40 R. D. Diniarn. G, Poore, D. R, Cassany, axn N, R Fasros

tionship exists between the carcimogenie and the anti-
oy potentialities of the aryl component.  Studies
by Cook and Kennaway* have shown that 9.10-
dimethylanthracene i= o moderately active careinogen
i mice, wherens henzlalanthracene and 10-methyl-
phenanthrene exhibit no more than shght carciogenie
activity.  Stiee  certain methyvl-substituted benz{a]-
anthracenes ave potent  carcinogens, we propose to
sviuthesize the sulfur and nitrogen nuistard dertvatives
of =everal of these polyveyehe aromatie componnds and
determine the existence of any carcinogenie-careino-
statie correlations,

Cross-linking abihty s generally considered ta he o
requiremient for a tumor-inhibiting alkylating agent.
This candition 1= fulfilled by the bifunctional nitrogen
and sulfinr mustards.  Several of our monofunctional

00 WL Cank aned B L Kennawany, (L Ly Coneer, 39 8381 ¢19404: 12,
L. Kennaway, No ML Kennaway, and Vo Lo Wireen, Cwoeer Res., 2, 157
[RLARSN

Val 10

mstards have alsa displayed promoumeed antitiunaor
activity; these hmve cantaimed o spectfic palyvevelie
component. such as a derivative of aeridine o anthra-
cene. o prabahle that these half-nnistards also
exert then action hy o bifunetional meelinpsi, e
phase of whieh invalves the reaction ol the 2-chloro-
ethyvl group with the guanine matety of adeaxyribne-
mitelete neid, v shown by Lawley and Walliek ™ or
with sonie ather exsential caonstituent. It scems reasan-
able that cross-linking can he campleted by intier-
calatton of the palvevelie companent henween the base
pans i deoxyribomielele neid, o pracess propased hy
Lerman® for the aeridine micleus and hy Bavkind and
Crreen!® tar the palvunclenr hydroearbnns,

slae POl Lasley st C0 N0 Wallick, Choame Jodo s Laneloneg, Gt 10375
Vo1 Lawley Jrone, Gl Seoec 200 0108700 1 Braukes aanl 1010 Laley
Brivo Y, Bagi,, 20, 91 1061,

L LS Leerean, S0 Culladae iy Phsgsdote. 84, =appl. 100 MG T

S120 1 Baylatel wed 1 Grsen, Bed, J. Caverr, 16, 507 106230 . i,
Jivi. 9, A8 1mi.

Acelylenic Carbamates. A New Class of Potential Oncolytic Agents

Roserr D. DirLarp, GEraLp Poore, Doxanh I Cassany, axp Nernsox R, Liasrox

The Lilly Research Luboralorivs, Lndlianipolis, Dodicine

Iecerved Jitne 30, 1H6H

A series of Ll-diaryl-2-propyuyl earbamates i= deservibed,

Unlike 1the previoisly veported 1 E=dialky l-2-

prapynyl earbamates, this series wus found to have potent antitnmor effeets against varions hiniar systeims in

mice,
are disenssed.

An mvestigation of the intramolecular reactions of
acetylenic compounds' =3 led to the synthesis of 1,1-di-
phenyl2-propynyl carbamate.  This compound showed
nteresting aetivity in our cancer screen. On  this
basis, o series of diaryl carbamates was investigated
for antitimor activity. In contrast to that reported
for 1,1-dialkyl-2-propyny! carbamates,®? these were
void of any hypnotic properties. However, untike the
I, l-dialkyt compounds, this series demonstrated re-
pentable activity against noseries of mouse neoplasims,

Since these compounds were most active against the
myelogenous  leukemia (1498 and the plasma-cell
tumor X5563, these tumors were used to evaluate the
refative efficacy of the compounds as antitumor agents.
Although most of the carbamates showed activity in
these tests, certain variations in structure appeared to
promote optimum antitumor effects.

