Lawrence Berkeley National Laboratory
Recent Work

Title
RIFAMYCINS AS INHIBITORS OF NUCLEOTIDE POLYMERASE FUNCTIONS

Permalink
https://escholarship.org/uc/item/9wf8x9s0

Author
Tischler, Allan N.

Publication Date
1974-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9wf8x9s0
https://escholarship.org
http://www.cdlib.org/

T LBL-3027
memce L amATORY r‘a/

RIFAMYCINS AS INHIBITORS OF

NUCLEOTIDE POLYMERASE FUNCTIONS

Allan N. Tischler
(Ph.D. Thesis)

May 1974

Prepared for the U. S. Atomic Energy Commission

under Contract W-7405-ENG -48

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

20¢-14dT

9

A



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



P L S

Dedication

To_my parents - who got me started.

To mz wife - who keeps me going.

»



-iii-

Contents

“Abstract.
Introduction
_PART.I: - REVERSE TRANSCRIPTION
A. Introduction .,
B The ROP Assay
c. 'Detergehts.and Rifamycin Inhibition
D. ’Experimental. |
PART II: SYNTHESIS OF RIFAMYCIN DERIVATIVES
A.  Introduction
B. Spin Labe]ed Rifamycins
- C.  Dimers |
D. R1fazacyc10 -16 and R1fazab1cyclo 9
E. ’R1fazacyc]o and R1fazone Series
F.. DMB Series
G. Lipophilicity
Experimenta] Section
PART IiI:v RIFAMYCIN INHIBITION OF NUCLEOTIDE POLYMERASES
A: Introduction
B. RDP Inhibition
C} “Inhibition Spec1f1c1ty
D.

Exper1mental

18

18

.22

23
27

29
31
37
39
44
49
57
63

78
79

84

90



-iv-

Contents (cont.) ;

PART IV: ATTEMPTED PURIFICATION OF RDP BY AFFINITY
CHROMATOGRAPHY
A.  Introduction
B. Synthesis and Use of Rifamycin Affinity Columns

C. Experimental

References

Acknowledgements

APPENDIX A: Detergent Effects on Three Nucleotide

Polymerase Activities

APPENDIX B: Preferential Inhibition of the Growth of
Virus-transformed Cells in Culture by Rifazone-82,

A New Rifamycin Derivative

APPENDIX C: Abbreviations

91
91
92

97

100
109

111

121

144




«3

. =V-
RIFAMYCINS AS INHIBITORS OF
'NUCLEOTiDEIPOLYMERASE'FUNCTIONSf:f

Allan N. Tischler
Department of Chemistry
_ - -and :
Laboratory of Chemical B1odynam1cs
Lawrence Berkeley Laboratory -
“University of California
Berkeley, California

May 1974

ABSTRACT

» SEVeral new rifamycin‘derivatives have beennsynthesized énd'
teSted as iphfbitOrs_of an RNA-instructed DNA'polymerase’(RDP) -
function in an effort to determine the effect of;rifamycin struc;
tUre'op:RDPiinhibition and the effect of rifamycin'structUre on
RDP inhibttoky specificity. It'wastfound in general that RDP
inhibition is favored by 1ipophilic-tai1§ bound to the 3-position
of rifam&cin SV. It was also found that RDP‘inhibitorytspecifieity,

compared with E E. coli DNA-directed DNA po]ymerase 1, is favqred by

Tipophilic acyclic rifamycin derivatives. Lipophilicity was
measured by a reversed phase thin 1ayer-chr0mat6gpaphic techhique.

A few attempts were made to purify RDP fromeaéce11u1ar

_ source’(transformed UC]—B-ce]]s) by affinity cdluhns,to.which .

rlfamyc1n der1vat1ves had been covalently bound. It was . fOund
that RDP act1v1ty could be effect1ve]y held up by the co]umns but
in the few attempts made, the RDP was not e]uted from the co]umns,

One of the rifamycin derivatives prepared;inithis program,

’rifazone—82, aside from being a potent and specjfie inhibitor of N
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RDP, was found to be a potent inhibitor of focﬁé'formation in
chick.fibroblast monolayers infected with Roué’saréoma virus.
A large part of this phenomen&n has been attributed to 5 pro-
vnouncéd toxicity of this derivative to transformed cells. The
derivative was found to be nontoxic to normal chick cells at
similar concentrations.

Nonionic detergents were found to stabiTize,RDP activity
under assay conditions. The same effect was hqted with two other
polymerase enzymes. vThis effect was not found.to.be generalized

with enzymes other than polymerases.



INTRODUCTION

The now familiar class of antibiotics, the rifamycins, was first.
discovered in 1957 by Sensi and coworkers from the fermentation products

of Streptdhyces-mediterranei.] One of the first compounds isolated

from the ferméntation broth, rifamycin B,/exhibitéd little antibacterial
activity. However, it was soon noted that rifamytin B in solution, was
readily air oxidized to give rifamycin 0, which in.tUrn was hydrolyzed
to rifamycin S and glycolic acid.2 Treatment of'rffamycin S with various
mild reducing agénts, such as ascorbic acid, resulted in yetvénother
compound, named rifamycin SV. Both rifamycins S and SV were found to
be relatively potent antibacterial agents.z’3 Rifamycin SV (Figuré 1),
the less toxic of the two in mammals, hqs_found-ciinical'use in the
treatment of.various bacteria]-diseases, includihg.tuberculosis.

The structure of the rifamycins already mentioned, and others,
were not kncwh until 1963, when Prelog and coworkers determined their
structurés'by chemical and instrumental methods.’ vTheir basic apporach
invo]véd the hydrolysis of the ansa ring (Figﬁré 1f C-15 to C-29) from
the naphthajene hydroquinone chromophore; with the subsequent structure
determinatibn of each piece. As a resu]t; the chemistry of the conver—'
sion of rifamycin B to rifamycinsls and SV was elucidated. These
reactiohs are indicated in Figure 2. Rifamycin B, a hydroquindne ether,
is oxidized to the quinone a'-oﬁpketal, rifamycin O, which is hydro]yzéd

to the quinone, rifamycin S and glycolic acid. Reduction of rifamycin's_j?'

yields the corresponding hydroquinone, rifamycin SV.. The exact stered¥\f¥~~5*'x

chemical structure of the rifamycins, which contain 9 assymetric centers,
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 RIFAMYCIN SV

3&."‘3 3"CH3

Figure 1 : _ XBL742-5071
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Synthesis _of Some Basic
Rifamycin Derivatives

leamycm B Rifamyc‘inL\(o
0
Hzol— o OH
-y H O
. OHoO |
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Rifamycin SV | Rifamycin S
1) | HNEt, + H,C =0
2)| Ascorbic acid
OH OH ., | OH OH .
Me N~ Me N<
POl 6O Gl
“cel, o/HOAC - NED,
OH O 2) Ascorbic - OH |
Rifaldehyde acid ~ Mannich prod

Figure 2 3y , XBL738-4000
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was‘deterMined in 1964 by Brufani et al., utilizing X-ray crystallo-
graphic techm'ques.6 They used the p—iodoani]fne amide of rifamycin B.
Rifamycin SV, typical of the rifamycins, is a yllow-orange solid
that decomposes above 140°. It is slightly solubTe in_water and is in-
creasingly soluble in increasing]y_a1ka1ine aqueous solution. It is
soluble in ether and very soluble in ethanol, ﬁethano], acetone and ethyl

acetate. Rifamycin SV is a monobasic acid, pKa = 2.96.%2

This high
acidity is consistent with the hydrojuglone structure (1,4,8-trihydroxy-
naphthalene) which is fncorporated’in the rifamycin'chromobhore. Aqueous
solutions absorb both in the UV and visible regions; 223 nm (¢ = 40,900),
314 nm (e = 22,480), and 445 nm (e = 14,240). Changes in structure not
affecting the aromatic moiety have little effect on‘the absorption.
properties.

Rifamycin SV, marketed under the name rifacﬁn, left considerable
room for improvement as an antibfdtic . First1y§‘it was found to bé
effective only against gram-positive bacteria, having little or no
activity against gram-negative microorganisms.3* Secondly, a]though it
is quite effective for the treatment of certain bacterial diseases in
humans, and significant blood levels are attained'when administered sub-
cutaneously or intramuscularly, no effect is obtained when the drug is
administefed.ora]]y.7 As a direct result of these drawbacks, an ambitious
campaign was undertaken to chemicai]y alter and derivatize the basic
rifamycfn structure in a search for improved and. more generalized anti-
biotic properties. To date, approximately 750 semisynthetic rifamycins
have been prepared and tested. These derivatives cén be grouped into

the fo]]owing-structﬁra] c]asses8:
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1) Modifications of the ansa ring. Several modifications have been

made. The 3 double bonds of the ansa ring (see Figure 1) can be par-
tially or compTete]y reduced. 5¢ The amide at C- 15 of rifamycin S has
been converted to an iminomethylester which has been hydrolyzed to

ba . : .
The entire ansa ring has been removed

| cTeaye the chain at this carbon.
from the chromophore by the further hydrolysis of_the C-29 end of the

ansa ring. The acetyl group at C-25 has been removed by hydrolysis in
severel rifamycins.9 Naturally. occurring rifamyoins with é]tered ansa

rings'have been isolated from Streptomyces mediterra‘nei.]O It has been

found that all modifications of the rifamycin SV ansa ring reduce anti-

bacterial activity compared with'rifamycin SV.8

2) Glycolic acid derivatives of rifamycin B. Many amides, esters,
11

and hydrazides have been prepared and tested. On the whole, these

defivatives are considerablymre active than rifamycin B, but few are
better than rifamycin SV. It was noted that amides derived from disubsti-
tuted aliphatic amines were more potent than nonsubstituted amides.
Amides from amines that contained hydrophilic groups such as hydroxyl,
amino, cydno, halogen, etc., were of diminished activity compared to
amides from simple aliphatic amines. 8 While severa] of these derivatives
were found to have improved actions compared to r1famyc1n SV when given
orally to mice infected with S. aureus, none were as‘effective asvwould
be required oTinicaTTy. FOne derivative from thisTcTass, rifamycin B-N,N-
diethy]amide (rifamide), was considered the best improvement on rifamycin
SV and has found some clinical application. 2 |

3) Hydrazones and Schiff bases of rifamycin S. These derivatives have

primarily formed by the reactions of aromatic amines, hydrazines, hydrazides,

aminoquanidines, etc » with rifamycin 0. 13 They were found on the average
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to be active, but none were an improvement on rifamycins S or SV.]4

\

4) Condensations involving both C-3 and C-4 of rifamycin S.
1,2-Aromatic diamines have been reacted with rifamycin S to give cyclic

315 1pe reaction can be eansioned as Schiff base

pyrazine derivatives.
formationvat‘c-4 and Michael addition at C-3. Thé derivative obtained
from o-phény]enediamine (rifazine) is as effective as rifamycin SV against
gram-positiVé bacteria and shows improved activity against gram—neéative

10

bacteria. _ Rifazine was one of the first derivativés to demonstrate

reasonable antibacterial properties in mice upon oral administration.1®

OH OH An

o™

rifazine

5) Michael additions at C-3 on rifamycin 5.9 Many amines and some

~-thiols (those with relatively low reducing potentials, i.e. aryl) have
been added to rifamycin S.to give derivatives of rifamycin SV substituted

at C-3. While many of the resulting derivatives compare well to rifamycin

SV, none possess the desired oral activity or activity against gram-negativéﬂv

microorganisms.

6) Mannich condensations on rifamycin S. The reaction of rifamycin S

in the presence of formaldehyde and a secondary amine proceeds to yield an

aminomethyl substitution on rifamycin SV at C-3.]6’]7 Many of these

derivatives have been prepared, and while none of them proved to be usefu]v

antibiotics in themselves, they have become importdnt intermedia_tes.8
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7) Rifa]dehyde and its derivatives. It was found that many of the

Mannich products discussed above could readily bé oxidized to yield 3-
formylrifamycin SV (rifa]dehyde);]8 The synthesis of rifaldehyde is
included in Figure 2. From here on the structure of rifa]dehyde will
be referred to as R<§0. |

Prqbabiy more attention has been given to the derivatization of
rifa]dehyde'fhan to any other rifamycin. The derivatives prepared and
studied belong to various classes; acetals, imines, hydrazones, oximes,

19

hydrazide-hydrazones, and others. Many of these derivatives, especiél]y

the N,N-disubstituted hydrazones, were of interest because of their high

antitubercular activity and high in vivo activity with mice infected with
Staphlococcus (S. aureus). As a class, these hydraiones demonstrated
greatly increased oral éffectiveness.20 One partiﬁuTar derivative,
_rifa]dehyde N-amino-N'-methylpiperazine hydrazone (rifampicin), to a

8,21

large extent possessed the properties sought. ~In the S. aureus

infected mice, rifampicin's orally administered ED50 (0.11 mg/Kg) is as
effective ‘as when administered subcutaneously, and approximately 150 times
more effective than rifamycin SV also administered gdbcutaneous]y. |
Rffémpicin'is about as effective against gram-positive organisms as are
the ceph]oéporins and penicillin G, and against gram-negative organisms

it is comparab]e to the cephTosporihs and ampici]]ih.8 Against M#_tuber—"

. | .
-culosis H37RV only isoniazid is more effective. Today rifampicin is

used C]inica]]y in the treatment of many'bacterf§17diseases, especially

tuberculosis.
P /o \ RIN- N-CH
R0 4+ HN-N o N-CH——> RO TR

rifaldehyde . _ . rifampicin
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Of the rifamycins that are and have been used.é]inically, toxicity
has not'been mu;h of a problem. For example, the LDSO for rifampicin
in mice is over 600 mg/Kg.8 That is over 100 times the therapeutic
level. - Rifampicin also demonstrates low toxicity in cell culture systems
such as chick fibrob]asts44 and Balb 3T-3.22a While Tow toxicity is
common among rifamycin derivatives, it is not gehera]. . For example, two
rifamycin‘derivétives, dimethylbenzyldesmethylrifampicin and rifaldehyde
octyloxime, both of whfch have been of interest in cancer therapy, are
known to.exhibit considerable toxicities in cell cu]ture.22
'Since the rifamycins were discovered, much.effort has been devoted
toward the elucidation of its mode of action. In 1964, Frontali and

23 dbserved that rifamycin SV inhibited protein synthesis as

14

coworkers
measured by the uptake of ''C-isoleucine in the cell-free extracts of
B. subtilis. The following year, Calvori g;_gl,24 keported that'rifamy—
cin SV inhibits the uptake of 8¢ uracit in B. §Ubt7]is extracts, and

that the polyuridylic acid stimulated incorporation of ]4C—pheny]a1aninev

into acid insoluble material in crude E. coli B extracts is not inhibited
by rifamycin SV. These findings suggested that riféhycin acts directly

on transcription. Hartmann and coworkers25 repbrted,in 1967 that rifamy-
cins caused marked inhibition of in vitro RNA syhfhesis with DNA-directed
RNA po]ymerése from E. coli in the presence of several DNA tempiates,
natural and synthetic. They also found that jg_!j}ig_DNA synthesis with
DNA-directed DNA polymerase I from E;_gglj_in’the‘pregence of the same DNA
templates is not affected by the rifamycins. THese experiments clearly
indicate that RNA synthesis is blocked, not by the binding of the inhi-
bitor to the template, as is the case for actinohycin and chromomycin,

but by the direct action of the inhibitors on the bacterial RNA‘po1ymerasé.
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The rifamycins were thus the first antibiotics documented to act by
such a mechanism.
Today the nature of the rifamycin-RNA polymerase interaction is -
well doéumehted. _WehrTi‘and Staehelin?® have found that while rifamycins

do not interfere with the initial binding of the DNA template to the RNA

polymerase, they do interfere with the ability of this initial complex

to transform, or rearrange to an activated DNA-énzyme complex, whereby
the enzyhe‘ahd the template change their configuration such that the
enzyme now binds to specific promotor-sites on fhe DNA. Thus, trans-
cription is inhibited before the binding of the fiksf nucleotide tri-
phosphate_tb the activated DNA-enzyme‘comp]ex. It has been determined.
that the enzyme—ihhibitor(nmplex is quite strong, involving approximately
2 m01ecu]e§ of rifamycin per molecule of the E. coli RNA polymerase. The
1nhibitf0n constant (KI) for the interaction has been measured to be

between 0.6 and 1.5 x 1077

. In general the rifamycins bind to mammalian
RNA pd]ymerases only at concentrations 2 to 3 ofders of magnitude higher.
Wehr1i26 reported‘that the inhibition of the baéteria] RNA polymerases
by the rifamycins is relatively independent of alterations in rifamycin
structure except for the ansa ring, suggesting that the observed dif-
ferences in antibacterial effectiveness is due to differences in trans-
port properties. Rifamycins, in which the ansa ring has been altered;
bind to the enzyme either poorly or not at all.

Since the rifamycins exhibit such different effécts on RNA poly-
merases from bacterfa] and mammalian sources, their efféct on viruses
and viral polymerases rapidly became a new area of investigation. One
of the first viruses investigated was pox virus, a DNA vfrus that carries

its own RNA po]ymerase. Different 1nvestigators?7 noted that fairly
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high cohcentrations‘of rifampicin (100 ug/ml1) inhibited the growth
of poxvirus but had no effect on herpes virus and pseudorabies virus.
Furthermore, they fbund‘that out of the severallrjfamycins they
tested, only rifampicin showed the inhibition.’ when rifampiéin was
tested as an inhibitor of the purified vaccinia virus RNA polymerase,
no inhibition was measured.z8

The anti-poxvirus activity of rifampicin has been attributed to

the inhibition of the final virus assemb]y.27b’29

More specifically,
rifampiqin'has'been found to prevent the formatfon of a certain core
po]ypeptide by inhibiting the cleavage of a longer precursor molecule.
The effect of rifamycins on RNA tumor viruses and their poly-
meraseé‘has been a matter of considerable interest in thg last 4
years. The effect of rifamycins on infectious, non-oncogenic RNA
viruses, exemp]ified by vesticular stomatitis virus and reovirus,
was also investigated, but no viral or viral po]ymérase inhibition
was found.27 The interest invthe oncogenic‘RNA Viruses can be pri-
marily attributed to the independent discoveryvby Baltimore, and by
Temin and Mizutani, in 1970, of an RNA-directed DNA polymerase (RDP)
associafed with the virions of mouse leukemia virus (MSV) and Rous

31

Sarcoma virus (RSV). The association of this enzymatic function

3¢ Because RDP

with oncogenicvRNA viruses in general has been made.
cata]yzéé a reaction in the reverse direction of transcription, it is
often referred to as reverse transcriptase. Theibresénce of this en-
zyme has provided exp]anations for the ability of‘RNA viruses to ex-
press themselves genetically in host cells. Three related hypotheses

of cell transformation have resulted:

-~
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1) Provirus hypothesis.33 The virus enters the cell and, utili-

ziﬁg its RDP, produces its DNA copy (provirus), which then integrates
via other Viral or host specific enzymes into the host DNA. This
integratidn, or closely followed acts as a consequence of integration,
could thenjlead to the transformation of the host cell. This hypo-
thesis of transformation involves infectious, horiéonta]]y‘transmitted

genetic information.

2) Oncogene hypothesis.34 The genetic information for transfor-
mation ‘(integrated provirus?) is already part of the host DNA, a]though

its expression is repressed, and can be carried for many generations

'

before other factors such as viruses, radiation, or chemical carcino-

gens act to "turn on" the expression of this genetic information.

3) Protovirus h_ypothesis.35

The genetic 1nfbrmation for trans-
formation (integrated provirus?) is a]ready part of the host DNA,
although it is scattered throughout the ce]]u]af genome. Transfor-
~mation arises when this information is brought togefher in an expres-

sible form, possibly via RDP.

