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TableI. FVT< of 2 with Trapping Agents

Expt Trap Products® (% yield)®

A Thiophene Thianaphthene (59); sulfur

B 2,3-Dimethyl- 5,6-Dimethylthianaphthene (13)
butadiene

C 1.3-Cyclohexa-  Thianaphthene (14)
diene

D Furan Thianaphthols? (1);

cyclopentenothiophenes?(9)
E Cyclopentadiene 4-(7) and 7-Methylthianaphthene (6)
F Hydrogen Thiophene (15); thianaphthene (32)

4 Carried out by subliming 2 over a 4-cm coil of Nichrome wire at
ca. 500° in a stream of the pure trapping agent at 1-5 mmHg. ¢ Unless
otherwise noted identified by spectral (ir, NMR, MS) comparison
with authentic samples. ¢ Based on 2 charged. ¢ Spectral evidence
only.

ducts” by nonaryne mechanisms occur with the single diene,
tetracyclone; none of the dienes used in this study displays such
reactivity.

Secondly, the possibility that the adduct 3 arises by loss of
CO from a species derived from the diene and a thenoyl frag-
ment 4 is considered unlikely, since no other products derived
from this fragment were found in the reactions in Table I. Such
products are obtained from the N-phenylpyrrole anhydrides?®
and reactions of the thiophene anhydrides in the condensed
phase.!? Furthermore, with H; as a trap (expt F), thiophene
(from 1 + H,), thianaphthene (from 1 + thiophene), but no
thiophene aldehydes (from 4 + H»), whose stability under the
reaction conditions was demonstrated, were found.

The possibility that the adduct 3 arises by loss of CO3 and
CO from a Diels-Alder adduct (5) of the diene and the maleic
anhydride moiety of the thiophene anhydride 2 is considered
unlikely, since such unprecedented dieneophilic reactivity
reasonably should be paralleled with 2,3-dicyano- and 2,3-
dicarbomethoxythiophene. Both of these compounds are re-
covered unchanged from FVT in the presence of thiophene,
the most efficient trap utilized in this study. Furthermore, if
any direct reaction between 2 and an electron-rich aromatic
compound such as thiophene were occurring some Friedel-
Crafts acylation also should be observed.!® No such products
were formed in spite of their demonstrated stability under the
FVT conditions.

Finally, the possibility that the trapping agent in anyway
induces the decomposition of the 2,3-anhydride 2, as is ob-
served with other five-membered hetaryne precursors,*® is
eliminated by the extensive decomposition which 2 undergoes
upon FVT with only N as the carrier gas.!®

Taken in toto the above results constitute the most con-
vincing evidence to date for the generation of a five-membered
hetaryne, thiophyne. Further studies on the properties of this
and other arynes of this type are in progress.
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Synthesis of the Non-Tryptamine Moiety of the
Aspidosperma-Type Indole Alkaloids via Cleavage of
Cyclic a-Diketone Monothioketal. An Efficient
Synthesis of (dl)-Quebrachamine and a Formal
Synthesis of (dl)-Tabersonine

Sir:

Application of Marshall’s ring cleavage method! on the
ketoester 3 led easily to the dithianyl half ester 5§ which was
shown to be a suitable precursor for a construction of the
non-tryptamine moiety of the Aspidosperma-type indole al-
kaloids.?

Readily available 4-ethoxycarbonylcyclohexanone eth-
yleneketal (1)3 was converted into the ketoester 3, bp 78-80°
(1 mmHg), in 90% yield through two steps ((1) LDA*-EtBr
(2) 1 N H,SO,). According to Woodward’s method,® 3 was
treated with pyrrolidine followed by propane-1,3-dithiol di-
p-toluenesulfonate®$ to yield the «-diketone monothioketal
4, mp 76-78°, in 65% yield from 3.

By following Marshall’s procedure, 4 was treated with so-
dium hydride in the presence of 3 molar equiv of water to give
the oily dithianyl half ester 5:” NMR (CDCl;3) () 3.96 (1 H,
t,J = 7.0Hz, 5. X &I).

