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Abstract: An attempt to synthesize APHE-3 (3-methylpyrazolo[1,5-b]isoquinolin-9(1 H)-one,
3) gave the tautomer 3-methylpyrazolo[1,5-bJisoquinolin-9(4H)-one (9) instead, and led to a
reconsideration of the structures assigned to the APHEs. The structures of the APHEs have
now been reformulated as 15-18, known natural products, whose spectra are in close
agreement with those reported for the APHES. © 1999 Elsevier Science Ltd. All rights reserved.

A series of papers'? over the past several years has reported the isolation and

characterization of a family of four natural products produced by the actinomycete
Streptoverticillium griseocarneum and designated APHEs 1-4. The structures of the APHEs
share in common a tricyclic pyrazoloisoquinolinone nucleus, but differ by the nature of the alkyl
substituents, which form a homologous C, to C, series (1-4). The APHEs are the only reported
naturally occurring examples of the pyrazoloisoquinolinone ring system and no synthesis of any
member of the family has been recorded.

" APHE-1 R = CH,CH, 1

N APHE-2 R=CHCH,CH, 2
P, APHE-3 R =CH, 3
. APHE-4 R = CH,CH,CH,CH, 4

Given our continued® interest in the synthesis of heterocyclic natural products and the
apparent absence of any synthetic activity directed toward the APHEs, we undertook the
synthesis of APHE-3 (3), the simplest member of the family.

The synthetic approach, summarized in Scheme 1, ¢ began with the condensation of anion
5, derived from N, N-dimethyl-o-toluamide by deprotonation with LDA, and aldehyde 13.
Aldehyde 13 was prepared from methacrolein (10), as indicated in Equation 1,> ¢ following an
analogous sequence developed by Still and Schneider for the preparation of 14® (Figure 1). The
diethyldioxane ring in 13 rendered 13 less susceptible’ to untoward side reactions than was the
case with 14. Swern oxidation'® of alcohol 6 afforded ketone 7. Reaction of 7 with hydrazine in
methanolic HCI afforded pyrazole ester 8 directly. The latter cyclized spontaneously upon
standing to give tricycle 9, a process that could be accelerated with heat.

The cyclization of 8 to give 9 rather than APHE-3 (3) was puzzling. Compounds 9 and 3
are clearly distinguishable by, inter alia, 'H NMR (the presence or absence of a 2-proton singlet
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for a —-CH,~ group is especially telltale). APHE-3 (3) and 9 are tautomers of each other, but 9
exhibited no tendency to tautomerize (even partially) to 3, and there was nothingin ¢ o/>
the literature to suggest that any of the APHEs are susceptible to tautomerization H o

to 9-like tautomers. It is not unusual for tautomeric forms to be sufficiently CHs 14

kinetically stable to allow their separate isolation,'’ but the complete absence of

any indication that 9 and 3 were interconvertible led us to regard both structures as ~ igure 1
suspect.
2,2-Diethyl-1,3- O O
Q propanediol, © 1. BH3THF ? Swern Oxid., /jC/
N/LKH Benzene, Y\O 2. Hy0,, Ho/\'/ko 89% H (@)
CHs p-TsOH, 86% CHg NaOH, 84% CHs CHg Eq. 15. 6
10 11 12 13

An X-ray crystallographic characterization'* of 9 fully supported the assigned structure.
Accordingly, we scrutinized the structure determination of 3 and the other APHEs in greater
detail. To our mind, the structures assigned to the APHEs are fully in accord with the supporting
data. But while the APHEs' structures were regarded as best fits for the data,'® that data seemed,
in hindsight, also consistent with a few other putative basic structures.

N_ R A search of the Dictionary of
== 14

\\O( Pimprinethine R = CH,CH, 15 Natural Products™ was undertaken to

WS-30581 A R =CH,CH,CH; 16 determine if any other molecules that had

A Pimprinine R =CHjs 17 been reported might fit the data recorded

WS-30581B R = CH,CH,CH,CH; 18

. icul
Figure 2 for any of the APHEs. Particularly

rewarding was a search for molecules
with the same empirical molecular formulas as the APHEs, because it identified a new tricyclic
framework with the same four members (methyl, ethyl, propyl, butyl) of a homologous series of
substituents (15-18, Figure 2).

At first glance, the different ring systems in 1-4 and 15-18 might be expected to give rise to
substantially different spectra. One might expect, for instance, the presence of a carbonyl group
in 3 and its absence in 17 would be evident from their “C NMR spectra. In actuality (Table 1),
however, the 'H and "C NMR spectra and melting points reported for the first three APHES are,
within experimental error, identical to those recorded for 15-17. The data reported for APHE-4
and WS-30581 B are not sufficiently detailed to permit exact comparison, but there are no
discrepancies. Furthermore, compounds 15-18 have been isolated from strains of
microorganisms'®'? very similar to the one that produces the APHEs.

