluorlde6 172 (eq. 29). When the addition

THF

+ LiAliy

AN

was performed atn0°C, a few hours of stirring were required
before the DMB precipitated‘ When carried out af~25°C !
the reaction was exothermlc and the DMB prec1p1tated w1th1n
ten minutes: - mp 166 - 168°C (sealed tube), Mass spectrum
m/e: calcd for CygHp3Bl}, 250.1892. Found: 250.1889;

ir (nujol):d 1605(3)‘ 1510(s) (B---H -F=B)173 and 1435rcm_'1
()3 ir-(halooil): 1610(5), 1515(s) and 1440 em™(s). f

‘.
" However, various analyses of .a number of preparatlons gave

2 . o
Toyoe . . . . K [

t - -
] . ~
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[}

& poor and inconsistent analytical results (Found: C, 71266 -

87.02; H, 7.76 - 9.51. Calcd: C, 86.44; H, 9.27) and

[4

furthermore, reductions bf Z-methylcyclohexanone were not
reproducible. This incensistency 1s due to a number of
factors, one of which presumably is the presence of various

fluorides (eg. LiF, A1Fy) and hydrides (LiMes,BH,, LiAlFH,

272 3
etc.) which are insoluble in THF and "coprecipitate with

the borane.

In order to circumvent these problems, the preparation

wis carried ot with lithium hydride (eq. 30). Initial

CE{3 ‘

. DME &
+ LiH —_—

LiF + BH

" (30)

-
1

L
M)

étfempts to prepafe‘the‘borane &51ng dlethyl ether or

jﬁ? tetrahydrofuran as. solvents at reflux temperatures and

\

t1mes ranglng from 14 to 24 hours falled However, the
. &

L) .
A
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preparation was successful-whcn.d{meghexyethane (DME) ‘was
employed as solvent.

This suecess is probably due to the ability of the
"bidentate" DME molecule(s) to effectively coordinate in
a claw-like fashion with the 1ithium cation;212. Thisl
chelation is clearly demonstrated in the X:ray sfructure
of the correSponding_lithium "ate" qqmpleX,Plithium
dlme51ty1borohydr1de b1s(d1meth0xyethane) -Asee Figure 1. -
Inltlal investigations u51ng d1me51tylborane were

\

%
not concerned with isolating it -in pure form, but rather

.
[+

involved a determination\of'its‘abLﬂ§fy to etereoselec—
tiveiy reduce cyclic Ketones and to do so with rebroduc~~
1b111ty Thus no effort was made, 1n1t1a11y, to separdte
the 11th1uﬁ fluorlde which COPIBClpltated (eq 30).

" Employing thlsd”crude" preparatlon, the reductlons

'ere performed w1th excellent reproducibility in the

t'
follow1ng manner. L1th1um hy&rlde (1.1 to 1.15 equ1v )

was added to a solution of d1m651ty1boron fluoride (one

'BQU1V ). in DME under a nitrogen atmosphere After Te-
fvﬁklng for 20 - 24 hours, followed by cooling (the borane -

@
prec1p1tated ca 20° below the reflux temperature) to 0°cC,

the cycllc ketone (one equ1v ) was then added The Te-

-sultlng heterogeneous mixture was stlrred for 8 hours, and’

‘ the intermediate organoboron spec1es were oxidized- by the

éddltxon.jz\base (5% NaOH) and perox1de ‘(308 Hy0) - ‘The
SN L ' St S -

TN N
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aqueous phase was satufated with salt and the DME' layer

\

was analyzed by glc (see Experlmental) for the isomeric
alcohols (see Table VIIT) » ’Total y181d5 for the least
stable alcohol were >85%. The product alcohols ()865)
were easily isolated by clution with, pet ether - ether

'(4 : l) through a“silica gel column. The by-product - ~ 0

2,4,6-trimethylphenol, elutes first with pet ether.

' 3-Methylcyclohexanone, an unhindered ketone, afforded

the corresponding trans-alcohol in 95% purity. Cis-4-
N , — , ¢ .
methylcyclohexanol was obtained in 91% purity from

' , ' ' LY .
4-methylcyclohexanone. Similarly, 4;t-$utflcyclohexanone
reacted completély to produce the cis- carblnol @93%)

N L
The results, partlcularly for the 3- #d 4- substltuted

’cyclohexanones, 1nd1cated that th1s crude qlxture con-
taining the’ borane showed excellent potential as a hlghly

selectlve reduc1ng reagent In addltlon, ‘when compar1ng._

this method to others146 148 163’I165’A166’ 168 knowq/to.

produce the less stable eplmerlc alcohol 1n high pur1#y, !'

