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enzyme recognition and antibacterial activity.

The lack of antibacterial activity of the demethoxy analogue
18 suggests that the methoxyl group contributes significantly
to biological activity. In the crystal state, the methoxy group
does not appear to be sterically crowded and it is therefore
unlikely that the observed effect is purely of steric origin.
However, from the available data, it is not possible to ascertain
if the methoxyl group merely serves to increase the strain and
hernce the reactivity of the 8-lactam, or if further fragmentation
to a reactive species following enzymatic cleavage of the
B-lactam is important in imparting the observed potent anti-
bacterial activity.
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Progress toward the Total Synthesis of
Maytansinoids. Synthesis of (+)-4,5-Deoxymaysine
(N-Methyimaysenine)
Sir:

The extensive efforts by a number of laboratories' to reach
the antitumor macrocycle, maytansine (1) have appeared in

the past five years. Recently, Corey? has reported the first
successful synthesis of a maytansinoid, (+)-N-methylmay-
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senine (4,5-deoxymaysine, 2). We describe our own total
synthesis of 2, which we anticipate to represent a general route
to other maytansinoids. The synthetic strategy leading to 2 was
based upon a convergent scheme involving the key interme-
diates 3 and 4 which were prepared with a high degree of ste-
reoselectivity in multigram quantities. The £,E aromatic diene
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3 was acquired from the tetrasubstituted benzene 5° which was
transformed into the phenylurethane 6 (PhOCOCI, pyridine)
and then to the silylurethane 7 with 3-(trimethylsilyl)ethanol*
(0-25 °C, THF, t-BuOK). Without purification, the latter was
treated with 1-BuOK-Mel furnishing 8 (80% from 5).°> The
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diene moiety in 3 was constructed from 3-bromoacrolein 96
which was homologated to the pure E, E-diene ester 10 (80%)
using ethyl a-diethoxyphosphonopropionate (1-BuOK, =78 °C,
THF). Reduction with diisobutylaluminum hydride (0 °C,
hexarne) gave 11 (98%, oil)” which was treated with excess
methanesulfonyl chloride (Et3N, CH,Cl,, —25 °C) to give the
mesylate 12 and used immediately to couple with 8 (n-BuLi,
—78 °C, C3H;C=CCu-[(Me;N);P},,® Et,0, =78 °C) pro-
viding the bromodiene 3 in 40-45% yield after purification by
medium-pressure liquid chromatography (mp 61 °C).°

The second key intermediate 4 was obtained from the un-

saturated aldehyde 13.!9 Removal of the tetrahydropyranyl
ether (5% HCI-THF, (1:1), 100%) to the hydroxy aldehyde
14 was followed by acylation (CH3COC], pyridine, CH,Cl5,
0 °C, 95%) to the ester 15, which was transformed into the
ethylene ketal (ethylene glycol, pyridinium tosylate, benzene)
and hydrolyzed (K;CO3;-MeOH) to the hydroxy ketal 16
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(95%). Oxidation with Collins reagent (0 °C, 30 min) to the
aldehyde 17 (80%) was followed by addition of lithio ethyldi-
thioacetate (—78 °C, THF, 6 h). The 5-hydroxy dithioester
18 was formed as a 4.7:]1 mixture of erythro-threo isomers
which were separated (Waters-Prep 500 liquid chromato-
graph) to give multigram quantities of erythro-18.!! The ac-
etal 4 was prepared (ethyl vinyl ether, TsOH, Et,0, 25 °C)
and, although an additional chiral center was introduced, it
presented no problem for the duration of its residence on 4.
Addition of 3.0 equiv of ethylmagnesium iodide to 4 (—23 °C,
THF, 2 h) furnished 19 as an acyl anion equivalent!2 which
was treated with 2-(N-methyl-N-formyl)aminopyridine!'?
producing 20 (92%) as a 1:1 mixture of diastereomers (due to
EE (ethoxyethyl ether) group). The latter was now equipped

