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SYNTHESIS OF S0~1E RIFAMYCIN DERIVATIVES AS INHIBITORS OF 

AN RNA-INSTRUCTED DNA POL Y~lEHASE fUNCTION 

* Allan N. Tischler, Urs R. Joss and Melvin Calvin 

Laboratory of Chemical Biodynamics and Department of Chemistry, 

** University of California, Berkeley 

ABSTRACT 

Several new derivatives of the antibiotic rifamycin SV have 

been prepared in the search for potent inhibitors of an RNA-instructed 

DNA polymerase function. It was observed that derivatives containing 

large, hydrophobic substituents bound to the 3-position of the rifa-

n~cin molecule are particularly potent inhibitors. Derivatives contain-

ing nitroxyl and dansyl functionalities were synthesized as potentially 

useful labeled rifamyc-ins. 

* Fellow of the Elsa U. Pardee Foundation for Cancer Research, 

1971-72. Present address: Friedrich Miescher Institut, Basel, 

Switzerland. 

** This work was sponsored, in part, by the U.S. Atomic Energy Commission. 
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INTRODUCTION 

With the discovc~1~y of RNA-instructed DNA polymerase (RIDP)(l) 

came the attractive hypothesis proposing the DNA provirus of the tumor 

virus RNA as the genetic material ultimately responsible for cell trans­

formation by tumor viruses. If this is so, then inhibition of the RIDP, 

which would be ·required for th~ synthesis of the DNA provirus, would be 

an effective means of preventing transformation of cells inoculated vlith 

tumor viruses. A similar comment holds for the more recently formulated 

protovirus modification.( 2) Certain derivatives of rifan~cin SV have 

been shovm to be promising inhibitors of RIDP in .!D__vitro studies. ~ 3 ) 
lv1oreover, some of these deri·vatives have been shovm to reduce the inci­

dence of transfOI~mation in both Gf-\.LB/3T3 cells( 4) and nonoal rat kidney 

(NRK) cells( 5) infected with murine sarcome virus (MSV) 

In this paper, we present the synthesis of several new derivatives 

of rifamycin SV, some of Nhich, especially (17) are more potent inhi­

bitors of RIDP than the best derivatives previously synthesized and 

studied. (3, 6) Based on the results of the derivatives presented here(l) 

and others( 3), viE; propose that in vitro inhibition of RIDP is favored 

by large and hydrophobic substituents attached to the 3-position of 

rifamycin SV. Derivatives with 3-substituents meeting both criteria 

are especially active. 

The drugs whose synthesis is described in this paper were either pre­

pared by the condensation of rifaldehyde with the appropriate hydrazine or 

by acylation of N-desmethylrifampicin (6) in the 4-position of the 
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. piperazine ring. Figut~e 1 presents the basic rifamycin structure and the 

structures of some common rifamycin derivatives. The structures of all of 

the products arid intermediates were assigned on the basis of IR and NMR. 

UV and ESR were also taken when appropriate. 

-Figure __ _]_ 

R-H rifamycin SV 

~ ~--, 

R N--·N N-CH3 \.__/. 

rifampicin 

= R 

~ 
R 0 rifaldehyde 

~ (\ 
R N'---lu~-H 

N-desmethylrifampicin 

Structure of rifamycin and derivatives 
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DISCUSSION AND RESULTS 

Because of its potential use in RIDP purification and as a tracer 

in biological systems, we undertook the synthesis of two spin-labeled 

derivatives (3 and B ) and a fluorescent derivative (9 ) of rifamycin 

SV. The synthesis of (3) is outlined in Scheme 1. 

50° , 
4 days 

When N-oxyl-2,2,6,6-tetramethylpiperidine-4-one (l) is treated 

with a large excess of hydrazine in methanol, two reactions occur 

simultaneously; formation of the hydrazone of the keto group and 

reduction of the oxyl group to the hydr·oxyl amine. The reaction proceeds 

with the evolution of nitrogen as a result of the latter reaction. Removal 

of the excess hydrazine followed by air oxidation in ethanol results in 

the oxidation of the hydroxylamine, yie1ding the oxyl hydrazone (2). 
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Condens~tion of ll1is hydrazine with rifaldehyde affords the spin-labeled 

drug. Both (2)_and (3) give the expected nitroxyl triplet in the ESR. 