X of o her e
alco ols \ '_
146- 148y are hlghly volatlle and therefore d1ff1cuﬁt to T

/
separate from the de51reﬂ products In comtrast‘

one must take into account that the by prvli;

.\methods (1soborne0116g 166 168, and 1l»

‘

‘”product 1n the present method is an easlly sep rable
. pheriol Wthh can be removed by 51mp1e chromat'!faphlc ) ol

) technlques e C e T S
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Attention was then turned to isolating pure dimesityl-

‘¢ borance (frece of lithiun tluoride), characterizing it, and

,
re-running the reductions of the various cyclif kétonos with
the pure sample.

, Pure dimesitylborane was obtained in the following
manner. After refluxing a mixture of lithium hydride (1.1 -
L15 equiv.) and dimesitylboron fluoride (1.0 equiv.) in DME

for 20 - 24 hours as before, anhydrous benzene was added to
\\{Eimhot mixture. The LiF precipitated, and was filtered
-‘\\ from the hot DME-banenc.solu;ioﬁ. The filtrate was concen-
trated (to 50% of volume) by distillation under nitrogen.‘
When'addi£ional benzene fas added, no fﬁrther precipitation .
resulted. The benzene wds removed (by d%ftillation)‘and
the residue was recrystallized twice from anhydrous DME to
afford a white ‘crystalline solid; mp 163 - 166°C; ir
(halooil): 1515 cm” ! (B';-H-~}; bridéﬁ); mas's spectrum:
m/e? caled for CygH,3Bll: 250.1892. Found: 250.1886;

|

: - : . . «
molecular weight (osmometric) in benzene gave a value of
1 :

240. The nmr (benzene—dﬁ, 100 MHi)'spéztrum exhibited a

- singlet at § 6.70 (4, ArH), a sing&et at 6§ 2.27 (6, CHy at
C4) and a singlet at § 2.20 (12, CH; at C, and C6), and no
evidence for B-H resonance in the nmr; i -

The infrared spectrum (nujol or halooil or benzene

‘[l%]\or cyclohexane [1%]) exhibited an absorption band at

‘ 1

1510 - 1515 cm™" and no absorption due to an unassocjated /

’ .



B-H band at 2500 - 2600 cm” ! pas observed. 175, 176 The
corresponding deuterhbo analogf77 (from Mcsanland LiD),
structurc 17, showed absorption at 1118 cm™1 for the

B---D---B stretch, a frequency shift in accordl75, 176

for the dimeric heavier isotope analog (Mes = mesityl).
~ “ Y “
Mes H Mes Mes\\\ D Mes
B B . /B B
es « H Mes Mes P Mes

1515 cm” ! 1118 em !

«

b
[« )
b
~J

]

Thus, this diarylborane, like the majority of dialkyl-

boranes reported (e.g., disiamylbqrane178,fdicyclohexyl-
178

borane , giiSOpinocamphebeoranel78: and 9-borobicyclo-

~[3.3.1]nonane (9—BBN)179) exists as a dimer.

Dimesitylborane is quite stable to air, much more s0
than the only other '"stable" diorganoborane reported to
i
17

date, 9-BBN. In our hands, 9-BBN has on occasion spon-

fanéously ignited or decomposed rapidly (liberatipg fumes)
on exposure to air. DMB shows no such characteristics;

even“after prolonged exposure (no change in ir spectrum

‘ N
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after 12 hr) to air or heat. The melting point of DMB (163.-
166°C) is the highest réported to date for diorganobofhnqs
(9—BBN179,‘mp 140 - 142°C; dicyclohcxflbéranel73, mb 103 -
105°C;‘disiamylborane173, mp 40 - 44°C).

The reductibns of methylcycloalkanones were repeated
with pure dimesitylborane, under the same re#ction condi-
tions as before. Two major differences were‘observed (see
Table VIII). One, the Tate of reduction was sloWer,'evi-
d¢nced by the presence qf large amounts of unreacted ketone.
Two, the stereosglcctivity decreased. In fact, this de-
crease was considerable in the 3- and 4-methylcyclohexanone

-

reduction; - from éS to 33% and from 91 to 21%, respectively,
of the corresponding ieast stable alcohols. - ) )

At first, it apbeared possible that these differences
ﬁight be due to the presence or ab;ence of lithium fluoride
(i:e., a Lewis acid). However, when the redpctions were
performed uéing-pure DMB with 1ifhium fluoride (0.5, 1.0
and 2.0 equiv.) adqfd intentionally, the ratio of product
alcohols werg similar to those obtained with pufe‘DMBﬂ

’ { .
The cause for the differences in results/ (Table VIII)

has since been determined by Dr. S. Akiyama to be due to >
,the'piesence of the 10 - 15% excess lithium hydridg employed.
This}excess reacts wit he DMB to form an "ate" complex of

lithium dimesitylborohydride (ed. 31).

