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The substitution of PR3 (R = CsH,CHgs-p, CgH4Cl-p, CeHyy,
OCHj3;) for a CO ligand in chiral carbohydratocarbene com-
plexes [(1°-CsHs)(CO),Mn=C(OR*)Ph] [OR* = @~ (1) and
B-mannofuranosyl (1f), (—)-menthyloxy (9)] proceeds dia-
stereoselectively. The diastereoselectivity depends on PR,
and on the OR* substituent and ranges from 12% de (R=
OCH5;) to 80% (R = CgH4CHj;-p). In contrast, the reaction of
1p with P(OPh); is non-selective. The diastereoselectivity
generally increases with increasing nucleophilicity of PR,

and decreases in the series 1p > 1la > 9. The highest
diastereoselectivity was observed in the reaction of 1p with
P(C¢H4CHj;-p)s. Predominantly, the isomer with the (S) con-
figuration at the metal [(Sp,)-2B] was formed which could be
separated from the diastereomeric mixture by chromatogra-
phy and be obtained in a pure form. Subsequent reaction of
(Smn)-2p with BF; afforded the carbyne-manganese complex
(Snn)-[(M3-CsHs){P(CsHaCH;3-p)sH(CO)Mn=CPh|BF,.

Chiral transition-metal complexes play a prominent role
in enantioselective synthesis and catalysis. Although carbo-
hydrates are available in a great variety from the chiral pool,
the number of reports on their use as chiral auxiliaries in
transition-metal-mediated transformations of organic mol-
ecules is rather restricted. There are only very few tran-
sition-metal carbene complexes known carrying carbo-
hydrate substituents at the carbene carbon atom!! =31,

Recently, we reported on the synthesis of the first car-
bohydratocarbene complexes of manganese and rhenium™,
These chiral carbene complexes, [Cp(CO),M=C(Aryl)OR*]
(M = Mn, Re; OR* = mannofuranosyl, glucofuranosyl,
fructopyranosyl; Aryl = Ph, Tol), are obtained by addition
of the anion of the corresponding protected carbohydrate
to the cationic carbyne complexes [Cp(CO),M=C—Aryl]*.
The carbohydrate is attached directly to the carbene carbon
atom and thus in close proximity to the metal. Therefore,
transfer of the chiral information of the carbohydrate sub-
stituent should render the substitution of a nucleophile for
CO in the prochiral Cp(CO),Mn fragment diastereoselec-
tive. Separation of the diastereomers by column chromatog-
raphy and subsequent OR* elimination by electrophiles
such as boron trihalides should afford enantiomerically
pure carbyne complexes which then could easily be trans-
formed into other carbene complexes. In addition, oxidative
displacement of the carbene ligand in the presence of a po-
tential ligand L’ should readily make a great variety of chi-
ral-at-metal complexes of the type [Cp(CO)LMn—L'] ac-
cessible.

Two different routes to diastereomerically enriched
[Cp(CO)LMn=C(Aryl)OR*] compounds are conceivable:
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(a) addition of carbohydrate anions [OR*]~ to an excess of
[Cp(CO)LMn=C—Aryl]* cations and (b) replacement of a
CO ligand in [Cp(CO);Mn=C(Aryl)OR*] by L (Scheme 1).
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We recently observed that the kinetic resolution of
[OR*]” addition to the carbyne carbon atom of
[Cp(CO)LMn=C—Ph]" [L. = P(OMe),, PTols] (route a) is
disappointingly poor (de ca. 20%)™. In this paper we report
on the diastereoselectivity of the CO/PR; exchange in
[Cp(CO),Mn=C(Ph)OR*], on the synthesis of a diastereo-
merically pure carbohydratocarbene complex [Cp(CO)P-
Tols)Mn=C(Ph)OR*] and on its subsequent transfor-
mation into the first enantiomerically pure chiral-at-metal
carbyne complex of manganese.

Results and Discussion

Substitution of a phosphane or phosphite for CO in
[Cp(CO);MnL’] complexes can be usually achieved by both
thermolysis and photolysis. The photolytical synthesis of
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racemic [Cp(CO)LMn(carbene)] was re-
ported®81,

‘When solutions of 1a,p and tritolyl phosphane in tolu-
ene were refluxed for several hours, no reaction was ob-
served. The starting complexes were recovered unchanged.
However, irradiation of the carbohydratocarbene complex
1B™ in toluene in the presence of phosphanes or phosphites
for 20 minutes at ~30°C afforded the carbene complexes
2p—6p in moderate to high yield (Scheme 2).

complexes

Scheme 2
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L = P(CeH,CHy-p); (2 ), P(CeH,Clp); (3)

P(CgH4q); (4), P(OCHy); (5)

P(OCeHs); (6 )

The compounds 2B,3p and 5B,6p are stable under these
photochemical conditions. In contrast, complex 4p slowly
decomposed already during irradiation, thus reducing its
yield. After chromatography and recrystallization from pen-
tane 2f—6p were obtained as red crystals (2p) or yellow-
brown powders (3—6p) which are stable in air at room
temperature. Similarly, photolysis of 1« in toluene in the
presence of tritolylphosphane afforded 2« in 82% yield
(Scheme 2).