The hydrazone (2) \•las never isolated in completely pure form. It slowly 

disproportionates to the azine dimer (4) This proved to be no hindrance 

as (4) does not react with rifaldehyde. When (2) is evacuated at 50°C 

for four days, the azine dimer, which gives an ESR consistent with a 

biradical,(B) is quantitatively formed. Spin-label compound l3)was 

found to be unsatisfactory as it shows little inhibition of RIDP and 
. 

as it slovJly decomposes \'lith loss of its ESR signal. Presumably an 

oxidation-reduction takes place between the oxyl group and the hydro-

quinone of the J'ifamycin chromophore; 

( 3)\'Jas found to readily disproportion ate in aqueous acid to give a 

bright red compound identified as the azine of rifaldehyde (rifamazine) 

on the basis of its IR and Nt,1R, Rast molecular weight detennination and 

UV. In the l~tter, one sees a bathochromic shift due to extension of 

conjugation across two rifamycin chromophores (Scheme 2). The rifan­

azine (5) was found to be a potent inhibitor of RIDP. 

Scheme 2 

(5) 
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(5)can be more conveniently prepared either'by the reaction of rifalde-

hyde with hydrazine, or by the reaction of rifampicin with hydrazine 

under hydrolyzing conditions (Scheme 3). Both routes afford the azine 

dimer in near quantitative yield. 

Scheme 3 

(5) 

, 
The second spin-labeled rifamycin derivative (8} \'las synthesized by 

acylation of (6) \'Jith the acid cl:;loride (7) of 1-oxyl-2,2,5,5-tetra­

methyl-3-cal~boxypyrroline (Scheme 4). It is stable in pure form and 

like ( 3) it shows a three 1 i ne ESR s.i gna 1 with somewhat broader 1 i nes 

than observed for nitroxide radicals with smaller molecular weight. 

Scheme 4 

~ 1\ 
R N-N N-H 

'-'-./ 

(6) 

+ 

The dansyl derivative (9) \-Jas prepared by acylation of (6) \'lith 

dansyl chlor·ide (Scheme 5). (9) sho\'JS only appro~imately 1% of the 

expected fluorescence in organic solvents at around 520 nm, pre~umably 

due to quenching by the naphthalene system of the rifamycin chromophore. 

While (8) was found to be an ineffective inhibitor, (9) was found to be 

very effective. 

i 
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Scheme 5 

( 6) + 

The high ,degree of RIDP inhibition shovm by <5) encouraged us t.() looi< 

further at rifamycin dimers. TvJO additional dimers were thus prepared 

from readily available bifunctional compounds (Scheme 6). Urea deriva-

tive (10) (Rif-urea) was prepared by the condensation of rifaldehyde 

with carbohydrazide and the piperazine derivative (11) (Dirifampin) 

was prepared by the condensation of rifaldehyde \•lith N,N'-diaminopiperazine. 

Both of these dimers were also found to be potent inhibitors of RIDP. 

Scheme 6 

a) 
~ 

2 R 0 + 
A 

H2N-N N--i~H 2 I I 
H H 

l~eOH ; 

b) 2 R~O + H
2
N-rN-NH2 _!_~~ '--/ reflux 

arose 

~ ,.Jl ~ 
R ·~ l(i·~ R 

H H 
( 1 0) 

( 11) 

The question/as to whether the activity of these dimers is due to 

ti-JO ch romophores in one mo 1 ecLt 1 e or or.e ch romophore vii th on~ very bu 1 ky 

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

reasonable to us, would involve the synthesis and evaluation of deri /atives 

... ·~: 
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\'Jith large (preferably cyclic) groups attached to the 3-position. In 

addition, the work of Ga1lo( 3) and Green( 3) suggested to us that, sub-

stituent size being approximately equal, hydrophobic 11 tails 11 are more 

effective than hydrophilic. Fot example, Figure 2 gives sets of compounds 

listed in increasing orclet of activity. Desmethylrifampicin and rifampicin 

( < ~o R N-1~ . 

e~ r'/H ( 
b) R N--N N~CH . 

