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Figure 1.

gree of removal was nearly attained in 30 min. Mo-
(CO)sads reacts similarly.

Thus, at 100°, Mo(CO)s/Al,O3 decomposes to Mo-
(CO)sads which further decomposes to Mo(CO);ads. The
second step is favored by low Pco and prevented by Pco
greater than 0.07 atm. Mo(CO),ads can be nearly com-
pletely reconverted to Mo(CO)¢ + v-Al,O3 by sweeping
with carbon monoxide at 100°. The activity® of both fresh
and used Mo(CQ);ads catalysts swept with carbon monox-
ide at 100° declined approximately in proportion to the
amount of molybdenum removed.

Of course, the decomposition of nickel tetracarbonyl to
metallic nickel has long been known to be reversible. The
reactions of this communication may be more closely relat-
ed to the observations of Watters® that treatment with oxy-
gen eliminates the carbonyl bands in the infrared from
Rhg(CO) ¢ deposited on alumina, and that exposure to car-
bon monoxide regenerates Rhg(CO)i6. Here, bulk metal
appears not to be formed. The new feature of the work of
this communication is the reversible formation of interme-
diate surface carbonyl species.

Ni(CO)4(g) == Ni(s) + 4CO(g)
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Quaternary Methylsulfonylammonium Salts. New
Reagents for Mesylation. The Mechanism of
Hydrogen Multiexchange in Sulfene Reactions

Sir:

We recently reported' that trimethylamine and other un-
hindered tertiary amines react with methanesulfonyl chlo-
ride (1) in the presence of excess DO to give mainly

CD3SO;™ and suggested that this multiexchange points to
the occurrence of the following reactions.

R3N R3N
CH3802C1 —> CHZZSOZ E
1 2
+ H*x™ +
CHz'_SOZNR3 Lt CH3SOZNR3X'
3 4

Such a scheme, if correct, would require that the trimethyl-
(methylsulfonyl)ammonium salt (4, R = Me) yield the
multiexchanged product on similar treatment in D,O. We
wish to report herein the synthesis? of specific examples of 4
and describe experiments which (a) provide confirmation
for the above scheme and (b) show such quaternary methyl-
sulfonylammonium salts (4) to be valuable reagents for
forming methanesulfonate (mesylate) esters and related
species.

Reaction of Sa-d with excess neat methyl fluorosulfonate
under the specified reaction conditions gave the following
methylsulfonylammonium fluorosulfonates:* 6a, mp ~130°
dec (after I hr at 20°, 85%); 6b, mp ~120° dec (after 18 hr
at 60°, 81%); 6¢c, mp ~100° dec (after 16 days at 25°,
28%); 6d, mp ~115° dec (after 72 hr at 50°, 64%). The
crystalline salts are (a) attacked by moist air but may be
kept for extended periods (at least 6 months) in sealed am-
poules and (b) soluble in acetonitrile, the solutions gradual-
ly decomposing in a few hours at room temperature.

MeSO,NRR' + MeOSO,F —> MeSO,NMeRR'FSO;"

5 a, R,R’ = Me 6
b, RR’ = —(CH,)s~
C,R:MG;R': Et
d, R,R' = Et

The NMR spectra, in conjunction with elemental analyses
and the formation of the corresponding tertiary amine on
hydrolysis, show the methylation to have occurred on nitro-
gen rather than on oxygen.” When R and R’ in 5§ were larg-
er than ethyl (e.g., isopropyl or butyl) no reaction was ob-
served at room temperature, and on heating only extensive
decomposition was observed.

Reaction of 6a with D,O in 1,2-dimethoxyethane in the
presence of the trimethylamine gave methanesulfonate
anion of the following composition: CD3SO;~, 64.2;
CHD;S0;, 29.2; CH,DSO;™, 5.3; CH3SO;5™, 1.3%.% The
extent of multiexchange decreased progressively from 6a to
6d, in full accord with previous results' and with the above
scheme. With DO and pyridine 6a, 6b, and 6d give almost
complete multiexchange (>80% CD3;SO;~, >90 atom %
D).

These methyisulfonylammonium salts react under very
mild conditions with amines and alcohols to give the corre-
sponding methanesulfonamides or mesylate esters in high
yield. For example, reaction of 6a, 6b, or 6d with p-tolui-
dine gives the p-toluidide quantitatively in 5 min at 25°,
and with 5a-cholestan-38-ol plus a catalytic amount of pyr-
idine or N,N-dimethylaminoacetonitrile (DMAA) the cor-
responding mesylate ester was isolated in >90% yield after
30 sec at 0°. Even at —70° 6d’ and pyridine quickly gave
cyclohexyl mesylate from cyclohexanol in high yield. With
tert-butyl alcohol, bands at 1.57 and 3.03 ppm assigned to
tert-butyl mesylate (and none appropriate to ¢t-BuOH)
were observed when 1-BuOH (0.25 mmol), 6d (0.5 mmol),
and pyridine (10 ml) were mixed at —5° in CDsCl>-
CD;CN. On warming to room temperature, these peaks
were replaced by the characteristic bands of isobutene; at-
tempts to isolate the ester were unsuccessful.