All complexes were obtained as mixtures of diastereo-
mers. The ratio of diastereomers was determined by 'H-
NMR spectroscopy. The resonances of the 1-H atom at the
anomeric center, of the 4-H atom and of the isopropylidene
groups were easily detected. Whereas compound 2e exhib-
its two singlets for the 1-H atom, for 2f, 3p, 5B, and 6 two
doublets each are observed for the same atom: § = 4.95,
5.02 (3J = 3.5 Hz, 3.6 Hz, 2p), 4.89, 5.00 (°J = 3.2 Hz, 3.0
Hz, 3p), 5.28, 5.52 (3J = 3.8 Hz, 3.5 Hz, 5B), and 5.18, 5.26
(3J = 3.5 Hz, 6p).

The diastereoselectivity of PR substitution for CO varies
considerably. The de of 2Bp—6p in the reaction mixture is
80% (2B), 56% (3B), 66% (4p), 12% (5B), and 0% (6B). In
general, the diastereomeric excess decreases with decreasing
nucleophilicity of PRj. There is roughly an inverse corre-
lation between the diastereomeric excess and the energy of
the v(CO) absorption in 2. The slightly lower diastereoselec-
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tivity when P(CgH;)s is used instead of PTols is probably
due to steric factors.

Since 1a,B did not react with PTol; when solutions were
heated at 110°C but only under photolytic conditions,
Mn—CO dissociation can be assumed to be the initiating
and rate-limiting step. A reaction sequence involving photo-
induced n°/n? isomerization and addition of PR3 followed
by CO extrusion and n%n?’ rearrangement is very unlikely.
Due to the chiral carbene ligand loss of a CO group from
1P should proceed stereoselectively. The resulting coordi-
natively unsaturated intermediate is presumably stabilized
by interaction with the carbohydrate substituent. Molecular
models show that the carbene ligand can adopt a confor-
mation in which the oxygen atom at C-2 of the carbo-
hydrate substituent is in close proximity to the metal.
Therefore, the intermediate is easily stabilized through in-
tramolecular coordination of the carbohydrate substituent
and chelation. From the molecular model it also follows
that the metallacycle AP with (S) configuration at the metal
(Smn) should be slightly more stable than the diastereomer
B (Rmn). In A unfavorable steric interactions between the
isopropylidene protecting group and the remaining car-

bonyl ligand are avoided.
/ ;
a >‘\ o OC.Mn

oc&hﬁ’r&R +o o)
P 0~ O O‘O
(0]

A Rg

Subsequent dechelation and addition of PR3 should al-
ford diastereoselectively the product complexes. Alterna-
tively, dechelation and racemization followed by addition of
PR; would afford a mixture of the diastereomers with a
ratio of ca. 1.5. The diastereomeric ratio of 2a and S«
formed by reaction of the anion of monodeprotonated pro-
tected mannofuranose to [Cp(CO)LMn=CPh]* [L =
PTol,, P(OMe)s] is 3:2 in both cases™. Therefore, the
strong dependence of the diastereoselectivity on the nucle-
ophile indicates that the rate of PR; addition is comparable
to that of racemization. The increasing diastercoselectivity
with increasing nucleophilicity of PR is easily rationalized
by an increase in the rate of PR addition.

The intermediate obtained by loss of CO from the «-
mannofuranosylcarbene complex la cannot be stabilized
by chelation to the same extent as the f isomer. Therefore,
a lower diastereoselectivity for the CO/PR; exchange in lee
is to be expected. This conclusion was confirmed by the
considerable drop in diastercoselectivity from 80 to 20%
when 1P was replaced by its « isomer la in the reaction
with tritolylphosphane.

To further test the influence of the OR¥ substituent on
the diastereoselectivity the (--)-menthyloxycarbene complex
9 was prepared. Deviating from the preparative sequence
for 1a,B, complex 9 was obtained from the lithium manga-
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nate 719 in a “one-pot” synthesis (Scheme 3). Successive
reactions of 7 with tmeda and acetyl bromide gave the ther-
molabile acetoxycarbene complex 8. The same method was
employed for the preparation of some pentacarbonyl(car-
bene) complexes of chromium and tungsten!!! !4, Treat-
ment of 8 with (—)-menthol afforded after chromatography
pure (—)-menthyloxy(phenyl)carbene complex 9 in an over-
all yield of 40%. Photolysis of a solution of 9 in toluene at
—30°C for 20 minutes in the presence of P(CsH,OCHa-p);
gave 10 (Scheme 3).

