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1 Introduction

The Supplementary Information associated with this review article consists of
two parts. The first file is a spreadsheet that contains a comprehensive table
of all bacterial terpenoids that were found in NP databases or primary
literature. Along with the names and associated compound numbers, this
spreadsheet contains additional information including molecular formulas and
weights, accurate masses, chemical identifiers (SMILES, InChlKey, InChl),
genus and species names, isolation reference DOI or URL, discovery year, and

what NP database, if any, these compounds were found in. This spreadsheet
was also submitted for deposition into the Natural Products Atlas.

The second file is this document and contains the structures of all of the
bacterial terpenoids. In the main review document, only selected structures
are shown. Compound numbers are shown under each NP; their names are
fully listed in the accompanying spreadsheet. A list of abbreviations used in
the main review document is also included in this file.

S3



1.1 Abbreviations

ADHBA; 3-amino-2,4-dihydrobenzoic acid
ADHBSH; thiocarboxylic acid analogue of ADHBA
ATP; adenosine triphosphate

BChl; bacteriochlorophyll

BGC; biosynthetic gene cluster

CDPS; cyclodipeptide synthase

Chl; chlorophyll

CLPP; cyclolavandulyl diphosphate

CPP; copalyl diphosphate

DKP; 2,5-diketopiperazine

DMAPP; dimethylallyl diphosphate

DMK; dimethylmenaquinone

FPP; farnesyl diphosphate

FMN; flavin mononucleotide

GA; gibberellins

GAPDH; glyceraldehyde-3-phosphate dehydrogenase

GFPP; geranylfarnesyl diphosphate
GGPP; geranylgeranyl diphosphate

GPP; geranyl diphosphate

HIF; hypoxia-induced factor

Hsp; heat shock protein

IL; interleukin

IPP; isopentenyl diphosphate

KG; ketoglutarate

LPP; linalyl diphosphate

MAPK; mitogen-activated protein kinase
MEP; methylerythritol phosphate

MIB; methylisoborneol

MIC; minimum inhibitory concentration
MK; menaquinone

MRSA; methicillin-resistant Staphylococcus aureus
MT; methyltransferase

MVA; mevalonate

NO; nitric oxide

NP; natural products

NPP; nerolidyl diphosphate

NRPS; non-ribosomal peptide synthetase
PABA; p-aminobenzoic acid

PCA; phenazinecarboxylic acid

PG; phosphoglycerate

PKC; protein kinase C

PKS; polyketide synthase

PNT; pentalenolactone

PQ; plastoquinone

PT; prenyltransferase

PTM; platensimycin

PTN; platencin

RiPP; ribosomally-synthesized and posttranslationally-modified peptide
ROS; reactive oxygen species

RQ; rhodoquinone

SAM; S-adenosylmethionine

SAR; structure-activity relationship
SARS—CoV2; severe acute respiratory syndrome—coronavirus 2
THF; tetrahydrofuran

THN; 1,3,6,8-tetrahydroxynaphthalene
TIM; triosephosphate isomerase

TNF; tumor necrosis factor

TQ; tocopherolquinone

TRX; thioredoxin

TS; terpene synthase

VHPO; vanadium-dependent haloperoxidases
VOC; volatile organic compound

VRE; vancomycin-resistant Enterococci
WT; wild-type
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2.1

Terpenoids

Hemiterpenoids
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2.2 Monoterpenoids

4 5 6
HO™
OH
OH
8 9 10 "
12 13

7 OH
2
23
OH
P
HO™ N F =
24 25 26
OH
OH
27 29 30
28
HO
HO OH
31 32 33

S6



23.1 Sesquiterpenoids: Simple sesquiterpenoids

= = =
HO
34
OH
2
(@) 1
HO X 5 OH
1 10
37

OH

HO
38

36
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2.3.2 Sesquiterpenoids: Cadinanes

39 40

41

H H H
H H

4 49

57 (R = H, R, = OH)

47 8 50 51
y |,OH u |,OH
0
R R
H H
OH
55 (R; = R, = H) 58 (R = H) 60 (R = H) 62
56 (R; = OH, R, = H) 59 (R = OH) 61 (R = OH)
H
H H H H
67 68 69 70 71
OH H
HO ! '
H H
72 73 74 75 76

63

53

64 (R = H)
65 (R = OH)




233 Sesquiterpenoids: Eudesmanes

;

oM
86 (R=H) 88 (R=H)
87 (R = OH) 89 (R = OH)

COOH

105

104

97

98 (Ry = H, Ry = OH)
99 (R1 = R2 = OH)

100 (R; = OOH, R, = OH)
101 (Ry = OOH, R, = H)
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234 Sesquiterpenoids: Germacranes

S GO 6% 59

106 107

/KOH OH

115 116

108

Rs
Ri,.
_ 11
R.
2 Re
109 110 111 (R; =Ry = Ry = H, Ry = OH)

