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alcohol 3 was (vide supra) ~75:25, the reaction is clearly highly
stereoselective.

Monodecarbethoxylation of 7 with lithium chloride in
aqueous Me,SO''! gave the mixture of esters 8, [@]22p +9.5°
(c 1.6, benzene). This gave a single peak on 5% FFAP at 140
°C, but was ('3C NMR) a trans-cis mixture, as expected.
Oxidation of the mixture of stereocisomers with ruthenium
oxide-sodium periodate in aqueous acetone'? to the half ethyl
ester of cyclopentane-1,2-dicarboxylic acid, [«]?2p +21.2° (¢
2.1, benzene), and hydrolysis (0.9 M potassium hydroxide in
1:1 THF-EtOH at room temperature) gave the desired cy-
clopentane-1,2-dicarboxylic acid 9. The identity of the product
thus obtained, a cis-trans mixture of cyclopentane-1,2-di-
carboxylic acids, was established by comparison (as the di-
methyl esters) with authentic racemic material.!3 The absolute
configuration of the trans diacid 9 in the mixture could easily
be established, since the cis isomer does not contribute to the
rotation. The mixture of acids had [a]?2p +17.2° (¢ 1.2, H,0).
This establishes the presence of an excess of the (1.5,25)-(+)
trans isomer of the absolute stereochemistry shown in 9 since
the (1 R,2R)-(~) diacid antipode of 9 has been correlated with
the (15,28)-(~) isomer of 1,2-cyclopentanediacetic
acid.14.15

We conclude that the internal displacement with rear-
rangement (Scn) of a reactive ester of an allyl alcohol takes
place anti to the departing carboxylate function when the
displacing (cyclizing) group is a carbanion. This is the same
stereochemistry which we had previously established for dis-
placement by sulfide ion.! The apparent agreement with some
recent theoretical proposals'é is probably illusory because (a)
some intermolecular displacements also involving negatively
charged displacing groups have been shown to involve syn
displacement;!”? (b) at least one intramolecular displacement,
involving an allylic epoxide, seems to take place syn.®

It is indeed likely that the nature of the counterion, of the
departing group and of the medium will all be involved. It does
however appear possible, in many cases, to delineate those
systems which may be expected to lead to predictable chirality
transfer. We intend to pursue this goal.
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Roles of Multiplicity and Electronic Excitation
on Intramolecular Reactions of Alkylcarbenes
in Condensed Phase

Sir:

Little information exists as to the roles of multiplicity and
electronic excitation in intramolecular reactions of alkylcar-
benes in condensed phase. Such intermediates generated
thermally have been presumed to rearrange and insert by
singlet mechanisms.! Triplet alkylcarbenes have had little
study but are theorized to resist rearrangement and concerted
carbon-hydrogen insertion because the conversions into triplet
products are unfavorable energetically.2-4 Recently, thermal,
photolytic, and photosensitized decompositions of 1-diazo-
2-methyl-2-phenylpropane to 1-methyl-1-phenylcyclopropane,
2-methyl-1-phenylpropene, 2-methyl-3-phenylpropene, cis-
and trans-2-phenyl-2-butenes, and 2-phenyl-1-butene have
been interpreted to involve varying mixed singlet and triplet
carbenic processes.® It is also not clear whether triplet alkyl-
carbenes undergo intramolecular carbon-hydrogen insertion
by abstraction, spin inversion, and recombination.® Important
further theory is that the more indiscriminate intramolecular
gas-phase insertion and rearrangement reactions upon pho-
tolysis than by thermolysis of alkyldiazirines have been at-
tributed to vibrationally excited carbenes (hot radicals) as
generated photochemically.” A study is now reported of car-
benic decomposition of 3-tert-butyldiazirine (1),22 1-diazo-
2,2-dimethylpropane (2),8® and 3-isopropyldiazirine (3)82 by
various methods in condensed phase. Particular emphasis has
been directed to the intramolecular triplet processes from
1-3.

(CHz JaC (CHg JaC (CHz )2CH
H>C< >C==N==N >C

H H

LS
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e
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E 2 2

Decompositions of 1-3 by thermal and photochemical
methods occur efficiently by carbenic routes in environments
which minimize cationic processes.’ Thermolysis of 1 and 2
in decalin or cumene (Table I) at 130-180 °C in the presence
of sodium hydride thus gives 1,1-dimethylcyclopropane (4,
87-91%) and 2-methyl-2-butene (5, 9-12%) in the indicated
proportions. The 2-methyl-1-butene (6, 3.2%) from 2 is an
initial contaminant of the diazo compound and is also formed
by cationic decomposition of 2 upon warming. The similarities
in the ratios of 4 and 5 from thermolyses of 1'% and 2 imply that
common reaction intermediates are involved.