Scheme 3
/ 1) TMEDA /
Mn:C\ 2) AcB Mn=C,
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L = P(CgH,OCH;-p);3

The monocarbonyl complex 10 was formed as a mixture
of diastereomers in a ratio of 5:4 as determined by inte-
gration of the 'H-NMR resonances of the Cp rings. The
presence of two diastereomers was also evident from the
appearance of two sets of 'C-NMR resonances for the car-
bonyl carbon [§ = 238.2 and 239.4 (3Jpc = 31.7 Hz, 30.5
Hz)] and the carbene carbon atom [6 = 323.3 and 326.4
(3Jpc = 29.3 Hz)] of almost equal intensity. The diastereo-
selectivity was even lower than that of the reaction of
P(CsH4CH;-p); with lee confirming the assumption that
the isopropylidene group of the carbohydrate substituent
exerts a significant intermediate-destabilizing and product-
determining influence on the CO/PR; exchange. Similarly,
only a low asymmetric induction was observed in the reac-
tion of [(1°-CsHs}CO),Mn=C(OR*)Ph] (OR* = (—)-bor-
nyloxy) with P(CaH,CH3-p)af'™,

The major diastereomer of 2P was separated from the
isomeric mixture by a second chromatography of the 9:1
mixture of 2P. According to the 'H-NMR spectrum the
major diastereomer of 2 was thus obtained with a de
>95%. The X-ray structural analysis unambiguously estab-
lished (S) configuration at manganese of the major isomer.
Due to the poor quality of the crystals, a detailed discussion
of the bond lengths and angles was not feasible. The prefer-
ential formation of the (Sy;,) diastereomer agrees with the
expectations on the basis of the molecular model. Very
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likely, the (Sp,) diastereomer is also preferentially formed
in the reactions of 1§ with P(C¢H,Cl-p)s, P(CsH )3, and
P(OCH3)s.

Treatment of (Syy,)-2p with BF; gave the chiral cationic
carbyne complex (8y)-11 via [OR*]™ abstraction
(Scheme 4)[161,

Scheme 4
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Compound (Syy,)-11 was isolated in 81% yield. The en-
antiomeric purity of (Spy,)-11 (ee >95%) was established
by its reaction with the sodium salt of mannofuranose to
quantitatively regenerate (Sp,)-20! with a de >95%. The
synthesis of racemic cationic carbyne complexes of manga-
nese was reported!!7,

These results demonstrate that non-racemic chiral-at-
metal [(Cp)}(CO)LM(carbyne)] complexes with high
enantiomeric excess can conveniently be prepared by proper
choice of L by using carbohydrates as chiral auxiliaries.
Since the stereochemistry at the manganese atom does not
change on addition of nucleophiles to the carbyne carbon
atom in eg. 11, a large number of enantiomerically pure
carbene complexes are readily accessible by reaction of 11
with nucleophiles (e.g. OR~, SR™, NRj, halides etc.)l!618],
Therefore, the diastereoselective substitution of PR for CO
in [Cp(CO),Mn(carbene)] complexes, OR™ abstraction and
addition of nucleophiles offer a simple route to non-racemic
chiral-at-metal carbyne and carbene complexes. Other chi-
ral complexes, [Cp(CO)PR 3)MnL], should be accessible via
oxidative decomplexation of the carbene ligand and ad-
dition of a nucleophile LM%,

Support of this work by the Fonds der Chemischen Industrie is
gratefully acknowledged.

Experimental

All operations were carried out under either nitrogen or argon
by using conventional Schlenk techniques. Solvents were dried by
refluxing over sodium/benzophenone ketyl or CaH, and were
freshly distilled prior o use. The silica gel used for chromatography
(Fa. J. T. Baker, silica gel for flash chromatography) was argon-
saturated. The yields refer to analytically pure compounds
and were not optimized. The complexes 1pH, 7019
[Cp(CO);Mn=CPh]*[BF,~ (12)?%, 2 3:5,6-di-O-isopropylidene-
a-p-mannofuranose®l, and P(C¢H,CHs-p);, P(CsH,OCH;-p)s,
P(CsH,Cl-p);1?4 were prepared according to literatlure procedures.
P(C¢H,,); was purchased from Strem Chemicals, Inc. P(OPh); was
obtained from Fa. Janssen, tmeda from Fa. Merck. P(OMe); and
acetyl bromide werc purchased from Fa. Fluka. — IR: FT-IR spec-
trophotometer, Fa. Bio-Rad. — 'H NMR and '*C NMR: Bruker
WM 250, Jeol JNX 400. Chemical shifts are reported relative to
TMS. — MS: Varian MAT 312, — Photochemical reactions were
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carried out in a duran glas apparatus by using a Hg high-pressure
lamp (TQ 150, Fa. Heraeus).