112 (Ry =R, = OH, Ry = Ry = H)
113(R1 =R3=H,R2=R4=OH)
114 (Ry =R, = H, Ry = R, = OH)

17 118 119 120
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235

Sesquiterpenoids: Geosmins

OH

121 (R = H)
129 (R = OH)

OH

131

OH

122 123 124

Ry Rs
R R4
R 7
® i OH
132 (R; = OH, Ry = Ry = H) 135 (R;=R3=R; = OH, Ry =Rs=H )
133(R1=R3=H,R2=OH) 136(R1=R3=R4=H,R2=R5=0H)

134 (Ry = Ry = OH, R, = H)

125

137

126 (R = H)
130 (R = OH)

138

127/128
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2.3.6

Sesquiterpenoids:

146

Pentalenolactones

Ry

H

140 (R; = R, = H)
144 (R, = OH, R, = COOH)

OH

OH
COOH

R/lu._

o}

153 (R = Cl)
154 (R = OH)

(o)

143 (R = H)
149 (R = OH)
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2.3.7 Sesquiterpenoids: Zizaanes

COOH

Q/I\IH
155 156 157 (R = H) 159 160 161 162

158 (R = OH)
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2.3.8 Sesquiterpenoids: Miscellaneous polycyclic sesquiterpenoids

H
163 167 168
166
H
@ HO““
169 170 171 172 173 174 175
:OH
176 177 178 179 180 (R; = Ry = Ry = H) 184 185 (R; = OH, Ry = H)
181 (R1= OH, R2 = R3 = H) 186 (R; = H, R, = OH)

182 (R; = R3 = H, R, = OH)
183 (R; = R, = H, Ry = OH)

190 191
187 188 189
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24.1 Diterpenoids: Basilicardins, phenalinolactones, and tiancilactones

HO

o 192 (R = OCHj) 194 (R = OCH3) 196 (R = OCH3)
193 (R = H) 195 (R = H) 197 (R = H)

200 (R; = OH, R; = CH,OCHz) R cl
201 (R =H, Ry = CHy) 202 (R = Cl) 205 (R = H)
203 (R = H) 206 (R = CH;)
~ ~

o HN— 0 HN—

Cl Cl
207 208

210 (R=H)
211 (R = OH)

S15



2.4.2 Diterpenoids: Cyclooctatins

214 (R; = Rg = OH, Ry =Ry = R, = Rs = H) 221 222
215(R1=R3=R6=OH,R2=R4=R5=H)

216 (R; = R, = Rg = OH, Ry = Ry = Rs = H)

217(R1=R4=R6=OH,R2=R3=R5=H)

218 (R; =R, = Rs = Rg = OH, Ry = Ry = H)

219(R1=R2=R3=R4=R5=R5=H)

220 (R; =R, =Ry = Ry = Rs = H, Rg = OH)
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24.3 Diterpenoids: Cyslabdans

226 (Ry=R,=Ry=R,=H) 231 232
227 (R1 = R2 = R4 =H, R3 = OH)
228 (R;=R,=Ry=H, Ry = CH3)
229 (R; = OH, Ry = Ry = R, = H)
230 (R =R3 =R, = H, R, = OH)
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24.4 Diterpenoids: Gibberellins

H , COOH Hood M1 coon COOH
233 (R, = H, R, = Ry = OH) 239 (R; = R, = H, Ry = CH3) 245 (R = OH) 247 248
234 (Ry = R3 = H, R, = OH) 240 (R; = H, R, = OH, Ry = CHO) 246 (R = H)
235 (R1 =R2=R3=H) 241 (R1 =R2=H,R3=CHO)
236 (R = R, = H, Ry = OH) 242 (R = OH, R, = H, Ry = CHO)
237 (Ry = R, = Ry = OH) 243 (R = H, R, = OH, Ry = CH,0H)
238 (R = R, = OH, Ry = H) 244 (R = H, R, = OH, Ry = CHa)
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2.4.5 Diterpenoids: Oxaloterpins

249 (R = OH) 251
250 (R=H) 252 (R = OH, R, = Ac) 256
253 (R1 =OH, RZ = CHQCHon)
254 (Ry = OH, R, = H)
255 (R =R, = H)
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2.4.6.1 Diterpenoids: Platensimycin
5 _OH
o]
o
1 ﬂ Lt
R  OH 10
o]

16
265 (R = OH)
268 (R = NH,)
278 (R = SH)
280 (R = OCHj)

OH
o} 0]