Irradiation (Table I) of 1'' at 25 and —80 °C in solvents
containing tetramethylguanidine or sodium hydride yields 4
(45-46%) and 5 (54~55%). Similarly, photolyses (phot) of 2
in tetrahydrofuran at 25 and —80 °C give 4 (46.5 and 51.9%)
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Table I. Decomposition of 3-tert-Butyidiazirine (1) and 1-Diazo-2,2-dimethylpropane (2)
method, no. of
reactant tempin °C solvent? 4, % 5, % 6, % expt

1 180 CioHs? 88.4%+ 1.0 11.6+1.0 0 3
1 145 PhCH(CH;), 87.6 £ 1.3 124+ 1.3 0 3
2 130 CioH1g? 86.8 £ 1.0 99+1.0 3.2 3
1 phot, 25 CeHe 447 £ 1.6 553+ 1.6 0 4
1 phot, 25 C¢He(TMG)< 45.1 54.9 0 ]
1 phot, 25 PhCH(CH3)» 459 + 1.5 541 1.5 0 3
1 phot, —80 THF 46.0 54.0 0 1
2 phot, 25 THF 46.5 46.7 6.7 2
2 phot, —80 THF 51.9 45.6 2.5 2
1 PS, TXO,¥ 25 CgHe(TMG)* 90.8 £1.2 92+1.2 0 6
1 PS, TXO,9 25 PhCH(CH;3),¢ 88.7% 1.5 104+ 1.8 0 3
1 PS, TXO,9 25, 2MP/ C7H6¢ no change in 1

1 PS, BPO,* 25 Ce¢Hs 88.4 £ 2.0 11.6+20 0 3
1 PS, p-MAPO, 25 PhCH(CHj3)»/ 86.1 £1.3 10.8 £0.5 21+£09 2
1 PS, p-MAPO,’ —80 THF 89.5+1.2 10.5+1.2 0 2
1 PS, Phen,* 25 C7Hi¢! 47.3 52.7 I
1 PS, Phen,* 25, 2MP/ CsH ™ 46.8 53.2 0 1
1 PS, Anth,” 25 CsH16° no change in 1

2 PS, TXO,9 25 C¢Hg 87.5 7.8 4,7 4
2 PS, p-MAPO,’ —80 THF 87.5 1.0 1.6 2

@ Unless noted, sodium hydride was present to minimize cationic processes. # Decalin. ¢ Tetramethylguanidine. ¢ 10-Thioxanthone (£
= 65.5 kcal/mol). ¢ Neopentane (0.8 + 0.1%) was also formed. / 2-Methyl-trans-1,3-pentadiene. & Photolysis of 1 (0.0258 M), TXO (0.025
M), and 2MP (0.11 M) in heptane. # Benzophenone (E = 69 kcal/mol). / p-Methoxyacetophenone (ET = 71 kcal/mol). / Neopentane (1.0
+ 0.1%) was also produced. ¥ Phenanthrene. ! Photolysis of 1 (0.036 M) and Phen (0.112 M) in heptane. 7 Irradiation of 1 (0.026 M), Phen
(0.110 M), and 2MP in heptane. ” Anthracene. © Photolysis of 1 (0.032 M) and Anth (0.115 M) in heptane.

and 5 (46.7 and 45.6%) along with 6 (6.7 and 2.5%). Since 2
undergoes some cationic decomposition while being photo-
lyzed, the results lead to the conclusion that 1 and 2 react by
essentially identical carbenic processes.!? Neither 4 nor 5 is
altered after formation and the wavelength of the light for
photolysis, from 302.5 to 334 nm and at >348 nm, has no effect
on the composition of the products formed. Irradiation of 1 and
2 results in much more methyl migration to § and less insertion
to 4 than does thermolysis. Further, the product proportions
from photolysis of 1 and 2 in solution at ~80 to 25 °C are
similar to that (4/5, ~1) from irradiation of 1 in the gas
phase’® in the presence of diluents at sufficient pressures to
deactivate collisionally the 4 and § produced.!?

¥ 5 c H
) G\C/CHE CI’L\c==c/H H}h—\c-—c/
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Photosensitization (PS) of 114 and 2 is revealing (Table I).
Decomposition of 1 and 2 in base-protected solvents at —~80 and
25 °C with ketone sensitizers (10-thioxanthone,!5# benzo-
phenone, '3 and p-methoxyacetophenone!5¢) of triplet energies
ranging from 65.5 to 71 kcal/mol gives results essentially
identical with those of thermolyses at 130-180 °C: discrimi-
nating insertion to 4 (86-91%), minor methyl migration to 5
(9-12%), and little evidence for 6.'® Photolytic decomposition
of 1, however, does not occur in the presence of 10-thioxan-
thone containing 2-methyl-trans-1,3-pentadiene; formation
of 2-methyl-cis-1,3-pentadiene is indicative of quenching
triplet 10-thioxanthone during radiation. Triplet derivatives
of 1 and 2 are thus presumably formed in the above photo-
sensitizations with ketones.