(Mes)2BH +, LiH ——> Li*[(Mes),BH,]~ = (31)

*

‘2 - . . 4 -



W f
.92

Since the, rate of reduction of a ketone w;th'the bcrohydrlde;

is faster than that of a borane, a p0551b1e explanat1on Ofx

e

the results is illustrated by equation 32. Similar dis-
placements of weaker Lewis acids from alkoxyborohydrideé’

¢ : .»'f\35"

. . OH CRapie ®
| . _ ‘ \ 2BH:
:>h0 + Li*R2B"H) ————— [{;>-O:h'R2 Lit| —————
n . W

H%-O—B,RZ +OLiTRgBTH, YUy (33 Lo

]

.

by a stronger Lewis acid are documented, 180, ;31' Thus, one
view o{?%he process is to regard the bbrohydr;dé as'a cat-
alyst 'i; thé reduction. (Alternatlvely, one could pos-
tulate expu151on of lithium hydride from the 1ntermed1ate‘
alkoxyborohydride, follqwed by reduction of R,BH by LiH
to form Li*R,BHj. 'This appears less attractive a possi-
bility, becég§e un&er similar experimentalianditiéns
0°0), dimesitylborane does not'react;with LiH.)

There is no doubt, hdwever, tﬁat it is the borohydride
not the borane, which is'the agent‘respdnsible for the high
stereoselectiyitx ébsérved.' The porohydride,%structure éﬁf

. was suﬁgequently isdléted, mp 129 —‘131°C (sealéd tube).

Nmr spectroscopic and X4ray crystallographic (see FiMurel

L™
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and Table IX) studies showed that two molecules of dimeth-
oxyethane (DME) were complexed with the lithium cation Qf

the 1jthium borohydride.

CHj

Li* | [ HsC J_BH, | + -2 DME
: :
CHz ’ \
v 18

Ll \

Also, the new hate" complex Iithium dimesitylboro-
hydride, mp 268 - 270°C (sealed tube), -could be obtaineé
free of the dimethoxyethane by heating and evacuating
‘.(130 - 155°C/0.08 mm) neat samples of Li+Meszﬁ'ﬁ2-?DME,
18, for ca 4.Svhr_(eq. 33). |

s

2DME + Li




Reductions of theﬂcyclic ketones with LiMes;BH, " 2DME,

A

1

(o]

, show select1V1ty 51m11ar or greater to that first ob-

H

served, but the reductlons are- complete in much shorter
'tlmes (see- Table X)* Thus, reduct1ons of 3- and 4-methyl-
eyclohexanones,afforded~thepcorresponding axiaIJOH isomers
in 99 and 94% isomeric purlty, respect1ve1y, in essentlally
quant1tat1ve yield at 0° in 3 hr. Select1v1t1es of this
magnltude are apparently unprecedented for di- or tri-
organoﬂorohydrlde reduc1ng agents

Subsequently, it was d1scovered that the procedures
for isoiating the product aicohols could be further simpli-
fied. Thus, by adding a small amount of water (instead of
base and per0x1de), followed by drying, evaporatlon/of the
solvent, and vacuum dlstlllatlon from the by- product di-
mesitylborinic ac1d the productﬂaleohols weée ea51}y
obtained in ) 80% isolated yields.

" In add1t1on to the except10na1 stereoselect1v1ty ob-
seryed a noteworthy feature was the rate response of 18
toiketones‘of differing ‘'structural environments. Although °
unhindered or moder%telx hindered cyclohexanones were ,
'_completely reduced in three hours at 0°C, a highly hindered
'subetrate, camphor, was totally inert to the reagent after
e1ght hours at 0°C. Approximately. three days at 25 C were .
requ1red for complete reduction (99.8% exo), Table X -

In strlklng‘comparlson, carbonyl reduetions with bulky

Qo
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triorganoborohydrides, although highly stereosé¢lective, are

rathet.rate-insénsitiye to structure and generaliy proceed

| 7at}remérhgb1y rap&d netés even‘for ketones wi@h widely, dif-
fgrént’steric sdtroundihgg. For example, hhth 4-ﬁethy1Cyclo-
hexahbne and.g;mphor are completely“reduted by

| Li*(égg.-'_Bu)}‘/BH in one hour at 0°C!86 (see Table VII).

