entropy term can be based on the term R In (Z:/Z;). Most
calculations of entropy changes in ion-molecule equilibria have
been based on ratios of partition functions expressing the dis-
tributions of internal energy in the separated reactant and
product species. These partition functions are derived from a
model of the system which assumes that interactions, such as
those taken into account in calculating Z¢and Z,, do not exist.
The inclusion of a term R In (Z¢/Z,) in the entropy merely
reflects the fact that, in the particular case of equilibria in-
volving ions, such interactions do play a role. According to
thermodynamics, the calculation of AS from statistical me-
chanics involves two parts, that arising from the ratios of in-
ternal partition functions (the “ideal” contribution) and that
arising from the effects of the intermolecular forces on the
configuration integral. The latter contribution is generally
expressed in terms of the fugacity, which is usually derived
from the experimentally observed pressure-volume-temper-
ature relationships of a gas or from van der Waals constants.
Obviously the fugacities of ions are not experimentally ac-
cessible in these ways. However, a calculation” of the contri-
bution to AG® by intermolecular interactions is based on a
consideration of the same potential functions which are the
basis for the calculation of Z. Hence, it is to be expected that
a statistical mechanical derivation of AS for ion-molecule
equilibria would result in expressions which are equivalent to
those derived here from kinetic considerations.

Table 111 lists some values of AS which are derived from the
results of Meot-Ner and Field,*d who determined AG® for
charge-transfer equilibria in aromatic systems at 450 and 600
K. Since the changes in AG® over this temperature range are
small (£0.3 kcal/mol), these authors concluded that the en-
tropy change for charge-transfer equilibria in these systems
is zero. The comparisons shown in Table 111 demonstrate that,
for all the reaction pairs studied by those authors in which there
should be no other contributions to the entropy, the sign of the
entropy change is always correctly predicted from the collision
contribution. (In these measurements the experimental error
is of approximately the same magnitude as the entropy change
being determined.) Table 111 also shows the only entropy de-
terminations in the literature? for proton-transfer equilibria
in which it is predicted there should be no other contributions
to the entropy change. The collision contribution correctly
predicts the sign and approximately the magnitude of the
measured entropy change.
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A Nickel Catalyst for the Arylation and
Vinylation of Lithium Ester Enolates
Sir:

a-Aryl and a-vinyl carbonyl groupings are structural fea-
tures of a large number of biologically important molecules.
A method for the direct arylation or vinylation of enolate an-
ions would greatly simplify the synthesis of such molecules.
Progress to this goal has been reported by a number of work-
ers,! with perhaps the most promising approach to date being
the trapping of photogenerated aryl radicals with ketone en-
olates (the Sgn1 reaction).?

We wish to report that the addition of n-butyllithium to
suspensions of nickel(IT) bromide in tetrahydrofuran (THF)
at dry ice temperature forms material which catalyzes an ef-
ficient substitution reaction of lithium ester enolates (1) with
aryl or vinyl halides (2) (eq 1). The reaction occurs with clean

OLi
N S CCOR
/ N\ / N\

OR 2

n-C,HLi + LiX (1)

NiBr, \ / l

1

retention of stereochemistry at the halogen-bearing carbon,
as judged from results obtained with the configurational iso-
mers of 3-bromostyrene (eq 2, 3).3

The reaction with the lithium enolate of ethyl crotonate (5)
occurs at the v carbon to give chain extended vinylation or

CeH, Br
N/ ,
/C=C + LiCXCH,),C0,C.H,
H H
CqH, C(CH,),CO,C.H,
NiBr, AN / ’
wCH.Li C= (2)
o H/ N\

3,50% (<1% trans isomer, GLC)
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Table 1. Reaction of Lithium Ester Enolates with Vinyl and Aryl Halides

Yield,

Enolate Halide Product? %®
LiCH,CO,C(CH3); CeHsl Ce¢HsCH,CO,C(CH3); 73
Ce¢HsBr 41

CeHsCl 3

CH;CH=CHBr CH;3;CH=CHCH,CO,C{CH3)3 99

CH2=CBI‘CH3 CH2=C(CH3)CH2C02C(CH3)3 94

C6H5CH=CHBI‘ C6H5CH=CHCH2C02C(CH3)3 83

Li(CH;)CHCO,C(CH3); CH;CH=CHBr CH;CH=CHCH(CH3)CO,C(CH3); 53
Ll(CH})zCC02C2H5 CH}CHZCHBI‘ CH}CHZCHC(CH3)2C02C2H5 72
Li{C¢Hs)CHCO,C,Hs CeHsl (CeHs5);CHCO,C,H;5 46