As can be seen, the oncogene and protovirué'hypotheses are
simi]qr in that they explain transformation as bejng hereditary of
| vertica]]y transmitted; They do not stipulate the origin of‘the
oncogenic material, a]though viral infection is é'bossible cause..
As to which, if any, of these hypotheses actﬁéi]y represents
the trdth and to what extent is still a matter of'great controversy.32C
Also a matter of controversy is the role that RDP plays in the trans-

formation process and its role, if any, in the maintenance of the

transformed state. To the extent that the provirus hypothesis
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contributes to cancer, compounds which are RDP inhibitors could be
useful agents for prophylaxis. If in addition; rapidly growing
neop]astic‘cel]s, regard]ess of their origin Fequire RDP, possibly
as an alternate route for DNA replication or to affect needed gene
amp]ification; RDP inhibitors could be of va]qe'in cancer therapy.
There is now evidence that the provirus hypothesis functions -
at leasﬁ_fn some cases. Evidence for the existéhce'of the provirus
assbciated with the DNA of transformed human ce]]thas been presented
uti]izfng DNA-RNA and DNA-DNA hybridization techhfques.36' A radio-
active provirus is prepared through the action of RDP on an endo-
genous yira] RNA -from an RNA tumor virus such as mouse mammary tumor
virus.‘vThié labelled DNA can then act as a probe for locating similar
DNA sequénﬁes in human DNA. Spiegelman and coworkers, who have “pre-
pared and Utilized this type of probe, have fand‘that the viral
génetic information is usually found in tfansfbrmed human cells énd

37,39

not in the corresponding normal cells. In one case Spiegelman

reported that for 2 different sets of identical twins, in which one
twin from each set was leukemic, homology with.the labelled provirus
was foundvon]y in the Jleukemic twins and not in the normal twins.38
“In many of the cases where the viral genetic information was detected
by hybridizétion, Spiegelman also cited evidence‘for the presence in
these cells of RDP incapsu]éted in an RNA particle,70 S in size - the
same size and configuration associated with RNA tumor viruses.39
Thus,vsince the discovery of RDP, it became deSirable to find

40

inhibitors of RDP."° If good inhibitors, derived from the rifamycins

or any other source could be obtained, they coqu-be useful as a

-
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probe in cell culture and animal systems to he]p.determine the role
of RDP and-possibly, directly or indirect1y, lead to-usefu] thera-
peutic'agents. The rifamycins seemed as likely a point of departure
as any for developing RDP inhibitors. Firstly, as a class of com-
pounds they are well documented inhibitors of a c]éss of transcription
enzymes. Could they not also be inhibitors of a néw class of enzymes
which catalyze raverse transcription? Secondly, there were available
for testing_over 200 derivatives already prepafed in the aforementioned
antibacterial program. |

Major screenings of these derivatives plus é few new ones have

A The

been carried out in separate programs by Green ang Gallo.
initial screenings amounted to testing each derivative at 100 ug/ml
and measuring the percent inhibition of the control RDP activity.
Many of the derivatives tested showed activity at this high concen-.
tration.. Some of the better inhibitors were studied in moré depth.
However, because of the crude way inhibition waé méasured vervllittle
could be concluded concerning RDP inhibition as a fﬁnction of rifqmycih
structure. |

.Ga110 and coworkers have loosely defined 3 ciasseé of rifamycin
derivatives, A, B, and C, according to their increésing inhibition of
RDP and other cellular po]ymerases.42 ‘Class C, the most potent
inhibitors of RDP, on the whole contain larger and-more Tipophilic
side chains or "tails" than derivatives of the other two classes.
Even the best of the inhibitors uncovered by Ga]]d énd Green do not
approach the level of effectiveness of the rifamycins as a class on

bacterial RNA po]ymérases. For example DMB, which is one of the

better inhibitors of RDP and the rifamycin used as é standard through-
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cut this thesis work, fnhibits ROP bn]y at'cohcentrations approxi-
'mately 100 times higher than it inhibits bacterial RNA po]ymerase.4]

Ongvserious question as to }he value of rlgamytins as RDP 1nhi-.
bitors was raised by Silvestri and coworkers. They postulated
that the sb-called “C]ass C" rifamycins are nonspecific 1nh}bitors
of nucleotide polymerases, if not inhibitors of enzymes in general.
This suggestion'was based on the study on one class C rifamycin,

rifaldehyde octyloxime (one of the more potent RDP inhibitors), on

the inhibitioh of a rifampicin resistent DNA-directed RNA polymerase

(DRP) isolated from a rifampicin resistent mutént of E. coli. They
found ‘that rifaldehyde octyloxime inhibited'this énzyme at about the
same concentration as it inhibits RDP. They poiht out that the.octyl-
oxime also inhibits mammalian po]ymefases at this same contentration,
and that it even inhibits enzymes unrelated to polymerases, such as
glutamate pyruvate transaminase, and alkaline bﬁbsphatase,.a1though

at higher concentrations than for the po]ymerases; ‘They also found

that bovine serum albumin (BSA) protects the rifaﬁpjcin resistent

polymerase against inactivation by rifaldehyde octyloxime, suggesting

that the derivative binds even to the BSA.

Approximately concurrent with the interest in testing'rifamycinsv
as RDP ihhibitors was an interest in determinihg if any of the rifa-
mycins Havé an effect on the transformation of éé]i cQ]tures innocu-
lated Qith appropriate RNA tumor viruses. Here the initial assumption
was éimp]e - if rifamycins act as inhibitors of ROP, and RDP is a |
necessary enzyme for transformation, fhen rifamytins might be able

to inhibit cells from undergoing transformation. Actually, the first
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case of}rifamycins as inhibitors of transformafion, that of Diggelmann
and Weissmann,44 was reported before the discovery of RDP. |

It should be noted that during the late 1960's, rifamycins, pérti—
cularly rifampicin, were é widespread biochemical curiosity. As é
resu]t,-fhey were Being investiaated by many laboratories for almost
every_aﬁtivity for which they could be imagined,26p and perhaps even
a few activities beyond imagination.

After the discovery of RDP, rifamycins as transformation inhibitors
in cell cultures were taken much more serious]y. In these systems,
transformation inhibition is measured as the perﬁént reduction of "foci”
in the test p]étes compared to the controls. A.mono]ayer of normal
culture cells is inoculated with the transforming virus at a titer
such that relatively few cells are actually transformed. Several
days later individual colonies of piled up, neoplastic cells, or foci,
are visible against a background of a monolayer of normal ce]]s; mark -
ing the sites of transformation. A compound to be:tested as a focus
inhibitor is added to the test plates either before, during or shortly
after viral innoculation and is generally present'for the remainder
of the experiment. Several reports of foci inhibition have resulted
to date.?2:42,45 Rifampicin, which was found not to be an RDP inhi-
bitor, was_a]so found not to be an effective foci inhibitor.45a -
Partial inhibition is found only at levels at or ;bbve 80 pg/ml and
this may be attributable to toxic effects a]one. .A few rifamycins,
among which DMB is perhaps the mosf exemplary, were found to be
reasonéb]y inhibitory (at approximately 6 nug/ml) in cell systems such

22a

as Balb 3T3 inoculated with MSV. However, DMB is fairly toxic at

this level. Amphotericin B, a compound noted for .its abi]ity to
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increase cell transport of many compounds, has béén found to have a

46

synergistic effect with rifamycins in various applications. Hackett

47 found that Rifazacyc]o-16,48 a product of this thesis

and Calvin
effort, at a level of 6 ug/ml and amphotericin B at 1 pmg/ml very
effectively inhibited foci in a Balb 3T3 derived line (UC1-B) with

no toxicity to normal cells, even up to 3 times the effective dose.
'Rifazacyclo—16 alone exhibits weaker foci inhibition while amphoteri-
cin B alone has no effect.

The goal of thfs thesis effort has been to'fdrther and more sys-
tematically 1nVestigate rifamycins as inhibitbrs*of RDP, for the
purpose of developing useful probes to be Qsed'in‘the investigation
of the role of RDP in the transformation procéss and maintenance of
the transformed state. The properties. of rifamyéfh derivatives that
we have devoted ourselves directly to are lipophilicity (and size),
since the ear]iest investigations by Green, Ga]io,‘and ourselves sug-
gested‘thét these properties are of some impoktahce. Toward this end

several new'rifa]dehyde hydrazone derivatives have been prepared and

evaluated in 1ight'of the following questions:

1) How does RDP inhibition vary as a function of the Tipophilicity
© of the derivatives? L '
2) Can all rifamycin RDP inhibitions bé exp]ained.in terms of their
inherent lipophilicities?
3) Do ény of these derivatives specifica]]y'ihhibit RDP compared to
other polymerase enzymes, or are they nonspecific inhibitors

of enzymes in general, as has been squéSted?
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In addition to this central issue, a few spinnoffs and side-
tracks have earmarked this thesis effort (1ike many thesis efforts).
'They will be mentioned either in the text or in separate sections

as seems most appropriate.
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PART I:

REVERSE TRANSCRIPTION

A. Introduction

As previously mentioned, RDP is found in the virions of RNA tumor
viruses. From one source, avian myeloblastosis virus (AMV), it has
been estimated that RDP comprises between 0;3.and71% of the tbta]
viral protein.49 In cells, RDP is genera]]y'found oh]y in transformed

32;

cells. The best evidence concerning human cé]]s has been presented

by Spiege1manband cowbrkers.39’50 They have found that RDP, in close
association Wfth a 70S RNA occurred in approximately.QS% of the cells
from hdman leukemias and other cancers. No RDP was found in corres-

ponding.norma] human cells. Gallo and coworkers have reported similar

51

results. RDP is also frequently found in RNA virus transformed

tissue culture cells. These cells, in addition to producing RDP, often
produce whole and/or incomplete C-type viruses. | Some well docu-
mented evidence for RDP in noh—transformed cells is that of Crippa and

52

Tocchini-Valentini.™™ They observed RDP activity in the growing oocytes

of Xenopus laevis (African clawed frog), suggesfing that gene amplifi-
cation in these differentiating cells and possibly others, involve a
reverse transcription mechanism. A review aftic]e on RDP by Sarin and
Gallo has recently appeared.32C | |
Perhaps the best definition for an RDP is a po1ymerase activity

which can transcribe a natural, endogenous, viral 70S RNA into DNA

given all 4 nucleotide triphosphates. This diStinCtion is important,
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as much confusion haé resu]ted'in the literature distinguishing RDP
from other polymerase activities. ‘For a while it was assumed that

the ability of an enzyme to synthesize DNA on'any RNA template, parti-
cularly synthetic templates such as po]y(rA):po]y(dT) was evidence for
an RDP; The main ambiguity stems from the obsekvation that other po]y¥
merasés;:both bacterial and cellular, will also Cgta1yze this reaction
under.thé proper conditions. However, this is hof to say that syn-.
thetic templates cannot be'used for distinguiéhing between the viral

32¢ Like many other polymerases which

polymerase and other polymerases.
use single stranded po]ynuc]eotidés as templates, RDP requires primer
nucleotides. Unlike these other po]ymerases,rRDP prefers an o]igo
nuc]eotide as a primer with an RNA temp]ate. An RDP is indicated if
it shows a preference for a template comprising poly(rA):oligo(dT) over
poly(rA):poly(dT), and shows a relative lack of reactivity with poly(dA):
0oligo(dT). A much better indication of the vika]vpolymerase yet is that
in addftion to the above'templéte responses, fhe'enzyme is a]sb'capab1e
.of using poly(rC)fo]igo(dG) as a template. |
Although the enzyme used in this thesis work‘ié from a cellular
source; it has been shown to be an RDP by the proper responses to
synthetic temp]ates.53 The reason for choosing»a Cel]u]ar source. over
the more common viral sources was largely é matter of convenience.
UC]-B-ceTTs, a mutant cell line derived from Balb-3T3 and developed by
an associate of this laboratory, is a ce]} line that is readily trans-
formable by mouse Teukemia virus (MLV) without the need for a sarcoma

54

virus. The resulting transformed cells exhibit an unusually high

53

RDP activity. Inhibition studies were performed primarily on
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partially purified cellular extracts as outlined in Figure 3. This
figure also outlines the preparation of partiallv purified RDP from

the virus particles produced by the transformed UC1-B cells. The RDP

from both sources has been shown to be identical, by template responses

53 A1l of the studies.that we have per--

and by rifamyéin inhibitions.
fbrmed with RDP, aside from characterizing the enZyme, have been done
with a p.o]y(r‘A):oh’go(dT)]Z_]8 template.

Data on the physical properties of various'éDP's are‘nbw becoming
avai]ab]é.49?55, The enzyme from aviah sources, AMV and.Rsvg appear to
be composed of 2‘subuhits?-an a chain‘of'mo1ecu1ar weight 65,000 to
70,000 and a 8 chain of moiecu]ar weight approximately 110,000. It
seems possible that either unit alone cataiyzés reverse transcription
since different reported molecular weights for,RDP‘s other than avian
fall between 50,000 to 70,000 and 100,000 to 120,000. %6

As stated, reVerse transcription réquires a nucleotide primer.

In the endogenous reaction, low molecular weight RNA (4S) has been
found physically associated with the 705 RNA, and it is be]ieQeg that
these RNA épecfes serve as primer mo1ecu1es.57'_The'prodUCt of the
endogencus reactioh includes single stranded DNA, DNA-RNA hybrids, and
double stranded DNA after short reaction periods, and approximately
equal ambuﬁts of single and double stranded DNA éfter extensive
reaction periods.58 In all cases the bu]kvof the DNA synthesized is
comprised of small pieces of DNA, sedimenting in sucrose gradients

58,59

mostly between 8 and 10S. The predominence of the small DNA .

product may largely be an artifact of the iﬂ.vitrQ reaction conditions.

It appears that while some sequences of the endogenbus temp]ate‘are
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copied much more frequently than others, the entire 70S RNA is trans-.

cribed.to some extent.60 When reverse transcription is performed
with a synthetic poly(rA):oligo(dT) template, the product is varying
lengths of poly(dT). The synthesis occurs at the 3'-OH end of the

primer which is incorporated into the product.

B. The RDP Assay--Assay Conditions

ance the MLV transformed UC1-B cells were a new source of RDP
‘activity, the optimum conditions for the assay had to be established.
The conditions given in the experiménta] section were determined by
experiméntation to be at or near optimum for the RDP activity from .
UC1-B cells with the exteption on the pH. The optimum pH for this
RDP actiyity is between 8.3 and 8.7. However, asééys done af a pH
higher than 8.0 resulted in decreased inhibition§ by rifamycins due
to the répid oxidation of the rifamycin hydroqufnone chromophore. A
pH of 7.8 and the use of dithiothreitol (DTT) as an antioxidant at
concentrations between 0.2 mM and 2.0 mM yielded a constant amount of
.actiVity. KC1 showed a broad optimum concentration which centered
around 100 mM. Glycerol concentrations from 2 to 4% did not alter
the activity, but concentrations greater than 4% decreased the
reaction rate. The poly(rA):oligo(dT) and TTP cdﬁcentrations were
'v.near1y $aturat1ng, each yielding approximately QQ%'of the maximal
activify. The principal difference between our assays and those.des-
cribed in the literature is the divalent cation concentration. Maxi-
2

mum activity was obtained between 0.05 to 0.20 mM Mh+ .

tion 01’~Mg+'2 for Mn+2 resulted in greatly reduced‘éctivity (<5% of

The substitu-
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optimum Mn “ activity). Optimum activity with Mn © occurred at approxi-

mately 1.0 mM.

C. Detergents and Rifamycin Inhibition
: :

It haé been well established that a nonionic detergent is required
in the RDP assay. Triton X-100 and Nonidet P-40 have been used most
often for this purpose. The cketergent ﬁoncentration in our assay.was
also found to strongly influence the RDP activity. The effect of RDP
activity as a function of concentration of Triton X-100 is shown in
Figure 4. 'It is of interest to note that the shape of‘the curve very
much resembles a substrate activation curve. |

| ‘The quantity of a given rifamycin derivative which was required

to inhibit the RDP activity from MLV trahsformed UC1-B cells was also
found to be dependent on the detergent concentrqfion and on the deter-
gent used in the assay. The earliest rifamyc{n ihhibition studies in
our laboratory were performed with Triton X-]OOIAS the detergent. In
general, it was observed that a single concentration ofbthe effectivé
rifamycin inhibitors of RDP gave lower inhibition values as the éoncenj'
trétiqnqu Triton X-100 was hcreased. This reduced ability of the
rifamycin derivatives to inhibit RDP at higher detérgent concentratfons
was found to be due to extraction of the derivatives into detergent
micelles. The detergent concentration range over which cdnstant RDP
inhibitioﬁ'cou]d be obéerved.was greatly expanded when énother deter-
gent, Triton DN-65, was used in place of Tritohkx-]OO. Triton DN-65;'
‘while asreffective as Triton X-100 at activating the enzyme, forms

micelles only at much higher concentrations. Figure 5, reproduced from
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Figure 4. ROP activity as a function of Triton X-100 concentration.
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t ].,53a demonstrates this'bhenomenon quite well.

a paper.by Thompson
In this figure, the RDP inhibition of a constant concentration of the
rifamycin deri?ative, rifazacyclo-16 (7.5 ug/ml), is represented in
the presence of increasing conéentrations of 3 different nonionic
detergents: Brij-35, Triton X-100, and Triton DN-65. Superimposed on
‘these inhibition.curves is the'fluorescence of 2-p-toluidinylnaphtha-

]ené—G-Su]fonate (TNS) as a function of the same detergent concen-

trations -in a solution which is otherwise the same as the assay solution.

Since TNS only f]uoresces in nonpolar ehvironmenfs, it provides a con-
venient measure of micelle conéentration. The figure shows thavaDP_
inhibition by rifazacyclo-16 falls off as the concentration of micelles
increases. Because Triton DN-65 affords the widest concentration
range in which rifamycin inhibition is constant,;ft was used in all
‘of the inhibition measurements made in this thesis. Triton X—]OO.is
p-(1,1,3,3-tetramethyl1-)butylphenol with an average of 9-10 ethylene
oxide.residues reacted at the phenol oxygen, apprbximate molecular
Qeight = 650. Triton DN-65 is a mixture of n-octyl and n-decyl alco-
hols e&éh with an average of 7 ethylene oxide and 2 propylene oxide
residues reacted at the alcohol oxygens, approximate mo]écu]ar'weight
= 570. | | |
Thé.effect of the detergents on the inhibition of RDP by the
rifamycins proved to be Qseful as a tool for studying the reversi-
bility of rifamycin inhibition. RC-16 was added at.an inhibitory
level to several RDP assay tubes at a Tow Triton X-100 concentration,
i.e., well below its critical mfcelie concentkatfon. After 15 min of

incubation, the Triton X-100 concentration was increased to well-above
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bthe cfitica] micelle concentration in some of the assay tubes, and
all the tubes were incubated for an additional 15 minutes. The RDP
to which the additiona] X-100 was added regained nearly full activity,
suggesting that inhibition by RC-16 is reversible.

_Bétause of the low water solubility of m§$t of the rifamycin
derivatives, it was necessary to first dissolve the derivatTVes'fn
dimethylsulfoxide (DMSO). These §o]utions cou]d_then be diluted
with the assay buffer as required. A1l assays, including contro1§
and blanks Were adjusted to a constant level of DMSO. The level of
DMSO used was found not to affect the RDP actfvity.

{ ‘ : .

D. Experimental

A1l assays were run in a total volume of 100:u1 which was 94 mM
Tris-HC1 (pH 7.8), 100 mM KC1, 0.4 mM dithiothreitol, 0.02 mM 3H-dTTP
(1 C/mmole), 0.1 mM MnCl,, 4% glycerol, 10 ug/ml po]y(rA):oiigo(dT)]é_]8
(approximately 0.015 onéso/loo ul éﬁsay), 0.01% Triton DN-65, 1.0% |
DMSO, and 43 units of enzyme ativity (0.46 ug'prﬁtgin). The rifamycin
derivatives tested were initially dissolved in DMSO (at 10 mg/ml) and
were;di]utéd‘as necessary before adding to the Eeaction mixture.