Dicarbonyl( cyclopentadienyl) [ (2,3 :5,6-di-O-isopropylidene-a-D-
mannofuranosyloxy ) phenylcarbene Jmanganese (la): 1.68 g (6.46
mmol) of 2,3:5,6-di-O-isopropylidene-a-pD-mannofuranose in 50 ml
of THF was deprotonated with 0.16 g (6.46 mmol) of NaH. After
thc H, evolution had ceased the solvent was evaporated in vacuo.
The residue was dissolved in 20 ml of CH,Cl, and the solution
added slowly at —65°C to a solution of 1.13 g (3.23 mmol) of
[Cp(CO);Mn=CPh]*[BF,]™ (12)% in 50 ml of CH,Cl,. The solu-
tion was warmed to room temp. and the solvent removed in vacuo.
The residue was dissolved in 45 ml of pentane/CH,Cl, (8:1) and the
solution chromatographed at —30°C on silica gel. With pentane/
CH,CI,/Et,0O (8:1:1) first a small yellow-orange band and then a
yellow-brown band (which contained 1e) and a red-brown band
(which contained 1f) were eluted. Evaporation of the solvent of
the sccond fraction in vacuo gave la as a yellow-brown sticky oil
[Yield: 360 mg (21 %, based on 12)] and of the third (raction gave
1B as a gold-brown powder [Yield: 490 mg (29%, based on 12),
m.p. 39°C (dec.)]. Complex 1p was identified by a comparison of
its IR and 'H-NMR spectra with those reported in ref®, — la:
IR (pentane): v(CO) = 1978 cm ™! s, 1918 5. — "H NMR ([D¢ace-
tone, room temp.): 3 = 1.30 (s, 3H, Me), 1.31 (s, 3H, Mc), 1.32 (s,
3H, Me), 1.36 (s, 3H, Me), 3.90—4.03 (m, 2H, CH,-6), 431 (m,
2H, 4,5-H), 4.75 (s, SH, Cp), 5.02 (m, 2H, 2,3-H), 5.61 (s, 1H, 1-
H), 6.99-7.03 (m, 2H, Ph), 7.27—7.41 (m, 3H, Ph). — 13C NMR
([Dglacetone, room temp.): & = 24.6, 25.7, 26.0, 27.0 [2 C(CHs),],
67.1 (C-6), 73.6 (C-5), 80.4 (C-4), 83.0, 86.0 (C-2,3), 88.6 (Cp),
107.2 (C-1), 109.4, 113.3 (2 CMe,), 123.9, 128.1, 128.2, 153.9 (Ph),
232.1, 232.5 (2 CO), 333.7 Mn=C). — MS (70 eV), miz (%): 524
(3.5) [M™], 509 (6) [M* — Me], 468 (20) [M* — 2 CO], 410 (1)
[M* — 2 CO — Me,CO], 265 (5) [M* — OR], 225 (25) [M* — 2
CO — R], 120 (20) [CpMn "], 55 (100) [Mn*]. — CycH,gMnOg X
1/4 pentane (524.4): calcd. C 60.33, H 5.95; found C 60.23, H 6.03.

Carbonyl( cyclopentadienyl) [{2,3:5,6-di-O-isopropylidene-f-D-
mannofuranosyloxy )phenylcarbene J( tritolylphosphane jmanganese
(2p): A solution of 300 mg (0.57 mmol) of 1 and 210 mg (0.69
mmol) of tritolylphosphane in 25 ml of toluene was irradiated for
20 min at —30°C while passing a slight stream of argon through
the solution. The solvent was removed in vacuo at room temp. The
brown residue was dissolved in 50 ml of pentane and the solution
chromatographed at —20°C on silica gel. With pentane/CH,Cl,/
Et,0 (10:5:1) first a light yellow band containing CpMn(CO); (10
mg) and then a brown band were eluted. The solvent of the brown
fraction was evaporated in vacuo. Compound 2p was obtained as
a yellow-brown powder in a 9:1 ratio of diastereomers (determined
by 'H-NMR spectroscopy). Yield: 370 mg (81%, based on 1p).

