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Scheme II. Steric Course of the Enzymatic Synthesis of Methyl
Coenzyme M from Methanol and Configurational Analysis of
Methyl Coenzyme M
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of the methyl group of methyltetrahydrofolate to homocysteine,
catalyzed by the B,,-dependent methionine synthase from E. coli,
which we have demonstrated also occurs with net retention of
methyl group configuration.?® Both reactions pose the same
question of how a relatively inert bond, the C—O bond of methanol
in the present case or the C—N bond of methyltetrahydrofolate
in the case of methionine synthase, is cleaved in the transfer of
a methyl group.
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We present here a straightfoward and theoretically satisfying
model which explains and predicts the effects of reaction conditions
and organolithium structure in promoting the kinetic 1,2- or
1,4-addition to enones.>® The key feature of the model (Scheme
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Table I. Conjugative vs 1,2-Addition of 7Ta—c (Eq 1) and 10 (Eq 2)
in THF

entry RLi temp, °C yields? 1,4:1,2

1 Ta -100 56:20

2 Ta -23 39:32

3 Ta 10 29:36

4 b -78 58:4

5 Tc -78 58:3

6 10 -100 62:35

7 10 -78 54:43

8 10 -78 59:375
9 10 =50 51:47
10 10 =50 52:44¢
11 10 0 35:61
12 10 -78 44:514
13 10° -78 24:474.
14 10 0 81:8¢
15 10 0 31:57*

4Isolated in entries 4-14; additions to cyclohexenone were exceed-
ingly clean. In entries 1-3, HPLC ratios were determined on isolated
binary mixtures. ®Lil (4 equiv) added. ¢Concentration (0.009 M) 20
times less than in other additions of 10. ¢THF-pentane 20:3.
¢Potassium analogue.’? /Bis(phenylthio)methane (15 %) recovered.
¢HMPA (4 equiv) present. " TMEDA (2 equiv present).

I) is a rapid* equilibrium between contact ion pairs 1 and sol-
vent-separated ion pairs 2.5

To a first approximation, the contact ion pairs (CIP, 1) are
assumed to undergo only 1,2-addition, which is believed to involve
a four-center transition state 3% and very low activation energy.®
Conjugate attack of 1 on enones such as cyclohexenone, which
cannot attain a cisoid configuration, requires rupture of the
carbon-lithium bond without the energetic compensation arising
from simultaneous formation of an oxygen-lithium bond.

Correspondingly, solvent-separated ion pairs (SSIP, 2) are
assumed to undergo only 1,4-addition. Attack of the anion of the
SSIP 2 on the 4-position of the enone (directly or via electron
transfer) is more likely than attack at the carbonyl carbon atom,
In an early transition state, the position of attack should be de-
termined by the relative magnitudes of the LUMO coefficients
at the 4 and 2 carbon atoms’ and possibly by electrostatic repulsion
between the carbonyl oxygen atom and the anionic nucleophile;®
in acrolein, the 4-carbon atom has the larger LUMO coefficient.”!0
In a late transition state, the position of attack would be governed
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by the relative stabilities of an enolate anion and an unconjugated
oxyanion; the former is clearly more stable.!!:1?

The known facts>? that are rationalized by the scheme are the
promotion of conjugate addition by (1) increased delocalization
of the charge on the nucleophile, (2) increased size of the nu-
cleophile, and (3) increased solvent polarity, including the addition
of hexamethylphosphoric triamide (HMPA); all favor SSIP.5!4
Scheme I leads to the following predictions: (1) Lower tem-
peratures, which strongly favor SSIP,3'® should promote conjugate
addition;!” the opposite prediction has been made.? (2) Despite
the effect of HMPA in promoting conjugate addition, tetra-
methylethylenediamine (TMEDA), another strong complexing
agent for lithium cations,!® should not have this effect since this
additive is ineffective at separating CIP,*»>1%> presumably because
of the difficulty in accommodating two TMEDA molecules, with
their eight methyl groups, around a lithium ion.!"* (3) The
replacement of a lithium by a potassium counterion will favor
1,2-addition since this change of cations shifts the ion pair
equilibrium 1 = 2 to the left;® however, this prediction is less
certain than the other two since the effect of replacement of Li*
by K* in 1 could alter the rate of 1 (K*) — 5 (K*) in an unknown
way.

As expected,?® we have found that a number of sulfur-stabilized
organolithium compounds add primarily in a conjugate fashion
to enones in THF.2! Those of our examples which give a com-
petitive degree of 1,2-addition are shown in eq 1 and 2 and Table
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I. Ttis clear that the products are formed under kinetic control.
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Communications to the Editor

In the case of entry 7, it was demonstrated that the product
composition did not vary with time, while in that of entry 1, it
did not vary when the product mixture was warmed to 0 °C. More
convincing evidence is that the lithio derivatives of the 1,2-adducts,
9a and 12 (in the latter case, in the presence and absence of
HMPA), are stable at the highest temperatures at which the
additions were studied.

The previously mentioned known facts 1, 2, and 3 are in evi-
dence in Table I (compare entries 1 and 2 with 5 and 4, 7 with
12, and 11 with 14). The predictions concerning the effects of
temperature,?® TMEDA compared to HMPA as additive,? and
replacement of Li* with K*2?¢ are also validated. It is unlikely
that the temperature effect is caused by a change in relative rates
of 1 — 5 and 2 — 6 since the very low activation energy'* of the
former assures a negligible rate decrease upon cooling. Nor is
it likely that this effect is caused by a change in the state of
aggregation (lower temperatures favor less aggregation®’) since
the product ratio is independent of concentration (entries 9 and
10). Finally, the insensitivity of the product ratio to added Lil
(entries 7 and 8) shows that coordination of external lithium ion
with the carbonyl oxygen does not occur.

The role of CIP and SSIP has not been cited previously in
explanation of the 1,2/1,4 competition in organolithium addition
to enones except for the result of HMPA addition,'* nor was it
mentioned in the only review on this subject.? The widely pro-
moted concept?® that soft nucleophiles tend to attack the 4-position,
which has a larger LUMO coefficient than the 2-position, may
still play a role in influencing the product distribution by affecting
the rate of 2 — 4,

The state of ion pairing undoubtedly also affects the product
distribution of other reactions,?® and the effect of temperature
and of TMEDA vs HMPA should be valuable probes.’! In a
subsequent report, it will be demonstrated that this type of analysis
readily rationalizes the regiochemistry of attack of carbonyl
compounds on the lithio derivatives of allyl phenyl sulfides.
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