In conclusion, this new reagent, 18, is‘sorgfnsistent

/

/ . . i
in itsfattack from the less hindered side of the carbonyl

N

group that it may find use as an important tool for deter-

i

¢

m1n1ng the steric environment of particular carbonyl groups

-

In,qddltlon,,lt may find use 1n regiospecific monofreductlgns
"of ‘apprapriate complex di- or poiycarbonylAsubstratés in
uhprotected form. ' ‘

Ed



. EXPERIMENTAL ~ .
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General Considerations

Infrared (ir) spectra were recorded using a Perkln—
Elmer 421 G or Unicam SP 1000 Infrared Spectrophotometer.v
A Mass Spectra were recorded on ‘an AEI Model MS-2 or |
' Model MS-9 Spectrometer o A
Nuclear magnetlc resonance (nmr) Spectra were recorded
on a Varian A-60 or HA-100 Spectrometer~1n the indicated
'solvents w1th tetramethy1511ane (TMS) ‘as the 1nternal
standard. Chemlcal shlfts are reported in 6 values rela-
. tive to’ TMS=0. The f0110W1ng abbrev1at1ons were used 1n
the tert:; bd = broad,,s =‘s1ng1et, d = doublet,.3
t = triplet, q = quartet, and m = multiplet. |
| Melting points were determ1ned using a Re1chert or
Buch1 meltlng point apparatus and are uncorrected
» | Gas chromatograph1c (glc) analyses were performed 7f f//AH
:u51ng ‘a Perk1n Elmer Model 900 Cap1llary Gas Chromatograph\r |
with a 150 ft x 0.010 ip. 8, B~ oxyd1prop1on1tr11e capll-“
lary column (Column A), ‘a Hewlett Packard 402 ng Effl-
.c1ency Gas Chromatograph wrth an 18 ft X 1/4 1n. glass
column of 10%. DEGS on 60/80 Chromosorb P AW (Column B),
a Varlan Aerog;aph Serles 1200 or Serles 1400 //Zﬁroma-

! tograph W1th als fi; b 1/8 in. 20% DEGS on 60/80

'0 o a‘_.

o
A SN
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S

Chromosorb W (Column C) and an Aerograph A90 -P3 with a.

10 ft x 1/4 LB- &0’ Carbowax 20 M on 60/80 Chromosorb W
N \'

*(Column D).

A Micrbanalyses were performed by the.Microanalytical

i

'Laboratory, Unlver51ty of Alberta. R

v . f . Al
All reductlons were performed under a dry nltrogen

atmosphere. Tetrahydrofuran (THF) and d1methoxyethane (DME) .
were freshly distilled from. 11thrum»alum1num hydrlde under
unltrogen before use. All (11qu1d)'ketones used in these a
reductlons were also dlStllled before use; 4-t- butylcyclo- .
hexanone was recrystalllzed from pentane mp 46 - 49°C.

Boron trlfluorlde etherate was pur1f1ed by vacuum d1$t111a—v
Tion- from ca1c1um hydr\de L1th1um hydrlde, from Alfa
Inorganlcs, ‘was used as recelvef In‘several TUNS using‘
older eXposed samples,‘elther prolanged react1on perlods
were necessary or the reaction was entlrely unsuccessful

Column chromatography was: performed u51ng K1ese1 Gel

o

,“Sallcé Gel M of 0.15 - 0. 30 mm granulatloh as adsorbent

. - ; o ‘
Preparation of Dimesitylboron fluoride

L]

6,.172

7
< :
. e " .
/
‘\-

A one 1't e three;neck round bottom flaskgfltted w1th

a.mechanlcal stifrrer d pressure equa11¢1ng dropplng funnel

(250 ml), anleffLC1ent condenser and attached to a n1trogen\

fsourgg, was flame drled undTrfa flow of n1tr0gen - The flash
) | ' T - s

o - C ! RENRCR -4 . : : .
e, . . . AT, .
Y . ) S o v » AR
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pral
also contained magnesium turnings (14.1 g, 0.58 g at.).
Anhydrouq THE (70 ml) was added to the cooled fln%k The
d;opplng funnecl was charged with 2—bromomo<1tylcn0182
Y100 g, 0.50 mole). App(ox1mately 5 ml of the hhlide was
then added to initiate the reaction (on occasion, gentle
%cnting was‘noccssary). The remainder of the halide was
diluted with THF (30 m1) and anhydrous dicthyl ether (150ym1).
Additional diethyl ether (100 ml) was added to the recaction
,vessel once the reaction was fhitiated. The halide solution
was then add@d dropwise so as to maintain a vigorous reflux.
After complete addition of éhe halide, the solution Qas
refluxed for a further four hours and left standing overnight.
Boron trifluoride etherate (33.4 é, 0.235 molg) in
diethyl ether (150 ml) was then added.dtﬁbwise (30 minytes)
to the Grignérd reagent. The addition causes gentl;.re11
fluxing of the €ther. After total addition, the mixt@re
QQS»Stirred unae},genfle reflux for 1.5 hours.
. The Tesultant clear light yellow supernatantywas then
;conceﬁtréted under nitrogen, and the residue was short path

Vacuum distilled to provide 46 g (73% yield) of a cléar

colourless liquid, dimesitylboron fluoride, which solidified

*

-

on cooling; hp 126 > 130°C/0.15 mn .
Numerous repetitions of the above procedure praovided .