\_/e-J 3 

Increasing Order of Activity of Rifamycin 
Derivatives 

are known to be zwitterionic at pH = 7.8, the pH at which RIDP activity 

is measured, with the amine being protonated (pKa -:~ 10) and the hydrojuglone 

system existing as the anion (pKa ·~ 2.6). 

The analogous nitrogen in N-aminodesmethylrifampicin would 

not be expected to belargely protonated since it is a hydrazine 

( pKa x6-7}. 
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From the above it was inferred that in addition to being large, 

hydrophobicity might also be desirable. As a result, two new drugs 

were prepared following this reasoning. Their preparations are out­

lined in Schemes 7 and 8. 

Scheme 7 

H2so4 _ 

benzene -
~C=O LiAHI4 

(CH2)14 1 Ether/Benzene 
~~~-H 

( 13) 

r\ 
(C~~-H 

( 14) 

LiAlH4 .r\ 
Ether/THF > (CH2)15 N--NH2 

·~ ~ (""~ 

\HF O > R "N-t~~2) 15 
~ 

( 16) 

_?cherne 8 

~N-H 
( 18) 

0o 
THF 

Cyc 1 open tadecanone ( 12) unde.rgoes the Schrni dt reaction to give 

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

hydride to azacyc1ohexadecane (14)~ This secondary amine is converted 

to N-aminoazacycl ohexadecane ( 16) b.v ni trosati on to N-nitrosoazacycl o-

.;hex.adecane (15) followed by LiA1H 4 reduction. Analogously, 3-azabicyclo­

[3.2.2]nonane (18) is converted to N-arnino-3-azabicyclo[3.3.2]nonane (20) 

by nitrosati on to N-ni troso-3-azabi cycl o[3 .2 .2]nonane ( 19) fo 11 owed by 

LiAlH 4 reduction. These two hydrazines (16 and 20) were condensed with 

rifaldehyde in THF to yield the corresponding hydrazones (17) rifaza-

( 17) 
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cyclo-16) and (20) (rifazabicyclo-9), respectively. Both drugs \llere found 

to be very potent. inhibitors of RIDP. Rifazacyclo-16 is the most potent 

drug tested by this laboratory to date. (7) 

EXPERIMENTAL 

IR spectra were taken on a Perkin-Elmer Model 137 and 257 grating 
j 

infrared spectrometer. NMR spectra were recorded on a Varian Associates 

Model HR-220 instrument. Chemical shifts are reported in 6 (ppm down­

field). EPR spectra \'lere taken on a Varian Associates Spectrometer 

Model E-3. UV spectra \!Jere recorded on a Cary Model 14 spectrophoto­

meter. Thin-layer chromatography (TLC) \llas done on Eastman Chromagram 

6060 Silica Gel sheets. Rifamycin derivatives used as precursors were 

kindly supplied by Gruppo Lepetit S.p.A., Milan, Italy. 

N-o'xyl-2 ,2 ,6 ,6-tetramethyl pi peri di ne-4-one-hydrazone. N-oxyl ,2 ,2-

6,6-tetramethylpiperidine-4-one (1.00 g, 0.0058 moles) was dissolved in 

methanol (3 ml). The solution was cooled to 0° and hydrazine hydrate 

2.90 g, 0.058 moles) was added to it dropwise. The flask was fitted 

with an air lock, and then allowed to stand at room temperature for 5 

days. All volatile material was removed under vacuum. The resultant pale 

yellow oil, which gave no ESR signal and one spot by the thin-layer 

chromatography (silica gel in both dioxane and chloroform) was dissolved 

in 95% ethanol (15 ml) and stirred vigorously open to the air, for 24 

hrs. Removal of the solvent afforded a bright yellow liquid (0:90 g, 84% 

of theory) which gave both ESR and IR consistent with the proposed struc-

ture. The hydrazone was used without further purification. 
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Di -N-oxyl-2 ,2, 6, 6- tetramethyl e_i peri di ne--4-one) azi ne. N-oxyl 2,2 ,6, 6-

tetramethylpiperidine-4-one hydrazone (0.50 g, 0.0027 moles) was heated 

at 50° under vacuum for 4 days, affori ng a ye 11 0\'1 crystalline product 

(0.45 g), m.p. = 173.77. A degassed THF solution gave a typical bini-