N
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Table 1
APHE-1* Pimprinethine” APHE-2°* WS-30581 A" APHE-3" Pimprinine’
Mp (°C) J157-159 152-154 130-132 131-133 INot reported 202-203
'H (.42 BH,t,J=7.5Hz)* 141 GH.LI=T.6Hz)® |1.06 3H.LJ=7.4Hz)° 1.06 (3H,LJ=7.3Hz)" R.52 (3H. 5)° 2.53 (3H. s)°
NMR P90 (2H,q,J=7.5Hz) 2.87 (2H.qJ=7.6Hz) }1.90 (2H, m) 1.87 (2H, m) [7.12 (1H, 5) 7.4 (1H. 5)
17(IH, 5) 7.14 (1H, 5) D 87 2HtLJ=7.4Hz) 2.84 (2H.tJ=7.3Hz) 17.19-7.28 @H.m)  7.21-7.29 QH. m)
[7.23 (1H, m) 7.25 (2H. m) 7.19 (1H, s) 718 (1H, s) 7.42 (1H. m) 742 (IH4.J=7.5Hz)
731 (1H, m) 7.25 (1H. m) 7.21-7.31 (2H, m) 17.49 (IH.dJ=2.7Hz) 7.50 (1H,d,J=2.6Hz)
17.44 (1H, m) 742 (1H, m) 7.29 (1H, m) 7.82 (1H, m) 7.82 (1H.d.J=7.7THz)
17,53 (1H,d,J=2.6Hz) 7.50 (1H.dJ=2.6Hz) [7.44 (1H, m) 7.43 (1H.dd,J=19,6.2Hz) [8.44 (IH. brs) NH not reported
7.83 (1H,m,J=7.3Hz) 7.83 (1HdJ=7.7Hz) [7.53 1H.dJ=2.6Hz) 7.52 (1H.d.J=2.6Hz)
53 (1H, brs) 8.36 (1H, br s) 82 (1H, m) 7.85 (1H,dd,J=2.7.6.8Hz)
£.44 (1H. brs) 8.93 (1H, brs) .
BC 11.22 1.2 13.70 137 13.99 139
NMR R1.62 216 20.58 206 106.06 106.0
105.82 106.1 0.70 30.1 111.47 1114
111.46 114 ﬁoe.oo 105.8 119.96 119.9
119.36 119.8 111.44 1115 120.01 120.0
119.87 119.9 119.72 119.6 120.83 120.8
120.79 120.7 119.92 1199 121.44 1213
121.53 213 120.75 120.7 123.00 123.0
122.94 123.0 121.46 121.6 124.08 124.0
124.00 124.0 122.90 122.8 136.20 136.1
136.14 136.1 124.06 124.1 14731 1472
147.21 147.0 136.18 136.2 159.25 159.1
163.69 163.6 147.00 1472
163.40 162.7
uv P22 2248 D22 224" P22 224
(MeOH) 265 266 D65 266 265
A (n) 280 278 230 282 D80 282
D96 295 P96 298 pos 298

a) Data for APHE-1 & APHE-2 were taken from ref. 2; data for APHE-3 were taken from ref. 24; b) mp &
NMR were taken from ref. 20; ¢) 300/75.4 MHz, CDCl;; d) 400/100 MHz, CDCl,; e) 250/62.5 MHz, CDCl;; f)
from ref. 17; g) from ref. 16.

Conclusion: The classical dictum, "synthesis is the ultimate proof of structure,”" continues to
prevail. > Numerous syntheses and crystal structures affirm the structures assigned to 15-
18.""2 The present attempt to achieve the first synthesis of an APHE brings the proposed
structures into question and results in the conclusion that the APHEs actually possess structures
15-18.