Qimesitylboron fluoride iA yields Qarying between 69 and 76%.
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Preparation of Dimesitylborane by Reaction of Dimesitylboron

Fluoride.

4]

.With Lithium Aluminum Hydride

7 ) -

A solution containing 5.0 ml of a standard 1.7M
LiAltg solution!71.(8.51 mmole, 1.0 equiv.) and THF (10 m1)
was added drop&iso (4 m@n.) to a solution of dimesitylborén
fluoride (8.4 g, 31,3 mmole, ?.68 equiv.) in THF (50 ml)

at 0°C. A;ler total qdd}tion, the solution was allowed to »
warm to room temperature.; K)white Crystalline precipitate
resulteh after an additioﬁﬁl four hours of stirring. The
mother lIiquor wasz&ecanted, and the precipitate was washed
successively with anhydrous TﬁFi Skelly "B" and THF, then °
dried- (under a stream of argon), mp 166 - 168°C (sealed
tube); mass spectrum: m/e: 250 (MY ir (halooil): 1515 cm-1
(s, bd) (B---H---B); nmr (€DC15): 6 6.71 (m, 4, ATH), 2.23
(s, 6/ -CH; at C,) and 2.02 (s, 12, -CH; at C, and Cg). A
Beilstein test showed a green flame (indicative of the pre-
sence of boron). Treatment of a small portion of the solid
with e&hanol'résulted in evolution of a gas and formation
of‘ethyi dimesitylborinate, mp 58 - 59,5°C (from abs.
cznsdu): méss spectrum: m/e: calcd for CZOHZ70811, 294,2155,
Found: 294.2161. Nmr (CDC13):. 6 6.69 (s, 4, ArH), 3.99
(q, 2, -0-CHp-), 2.22 (s, 18, Ar-CHs) and 1.27 (t, 3,
;CHZ-C§3); ir(CHC14): 1608(5), 1370@5) (-B-0), 1315(s),

-\
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8§82 ﬁnd 845 cm 1,
" Howeve}; clementad analysis of the precipitate gave
poor results?' Calcd for CygHp3B: C, 86.44; H, 9.27.
Found: C, 71.66; H, 7;f6. (Other samples prepared in a
similar manner likewise gave poor analyses.)

This crude borane was shown to Mduce cyclohexanone to
cyclohexanol quantitatively at 25°C in one hour (50% conver-
sion at 0°C for one hour). When the reduction was extended
to 2—methy1cycloﬁexanone, inconsistent results were noted,’

varying from 80 - 95% cis and 5 - 20% trang.

With Lithium Hydride

Initial attempts to bring about rpaction between
dimesitylboron fluoride 'and LiH in refluxing diethyl ether
(24 hr) and refluxing THF (14 to 20‘hr) met with no sucéess.
However, when DME was employed as solvent, reaction occurred
resulting in excellent yields of dimesitylborane.

The simplest manner of using the borane (or the c¢orres-

‘
"y

ponding borohydride) s to prepare and utilize it in situ,
thus avoiding the isolétion stgp. The presence of 'LiF does

not interfere.

General Reduction Procedure for Reactidns Involving the

v &
%

"Grude" Dimesitylborane. % . -

-

To 4.10 - 4.15 g (15.3.- 15.4 mhole) of dimf§§itylboron
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~

fluoride in dry DME (50 ml) in a 100 ml three neck flask
O

cquipped with a condenser, stirring bar, and a nitrogen
inlet tube was added 0.132 to 0.140 g (16.5 - 17.5 mmole,

1.10 to 1.15 equiv.) of lithium hydride. The mixture was

\

heated (undek a nitrogen atmpsphere) to reflux for 20 - 24

hours. After Cooling to 0°C (the borane precipitates)

a solution of the ketone (12.0 - 13.2 mmole) in dry DME

(10 m1) was added to the heterogeneous mixtureyall at once

and the mixture was stirred at 0°C for 8 hour;. At this

point, the reaction mixture appears as a milky suspension.
.To this mixture was then added at 0°C 15§ “1 of 5% NaOH

solution and 30% Hy0, (5 ml). The resulting mixture was

wafmed to 40 - §0°C"(one hour), with rapid stirring, then

washed with a saturated K2C03 soittion (two 25 ml portions).