troxyl spectrum. I R was consistent \vi th the proposed structure. 

Anal. Calcd: C, 64.25%; H, 9.59%; N, 16.65%. Found:, C, 64.12%; 

H, 9.72%; N, 16.49%. 

Spin-label (3). Hydrazone,(2){0.17 g, 0.0010 moles) dissolved in 

95% ethanol (3.5 ml) was added to a solution of rifaldehyde (0.500 g, 

0.00069 moles) in 95% ethanol (10.5 ml) and the resultant mixture was 

stirred at room temperature for 15 hrs. 

A column of alumina(activity 1) was prepared with a bed volume of 

100 ml of 3:1 ethyl acetate-ethanol (by volume). The above reaction mix­

ture was added to the column and then eluted with 3:1 ethyl acetate­

ethanol until the wash gave no signal by ESR. The contents of the~olumn 

were then placed in a flask and extracted with three portions of 100% 

ethanol (100 ml each). Removal of the solvents under vacuum afforded 

0.43 g of the spin-labe.ed drug, (3) ESR, IR and UV are consistent 

with the assigned structure. TLC: Rf = 0.43 (dioxane). 

Spin-label (8). Equal weights of (6 ) and acid chloride (7) were 

mixed as 10% solutions in chloroform. After completion of the reaction, 

which was checked by TLC, the reaction mixture was directly chromatographed 

on silica gel (BioSil-A, BioRad Laboratories, Richmond, Calif.) with 

benzene-chloroform. Yield: 90% [with respect to (6 )]. TLC: Rf = 0.50 

(ether:ethanol:ethyl acetate 1:1:1). UV in DMSO: 342 nm (E- 26400), 485 

nm (E ~ 13200). EPR: g value: 2.0051, hyperfine splitting constant: 

13.7 gauss. 



-12-

Da®_L<l_er:_i_'L~.tive (9t. To a mixture of 200 mg of (6 J), 1 ml 

benzene and 5 ml 1 ~bicarbonate buffer (pH 8.7), a solution of 70 mg 

of dansyl chlorid~ in l ml of benzene was added. The mixtute was heated 

to 40° and stirred at this temperature until completion of the acylation, 

which was checked by TLC. the organic phase was dried with sodium sulfate 

and chromatographed on Si02 (BioSil-A) with chloroform-ether. 

Yield: 80% [with respect to ( &)]. TLC: Rf = 0.56 (ether:ethanol:ethyl 

acetate 1:1:1). UV in DMSO: 341 nm (e- 25700), 483 n~ (E- 119001 

R"!_f_amcgin~:- Method A. Rifaldehyde {0.100 gm, 0.000138 moles) was 

dissolved in 95% ethanol (17 ml). To it was added. 0.100 ~ hydrazine in 

95% ethanol {2.80 ml, 0.00028 moles). the pH of the resultant solution 

was adjusted to 6.0 with 0.10 ~ HCl. Within 5 min a red precipitate 

was observed. The solution was then stirred for an additional hour, 

after which water {20 ml) was added. The solution was filtered, the 

red precipitate washed with 50% aqueous ethanol and dried under vacuum. 

Yield: 0.098 g (100%). TLC: Rf = 0.28 (ether:ethanol:ethyl acetate 1:1:1). 

UV in ethanol: 228 nm {e - 54200), 358 nm (e ~ 33500), 505 nm (e =20000). 

Rifan~azine - Method B. Rifampicjn (0.100 g, 0.000122 moles) 

0.20 M aqueous hydrazine (3.0 ml, 0.00060 moles) and ascorbic acid {04025 g) 

was dissolved in 30~~ aqueous acetic acid {25 ml). The solution was stirred 

in the dark for 5 days at room temperature. The resultant red precipitate 

was collected by filtration, washed with ethanol and dried under vacuum. 

Yield: 0.085 g (97.5~). 

Rifurea. Rifaldehyde (0.100 g, 0.000138 moles) and carbohydrazide 

(0.00585 g, 0.000065 moles) were dissolved in methanol (10 ml). Afte~ 

stirring 4 hrs at room temperature, \'later (10 ml) was added dropwise to 

. ... 
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affect crystallization. The orange precipitate \vas collected and washed 

twice (50% ethanol) by centri fugati,on. The product was dried under 

vacuum. Yield: 0.058 g (67%). TLC: Rf = 0.33 (ether:ethanol:ethyl acetate 

1:1:1). UV in ethanol: 232 nm (£- 51500), 337 nm (£ - 38800), 475 nm 