A1l assays were initiated by the addition of the enzyme extract
and were incubated for 30 min at‘37°. A carrier RNA (0.5 ml of 5 mg/ml
Torula RNA, 10 mM sodium pyrophosphate, 20 mM EDTA).was added and the
material insoluble in 6.7% trichloroacetic acid Was collected on 0.45 u
Mi]]iporetfilteks (presoaked in 0.2 M Na,P,0,) and washed extensively
with 5% trichloroacetic acid. After they were‘dried, the filters were

: dissoTved in scintillation fluid containing ethanol and dioxane.
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Fumed bo]]oida] si]iéa was added to form a stable gel. The_ge] was
counted in a scintillation counter and dpm was calculated from the
cpm by cbmparison with an automatic eXterna] standard;.

-Apprdximate inhibition constants were first measured based on .
the authors estimated potency. Once the approximate values were known
for eéchvdérivative, they were measured more aCCuréte]y. In these
ffna] assays at least 6 concentrations, each in.dup1icate, were tested
for each derivative. Dimethy]benzy]desmethylrifampicfn was always
included as a standard. | | )
A11 final inhibition values are reported as an inhibition constant,
‘ KI' The KI for each derivative is obtained from a plot of derivatiye
concentration versus percent cont?o]'actiyity,'and it is defined as

the concentration of the rifamycin derivative corresponding to 50%

inhibition of the control RDP activity.

"=
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PART I1I:
SYNTHESIS OF RIFAMYCIN DERIVATIVES

A. Introduction

The author;s work on the deveiopment of new rifamycfn derivatives.
began in the summer of 1971. Until that time (ffom November, 1970)
the authbr had been engaged in a different projett--the synthesis of
rigid binitroxyl radicals and the study of their spin interactions as
measured by electron spin‘resonance (esr). The transition betWeen
this'original project and the project which is the subject of this
thesis was a gradual one. In June, 1971 Professor Calvin asked the
author to devofe some ‘time to the synthesis of é,nitroxyT derivative
of rifaldehyde. It was thought that such a sbjn Tabé]ed rifamycin
would be of value in the isolation and characterization of the then
recently discovered RDP, It was aséumed by Professor Calvin and the
author that this task would only amount to a temporary'diversion
from the original project. However, this assumption was to be short-
lived; Even though the spin labeled rifamycinftufned out to be not an
effectivé‘RDP inhfbitor, a degradation product of this derivative, .
identified as the azine dimer of rifaldehyde (rifamazine), did. This
Ted to the investigation of other sfmp]e dimers;_ The results of these

derivatives and the results of the mass screening programs independently
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conducted by Gallo and Green, which were published at about this
time, led the author to pursue the study of RDP inhibitors as a

function of rifamycin lipophilicity. It was also at approximate]y

this time that the author took an active interest in the enzymology

involved in RDP inhibition and other aspects of reverse trans-
cription. ‘ |

This.section, which encompasses the bulk of the thesis pro-
ject, is presented for the most part ih a chronological -order of
events 1ﬁ order to best represent the development of the character

and the results of this project.'
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B. Spin Labeled Rifamycins

It was considered desirable to obtain a potenf RDP inhibitor
that contained a nitroxyl radical bound to rifamycin. Aside from
the usual uses of labeled compounds, such as stddying the kinetics
of formation and the stability of an enzyme—substrate (or inhibitor)
complexation, a nitroxyl label by virtue of the sénsitivity 6f its
esr signal to hindrences of rotation could posSibiy shed some light
on the nature of this interaction, in the presence and absence of
other substrates.s] In addifion, since the eSr:hyperfine splitting
.constant, a, is largely.determined by the polarity of its environ-
ment, we could learn of the hydrophilicity or lipophilicity of the

inhibitor binding site.62 This technique was used by Hower et 1.6]

in 1971, when they investigated the interaction of Bovine carbonic

anhydrase with a spin labeled inhibitor.

In our first approach we sought to displace the chlorine of

2,2,6,6-tetramethyl-4-chloropiperidine by hydrazine.

This hydrazine (1) could then be.condensed with rifaldehyde to give the
tetramethylpiperidine derivative (2), The oxidation of 2,2,6,6-tetra-

methylpiperidines to nitroxyl radicals is well known.63' Before -
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attempting this scheme, rifamycin SV:was subjected to the oxidation
conditions necessary for nitroxyl formation, sodium tungstate and
éthylenediaminetetraacetic acid tetrasodium salt in dilute H202, and
found to be stable. Therefore, the conversion of (2) to the spin
labeled rifamyéin (3) seemed reasonable. The chloropiperidine was

63 that is the reaction

prepared according to the method of Rozantéev,
of 2,2,6,6-tetramethyl-4-hydroxypiperidine with ZnC]2 and HC1lin a
sealed tube. Unfortunately, it proved to be unfeactive with hydra-
Zine under a variety of conditions. | \

Another attempt at the synthesis of (1) was through the cata-
lytic reduction of 2,2,6,6-tetramethylpiperidine-4-one hydrazone
(triacetoneamine hydrazone) (4). This hydrazone is readily prepared
by the reaction of triacetone amine with an excéss of hydrazine.64
The reduction Qas found not to take place in neutral solution at
room temperature. Tempefatures aboVe room temperature were not
attempted as it was known that this hydrazone readily dispropor-
tionatés to di-(triacetoneamine)-azine and.hydrazine. The reduction

could not be accomplished in acid solution either, since it was found

that acid also catalyzes the disproportionatibn.

N;NHz
| lﬂ\—fkﬁ H-N N—N N-H
)

The desired hydrazine, (1), was obtained in the following manner:
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Triacetone amine was reacted with acetylhydrazide to give the hydra—

zone-hydrazide, (5), which does not undergo disproportionation. (5)

was easily reduced in dilute aqueous acid in the presencevof hydrogen

and a platinum catalyst to yield the hydrazine-hydrazide, (6).5°

When (6) was dissolved in hydrochloric acid and a]lerd to react for
48 hrs, the dihydrochloride salt of (1) was obtainéd upon evaporation
of the water, HC1, and acetic acid. As is the tasébfor‘many of the
larger monosubstituted hydrazines, (1) was found to be unstable in

air as the free base. When (1) was dissolved in water and neutralized,
the oil that separated was found to decompose with the evo]utibn of

gas. The dihydrochloride salt of (1) is quite sfab]e. The instabifity

of the free base proved not to be a problem as the next reaction in

the sequence, the condensation with rifa]dehyde;‘proceeds best in
slightly acid solution, as does the condensation of hydrazines and
a]dehydes"in"general.66 The'desired rifamycin derivative, (2), was

thus obtained in good yield.

“~
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Whén rifamycin derivative (2) was subjetted‘to HZOZ in the
presence of Na2w04 and EDTA tetrasodium salt to affect nitroxyl
formafion, a nitroxyl triplet was formed as detected by esr, and .
a new rifémycin was formed as detected by tlc. However, when a
sma]]\émount of the new rifamycin formed was pﬁrified by preparative
tlc and 1ooked at in the esr spectrometer, no ﬁitroxy] signal was
found; indicating that the triacetoneamine moiety»had.been cleaved
from the_rifamycin. The author suspects that the product may be 3-
carboxy-rifamycin SV..

In order to avoid this oxidation prdb]em fn the future, it
bécame obvious that it would be necessary to condense a preformed
radical onto rifaldehyde. It was found that this could easily be
done'by'utilizing an azine.linkage in the product instead of a
hydrazone. The successful synthesis of a spin labeled rifamycin
derivative is outlined in Figure 6. ' |

When N—éxy]—2;2,6,6-tetramethy1piperidin-4~one (7) is treated with
a large excess of hydrazine in methanol, two reaétions occur simul-
taneously: formation of the hydrazone of the keto group and reduction
of the oxyl group to the hydroxylamine. The reaction proceeds with
the evolution of nitrogén as a result of the latter reaction. Removal
of the excessbhydkazine followed by air oxidation fn ethanol results
in the oxidatiqn.of the hydroxylamine, yielding the oxyl hydrazone (8).
Condensation of this hydrazone with rifaldehyde affords the spin
Tabeled rifamycin. Both (8) and (9) give the expected nitroxyl triplet
in the esr. The hydrazone (8) was never iso]ated‘in completely pure

form. It slowly disproportionates to the azine dimer (10). This
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Figure 6. Synthesis of a spin’labeled rifamycin.
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proved to be no hindrance, as (10) does not react with rifaldehyde.
Wﬁen (8) is evacuated at 50° for 4 days, the azine dimer, which gives
an esr consistent with a biradical, is quantitative]y formed. The
spin Tabeled rifamycin, (9), was readily separated from (8) and (10) N
by column chromatograph on neutral alumina. |
(9) was observed to slowly decompose even under nitrogen at 0°,
with Toss of its esr signal. Presumably, the compound Undergoes a
self oxidation-reduction. throxy] radicals easily undergo a 1 .

63 and the hydroquinone of

electron reduction to hydroxyl amines,
‘the rifamycin chromophore undergoes two 1 electron oxidaticns to
the quinone. Therefore, the products of cqmplete'se]f oxidation-

reduction would be an equimolar mixture of the quinone hydroxyl amine

and the hydroquinone hydroxyl amine.




-37- |
Most probab]y a stable nitroxy} 1abe]ed,rifamyc1n would be obtained
if (9) were oxidized to the quinone nitroxyl. This was not done
since (9), which was stable over a period of days, was tested as an
RDP inhibitor and was found not to be particularly effective. We
have détermined from studies of DMB and other rifamycins that for any
given deriVativé the hydfoquindne_is a more effective inhibitor than

the quindne.

€. Dimers

Spin label (9) Was foundvto readily react in aqueo&s acid to
give a-brighf red precipitate and a compound later identified as
the azine biradical (105; The red precfpitate was identified by nmr,
ir, uv, and Rast molecular weight determination, as the azine dimer
of rifaldehyde (rifamazine). vIn the uv one sees a bathochromic shift

relative to rifaldehyde due to the extension of conjugation across 2

rifamycin chromophores.

Rifamazine‘(ll) can be more:convenient]y prepafed by the direct
reaction of rifa]dehyde with hydrazine or by the reaction of the
more readily avaiiab]e rifampicin with hydrazine under hydrolyzing
conditions. Both routes afford the azine dimer (11) in near quantita-

- tive yield.
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Thé author soon after learned that rifamazine had actually been
prepared béfore by Sensi and coworkers at Grﬁppd Lepetit S.p.A. in
Italy, but they had dssigned the structure of the product of the
‘reaction of rifaldehyde and hydrazine as pyrazolb¥[4,3-C14-desoxy;
rifamycin_SV. _ v | | |
COH OH
QoL ™

|
NN
Clearly fhis could not be the structure on the Sasié of the uv,analysis
and molecular weight determination. On the basis of a correspondence
between the authorband_Dr. Sensi, it has been agreed that the azine -
dimer is the correct structure. |

When rifamazine was tested as an inhibitor 6f RDP it was fouhd
to be a more potent inhibitor thén our standard rifamycin, DMB (KI's =
11 x 10f6 and 20 x 1076 respectively).

Two other rifamycin dimers were prepared andvtested as RDP inhi-

bitors to determine if dimers as a class possess strong inhibitory

qua]ities.> The synthesis of 2 dimers, dirifa]dehydé—N,N'-diaminourea
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dihydrazone (rif-urea) and dirifaldehyde-N,N'-diaminopiperazine
dihydrazone (dirifampin) are given in Figdre 7. They were prepared
simply by fhe reaction of rifaldehyde with N,N;-diaminourea and N,N'-
diaminopiperazine respectively. Both of these dérivatives wefe found
to inhibit ROP similarly to rifamazine, indicating that there is
little difference among simple dimers and that t?e}e is npthing

unique about conjugation extension across 2 rifamycin chromophores.

D. Rifazacyc]o-iG and Rifazabicyclo-9
The question arosevas to whether the activity of the dimers is

due to 2 chromophores in 1 molecule or 1 chromophore with a very

bulky group bound to it. A test of the latter possibility, which

éeemed more reasonable to us, would involve the syhtheSis and eva-

luation of derivatives with large gréups attached to the‘C¥3 position.

Such new derivatiVes would preferably involve cyclic “tails" to mimic

‘the cyclic ansa structure of rifamycin. In addition, the work of

1 suggested to us that substituent size being approxi-

Green and Ga]]o4
mately equal, hydrophobic “tails" are more effective than hydrophilic.
For examp]e; when one compares the RDP inhibition df,the rifaldehyde
derivatives derived from N-aminopiperazine, N—aminomorpho]ine and N-
éminopipefidine, one finds almost no inhibition for the piperazine, .

some inhibition for the morpholine, and better yet inhibition for the

piperidiné.

RPSN-N. N < RTSN-N L9 < RTN-N )
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Rifamycin Dimers
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Figure 7
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The piperazine, wh{ch has a basic N 15 the 4! position (pK, 10-11)
is the mosf hydrophilic of the three derivatives, since it is
charged,at the pH of the RDP assay (pH 7.8). Thé morpholino der{va—
tive, which has an 0 in the 4 position, is hydrophi]ic due to the
polarity of ihe C-0 bonds, but not neariy as hydrophilic as the
piperazihe since the 0 does not carry a full charge. The pipera-
dine derivative, having a C in the 4' position is of course the
least hydrophilic of the three. Another intereStjng comparison’is
that of r%fampicin and aminodesmethylrifampicin. Of the 2, only
-the aminddesmethy] derivative inhibits RDP.

‘R/*N—NF—N—CH3 < RTIN-N N

ranmpicin

Just as.with desmethylrifampicin, the 4' N of rifampicin is charged
~at the dssay.pH.' However, the 4' N of aminodesmé.hy]rifampicih,
‘being part of a hydrazine (pKy 6-7) would be very largely unprotonated ;
at the assay pH and therefore less hydrophilic.- |

From the above, it was inferred that in add1t1on to being 1arge,
hydrophob1c1ty of the r1famyc1n~ta1] might a]so_be desirable. To
test this hypothesis, two new derivatives were prepaYed.48 The syn?
thesis of rifaldehyde N-aminoazacyc1ohexadecané/ﬁydrazone (rifazac}c]o-
16, or RC#16) is given in Figure 8 and rifa]dehyde N-amino-3-azabicyclo-
[3.2.2]nonane hydrazone (rifazabicyclo-9, or RB-9) is given in

Figure 9. .
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Synthesis of Rifazacyclo-16 (RC-16)

| (CH/\C O + HN "2 504 (ch/)-\c=o
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Hals 15 2
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Figure 8
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0
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Figure 9. Synthesis'of rifazabicyclo-9.
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67

Cyclopentadecanone (12), ' one of the odoriferous components of

musk 0il (exaltone), undergoes the Schmidt reaction in benzene to

68

give the cyclic amide (13), ° which is readily reduced by lithium

a]umfnum_hydride to azacyclohexadecane (14). This amine, typical of

secondary amines,69

is converted to N-aminoazacyclohexadecane (16)

by nitrosation to N-nitrosoazacyclohexadecane (15) followed by LiAlH
reduction. Analogously, 3-azabicyclo[3.2.2]nonane (18, see Figure 9),
a readily available amine prepared commercially by the metal cata-

79

lyzed pyrolysis of 1,4-di(aminomethy])cyc]ohexane; s converted

to N—amino;3—azabicyc10[3.2.2]nonane (20) by nitrosation to N-nitroso-

3-azabicyclo[3.2.2]nonane (19) followed by L1A1H4‘reduction. These

two hydrazines (16) and (20) were condensed with rifaldehyde in THF

to yield the corresponding hydrazones (17) (rifazacyclo-16) and (21)

(rifazabicyclo-9), respectively. f
Both rifazacyclo-16 and rifazabicyclo-9 ere found to be better |

%)

inhibitors of RDP than DMB. Rifazacyclo-16 (K; = 2.1 x 107°) is the

most potent inhibitor of all the rifamycins tested thus far.

E. Rifazacyclo and Rifazone Series

The success of rifazacyclo-16 encouraged Us to initiate a de- !
tailed study of the effects of Tipophilicity. RDP inhibition was
not the only reason for this decision. Parallel to the synthetic
program conducted by the author was a study of the better derivatives
(the dimers and RC-16) as inhibitors of focus formation in both Balb-
3T3 cells infected with MSV and UC1-B cells infected with MLV. Botnh
the dimersvand RC-16 were found to be ineffective compared to DMB.

However, a marked increase in focus inhibition was noted for each of
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these derivatives when amphotericin B was included in the focus assay.
The increase in activity was most notable for RC-16. The implication
is thét RC-16 and other rifmaycins are poorly transported into the
cells. ,Amphoterfcin B acts by increasing the general transport pro-
pertieé of cells, thus allowing a higher concent}ation of poor]y'

transported compounds inside the ceH.47

As a result, not only were
we interested in determining how RDP 1nhibition is affected by changés
in tai]vsize and lipophilicity, but also how cell transport and‘focus
inhibition properties are affécted by these tail parameters. It was
hoped that such a study would result in the determination of the

best compromise between RDP and focus inhibitiqn.

A syhthetic program, generating rifazacyclo derivatives with
varying ring sizes was in order. However, in addition, lipophilic
derivatives with acyclic tails were also in ordek_sincé no need for
cyclic tails had really been established. The_synthesis of 2 homolo-
gous ser%es has resulted. The rifazacyclo series encompasses the
cyclic derivatives with ring sizes ranging from 6 to 16 atoms. The
name rifazacyclo (RC) indicatés this series and the number that follows
indicates the number of atoms in the cyclic tail including the hetero-
cyclic hydrazine N. For examp]e,_rifazacyc]o-16 (RC-16) is thus
rifa]dehydé N—aminoazacyc]ohexade;ane hydrazone'and_rifazacyclo;6
(RC-6) reférs to rifaldehyde N—aminopiperidine'hydrézone. The term
rifazoné (R)‘refers to rifaldehyde derivatives derived from N,N—di-‘
n-atkyl hydrazines. Each number following rifazone refers to the
number. of C atoms in each alkyl chain. For example, rifazone-82

: (R-82) refers to rifaldehyde N,N-di-n-octylhydrazone. Symmetric
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rifazones containing from 8 to 16 C atoms have been prepared. The
structures of the rifazacyclo and rifazone derivatﬁveslprepared are
given 1in Figure 10. Of these, only RC-6, RC-7 and R-42 have been
prepared before. | |

The genefa] synthesis of the derivatives of the rifazacyclo
series is outlined in Figure 11. The position in Figure 11 with which
each synthesis began depended on the availability of the starting
materials. For RC-6 and RC-7 the hydrazines (26, n = 6 and 7) were
available, and the rifamycin derivatives were readi]y prepared by
condensation with rifaldehyde. For RC-8, RC-9, and RC-13, the syn-
thesis began with the Tactams (23, n = 8, 9 apd 13), and for RC-11
and RC-16, the synthesis started with the cyclic ketones (22, n = 11
and 16). For the most part conditions did not vary much from one
substrate to another for each reaction. All of the reactions gave
yields of greater than 70% once the conditions were worked out.
One reaction which deviated from the norm is worth mentioning. The
common tonditions for the Schmidt reaction, the reaction of a ketone
with NaN

or HN3 and H2504 in benzene, were not suitable for cyclo-

3
decanone. The product of the reaction, 2-azacycloundecanone, is only
'slightly soluble in benzene. The reaction when run in benzene resulted
in massive foaming, very sluggish reaction, difficuit workup since

most of the product forms a thick layer between water and benzene,

and Tow yié]ds. A1l of these problems were eliminated when chloro-
form is substituted for benzene. Both the 11 and 13 membered ring

lactams were found to be rather fnso]ub]e compounds, especially when

pure. All the solid intermediates were purified by recrystallization
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Figure 11. Synthesis of rifamycin derivatives of the rifazacyclo series.
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techniques and liquid intermediates were disti]]éd under reduced
pressure. |

A1l of the rifaldehyde condensations were done in THF with a
slight excess of the hydrazine. The reaction times, which varied
from derivative to derivative (longer for the 1arger hydrazines)
were conveniently fo]]owedbby tlc in THF. THe condensations all
proceeded cleanly and comp]etely.v The excess hydrazine was usually
separable from the powdered product by washing with hexane. Further
purifications were possible either by recrystallization or column
chromatography. |

The starting material for each of the derivatives in the rifa-
zone series was the appropriate disubstituted amine which was con-
verted to the respective hydrazines by nitrosation.followed by lithium
aluminum hydride reduction. These reactions and_the condensation of
the hydrazines with rifaldehyde usually paralleled those of the
rifazacyc10 ser1es. The only exception was the nitfosation of di-n-
octyl amine, which did not go in water since the amine hydrochloride

/1

is insolubie. The method of Carroll and Wright,” which uses KNO2 in

acetic-acid, was used instead.
The results of the testing of these series of rifamycin deriva-

tives, along with others, will be presented and discussed in Part III!