R,
)J\/z \‘/“ Rs
R,00C N
H

OH |
o Rs

Rs

283 (R, =Ry = Ry = Rs = H, R, = OH)
284 (Ry = CHy, Ry = Ry = Rs = H, Ry = OH)
285 (Rq =Ry = Ry = Rs = H, R; = OH)
286 (R = CHy, Ry = R, = Rs = H, R3 = OH)
287 (Ry=R3 =R, = Rs = H, Ry, = OH)
288 (Ry = CHy, Ry = OH, Ry = Ry = Rg = H)
289 (Ry = Ry = Ry = Ry = H, Rg = OH)
290 (R1 = CH3, R2 = R3= R4= H, R5= OH)

ROOC 0]
HoN

267 (R = H)
308 (R = CHy)

OH OH
Y@[ : ° Ji;[ 0 O
o
N H N
H | H I
HN_ O OH
hig o o
o}
269 270
OH

OH
0 0
R,00C N ROOC N
H H
OH Rz OH
o} HO

OH
291 (R; = H, R, = OH)
292 (R = CH;, R, = OH) 293 (R = H)
294 (R = CHy)

(0]

H
(0] (0]
HOOC N
H
0 s

(o} (0] (e} HOOC o}

R,0 N N
| H H

o R o

303 (Ry = H, Ry = H) 307
304 (Ry = CHj, Ry = H)

305 (Ry = H, R, = OH)

306 (R = Me, R, = OH)

OGlc

@ PR P
ROOC N
H |
OH
(o]

271 (R=H)
272 (R = CHy)

OH

Glc= HO 0
HO
OH

OH
(0] O
N
H |
O OH
(o]
302
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2.4.6.2 Diterpenoids: Platencin

R,00C

i

299 (R; = R, = H)
300 (R; = H, R, = OH)
301 (Ry = CHj, R, = OH)

(0] [¢]
HO/A\E/A\O
OH
315

COCOH

OGlc
[¢]
HOOC N
H
OH
273
o} (0]

281 (R; = H, R, = OH
282 (R; = OH, Ry = H

o

O/ﬂ\\ o}

I4
@ |

316 (4S)
317 (4R)
NH,
o)
HoOC,,
O _NH

OGlc
(0] (0] (0]
o, /ﬂ\\//A\J/Jl Ro
N
H ;
Ry OH
R3
274 (R1=0OH,R;=H, R3 =H)
275 (R; = OH, R, = OH, R3 = H)
276 (R; = OH, R, = H, R3 = OH)
277 (Rq = SCH3, R, = OH, R3 = H)
HOOC (o} (0]
R
HoN 1
2 \ﬂ//\\//L\N
H l
o

309 (R =R, = H)
310 (R; = OH, R, = H)
311 (R; = H, R, = OH)

OH
[¢] (¢]
/H\E?A\l/ﬂf%
R,00C N
H l
OH
R4
295 (R, =R, =R, = H, Ry = OH)
296 (R; = CHy, Ry = Ry = H, Ry = OH)
297 (Ry = Ry = Ry = H, Rp = OH)
298 (R =R, = R = H, R, = OH)

(o} 0}

OH

Gle= HO O
Ho
OH
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2.4.7 Diterpenoids: Terpentecins

R

322 (R = H)
323 (R = OH)

322 — hemiacetal form

HO

HO

325
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24.8 Diterpenoids: Miscellaneous diterpenoids

Hy

326 327 328 329

HO' : R4

331 (R; = H, R, = CHy)

332 (R1 =OH, R2 = CH3)
333 (Ry = H, Ry = CH,OH)
334 (R4 = OH, R, = CH,OH)
335 (R; = OH, R, = CHO)

339 (R=H)
340 (R = Ac)

341 342 343 344 345

HOOC

COOH

346 347 (R=H)
348 (R = OH)
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2.4.9 Diterpenoids: Heterologously expressed diterpenoids

HO
H ‘ i H
349 350

i \/§ ’g

351

=
N A N A 7 N A
=
356 357 358 359
355
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2.5

Sesterterpenoids

368

365

361

369

374

366

370

362

COOH

367

371 372
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2.6.1 Triterpenoids: Sterols

375

376 (R= H) 377 (R=H) 380 381
378 (R = CHy) 379 (R = CHy)
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2.6.1 Triterpenoids: Hopanoids

382 383 384 (R=H)
385 (R = CHy)

386 387 (R=H)
388 (R = CHj)

395 (R = H)
304 396 (R = OH)
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2.6.2 Triterpenoids: Miscellaneous triterpenoids

1,

398

401
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Sesquarterpenoids

413

415

417

408 (A16'17) 411 412
409 (A1733)
410 (A1516)
N
414
X N
OH
N
AN
416
18
N
o
418
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2.8.1 Tetraterpenoids: Carotenoids

AT VS T T VSN SN
420
o
OH
SN N O
SN N N
421 HO
0
o] 422
HO
OH
NN P Ho N
o) 423
o
424
(@]
HO&@LO NN AR A
HO XXX X

425

S30



2.8.2 Tetraterpenoids: Other carotenoids

428
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Tetraterpenoids: Norcarotenoids