The combined aqueous extract was ashed with ether (two 20

ml portions). The organic extractsywere combined, and i
" washed with brine (60 ml), dried (Na,S04), evapofated. The
residue was made up to 25 ml in a standard flasK with DME.
This solution was then analyz;ﬁ by glc.for determina-
tion of the relative amounts of epimeric alcohols. For all
reductions except that of 4—£-bqty1cyclohexanone,‘coiumn A
was‘émployed at a column temp. of 80°C (inj. temp. i10>-
~120°C, det. temb. 100 - 110°C).‘ For anélysjs of thi
4-t-butylcyclohexanone reduction, column E was empléyed at

column temp. of 140°C (inj. temp. 145°C, det. temp. 160°C;
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T*\\\gas flqy rates: H,, 40 ml/miﬁ; 0;, 150 ml/min; He;\70 ml/
min). Results are given in Table VIII. All reductions were
performed at least twice, with excellent reproducibility.
Absolute yields (glc) were determined by using column
C'at 110 - 115°C, and indicated that the ;eactions were
quantitative. \W
Isol?tion of the product alcohols invoived evaporafion
of the‘solveht,‘folxowea by column chromatography on siliFa
_gel of the resultant residue. Elution with Skelly "B'" gave
2,4,6-trigethylphenol (mesitol); elution with Skelly "B" -
ether (7 : 3) gave the alcahol. _Isolatea yields were >80%.
The isolated synthetic samples of cis-2-methylcyclo-.
hexanol and cis-4-t-butylcyclohexanol exhibited identical |
ir absqrptions and glc retention‘times as those of éuthgntic
samples. Authentic samples of Ezgﬁ§-3~meth§1- and 515-4;
methylcyclohéxanal were not available. However, the isb-
'lated synthetic materials possessed properties in écgord
with literature data (see following procedures).
A typical experiment is described below.
¥ -

" Reduction of 3-Methylcyclohexanone

‘ . ¥ ~
To the crude borane mixture {formed by reaction of
dimesitylboron fluoride (4.107 g, 15.3 mmole) with lithium

hydride (0.1% g, 17.2‘mmole) as described above in the
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general procedure] at 0°C, a solution of 3- methylcyclo~
hexanone (1.477 g, 13.17 mmole) in DME (10 ml) was added
all at once. After 8 hrs. “at 0°C the reactlon mixture was
oxidized by the addltlon of 5% NaOH solutlon (15-ml1) and
30% H,0, solution (5 ml) followed by stirring for:one hour
at 40 - 50°C. The mixture was worked up ag above. Glc
(column A) ahalysis indicatgd 95 and 5% format{on of the
trans- and Eii-3—methy1c;cloﬁéxanolé, respectively. *

The solvent was evaporated and the residue was chro-
matographed on silica gel. Elution with Skelly “B" gave
2,4,6-tr%methy1pheqol; mp 70 - ?2°C (from‘ﬁkelly‘"B&)
[1it185 720c); nmr (cDC14); 6 6.78 (s, 2, ArH), 4.50 T
(s, 1, -0H), and 2.17 (s, 9, -CH3); it (CHCl3): 3600
(phenélic -OH) and 855 cm-1 (1,2,3,S—éromatic); mass
spectrum: m/e: 136 (M*). Further elution with Skelly "B"
- ether (7 : 3) gave a clear liquid (1.48 g) which, upon

vabuﬁ% di;tiilation, éffo%ded trans-3-methylcyclohexanol

* As a confirmation for the assignment of the cis/trans
peaks by glc, 3-methylcyclohexanone was reduced by LiAlHy .
in THF as previously reportedl63 . j procedure which is

known to produce predominantly the cis-alcohol. Glc

"

A(column A, 80°C) indicated 'a 17 : 83 trans : cis ratio in
agreement to that reported (16 : 84); thereby confirming

our assignments,
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(0.98 g), bp 103 - 105°C/68 mm [1it184 78 - 79°C/20 mm;
185 64 - 65°C/11 mm]; ir (liquid f£ilm): 1140, 995, and
945 cm™1 (identical to values reported186 for the 3-trans-
eéimer: 1140, 995 and 9(? cm‘;; the 3agi§-epim%& gives .
11100, 1070 and 1023 cm-1 ébsorption band5186). ‘
As additional proof of structure, the R;nitrobenzoate
derivative was prepared as described in Shriner, Fuson and

86

Curtin187% mp 61 - 62°¢C (from methanol) [lit1 61.5 -

62.5°C, 188 60 - 61°C].

Reduction of 4-Methylcyclohexanone

procedure

. eduction of fhis ketone, using thé identica
')described above, -afforded gig-4-methy1§ycloheXanol
epimeric purity), bp 115 + 119°C/70 mm [1it184-173 - Waécy
750 mm, 184 78 - 70°C/20 mm]; ir (liquid Film): 1150, 1075,

1030, 985 and 925‘cm'1 (in agreement with values'repotted

186." for the cis-4-alcohol: 1145, 1075, 1035, 985 and 925

]

?
.

cm-l; for the trans-4-alcohol: 1090,.1050 and ‘1010 cm'l);

p-nitrobenzoate derivative; mp 93 - 95°C (from Skelly "B'")