Acknowledgments: We thank Drs. J. Soliveri and M. Selma Arias'™ ' ?* for their extremely gracious
exchange of information and spectra. We also thank Prof. W. Clark Still® for providing experimental details for
the preparation of 14.
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Salient experimental details (run under N, as appropriate). 6: Add over 10 min 2.45 g N,N-diethyl-o-toluamide in 20 ml THF
to LDA (25.7 mmol) in 120 ml anhydrous THF at -78 °C. After 40 min at -78 °C, add dropwise 3.34 g 13 in 20 ml THF over 30
min; warm slowly to r.t.; stir overnight; quench with MecOH (10 ml); sat. ag. NH,CIVEtOAc workup; silica gel flash column
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chromatography (sgfcc) (4:1 EtOAc:hexanes) to give 3.0 g (60%, oil) 6. 7: Analogous procedure to that used for 13; sgfce (1:1
EtOAc:hexanes) to furnish 7 (85%, oil). 8: To 466 mg 7 in 20 ml MeOH, add dropwise 20 ml conc. HCL After 5 min, add 0.370
m! anhydrous NH,NH,; reflux for 6-7 h; H,O/CH,Cl, + solid K,CO; workup; sgfcc (1:1 EtOAc:hexanes) to give 201mg (73%) 8
(oil). 9: Upon standing, 8 cyclizes to 9, which process can be accelerated by the following procedure. In a Kugelrohr, under high
vacuum, slowly heat 250 mg 8 from r.t. to 150 °C over 1.5 h; sgfee (1:1 Et;0:CH,CL) to deliver 160 mg 9 (75%), "mp": ~180
°C (darkens without melting), ~275 °C (rapidly chars without melting); recrystallization (benzene) supplied colorless needle-
shaped crystals good for elemental analysis and crystallography. 11: 34.9 g methacrolein (10), 250 mL benzene, 659 g 2,2-
diethyl-1,3-propanediol and 0.33 g p-TsOHeH,O refluxed 24 h using a Dean-Stark apparatus. Cool; add 0.3 g K,CO;;
concentrate in vacuo and distill under vacuum to get 79.1 g 11 (86.3%), bp: 29-32 °C/0.3 torr. 12: To 10.0 g 11 in 130 ml dry
THF was added at 0 °C 35 ml of 1M BH,/THF solution over 15 min. After 25 min add 1.53 g NaOH in 6.5 ml H,O over 20 min;
add 7.5 ml H,0, (30%); stir 20 h at r.t.; evaporate THF; H,O/Et,0 workup; distill to furnish 9.14 g 12 (83.2%), bp: 104-106
°C/1.0 torr. 13: To 5.5 mmol oxalyl chloride in 30 ml CH,Cl, at -60 °C, add 0.78 ml DMSO dropwise. After 5 min, add 1.01 g
12 in 10 ml CH,Cl, over 10 min at -60 °C. After 15 min, add 3.0 ml E;N over 10 min; sat. aq. NH,CUVCH,Cl, workup to deliver
almost pure 0.89 g 13 (89.0%, oil).

Analytical data for new compounds. Compounds 7, 9, 11, 12 and 13 gave satisfactory combustion analyses. 'H NMR (400
MHz, CDCL,) 8: 6: 7.15-7.36 (m, 4H), 4.47 (d, 1H, J=7.6Hz), 2.60-3.90 (m, 12H), 2.45 (br 5, 1H) 1.70 (g, 2H, J=10.4 Hz), 1.25
{t, 3H, J=10.0Hz), 1.02-1.10 (m, 8H), 0.83 (t, 3H, I=10.4Hz), 0.75 (t, 3H, J=10.4Hz); 7: 7.16-7.35 (m, 4H), 4.53 (d, 1H,
J=8.4Hz), 2.88-3.94 (m, 11H), 1.69 (g, 2H, J=10.0Hz), 1.20 (t, 3H, J=9.6Hz), 1.10 (d, 3H, 9.2Hz), 1.07 (t, 3H, J=9.6Hz), 1.04
(q, 2H, J=10.0Hz), 0.84 (1, 3H, J=10.0Hz), 0.75 (t, 3H. J=10.0Hz); 8: 7.91 (d, 1H, J=10.4Hz), 7.42 (t, 1H, I=10.0Hz), 7.28 (t,
1H, J=10.0Hz), 7.19 (d, 1H, J=10.4Hz), 4.30 (s, 2H) 3.89 (s, 3H) 2.01 (s, 3H); 9: 8.47 (d, 1H, J=8.0Hz), 7.77 (s, 1H), 7.66 (1.
1H, J=8.0Hz), 7.51 (t, 1H, J=8.0Hz), 7.47 (d, 1H, J=8.0Hz), 4.27 (s, 2H), 2.14 (s, 3H); 11: 5.13 (d, 1H, J=2.0Hz), 4.97 (d, 1H,
J=2.0Hz), 4.75 (s, LH), 3.83 (d, 1H, J=11.6Hz), 3.43 (d, 1H. J=11.6 Hz), .79 (s, 3H), 1.73 (q, 2H, J=7.6Hz), 1.06 (g, 2H, J=7.6
Hz) 0.85 (1, 3H, 7.6Hz), 0.76 (1, 3H, 7.6Hz); 12: 4.41 (d, 1H, J=4.4Hz), 3.60-3.85 (m, 5H) 3.37 (dd, 2H. J=1.2, 11.2Hz), 2.81
(dd, 1H, J=2.6, 3.4Hz), 1.94 (m, 1H), 1.70 (g, 2H, J=7.6Hz), 1.05 (q. 2H, J=7.6Hz), 0.93 (d, 3H, J=7.6Hz), 0.84 (t, 3H,
J=7.6Hz), 0.76 (1, 3H, J=7.6Hz); 13: 9.83 (d, 1H, J=1.6Hz), 4.65 (d, 1H, J=4.0Hz), 3.83 (m, 2H), 3.38 (m, 2H), 2.62 (m, 1H),
1.69 (q, 2H, J=7.6Hz), 1.12 (d, 2H, J=7.2Hz), 1.06 (q, 2H, J=7.6Hz), 0.84 (t, 3H, J=7.6Hz), 0.76 (1, 3H, J=7.6Hz). Selected IR
(film) v em™1) 6: 3396, 1607, 1104; 7: 1720, 1629; 9: 1716, 1604; 11: 3081, 1665; 12: 3421, 1036; 13: 3458, 2861, 1734. All
other data (HRMS and *C NMR) are in agreement with assigned structures.
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