Phenanthrene (£t = 62 kcal/mol; Es = 83.0 kcal/mol)
effects different photosensitization of 1and 2 than do aromatic
ketones. Photolyses of 1 in heptane containing phenanthrene
and with phenanthrene containing 2-methyl-trans-1,3-pen-
tadiene yield 4 and 5 (Table 1) in identical composition as those
for photolysis in the absence of phenanthrene. Since the 2-
methyl-trans-1,3-pentadiene quenches triplet phenanthrene
and is converted into its cis isomer, the photosensitization of

1 apparently arises from excited singlet phenanthrene. In the
presence of anthracene (E1 = 42.5 kcal/mol; Eg = 75.5
keal/mol) photolytic decomposition of 1 does not occur.
Study has been extended to 3. Thus, thermolysis (180 °C
in decalin) and photosensitization (25 °C, 10-thioxanthone in
benzene and p-methoxyacetophenone in benzene or cumene)
of 3 yield methylcyclopropane (7, 49.1-46.6%), isobutene (8,
49.7-51.1%), cis-2-butene (9, 0.5-0.6%), and trans-2-butene
(10, 0.7-0.6%). The photolysis reactions (25 °C, benzene) of
C,“!g.\ﬂ/c,'-,c C
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3 are much more indiscriminate, however, in that 7 (35.4 £
1.1%), 8 (45.1 £ 2.9%), 9 (7.5 £ 1.4%), and 10 (12.0 £ 0.6%)
are formed. The overall response of 3 to thermolysis, triplet
photosensitizers, and photolysis is thus analogous to that of 1
and 2.

The present study thus reveals that (1) triplet photosensit-
ization of 1-3 becomes identical with thermolysis, (2) direct
photolysis and singlet photosensitization result in identical but
much more indiscriminate rearrangement and insertion pro-
cesses than do thermolyses and triplet photosensitization, and
(3) the mechanistic behaviors of 1-3, 1-diazo-2-methyl-2-
phenylpropane,® (2-n-butylphenyl)diazomethane, 2 and
methyl (2-diazo-trans,trans-2,3-dimethyl-1-cyclopropyl)-
acetate?b are decidedly different.

The thermal and triplet photosensitization reactions of a
diazirine or a diazoalkane such as 1 and 2 are interpretable on
the basis that thermolysis generates the lowest energy singlet
carbene 11 whereas triplet photosensitization yields 12, the
ground-state triplet which spin inverts to 11;!7 4 and 5 (eq 2)
rather than intermediates 13 and 14 then form. For such a
mechanism involving 12, the barrier to singlet 11 must not be
a very severe kinetic hurdle. Unless the rates of conversion of
11 into singlet products are enormously greater than for 12,
the triplet-singlet gap for 12 to 11 is probably considerably less
than the 19.5 £ 0.7 kcal/mol value recently reported for
methylene.'® Conversion of 3 via triplet photosensitization into
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8 as a major product strongly supports the presumption that
intersystem crossing of 12 to 11 occurs.!? It would thus appear
that, along with rearrangement, insertion results from reaction
of 11, Without further information, however, it can not be
concluded that conversion into 4 and § is the exclusive province
of singlet 11."7

Direct photolysis and singlet photosensitization of 1 and 2
occur with absorption of ~82-90 kcal/mol of energy. Elec-
tronically excited singlets 1-2* and/or possibly excited 15%
are thus highly energetic and their conversions into 4* and §*
are spin allowed. Rearrangement to 5* is now extensive and
the product does not undergo alteration as occurs when derived
from vibrationally excited intermediates in the gas phase.’¢
Finally, triplet photosensitization of diazo compounds and
diazirines as in the present systems may give advantage over
thermolysis and direct photolysis for specific synthesis.
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Total Synthesis of Tryptoquivaline G
Sir:

A strain of the fungus Aspergillus clavatus collected from
mold damaged rice produced a group of toxic, tremor inducing
metabolites with novel structures. Tryptoquivaline (1) was
found to be the major metabolite, and a transformation product
containing a d-lactone ring was used to determine its structure
and relative configuration by X-ray crystallography.! Com-
parison of circular dichroism and 'H NMR spectra with those
of nortryptoquivaline? suggested structure 2 for this companion
metabolite. Tryptoquivaline G (3) is a representative of a more
recently discovered group of mycotoxins produced by Asper-
gillus fumigatus.3=3 It, as well as tryptoquivaline L (17), an
artefact, lacks the isobutyl side chain. The total synthesis of
tryptoquivaline G (3) outlined here confirms the proposed

CH,co0% 7
2 R=H = ;H

CHCO0™ ¥
3 Ry=CH; R,=H
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