18, X= Mgl

20, x=CHO
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c
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[¢]

25, X
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to serve as the electrophile, whereas the bromodiene 3 was
prepared to serve as the nucleophile in the key coupling of both
major intermediates.!* Addition of 2.0 equiv of 7-BuLi to 3
(—120 and =90 °C for 30 min) and introduction of aldehyde
20 (—120 to —60 °C) gave the alcohol 21 (62% after PLC).
The methyl ether 2215 was formed (85%) using t-BuOK-CHsl
(25 °C, 6 h) and the silyl carbamate removed (BusyN*F—,
CH;CN, 45-50°C, 4 h, 95%) to afford the free amine 23: IR
(film) 3420 (NH) em~!; NMR (CDCl3) 6 6.17 (s, 2, ArH),
3.98 (s, 3, ArOCH3) 3.26 (s, 3, C;oOCH3), 2.86 (brs, 3, N-
CHa3). It is clear that 23 lacks but a two-carbon unit in order
to make up the precursor to the 19-membered ring.

This was introduced by transforming 23 into phosphono
amide 24 ((EtO),P(O)CH,COCI, pyridine, 0 °C, 91%) and
removal of the dioxolane (oxalic acid-THF (1:4), 25 °C) to
the aldehyde mixture 28, Cyclization was performed via the
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Wadsworth-Emmons reaction (1.1 equiv of -BuOK, THF,
—78 t0 25 °C, 18 h) producing 26 in 74% isolated yield: PLC,
30% EtOAc-Et;0, Ry 0.5-0.7, includes epimers at C-10 and
diastereomers due to ethoxyethyl ether group; NMR (CDCl;3)
67.11 (d, J = 15.2 Hz, C-3 H). Removal of the dithioketal
(HgCl,-CaCOjs-aqueous CH3CN) gave the ketone 27 (IR
CHCI3) 1725, 1650 cm™'; 91%) and acidic removal of the
ethoxyethyl group (0.1 N HCI-THF (1:4), 0 °C, 30 min) gave
the hydroxy ketone 28 (3580, 3420, 1715, 1645 cm™!; 81%).

27, X = CHIMe|OE1 J\
/ L
10 Nko
7 3
Ho H

29, X = COgPh Me

28, X=H

(£)-epl-2

The mixed carbonate 29 was formed using excess phenyl
chloroformate and then treated with excess liquid ammonia
(=78 °C, THF) producing 2 as a mixture of C-10 epimers in
50% yield.!6 Separation of 2 and epi-2 was accomplished using
high-pressure liquid chromatography (Waters 244-System,
u-Porosil, EtOAc-CHCl3 (1:3), 5 mL /min) and showed both
isomers in ~1:1 ratio with retention times of 7.8 min for 2 and
25 min for epi-2. The configuration of the labile C-9 hydroxyl!®
in epi-2 is unknown at this time. Spectral data for 217 were in
total agreement with an authentic sample derived from natural
maysine 30'8 after chromous chloride reduction of the 4,5-
epoxy group.!® This route to (£)-2 via the seco intermediate

1-1-30

23 will allow us to pursue the synthesis of other maytansinoids
and this effort is currently underway.?0
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Molecular Beam Electric Deflection Analysis of
(SN) Vapor. Evidence for a Nonpolar Tetramer
Sir:

Polymeric sulfur nitride ((SN),) is a prototype “nonme-
tallic”’ metal.! One of its unusual properties is sublimation in
vacuo to yield a volatile red-purple substance which repoly-
merizes to form golden, lustrous films that exhibit the same
metallic character as the polymer.? The predominant species
in the vapor has been shown? to be a tetramer (SN),, distinct
from the known S4N4 molecule, but the isomeric form of this
tetramer has not been established. Both linear and cyclic forms
have been postulated.3# Here we report a study of the electrical
polarity of the (SN), vapor using the molecular beam electric
deflection method.:6