Complex 2B was dissolved in pentane and chromatographed
again at —20°C. With pentane/CH,Cl,/Et,O (8:1:1) two orange-
brown bands were eluled. The first band contained the major dia-
stereomer. Crystallization from pentane at —30°C gave red crystals
of (Syn)-2p [Yield: 240 mg (53%, based on 1B), m.p. 143°C (dec.)].
The second fraction consisted of a 3:2 mixturc of (Spmy)- and
(Run)-2P [Yield: 100 mg (22%, based on 1B)]. ~ 2p: IR (pentane):
v(CO) = 1862 cm ! 5. — 'H NMR ([D¢lacetone, room temp.): 3 =
1.27 (s, 3H, Me), 1.31 (s, 3H, Me), 1.46 (s, 3H, Me), 1.67 (s, 3H,
Me), 2.32 (s, 9H, CcsH,CHsy), 3.39 (dd, 37 = 6.0 Hz, 3.5 Hz, 1H,
4-H), 4.01-4.05 (m, 2H, CHy6), 4.37-439 (m, 1H, 5-H),
4.55—4.59, 4.66—4.68 (m, 2H, 2,3-H), 4.69 (d, *Jp;; = 1.8 Hz, 5H,
Cp), 495 (d, 3= 3.5 Hz, 1H, 1-H), 6.72—6.75, 6.86-6.93,
7.05-7.08, 7.19—7.26 (m, 17H, aromat.). — *C NMR ([DgJace-
tone, room temp.): & = 21.2 (C¢H4CHy), 25.5, 25.7, 26.8, 26.9 [2
C(CHj3),), 67.0 (C-6), 74.1 (C-5), 76.8 (C-4), 80.1, 80.6 (C-2.3), 89.1
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(Cp), 101.3 (C-1), 108.9, 113.2 (2 CMec), 126.5, 127.1, 127.4, 129.1,
129.2 (C¢H,), 133.6, 133.7, 134.3, 134.8, 135.2, 139.6 (C4H,), 153.4
(CeHs), 2378 (Jpe = 33.0 Hz, CO), 323.2 (3Jpc = 33.0 Hz,
Mn=C). — MS (FAB, NBOH), m/z (%): 800 (1.4) [M*], 772 (20)
[M* — COJ, 541 (30) [M* — OR], 513 (43) [M* — CO - OR],
468 (65) [M* — CO — PToly], 421 (100) [M* — CO — carbene
ligand], 304 (17) [PTol?], 120 (31) [CpMn™]. — CysHs;MnO,P
(800.8): caled. C 68.99, H 6.29; found C 68.92, H 6.50.

Carbonyl( cyclopentadienyl) [ (2,3.5,6-di-O-isopropylidene-a-D-
mannofuranosyloxy )phenylcarbene ] ( tritolylphosphane Jmanganese
(2a): Irradiation of a solution of 320 mg (0.61 mmol) of 1a and
230 mg (0.76 mmol) of tritolylphosphanc in 25 ml of toluene and
purification of the raw products were carried out as described for
2B. The brown residue was dissolved in pcntane and chromato-
graphed at —20°C, With pcntane/CH,Cl,/Et,O (8:1:1) first a light
ycllow band [CpMn(CO);] was eluted. The brown band eluted next
contained 2a in a 3:2 ratio of diastereomers. Yield: 400 mg (82%,
based on la). Complex 2 was identified by a comparison of its
IR and '"H-NMR spectra with those reported in ref. .

Carbonyl( cyclopentadienyl) [ (2,3:5,6-di-O-isopropylidene-f-D-
mannofuranosyloxy }phenylcarbene ] (tri-p-chlorophenylphos-
phane )manganese (3p): The photolysis of 370 mg (0.81 mmol) of
1B in the presence of 320 mg (0.88 mmol) of tri-p-chlorophenyl-
phosphane and the purification of the reaction products were car-
ried out as described for 1p/tritolylphosphane. Yellow-brown pow-
der of 3p as a 7:2 mixture of diastercomers. Yield: 430 mg (62%,
based on 1), m.p. 60°C (dec.). — IR (pentane): w(CO) = 1865
cm™!'s. — 'H NMR ([Dglacetone, room temp.): & = 1.27, 1.31,
1.34, 1.36, 147, 1.49, 1.62, 1.66 (s, 12H, 4 Me), 3.42—3.47 (m,
1H, 4-H), 3.98—4.13 (m, 2H, CH,-6), 4.35—-4.44 (m, 1H, 5-H),
4.59—-4.72 (m, 2H, 2,3-H), 4.75 (d, 2Jpc = 1.6 Hz, 5H, Cp), 4.89,
5.00 (2d, 37 = 3.2 and 3.0 Hz, 1H, 1-H), 6.78—7.38 (m, 17H, Ph,
CeH4Cl). — BC NMR ([Dglacetone, room temp.): & = 25.4, 25.7,
26.8, 27.0 [C(CHs;),], 67.0 (C-6), 74.2 (C-5), 77.2 (C-4), 80.2, 80.7
(C-2, C-3), 88.4, 89.2 (Cp), 101.3, 101.5 (C-1), 109.1, 109.3, 113.3
(CMe,), 126.9, 127.7, 127.8, 129.0, 129.1, 129.9, 135.2, 135.3, 136.1,
136.2, 136.6, 137.1, 153.1 (Ph, CcH,CI), 237.2 (*Jpc = 31.7 Hz,
CO), 324.7 (3Jpc = 32.9 Hz, Mn=C). — C43H4;C1;MnO,P (862.0):
caled. C 59.91, H 4.79; found C 59.76, H 5.14.

