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or, in the absence of added ligand,
fast
3[Pt(PPhs),] —> 2[Pt(PPhs);] + Pt Q)

Further support for this interpretation is provided by the
following observations. (1) Deuterium-labeling experiments
using various isotopic mixtures demonstrated conclusively that
the reductive elimination is intramolecular. Thus, complete
decomposition of an equimolar mixture of [PtH(CH;3)(PPh;);]
and [PtD(CD;)(PPh;),] yielded predominantly CD4and CH,
([CD4):[CD3H] = 20:1, determined mass spectrometrically);
similarly an equimolar mixture of [PtH(CD;)(PPhs);] and
[PtD(CH;)(PPhs),] yielded predominantly CH3D and CD3;H
([CD3H]:[CD4] 2 25:1). (2) Comparison of the rates of de-
composition of [PtH(CH3)(PPh3),] and [PtD(CH3)(PPh;);]
revealed an appreciable normal primary isotope effect, i.e.,
k}H/le =33+0.3.

Similar results were obtained for the corresponding com-
plexes of several para-substituted triarylphosphines,
[PtH(CH3)(PR’3)»], where R’ = p-XC¢Hy. The rates of re-
action (10, s™1, at =25 °C) decreased along the sequence
R’ = p-CIC¢Hy (9.2) > CgHs (4.5) > p-CH3CgHy4 (1.4) >
p-CH30CgH,4 (0.47). This sequence is consistent with the
expected increasing tendency of electron-withdrawing sub-
stituents on the phosphine ligands to stabilize platinum(0) and,
hence, to increase the driving force for the reductive elimina-
tion reaction 1.

Similar experiments on [PtH(C,Hs)(PPhs),] demonstrated
the analogous reductive elimination of C;Hg, with k£ = 9 X
10~*s~tat =25 °C (i.e., ca. twice the corresponding rate for
the methyl compound). Preliminary rate measurements on
several other [PtH(R)(PPhjs)2] compounds revealed the
qualitative sequence of decreasing reactivity: R = C¢Hs >
C2H5 > CH3 > CH2CH=CH2.

The initial product of the reductive elimination reaction 1,
i.e., [Pt(PPh3);], has previously been identified as an inter-
mediate in the substitution and oxidative addition reactions
of platinum(0) complexes,!2-t4 e.g.,

~PPh;
[Pt(PPh3);] <= [Pt(PPh;),]

RC=CR
& [Pt(PPh3)2(RC=CR)] (8)

The facile intramolecular reductive elimination of CH4 from
[PtH(CH3)(PPh3),] at temperatures as low as —25 °C clearly
demonstrates not only that the process is thermodynamically
favorable but that the kinetic barrier is low. The reverse pro-
cess, i.e., the oxidative addition of CH4 to [Pt(PPhs3)»] (or to
[Pt(PPh;);] via [Pt(PPhs),] which is readily derived thereform
by dissociation) must, accordingly, be precluded on thermo-
dynamic rather than on kinetic grounds. This conclusion is of
some significance in the context of the widespread current
interest in the catalytic activation of saturated hydrocarbons
and suggests that oxidative addition (at least with such mo-
nonuclear complexes) is not a promising approach.

Further studies along these lines, including extensions to
other hydridoalkylplatinum(II) complexes as well as to cor-
responding complexes of other metals, notably palladium(II)
and nickel(II), are in progress.
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Total Synthesis of (+)- N-Methylmaysenine!
Sir:

Maytansine (1) is a promising antitumor agent which is now
in phase II of clinical studies with human patients. The isola-

1

tion and determination of structure of this interesting substance
by Kupchan et al.23 are among the most notable of recent
developments in the field of organic natural products. Because
of the extreme scarcity of maytansine and its congenors (e.g.,
N-methylmaysenine (2), or maysine which is the 4,5-oxide of

Cl CH, Q
\

CH,

CHO
2

-~

N-methylmaysenine), and the therapeutic promise of mayt-
ansine, there has been considerable interest in maytansenoid
synthesis; a number of groups have reported initial studies and
good progress in this area. This communication describes the
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Communications to the Editor

first total synthesis of a maytansenoid, (£)-N-methylmay-
senine (i.e., (£)-4,5-deoxymaysine) (2).