Although the preliminary activity of these com-
pounds was established by the mtraperttoneal route of
therapy, other routes were exploved. The oral ue-
tivity was of particular interest, inasmuch as it is morve
desirable to administer oncolytic agents for clinical use
by the oral voute,  Studies were carried out and coni-
parisons made by both the intraperitoneal and oral
rontes.  More extenstve studies are in progress in-
cluding delayed therapy experiments, broad-spectrum

NG R Easton gl R Do Dillard, L Oeg, Cheon,, 28, 2465 (19teh),
21NV RL Basten, DL RO Classady, amed R DL Dl d6id., 27, 2027 (10625,
AN R Eastan, 1)) R ( uly, nnd R DL Dillard, 101d., 29, 1851 (104,
ML Melia and 10 R Candie, 17080 Patent 3,062,870 (Nov 6, ToG2s,
W. Keil, R Muselawecek, awl B Radematlior, Avzneomittel-Fueseh, 4,
177 CINa),

Oral as well as parenteral activity of these compunnds is demanstrated.

Sernetare-activity relationships

tumor studies, tissue localization in mice, hemopooetice
effects, nnd general toxicologieal effects.
Chemistry.--The preparation of the carbamates by
modified procedure deseribed by Mehta and Catlin?
1= outlined in Scheme I, The 1, 1-dimrvl-2-propyn-1-als,

SenEME |

base
LRCORY 4+ 110 —~——
Ol OCOOC,TT
Cal lOCOCT
NCC=:Cll ——— RCC=C11
: pyridine
I3t I
\# RN Cet) \L {§;>x11
[
OCONIIE? DOONE
RCC==C] [LCC==CT]
N M

prepared by well-known procedures front diaryl Ketones,
were treated with phenyl chloroformate using pyridine
as un acid aceeptor in dichloromethane to give the
phenyl carbonate intermediate. In the presence of
an amine, this intermediate was converted to the car-
bamate and phenal. The ernde products were purified
by crystallization to give yields of 5-309{. No cffort
was made to obtain optimum yields, The N-mono-
substituted earbamates could he prepared directly from
the 2-propyu-l-ols using an alkyl socvanate, Fhe
allyl carbamates were obtained by catalytie hydrogen-
tionr of the appropriately substitnted 2-propynyl car-
hamates,
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All products mentioned above are listed in Table L.

Pharmacological Methods.—Because of the obvious
physical limitations, only two of the 21 experimental
tumor systems maintained in these laboratories were
employed for preliminary antitumor testing of this sertes
of compounds. The two systems were selected because
of their responsiveness to the carbamates, and the fact
that both are used to predict useful candidates for clini-
cal evaluation. Those carbamates showing a high de-
gree of potency against these two systems were then
subjected to more extensive studies.

One of the tumors, X5563, is a slow-growing, plasma-
cell tumor, the other, an atypical, myelogenous leu-
kemia known as C1498. Procedures for animal-tumor
testing in our laboratories have been previously de-
seribed by Johnson, et al.® However, in brief, for the
solid tumor, a tumor fragment was implanted sub-
cutaneously by trocar in Cy;H mice and after 72 hr,
treatment was initiated and continued until a total of 10
injections had been given. Two-dimensional measure-
ments were taken after the tenth injection; the ac-
tivity is reported as a comparison of the tumor sizes of
test animals to that of saline controls. A 1009, ac-
tivity would mean that no measurable tumor was
present in the test animals at the end of the treatment
period. This plasma-cell tumor exhibits some of the
same characteristics associated with multiple myeloma
in man, including the presence of an abnormal protein
found in the serum from animals bearing the disease.

The other test system, the myelogenous leukemia, is
maintained in C-37B1/6 mice in the solid form. The
test animals are injected with a tumor cell homogenate.
Inoculation was by the intraperitoneal route at known,
standard-cell concentrations. Inoculated animals usu-
ally survive for 14-18 days. Treatment was initiated
24 hr after inoculation, and a total of ten treatments
with the compound was given. Activity was deter-
mined by prolongation of life of treated animals vs. that
of saline controls. Those living for 45 days were con-
sidered “cured’” and were designated as indefinite sur-
vivors. These were not calculated in the per cent ac-
tivity. This tumor system is naturally resistant to
many known clinically useful anticancer agents.