F. DMB Series

- The rifazacyclo and rifazone series discussed in the previous
“section were designed to look at both size and lipophilicity, since
within each series the more Tipophilic tails are also larger. It was

thought to be desirable to prepare a new series'to.investigate
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lipophilicity in a series of derivatives of approximately the same
size and configuration. Such series can be picked out of the
literature, as the piperazine, morpholine, and piperidihe deriva-
tives mentioned earlier, but none of them include derivatives which
are potent RDP inhjbitors.

The compound that we thought most desirable to build derivatives
around was DMB. DMB has been until recently one of the best studied
rifamycin inhibitors of RDP and inhibitors of.foqus formation in
cell culture. It has been suspected that there is something unique
about its configuration. We found that cis-dimethyl DMB (the isomer -
most often used) is a better inhibitor than the trans-dimethyl DMB.

In spite of its activity, DMB contains a basic nitrogen in the
piperazine ring. If Tipophilicity is a desirable property for RDP
binhibition, and there is something unique about the configuration of
the tail in DMB, then the a derivative that répldces the basic 4'-N

in DMB for carbon might be a particularly potent inhibitor.

It was also suspected that the activity of DMB was due largely
to unprotonated molecules. The 4' N of DMB would be expected to be
considefab]y less basic than the 4' N of rifampicin (which does not
inhibit RDP) due to increased steric bulk of the.2 methyl and 1 pheny]
groups. Therefore another derivative which would be useful would be
a DMB-like structure with a fixed charge on N.V

The result of these considerations has been the preparation of a
DMB ser%es—-the synthesis of a quaternary derivative of DMB, DMB-methl-
iodide (DMB-MI), and an analog of DMB in which the 4' N is replaced

with carbon (DMB-analog). Since DMB-MI has a fixed charge and DMB-
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analog has no charge, we can investigate the effect of lipophilicity
in a series of compounds each having approximaté]y the same configura-
tion. The structures of these derivaﬁives are jnt]uded in Figure 10
(p. 47). .

DMB-MI and rifampicin-methyl iodide (RMI) are réadi]y prepared
from their_parent derivatives. When rifampicin was dissolved in
| methyl-iodide, RMI precipitated out within a fewvhours. The compound
exhibits incféased water so]ubi]ity»over rifampiqih and aqueous
solutions treated with AgNO3 resulted in the immediate precipitation
.of AQI. ‘In the nmr the N-methyl peak isvreplaced by a larger down-
field singlet integrating as 6 protons. DMB reacted simi]arly except
the product does not precipitate from methy]iodidé. The nmr of DMB-MI
shows a downfield shift of the benzyl protonsvapd the appearance of a
new methyl group just upfield of the benzyl absdrbtion.

The preparation of DMB-analog has proved to be much more difficult.

72 that the condensation of diethylacetone-

It has been reported by Hall
1,3-dicarboxylate with acetaldehyde and ammonia proceeds to give cis-

2,6-dimethyl1-4-piperidone.

o o O | |
/\O,Ll\/u\/LLo,\ T 3 o T NH;
. : (o)
) 0% o
2) Ha,-co,” N
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It was hoped to obtain this piperidone and to react it with a benzyl ylid
to give (29). Catalytic reduction of the double bond of (29) would

yield the.amine from which DMB-analog could be routinely prepared.

Unfortunaté]y, the.author has not been éb]e to repeat the preparation
that yields (28)72 after three attempts. The product in each case has
- been only dark brown polymers. Rather than to embark on a detailed
analysfs of this reaction, it was decided to attempt the syntﬁesis of
DMB-analog through another route. This alternate synthetié scheme,
although it has led to the desired product; has become a lTonger scheme
than originally anticipated. The final synthesis is presented in
Figure‘IZ. E

The cbndensation of pheny1aceta]deﬁyde, ethylacetoacetate and
ammonia in ethanol was pérformed according to Huntfess and Shaw.:,3
It was noted that unless the pheny]aceta]déhydegWas distilled just
before using, poor yields were obtained. Pheny]écéta]dehyde readily
po]ymerfzes at room temperature. Most of the polymer is reverted to

the monomerIUpon distillation. It was hoped that the resulting di-

hydropyridine-diester, (31), could be Saponifiéd_to the dihydropyridine-



-53-
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diacid. This compound cou]d then be decarboxylated and then catalyti-

cally reduced to give the desired amine, (30).

RN

However, when (31) was refluxed in ethano]iclKOH, even for extended
periods, no diacid, (39), was detected. Only the partially decomposed ;
starting materiallwas obtained. The saponification was also attempted | o
in hot KOH jn'DMSO. It was infended that the inéreased”nucleophi]i-
‘city of hydroxide in this aprofic so]yent wou]d’aT]ow the soaponifi-
cation to proceed, but again the vinylogous carbamate was stable,
It was then decided to proceed along as_indicated in Figure 12,
since the pyridine diester, (32), had been both. sabonified and decar-

73

boxylated by Huhtress and Shaw. The aromatization of (31) to the

- pyridine-diester, (32), and the subsequent saponification of (32) to
the pyfidiné-diacjd dfpotasSium salt, (33), procéeded as described,
The decarboxylation of (33) was also descnibed by Huntress and Shaw.
However; their pyrolysis which was run above 1000°'required'specia1
g]assware made from Corning 172 Pyrex instead of ordinar} Pyrex. Ih

addition, only 10 g of (33) could be decarboxylated at a time. Rather

‘than using this procedure, we decided to investigate the decarboxylation
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of the free acid, (34). It was found that (34) could conveniently be
decarboxylated in quantity ahd high yield by placing the diacid in a
vacuum distillation apparatus, and heating at 225° at 80 mm. Under
these conditions the product was distilled into é collection flask.
It was found that the isolation of the free acid, (34), was not nec-
cessary.- The diacid dipotassium salt could be neutralized in aqueous
solution with H2504 and the water evgporated under vacuum. The mixture
vof the diacid and K2304 could be utilized in thé‘qecarboxylation
reaction directly.

~We had expected to be able to carry out the reduction of pyri-
dine; (35), by hydrogenation with Adam's catalyst. It has been'réported
that the reduction of pyridines occurs preferentially to benzenes, |
even when both aromatic moieties are present 1h the same molecule.
Howevek, after several attempts, we fodnd that both riﬁgs in (35) were
reduced, and when only 3 equivalents of hydrogen were -allowed to be
~taken up, the pheny] ring took up more hydrogen thanvthe pyridine ring.
Presumably, the normally facile pyridine ring reduction is slowed due
to steric factors. We found that (35) could easily be reduced to the
pyridine when a modification of the Birch reduction was employed. This'
reaction has been used for the reduction of the parent compound,
pyridfne, to piperidine.74 The reaction proceeded with the reduction
of the pyridine ring exclusively.

The piperidine, (30), was analyzed by mir to determine to‘what.
extent the thermodynamically most stable isomer, the all cis piperi-

dine, was formed. The major component of the mixture, comprising

‘approximate]y 67%, was an isomer in which the 2 methyl groups were
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equivalent, and therefore cis. , The equivq]ence of the mefhy] groups
in the majér isomer present, itself does not tell us whéﬁher the
benzyl group is cis or trans. Since the reactidh that led to the
piperidine_is nonstereoselective, we would expect. the thermddynamica]]y
most §tab1e isomer to predominate. Therefore,_ft ig most-]ikely that

the benzyl group in the major product is cis to the methyl groups.

all ¢i3 1SO0mer

Becausé of the low water solubility of the hydrochloride salt of
(30), the nitrosation to the N-nitrosopiperidiﬁe; (36), was carried
out in acetic acid in accordance with the proceaure of Carroll and
Wright. (36) was reducéd'to the hydrazine, (37).  Nmr of the purified
hydrazine indicated that the all cis isomer'compriséd approximately
80% of the isomer mixture. It isvpossible that this enrichment of

the all cis isomer is due to the higher reactivity of the less hin-
dered all cis piperidine, (30), upon nitrosation and subsequent
Eeductioh. | | o

As‘expected, fhe hydrazine, (37), condensed with rifaldehyde to
give the DMB-analog, (38). Although the synthesis was longer than
anticipated (9 steps), all of the steps proved to be straightforward
and reproducible. The overall yield based on pheny]aceta]dehyde was

18%.
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G. Lipophilicity

In order to judée the effect of rifamycin derivative lipophili-
city on RDP inhibition, it is necessary to have a quantitative measure
of the lipophilicity that each "tail" contributéé.to the basic
rifamycin SV structure. Within each homologous series, the rifazé—
cyclo series for example, the number of carbon atoms in the tail
might be sufficient for comparing 11pophi]icitiés, since each methy-
lene that we add should contribute a constant increase in']ipdphi]i-
city. However, the number of carbon atoms in the tail is of little
value when comparing rifamycin dérivatives from different series. for
example, we can compare the Tipophilicities of RC-9 and RC-11, which
have 8 and 10 carbon atoms in the tail, respectively. They are both
cyclic structures, and are therefore similarly restricted in their
conformations. RC-11 is clearly more lipophilic than'RC-9. But it
is difficult to compare the lipophilicity of RC?]1 with R-52 (also
10 carbons) or with R-‘42 (8 carbons). Both R—52 and R-42_are open
chain structures and as a result possess considerably more freedom of
movement--i.e., a larger number of conformations, since each carbdn—
carbon and carbon-nftrogen bond can rotate 360°.  From this we may
guess that R-52 is more lipophilic than RC-11, since they both'have_:
10 carbon atoﬁs in the tai1, but what about RC-11 and R-4,? Here it
is mbré difficu1t to predict. Within the DMB series, it is quité
reasonab]e‘to say that DMB-analog is more, and DMB-MI is less lipo-
philic, than DMB, but a priori we cannot predict by how much. It is
even more difficult to predict whether a derivative such as DMB is

more or less Tipophilic than RC-13, Tet alone by how much.
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It is quite clear then that a measure of tail lipophilicity is
neceSsafy. Perh&ps the most useful parameter for relating the lipo-
philicity of a sefies of similar compounds, in this case derivatives
of rifamycin SV, is ﬁhe substituent coefficient, =, which has been

75

- defined by Hansch’® as the free energy relationship,

m = log (Py/Py) »

where;P* and Py are the experimentally determined partition coefficients
for the substituted and unsubstituted compounds respectively. By can-
celling the effect of .the unsubstituted compound, in our casé rifa-
mycin SV, we are left With a relative measure of the lipophilicity
contributed by the tail a]ohe. The partition coefficients are ob-
t;ined by an accurate determination of the relative concentration
that results when a compound is allowed to reach an equilibrium be-
tween an aqueous and organic (usually n-octanol) layer. The USefulf
ness of the = parameter as opposed to just a partition coefficient
stems. from the fact that in addition to the cante]]ing of the contri-
bution of the unsubstituted part of the mo]ecu]e; fhe specifics of
- the experimenta]vconditions, such as temperature, nature of the
organic so]vént, pH, and ionic strength of the aqueous phase are, at
least in theory, also cancelled as a result of'the&free energy
derived natﬁre of the = parameter. |

We found that the technique of‘partition éoefffcients unsuitable
for the more lipophilic rifamycin derivatives, priméri]y because of
~ the low water so}ubi]ity of these derivatives. Instead, we have

resorted to techniques of reversed phase thin layer chr'omatography.76
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This technique, which is especially suited for the separation of
lipophilic molecules, utilizes the elution by a polar solvent system
on a hydrophobic solid support. The solid support most often used
is silica gel which has been coated with a silicon fluid to render
the surface hydrophobic. The eluent is commonly a mixture of acetone
and water saturated with the silicon fluid. The RF values thus ob-
tained have been shown to be re]ated to the partition coéfficients,

P, by the expression76b

P = constant (1/Rc-1)

By utilizing the term RM which has been defined as log (1/RF—]),77

we can obtain an expression for the substituent coefficient, «, in
terms of data obtained by the reversed phase thin layer chromatography

system.

T = ARy = RM(derivative)-RM(rifamyciq SV)

A photograph of a typical experimental reversed phase tlc
chromatogram is given in Figure 13. No visualization was required,
as all of the rifamycin derivatives are highly colored. The ARM cal-
culated from the measured RF values for each derivative was the
average of at least 5 determinations. The average AR, thus obtained
for each derivative of the rifazacyclo, rifazone, and DMB series, and
a few others is given in Table I along with the number of carbon atoms
in the tail of each derivative. Figure 14 shows that there exists a
near linear relationship between ARM and the nuhber of carbon atoms

in the tail for both the rifazacyclo and rifazone series. The graph
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Figure 13. Reversed phase thin layer chromatograph of selected

rifamycin derivatives.
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Table I
Derivative No. of Carbon Atoms in Taij ’—BM
- Rifazacyclo series

Rifazacyclo-6 -5 0.56

Rifazacyclo-7 6 0.68
- Rifazacyclo-8 7 10.80

Rifazacyclo-9 v 8 0.92

Rifazacyclo-11 10 1.20

Rifazacyclo-13 12 1.49

Rifazacyclo-16 15 2.06

Rifazone series

Rifazone-4, 8 1.1

Rifazone—S2 10 1.43

Rifazone—sé 12 1.80

Rifazone—82 .16 2.61

DMB series : _

DMB 13 - 0.85

DMB-MI ' 14 : ' 0.40

DMB-analog 14 - 1.20 (1.01)"

Rifamazine ' -- ' _ 0.00

Dirifampin ' -- -0.15

Rifampicin | -- ' 0.41

*Isomers other than all cisédimethy1benzy]piperidine.
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LIPOPHILICITY vs. TAIL SIZE

CARBON NO. IN TAIL

XBL7312-4965

Figure 14
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a]sobfndicates that as a class of compounds, the rifazone series is
more iipophi]ic than the rifazacyclo series. A detailed discussion
of the inhibition of RDP by these derivatives and the effect of lipo-

phi]icity:is given in Part III.

Experimental Section

I} spectré.were taken on either a Perkin-Elmer Model 137 or a
Beckman Model 5A grating infrared spectrometer. Nmr of 311 compounds
except the r1famyc1n derivatives were recorded on a Varian Associates
Model T-60 and or Mode] HR-220 1nstrument and the r1famyc1n der1va—
tives were recorded on a Varian Associates HR-220 instrument. Uv
spectra were recorded on a Cary Model 14 spectrophotometer. Esr
spectra were recorded on a Varian Associates speétrometer Model E-3.
Tlc, except Qhefe noted, was done on Eastman Chromégram 6060 siiica
gel sheets. ARifémyéin derivatives used as'precursbrs were kindly
~supplied by Gruppo Lepetit S.p.A., Milan, Italy. Where analyses afé
indicatéd_on]y by symbols of elements, ana]yticéi fesu]ts obtained
for these elements were within + 0.4% of the theoretical values.

'2,2,6,6-Tétramethy]-4-ch1oropiperidine. Method of Rozantzev.63

64

TriacetOneamine hydrazone (4). Method. of Lutz, et al.

2,2,6,6-Tetramethylpiperidine-4- N‘-acety]hydraz1ne Method of
Joss, th1s 1aboratory, unpublished results. |

2,2,6,6-Tetramethylpiperidine-4-hydrazine (1). 2,2,6,6-Tetra-

methy]pipéridine-4fN'-acetyThydrazine (1.00 g, 0.0047 moles) was
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dissd]ved in concentrated HC1 (8 m1) at 0°. "The solution was warmed

to 25° énd stirred for 48 Hrs. Evaporatfon of the H20, HC1, and
acetic acid under vacuum resulted in a light yellow viscous oil. The
0il was dissb]ved in ethanol (30 ml1) and ether (120 ml) was added
dropwise to the vigorouslystirred solution. 'Soon-éfter the addition

of ether began, a white precipﬁtate started forming. The precipitate
was collected, washed with ether, and the ethanoi—ether crysta]1fzation
procedure Was repeated. The product was shown to be the di HC1 salt
of'(]) by analysis and by titration against NaOH. m.p.264-265 (decom-
position). Vield, 1.04 g (91%). Anal., C, H. N.

Rifaldehyde-2,2,6,6-tetramethylpiperidine-4-hydrazine hydrazone (2).

5 moles) was dissolved in THF. Anhy-

Rifaldehyde (0.025 g, 3.45 x 10°
drous Mg$04 (0.25 g) was added.to the so]utioh»along with hydrazine
dihydrocﬁ]oride (1) (0.017 g, 6.89 x 10°S_moles). One N NaOH was added
dropwise to raise the_pH to approximate}y 6, and the reaction was'stfrred
‘overnijhf. The product was pufified by column chromatography on Bio Rad
Bio-Sil1 A silica (5 in column, 0.25 in diameter). The reaction mixture

- was placed on the column and was eluted with ethano]:ether; 1:1. R of
the brpdﬁct.oq silica’tlc eluted with ethano]:ethef:ethy]acetate, 1:1:1

- 0.22. vield, 78%. o

Oxidation of (2). Rifaldehyde derivative (2) (0.015 g, 1.7 x 107

‘mo1es) was dissolved in 1 ml1 95% ethanol and a 1:1 mixture of EDTA
tetrasodium salt and Na,W0, (~1 mg) was added. 30% H,0, (10 mg) was
“added and the reaction was placed in fhe dark at 25°. The reaction
was monitored both by esr, which showed an increasing nitroxyl signal,

and by silica gel tlc in ethanol :ether:ethylacetate, 1:1:1, which



-65-
indicated fhe disappéarance of (2) and the appearance of a new
colored product. The reaction was comp]ete’after\4 hrs. Phepara-
tive tlc of the newly formed rifamycin (RF 0.50) provided enough pu}e
product to look at by esr--no signal was detected, indicating that
the nitroxyl formed in the reaétion was not attached to the rifamyéin

product.

N-Oxy1-2,2,6,6-tetramethylpiperidin-4-one hydrazoné (8). N-Oxyl-
2,2,6,6-tetramethy1piperidin~4-one (1.00 g, 0.0058 mol) was dissolved .
in methanol (3 ml). The solution was cbo]ed tb 0° and .hydrazine hy- |
drate (2.90 g, 0.058 mol) was added to it dropwise. The flask was
fitted with an air lock and then allowed to stahd at room temperature
for 5 days. All volatile material was removed under vacuum. The re-
sultant pale yellow oil, which gave no esr'signa!vand one spot_by the
thin‘]ayer chromatography (tlc) (silica gel in both dioxane and
chloroform), was’dissolved 1h 95% ethanol (15 m1) and stirked vigor-
ously open to the air for 24 hr. Removal of the.so]vent afforded avb
bright\yellow liquid (0.90 g, 84% of theory) whith gave both esr and
- ir consistent with the proposed structure. The hydrazone was used

without further purification.