The dithiane 3 and the aldehyde § are readily available by
stereospecific and efficient routes which have already been
described.*s:5 Conversion of 3 to the 2-methoxy-2-propyl ether
4 was accomplished quantitatively by treatment with 2-

OR
CH;3
. Z—-CcHo
OTBDMS
5
U
Qal’R = H
ci GOOCH,
4, R = c(ocH,)(cH,), CH,0. N
@ ~CH,
?HJ H H
TBDMBS : t-Bu—Si- Z - CW
|
CH; CHI H

methoxypropene® (4 equiv) and a catalytic amount of phos-
phorus oxychloride in methylene chloride at 0 °C for 30 min
followed by isolation (EtsN quench, dilution with pentane,
drying over K,CO3, and concentration), Ry 0.17 and 0.51 for
3 and 4 (2:1 pentane-ether, silica gel).” Reaction of 4 with 1
equiv of a-butyllithium and 1 equiv of N,V'-tetramethy-
lenediamine (TMEDA) in tetrahydrofuran (THF) initially
at —78 °C and then at —24 °C for 1.5 h afforded the 2-lithio-
dithiane species which after removal of most of the THF and
TMEDA in vacuo (—24 °C), replacement by toluene, and
coupling to the aldehyde 5° (6-7 min at =78 °C) gave the
adduct 6 (90% yield) as a mixture (~55:45) of diastercomers
at C-10 (maytansine numbering). This product routinely was
used directly in the next step of the synthesis.! However, the
diastereomeric diols obtained by removal of the 2-methoxy-
propyl protecting group in 6 have been separated chromato-

OR,
WwCH,

OTBDMS

R Ne

§n R| = C(OCH3)(CH3)2| £y X=0
Rz T H CH
] 8.x:¢ " ()
1, Ry = H, R, = CH, NcHo
C/CH,
. H(EE
19, X= Nz ® )
H”  “COOCH,
LHs
11, X = C\C:C/H(E’E)
~ ~
W COOH

graphically and individually carried through the synthesis; the
more polar diol corresponds in relative stereochemistry to the
maytansine series, whereas the less polar (slightly predomi-
nant) diol corresponds to the 10-epimaytansine series.
Reaction of 6 in THF-hexamethylphosphoramide (HMPA)
(2:1) with sodium hydride (4 equiv) and methyl iodide (excess)
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at 0 °C for 3.5 h followed by brief stirring with THF-ether-19%
aqueous HCI (1:1:1), extractive isolation, and chromatography
on silica gel afforded the methoxy alcohols 7 (78% overall from
dienal §), Ry 0.65 and 0.53 for 6 and 7 (ether, silica gel). The
diastereomeric alcohols 7 could be resolved by high pressure
liquid chromatography (HPLC, ratio of less polar to more
polar 55:45) but not by thin layer chromatography. Oxidation
of the primary alcohols 7 was effected using dimethy! sulfox-
ide-benzene (1:1) with 8 equiv of diethylcarbodiimide, 2 equiv
of pyridine, and 1.95 equiv of trifluoroacetic acid for 8-10 h
at 23 °C to give the aldehydes 8 (83% yield), R 0.53 and 0.60
for 7 and 8 (ether, silica gel). The elaboration of the aldehyde
8 to the enal 9 was accomplished by the method previously
designed for this application.>® The a-trimethylsilyl derivative
of propionaldehyde N-tert-butylimine® was a-lithiated by
reaction with sec-butyllithium in dry ether under argon at =78
°C (30 min) and then 0 °C (30 min) and the resulting reagent
(1.3 equiv) was cooled to —78 °C and treated with 1 equiv of
aldehyde 8. After 16 h at —78 °C the mixture was quenched
and stirred with 1 M 1:1 HOAc-NaOAc in aqueous acetone
to give after extractive isolation 9 and a small amount of the
isomeric Z enal. Isomerization of the Z enal in the mixture
occurred upon stirring in CH,Cl, with silica gel,!0 and pure
9 was isolated by chromatography on silica gel, yield 80%, Ry
identically 0.60 for 8 and 9 (ether, silica gel).

Chain extension of the F enal 9 to form the conjugated
a,B8-E-, 7,6-E-unsaturated ester 10 was effected smoothly in
95% yield by reaction of 9 in THF with 2 equiv of the lithio
derivative of dimethyl methoxycarbonylmethanephosphonate
at0°C for 1 hand then 23 °C for 16 h. Hydrolysis of the ester
10 with a 5% solution of sodium hydroxide (CH;OH-H,0-
THF (6:1:1.3) at 23 °C for 20 h furnished after chromatog-
raphy on silica gel the corresponding acid 11 in pure condition
(85% yield). Reaction of 11 with 4 equiv of lithium n-propyl
mercaptide in HMPA (10 mL/g of 11) at 0 °C for 8.5 h re-
sulted in N-deprotection to give the amino acid 12 in 75-85%
yield.

The stage was thus set for the formation of the macrocyclic
system by cyclization of the amino acid 12. After considerable