‘ , } ¥
1138 95 - g6°cy. . |
. . . ' “e . ‘,
Reduction of Camphor : - ¥

_ Under the.conditions described above, no reduction

occurred. fThe ketone was recovered in ?7%;yi91¢§;~
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Isolation of Pure. Dimesithylborane

v To 34.5 g (0.13 mi) of dimesitylboron fluoride in a
500 ml three neck flask equipped yith a magnetic s;irrihg
bar, a condenser ane a nifrogenrielet tube waé adeed_anh -
drous DME (250 ml) and lithium hydride (1.184 g, 0.149
mmole): The mixture was refluxed for 24 hours at which
point benzéne. (50 ml) was added A whlte solid (L1F) pre-
cipitated. The clear supernatant (while hot) was then
decanted from the white precipitate.

The solution was eencentrateﬁ by distillation and
dry DME (80”m1)>was added. The resulting soiution cas
brought to reflux, then cooled Elewly‘te crystallize the
DME. Once crystallized, the solvent (DME) was decanted
from the borane (DME). “The soiid was crystallized onee
again using'thié procedure (from DME). Decaﬁtation of
the solvent; followed by_dfying under vaeuum (0;15 mmi,
afforde& 16.5 g (51.3% yieid) of pure dimesitylborane;
‘mp 163 - 166 C (sealed tube); Anal. Calcd for C18H23B
C,_86.71, H, 9.37, Found: ¥, 86.44; H,;9.27, m S
spectrum: m/e: calcd for 018H23B114 250.1892} Fouhd: W
1250.1886; nmr (benzene dg» 100 MHz): § 6.70 (s, 4, ATH),
2. %Z,(s, , -CH3 at C4), 2.20 (s, 12 -CHz at Cgiand C6)»
'resonance for the B-H could not be detected. |
The ir }pec;rumA(nujol, haloo11, 1% ben;ene; or

R
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1% cyclohexane) exhibited an absorption band at 1510 - 1515
c&Ll,,.No absorption for an unassogiated B-H band at 2500 ;
2600 cm™! was ever observed.175, 176 The corresponding deu-
terio analog:(mass spectrum: m/e: calcd for C18H22D811: |
251.1956; found: 251.1951), prepared‘in a similar manner177
(from the boron fluoride and LiD) show&d ir absorptlon at
1118 cm-1 (B+-+D--.B), 175 176

A molecular welght determination’ (osometric) of pure
DMB in benzene ga§e a value of 240.

The pure DMB obtained from the above procédure was

then used in a set of four reductions (substrates and
results are listed in Table VIII).

~ General Reduction Procedure for Reactions Using the

Isolated_Dimesitylborane

To 3.0 - 3.3 g (12‘t6 13.0 mmole) of dimesityiborane'
in a 100 ml three neck flask equipped w1th.a magnetic stir-
Ting bar and gas 1n1et and outlet tubes was added anhydrous

DME (50 ml1). The heterogeneous mixture was cooled ‘to 0°C

* and the ketone (10 mmole) in DME (10 ml) was added all at?

once. The m1xture was kept at 0°C.for 8 hrs. then treated
~at 0°C, w1th 5% NaOH solution (15 ml) and 30% H,0, solutlon
7i(5 ml) The resultlng mixture was then héated for one hour

~at 40 - 50° C, with st1rr1ng.r Brine (25 m;) was;added and
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the aqueous extract was washed with ether (two 20 ml por-
tions). The combined organic extract was washed with brine
(60 ml), dried (NaZSO4), evaporated and made up-fo 25 ml

(with DME) in a standard flask for analysis by glc.

Reductions of 4- Methxlqyclohexanone w1th D1me51§leorane

and Added Lithium Fluoride.

5F
b
The reduction procedure was identical to that described

directly above, with the exception that after LiF was added,

the.resulting mixture was stirred for 30 minutes at room

temperature before coolingpio 0°C.
F

Three reduct1on9 of 4- methylcyclohexanone were per-

formed u51ng 2.0 equ1v , 0.5 equiv, and no equ1v (1 e., a

A}

blank) o§ added lithium fluorlde A1l gav€ 1dent1ca1

results i. e., 45% of c1s carb1n61 (glc, d%!hmn R)*
o
Slmllar results (1 e, 1dent1ca1 ratip of*epwﬁers) were

"obtalned in the reductlons of both 3- and 4- methylcyclo-

hexanones when the reactions were performed in the absence

or presence of»added LiF (1 equiv.). - o Ege“

Preparatlon of L1th1um D1me51ty1borohydr1de
189

vBlsdlmethoxyethane.