Di(N-oxy]—Z,2,6,6—tetramethy1piperidin-4-one)azine (10). NQOxy]-
'2,2,6,63tetramethy]pipéridin;4-one hydrazdne (0:50_9; OL0027 mo])-waé
heated at 50° under vacuum for 4 days, dffording‘a“ye1]ow crysta111ne
product (0;45vg),'m.p. 173-177°. A deQASSéd THF‘gélution.gave a
typical binitroxyl spectrum. Ir was consistent with the proposed
structure,i Anél.,C, H, N.

Spin-label (9). Hydrazone (8) (0.17 -g, 0.0010 mol) dissolved in

95% ethanol (3.5 m])vwas added to a solution of_rifa]dehyde (05500 g,
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0.00069 mol) in 95% ethanol (10.5 ml) and fhe resultant mixture was
stirred at room temperature for 15 hr.

A column of alumina (activity 1).was prepared with a bed volume
of 100 ml in 3:1 ethyl acetatefefhano] (by volume). The above reaction
mixture was added to the column and then éluted.with 3:1 ethyl acetate-
ethanol until the wash gave no signal by esr. The contents of the
columi were then placed in é flask and extracted with thfee portibns
of 100% ethanol (100 ml each). Removal of the solvents under vacuum
afforded 0.43 g df the ;pin-]abe]ed drug 3. E§r, ir, and uv are
consiéténf with the assigﬁed structure. Tlc showed Rp 0.43 (dioxane).

Rifamazine. Method A. Rifaldehyde (0.100 g, 0.000138 mol) was

dissolved in 95% ethanol (17 m1). To it was added 0.100 M hydrazine
in 95% ethanol (2.80 ml, 0.00028 mol). The pH of the resultant
so]utiqh was adjusted to 6.0 with 0.10 M HC1. Within 5.min é red
precipitate was observed. The solution was then»stfrred for an addi-
tiona]lhouf, after which time water (20 ml) was édded. The solution
was filtered, and the red precipitate was washed with 50% aqueoué
ethanol and dried under vacuum. Yield, 0.098 g (100%); tlc Rp 0.28
(ether-ethano]—ethy] acetate, 1:1:1); uv (in ethanol) 228 nm (e 54,200),
358 (33,500), 505 (= 20,000). | |

Method B. Rifampicin (0.100 g, 0.000122 mol), 0.20 M aqueous
hydrazine (3.0 mi, 0.00060 mo]); and ascorbic acid (0.025 g)‘were
dissolved in 30% aqueous acetic acid (25 m1). The solution was
stirred in the dark for 5 days at room temperature. The resb]tant‘
red precipitate was collected by filtration, washed with ethanol, and

dried under vacuum. Yield, 0.085 g (97.5%).
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‘Rifurea. Rifa]dehydev(O.IOO g, 0.000138‘mo1) and carbdhydrazide
(0.00585 g, 0.000065 mol) were dissolved in methanol (10 m1). After
stirring.4 hr at room temperatqre, water (10 m]?-was added dropwise
to affect‘éryStal]ization. The orange precipitate was CO1]eﬁted and
washed twice (50% ethanol) by centrifugation. The prodﬁct was dried
under vatugm. Yield, 0.058 g (67%); tic RF 0.33 (éther—ethano]—ethy]
acetate, 1:1:1); uv (in ethanol) 232 nm (¢ 51,500), 337 (38,800), 475
(20,000). |

Dikifamgin; "Rifaldehyde (0.100 g, 0.000138 mol) and N,N}—diémino-
piperazine dihydrate (0.00988 g, 0.000065 mol) were dissolved in
ethanol.(]Z ml). The reéction vessel was fittéd with a condenserb
and then heated to réf]ux for 2.5 hr. An or&nge»precipitate was ob—v.
served soon after réaching reflux. The solution was then cooled to
0° to cqmplete precipitation. The precipitate was collected and
Washed_(]OO% ethanol) by centrifugation énd then dried under vacuum.
Yield, 0.085 g (84%); tlc RF 0.75 (ethanol); uv (ih éthanol) 234 nh
(¢ 32,700), 348 (29,900), 476 (17,700). |

2-Azacyclohexadecanone. Cyc]opentadecanone-(4.50 g, 0.0201 mol)

and hydrazoic acid (16.9 ml of 1.25 M HN3 in benzene) in benzene (30.
mT) was added dropwiée to an ice-cold mixture of Sulfuric acid (15.5
m]) and benzene (47.m1) with stirring. The temperature was maintained
beIOW‘10°.: After the addition, the ice bath was removed and the.
reaction mixturé was stirred for another 20 min: Ice water (100 ml)
was then added. The benzene layer was separated aﬁd the aqueous

layer was-washed once with benzene (15 ml). The'two’benzene solutions

were combined and washed once with 1.0 N KOH (SO-m]) and dried over

[
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Na2504. The benzene was removed under vacuum, affording a white cry-
stalline solid which was recrystallized from 50% aqueous acetone.
Yield, 4.30 g (89%); m.p. 131-134°.

 Azacyclohexadecane. 2-Azacyclohexadecanone (4.30 g, 0.0179 mol)

dissolved_in benzene (12 m1) was added dropwise to a stirred mixture
of LiATH, (0.70 g, 0.018 mol)'in ether (12 ml) at a rate to maintain

a gent]é'ref]ux. Reflux was then maintained by heating for 15 hr:

The sequence water (0.70 m1), 15% NaOH (0.70 m]);;énd water (2.1 ml)
was then added and the reaction mixture was filtered and washed with
additional beniene. The filtrate was dried,over'Na2804 and evaporated
uhdér vacuum, affording the product as a waxy solid. m.p. 45-47.5°;
yield, 3.90 g (96%). | |

N-Nitrosoazacyclohexadecane. Concentrated HCI (1.35 m1, 0.0167

mol) was slowly added to a mixture of azacyclohexadecane (3.00 g,
0.0133 mol) and water (3.0 ml) at 0°. The reaction flask was then
fitted with a thermometer and heated to 65°. A solution of NaNO2
(1.02 g, 0.0167 mol) in water (3.0 ml) was theh added dropwise at a
'rate which maintained the temperature between 65 and 70°. This tem-
perature Was maintained by heating for aﬁ additional 5 min after the
addition. The reaction mixture was then cooled to 25° and titrated
with 15% NaOH to pH 7.0. The organic layer was removed by extraction
with three portions of benzene (15 ml each). The benzene solutions
weré combined, treated with Na2304 and decolorizing carbon, filtered,
~ and evaporafed undér vacuum. The N-nitroso compound resulted as a
pa]e-ye]]ow, low-melting solid: m.p. 32-34°; yield 3.02 g (90%.
Aha]. C, H, N.
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N-Aminoazacyclohexadecane. N—Nitrosoazacyé]ohexadecane (2.95 g,

0.0116 mol) in ether (12 ml) was added dropwise to a stirred mixture
of L1A1H4 (0.5O'g, 0.013 mol) in ether (6 ml) at.é}rate'to maintain

a gehﬁle reflux. Reflux was then maintained by heating for 15 hr,
after which time the sequence water'(O;SO ml), 15% NaOH (0.50 m]),

and water (1.50 m1) was slowly added dropwise. Benzene (10 ml) was =
then added and the reaction mixture was.filteréd.and washed with addi-
" tional benzene. The filtrate was dried over NaéSO4 and evaporated

. under vacuum, affbfding the product as a waxy Edlfd: m.p. 39-41°;
yield, 2.58'9 (93%); hydrochloride salt, recrystallized from cyé]o-
hexane, m.p. 145-147°. Anal. C, H, N (as the hydrochloride).

‘Rifazacyclo-16. Rifaldehyde (0.190 g, 0.000262 mol) and N-
aminoazacyclohexadecane (0.0630 Q, 0.000262 mo]):were dissolved in
THF (12 m1) from which oxygen had been removed by bubbling in nitrogen.
The solution was stirred at 25° for 48vhr, after which time the sol- _
vent was-rémoved under vacuum. The resulting orange solid was recry-
bsta]]ized from petroleum ether (40 ml). 'Yie]d;'O,ZOS g (81%); tlc
Re 0.087 (tetrahydrofuran); uv (in ethanol) 227 nm (e 24,100), 279
(22,300), 350 (30,500), 479 (12,900). |

Acetone derivative of N-aminoazacyclohexadecane. N-Aminocyclo-

hexédécane'(O.]O g, 0.00042 mol) was dissolved in acetone (10 ml)
and stirréd at 25°.for 48 hr. Removal, under vacuum, of the excess
.acetone yfé]ded a light yellow 0il which gave thé expected nmr and
ir for the acetone hydrazone derivative. Yield, 0.12 g (100%).

Anal. C, H, N.
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N-Nitroso—3—azabicxgjo[3.2.2]nonane. 3-Azabicyclo[3.2.2]nonane

- (10.0 g, 0.080 mol) was slowly alded to ice-cold concentrated HCI
(8.12 m1, 0.100 ho]). The flask was then fitted with a thermometer
and heated to 65°. A solution of NaNO, (6.0.9, 0.10 mol) in water |
(18 ml1) was added dropwise at a rate which maintained the temperature : *?
between 65 and 70°. This temperature was maintained by heating for | .
10 min after the addition. The reaction mixtufe was cooled to 25°.
The yeT]bw precipitate that resulted was collected by filtration,
dissolved in ether (100 ml1), and treated with Na2504 and deco]orizing
carborn. Th§ fi]tered so]qtion was evaporatednunder vacuum affordihg
the N—nitfoso compound as a pale yellow solid, which readily sub]imes
above 150°. Yield 6.0 g (49%). Anal. C, H, N.

N-Amino-3—azabicyc]o[3.2.2]nonane. N—N1tro$o-3-aiabicyc10[3;2.2]

~nonane (3.00 g, 0.0195 mol) in ether (10 ml) was added dropwise to a
stirred mixture of LiA]H4 (0.75 g, 0.020 mol) in ether (TO ml) and
THF (10 m1) at 25°. Ten minutes after the addifion, the reaction -
was refluxed for 15 hr, after whicﬁ time the sequen-e water (0.75 ml), |
15% NaOH (0.75 m1), and water (2.25 ml) was added dropwise. The
reaction mixture was then filtered, and thé precipitated hydroxides
were washed twice with ether (TO ml each). The filtrate was dried
over Na2504,and evaporafed under vacuum. The bityc]ic hydr&zine: ' -}
(2.5 g,'90%) was obtained as a ]ow-meﬁting, véry hydroscopic whité | '
solid. Anal. C, H, N.

Rifazabicyclo-9. Rifaldehyde (0.100 g, 0.000138 mol) and N-

- amino-3-azabicyclo[3.2.2]nonane (0.0193 g, 0.000138 mol) were dis-

solved in THF (12 m1). The solution was stirred.for 24 hr at 25°.
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The solvent was then removed under vacuum. The pkoduct, which re-
sulted as an orange solid, was recrystallized from ethyl acetate.

Yie]d,'0.071 g (61%); tlc Rg 0.54'(tetrahydrofuran).

2-Azacycloundecanohe. The cyclic ketone (5.00 g, 0.032 moles)
is diéso]Qed in chloroform (100 ml) in a flask fitted with a magnetic
stirring bar and a thermometer. The so]utionvfs cooled in an ice
bath to 5-10° and sulfuric acid (25 ml) is added. NaNy (2.23 g,
0.034 moles) is added abproximate]y 10% at a time over a period of
1 hour. . The'icé bath is removed and thé reaction-fs stirred fof
another hour. The contents.of the reaction flask are then pquréd'
.1nto ice and water (125 ml) and the resulting chloroform layer is
separated. The water layer is washed with additional chjoroform and
the'ch]éroform solutions are combined, washed with 1 N KOH (25 ml),
dried over‘NaZSO4 and evaborated under vacuum td yield the'product,

The product is recrystallized from acetone. Yield, 4.7 g (91%);

m.p. 162-165°.

Nitrosations

Method A - for water soluble amine hydrochlorides. The amine

(n moles) and water (250 n ml) are added to a.flask fitted with a
thermome ter, magnetic‘stirring bar and addition funnel. Thé f]ask';
is placed in an ice bath and concentrated HC1 (1.25 n moles) is addedi
‘dropwise maintaining thevtemperafure below 105. After the addition>
‘the ice bath is removed and the solution is heated to 65°. A s@]utioﬁ
of NaN0, (1.25 n moles) in water (250 n ml) is added drbpwise at a

rate maintaining the temperature between 65 and'709. After the
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addition the reaction is stirred at témperatﬁre for another 10 min.
The-f]ésk is cooled to 25° and the contents are transferred to a
Separatdry funnel where the product is extracted with benzene.
The benzene solution is dried over Na2304 and evaporated under
vacuum.

Dibuty]nitrosamine,-n = 0.100, yield.= 99%

‘Di-n-pentyInitrosamine, n = 0.100, yield = 98%

Di-n-hexylnitrosamine, n = 0.125, yield = 85%

N-Nitrosoazacyclooctane, n = 0.0945, yield = 57%,
bp]0 = 118°, structure by nmr, ir, m.p. = 42-47°

N-Nitrosoazacycloundecanone, n = 0.0535, yield = 86%,

structure by nmr, ir

N-Nitrosoazacyclotridecanone, n = 0.0490, yield = 95%,

structure by nmr, ir

Method B* - for water insoluble amine hydrochlorides. The amine

(n moles) and acetic acid (1000 n m1) are added to a flask fitted with
a thermometer, magnetic stirring bar, and addition funnel. The flask
is placed in an ice bath and concentrated HC1 (1.25 n moles) is added
dropwise, keeping the temperature below 10°. The solution is then
heated to 25° and a solution of KNO,, (3 n moles) in water (150 n‘ml)
is added dropwise over a period of 20 min. The reaction is stirred
for another 20 min after the addition. Water (~1500 n ml) is then
added; fhe product is extracted with ether which, in turn, is washed

with 5% N52C03, dried over Na2504 and evaporated under vacuum.

*So]ution must be kept warm (+40°).

[ SIS
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 D-n-Octylnitrosamine, n = 0.0249, yield = 92%

. N-Nitroso-2,6-dimethyl-4-benzylpiperidine, n = 0;0345,

yield = 68%, structure by nmr, ir

Lithium Aluminum Hydride (LAH) Reductions

LAH was used for the reduction of amides to aminés and‘ova-
nitroso compounds to hydrazines. It was generé}]y noted that thev_
~reaction time required for high conversions was quite sensitive td
the freghness of the LAH. The use of,freshfLAH.resu]ted, in every
caée,bin shorter reaction times, i.e., less than 4 hr reflux in THF
or ether; . | |

Thé'compound to be reduced (n moies), either neat or dissolved
in THF, ether or benzene, is added dropwise to a stirred refluxing
mixture of LAH (n-2n moles) in THF or ether over a period of approxi-
mately 30 min. The reaction is maintained at réf]ux until the con-
version is complete. (This is determined by thé~workup of 3 ml
aliquots. Amide reduction is monitored by the loss of the carbonyl |
by ir. Nitrosamine reduction is monitored by the loss of the |
characteristic downfield a-protons by nmr.) Thé reaction is then
cooled in a cold water bath. For x g'of LAH uéed, a sequencé of
water (x ml), 15% NaOH (x ml) and water (3* ml) fé added dropwise
very slowly with‘vigoroUs stirring. The resulting crystalline mixed .
hydroxides are removed by vacuum fi]trétion. ‘The hydroxides are
washed with additional solvent. The combined filtrates are evaporéted

under vacQUm to yield the crude product.

Amide Reduction

 Azacyc1ooctane-amide-(n = 0.118) in THF (25.m1), LAH (0.20 moles)

“in THF (125-m1), yield = 99%
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Azacyclononane-amide (n = 0.106) in THF (50 m1), LAH (0.21 moles)

in THF (150 ml), yield = 88%

Azacycloundecane-amide (n = 0.0622) in THF (50 m1)*, LAH (0.13
 moles) in THF (100 ml1), yield = 88% |
Azacyclotridecane-amide (n = 0.0507) in THF (100 m1)", LAH (y .108

moles) in THE (75 m1), yield = 99%

Nitrosamine Reduction

0.0423) in THF (15 m1),

N-Aminoazacyclooctane-nitrosamine (n

LAH (0.0810 moles)in THF (60 ml), yield = 80%, bpy, = 67-73°
0.0513) in THF (50 m1),

N-Aminoazacyclononane-nitrosamine (n

LAH (0.103 moles) in THF (75 ml), yield = 43%, bpyq = 87°

N-Aminoazacycloundecane-nitrosamine (n = 0.0407) in THF (25 ml),
LAH (0.092 moles) in THF (75 ml), yield = 61%, bpy, = 113°

N-Aminoazacyclotridecane-nitrosamine (n = 0.0400) in THF (50 ml),

“LAH (0.090 moles) in THF (50 m1), yield = 64%, bpsy = 95-99°

N,N-Dibutylhydrazine-nitrosamine (n = 0.0633) in THF (25 ml1), LAH
(0.132 moles) in THF (150 m1), yield = 86%, bpgy = 109-113°

N,N-di-n-Pentylhydrazine-nitrosamine (n = 0.0633) in THF (25'm1),

“LAH (0.132 moles) in THF (150 m1), yield 85%, bp., = 124-130°
© N,N-di-n-Hexylhydrazine-nitrosamine (n = 0.084) neat, LAH (0.168

moles) in THF (125 m1), yield (dist) 96% (743), bpys 124-128°
N,N-di-r-Octylhydrazine-nitrosamine (n = 0;0204) in THF (25 m1),

LAH (0.0254 moles) in THF (30 ml), yield = 97%.

N-Amino-2,6-dimethyl-4-benzylpiperidine-nitrosamine (n = 0.0216) "

in THF (25 m1), LAH (0.0526 moles) in THF (50 ml), yield = 85%,

bpy 4 = 118-123°

*Solutions must be kept warm (40°).
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Rifaldehyde Condensations

Rifaldehyde (n moles) and the-approprfate hydrazine (1.05 n moles)
- are dissolved in THF (<500 ml per 10 g rifaldehyde) and stirred at
room temperature until the kéaction is complefe by silica gel tlc in
THF (1 - 24 hr). The solvent is then evaporated under vacuum, and

the product is'pu]verized, washed with n-hexane ahd dried again. The
product; can be further pdrified either by recrysta]]izatfon from
hexéneibr hexane—to]dehe on a silica gel column eluted with ethy]

acetate. VYields are all above 90%.

RC-8 (n = 0.0140)
RC-9 (n = 0.0167)
RC-T1 (nﬂ= 0.0132)
RC-13 (n = 0.0126)
R-4, (n = 0.0165)
R-5, (n = 0.0165)
R, (n = 0.0140)
R-8, ~(n = 0.0108)
~ DMB-analog (n = ol00917)

The'feaction hés_been found to be near quantitative whén both the
rifaldehyde and the hydrazine are of high purity. The hydrazines .-
wefe usua]Ty distilled prior;to use. The major too] uéed for the
confirmatibn of the structure of the rifaldehyde derivatives was 220
MHz nmr.. The basic assignment of the nmr absorptions of the rifamycins l
was given by Pre]og.Sa Aside from minor\éhanges in the spectrum ob-

served when rifaldehyde is condensed with a hydrazine, 2 major changes

occur. First, the disappearance of the aldehyde pfoton absorption at
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10.6 & and the appearance of a new 1 proton s%gna] at approx%mate]y
.8.0 8. due to the formation of an a]dehyde‘hydfazone proton. The
_ second'major change in the spectrum is the appearance of new absorp-
tions dae to the protons of the hydrazine that was condensed with
r{fa]dehyde;- These absbrptions, which are nearly identical with the
spectrum 6f the hydrazine, are usua]iy discerhabje_among the rifamy-
cin peaks; | o

2 ,6-Dimethyl-4-benzylpyridine. 2,6-Dimethyl-3,5-dicarboxy-4-

benzyIpyridine (23.0 g, 0.081 moles) was placéd:in a f]aék connected
to a Vfgreux vacuum disfi]]ation apparatus. ‘Theisystem was evacuated
to 85 mm by means of an air bleed valve. The,f]aSk was heated until
all'the distillate, whiéh_came over at 200-204°, was collected as a
ruby red 1iquid. The red_color was found‘to be due to a high]y
co]bred‘impUrity which was remaved by disso1ving the product in n-
hexane (250 ml), cooling to 0° for 1 hr,vfi1tering'out the red bre-

cipitate and evaporating the filtrate. Yield, 14.1 g (89%).