Carbonyl{ cyclopentadienyl) [ (2,3:5,6-di-O-isopropylidene-p-D-
mannofuranosyloxy )phenylcarbene J( tricyclohexylphosphane Jman-
ganese (4f): The synthesis of 4p from 490 mg (0.94 mmol) of 1B
and 330 mg (1.18 mmol) of tricyclohexylphosphane and the purifi-
cation of the reaction products were carried out as described for
1p/tritolylphosphane. Brown powder of 4B as a 5:1 mixture of dia-
stereomers. Yield: 450 mg (62%, based on 1B), m.p. 58°C (dec.).
— IR (pentane): v(CO) = 1852 cm ! 5. — 'H NMR ([DgJacetone,
room ternp.): 8 = 0.87—2.00 (m, 45H, 4 Me, PCy3), 3.28, 3.44 (2
dd, 37 = 6.1 Hz, 3.4 Hz, 1H, 4-H), 4.05-4.08 (m, 2H, CH,-6),
4.38—4.41 (m, 1H, 5-H), 4.55-4.56, 4.65—4.67 (m, 2H, 2,3-H),
4.82,4.88 2d,%py = 1.4 Hz, 5H, Cp), 491 (d, >J = 3.6 Hz, 1H,
1-H), 7.18—7.23 (m, 3H, Ph), 7.25—-7.39 (m, 2H, Ph). — 13C NMR
(CD,Cl,, room temp.): 8 = 25.3, 25.6, 26.3, 26.7 [2 C(CHa,),], 27.8,
279,280, 28.1, 29.7, 29.8, 31.3, 31.4, 31.7, 31.9, 39.0, 39.2 (PCys),
67.0 (C-6), 73.4 (C-5), 76.2 (C-4), 79.5, 80.2 (C-2, C-3), 86.5, 87.3
(Cp), 101.1 (C-1), 108.8, 113.0 (2 CMe,), 126.5, 126.8, 127.4, 153.8
(Ph), 240.1 (3Jpc = 31.7 Hz, CO), 315.9 (3Jpc = 30.5 Hz, Mn=C).
— MS (FAB, NBOH), m/z (%): 776 (0.6) [M™*], 748 (2) [M* —
CQJ, 517 (26) [M* — OR], 489 (13) [M* — OR — COQ]J, 468 (13)
[M* — CO — PCys). 400 (19) [M* — CO — carbene ligand], 297
(100). — C43HepMnO,P X 1/8 CH,Cl, (787.5): caled. C 65.80, H
8.23; found C 65.77, H 7.97.
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Carbonyl( cyclopentadienyl) {(2,3:5,6-di-O-isopropylidene-f-D-
mannofuranosyloxy ) phenylcarbene [ { trimethylphosphite )manganese
(5B): The synthesis of 5p from 500 mg (0.95 mmol) of 1p and 0.14
ml (1.20 mmol) of trimethy! phosphite and the purification of the
reaction products were carried out analogously to those of 1p/trito-
lylphosphane. Yellow-brown powder of 5p as a 9:7 mixture of dia-
stereomers. Yield: 460 mg (78%, based on 1g), m.p. 42°C (dec.).
— IR (pentane): v(CO) = 1889 cm™* sh, 1879 5. — 'H NMR ([Dg]a-
cetone, room temp.): 6 = 1.29 (s, 3H, Me), 1.34, 1.36 (2 s, 6H,
Me), 1.51, 1.52 (2 s, 3H, Me), 3.49, 3.51 [2 d, 3Jpy = 11.3 Hz, 9H,
P(OMe);], 3.56—3.58 (m, 1H, 4-H), 3.96—4.08 (m, 2H, CH,-6),
4.35-4.42 (m, 1 H, 5-H), 4.58—4.62 (m, 1 H, 3-H), 4.66, 4.67 (2 d,
3Jpu = 1.6 and 1.3 Hz, 5H, Cp), 4.71-4.79 (m, 1H, 2-H), 5.28,
5.52(2d,3J = 3.8 and 3.5 Hz, 1H, 1-H), 7.18—-7.30 (m, 5H, Ph).
— I3C NMR ([DgJacetone, room temp.): § = 25.6, 25.7, 26.5, 27.0
[C(CH3),], 51.9 [*Jpc = 4.9 Hz, P(OMe)], 52.0 [2/pc = 4.9 Hz,
P(OMe)s]. 67.3, 67.4 (C-6), 74.0, 74.2 (C-5), 77.7, 77.8 (C-4), 80.3,
80.6, 80.9 (C-2, C-3), 86.6, 87.3 (Cp), 102.5, 102.9 (C-1), 109.2,
109.3, 113.6, 113.7 (CMe,), 126.1, 126.8, 126.9, 127.4, 127.5, 127.6,
155.2 (Ph), 236.0 (CO), 324.0 Mn=C). — MS (FAB, NBOH),
mlz (%): 620 (17) [M*], 589 (5) [M* — OMe], 468 (100) [M+ —
CO — P(OMe)s], 361 (48) [M* — OR], 333 (30) [MT — CO —
OR], 244 (40) [M* — CO — carbene ligand], 120 (22) [CpMn*]. —
CosH3sMnO (P (620.5): caled. C 54.20, H 6.17; found C 54.51,
H 6.21.