The (SN), vapor was generated from a Knudsen effusion
source operated at 420-460 K. The source was made from a
Teflon tube with a 12.7-mm i.d. and a 0.34-mm orifice diam-
eter. The vapor was collimated into a beam during passage
through two differentially pumped regions and then traversed
a quadrupole electric field of 34-cm length and an 0.261-cm
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Table I. Mass Spectrum and Electric Deflection Analysis
source, T = 460 K source, T = 420K

ion (m/e) intensity % focused intensity % focused
Sg* (256) 0.7
(SN),* (184) (1.0)  defocused (1.0) defocused
S4N* (156) 2.6 32 0.8 40
(SN);+ (138) 4.6 defocused 13 defocused
S3NL* (124) 0.7 13 1.7 13
S;N* (110) 5.3 12 1.7 17
S>NL+ (92) 7.8 3 18 12
SaNT (78) 7.9 4 20 5
S, (64) 52 6 12 6
SN (46) 33 4 100 4

effective aperture. A beam stop located at the field exit con-
ceals the detector entrance slit from direct view of the vapor
source. When electrostatic potentials of up to 20 kV are applied
to the quadrupole electrodes, molecules in positive energy Stark
states are deflected or “focused’ around the beam stop and
enter the mass spectrometer detector. The spectrometer
comprises a high-intensity glectron bombardment ionizer op-
erated at ~80 eV and a 60° sector electromagnet.

Table I lists the relative intensities observed at 10 mass peaks
and the corresponding percentage of the signal at each peak
which can be focused by the electric field. In agreement with
previous mass spectral work,? our results indicate the vapor
consists predominantly of a tetramer species, (SN)4. We find
that (SN)4 is nonpolar and also observe smaller contributions
from one or more polar species. All of the mass peaks that show
focusing have been observed’ in the mass spectrum of S4No,
with the exception of the weak S3N,* peak. Differences in the
intensity distribution and the presence of S3N,* can both be
ascribed to differences in the fragmentation of S4N; in our
ionizer. The S4N; molecule is polar and is known as a degra-
dation product.?# Likewise, the weak Sg* peak indicates that
some decomposition of the sample occurred. Our results are
also compatible with previous evidence3® that a number of
minor species (S4N4, S4N3, S3N3, S3N3, S;N3, S;N, SN) may
exist in the vapor of (SN), even at modest temperatures.

The only mass peaks which yield information regarding the
(SN)4 component are the (SN)4% and (SN);* peaks. The
observation that these peaks are defocused by the electric field
indicates the neutral precursor is a nonpolar molecule. The
presence of fragments from both polar S4N; (and possibly
other minor polar species) and nonpolar (SN)4 accounts for
the wide variation in focusing behavior observed at the lighter
mass peaks. Although our ionizer produces rather severe
cracking, we can obtain a crude estimate of the ratio of the
polar and nonpolar precursors in the parent beam. If we assume
that the 40% focusing observed for S4N,* has not been con-
voluted with a fragment from (SN)4%, we find the lower fo-
cusing percentages observed for the lighter mass peaks are
consistent if ~85-95% of the parent beam is nonpolar. Previous
work estimated that the fraction of (SN)4 in the vapor ex-
ceeded ~85% under comparable conditions.?

The isomeric form of the nonpolar tetramer remains an open
question. Marked contrasts in the cracking patterns for both
electron-bombardment and field ionization mass spectra?® in-
dicate that (SN)4 differs structurally from the known “cra-
dlelike” and nonpolar cyclic molecule S4N4. The fragmenta-
tion pattern indeed suggests a “quasilinear”, open-chain
structure for (SN)4. Such a structure would have an electric
dipole moment and thus appears inconsistent with our results.
However, the open-chain form cannot definitely be ruled out.
The dipole moment may be small, and, if there exist a number
of low-frequency vibrational modes (200 cm™!) that are
thermally excited (at 420 K), the net Stark effect could be
reduced below the level of detectability.!? The small vapor-
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