2,6-Dimethy1-4-bengyjpiperidine} 2,6-Dimethy1-4-benzy1pyridiné
(3.24 g, 0.0164 moles) was dissolved in 100% EtOH (30 ml) in a flask
fitted with a reflux condenser. Na metal (4.5 g, 0.196 moles) waé
added gradually in small pieces to maintain a very genf]e reflux.
Five min after the Na addition was complete, EtOH (15 ml) was added
and ﬁhe reaction was refluxed until all the Na'reacted. (Note: When
the Na Was first added, the solution turned'ye]]ow; during the fina]t
reflux, the yellow color abruptly disappeared;) Water (20 m]) was
then addéd dropwise. The EtOH was'evaporated‘under vacuum, resulting

in 2 phases which were transferred into a separatqry funnel containing
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water (15 ml). The produtt was obtained by extréction with ether,
.drying‘over Na2504 and evaporation -under vachm5  Yield, 3.12 g (94%).
DMB-MI. DMB (0.200 g) was dissolved in methyl- jodide (20 ml)
vand the solution was stirred at 25° overnight. - Evaporation of the .
vméthylviodide afforded the product in quantitative yield.

Rifampicin-methyliodide (RMI). Rifampicin (1.00 g) was dissolved

in ‘methyl iodide (50 ml1) and the solution was stirred at 25° for
4 hrs, during which time the product precipitated. RMI was col- .
1ected; washed with ch]oroform dnd dried. Yield, 97%.°

Reversed phase tlc. Tlc plates were prepared'with si]fca'gei

(E. Merck AG-Darmstadt) spread at a thickness of 0.25 mm (50 g to
100 m1 water). The'plateé were activated and devefoped in é 5%
sdlution of Dow-Corning 200 fluid (10 cc) in ether overnight. The
ether was allowed to evaporate and then-the'rifamycin_derivatives,
dissolved in acetone (10 mg/ml), were spotted (v6 ug). "The p]atés
were developed in an acetone/water solution (2/3 V/v) saturated with
the Dow—Corning fluid. No means of visua]izing‘was required, as the
"spots are distinctly colored. In all céses the reported ARM is thé

average of at least 5 determinations.
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PART. III:

-'RIFAMYCIN INHIBITION OF NUCLEQTIDE POLYMERASES

A. Introduction

Part 1 of this thesis described the reversevtraﬁscription assay
and Part II dealt with the synthetic deve]opmentvof-new.rifamyéin
derivatives in an effort to systematically stddy RDP'inhibition as
a function ofltail structure. This Part of the thesis deals'wfth
the résu]ts of this study. We have found that tail ]jpophi]icity.
is an important but not exclusive factor in obtafnfng good RDP |
inhibition. .

A_Secohd point to which this Part iS‘devoted:js the question:
of inhibitory specificity. We have held fhis question to be paktiQ
cu]afly important in 1ight of the suggestion by Silvestri et al.

‘that all lipophilic rifamycins are nonspecific bfnders.of profeins.'
- To inVésfigate this possibility we have tested many of the deriva-
tivesbintroducéd in Part II as inhibitors of dther polymerase enzymes,

namely E. coli DNA directed DNA polymerase I (DDP) and E.

coli DNA

directed RNA polymerase (DRP), and other_enzymes}' The result of
this study has revealed that while many of these derivatives tend ‘to
be nonspecific inhibitors of_polymerase,enzymes,.a_few, pdrticu]arly'

rifazoné—82, tend to be specific inhibitors of RDP.
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B._ RDP Inhibition

Under the conditions outlined in Part I, each derivative was
tested as an RDP inhibitor. Each der;vative was initié]]y tested
with RDP as it became available in order to estimate their approxi-
mate effeéfiveness. The data obtained from these individual assays
enabied Qs to select the proper range of'concentrations for each
derivative so that accurate measurements of S could be made.'.All
the KI's reported were obtained from large expériﬁentsvin which
each derivative was included. At least 6 concentrations were tested
for each derivative, andreach concentration was run in duplicate.

The KI-for each derivative was obtained from a p]of of percent control
RDP acti?ity versus derivative concentration. From the few deriva-

~ tives that were tested on many'different.occasions,.particu]arly'DMB,
we estjmated that the error of the measured KI is approxjmately 1_10%._
_ It shod]d be'noted that the KI reported may represent submaximal
inhibition due to the interaction of the derivatives with the extra-
neous prbtein present as impurities. As the enzyme is moke highly
purified, the heasured Ky may thus become sma]]ek,, The measured S
for each derivative is given in Table II along with the 11pdphi1icify
parameter,.ARM; |

A-plét of inhibition (log K;) as a function of 1ipophilicity
(ARM)-is giVen in Figure 15 for both the rifazécyé]o and rifazone
series. In addition, the poihts for other rifamyCin derivatives from
Tabie'II‘are plotted. In general it can be concluded that RDP inhi-
bition is favored by tail lipophilicity. There appears to be an

optimal lipophilicity for both the rifazacyclo énd rifazone series



RDP Inhibition and Tail Lipophilicity

-80-

Table II

'Deeratfve
Rifazacyclo-6
Rifazacyclo-7
Rifazacyclo-8
Rffazacyclo-Q
Rifazacyc]d-]]
Rifazacyéio-]3
Rifazacyclo-lG
Rifazone-4,
RifazoneQS2
Rifazone-62.
ijazone-82
DMB-MI
oMB
DMB-anaTog
Rifamazine

Dirifampin.

o O O o

—

.85
.15

.15

58
34
17

- >100

19

H
16
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RDP INHIBITION vs. LIPOPHILICITY
r
o rifozocyélo series
& rifazone series
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] o v ¥ DMB analog
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Figure 15
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at apprexjmately ARM = 2.1. Accordingly, R-82, the only derivative
with'ARM:S 2.1, is less effective an inhibitor than the tless lipo-
phi]ic»RfGZ. .It is of interest to note thatvwhtTe there is no
large difference between the cyc]ic and acyclic series, the more
}lipophilic rifazone series is less effective than.the rifazacyclo
'series.at-inhibiting RDP This can be taken as evidence for the
existence of factors other than 11poph111c1ty for optimal RDP
1nh1b1t1on _ | | '
The derivatives of the.dimethylbenzyl series, DMB and DMB-analog,
fall in the same area of Figure 15 as the cyclic-and acyc]ic'series.
This suggests to us that their inhibition is.due-primari]y to their
lipophilicity and not to their garticular configuration Also the
fact that the uncharged DMB- -analog is over three: times more effect1ve
than DMB while the charged DMB MI is 1neffect1ve, suggests that the
71nh1b1t1on exhibited by DMB 1tse]f, which shou]d be largely charged
at theAassay pH (7.8), is due to the unprotonated form only. The
actua] inhibition curves for the derivatives of the DMB series are
given in F]gure 16. Aside from clearly 1nd1cat1ng the effect of -
lipophilicity in this series, the data are indicative of the data -
obtained for the inhibition of RDP by rifamycin derivatives.
There is one anomalous - group of der1vat1ves to the genera11zed
inh1b1t1on as a function of ]1poph1]1c1ty. These are the rifaldehyde
dimersVWhich have been described earlier. As can be,seen from the

o ) ) A AN o s A
positions of rifamazine (R N—N  R) and dirifampin (R MN—N = H—

S _ v ,
N R) on Figure 3, they are both reasonably good inhibitors in spite

of the fact that they are relatively hydrophilic. Either these dimers
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inhibit RDP through a different mechanism of interaction or they
posseés a_deéirab]e tail pfoperty not yet recognized.

We have also investigated the possibility of detergents with
11pophf1icities simi]ar t6 the rifamycins being inhibitory toward '
RDP, and have found no Corre]atidn For exémple, the RM'for the
detergent Triton X-100 is- near]y identical with R- 62 and yet no

1nh1b1t1on of RDP is observed, even at concentrat1ons as h1gh as 0. 1%.

C. Inhibition Specificity

- As previously discussed, it has been our intention to investi-
gate the suggested lack of inhibitory specificity among 1ip0ph1]fc
rifamycin derivatives. Work in other laboratories on human Tympho-A

41b,78 79 indicated that for both of

cyte DDP and ca]f thymus DRP
these mammalian polymerases the inhibition by rifamycin derivatives

(rifampicin, rifaldehyde 0cty1oxime, and DMB) is nearly identical to

the inhibition we obtained for E. coli DDP I. 'Since we are interested

in the se]ectiVity of the inhibitors for RDP. versus mammalian poly- .

merases, and E. coli DDP appears to behave toward rifamycins as do .
: mammalian polymerases, we decided to use the'readily available

E. coli DDP as a mode] po]ymerase for compar1son w1th RDP. A

reasonab]e measure of the inhibitory specificity of the r1famyc1n '
derivatives for RDP can be obtained by taking the rat1q of the Ky
for the DDP to the RDP. |

E. coli DRP was also selected for study with the rifamycin ;
derivatfves since this.bacteria] RNA polymerase ﬁas been shown to

 bind rifamycins in a well defined stoichiometric’re'l_ationship.26
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The binding constants of the E. coli DRP and the derivatives thus
represent a limiting value. Table III presents the measured inhi-

bition concentrations for several of the rifamycin derivatives with
80

the viral RDP, E. coli DRP, and E. coli DDP. In addition, the

table lists the specificity parameter, KI(DDP)/KI(RDP). It is
1mportaht'to note that the specificity parameters probably represent

minimum values due to the fact that the E. coli DDP was more highly.

purified than the RDP. Assays with the DDP had a protein concen-
tration only about 1% of that in the RDP assays. From the table it P
can be seen that as suggested, there is little specificity for DMB,
the dimers, and the rifazacyclo series. However, the rifazone series
shows consistent specificity for RDP and R-8, shows the
highest specificity. |

In order to establish that the observed specificity waé depen-
dént on tﬁe enzymes being tested and not on the template and dfvaient
cation, the samé rifamycin derivatives were tested for inhibition
when the DDP was assayed on po]y(rA):oligo(dT) With Mh+2 instead of
the normal poly-d(AT) duplex with Mg+2 énd the RDP was assayed on
the poly (dA-dT) duplex with Mg+2'instead.of the norma1 po]y(fA):oligo

(dT) with Mn*2,

When assayed under these abnofma] conditions, the
 RDP and DDP had only 1-2% and 5%, respectively, of the activity
'assaygd under normal éonditions. The K, va]ues'determinéd under the -
vabnofma1 conditions are given in Table IV. For both enzymes, the
rifamycin derfvatives were more inﬁibjtpry in the.abnorma1 aSSays‘j'

than in the normal assays and the specificity is maintained. Thus

the Ki value does not correlate to the template and the divalent



Table III -

Inhibition constants (K1 X 10%) for rifamycin dersvatives wu;a various nucleolide polymerases

E. coli Viral E. coli KiDDP
'DRP RDP - DDP KiRDP
DMB _ r~n—N N—cnd ) 049 v 4 a3
CH,

 Octyloxime R N—0—(CHCH, 0.06 2.9 - 2 7.2
Rifamazine R SN—N*"R 0.12 11 82 _ 7.4
Dirifampin R/\N_N\_}‘—N/,\R 0.13 ’ 16 3. 4.4
RCT O RONN—N R 0.82 3 103 3.0
RC-11 RNSN—N__(CH), 0.11 4.9 14 2.9
RC-13 RSN—N TCHw 0.07 3.0 04 S B
RC-16 O ROSN=N THN 0.25 2.1 26 1.2

v (CH)CH, .
Re4y R“SN—N . 0.50 . 8.8 72 8.2.
. (CH)CH, ' . ) . . .
: _ (CH)CH, : o .
* Reby : B 0.12 41 . 59 15
- T (CHACH, . e
(CHCH, ' . -
" R-6y RONN—NC : 0.24 2.5 3 : 12
: (CH,),CH, )
: (CH,)CH, s '
R-8, RSN 1.7 . 3.5 114 33
: (CH)CH, -
Rifampicin - R_’\N—N\_/N—CH, 0.06 >120 (23) >120 (2)
- A L\ _CH ' _ :

RMI . R“SN—N N , 0.03 >100 (14)
: B2, & o ‘

_98-
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"Table IV

Inhibition constants (K X 10%) for rifamycin
derivatives with two nucleotide polymerases
on abnormal templates

~ K DDP
Viral RDP* E.coli DDPt K; RDP
DMB 7.2 39 ‘5.4
Octyloxime 2.2 14 6.4
Rifamazine 5.2 33 " 8.3,
Dirifampin 3.2 - 25 7.8
RC-7 21 46 2.2
-RC-11 -3.1 13 4.1
RC-13 0.99" 5.8 5.9
RC-16 - 0.74 1.7 2.3
R4, 8.2 2 2.7
R-5, 3.2 14 4.4
R-6 1.1 11 10
R-8, 0.8 23 38
Rifampicin 45

See Table 1 for chemical structures of compounds listed.
¢ The template was poly(dA-dT) duplex with Mg+t mstead of

the normal poly(rA)- oligo(dT) with Mn *.
t The template was poly(rA)-oligo(dT) with Mn*? instead of

the normal poly(dA-dT) duplex with Mg+2.

cation. Instead; the KI is dependent on the enzyme and its ability .
to utilize a given témp]ate and divalent Catidh. 'The lower the en-
zyme's abinty to utilize a given template and cétion, the lower the
ki; This corrélation may indicate that the bindiﬁgvof rifamycin’
derivatives is competitive with the binding‘of.fémplate and/or diva-
lent cation.

_ whilé many of the Tipophilic rifamycin derivatives appear to be
: honspecific inhibitors of polymerase enzymes,.we_have found that
these rifamycin derivatives do not inhibit al]-énzymes,which bind
po]ynuc]eptides. We tested 3 derivatives on a'mammalian deokyribo—.
nuc]easé~(DNase).v DMB and RC-16 do not inhibit:DNase at all at |

- 50 x-10'6_M, while at this same concentration R—82 only inhibits
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about 20%. We fntérpret these results as further evidence against
total nonspecificity. |
R-82; which has the highest ratio of KI's; is also an exception
to the.generalization that changes in rifamycin structure not in-
vo]vihg the ansa ring have little effect on thé'{nhibition of bac-

26

terial DRP (see Table III). R-82 is approximate]y 30 times less

-1nhibitory to E. coli DRP thanvrifampicin and differs from all the

other derivatives we tested by almost an order of.magnitude. While
nearly all the other derivatives listed in Table III are over 50

times more effective on E. coli DRP than RDP, R-8, prefers the

bacterial enZyme by only a factor of 2 . We believe that higher
molecular weight rifazone derivatives yet to bevsynthesized (sUch‘
as R-9,0r R-8,9) may even prefer the viral polymerase to the
bacterial. | | |

A plot of log Ky veréus ARy for the rifazone series with

E. coli DRP and viral RDP is given in Figure 7. 1t visually

shows how specificity varies with lipophilicity for the rifazone
series. »Ih addition, by'extrapolating the cukvesvbeyond thé ARy

of R-82, We can guess at the specificity of the as of‘yet_not syn-
thesized R-92. from Figure 14 we can ﬁake a good‘estimation of Fhe

M
plot. Application of this ARM’to the extrapo]ation indicated in

ARMvexpected for R-92 (AR f¢3.0) due to the linear nature of the

Figure 17 gfves us a rough estimation'qf the specificity ratio ex-
pected for R-9,, which is over 100.
Rifampicin methyl iodide (RMI) which is included in Table III,

is also an interesting new derivative in terms of its potential as
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an antibacterial agent since it is twice as inhibitory as rifampicin

for the bacterial DRP and is perhaps also more specific.

D. Experimental

t

Enzymes. The E. coli DDP (Kornberg polymerase) was obtained in

the highést available purity from Boehringer Mannheim. The E. coli
DRP was obtained from Miles Laboratories. Ribonuclease-free deoxy-
ribonuclease I from bovine pancfeaSe was obtained from Worthington .
Biochemical Corp. Thevviral RDP wa's partia]]y bﬁrified from murine
leukemia virus (MLV)-transformed UC1-B ce]]s,'aﬁbpreviously described
'~in Part I. | -

A§§§x§; A1l polymerase assays were done inf]OO-pl total volume.
.There waé no preincubation of enzymes with the:rifamycin derivatives
to enhance the inhibition since all assays were started By addition
of enzyme. Activity is measured as incorporation of radioactive
nucleotide triphosphates into acid-insoluble material. Rifamycin
derivativés weée dissd]véd in'MeZSO at ]O mg/ml and diluted for addi-

tion to the assays.

E. coli DDP assays were 60'mM potassium phosbhate (pH 7.4),
0.01% Triton DN-65, 4% glycerol, 1% MeZSO, 0.5 mM dfthiothreitd]
V(DTT), 0.03 mM [3H]dTTP‘(O.5 Ci/mmol), 0.03 hM'dATP, 10 ng/ml of
poly(dA-dT) duplex, 6 mM MgCl,, and 1.2 ng of enzymeAprotein.

5__91_1_ DRP assays were 40 mM Tris-HC1 (pH 7.8), 0.01% Triton
DN-65, 0.1% MeZSO, 0.1 mM DTT, 0.1 mM EDTA, ]50.mM KC1, 0.15 mM each
ATP, GTP, and CTP, 0.15 mM [3H]UTP (0.1 Ci/mmo]);,]O mM MgC]Z, 0.15-
mg/ml of calf-thymus DNA, and 12 ug/ml of enzyme protein.

RDPﬂassays were performed as described 1n.Part'I.
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PART IV:
'ATTEMPTED PURIFICATION OF RDP BY AFFINITY CHROMATOGRAPHY

A. Introduction

A relatively recent and effective technique for enzyme purifi-

81 which has been developed

cation 15 that of affinity chromatography,
largely by Cuatrecasas and'Anfinsen; With this technique, one binds
a substrate or 1nhibitor of the enzyme to be purified to an inert
porous support. When a mixture of proteins isvpassed through a
“column of this materia]-only'Me enzyme or enzymes that complex the
fixed substrate are detained. The énzyme can,iater be released by .
an appropriate change in the nature of the eluént, such as ionié
strength; pH, temperature, the addition of a dehafurant, or the

81 Various support materials have been used.

addition of substrate.
Agarose has been used most frequently, bdt ce]1u]osé, pofyacry]amide.
ahd others have also been used. | v
Affinity chromatography has been twice applied to the purifi-
cation of RDP. In one approach by Todaro g}_gl,,gz an immunopkotéin
was obtained from rabbits after the injection of RDP previously
vpdrified by classical methdds._AThis immunoprotein was phen coupled
- to agarose and RDP from viral and ce]lu]ar.sour§es were purified in
fair yield. Some drawbacks of this method inc]ude: the initial need
for pure RDP, the time-consuming preparation of tHe immunoprotein,
the instability of such a column, especially ih the presence of pro-

teinase activity.
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]'56b,83

A second affinity approach is that of Gerwin et
They covalently bound oh‘go(dT)]z_]8 to ce]]ulosé, since viral
RDP shows. a preference for (dT)]2_]8 as a primer while other cel- -
lular polymerases only show a smaT]vaffinity for the oligo‘pojymer.
Colums of this material provided a one-step purification of RDP
from thg detergent disruptéd virions of mukine iedkemia virus (MLV)
and an apprecfable RDP enrichment from transformed mouse and human
cells. The oligo dT is QUite_sensitive to nucleases, and therefore
the column can be used only a few times. ‘

It had been our contention that an agafdse~co]umn with a rifamy- -
cin bound to it could be a useful column for the.purification, or
at 1ea$f énriéhment, of RDP from both viral and cellular sources..
It was also believed that sﬁch a column could also be useful for
the isolation‘of any othef'proteins thét possessed_particu]af

affinity for rifamycins.