WWWW&W

429(n—1) 430 n—1)
431 (n=2) 432 (n=2)
435 (n =6)
437 (R=H) 439 (R = CHO) 441
438 (R OH) 440(R = CH,OH)
0 0 o) o)
x N N
— o MOH MOH
o
o o
447 O s O a9 450 451
<o /\)\/\/%\/\M
: o) OH
o N
A\
N OH 453 455 oL
o)
A\
452 N o

454

S32



3.1 Aminocoumarins

468 (R = OH)
469 (R = H)

OH

OH

= R5 = Rs = CH3, RZ = R3 =H, R4 = CONHz)

= Rg = CHg, Ry = R3 = Rs = H, R4 = CONH,)

= R2 = R3 =H, R5 = Rs = CH3, R4 = CONHz)
=Rs = CHj, R, = Ry = Rg = H, R, = CONH,)
=R5=R6=CH3, R2=R3=R4=H)

=Rg = CHj, Ry =Ry =Ry = R = H)

= R5 = Rﬁ = CH3, R2 = OH, R3 =H, R4 = CONHz)
=Rg = CHs, R, = OH, R3 = Rg = H, Ry = CONH,)
=R6=CH3,R2=OH, R3=R4=R5=H)

=Rs = Rg = CH3, R, = Ry = H, Ry = CONH,)

457 (R = Cl)
466 101 (R = H)

HO

470 (R = H)
471 (R = OH)

472
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3.2 Benzastatins

NH
2 Rs
R
! X X
(6]
R, R4
474 (R, = OH, R, = Cl, Ry = CHy) 475 (R; = NHy, Ry = OCHj, Ry = CHg, Ry = H) 479 (R; = NH,, Ry = OH, Ry = CH,OCHj, Ry = CH3)
477 (Ry = NH,, R,=Cl, R3 = CH3) 476 (Ry = NHy, Ry = R, = H, R3 = CH3) 480 (R; = NH,, Ry = OH, Ry = R, = CHj)
478 (R1=NH2, R2=OH, R3 = CH3) 482 (R1 = NH2, R2 = R4 =H, R3 = CHon) 481 (R1 = NHZ, R2 = OH, R3 = CH3, R4 = H)
486 (R; = R, = OH, Ry = CHjy) 483 (R; = NH,, R, = H, Ry = CHa, Ry = OH) 484 (R, = OH, R, = OH, R3 = CH3, Ry = H)
488 (R1 =OH, Ry, =erg, Rz = CH3) 496 (R-] =OH, R, =R3=Ry= H) 485 (R1 =Ry = OH, R3 = CH2OCH3, R4 = CH3)
489 (R; = NH-HCP, R, = OH, Ry = CH3) 497 (Ry = OH, Ry = Ry = H, R3 = CHy) 487 (R, = OH, R, = Cl, Ry = CH,OCHj, Ry = CHjy)
494 (R1 =0OH, R2 =Cl, R3 = H) 498 (R1 = R2 =OH, R3 = CH3, R4 = H) 490 (R1 = NH-HCP, R2 =OH, R3 = CHzoCHg,, R4 = CH3)
495 (R, = R, = OH, Ry = H) 499 (R; = R, = OH, Ry = R, = CH3)
HO
OCH; . -OCHs ! erg =
N P N
A 10
R OH
OH / 0
HOOC Cl HOOC R HOOC 9 N HOOC
HCP =
491 492 (R = Cl) 500 (R = H) 502
493 (R = OCHs) 501 K (R = CHa) OH
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3.3.1 Indoles: Simple Indoles

H
COOH
C| e
NH, 4 3
. A\ A\ A\ A\
N N N N
-~ H = H H H
503 504 505

.o

IZ

506 507 (
508(R cn
N —OH /
)“(IC M@EC )WCEC )
N
-~ H
510 511 514 515
N N N
HO
A\ A\ OH N
= N OH N N
H H HO H
516 517 519
COOH COOH COOH oH
/"o
0
/ N
H
0
N
=~ H
526 527

530
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3.3.2.1 Indoles: Hapalindole-like indole alkaloids group 1

Group 1

Ry

531 (R; = NC, R, = Cl)
532 (R; =NCS, R, = Cl)
533 (R; = NC, R, = H)

534 (R; = NCS, R, = H)
535 (R, = NCS, R, = OH)
536 (R; = NHCHO, R, = Cl)
537 (R; = NHCHO, R, = H)

Cl

N
N
H

545 (R = Cl)
546 (R = H)

553 (R, = Cl, R, = NC)
554 (R = Cl, R, = NCS)
555 (R; = H, R, = NCS)

557 (R = H)
558 (R = OH)

542 (R = Cl)
543 (R = H)

559

560 (R = Cl)
561 (R = H)
562 (R = OH)