(£ - 20000). 

Dirifampin. Rifaldehyde (0.100 g, 0.000138 moles) and N,N'­

diaminopiperazine dihydrate (0.00988 g, 0.000065 moles) were dissolved 

in ethanol (12 ml). The reaction vessel was fitted with a condenser and 

then heated to reflux for 2. 5 hrs. An orange precipitate was observed 

soon after reaching reflux. The solution was then cooled to 0° to com­

plete precipitation. The precipitate was collected and washed (100% 

ethanol) by centrifugation and then dried under vacuum. 

Yield: 0.085 g (84%). TLC: Rf = 0.75 (ethanol). UV in ethanol: 234 nm 

(£ - 32700), 348 nm (£- 29900), 476 nm (e - 17700). 

2-Azacyclohexadecanone. Cyclopentadecanone (4.50 g, 0.0201 moles) 

and hydrazoic acid (16.9 ml of 1.25 M HN3 in benzene) in benzene (30 ml) 

was added dropwise to an ice cold mixture of sulfuric acid (15.5 ml) 

and benzene (47 ml) wit .. stirring. The temperature was maintained below 

10°. After the addition, the ice bath was removed, and the reaction mix­

ture was stirred for another 20 min. Ice water (100 ml) was then added. 

The benzene layer was separated and the aqueous layer was washed once with 

benzene (15 m1). The two benzene solutions were combined and washed once 

with 1.0 ~ KOH (50 ml) and dried over Na2so4. The benzene was removed 

under vacuum, affording a white crystalline solid, which was recrystallized 

from 50% aqueous,acetone. Yield: 4.30 g {89%), m.p. - 131-134°~ 

Azacyc1ohexadecane. 2-Azacyclohexadecanone (4.30 g, 0.0179 moles) 

dissolved in benzene (12 ml) was added dropwise to a stirred mixture of 

,,•' 
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LiAlH4 (0.70 g, 0.018 moles) in ether (12 ml) at a rate to maintain a 

gentle reflux. Reflux was then maintained by heating for 15 hrs. The 

sequence water (0.70 ml), 15% NaOH (0.70 ml), water (2.1 ml) was added 

dropwi se to the reaction mixture. Benzene (10 ml) was then added and the 

reaction mixture \'laS filtered and washed with additional' benzene. The 

filtrate was dried over Na2so4 and evaporated under vacuum affording the 

product as a waxy solid, m.p. = 45-47.5°. Yield: 3.90 g (96%). 

N-Nitrosoazacyclohexadecane. Concentrated HCl (1.35 ml, o~Ol67 

moles) was slowly added to a mixture of azacyclohexadecane (3.00 g, 0.0133 

moles) and water (3.0 ml) at 0°. The reaction flask was then fitted with a 

thermometer and heated to 65°. A solution of NaN02 (1.02 g, 0.0167 moles) 

in water {l.O ml) ) was then added dropwise at a rate which maintained the 

temperature between 65-70°. This temperature was maintained by heating 

for an additional 5 minutes 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 were combined, treated with Na2so4 and decolodzing 

carbon, filtered and evaporated under vacuum. The N-nitroso compound 

resulted as a pale yell0\'1, low melting solid, m.p. = 32-34°. Yield: 

3.02 g (90%) . 

. N-Aminoazacyclohexadecane. N-nitrosoazacyclohexadecane (2.95 g, 

0.0116 moles) in ether (12 ml) was added dropwise to a stirred mixture 

of LiAlH4 (0.50 g, 0.013 moles) in ether (6 ml) at a rate to maintain 

a gentle reflux. Reflux was then maintained by heating for 15 hrs, after 

which the sequence water (0.50 ml), 15% NaOH (0.50 ml), water (1.50 ml) 

was slowly added dropwise. Benzene (10 ml) was then added, and the reac­

tion mixture was filtered and washed with additional benzene. The fil-
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trate was dried over Na2so4 and evaporated under vacuum affording the 

product as a waxy solid, m.p. = 31.5-34°. Yield: 2.58 g (93%). 

Rifazacyclo-16. Rifaldehyde (0.190 g, 0.000262 moles) and N-amino­