CH,0

experimentation, an effective new lactamization process was
developed for this step. The amino acid 12 was converted to the
soluble tetra-n-butylammonium salt by reaction of 1 equiv of
tetra-n-butylammonium hydroxide (azeotropically dried) in
toluene. After azeotropic drying of the salt (using toluene), a
solution of the salt in benzene was added gradually over 20 h
by motor-driven syringe to a solution of excess mesitylene-
sulfonyl chloride and diisopropylethylamine in benzene and
the components were allowed to react for an additional 3 h at
35 °C. After isolation and rough chromatography on silica gel
the macrolactam 13 was obtained admixed with comparable
amounts of the C-10 epimer (~65% yield). The two epimers
were readily separated by preparative layer chromatography
on silica gel using 1:1 ether—pentane, Ry 0.18 and 0.15 for 13
and the 10 epimer, respectively. The less polar epimer was
known to be 13 by transformation to (+)-N-methylmaysenine
(2) by a sequence of three unexceptional steps:*¢ (1) desilyla-
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CH,4 CHO

tion!! using excess tetra-n-butylammonium fluoride in THF
at 25 °C for 7-10 h; (2) carbamoylation of the resulting sec-
ondary hydroxyl at C-7 by successive reaction with excess
p-nitrophenyl chloroformate-pyridine at 25 °C and excess
ammonium hydroxide-terz-butyl alcohol at 25 °C; and (3)
dithiane cleavage*® using excess mercuric chloride-calcium
carbonate in 4:1 CH3CN-H,0 at 23 °C for 8 h. Synthetic
(£)-N-methylmaysenine (2) obtained in this way was shown
to be spectroscopically and chromatographically identical with
naturally derived N-methylmaysenine (vide infra). The C-10
epimer of 2 was synthesized from the C-10 epimer of 13in a
similar way, R,0.19 and 0.15 for 2 and 10-epi-2, respectively
(ethyl acetate, silica gel).

An authentic sample of 2 was prepared from naturally de-
rived maytansine!? by a four-step sequence: (1) conversion to
9-0-methylmaytansine using 0.75 equiv of p-toluenesulfonic
acid in methanol at 23 °C for 20 h;2 (2) elimination of the 3-
acyloxy group?® using 1,5-diazabicyclo[5.4.0]undec-5-¢ene
(DBU) in THF at 23 °C for 20 h to afford maysine 9-O-methyl
ether; (3) hydrolysis of the 9-O-methyl ether in THF-5%
aqueous HCI (2.5:1) at 23 °C for 1.5 h to form maysine;? and
(4) removal of the 4,5-oxido oxygen using a large excess of
chromous chloride? in acetic acid at 23 °C for 1 h.

Synthetic (£)-2 and naturally derived 2 were carefully
compared chromatographically and spectroscopically. Iden-
tical TLC mobilities were observed using silica gel plates and
5 different solvent systems: ethyl acetate; THF-hexane 1:1;
5% isopropyl alcohol-CH,Cls; CH»Cl,-CH30OH-hexane-
Et;NH (75:75:100:2); and methyl acetate. Infrared, ultraviolet
and NMR spectra were totally identical. Some characteristic
'H NMR peaks for 2 are as follows (& values): H-3 at 7.05 (d,
J = 16 Hz); methyl signals at 3.80 (s, ArOCH3), 3.20 and 3.15
(both s, 10-OCHj; and N-CH3), 1.52 (at C-14), 1.27 (at C-4),
and 1.12 (d, J = 6 Hz, at C-6). The ultraviolet spectrum ex-
hibited absorption maxima at 245 nm (e 52 600) and 272
(31 200). Four characteristic infrared absorption bands were
observed in the 1500-1800-cm™! region at 1700, 1650, 1600,
and 1580 cm~!. The mass spectrum showed characteristic
peaks at m/e 532, 530 (M* + 2, M%), 512, 469,454, and 434
along with other peaks at lower m/e values. Further confir-
mation of the synthetic product as (£)-2 was obtained by
conversion to the 9-O-methyl ether (CH30H, TsOH at 25 °C)
and comparison with naturally derived N-methylmaysenine
9-0O-methyl ether which revealed completely identical HPLC
behavior and correspondence of mass spectra.

Now that our initial studies have established the feasibility
of maytansenoid synthesis (and especially macrocyclic ring
closure) by the approach described above, attention can now
be turned to the synthesis of optically active maytansenoids
and the control of stereochemistry at C-10. These and other
problems, including the synthesis of maytansine itself, are the
subject of current studies which will be reported in due
course,!3:14
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On the Use of trans-Methyl 8-Nitroacrylate
in Diels-Alder Reactions
Sir:

Precedent!2 and theory®* tell us that cycloadditions of
“nucleophilic” 1- and 2-substituted butadienes (cf. 1 and 2)
with “electrophilic” dienophiles of the type 3 (dotted lines refer
to an acetylenic dienophile) will afford products of the type 4
and 5, respectively. An important early finding in the Lewis
acid catalyzed Diels-Alder reaction was its ability to provide
greater regiochemical control with otherwise weakly directing
groups (cf. alkyl) on the diene.:

Trost’s studies have provided important new margins of
regiochemical control, using 2,3-7 (cf. 6) and 1,4-dihetero-
substituted® (cf. 7) dienes in the presence or absence of Lewis
acids. Valenta’s studies have focused on the use of such ca-
talysis to control the orientational dominance of dienophiles
of the type 8, where E and E’ are both electron withdraw-
ing.9-11 Often the catalyst, for steric or other reasons, is able
to dramatically and usefully effect the relative directing po-
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