Cl

.....A\o

“'NC

N
N
H

551/552
(epimers not determined)
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3.3.2.2 Indoles: Hapalindole-like indole alkaloids groups 2-5
Group 2

563 (R; = NC, R, = H) 567 (R; = NC, R, = H)
564 (R, = NCS, R, = H) 568 (R; = NCS, R, = H)
565 (R; = NC, R, = Cl) 569 (R; = NC, R, = Cl)
566 (R; = NCS, R, = Cl) 570 (R, = NCS, R, = Cl)

Group 5

579 (R = Cl)
580 (R = H)

587 (R = Cl)
588 (R = H)

581 (R = Cl)
582 (R = H)

589 (R = Cl)
590 (R = H)

Group 3

573 (R = Cl)
574 (R = H)
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3.3.2.3 Indoles: Hapalindole-like indole alkaloids groups 6-9
Group 6

Group 7

594 595 (R, = NC, R, = Cl) 604 (R = H)
596 (R; = NC, R; = H) 605 (R = CHy)
597 (R, = NCS, R, = H)

598 (R, = Cl, R, = NC) 601 (R =Cl) 607 (R, = CHa, R, = NG, Ry = H)
599 (R = Cl, R, = CN) 602 (R = H) 608 (R, = H, R, = NCS, Ry = H)
600 (Ry =H,Rp =CN) 609 (Ry = CHy, R, = NCS, R = H)

610 (R1 = CH3, R2 =NC, R3 = OH)
611 (R4 = CH3, R, = NCS, Ry = OH)
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3.3.3.1 Indoles: Xiamycin monomers

613 (R =Ry =Ry =R, = H) 615 (R = H) 620
614 (R; =R, =Ry = H, R; = CH3) 616 (R = OH)

617 (R; = Ry = R, = H, Ry = OH)

618(R1=R3=R4=H,R =OH)

619 (R; = Rz = H, R, = OH, Ry = CH3)

621 (R1 =Cl, R2 = R3 = R4 = H)

622

623
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3.3.3.2 Indoles: Xiamycin dimers

625 626

HO 627 628 OH 629
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334 Indoles: Miscellaneous polycyclic indoles

638 639
633 (R = OH) 636 (R = H)
634 (R = H) 637 (R = OH)
635 (R = OCHs)
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34 Nucleobases and nucleosides

A Lﬁ? O

640 (R; =R, = Ry = H) 643 644
641 (R; = OH, R, = Ry =H)

642 (R = R; = H, R, =OH)

645 (R; = OH, R, = H, Ry = SCH3)

Ry HO HO

NN NN NN NN
By > L. 2 P LD

Ry N N N N
o o o o
HO HO HO
HO  Rs HO  OH HO ~ OH HO  OH

646 (R = R, = R3 = H, R, = OH) 652 653 654
647 (Ry = OH, R, = Ry = H)
648 (Rq = R3 = H, R, = Ry = OH)
649 (R, = Ry =Ry = H, R, = OH)
650 (Ry =R, =H, Ry =SCHj) o
651 (Rq = OH, R, = H, Ry = SCH3)

NH
o
O
NS NS
Wﬁd
HO  OH
659
N N\> Q
|
LA NH

HO OH

Ho )\/\/k/\ °
X N oAd

655 (R =H) HO
656 (R = OH) 661

N
LY
N N
o
HO
HO  OH
657

658

660

662
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3.5.1.1 Peptides: Ribosomal peptides: ComX

—

OH
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3.5.1.1 Peptides: Ribosomal peptides: Linear cyanobactins

0 o)
ety et J
N // N L( ; N // N \/ OI(
)Yg ° ° o ° N NN
o o o = 7 N
NH o] \(\/ = o)
/>< s” NN

670 = 671 672

st K
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3.5.1.1 Peptides: Ribosomal peptides: Cyclic cyanobactins

HN

678

684 (R = H)
685 (R = COCHj)

S45



3.5.2 Nonribosomal peptides

686 (R = OH, R, = CH3, R3 = epoxy-r-prenyl 690 (R1 = NO,, R, = CHj3, R3 = r-prenyl)

687 (Rq = H, R, = CH3, R3 = epoxy-r-prenyl) 691 (Rq = NO,, R, = CH3, R3 = epoxy-r-prenyl)
688 (R1 = OH, Ry = CH3, R3 = r-prenyl) 699 (R1 H, Ry = CH3, R3 = r-prenyl)

689 (Rq = OH, Ry = H, Rz = r-prenyl) 701 (R1 = NO,, Ry = H, Rz = epoxy-r-prenyl)

e Q s
08

%3
o

JeRe " R %¢ |
o

694 (32S, Ry = COOH, R, = epoxy-r-prenyl) 702 (R = OH)
696 (32S, Ry = CH,0H, R, = epoxy-r-prenyl) 704 (R = Cl)
697 (32R, Ry = CH,0H, R, = epoxy-r-prenyl)
698 (32S, Ry = CH,0H, R, = r-prenyl)

