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The rubromycin family of natural products
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History and Background Biosynthesis of the Rubromycins

1953 : Brockmann and Renneberg isolated a novel red-colored dye from Streptomyces collinus,
which was named "rubromycin”.

The rubromycins are of polyketide origin, as shown by feeding experiments. However, the
actual post-PKS modification of the polyketide precursor to the spiroketal system has not
been fully elucidated.

Shortly after a second metabolite from this strain, called "collinomycin", was isolated.

(o) S-Enz

1966 : Treatment of "rubromycin” with refluxing pyridine transformed it to "collinomycin”, whereas
treatment with dilute HCI yielded another pigment, which was actually present in trace amount

from Streptomyces collinus. 0

PN

Me SCoA - .

"Collinomycin" was renamed o-rubromycin, "rubromycin" renamed B-rubromycin, and the third
pigment renamed y-rubromycin.

+ 12 Malonyl-CoA

to 1,4-quinone

)

1,2-quinone revised
Rubromycins - -

O B-rubromycin,
proposed by Brockmann et al. in 1966 l

OMe O B-rubromycin,
revised by Zeeck et al. in 2000

o OH (0] Fredericamycin A

Biological Activities
1970s : Purpuromycin and the griseorhodins were isolated. B- and y-Rubromycins : Inhibits growth of various bacteria and fungi at uM to nM concentrations,
also human telomerase and mammalian DNA-polymerase etc

Purpuromycin and griseorhodins : Human telomerase inhibitor at 3 to 12 uM

Heliquinomycin : Antitumor and antimicrobial, selective inhibitor of DNA helicases

1996 : Heliquinomycin was isolated from Streptomyces sp. MJ 929-SF2.

2000 : The structure of B-rubromycin was revised by Zeeck and co-workers.
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The First Spiroketal Model Study (Greul, Brockmann, Dissertation, Georg-August Universitat

Gottingen, 1971)

1. OMe
(o)
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16%, 2 steps
OMe
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BBF3

TEA‘ pyr -17°Ctort
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OMe

BBr3, CHQClz
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De Koning's Approach to the Spiroketal Core (de Koning et al., TL, 1998, 39, 5429-5432;

JCS, Perkin Trans. 1, 2000, 2681-2688)
Qe /\/\©/ m

CHO NH4OAc, AcOH, pw
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Brimble's Synthesis of 5,6-Spiroketal Model Compound (Brimble et al., OL, 2003, 5, 4425-
4427)
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Kozlowski's 1,3-Dipolar Cycloaddition Approach (Kozlowski et al., TL, 2006, 47, 5409-5413)
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2. p-TSOH, CHzClz
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ReiBig's Approach : Lithiated Methoxyallene as Acyl Anion Equivalent (Reipig et al., OL,

2006, 8, 4875-4878; Sorgel, Dissertation, Freie Universitat Berlin, 2006)

OMe
OB 1 — 1OMe
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CHO 2. aq. H,80,, THF, 0 °C
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76%, 3 steps
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z 50 °C
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=
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Pettus' [3+2] Approach aka. "Oxidative Enol(ate) Coupling" (Pettus et al., OL, 2006, 8, 2365-

2367)
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Danishefsky's Synthesis of Heliquinomycin and Heliquinomycinone (Danishefsky et al., E Isocoumarin Subunit Synthesis
ACIE, 2001, 40, 24, 4709-4713; 4713-4716) !
| 1. (0] o
Synthetic Strategy: ! II;
: (Me0),” OMe
oP oOP ! OMe ¢ 2 OMe O
OP O ' MeO OMe
PO . NaH MeO
. PO o ! o) o
/ L (T (T > ! 2. 3N H,S0, _
= CO,Me : OH 81%, 2 steps COMe
OP OP :
' 1.BBrg, CH,Cly, 1. xylene, 185 °C, 89%
v 98% o 2. SEMCI, DMAP, TEA, 86%
i 2. LHMDS, S 3. 0s04, NMO, 92%
| allyl bromide, CO,Me 4. NalOy, 95%
target E 84%
| SEMO (0]
. SEMO
! (0]
Model Study OHC = CO,Me
O BnO OH Failed Coupling Attempt
OMe OMe
SEMO o

MeO

AgOTf
NBS H,0 0 o O
_ = s .
47% THF 5
r
81%

OH OBn

(1:3 ratio of desired : undesired
isomers)