B. The Synthesis and Use of Rifamycin Affinity Columns-
The first rifamycin affinity column (41), prepared for us by
P. Bainéy,84 involved the condensation of aminodesmethylrifampicin

(40) with a suitably subétituted'agarose bead derivative (39).

Aqarose v/\/\N/\/\f;lJK/\rrOH .  +
| ' :
H | ;
| H 39 H ()~ ,
R/\\N—N N=NH, water soluble S

carbodiimide



0] H
: ]

0 .

41

——

Rifamycin-(40) which was prepared by the reaction of rifaldehyde
with a large excess of N,N';diaminopiperidine COntained the dimer,
dirifampin as arn impurity.’ It was thought that the dimer impurity
would pose no problem since it wouid be uhfeactfvé with the agafose
‘derivative, (39). Whilé this was found to be true, it was also.
found that a significant amount of the dimer was he]d by the agarose
‘product, (41). Washing the dimer off the column proved to be a |
major problem since only aqueous eluents can be used in ordér to
prevent the irreversible shrinkage of the agarose beads, and diri-
fampin is quite insoluble in every aqueous solution tried; The
result was a very s"ow washing of the dimer off the beads. After
several liters of wash, dirifampin was still deteétable.

One attempt at kDP purification was attempted with a column of
(41). The column equilibrafion and elution buffer was Tris-HC1
(50 mM, pH‘7.8), KCT (100 mM),.DTT (1 mM), 20% Q]ycero], and Triton
DN-65 (0.005%). The packed colum had a bed volume of 25 ml.
Crude RDP extract (0.96 m])_which contdined 0.17 mg protein and

3H-dTTP incorporated per hour

4500 units ROP activity (picomoles
at 37°) was loaded onto the column which was maintained at 4°.
E]ution,Wfth buffer yielded 3 protein peaks. The first peak,

amounting to an overload, eluted at the void volume. - The second

)l\/\ffN—~ND‘N¢\

R
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peak came shortly after the first and the third peak eluted approxi-
mately 10 ml after the second. Some RDP‘activify was found in each
o peak,_but_the total yield was only 10%. Further elution was tried
using a KCl grddient (0.1 to 0.5 M) and then a detergeht gradient
(0;005% to 0.10%). The detergent gradient eluted 3 additional
small peaks of protein, the RDP activ{tyiof whi ch yielded another
15% of the-activityvapplied to the column. The siow leaking of RDP
acfiVity could be due to the slow elution of tﬁé'free rifamycin
aimer which was competing with the bound rifamycin for the RDP. The
.dimef did not interfere with the detection of RDP since the assay
was run at a high detergent 1eve1 (O.10%), -

In order to e]iminate the problem of the competition between
bound and free rifamycjns,-itiwas decided -to bUi]d.a new cb]umn
‘materiaf, The_synthésis of this second rifamycin affinity column
(44) ié'out]ined in Figure 18. The major advantage of this column
is that rifamycin was ihtroduéed to agarose derivative (43), as
rifa]dehyde.-‘The excess fifa]dehyde, being much more soluble than
dirifampih, was easily washed frbm‘the rifamycin agarose deriva-
tive, (44).

A simple derivative of aminodesmethylrifampfcin (40) was pre- |
pared; (45), and tested as an RDP inhibitor to see if such deriva-
tiVes, as were applied to both rifamycin affinity columns, were

RDP inhibitors. (44) Inhibited RDP with a KI = 22 X ]0'6.
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Rifamycin Affinity Column
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The column buffer in the second RDP purification attempt con-
“tained 0.01% Triton DN-65. The 0.25 ml of RDP extract loaded onto
the column contained 0.35 mg protein and 19,000 units per ml of the
co]umn”buffer (except that it was 0.02% Triton DN-65). The column
had a bed. volume of 28 ml and a flow rate of ZO“ml/hr. Elution with.
column Buffer yje1ded a small peak af the void:vajume which had no
RDP activity and a large second peak aboﬁt 12 ml behind the first
peak. Thé tailing edge of the second peak contained some RDP acti-
vity but the yield was only 5% and the.specific activity was no
better than in the sample applied to the column; Further elution
with a detergent gradient (0.01% to 0.1%) yielded no more activity.
HdWeVer,-app]ication of 20_ug poly-rA per ml co]dmn buffer eluted
another 2% of the applied activity. |

In the third attempt, also using agarose derivative (44), the
cblumn was equilibrated with column buffer containing 0.01% Triton
DN-65 but was eluted wifh column buffer Contaihing only 0.005% Triton
DN-65, in an effort to emhance the ROP binding. The 0.25 ml of RDP
éxtract applied to the column contained 0.10 mg protein and 9000
units per ml of column buffer containing 0.01% Triton DN-65. The °
proteih\e]ution pattern with column buffer was very simi]ar to théf

of the second attempt, but there was no RDP activity eluted. The .

elution of the RDP was then done using 8 ug po]erA and 2 ug oligo-dT
per ml  of elution buffer. The nucleotides weréfa]]owed to enter the

column and then left overnight (12 hr) before'e1ut10n. This elution ,.

yielded abbroximate]y 20% of the activity applied to the column.
Unfortunately, the activity was too lTow and too dilute to give very

accurate yields of activity and protein.
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.Fufﬁre attempts should probably fnc]ude_a.divalent cation in
the nuc1eotide mixture used to elute the RDP and/ok a column with
~ a shorter "arm" (group attached to the agarose)'to.reduce.the'RDP

binding and facilitate elution.

C. Expekimenta1

N-Amino-N-desmethylrifampicin. Rifaldehyde (1.00 g, 0.00138 mol)

in THFF(SO ml) was added dropWise to a stirred solution of N,N'-
‘diaminopiperazine dihydrate (3.80 g, 0.028 mol) in water (50 ml).

:The addftion was made over the period of-]'hr..'fhe'reactioﬁ.was_A

~ stirred for an_additiona] 1 hr after the addition. Half of the
vreactiOn Qolume was evaporated under vacuum. The remainihg portion
was extracted}once with chloroform (100 m1). The chloroform solution
was'eVapofated under Vacuum affording the producf as an orange powder:
yield 0.98 g (83%); tlc Re 0.45 (ethano]);vuv (ih ethanol) 237 nm

(e 25,500), 340 (21,200), 479 (11,500). B |

Affinity column (41). Prepared by P.‘Rainéy.84

Rifamycin derivative (45). N—Amino-N—desmethy1r{fampicin (1.0 g,

0.000607 moles) was dissolved in THF (30 ml) and heptaldehyde (0.17 g,
0.0015-ﬁ01és) was added. Within 5 min an orangé.precipitatevstaryed' 
to form;'.The reaction was stirred for 2 days,'and then”the so]utﬁbn 
was filtered. The precipitate was identified as the rifamycin dimer,
dirifampin. The filtrate was evaporated and wéshed with hexane tb
yield the crude product which was puri?ied by colﬁmn;chromatography '

on silica gel eluted with EtOH:EtOAc (1:1).
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Affinity column (44). Activated agarose (10.0 g, Pharmacia)

was placed in a glass filter and washed with dilute HC1 (2 1 of
0.001 M) over a period of 15 min. The beads were then washed with
50 m1 of the coupling buffer (aqueous solution - 0.1 M NaHCO3, 0.5 M
NaCl, adjusted with 1.0 M NaOH to pH 9.3). A éolution of 6-amino;
caproic acid (1 g in 50 ml buffer, readjusted to pH 9.3) was added
to the beads ana the contents of fhe funnel were stirred and trans-
ferred to a stoppered 125 ml flask. The flask was theﬁ mechanically
shaken for 2 hrs at room temperature. The beads Were then trans-
ferred back to the funnel, filtered, and washed w{th buffer (100 ml)
and distilled water (500 ml1). The beads were stored at 0° in dis-

tilled water.

"Gel (42) was placed in a glass filter and washed with distilled

water (500 m1). A solution of N,N—diaminopiberazine dihydrate (1.5 g)

and the water soluble carbodiimide (3.00 g) in distilled water was
adjusted with concentrated HC1 to pH 4.5 and added ﬁo the;beads.
The mixture was gently stirréd and transferred to a g]ass'stoppered
125 ml flask, and shaken mechanically for 12 hrs at room temperature.
The mixture was then transferred back to the glass funnel and washed
with disti]]éd water. The beads were sfored at 0° in dfstilled
water. _ |

Gel (43) was placed in a glass filter and Washed with 67% THF
(200 m1). The reaction solution, prepared by adding distilled water
(25 m1) to a solution of rifaldehyde (1.00 g) in THF (50 ml1), was
added to the beads. The mixture was stirréd genf]y, transferred to
a giass.stoppered 125 ml flask, énd shaken mechanfcal]y at room

temperature for 5 hrs. The mikture‘was then tranéferred back to
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the fi]tef and washed first with 67% THF (500 m1) and 0.05 M Tris-
HC], pH 8,Huntil the filtrate was colorless (+500 ml). fhe beads
were then stored in distilled water for several déys. By this
time the filtrate was slightly orange and required washing with a
solution that was 0.05 M Tris-HC1 (pH 7.8), 0.1 M KC1, 1.0 mM DTT,
0.02% Triton DN-65 and 20% glycerol. Before use, the beadsVWere

further washed with the column buffer.
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DETERGENT EFFECTS ON THREE NUCLEOTIDE.POLYMERASE ACTIVITIES

Frances M. Thompson, Allan N. Tischfer, Louis J.'Libertini, Jesse Adams
| and Melvin Calvin

Laboratory of Chemical Biodynamics, University of California, Berkeley

SUMMARY
Non-ionic detergents stabilize the activifies of three nucleotide

polymerases but have varied effects on four othef'enzymes.




-112a-

Bovine serum albumin (BSA) has been used for many years to stabiliie
sdmé enzymes in reaction mixtures and solutions which would otherwise
have Very Llow protein concentrations. More recently, non-ionic deter-
gents and lipids have been used to solubilize, stabilize or activate
enzymes‘(l). | In particular, it is becoming apparent that non-ionic deter-
gents effect the activity of viral reverse transériptase. |

We have previously reported that the concentration of various non-
ionic detergents in the assay strongly influences the activity of an
RNA—inétfucted DNA polymerase (RDP) function from MLV-transformed UC1-B
cellsv(Z). This RDP function was shown to be present in the cells only
after viral infection and to have the template prgferences characteristic
of'virél reverse transcriptase (3). |

'Some information about the detergént effect on the RDP activiiy can
be obtained by assaying activity as a function of time. As shown in
Figure 1;'the initial activity was nearly indepehdent of the detergent
concentration. In the presence of 0.01% Triton DN-65, the reaction
-continued at a constant rate for more than 60 minutes;' However,. at
low detefgent concentrations, the activity decreéSed with time, and
'the rate of actiﬁity loss was greatest for the_ibwest detergent con-
centrations. Thus, thé foect of detergent appeafs to be prhnariiyA‘
one Qf stabilization rather than activation. Increasing the
detergent concentration-from 0.00067% to 0.01% after the reaction
has proceedéd"for 60 minutes appeared to stabilize the remaining

activity but did not recover any of the activity which had been lost. .
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'As a1so shown in Figure.l, 30 ug/ml of BSA resulted in'nearly completé
stabilization of the polymerase activity.

The vblume of the reaction was aléo found td be very important.
In another experiment when the reaétion at 0.06067% (0.012 mM) -
Triton DN-65 was run in a total volume of 1.8 ml from which 100 w1l
samples are withdrawn at~the_ appropriate‘times,vthé aétivity remains
constanf for at least 60 minutes, incorporating-43 pnoies at 60 |
minutes. These resulté are very different from fhose shown in
Figure l.er the.same detergénf concentration in'ihdividual 100 w1
assays where the surfacé—to-volume rétio is very much larger. The
differeﬁt results bbtaiﬁed by the two assay methods indicate that
at 1ea$t a portion of the stabilizing effect of:d¢£ergents is a
protecfion‘of'the enzyme from irreversible surfaée,inactivation'on
the gléssvwalls of the tgsf tube érvat the air—wéter interface.

We also found that template and/or substraté-cqnfribufe to
the stability of.the enzyme activity in the - above expériments.
Dilution:of‘an extract to 0.014 mM detergent (inJ1.36 ml) in
the absence of template and substrate resulted iﬁ a rapid loss of
~about 50% bf the bblymerase activity within 30 minutes (at 0°C)
followed by slight 1oss:of the remaining activity in the next 24.
hours. The lost activity was not recovered by adding detergent to  _:
the dilufed extract. However, the loss could.be'prevented if the
detergentICOncentration Was_maintained at 0.077 ﬁM,fsuggesting thaf
the detergent can substitute for the substrate/template in stabiliiing

the activity,
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'uThis détergent'effect may, in fact, be a general phenomenon parti-
cularly fof-enzymes which are not always fully exposed to the aqueous

environment of the cell. We have examined the effect of detergent on

-the stability of several other enzymes.

Three other nucleotide polymerase preparations were tested for
detérgent effects -- the réverse transcriptase from AMV pufified
through.the DEAE cellulose step as described by Kaéian, et al. (4),
highly purifiéd E, gg;i_DNA-dependeﬁf DNA polymerase (DDP) and E.
ggli’DNA—dependenf RNA.polymerase (DRP). As expected, the results
from the AMV reverse transcriptase are very siﬁilar.to those shown
in Figure 1. Since the purity of the AMV enzyme was greater than for the
RDP partially purified from cells, the similarity of the results
indicatéd.that the effect of détergents is not.an artifact cauéed'by
the contaminants in the cellular preparations of ihe RDP. The re-
sulté for the two E. coli polymerases are shown in Figure 2. There
is a striking similarity invthe non-ionic deterggnt,effects for
these two enzymes and the RDP. The only difference in the curves
for RDP, DDP and DRP is in the raté of decrease of‘enzyme activity
in the absence.of additional protein or detergént. This differénce

is explainable in terms of the different pfotein,cohcentratiohs in

- the assays -- the DDP contained only 2.3 ng/ml;:the;RDP, 3.1 ug/ml; °

and the DRP, 12 ug/ml.

Four enzyme systems which are not nucleotide polymerases were also
examined for the effects of a non-ionic detergent. The results are
also shown in Figure 2. Lactate dehydrogenase is not unstable at low

protein concentrations and is not affected by the detergent. Hexokinase,
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in a mixed assay with more than a five-fold excess of glucose-o-phosphate

dehydrogenase, appears to have a much higher activity in the presence
of 100 yg/ml BSA and detergent can partially substitute for the BSA.
Glutamate dehydrogenase is stabilized by 100 yg/ml BSA but not by
detergent,_lnstead, detergent is an‘inhibitor'of the enzyme activity.
Deoxyribonucleasevl is stabilized by 100 ,g/ml BSA and by 0.01%
detergent.vHowever, in addition to stabilizing tbis-enzyme, detergent

also inhibits its activity. These detergent effects are obviously

s

quite different from the effects on.the polymerases and aIso'differ—.

ent for each enzyme

These results demonstrate that there are no completely general
non-ionic detergent effects on enzymes. The similarity of the results
on the three different polynerases however, indicates that these
enzymes have some characteristics in common which the other enzymes
tested do not have. It is not subunit structure since the DDP is
a single subunit enzyme (5) and the DRP is a multisubunit
enzyme (6). vIt is probably not related to the binding of poly-
nucleotides since the deoxyribdnuciease also binds polfnucleotides;'
It may be thatdthe polymerase enzymes have hydrophobic sites, e.g.,

membrane attachment sites, which are protected in aqueous solutions

by the detergents. The soluble enzymes which prefer an aqueous environ-

ment would tend to be unaffected or inhibited by detergents Guidotti
| has recently described work in which detergents show little binding
to soluble enzymes but b1nd extensively to nonsoluble proteins. (7).
Not all nonsoluble enzymes would necessarily ‘have thelr act1V1ty

. p051tive1y affected by detergents since some m1qht~requ1re 4 more
‘extensive hydrophobic environment (8) or the spaC1a1 orientation

: prov1ded by intact membranes.
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Fugure work in this laboratory will be directed toward separating

therS01ubilizihg aspects of the detergents from other possible effects.
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FIGURE CAPTIONS

Figure 1 . Detergent Effect on RDP Acfivity. Duplicate assays were.
done in 100 1 total volumes which were 90 mM Tris—HCi (pH 7.8), 45
glycerol, 100 mM KC1, 0.3 mM dithiothreitol (DTT), 0.02 mM [ H]dTTP
(1 C/mmole), 16 pg/ml poly-rA:oligo-dT and 0.1 mM MhC‘lZ. Activity
is measured as the incorporation of [SH] dITP int6 acid insoluble materiavl.v
Each assay contained 0.31 ,& (3.1 ,g/ml) protein from the RDP extraét.
For addition to the assays, the RDP extract was diluted from 0.1% to ‘
0.0033%_Trit0n DN-65 with buffer A (0.05 M Tris-HCl; 1 mM D'I'I',‘ 0.5 M
KC1 and 20% glycerol). = | |
(' O ) Triton DN-65 was added to assays to yield a final
' concentration of 0.01%. |
(a) | BSA was added to asséys to yield a final BSA con-.
centration of 30 yg/ml with 0.00067% Triton DN-65.°
( X ) >Triton DN-65 was added to éssays-: to yield a finalv
| -concenttation of 0.0013%.
(o0,0) Two experiments with a final Tfiton DN-65 conbcentra-‘
tion of 0.00067%.
(&) | ‘1 ,1 1% Triton DN-65 added to sbiid circle asSays
at 60 min |
(e ) 1 y1 H)O added to solid circle assays at 60 min
Figure 2. Detergent and Protein Effects on the Acti\r_iti_es of Six Other
'Enzyines. | | 7 | o
DRP (E. coli K-12 from Milves): Duplicate 100 ,1 assays were 40 mM Tris-
HC1 (pH 7.-8)“-, 10 mM MgC1 ', 0.1 mM DTT, 0..1 mM EDTA, 150 mM KC1, 0.15 mM

each ATP, CTP and GIP, 0.15 mM [HJUTP (0.1 C/mmole), 0.15 mg/ml calf
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thymus bNA-and 12 ué/ml enzyme.

DDP (Kornberg polymerase, E. coli MRE 600, from Boeﬁfinger-Mannheim
#15481):. Dup1icate 100 ul assays were 60 mM potassium phosphate
buffer (pH 7.4#, 6 mM MgCl,, 0.45 nM DTT, 0.03 mM dATP, 0.03 nM
[3H]dTTP_(O.5 C/mmole), 10 ug/ml poly-d(AT) duplex, 3% glycerol

and 2.3 ng/ml enzyme.

Lactate Dehydrogenase (beef heart, type III, from Sigma): One ml assays
were 25 mM Hepes (pH 7.0), 0.5 mM NADH,, 1.0 mM pyruVate and 2.4 ng/ml
enzyme profein.

Hexokinase (yeasf, type III, fram Sigma): One mi asSéys were 10 mM
Hepes (pH 840), 0.5 mM NADP, 10 mM MgCl,, 1.5 mM ATP, 1.5 mM glﬁcose,
2.5 pg/ml glucose-6-phosphate dehydrogenase and 2 pg/ml hexokinase. |

Glutamate Dehydrogenase (bovine liver, type II, from Sigma): One ml

assays were 12.5 mM a-ketoglutarate and 12.5 mM NH4C1 at pi 7.0, 0.5 mM

NADH2 and 1 pug/ml enzyme protein.