¢ All products exhibited spectral and analytical data in accordance with assigned structures. & GLC yields; isolated yields were generally

10-20% lower.
CH, H
/ .
C=C\ + Li&CH,),C0.C.H,
H Br
CH, H
NiBr, AN S
— C=C (3)

n-C H,Li / \
H C(CH,),CO,C,H;

4,57% (<1% cis isomer, GLC)

arylation products (eq 4). This is in contrast to the usual re-
actions of § with electrophiles which occur almost exclusively
at the o carbon.*

LiCHzCH=CHC02C2H5
5

NiBr;  PhCH,CH==CHCOQO,C,H5;

+ CgHsl g
n-C4HoLi 60% (<1% «-phenyl isomer)

(4)

Attempts to extend the vinylation or arylation procedure to
ketone or ketone-derived enolates have so far given only very
modest yields.

Results obtained with a variety of halides and ester enolates
are shown in Table I.

The following procedure for reaction of lithio tert-butyl
acetate with iodobenzene is representative. A flask equipped
with septum inlet and magnetic stirring is maintained under
a positive argon pressure and charged with 10 mmol (2.18 g)
of anhydrous nickel(11) bromide and 10 mL of THF. The flask
isimmersed in a dry ice/acetone bath and 2 mmol (1.37 mL.)
of a 1.46 M solution of #-butyllithium in hexane is injected.
The resultant black suspension is stirred for 5 min, then 10
mmol (1.11 mL) of iodobenzene is injected, followed by 10
mmol (10 ml) of a 1 M solution of lithio tert-butyl acetate’ in
THF. The solution is allowed to reach room temperature and
stirred for 30 min. The cooling bath is then reapplied and the
reaction mixture is quenched by addition of 6 mL of 6 N hy-
drochloric acid. Pentane is added and the mixture is stirred at
room temperature until the organic layer is nearly colorless.
GLC analysis of the dried (anhydrous K,CO;) organic layer
established the presence of 7.3 mmol (73% yield) of tert-butyl
phenylacetate. Vacuum distillation gave 1.27 g (66% yield)
of pure product, bp 110 °C (15 mm), n20p 1.4825.

The catalyst suspension gradually loses activity if allowed
to reach room temperature prior to addition of halide and en-
olate. For example, the yield of terz-butyl phenylacetate ob-
tained by the above procedure decreased to 51% when catalyst
aged for 1 hat 25 °C was used. Attempts to isolate the catalyst
either by filtration or evaporation have so far given only in-

active material.

Optimal yields for a general procedure were obtained with
a full equivalent of nickel(I1) bromide; however, the catalytic
nature of the reaction is shown by the result shown in eq 5,
demonstrating a 350% yield of vinylation product based on
either nickel(11) bromide or n-butyllithium.

CH;3;CH==CHBr + LiCH,CO,C(CH3); + NiBr,

1.0 mmol 1.0 mmol 0.2 mmol
+ n-C4HoLi — CH3;CH=CHCH,CO,C(CH3)3 (5)
0.2 mmol 0.7 mmol

Other organolithium reagents also react with nickel(11)
bromide to generate active catalyst, but the yields are some-
what lower than those obtained with #-butylithium (eq 6). No
detectable substitution occurs in the absence of either nickel-
(IT) bromide or organolithium.

CH;CH==CHBr + LiCH,CO,C(CH3);

NiBr

—> CH;CH=CHCH,CO,C(CH3);  (6)

RE 999, R = n-C4Ho; 76%, R = CH;

63%, R = C6H5; 51%, R = C(CH3)3
The following comments concerning the mechanism of the

reaction are made. The retention of configuration obtained
with the 8-bromostyrene isomers probably rules out a radical
pathway,® at least for these halides. The higher yields obtained
with iodides compared to the corresponding bromides or
chlorides (Table I) are evidence against a classical nucleophilic
aromatic substitution mechanism on a nickel-activated =
system.” A number of substitution reactions of aryl halides
promoted by phosphine or cyclooctadiene complexes of nick-
el(0) has been reported.?d8 Oxidative addition of aryl halide
to nickel(0) is considered to be a key step in these reactions.’
Surprisingly, we find that addition of triphenyl- or tri-n-
butylphosphine to suspensions of nickel(Il) bromide either
before or after addition of n-butyllithium gives totally inactive
material. Furthermore, no substitution product was obtained
from the reaction of lithio tert-butyl acetate with 1-bromo-
propene using tetrakis(tri-n-butylphosphine)nickel(0)!9 as
catalyst. If the present reaction does proceed through a nick-
el(0) species, it appears that the absence of strongly coordi-
nating ligands plays an essential role in its success.
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Synthetic Studies toward Mitomycins. 1.
Total Synthesis of Deiminomitomycin A