(Rq

700 = CH(OCH3),, R, = epoxy-r-prenyl)

692 (R = 0-OH, R, = epoxy-r-prenyl)
693 (R4 = f-OH, R, = epoxy-r-prenyl)
695 (R1 = a-OH, R, = r-prenyl)

r-prenyl =

OH
epoxy-r-prenyl = ’j\/
(6)
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3.5.2 Nonribosomal peptides

0505~
- HN_ O
0550
N_ RN
X 0,80 SN TN \H/ \/ﬁ/
NH
NH, — > Yo + 2
H H
705
0505~
- HN_ O
0580
N NH
BN 0,80 SN N 2

N
H H
706
00,4~
- HN_ _O
0380
oH N_ R
0,80 SN TN VY
. N NH
NH, -~ o 2
NS N)J\N/\/
H H
707

| H,N_ _NH
0S0,~ 0S80~ N% 2 \f 2
OMNW
- o
0550
708
| +
H,N_ _NH
0805~ 0s0,~ NY 2 \f 2
O\[(K/\/NA(
- o}
0550
709
| H,N_ _NH
_ N, 2 2
0s0 0S0;~ N7
s s ' \f
- o}
0550
710
| +
_ ~,) .~ HaN NH,
0s0 0S0;~ NT
8 ®H \!4
NMNW
X
_ \D)\r I
0580
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3.5.3 Nonribosomal peptides: Teleocidins

14
R, 13 o
>N ~"SoR,

ZT

712 (Ry = H, Ry = Ry = CH3) 713 (R = H) 714 (R = H) 715 716 (R = H)
731 (R; = H, R, = CHa, R3 = COOH) 740 (R = Ac) 719 (R = CH3) 741 (R = Ac)
737 (Ry = Ry = H, Ry = CH3)

739 (Ry = Ry = Ry = CHj)

717 (Ry = H, Ry = CHg) 720 (R = CH3) 722
718 (Rq =R, = CHy) 721 (R =H) 724 (Ry = H, Ry = CH3)
736 (R =Ry = H) 726 (Ry = Ry = CHjy)

738 (R; = CH3, R, =H)

725 727 728 OH 729 730
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3.53

Nonribosomal peptides: Teleocidins

732

733 (R = CHy)

735
734 (R=H)
o OH
OH :
HOL _~_ LOH
: Y
NGNS
o |
OH
OH
742

743
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3.5.4 Diketopiperazines

N
H
. N:/l/
J/i 747 (R=H)
’ 746 o)
o= W 748 (R = CHy,
R OH 749
744 (R = CHy)
745 (R =H)

751 752 753 754 (R; = H, R, = CHy)
755 (Ry= Ry = H)
756 (R; = CHO, R, = CH3)

757 (Rq = H, Ry = CH(CHa)y) 759 760 (R = H)
758 (R = Ry = CHy) 761 (R = CHO)
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3.6 Phenazines

ZT

COOR; HoOC COOH COOH
! N 9 Ny N
N N
5_
N 7 N N o} N (o)

762 (R1 =Ry =H) 763
766 (R = H, R, = OH)

780 (R4 = 6-deoxy-a-L-talopyranose, R, = H)

781 (R4 = L-rhamnose, R, = OH)

782 (R4 = 2’-O-methyl-L-rhamnose, R, = OH)

R4 Ra

1 N 9

IO
N

770 (Ry= COOH, R, = H) 772
771 (Ry = H, R, = COOH)

774 (R = H) 776 777 Ry
775 (R = COOH) 778 (R,
779 (R
784 (R,
785 (R,
786 (R,

764

R

765 (R = H)
767 (R = OH)

HOOC

773

R4 Ry

ZI

= COOH, R, = CgH5CO—, R3 = R4 = H)

= COOH, R, = R3 = CgH5CO—, Ry = H)

= CONH,, R; = R3 = CgH5CO—, R4 = H)

= COO-L-rhamnose, Ry = R4 = H, Rz = CgH5CO-)

= COO-L-rhamnose, R, = H, R3 = CgH5CO—, R4 = DMA)
= COO-L-rhamnose, R; = R3 = H, R4 = DMA)

OR

=

COOH O
N
N
7
N

768 (R=H)
783 (R = L-rhamnose)

6-deoxy-a-L-talopyranose =

L-rhamnose =

DMA =

ZT
o

HOOC

769
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3.6 Phenazines

OH OH R OH
N N N N
NS — ~ NS
l}l N N N
R O OH OH Ry OH
787 (R =H) | | |
789 (R = DMA)
788 790 (R4 = Ry = OCHj3) 794
791 (R; = OCHjg, R, = OH) |
792 (R, = R, = OH)
793 (R; = OH, R, = H)
o)
M M /\)\/VK N 1
7 = 7 = = AN 2
o o o Q¢