The insolubility of the carbamates in most vehicles
used for antitumor testing, acacia, saline, sesame oil,
and carboxymethyleellulose, did not prevent their effec-
tiveness as antitumor agents. Suspensions of the car-
bamates using 1:10 dilutions of Emulphor® were used
successfully throughout the series.

Prior to testing the compounds against the tumor sys-
tems, subacute toxicity studies were conducted using
normal Swiss ICR mice. Compounds were ad-
ministered daily at four different levels for & days.
Antitumor testing was then initiated at the maximum
tolerated level and at two lower levels, usually one-half
and one-fourth of the high dose. Dose-response stud-
ies on the compounds demonstrating the most potent
antitumor properties in the primary screen were then
undertaken. In this study, dose levels were given that
usually determined the minimum effective dose, and
then dosage was increased until evidence of toxicity was
secen. The toxic effects were noted by carly deaths of
the test animals and weight loss as compared to con-

(6) I. 8. Johnson, et wl., Cancer Res., 20, 1016 (1960).
(&) EnmlphorE is a polyoxyethylated fatty acid available from General
Aniline Film Corp., Melrose Park, Il1.
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trol animals. Visual observations of the general ap-
pearance of the animals such as lack of mobility and
rough coat were helpful in determining toxicity of the
compound tested. The dose levels for maximum anti-
tumor effects were obtained from the dose-response re-
sults. These are reported in Table I. For those com-
pounds not included in the extended tests, the best ac-
tivities indicated by the initial screen are reported.
Structure—Activity Relationships.—Antitumor activ-
ity against the X5563 and C1498 systems was found for
almost all of the 1,1-diaryl-2-propynyl carbamates
tested. However, for maximum potency, certain strue-
tural requirements were found to be necessary. To
help in assessing the importance of each funetional por-
tion of the molecule, the carbamate structure was
divided into three main areas—the ethynyl (A), the
1,1 substituents (B), and the carbamoxyl portion {C)—
and the effect of structural changes on antitumor ac-

r 1
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| R |
r 2 0+C—N !
{ ! R: |
{ R\& / { 1
1 e L _|'
¢ C
| R, \
L 4 P n
B { C=CH
A

tivity is discussed separately for the three areas. The
activity discussed here will refer to the results reported
in Table I.

The acetylenic group (A) of the molecule was found
to be essential to obtain potent antitumor effects. Re-
duction of this group to the ethylenic derivative gave
compounds with much less activity (compare 82 and 83
with 20 and 24, respectively). Substitution on the ter-
minal position of the triple bond did not appear to alter
the antitumor effect significantly (compare 79 and 80
with 4).

One of the important features of portion B was that
R and R! must both be aromatic groups for the car-
bamates to show significant antitumor effects. Com-
pounds that deviated from these requirements such as
1, 2, and 3 showed little if any effects. When R and R!
were both phenyl, compounds with varying degrees of
potencies were obtained depending upon substituents
on the remainder of the molecule. Although the effects
of substituents on these phenyl groups upon potency
were of a lesser degree, certain variations in this area
were more beneficial than others. In general, halogen
substitution on the phenyl rings gave compounds that
demonstrated good antitumor effects. Of the group,
chloro, bromo, and iodo, the p-chlorophenyl derivatives
were the most beneficial in promoting autitunior ac-
tivity. Of particular interest were the fluorophenyl
derivatives (52, 54, 58, and 59). since they were the
most potent of the halophenyl compounds.  Other sub-
stitution on the phenyl ring such as methyl, nitro, tri-
fluoromethyl, and phenyl did not seem to enhance ac-
tivity.  When R was phenyl and R! was heteroaro-
matic (72 and 76), less potent compounds were ob-
tained. However, when R was e~ or g-naphthyl, po-
tency was retained (68~70). The same was true swhen
the R and R! were joined together forming the fluorenyl
moiety (77 and 78).
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TasLe I (Continued)