With borneol, presumably for steric reasons, yields of the
mesylate with the different sulfonylammonium salts (6)
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Table L. Formation? of Mesylate Esters with “Easy Mesyl””? (6d)
% conversion of alcohol
With 1.2 equiv ~ With 2.0 equiv
Alcohol of 6d of 6d
Ethanol 64 98
Cyclohexanol 83 98
Menthol 100 c
1-Octanol 82 100
Borneol 89d.e ¢
Sa-Cholestan-38-01 100 ¢
Sa-Cholestan-3¢-01 ~80 84/
Phenol 100 c
Allyl alcohol 75 92
Benzyl alcohol 85 100

@ For reaction conditions, see text.  In the absence of base there
is only very slow reaction. ¢ Not tried. d Bornyl “mesylmesylate”
(11%) also formed; see text. € With 1.5 equiv 6d used. f The “mesyl-
mesylate” (149) also formed; see text.

were variable; this made it possible to determine some of
the factors which lead to optimal yields. The best yield
(89%) was obtained with 6d using a catalytic amount of
DMAA; with 6a or 6b with DMAA or pyridine the yields of
bornyl mesylate were as high as 30-50%, whereas with
stronger bases (e.g., triethylamine) yields of the mesylate
were negligible with 6a, 6b, or 6d. Table I shows the results
of experiments using 6d in a standard procedure (addition
of a solution of 6d in CH3CN at 0° to a solution of 1 mmol
of the alcohol and 0.1 mmol of DMAA in CH,Cl; at 0°,
and letting the mixture stand at 0° for 10 min). The yields
given are estimated from the weight and NMR spectra of
the products following conventional extraction and washing;
except where otherwise indicated the products were evident-
ly substantially pure (>95%). This mode of reporting the
yield was necessitated by the instability of some of these es-
ters, since the yield of the product after further purification
would give little information about the efficiency of the es-
terification itself.

In addition to the mesylate, another product, viz, the
“mesylmesylate” (CH3SO,CH,SO,0R), was also formed
in the reactions with the less reactive alcohols, e.g., borneol.
A mesylmesyl derivative can also be formed in other ways,
e.g., when 6a is mixed with trimethylamine and p-toluidine
added 30 sec later, or with 6a and p-toluidine with triethyl-
amine. The mesylmesyl products very likely arise from the
stabilized zwitterion® CH3;SO,~CHSO,;NR3* (7), formed
via the sequence 2 + 3 — [TCH,SO,CH,SO,NR;*] — 7.
Formation of mesylmesyl derivatives relative to mesylates
are thus predicted—and found—to be minimized by (a) the
presence of reactive sulfene traps and (b) factors favoring a
low concentration of 3, e.g., (i) having the R groups in 3 rel-
atively large, (ii) using a weak base, and (iii) minimizing
the concentration of NRs.

Because the quaternary methylsulfonylammonium salts
(a) require only a catalytic (rather than stoichiometric)
quantity of base and (b) react quickly and in high yield,
even at low temperatures, these species appear to us to be
the reagents of choice for many mesylations, especially
those leading to highly sensitive mesylate esters.
Experiments designed to explore the selectivity of these re-
agents are now in progress.

“Easy Mesyl” (6d) was prepared as follows. NV,N-Dieth-
ylmethanesulfonamide (10 g) was dissolved in methyl fluo-
rosulfonate (Aldrich, “Magic Methyl”) (20 ml) in a two-
necked, round-bottomed flask equipped with an inlet tube
for dry nitrogen and a condenser fitted with a drying tube
of indicating silica gel. The contents of the flask were heat-
ed to 50° for 3 days under dry nitrogen, then diluted with
dry methylene chloride (50 ml) and cooled in a Dry Ice-
acetone bath. When crystallization appeared complete, the
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diethylmethylammonium salt was collected and washed
with dry methylene chloride in a drybox under nitrogen,
yield 11.15 g (64%), mp ~115 dec. The product was used
for reactions without further purification. The NMR spec-
trum showed (CD3CN): § 1.40 (6 H, triplet, J = 7 Hz),
3.11 (3 H, singlet), 3.60 (4 H, quartet, J = 7 Hz), and 3.70
(3 H, singlet). An analytical sample was recrystallized from
acetonitrile-methylene chloride solution at —78°.°
Supplementary Material Available. Further experimental details
will appear following these pages in the microfilm edition of this
volume of the journal. Photocopies of the supplementary material
from this paper only or microfiche (105 X 148 mm, 24X reduction,
negatives) containing all of the supplementary material for the pa-
pers in this issue may be obtained from the Journals Department,
Americal Chemical Society, 1155 16th St., N.W., Washington,
D.C. 20036. Remit check or money order for $4.00 for photocopy
or $2.50 for microfiche, referring to code number JACS-75-2566.
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Asymmetric Hydrogenation with a Complex
of Rhodium and a Chiral Bisphosphine

Sir:

We have previously reported asymmetric hydrogena-
tions' with efficiencies of 85-90% using a rhodium-chiral
o-anisylcyclohexylmethylphosphine complex.'s In this
update, we wish to report further improvements in the se-
lectivity of these catalysts. Enantiomeric excesses of 95-
96% were achieved in the reduction of a-acylamidoacrylic
acids using a chiral bisphosphine? [1,2-bis(o-anisylphenyl-
phosphino)ethane], 3, as a ligand. The resulting amino acid
intermediates have thus been prepared by a synthetic route
which rivals the stereospecificity observed with enzymes.
The bisphosphine was made by the sequence shown in
Scheme I. Oxidative coupling of 0-anisylmethylphenylphos-
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