=
N N N
’ ’ ’
N N D ©;+
N N N |
OR OH O OH
795 (R = H) 797 798

796 B (R = CHj)

OH
; () 5@ ) 5@ |
or : TU

799 (R = H) 803 804 805 806 807
801 (R = Cl)
802 (R = Br)
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3.7 Phenols
OH
R 2 — H

>

808 (R=H,n=4)

809 (R=H, n=09)

810 (R=H, n=10)
811 (R = OCHj, n = 10)

COOR
HO

NH

o

812 (R = H)
813 (R = CHy)

814
H,NOC _
OH
815
H,NOC
S
816

COOH

OH

COCH

819

821

OH

COOH

COOH

COCH

824

825

823
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3.7 Phenols

COOH

HO™
826 828 (Rq = OH, Ry = H) 831 (R = CH,0H)
829 (Rq =Ry = H) 832 (R = CHO)
830 (R = R, = OH) 833 (R = COOH)

COOH COOH

OCHj
834 835 COOH
HO O
HO
OH

OH
Pz P — yZ P H
n
HO o
OH - OR
840 0o 841 (R=H) OH 843 (n=3)
842 (R = CHj) 846 (n = 2)
H H
O ) M
7 7 Pz Pz
o) o)
844 845
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3.8.1 Polyketides: Flavonoids

HO o

847 848 849

R{O

850 (R; = R, = H) 853 (Ry = CHy, Ry = H)
851 (Rq = CHz, Ry = H) 854 (Ry = H, R, = CH3)
852 (R; = R, = CHy)
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3.8.2 Polyketides: Furaquinocins

855 (R; = R3 = OH, R, = H) 861 862 863 (R = OH)
856 (R; = R, = OH, Ry = H) 864 (R = NH,)
857 (R; = Ry = Ry = H)

858 (R; = OH, R, = Ry = H)

859 (R; = R; = H, R, = OH)

860 (R; = R, = Ry = OH)

865 866 867

O OH
(X’
H3CO OH
(0]
868 869 870 (R=H) 871 (R=H)

872 (R = OH) 873 (R = OH)
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3.8.3.1 Polyketides: Napyradiomycins type A
OH O

o}
880 881 882 (R = CHy) 883
888 (R = H)
OH O
HO ! ' S A
o}
886 (R = CHy) 889 890
887 (R = COOH)
OH O
9@ )
HO N N
o}

891

892
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3.8.3.2 Polyketides: Napyradiomycins type B

OH O

R3
874 (R; =H, Ry =Cl, R3 = CHj3) 875 (Ry=H,R,=Cl) 876 (R;=H,R,=Cl)
885 (R =R3=CHj;, R, =Cl) 877 (Ry=H, R, =Br) 910 (R4 = CH3, R, = Cl)
896 (R = Ry = CH3, R, = Br) 906 (R = CHs3, R, = Cl) 911 (R; = H, R, = Br)
897 (Rq =H, Ry =Br, R3 = CH3)
898 (Ry =H, R, = Cl, R3 = CH,OH)
899 (R =H, R, =Cl, R3 = CHO)
OH O
o
R (6]
(0]
(0]
900 (R=H) 901 902 (R = OH)
884 (R = CHj3) 903 (R = OCHj3)

o
909 916 (R; = CHz, Ry = p-Cl) 921 (R=Cl)
917 (Rq = H, Ry = a-OH) 922 (R = Br)
918 (R1 = H, R2 = p-Cl)
919 (R = H, Ry = a-Cl)

893 (R; = OH, R, = H) 895 (R; =H, R, =Ry =R, = Cl)
894 (R; = H, R, = OH) 907 (R = CHy, Ry = R = Ry = Cl)
912 (Ry = CHy, R, = H, Ry = R, = Cl)

(
E
913 (R; = CHy, R, = Cl, Ry = Ry = Br)
914 (R;=R,=H, Ry =R, = Cl)

(

o
| 908 (R = CHs)
920 (R = H)
904 (R = p-Cl)
905 (R = ¢-OH)
o
0

923 931
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3.8.3.3 Polyketides: Napyradiomycins type C

878 879 (R = Cl)
927 (R = OH)

HO™

926 928 (R = p-Cl) 930
929 (R = 0-OH)
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3.8.4

Polyketides: Naphterpins

932 (R1 = CH3, R2 = R3 = R4 = H)

935 (Ry = CHy, Ry = R, = H, Ry = OH)
936 (R1 = CH3, R, =R4=H,R3= OAC)

937 (R; =Ry =Ry = Ry = H)
938(R1=R3=R4=H, R2=OH)
939 (Ry = R, = H, R, = Ry = OH)
940(R1=H, R2=R3=R4=OH)

948 (R, = H, R, = Br)
949 (R = Br, Ry = H)
950 (R = R, = H)