Deoxyribohuclease (bovine pancrease, type I, from Worthington): One ml
assays were 25 mM Hepes (pH 7.0), 6 mM MgClZ, 4 mM KC1, 0.06 mg/ml calf
‘thymus DNA and 2 ngyml enzyme protein.i |

( 0 ) no addition; } |

( & )  0.01% Triton DN-65 except DRP which was 0.008%.

( O) 100 ug/ml BSA except DRP which was 400 ug/ml.
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Preferential Inhibition of the Growth of Virus-transformed Cells in

Culture by Rifazone-82, a new Rifamycin Derivative
MINAvJ.'BISSELL, CARROLL HATIE, ALLAN N. TISCHLER AND MELVIN CALVIN

Laboratory.of Chemical Biodynamics, Lawrence Berkeley Laboratory,

University of California, Berkeley, California 94720

ABSTRACT Rifazone-8, (R—BZ) a new rifamycin derivative, is shown to
preferentially inhibit the growth of virus-transformed chick cells in
culture. Macromolecular synthesis and glucose uptake of transformed

cells are also appreciably decreased in the presence of low concen-

trations of R-8, where the normal cells appear unaffected. While R-8.

2

is shown to be a selective inhibitor of RiA-directed DNA polymerase i

vitro, its action on the growth of transformed cells may involve some

other mechanism.




-123-

Introduction

Rifamycin and its derivatives have been shown to inhibit focus
formation by RNA tumor viruses in varfous cell types invcu1tufe (1-5).

Theng_yijrg_demonstration that RNA-directed DNA polymerase (RDP) is
inhibited by the action of some of these derivatives (6-13) has raised
the possibility that the drugs may inhibit focus fofmation by inhibit-
ing RDP activity. Smith et al. have shown recently that those rifa-

| mycin derivatives that are toxic to leukemic human leucocytes are also
those that inhibit RDP best in vitro (14).

Rifampicin, a well known derivative of rifamycin has been shown
to inhibit the replication of vaccinia virus in tisiue culture when‘
added at very high levels (> 100 ug/ml) (15,16) and to reduce the'v,
incidence of Adenovirus-induced tumors in male hamsters (16). 'In-
chick ce11s it has been argued that rifampicin a) ihhibits focus for-
mation by Rous sarcoma virus (1), b) has no effect onrtransformation,
as it is toxic to both normal and transformed cells (17), and c) is
preferentially toxic to transformee cells (18). Variation in culture
conditions, serum concentration, and cell density'undoubted1y p]ayra
role in such contradictory findings. For examp]e, whether or not
amphotericin B is present in culture medium, may.drastica11y change ’
the kesuit of focus inhibition (4,19).. Furthermore, the high concen- -
tration of rifampicin used in these experiments (20480 ug/ml) under
some conditions is quite toxic to normal cells and makes intefpreta-
tion of these data very difficult. Rifampicin ifse]f has little or

o effeef on RDP activity in vitro at concentrationé used in tissue

culture studies (7,17,20). We have tested several new rifamycin
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derivafives synthesized in this laboratory which have been shown to
be inhibitors of RDP in yitro and inhibitors of focus formation in
vivo in other cell systems (446). In addition, we have tested
Rifazone-8, (R-82), a new rifamytinvwhich is to date the most selec-

tive inhibitor of viral RDP in vitro (6,21). We find that at low

concentrations (3-10 pg/ml), R—82 can selectively inhibit the growth
of transformed cells and prevent focus formation while allowing the

normal cell growth and function to continue.

Materia]s and Methods

Growth of Cell Cultures. Primary cultures were prepared from

/ 10-day:o1d C/0 or C/B type SPF chick'embryos as described previously |
(23,24), except that Ambhdtericin B (Fungizone) was eliminated at this
point_(25); The cells were seeded in Medium 199,'which was supple-
mented witﬁ tryntose phosphate broth (2%), calf serum (1%), and heated
chicken sérum (1%). The medium was changed on'day 3. Secondary cul-
tures were prepared 4 days after the primary seeding by trypsinization
of primary cultures and were seeded at the desfred cell concentration
in 60 or 35 mm petri dishes. An additional 1 mg/ml of glucose was
*added to the medium at this time, bringing the fiﬁa] concentration of
g]ucose tQ'1].00 mM, and calf serum concentration was raised to 2%.
Fdr studies with transformed cultures, half the cells of a single
embryo wére infected 4 hours after primary seeding'with 4 x 105 focus
forminglﬁnits of SR—RSV or B-RSV. Secondary cultures were prepared

as above.

Focus Assay. Assays were performed esséntia]1y as described (22),

with slight modifications."We found that gentle removal of the agar
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on day}4'6r 5 and addition of either liquid medium or another agar
ovér1ay enhances the visibility of foci. Four hours after seeding.
secondary normal cells at 2.5 x 10° per 60 mm dishes, medium was
removed and cells were exposed to the appropriate dilution of virus

in 0.5 ml for 1 hr. The virus was then removed, the monolayer rinsed,
and appropriate.concentrations of drugs were addedvtogether with

1 ug/ml Fungizone in 0.5 ml of medium 199. Rifamycins were disso]ved,
in diméthy} sulfoxide (DMSO) so that all cultures had a final concen-
tration of 0.1% DMSO. Thirty minutes later the derivatives were
removed and cells were overlaid with agar-medium containing the same ’
.concentration of the dérivatives. In experiments where the rifa--
mycing‘were added at a later time, the agar 1ayérs of control cul-
tures werefremoved and replaced with agar containing DMSO at the same.
time. A.knOWn titre of SR virus stock accompanied all assays:

Rifamycin Derivatives. These were synthesized as previously

described (20,21).
] o
Measurements of the Rate of DNA and Protein Synthesis and Glucose

Uptake. Radioactive assays were performed as previous]y described

. (25,26). A1l radioactive compounds were purchaséd'from New England

Nuclear.

. Results

Focus Formation

- When foci were scored on day 8 and 6 for SR-RSV or B-RSV respec-
f tively, there was a marked inhibition of the number of foci in the

presence of rifazone-8, (R-82) (Table I). Ten ug/mT_dimethy]benzy]
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rifampicin (DMB) also caused appreciable inhiﬁitibh with SR-RSV.
‘Rifazacyc10-16 (RC-16), previously shown to be an inhibitor of MSV
focus formation on UC1-B cells (4), was not very effective in chick
cells. Rifampicin, at 20 ug/ml, had no effect on focus formation.
The few remaining foci in the presence of the effective rifamycins
were usually much smaller than the control foci (Fig. 1). When the
foci were scored again 3 days later, the apparent_inhibitibn had
decreased in almost all cases suggesting an inhibifion of the growth

of the focus once it had been formed (Table I).

a. Normal Cells at High Cell Density. Under the condition of
agar assay (more than 1 x 105 normal ce]]s/cmz); 10 nug/ml of R-82
had no effect on the growth properties of normal cells (Fig. 2).
DMB, however, was toxic under these conditions. Tb avoid the com-
plication of toxicity under assay conditions, we chose to work with
R—82 a]one;' The pronounced inhibition of focus formation by R-82,
therefore, is not due to toxicity to the normal ceT1s in the mono-
layer. As a further contro],‘the normal cells from the uninfected
areas of drug treated cultures were removédvfrom'under agar and
replated. They showed normal growth propertieSHWhen compared to
control cultures re-grown after agar removal and’Were morphologically
normal as well.

b.'Comparison of Normal and Transformed Ceils,at'Low densities.
2)

When cells were seeded at lower ceTJ»densities (2‘x 104 cells/cm

they were more sensitive to R-8, than cells at the higher cell densi-

ties (compare Figs. 2 and 3a). However, at comparéb]e cell densities

and growth rates, transformed cells were always much more sensitive
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than nofmq] ée1ls (Fig. 3). While normal ce]]szere unaffected by

5 ﬁg/m] of R582, the growth of transformed cells was considerably
fnhibitéd‘by 3 pg/mi of R—Sé after 48 hr (Fig.‘3c);_ Three days

after addition of 5 ﬁg/m] R-82, the morphology and cell number were
still the same in untreated and treated normal cultures (Fig. 4A,

B). The R.—82 treated transformed cells, however, were drastically
reduced ih number and the remaining cells wereveither vacuulated

or had a normal morphology (Fig. 4D). DNA synthesis as measured by
[3H]—thymidine incorporation (26) and uptake of glucose as measured
by [3H]-2 desoxyglucose (26) showed the same pattérn of preferentia]b
- sensitivity to R-82 (Table II). The sé]ub]e p091 df [3H]—thymidine |
was not affected by the presence of R-82. The rate of protein syn-'
thesis as measured by.[3H]-1eucine incorporation into the acid
insoluble pool was the least sensitive to the dctfon of R—82,

although transformed cells were still more affected (Table IIb).

Effect °f'R'8° on Previously Formed Foci

To,Understand to what degree this preferential'toxicity to trans-
formed cells could explain the focus inhibition,’fwo kinds of experf-
ments were performed. In one series of focus assays, 10 ug/ml R-82
was added 1 hr after infection, resulting in mo}e than 90% inhibition
of focus number after 8 days. If the action of thevR-Bz was sd]ely
on inhibiting the initiation of transformation one would expect that
addition of R—82 2 days Tater would have no effect on the number of
foci producéd. In fact, when R—82 was added 2 days after infection
there was still more than 40% inhibitioh of the foci if scored on day 8.
Furthermore, the remaining foci were smaller than ¢ontro1 (compare Fig.

1C and D), and the percent inhibition decreased to about 10% by day 11
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when the foci became quite visible. This expe}iment indicated to us
that a large proportion of the focus inhibition observed (Table I)
may bé attriputed to the preferential toxicity of transformed cells
to R—82 in addition to any inhibjtion of initiation of transformation.
| In a second series of experiments B-RSV foci were allowed to
develop until they were visible (5 days). The agarvwas then removed
gently ahd complete medium was added with or‘withbut 10 ug/ml of R—82.
The foci continued to grow with a mea§urab1e rate in control cultures
(Fig. 5A, B, Fig. 6). The removal of the agar resulted in a "necrotic"
focus aS the piled up transformed cells in the center of the focus were
lost to the medium (Fig. 5B). The grthh of the foci after the addition.
of 10 ug/ml R-8,, however, was virtually arrested (Fig. 5C, D, Fig.'é).
It has béen shown previously that 48 hr after.séeding,-the normal
chicken cells seeded at high density are no 1onger‘susceptib1é to
transformation by B-RSV (22). The focus of B~RSVQ therefore, is com-
prised'essentially of the progenies derived from the initially trans—.
formed cell. Indeed, Welobserved no additional foéi in control
cultures, despite the fact that virus is released into the medium
: aftéf agar reméva].. Thus the Tlack of focus grdwth,in the presence
of R—82 is due to inhibition of transformed ce]Tvgfowth rather than
én inhibition of secondary infection.

Mixed CuTtures

Two experiments were performed in which 50% normal and 50% trans-
formed ce]]é were plated and allowed to grow in the presence and absence
of R—Bé (5 yg/m1) for 3 days. In the first experiment, where the cells

‘were plated at a low density (1 x 10t ce11s/cm2); cells grown in the
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absenee of R-8, appeared to be completely transformed (Fig. 7A),
while cultures grown in the presence of R—82 appeared to be largely
normal by the end of the 3-day period (Fig. 7B). 1In the second
experimeht; where the cells were plated at a higher density (5 x ]04
ce]]s/cm?), cells grown without R-82 appeared :tQ be completely trans-
formed as expected. The cells with R-8, present, however, were still
in a monolayer and the majority of cells were horma1, although dis- |
persed transformed cei]s could be'seen in the eulture. Consistent

with preVious]y destribed results, these mixed culture experiments
indicate a preferential inhibition and/or killing of transformed cells. .
Furthermore, they might suggest an additional ro)e of R-82 in preventing
secondary infection by ihactivating the virus itself. Whether the
presence-of_R-S2 in these experiments selects fdr normal cells by‘
killing transformed cells, or whether it actuale'causes a reversion

toward a normal morphology, is a question currently under investigation.

| DISCUSSION

The selective inhibition and/or destruction of neoplastic cells
while the normal cell growth and fuhction contfnues, is a general aim
of cancer chemotherapy. We have shown that rifazbne-82, a specific
inhibitor of RDP (21) also inhibits the growth of virus~transformed
cells in tissue culture without appreciable side effects to normal
cell growth. Preferential inhibition of transformed cells has been
reported for rifampicin previously (18). However,erifémipicin does
not inhibit RDP appreciably (9) and the dosage needed for focus inhfbi—

tion (more than 20 ug/ml) is toxic to normal chick cells.in our hands.
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There are a number of possible exp]anation§ for this increased
toxicity of R—82 to the transformed cells. 1) There is abundant
evidenéé-that cancer cells in general have altered permeability (27)
and altered membrane properties (28), factors which could account for
the observations described here. Once the nature of these differences

is understood they may further be exploited to synthesize new deriva-

tives which can cross the membrane of specific tumor cells more readily.

2) THe'drug may act pértia]]y by preventing tran§formation thrcough
inhibifion of reverse transcriptase (12). If a continuing involve-
ment of fhis enzyme in the‘grthh of transformed cells is postulated,
the additibnal inhibitory action of R—82 on the growth of transformed
cells may be explained. 3) Alternatively, R—82_may'be inhibiting an
as yet unknown enzyme function(s) which might be essential to the
growth of trénsformed cells. These possibi]itiés.are not mutually
e*c]usiQe, The additional action of R-.82 on the infectivity of the
virus itself will also be investigated (12). To.what extent a change
in permeability of transformed cell membrane is responsible for the
observed effects will be studied by use of radioactive derivatives.-
~The effect of R-82 and other rifamycin derivatives in various cell
systems and animals is under investigation. |
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: Abbreviat1ons used: R-82 or R1fazone 82, rlfaldehyde N N- d1-n-'

' octy]-hydrazlne hydrazone, RDP RNA -directed DNA polymerase, RSV,
Rdus sarcoma virus; BeRSV,,Bryan thh,t]tre straln of RSV, SR-RSV,"
Schmidt—Rubpin sub-group A strain of RSV, Rif dRifahpicih; DMB,
2',6"'~ d1methy1 4 benzy] -4'- desmethy1r1famp1c1n, DMSO d1methy]

su]fox1de.

- Figure Légends

Fig. 1. Focus formation in the presenee-end’absence of R-8,.

Focus of SR-RSV on day 8. A) ih'O.l%-DMSb, B),jh'fhe presence of

R-8, (10 ug/ml) added 1 hr after virus infecti‘oh," ¢) in 0.1% DMSO;

the'agar*oyeEiay‘was replaced after 2 days. D) in the preSedce of
"R—82 (lb”ﬁg}ml)faddedrz days after virus infection. B

Fig. 2.  Growth of'high density normal ce]ls in-the presence of rifa-

mycin defivetivesb Norma] cells were plated at 1x10 /cm2 in the.’”
presence -or. absence of the chemicals as descr1bed in Methods. Average .

of 4 measurements .

Fig 3'> Growth df normal and RSV-transformed cells in the presence
of R- 82 Normal and SR- transformed cells were seeded at 2 x 104
__'~vcells/cm 4 days after primary seedings. The medlum contained e1ther
.f DMSO dr'R482:(3, 5, 10 and 20 ug/ml). Cells weredcounted on succes-d-
sive deys ih'friplicate.cu]tufes Fig, 3C is’the'percent cells left
on the dish after 48 hr (taken from 3A and 3B; the “cell number in

'-contro] cu]tures was set equal to 100)
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Fig. 4. Morphology of normal and transformed cells in the presence
of R-Bz,; Legend as in Fig. 3, eXcept that cells were seeded at 1.5 x
104 ceﬁs/cm2 and>médium was changed on day 2. Control and treated
cultures (5 ug/ml R-82) were photographed 3 days after seeding. A
and B, normal cells in the absence and presencevbf,R-82. C and D,

transformed cells in the absence and presence of R-82.

Fig; 5; Arrest of focus growth after addition of R-82.

TWp sets df focus assay plates of B-RSV were a]]bwed to develop until
foci wefe visible (5 days). The agar overlay was then removed and
~replaced with régﬁlar medium containing 0.1% DMSO Qf R-8, (10 ug/mi

in 0.1% DMSO). Visible foci wére engircled with black pen and numbered
and they Were then photographed on successive days. "Arrows indicate

‘the boundary of focﬁs in each casé. A, control focus 1 hr after addition
of liquid medium; B, the same focﬁs as in A, 82 hr later; C, focus I‘hr
after addition of liquid medium and R-82 (10 wg/ml1); D, the same focus

as in C, 82 hr later.

ng. 6; The rate of growth of previously formed foci in-thg presence
or absence of R-82.

Experiment was performed as described in Fig. 5. The érea under the
foci was estimated by use of a p]animéter. Each curve is. the average

of 3 foci.

Fig. 7. Morphology of mixed cultures in the presence and absence of

R-82, 50% normal and 50% transformed cells were.seeded at a total

4 2

popu]ation of 1 x 10" cell/cm®. The pictures were taken 3 days after

seeding. A), culture with DMSO. B), culture with.R-82 (5 ug/ml).
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Table I

Focus Inhibition - % of Control

Schmidt-Ruppin*
Day 8 Day 1]

Day 6

Bryan+

Day 9

Cont (DMSO) 100 (80%20)T 100 (85%20)

Rif 20 /m 100 I10 100 ¥ 10
RC-16 10 /mi 75 % 10 85 %10
DHE 1 /m 50 %7 g5ty
DM 10 /ml 0-2 106
R-8, 1/m %0fl0 9010
R, 5 /ml 40710 70 15
R-8, 10 /ml 0-1 15210

100

90

45
10

+

1+ 1+

I+

100 (70%20)

10

10
10
8

100 (70%20)

100 ¥ 8

t+

95 - 10
15

10

t+

70
20

14

50-100 focus forming units of Schmidt-Ruppin (SR) subgroup A or

Bryan strain of Rous sarcoma virus were assayed under agar as described

in Methods. The foci were scored on day 8 and 11 for SR and on days 6

and 9 for the Bryan strains. Amphotericin B (1 pg/ml) was‘present

throughout the focus assay, even though at best it improved the inhibi-

tion by on]y_lo%.
* Average of 6 experiments

* Average of 4 experiments

¥ The number in parenthesis indicates the actual number of foci

which was set équa] to 100,
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Table Ila

[3H]-Thymidine Incorporation

% of control after 48 hr

ug of drug per ml

0 3 5 10

15 20
N 100 (38600)* 100 100 . 74 39 20
T 100 (44600) 70 64 51 28 4

*DPM/mg protein. Average of 3 experiments.

Procedure was as described in Fig. 3 and Methods.

Table IIb

[3H]-Leucine Incorporation and [3Hj 2-Deoxyglucose Uptake

Leucine : V_-2~DG

N T N _
% of control after 48 hr.

Control 100 (32100)* 100 (42900) 100 (43900) 100 (98100)

3 g/m 100 10 108 72
5 g/ml 100 88 105 ' 53
10 go/m 85 - T 85 . 4

>~

,* The numbers in parentheses represent DPM/mg protein.

T Too few cells left for determination. Average of triplicate samples

of one experiment.

€
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XBB 742-1095

Figure 1
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Figure 4
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Figure 6,
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XBB 742-1098

Figure 7
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APPENDIX C: ABBREVIATIONS

DNA—dirécted DNA polymerase

dimethylbenzyldesmethylrifampicin

dimethylsulfoxide

deoxyribonuclease

DNA-directed RNA polymerase

dithiothreitol

ethylenediamine tetraacetic acid

electron spin resonance

infrared spectrum

inhibition constant

lithium aluminum hydride

nuclear magnetic resonance

partition coefficient

phenyl, C6H5-

RNA-instructed (directed) DNA polymerase

distance of spot from the origin : distance of solvent
front from the origin |

tetrahydrofuran

thin layer chromatography

2—p—t01uidiny]naphtha]ene—G-su]fonaté

ultraviolet spectrum
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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