Carbonyl(cyclopentadienyl} (2,3:5,6-di-O-isopropylidene-f-D-
mannofuranosyloxy )phenylcarbene ] ( triphenyiphosphite Jmanganese
(6B): The synthesis of 6p from 420 mg (0.80 mmol) of 1B and 0.26
ml (1.00 mmol) of triphenyl phosphite and the purification of the
reaction products were carried out analogously to those of 1p/trito-
lylphosphane. Yellow-brown powder of 6p as a 1:1 mixture of dia-
stecreomers. Yield: 470 mg (74%, based on 1f), m.p. 45°C (dec.).
— IR (pentane): v(CO) = 1901 ecm~!'s. — 'H NMR ([D¢lacetone,
room temp.): 3 = 1.27, 1.31, 1.34, 1.42, 1.58, 1.64 (6 s, together
12H, 4 Me), 3.46—3.49 (m, 1 H, 4-H), 3.96—4.12 (m, 2H, CH,-6),
4.25 (s, SH, Cp), 4.39-4.66 (m, 1H, 5-H), 4.68—4.73 (m, 2H, 2,3-
H), 5.18,5.26 (2d, 3J = 3.5 Hz, 1H, 1-H), 7.15-7.45 (Ph, OC:Hj).
— 13C NMR ([Dg]acelone, room temp.): & = 25.5, 25.7, 26.6, 27.0
[C(CH3)3], 67.2, 67.3 (C-6), 74.0, 74.1 (C-5), 77.7, 77.8 (C-4), 80.0,
80.2, 80.5, 80.8 (C-2, C-3), 86.9, 87.3 (Cp), 102.1 (C-1), 109.2,
109.3, 113.5, 113.7 (CMe,), 120.8, 120.9, 121.5, 121.6, 122.7, 122.8,
125.1, 125.3, 125.9, 126.1, 126.5, 127.3, 127.8, 128.1, 129.5, 130.2,
130.3, 130.7, 130.8, 151.5, 152.8, 152.9, 153.0, 153.7, 154.5 (Ph,
OCHs), 2357 (3Jpc = 48.8 Hz, CO), 3245 (3Jpc = 42.7 Hz,
Mn=C), 325.2 (3Jpc = 43.9 Hz, Mn=C). — C43sHysMnOoP X
1/4 pentane (824.7): caled. C 64.44, H 5.74; found C 64.48, H 5.60.

Dicarbonyl( cyclopentadienyl) {{ (— )menthyloxy [phenylcarbene }-
manganese (9): 1.13 g (3.92 mmol) of 7 was suspended in 50 ml of
CH,Cl,. After cooling of the suspension to —40°C 0.58 ml (3.92
mmol) of TMEDA and 0.29 ml of acetyl bromide were slowly ad-
ded. The color of the solution immediately changed from orange
to brown. The IR spectrum of the solution indicated formation of
complex 8 [IR (CH,Cly): v(CO) = 1986 cm ™! s, 1921 s}. The solu-
tion was stirred for 15 min at —40°C. Then a solution of 0.92 g
(5.88 mmol) of (—)-menthol in 15 ml of CH,Cl, was slowly added.
The resulting solution was allowed to warm to room temp. within
2 h. The solvent was evaporated in vacuo. The brown residue was
dissolved in 200 ml of pentane and the solution chromatographed
at —20°C. With pentane/CH,Cl, (10:1) an orange band containing
9 was eluted. Evaporation of the solvent in vacuo gave 9 as a yellow
powder. Recrystallization from 20 ml of pentane afforded yellow
crystals. Yield: 660 mg (40%, based on 7), m.p. 48°C (dec)). — IR
(pentane): v(CO) = 1971 cmn~! vs, 1966 s, 1959 s, 1913 vs, 1906 s,
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1888 5. — 'TI NMR ([Dglacetone, room temp.): 8 = 0.69 (d, 3/ =
6.9 Hz, 3H, Me), 0.86—0.97 (m, 9H, 2 Me and menthyl H),
1.22—1.28 (m, 3H, menthyl H), 1.62—1.75 (m, 3H, menthyl H),
4.33-4.34 (m, 1 H, 1-H), 4.64 (5, SH, Cp), 6.92—6.96 (m, 2 H, Ph),
7.22—7.40 (m, 3H, Ph). — *C NMR ([Dglacetone, room temp.):