Compd Mp, —% caled— . —9% found— Dose,® Tumor system
no. Structure °C Formula C H C H mg/kg  X5563 C1498
779 HUSC . OCONHUH, 153-154  CiHiNO: 77.55 4.97  77.26 5.13 10 47 (1) 29
T
S P
78 HC=C OCON(CHz'2 182-183 CisHusN 02 77.96 5.45 78.24 5.57 18 100 t8) 7
/l
N
OCONH:
Y (CsHs):CC=CCH3z 147-149 CrHIsNO2 76.96 35.98 76.74 5.65 60 27 (10) 28
OCONH:
|
80 (CeHs)2CC=CBr 150-152  CwHpeBrNO2 58.20 3.66 58.8) 3.69 45 80 (6) 66
OCSNHCH;
81 (CsHs)2:CC=CH 135-136 CnHusNO: h 60 25 (10) 0
OCON(CHy)2
82 (CsHs):CCH=CHs 102-104 Ci3H 9N Oz 76.84 6.81 T7.21 6.83 30 43 (6) 0
OCONH:
83 p-ClCsH«C(CsHs) CH=CH: 111-113 CiH14CINO2 66.68 4.90 66.97 5.03 7.5 0 39
OH
84 p-CICsH«C(CeHe) C=CH 47-48 Ci:HnClo 74.23 4.56 74.23 4.86 60 0 0
OCOOCsHs
‘ |
85 (CsH3):CC=CH 76-78 C22H:is0s 80.47 4.91 80.75 5.20 60 35 (9) 0

e A total of ten treatments were given, by daily injections intraperitoneally, at each dose level indicated, and the reported activities
of these compounds against the two systems are the results of a specific dose-response test for each compound and should be considered
i a gqualitative manner in comparing relative potencies. Activity must be greater than 209 to be considered siguificant. Myleran
at 30 mg/kg inhibited the X5563 system 1009 and did not inhibit the C1498 system. HXN, at 0.15 mg/kg did not inhibit the X5563
system bnt gave a 349 prolongation of life against the C1498 system. Cytoxan (cyclophosphamide) at 50 mg/kg inhibited the X5563
system 1009, and the C1498 system 399%. ? Those compounds with R? and R? being hydrogen were made by method A as described
in the Experimental Section. The compounds with one or both R? and R? being alkyl were prepared by method B. °© Lit.t mp 66-68°,
¢ The number given is the per cent inhibition of the tumor, and the number in parentheses indicates total survivors out of ten at the end
of the treatment period. ¢ The number given is the per cent prolongation of life of treated animals ¢s. saline controls and the number in
parentheses is the number of animals surviving for 45 days from date of inoculation and are considered cures. These animals are not
calculated in the per cent activity. / W. Logemann, et al. [Farmaco (Pavia), Ed. Sci., 8, 406 (1953)] report mp 87°. ¢ Made by
methad C as described in Experimental Section, * Anal. Caled: N, 4.98. Found: XN, 5.18. ¢ Intermediate described in method A
recrystallized from benzene—petroleum ether (bp 35-60°).

TasLe 11 A comparison of the R? and R? substituents revealed
INTRAPERITONEAL 08, ORAL TREATMENT Using CoMpoUND 14 that they could be varied widely with high potency be-
ing maintained. These variations included compounds
OCONHO where R? and R® were hydrogen, the N-methyl, N-allyl,
(CeH5):CC=CH N-propynyl, and N,N-dimethyl derivatives, and com-
Indefi- pounds where the substituents with the nitrogen
. llz\ozf RZ‘;W et o ;‘lll“: formed. a pyrrolidine ring. Howeyer, the N-phenyl
srstem  me/ked  sdmin  change, T/C  activity vivors derivative (18) was much less effective.

C1498 7.5 Ip —1.5/1.9 61 0 When R? was hydrogen and R? cyclohexyl (11_1), very
10.0  Ip —0.4/1.9 83 1 high potency was found. This group was particularly
12,0 Ip —2.8/1.9 98 3 effective when R and R!' were p-fluorophenyl (58),
15.0 Ip —-2.7/1.9 0 7 Also, other N-cycloalkyl groups such as cyclopentyl,
150  Oral 3.6/0.5 107 1 cycloheptyl,‘ and cyclooetyl (13, 15, and 16) gave com-

20.0  Oral  —2.6/0.5 99 2 pounds of high potency.
250  Oral —3.7/0.5 35 4 Intraperitoneal vs. Oral Treatment.—In Table II, a
X5563 k7.5 Ip —0.9/2.0 92 comparison of intraperitoneal and oral administration
10.0 Ip —-1.2/2.0 95 of compound 14 against the X5563 and C1498 systems
12.0 Ip —3.1/2.0 100 is given. In both systems, it appears that an equiv-
15.0  Oral —2.0/1.2 97 alent antitumor effect can be seen using oral doses ap-
20.0  Oral  —-2.2/1.2 100 proximately twice that used by the intraperitoneal
25.0 ] _Oral _2-7_/ 1.2 100 route. Other carbamates have also demonstrated this

e The dose was administered once daily for 10 days. type of oral activity.