MeO O  sEmo o
Y/ Li + o ™ reaction
OHC 7

CO,Me
OMe OMe

Rationale?
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Danishefsky's Revised Strategy : Late Construction of Isocoumarin Subunit

OMe OMe

Using similar chemistry, the following intermediate was constructed:

1. Hy, Pd/C, 95%
2. TBAF, THF, 95%

3. DIAD, PPhj, CH,Cl,,
50%

ArLi

Li (o)
Addition O\) __________________________________________________________________________

P = OTBDPS :

! 1. TEA, MeOH, 1. DEAD,

! 45% PPhg

—————————————————————————————————————————————————————————————————————————— A — —_—
2. H,, Pd/C, 2. TBAF
94%
72%,
2 steps

1. 00y, pyr, THF/H,0

2. NaHSO;
50-60%

fo} OH OROH R = H; heliquinomycinone
R = L-cymarose; heliquinomycin
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Further Case Studies of Advanced Intermediates Spirocyclizations

Reipig's Spirocyclization Attempts (Reipig et al., Eur. JOC, 2006, 4405-4418, Synthesis, 2005,
3571-3580, OL, 2006, 8, 4875-4878)

OMe OMe

Model System 1

OMe

1. Hy, PA(OH),/C,
CgHyo, EtOH

OMe OMe OMe

2. aq. HCI, iPrOH,
50 °C

OMe OTES

ome OH

o) E
MeO l !

Model System 2 (Same Reaction Conditions)

OMe OMe OTES

CO,Me
R=H, 23%; R = iPr, 42% 2

1. H,, Ra-Ni

Real System (Same Reaction Conditions) 2. H,, Pd/C

OMe OMe

——» 7% of desired product

deficient isocoumarin moieties"

Kozlowski's Spirocyclization Attempts (Kozlowski et al., OL, 2006, 8, 3243-3246)

1. H,, Pd/C . o
no spirocyclization
product
2.H orLA
H+
no spirocyclization

product

46%

"It can be learned... that acid-promoted ketalizations of (the presented )
compounds... are indeed delicate but not impossible. Electronic compli-
cations are caused by both the electron-rich naphthalene and the electron-

- Reipig
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Kita's Synthesis of y-Rubromycin : Aromatic Pummerer-Type Approach (Kita et al., ACIE, Completion of the Total Synthesis
2007, 46, 7458-7461)
1. PhiICl,, Pb(SCN), MOMO OH
Model Study MOMO  OH then PhLi, THF, -78 °C,
Me  OTMS O O 52%
- 1. = 2. CICO,Me, DIPEA
MeO OCO,Me
O<¢pn Me  OMe MeO oH  henticPBA ..

then Tf,0, 2,4,6-collidine

0CO,Me 0
+ .
OO 2. iPr,NH

Mechanism?
OH
SPh
OH o
1. MCPBA
2. Tf,0 O ‘ oO0
R ———

o (o) Mechanism?

O L
+ 27% side product (identity ?)

Synthesis of 2-Methylenechroman Fragment

OMe
HO 1. Ac,0, reflux fo}

OMe

2. Tebbe reagent, THF

HO,C Br
2 71%, 2 steps Br

. OMe
Dimethyl malonate, LTMP
. o Cco,Me
THF, -78 °C
cOo,Me
45%

C02M9

C02Me MeO OMOM MeO
COzMe
e
(Model Study Conditions) PhS O

39% OCO,Me
MeO CO,Me
(Model Study o CO,Me
Conditions) MeO oo O
B —E
OH O
MeO CO,Me 1. PhsPCHCN, EDCI, DMAP, 46%

2. DMDO, MeOH, 0 °C, 56%
3. BBrg, 65%

CO,H
_O o4

C02M9
MeO oo
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Summary Useful Reviews
Synthetic Approaches The rubromycins: Reiig, Eur. JOC., 2007, 3801-3814

Advances in Pummerer methodology: Feldman, Tetrahedron, 2006, 62, 5003-5034
Benzannulation technology: Katritzky, Tetrahedron, 1999, 55, 8263-8293
Serra, Chem. Eur. J, 2007,

- The loss of 2 carbons in the post-PKS modification still not clearly understood

- Electron-rich naphthalene and electron-deficient isocoumarin moieties as complicating factors in
total synthesis efforts

- The griseorhodins: efficient installations of the additional hydroxyl groups?

- The need for enantioselective synthesis
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