Sir:

The mitomycins (la-e) are a class of antibiotics with activity
against gram-positive and gram-negative bacteria and also
against several kinds of tumors.! Since their structures were

first elucidated in 1962,! numerous synthetic approaches to
the mitomycins have been reported.2 However, the mitomycins

,-CH9OCONN
OCH3

“ivuir: see refere

themselves have not yet been synthesized. It seemed to us that
the most difficult problem in synthesizing the naturally oc-
curring mitomyecins is related to introducing the 9a methoxy
group since this is known to be the most labile functionality
present in the target molecules.? In this communication, we
wish to report a total synthesis of deiminomitomycin A (13).
This synthesis involves two key cyclizations: the intramolecular
Michael reaction used to construct the eight-membered ring
of 8 and the trans-annular cyclization of 10 to 11 under con-
ditions mild enough to introduce and preserve the 9a methoxy
group.
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CHyOH CH, 02
OBzl CHOH CH3 X
CHy OCHy  CHg OCH3  cn v
CH3
CHy CH 4y CHy y
H
Bzl CHoNH,
o 7 3 i HeVeOCH,. M
2 A:Y:U:Iz. Z=CD?56N5
10 xsUIMg, 1eSCHg DeD8,0,0
o
CH3 _,CHOZ CH3 CH02Z
CHy
CHy CHF N
o
" 12 0 27001 gH;
3 1200k 14

=00k,

Scheme I summarizes the 13-step synthesis of nitrile § from
2,4-dimethoxy-3-methylphenol (1)¢7 readily available from
2,6-dimethoxytoluene. Although the carbon atom at the 10
position® could be introduced directly by Claisen rearrange-
ment (i.e., ArOCH,CH==CHCH,0OCH,C¢Hs — Ar’
CH(CH,0OCH,C¢Hs)CH==CH>), we found the route shown
to be more practical. All the steps in Scheme I proceeded
straightforwardly except for the ketallization of 3 (or the
corresponding primary alcohol) to 5. Owing to difficulties
encountered in avoiding the elimination of acetic acid (or
water) under various ketallization conditions, the 3-step
transformation of 3 to 5 was used. The product of step k was
the thioketal thioiminoether which was converted to thioketal
nitrile 4 by brief treatment with triethylamine in methanol at
room temperature.

Lithium aluminum hydride reduction of 5 in ether gave
amine 6° (mp 60-62 °C), which was subjected to hydrogeno-
lysis (1 atm of H,, Pd on C/CH;0H, room temperature, 15
min) followed by treatment with oxygen (1 atm of O,,
CH;0H, room temperature, 20-40 h) to afford the eight-
membered quinone 8° (red needles; mp 110-112 °C; UV
(CH30H) 218 nm (log € 4.36), 304 (4.05), 509 (3.15); 'H
NMR (CDCl3) 1.87 (3 H,s),3.20 (3 H, s5), 3.27 (3 H, 5), 4.07
ppm (3 H, s)) in 40-50% yield. Clearly, an intermediate in this
transformation was benzoquinone 7, the primary amino group
of which ¢yclized intramolecularly to the quinone moiety in
the Michael fashion. Although an eight-membered ring was
formed, the Michael reaction was extremely facile and 8 was

aCH,=CHCH,Br/K,CO,/acetone, reflux, mp 32-33 °C.* bC,H,N-
(CH,),, reflux, 0il.'® €70% HNO,/HOAc, room temperature, oil.'°
dZn/HOAc, 0 °C, mp 110-113 °C.° ¢C,H,CH,Br/K ,CO,/DME~
DMF, reflux, mp 41-42 °C.*fH,0,/C,H.CN/K,CO,/CH,OH--
dioxane, roomn temperature, mp 56-57 °C.* LDA/CH,CN, --30 °C,
0il.!°* 7 Cr0O,/H,SO,/aqueous acetone, mp 99-101 °C.° INaOCH,/
(CH,0),/CH;OH-THF, 0 °C, mp 86-87 °C.*/ Ac,0/Py, 0 °C, 0il.'°
kCH,SH/BF,-2AcOH, -30 °C, oil.'° {Et,N/CH,0H, room tempera-
ture, mp 103-104 °C.° m HgCl,/Et,N/CH,OH, mp 88-89 °C.°
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