Definite requirements also have been demonstrated
for the “C” portion of the carbamates. If this portion Experimental Section?
was hydrogenf eg., the 1,1-dnaryl-2-pr0pyp-1-ols, no 1,1-Diaryl-2-propyn-1-ols were prepared by known procedures®
significant antitumor effe_Ct was fqund' This was tr.ue from the appropriately substituted benzophenones and were
for the phenylcarbonate intermediate 85 and the thio- ——
Carbanlate 81. It COuld therefore be Concluded that (8) All melting points were determined using a Mel-Temp melting point
the carbamoyl portion O—CN< is necessary to produce ~ ®Ppareins and are uncorrected.

. . N T (9) K. Campbell, B. Campbell, and L. Eby, J. Am. Chem. Soc., 60, 2882
compounds with significant activity. (1938).
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purilied by distilliiion o ervsiallizatien. I =ome eases, 1the
erinde prodineis were nsed.

1,1-Diaryl-2-propynyl N,N-Disubstituted Carbamates. "I'he
[rdlnwing <peeific examples vepresent the three niethads nzed Tor
ninking the earhanies listed o Tohle T They ave designaced s
melthad= A, 13, and €

Method A. 1-(4-Bromophenyl)-1-phenyl-2-propyny! Carba-
mate, A =ahition of 474 g (0.2 maler of I-(4-hramaphenyl)-1-
phenyl-2-prapyi-1l-ol d 40 ml of pyridine in 200 wml of C1LCL
wis eaaled 1 0% amd 313 g (0.2 maler af phenyl elllorefarmane
wirs added drapwize with stirring over 50 min. - Stirring and caal-
g were contimied for 4 by Tee water 200 ml; and 500 il of
ether were sdded, o the argatde Tover was =eparcced imd waslhed
witll exeess DU HCL <nomared NallCOyg, and warer. Aler
deving (M eRO, the colidon was added drepwize in 400 1l o
liquidd N1l over o Ta=-min periad. The vesnliing mixture wis
stirvedd Teas 16 D aned washed with 30, NaOl <alnGen, Afler
diving aver MgR0y, the zolvenc was removed ad the residne
wix ervatallized from henzene-penrolemn ether hp 355-60° 5
A white, vevstalline =olid was ohtoined: vield 6.8 g 125
Tahle 1, 45).

Method B. 1-(4-Bromophenyl)-1-phenyl-2-propyny! L-Pyr-
rolidinecarboxylate. The same procedure wix n=ed 12 ahove w
netke the phenyl crbonnre intermedine onoa 0.8 maole <enle.
The erlier CHLCL sabiion of the imermedinte was added 10 50
ml af pyrrolidine inon equal velnie of ether, and the mixtmee
was ~tred for 16 o al room temperanire and washied with
excess A", LG tlen 370 NaOH o sahnion. After deving, the
~olvent was rentoved at redieed  pressave. The residine
crv=tallized fram henzene=petvolenm ethey e o vield o 200,

Tahle 1,49
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The 6-Deoxytetracyclines.

asnJawes T Boorng
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Method €. 1,1-Diphenyl-2-propyny| N-Methylcarbamate. A\
~ation of 0.8 mole of L-diphenyl-=2-propya-T-ol, 0.25 mole of
merthyl iseevanme. and e ol tricthylenedinniine in 200l of
CLHCL was Teft S 4 dayvs at roann veniperatire. ALl the Leag
hedling preaerinds were removed movedneed pressave and the resi-
e was reeryvsiallized iwiee frean henzene petrolenm ether,
The prrehier was elaained inasae, vield iTohle 1,54