944 (R = CH,CH3)
945 (R = CHy)

OR

951 (R = H)
952 (R = CHy)

OH

OH
(o}
HO
(6]

OH O

R

941 (R = H)
942 (R = OH)
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3.8.5 Polyketides: Merochlorins

OH O
Cl

OH
HO

953 955 956 957 (14S)

958 (14R)

954

959
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3.8.6 Polyketides: Miscellaneous polyketides

OH © OH ©
\
I I G Seae
o OCH; HO OH
o o}
960 961

962 963
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3.9 Pyrroles

R,00C
964 (R; = H, Ry = H) 967 (R = H) 968 (R = CH3)

965 (R; = CH3, R, = NHCOCH,) 969 (R = CH,0H) 971 (R = CH,0H)
970 (R = CHO) 972 (R = CHO)

973 974

N N
H 976 H 977
HO o
—
S "
N N OoN N
H 978 H 979 H 980
OH
OR o
—
OH
O,N
2 N /N OH
H 0NNy
981 (R = CHj) H 984
982 (R = H)

983
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3.10 Quinolines

o}
A~ P
N
R
987 (R, = OH, R, = H) 997 (R = H)
988 (R, = R, = H) 998 (R = OH)

985 (R = H)
1000 (R = OH)

996 (R; = R, = OH)

HNA N
I_
989 & 990

o}
- -
— — —

o} o OCH,
992 (R = H) _ _
993 (R = OCHj3) N A X

+ 2 + 2 + 2

i i i

994 o 995 o 999

1001 (Rq =Rz =H, R; = CHg) 1007 1008
1002 (R; = Ry = CHg, Ry = H)
1003 (R; = CH,SCHy, Ry = CHg, R3 = H)
1004 (R = R, = Rs = H)
1005 (R; = CHg, Ry = Ry = H)
(Ry

= CHj;, Ry =H, R3 = OH)

o)
COOCH;

| X
N S S _
k N

N

N
Pl
0\
1009 1011 1012
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3.11.1 Quinones: Benzoquinones

o
HO
H  HsCO
HoN "3
o

1013 (n = 1-12) 1014(n— 9, 10) 1015 1016 1017

HO

0 1018 OH 1019 1020 1021
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3.11.2 Quinones: Naphthoquinones

o
= H H
SE R 3
R
0
1022 (R = CHg, n = 1-14) 1024 1025

1023 (R=H, n = 1-9)

1026 1027

1028
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3.12.1 Miscellaneous: Dibenzodiazepinones

HO

1029
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3.12.2 Miscellaneous: Flavins

1030 1031
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3.12.3

Miscellaneous: Phosphoglycolipids

1032

1034 (R4 = acpd, R, = H, R3 = D-glucose, R4 = OH, R5 = CH3)
1035 (R¢ = acpd, R; = R4 = H, R3 = D-glucose, Rs = OH)
1036 (R4 = acpd, R, = R3 = R4 = H, R5 = OH)

1037 (R4 = acpd, R, = R3 = H, R4 = OH, R5 = CH3)

(
2
1038 (R4 = acpd, R, = H, R3 = R4 = OH, R5 = CH3)

1039 (R; = R4 = OH, R; = H, R3 = D-glucose, R = CH3)
1040 (R¢ = NHy, R; = H, R3 = D-glucose, R4 = OH, R5 = CHj3)
1041 (R; = R3=R; = OH, R; = H, Rs = CH3)
1042 (R; = NHy, R, = H, R3 = R4 = OH, Rs = CHj3)
1043 (R = acpd, R, = R3 = R4 = OH, Rs = CH3)

OH
HO NH,

= COOH

1045

F

acpd =

D-glucose =

HO
HO

1033
o OH
Q\ HO
HO 0
HN Ho’ésvo an’ % NH,
OH HO o OH OH 2
o)
e} o) o] 0
o) o) o]
HO H&W >
H OH NHAc NHAc O o
p”
o) 07N
o b OH
oM
OH Y -
= Pz COOH
1044
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3.124

Miscellaneous: Saccharides

HO
0
OH
O of OH
: HO

“OH

HO

1046

1047

1048
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3.12.5 Miscellaneous: Chlorophylls

1049 (R = p) 1050 (R = p) 1051 (R = p) 1052 (R; = R, = CH3, Ry = ) 1055 (R = f)
1060 (R = pd) 1056 (R = gg) 1053 (R; = CHa, R, = H, Ry = f) 1059 (R = gg)
1057 (R = dhgg) 1054 (R; = CHO, R, = H, Ry = f)
1058 (R = thgg)

p
= = = =
99
_ : _ _
dhgg
thgg
pd = =
f = = %
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3.12.6 Miscellaneous: Hemes

0~ “OH HO” ~O

1061 (R = CHO)
1062 (R = CHa)
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