= 16.7 (C-9), 21.5 (C-10), 22.3 (C-7), 23.6 (C-3), 26.4 (C-8), 32.0
(C-5), 34.6 (C-4), 42.9 (C-6), 48.9 (C-2), 86.9 (C-1), 87.9 (Cp),
123.0,127.7, 128.1, 154.3 (Ph), 232.9, 233.3 (2 CO), 332.7 (Mn=C).
— MS (70 eV), miz (%): 420 (6) [M*], 364 (23) [M* — 2 CO], 282
(2) [CP(CO)Mn=C(Ph)OH ], 226 (100) [CpMn=C(Ph)OH"], 120
(51) [CpMn*]. — CyyHeMnO; X 1/4 pentane (438.4): caled. C
69.17, H 7.36; found C 69.19, H 7.16.

Carbonyl( cyclopentadienyl) {[ ( — )menthyloxy [phenylcarbene }-
[tris( anisyl)phosphane Jmanganese (10): The synthesis of 10 from
320 mg (0.76 mmol) of 9 and 330 mg (0.95 mmol) of tris(anisyl)-
phosphanc and the purification of the reaction producls were car-
ried out as described for 1p/tritolylphosphane. Compound 10 was
obtained as a copper-colored powder consisting of a 5:4 mixture
of diastereomers. Yield: 470 mg (83%, based on 9), m.p. 102°C
(dec.). — IR (pentane): v(CO) = 1884 cm ™! sh, 1854s. — 'H NMR
([Dglacetone, room temp.): 8 = 0.16—0.19, 0.63—0.65, 0.74—0.93,
1.07—-1.10, 1.24-2.00 (m, 18 H, menthyl-H), 3.80, 3.83 (2 5, 9H,
C¢H,OCH5), 4.33, 4.39 (2 d, 2Jp; = 1.5 and 1.7 Hz, 5H, Cp),
6.85—7.34 (m, 17H, Ph, C¢<H,OCH;). — 3C NMR ([D¢lacetone,
room temp.): 8 = 16.4, 16.6 (C-9), 21.7, 22.1 (C-10), 22.4, 22.5 (C-
7)., 23.2,23.4 (C-3), 25.6, 25.8 (C-8), 32.1, 32.2 (C-5), 34.7, 34.9 (C-
4), 43.6, 43.8 (C-6), 49.1, 49.6 (C-2), 55.5 (CcH,OCH;), 81.8, 83.1
(C-1), 87.5, 88.0 (Cp), 113.8, 113.9, 114.9, 115.0, 126.1, 126.2,
127.1, 131.1, 131.5, 135.3, 135.4, 135.5, 135.7, 153.2, 153.4, 161.0,
161.1 (Ph, C;H,OCHj;), 238.2 (3Jpc = 31.7 Hz, CO), 2394 (CJpc =
30.5 Hz, CO), 323.3 (3Jpc = 29.3 Hz, Mn=C), 326.4 (*Jpc = 29.3
Hz, Mn=C). — MS (FAB, NBOHR): m/z (%): 744 (1.5) [M*], 716
(18) [M™ — CO], 589 (3) [M* — menthyl], 561 (4) [M* — CO —
menthyl], 472 (34) [M* — CO — carbene ligand], 364 (100) [M* —
CO — P(CiH,OMe-p);], 226 (94) [CpMn=C(Ph)OH "], 120 (42)
[CpMnt]. — CyyHsoMnO:sP X 1/8 CH,Cl, (755.4): caled. C 70.16,
H 6.71; found C 70.09, H 6.72.

Carbonyl(tritolylphosphane ) ( phenylcarbyne )manganese  Tetra-
[fluoroborate [(Syn)-11]: At —70°C a vigorous stream of BF; was
passed for 30 s through a stirred solution of 470 mg (0.59 mmol)
of (Smn)-2p in 15 ml of CH,Cl,. Then 150 ml of pentane precooled
to —70°C was added. The carbyne complex (Syn)-11 precipitated
as a yellow-orange powder. After decanting, the residue was
washed with 20 ml of Et,O and several times with 20-ml portions
of pentane, both precooled to —70°C. Complex (Syy,)-11 was dried
in vacuo at —40°C. Orange powder. Yield: 300 mg [81%, based on
(Smn)-2B]. — Complex (Syo)-11 was identified by a comparison of
its TR [IR (CH,CL): w(CO) = 2012 cm™! s] and 'H-NMR spectra
[([Dglacetone, room temp.): & = 2.41 (s, 9H, CcH,CH;), 5.56 (d,
3Jen = 1.7 Hz, 5H, Cp), 7.39~7.82 (m, 17H, CcHs, CcH,)] with
those of racemic 11 reported in ref.*]. The ee >95% of (Syp)-11
was established by quantitative reaction with the Na salt of di-O-
isopropylidene-B-p-mannofuranose to reform (Sy,)-2al® with de
>95%.
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