1.1-Diphenylally]l N N-dimethylcarbamate. A ~olatiem i
270 g ol Fd=liphenyl2-propynyD N, Nadimethylechannte i
200 ml ol 400 Benzere petealemnm eiher dhp 85 100% 5 wis hyelve-
genated a4 psioasing A5 @ al 3, Pd o BaRoOy and 0.1 g ol KOTI
netdl boeguiv o0 hvdeagen was taken npe The vatadyvst was
lilreranl snd cdhe solvinn was removed o vedneed pressaees Tlae
residne was ervstallized twice Train pehmaleanm ether: vieldd 270,
Slahle 1, 824

D1 <imilae nummer, F-odechloraphenyh=-phenyl-Zprapy gl
cavhimnnite was hydimgennaad in 1-/4-chlorophenyli-1-phenylallyi
carbamate { Tuhle 1. 831
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Alkylated Aminotetracyclines

Possessing Unique Antibacterial Activity
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The redinctive medhylation ol 7-nitro-ti-demechyl-G-deoxy terreyeline gives T-dimerhylumino-g-demethyl-G-

deaxyterrneyeline (V.
derivatives,
stuphvlucocel ix dixenssed.

Nitration of G-demethyl-ti-deoxytetracycline (I)
strong neid results in clectrophilic substitution at the
7 and 9 positions.!  Subsequent reactions of these
substanices to form amino, diazonium, and  further
transformation products have been the subject of
nrevious papers from these and other laboratores.”

[ the course of new investigations mto the chemis-
try of these modified antibioties in the hope of further
cnhancing the pronounced antibacterial activity pos-
sessed by several members of this =eries, or to find new
tvpes of antibacterial activity (7.e., broadened spectrun
of activity) we had oceasion to examine the reductive
alkylation of these substances.

Rednetive methylation of 7- or 9-mitro- (11 or TI1)

ar =nnino-G-demethvl-G-deoxytetracyeline (IV or V)

(1y J. Penisi, Jo Lo Spenver, L JL Hlavka, and Jo HL Baotle, . Med, Hharn.,
Chyon, 8, a8 clas2s: Jo 00 Beereboran, JoJ. Ursprang, 110 71 Renoharnd, ol
. R Neephens, Jo A m. Chem, Sov., 82, 1003 114601,

o2y 1000 Mlavka, AL Selmeller, T, Kraziski, amd J. . Joothe, thid., 84,
1aa2v: Jo a0, Iavka, M. Krazinsk:, and J. H. Baeollee, J. Urg, Chem.,
27, G671 NGy J. L. Speneer, J. J. Hlavka, J. Petisi, 1. M. Krazinski,
and .1 Boothe, J. Wed. Chem., 6, 105 {1968, J. J. Hlavka and 11. M.
Krazinakt, J. OUrg. Cheng,, 28, 1422 (10631: (0. R, Steplens, J. J. Beerebaum,
1 I Rennlard, PUNL Gordan, I8 Mavar, Ry KL Blaekwoad, and ML Selacd;
vor Willetwen, S L, Cliver, Snec 88, 2618 (1t

Similarly, reduerive alkyvlaion of ather nitro- ar minateteyelines forms reloied
An e/ =pectrim of VT Ix presented and ivs anigue acetivity aganinse tebreyeline-resistiani

in - methoxvethunol under restricted pH o conditions
using 109 pallwdiunre-on-charcoal entalyst at atmos-
ave  7- 0 or

pherte pressre, O-dimethylunino-6-

R
0
I, R=R'=R"=H
II, R=NO; R'=R"=H
III, R=R"'=H; R'=NO,
IV, R=NH,;;R'=R"=H

V, R=R"'=H; R'=NH.
VI, R=(CH:);N; R'=R"=H
VIl, R=R"=H; R’ =(CH3),N

VIII, R=(CH:):N; R'=H, R"=CHN_|
IX, R=(C2H5)2N; R'=R”=H

demethyi-G-deoxyterracycline (VI or VII) and their
d-epimers.  These compounds could be purified using
liquid-hquid  partition  chromatography on  neutral
(acid-waxhed) dintamaceous earth. The reaction was