A standard DCC procedure on 5 with tryptamine afforded
the oily dithianyl amide 6, NMR (CDCl3) () 3.87 (1 H,t,J
= 6.5 Hz, 5 X37), in 60% yield from 4. Hydrolysis (Mel,
aqueous CH3CN, reflux)® of the dithianyl amide 6 led to the
stereoisomeric lactams 8 and 9 in 83% total yield instead of the
formylamide 7. The products may have resulted via 7 by the
catalytic effect of hydriodic acid generated during the reac-
tion.® The ratio of a-ethyl isomer 8 (mp 247-249°; ir (Nujol)
3180, 1728, 1620 cm~!; NMR (CDCls3) (8) 0.91 (3H,t,J =
7.0Hz),1.23 (3H,t,J =7.5Hz),4.11 (2H,q,J = 7.5 Hz))
to 3-ethyl isomer 9 (mp 172-173°; ir (Nujol) 3370, 1728, 1630
cm™}; NMR (CDCls) (6) 0.83 (3H,t,J =7.8 Hz),1.33 (3 H,
t,J =7.0Hz),4.29 (2 H, q,J = 7.0 Hz)) was about 1 to 6, but
this was not a serious problem for this synthetic purpose, since
one of the asymmetric centers was lost in a later stage.® Re-
duction of the a-ethyl isomer 8 to the corresponding amino
alcohol 10, (mp 232.5-235°; ir (Nujol) 3260 cm~!; NMR
(CDCl; + MesS0-dg) (6) 0.90 (3 H, t,J = 7.0 Hz)) was ac-
complished in 95% yield, by LiAlH, in boiling tetrahydrofuran.
Similar treatment on the 8-ethyl isomer 9 afforded the corre-
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sponding amino alcohol 11 (mp 219-221°, ir (Nujol) 3320
c¢cm~!; NMR (CDCl3 + Me»SO-dg) () 083 (3 H,t,J=7.0
Hz)) in 98% yield. The a-ethyl amino alcohol 10 was converted
(CH3SO,Cl-pyridine, 0°, 3 h) to the mesylate which was re-
fluxed in chloroform for 3 h to give the amorphous quaternary
salt 19,0 NMR (D»O) (6) 0.71 (3H,t,J =6.5Hz),2.93 (3
H, s), almost quantitatively. Similarly the 8-ethyl isomer 11
afforded the isomeric quaternary salt 19, mp 206-208° dec,
NMR (D»0) (3) 1.04 (3 H,t,J = 6.8 Hz), 2.90 (3 H, 5),
quantitatively. Reduction of both isomeric salts with sodium
in liquid ammonia!? provided d/-quebrachamine (21) in about
80% yield, respectively (total yield 22.3% from 2).
Tabersonine precursor 22 was obtained from 8-ethyllactam
9 via ten steps in 13.7% total yield (3.4% from 2). The 8-eth-
yllactam 9 was converted (LDA-PhSSPh)!! into the sulfide
12in 91%: mp 166-167°; NMR (CDCl3) (8) 6.00 (1 H,d, J
= 8.3 Hz). Oxidation and pyrolysis ((1) MCPBA; (2) toluene,
reflux, 30 min)!? transformed 12 into the «,8-unsaturated
lactam 14 (mp 167-168°; ir (Nujol) 3260, 1720, 1648, 1598
cm~!; NMR (CDCl;) (6) 6.08 (1 H,d,J = 12.0Hz),6.28 (1
H, dd, J = 12.0, 2.0 Hz)) in 95% yield from the sulfide 12 via
the sulfoxide 13, Since LiAlH4 reduction failed to afford the
desired unsaturated amino alcohol 15 as a major product
(~5%), an alternative five-step method was developed. The
unsaturated lactam 14 was hydrolyzed with potassium hy-
droxide to give the carboxylic acid 16 (mp 179.5-180°; ir
(Nujol) 3400, 3050-2300, 1690, 1620, 1563 cm~!; NMR
(CDCl3) () 6.00 (1H,d,J =12.5Hz),6.48 (1H,d,J = 12.5
Hz)) in 95% yield and the latter was converted to the unsatu-
rated lactam aleohol 17 (mp 233-234°; ir (Nujol) 3350, 3240,
1630, 1579 cm™!; NMR (CDCl3+ Me>SO-ds) (8) 5.88 (1 H,
d,J =10.5Hz),6.15 (1 H,d, J = 10.5 Hz)) by treating with
ethyl chloroformate and triethylamine at room temperature,
followed by NaBHj, in aqueous tetrahydrofuran.!® The un-
saturated lactam alcohol 17 was silylated (Me3SiCl-Et3N,
20°) to give the silylether 18 which on reduction (LiAlHy,
THF, 0°) yielded the desired unsaturated amino alcohol 15
(mp 201-203.5°; ir (Nujol) 3400-3100 cm~!; NMR (CDCls)
(6) 092 (3H,t,J =7.0Hz2),2.00(2H,d,J = 9.0 Hz), 3.48
(1H,d,J=11.0Hz),3.74 (1 H,d,J = 11.0 Hz), 4.55 (1 H,
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t,J =9.0Hz),5.50 (1 H,dd,J = 11.0,J = 2.8 Hz), 5.96 (1
H, ddd,J = 11.0, 6.0, J = 3.0 Hz)) in 58% yield from 14,

Conversion of the unsaturated alcohol 15 to the known
quaternary salt 20'4 (mp 261° dec,!> NMR (D,0) (8) 0.67 (3
H,t,J=7.0Hz),1.41 (2H,q,J =7.0Hz), 2.46 (3 H,s), 5.95
(1H,d,J=10.0 Hz)) was carried out as its saturated one 11
in quantitative yield. To confirm its formation, according to
Ziegler and co-worker,!4 the salt 20 was transformed into
14,15,16,17-tetrahydroquebrachamine (58.2%) by LiAlH4
and into 16-cyano-14,15-didehydroquebrachamine (22),
(27.4%)'6 by potassium cyanide. Since the latter (22) has been
converted to d/-tabersonine (23),! this constitutes an alter-
native synthesis of 23,

The relatively simple sequence described here provides an
efficient route to the non-tryptamine moiety of the Aspidos-
perma type and related indole alkaloids.
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Nocardicin A and B, Novel Monocyclic 8-Lactam
Antibiotics from a Nocardia Species
Sir:

In view of their outstanding antimicrobial activity, the 8-
lactam antibiotics have attracted great interest in recent years.!
In the present communication we report the structure of two
unique monocyelic 8-lactam antibiotics, nocardicin A (1) and
B (2), which are structurally and biologically related to the
penicillins and cephalosporins.

Nocardicin A (1)2 (C3H2409N4, mp 214-216° dec, [a]D
—135.0° (H,0),? pK, 3.2, 4.5, 10.0, 11.6, and 12.7 (poten-
tiometry), positive ninhydrin test) was isolated as a major
component from a strain of Nocardia.* Acetylation of 1 with
Acy0 in MeOH (0°) and subsequent methylation with CH,N»
gave the monoacetyl-tetramethyl derivative 3, while acety-
lation of 1 with Ac2O in H,O (pH ca. 9, room temperature),
followed by methylation with CH>N, gave the triacetyl-
dimethyl derivative 4. Hence one amino, two carboxyl, and two
weakly acidic hydroxyl groups are present in 1.

The 'H NMR analysis of 1 (Na salt in D,O) revealed all
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