azacyclohexadecane (0.0630 g, 0.000262 moles) were dissolved in THF (12 

ml) from which oxygen had been removed by bubbling in nitrogen; The solu­

tion was stirred at 25° for 48 hrs, after which the solvent was removed 

under vacuum. The resul~ing orange solid was recrystallized from petroleum 

eiber (4q m1). Yield: 0.205 g (81%). TLC: Rf = 0.87 (tetrahydrofuran). 

UV in ethanol: 227 nm (E- 24100), 279 nm (E- 22300), 350 nm (E- 20500), 

479 nm (E - 12900). 

Acetone Derivative of N-Aminoazacyclohexadecane. N-aminocyc1o-

hexadecane (0.10 g, 0.00042 moles) was dissolved in acetone (10 ml)·~nd 

stirred at 25° for 48 hrs. Removal, under vacuum, of the excess acetone 

yielded a light yellow oil which gave the expected NMR and IR for the 

acetone hydrazone derivative. Yield: 0.12 g (100%). 

N-Nitroso-3-azabicyclo[3.2.2]nonane. 3-Azabicyclo[3.2.2]nonane 

(10.0 g, 0.080 moles) was slowly added to ice cold co·centrated HCl 

(8.12 ml, 0.100 moles). The flask was then fitted with a thermometer and 

heated to 65°. ~solution of NaN02 (6.0 g, 0.10 moles) in water (18 ml) 

was added dropwise at a rate which maintained the temperature bet\'Jeen 

65-70b. This temperature was maintained by heating for 10 min after the 

addition. The reaction mixture was cooled to 25°. The yellow precipitate 

that resulted was collected by filtration, dissolved in ether (100 ml) 

and t~eated with Na2so4 and decolorizing carbon. The filtered solution was 

evaporated under vacuum affording the N-nitroso conpound as a pale yellow 

solid. Yield: 6.0 g (49%). 
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N-Amino-3-azabicyclo[3.2.2]nonane. N-nitroso-3-azabicyclo[3.2.2]­

nonane (3.00 g, 0.0195 moles) in ether (10 ml) \·!as added dropwise to a 

stirred mixture of LiAlH4 (0.75 g, 0.020 moles) in ether (10 ml) and THF 

(10 ml) at 0°. Ten minutes after the addition, the reaction was ref1uxed 

for 15 hrs, after \'lhich the sequence water (0.75 ml), ,-5% NaOH (0.75 ml) 

water (2.25 rnl) was added dropwise. The reaction mixture was then fil-
l 

tered, and the precipitated hydroxides were washed twice \'4ith ether 

(10 rnl each). The filtrate was dried over Na2so4 and evaporated under 

vacuum. The bicyclic hydrazine (2.5 g, 90%) was obtained as a white 

solid. The compound was further purified by sublimation at 1 atm on a steam 

bath, giving white plates, m.p. - 58-70°, with decomposition. 

Rifazabicyclo-9. Rifaldehyde (0.100 g, 0.00138 moles) and N-amino 

3-azabicyc1o[3.2.2]nonane (0.0193 g, 0.000138 moles) were dissolved in 

THF (12 ml). The solution was stirred for 24 hrs at 25°. The solvent was 

then removed under vacuum. The product, which resulted as an orange 

solid, was recrystallized from ethyl acetate. Yield: 0.071 g (61%). 

TLC: Rf = 0.54 (tetrahydrofuran). 

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

in THF {50 ml) was added dropwise to a stirred solution of N,N•-diamino­

piperazine dihydrate (3.80 g, 0.028 moles), in water (50 ml). The addi­

tion was made over the period of one hr. The reaction was stirred for 

an additional hour after the addition. Half of the reaction volume was 

evaporated under vacuum. The remaining portion was extracted once with 

chloroform (100 ml). The chloroform solution was evaporated under vacuum 

affording the product as an orange powder. Yield: 0.98 g (83%}. 

TLC: Rf = 0.45 (ethanol). UV in ethanol: 237 nm (E - 25500), 340 nm 

( E- 21200), 479 nm ( E- 11500). 

. ' 
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r------------------LEGALNOTICE---------------------. 

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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