A mixture of dimesitflborane‘(zz.o gy 88 mmoleliand"
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1ithium hydride (0.698 g, 88 mmole).in DME (270 m1) was L
‘vreflured for 2 hours. After the reSulting solution was :
"decanted through glass wool to remove unreacted ldtnium
thydride, it was concentrared to ég 180 ml. Théq%eposited

erystals were eeparated from thermOtner liquer Gyjdecan-

tation, washed with dry pentane, and dr1ed under reduced
pressure (0. 5 mm Hg) at room temperature (12 hr) The
crystals (33.4 g, 87%) melted at 129 - 131°C in a sealed

tube: ir (nujol): 2180, 2200 and 2280 (v.s. ),CCHCI ) 2120

(benzene) 2100; (THF) 2180 cm” 1 (- BH), mass spectrum:

m/g} ZSdz(RZBH) and 90 (DME), no 438 peak . Anal Calcd

for CpgHsq04BLi: C, 71.24; H, 10.12; B, 2. 47; MW 438 ]

Feundﬁ C, 71.21; H, 9.88; B, 2.35; MW-421_(benecne), 213

(chloroform). Nmr (CDC13, 190 MHz): & 6.60 (s, 4, ArH), 'v-k\

3.46 (s, 8, -(cgz)z-),‘gng (s, 12, -0CH;)., 2.24 (s, 12,

CHz at C, and Cq) and 2519 (s, 6, -CHz at C4).

»
. . X,
. )

The Reductlon of Ketones W1th L1th1um D1me51ty1borohzdr1de

B1sd1methoxyethane. . o v

A . .
\ . . : . .
- . -
, . o1

-

The fOllOWlng procedure is representatlvét A dry 100
‘ml three mebk'round bottom flask ‘kept under nltrogen was
charged w1th 3 3 g (13 mmole) of dlme51ty1borane, Q 103 g

(13 mmole) of lithium hydrlde, and 50 ml of . dry DMB - The

;mlxture was refluxed (SOJED\ ) untll a homogeneous solutldn
: ,

.
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To the mixtUre; at 0°C, was added 10 mmole
f‘S—methylcycloheXanone in DME (10 ml). The reaction mix-
fi{e was stlrred for 3 hours, then treated, at 0°C, with
f NaOH solution (15 ml) and 30% H 02 solution (5 ml),;
followed by warming to 40 - 50°C for one hour. ‘The y1e1d

of the alcohols was determined. (glc, colimh A at 80° C) to

o
/“

X/be 99. S% c1s and 0. 5% trans-3-methylcyclohexanol.

N

UER
]

< —~
B =

i
RE
\

i
\ s
A
\

\

5./,

N

K

b

- "

i

Isolation of the.product alcohol can be pérformed»aSJ
. . ) W .
described previously, employing a column of silica gel. As .

anialternative isolation procedure, the foilowing is des-

.cribed. Instead of treating the crude boropyd:?de reduc-

tlon mixture with base and peroxide, water (15 ml) alone

v\,

:can be used. After extraction, dry1ng(NaZSO4), and evapo-

ratlon of the solvent the product alcohol can be dlstllled

L

drrectly Using this procedure, the reduction of 3- methyl-

éyolohexanone gave an 82% 1solated yleld of trans-3-methyl-

cydlohexanone, bp 70 - 71 C/ll mm. The dlstlllatlon resi-
\ 4

due was crystalllne d1me51ty1bor1n1c acid (98%), mp 141+~

qg 142°c (from Skelly "B") [13t® 140 - 141° c, 172 142°C]

{k Results for tbe reductions of the other ketones are .

\glven in Table X. In all cases, the reductlons were— - ¢

L
complete W1th no re51dua1 ketones detected

v
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Preparatlon ofg&g_hlum Dlme31ty1borohydr1de free of
i -

» Dlmethoxyethane

. . ’

A sample (3.9 g) of lithium d1me51ty1borohydr1de?Tﬁﬁj
bis(dimethoxyethane) was placed in vacuo (0. 08 mm Hg) ét d,
130°C for 3 hr, then at 155°C for 1 S Br. TK& trapped |
liquid was 1dent1f1ed as DME by comparlson of the ir spec;P
trum with that of an- authentlc sample The ;hlte powder |
obtained (2.2 g, 96%) in thls manner exh1b1ted mp 268 -
z7o C (sealed tube), ir (nujol) 2140 cm” (B-H);A(CHC13):
2140 cm” (B H); mass spectrum m/e 250 (RZBH), no 258
258 (M*) peak amr (THF-dg, 100 Miz): § 6. 4 (s, 4, AfH),

2.24 (s, 12, -CHz at C jand. Cg) ané 2.12 (s, ._‘-CH3 at ).

' Anal. Calcd for CighpgBLi: C, 83.75; H, 9.37; B, 4.19;
MV 258. Found: €, 83.46; H, 9.09; B, 3.90; MW (chloroform):
248, | . |

: :F\ o . . u." .v:, ) . | o E . 7L.
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