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TasLe 1

EruyL 2,3-DIOXOBUTYRATE 2-ARYLHYDRAZONES AND 1-(2,4-DINITROPHENYL)-3-METHYL-4-ARYLAZO-2-PYRAZOLIN-3-ONES

COCH;
e S
RNHN=C
COOC.H;

No. R AMp, °C Color and form
1 Phenyl 75-76%  Pale yellow crystals
2 2-Nitrophenyl 94-95¢  Yellow needles
3 3-Nitrophenyl 115-117¢  Yellow needles
4 4-Nitrophenyl 125¢ Yellow needles
5 3-Chlorophenyl Tle Lt yellow needles
6 4-Chlorophenyl 82a Canary yellow needles
7 2-Methylphenyl 45-46+  Pale yellow needles
8 3-Methylphenyl 720 Yellow needles
9 4-Methylphenyl e Orange crystals

10 2-Methoxyphenyl 09-100* Red erystals

11 3-Methoxyphenyl 69-78 Dull red erystals

12 4-Methoxyphenyl 682 Yellow crystals

13 2-Ethoxyphenyl 104 Puale yellow needles

14 4-Ethoxyphenyl 88-89 Pale yellow needles

15 2,5-Dichlorophenyl 101« Lt yellow needles

16 2,5-Dimethylphenyl 76-77 Yellow needles

17 2,5Dimethoxvphenyl  118-119  Brick red ervystals

i8 2,6-Dichlorophenyl 74 Yellow needles

19 2,4-Dimethylphenyl 120-121  Pale yellow needles
20 2-Chloro-4-nitrophenyl 1112 Yellow needles
21 4-Sulfanilamidophenyl  133-134  Yellow-orange needles

@ Reference 4 and other references cited therein,
within +0.4¢ of the calculated values.

Lysergic Acid Diethylamide (LSD)
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We have been preparing analogs of hallucinogens and
now report the synthesis of two series of analogs, one patterned
after lysergic acid diethylamide (L.SD) (I), and the other (II)
after the tryptamine moiety found in many naturally occurring
and synthetic hallucinogens.

RNHN=? ‘CCHs
ot &
N
I
O:P'(N()?)ZC«‘;HS
Formula® Mp, °C Color and form Formula®
CpH1N0; 216-217 Violet-red needlesc CisH12N6Os
CHisN;0; 235-236 Red crystals CisHuN:Oz
CmHmNsOa 252-253 Orange C15H11N7O7
CpuHisN:0; 260-261 Orange-red needles CigHyuN+O;
CrHisN:05 221 Orange-red needles  CieHyuCINO;
C12H13C1N203 242 Ol'ange-l'ed needles CmHuCleO:’,
C13H15N203 215 \'iole‘r-red needles CnHuNsO;
C;;;HWN‘;Og 228220 Orange CanNsOs
CisH16N3 03 238-239 Brown-red needles  C;;H11NOs
013H16N204 210-211 Red needles C17H14NGOG
CisHisN:20y 212-213 Orange-red crystals CiHisNgOs
CizH1sN204 218 Brown-red needles  C;7HsN¢Os
C14H13N204 209-210 Ol'ange-red needles C13H15N605
CHHlsNzOq 219-220 \'iolet—red needles C18H15N606
CHCLN,O; 233 Orange needles CisH1oCLNO;
C[4H15N203 214 Red needles C]gHmNe().’;
C)qH]SN‘)Ob 231 Red needles ClsHlsNGO',
CuHuClzNgOa 186-187 Red-orange CJGHmGlQN&(){;
CusHisN,O; 218219 Red needles CisH16N60s
CmHmCleO;, 226-229 Orange needles C1GH10C1N7()7
CmHl:,NsOaS 291-292 Ol'ange C]sI{13N7O7S

b All the new compounds were analysed for N, and the analytical values were
¢ C. Billow and A. Hecking, Ber., 44, 467 (1911).

COR R R’
oL Y
H H

1, LSD analogs 11, tryptamine analogs
R=OEt, NEt, R=H, OMe; R’ =Cl], OH

Structures of compounds were confirmed by uv, ir, or nmr spectra.

Compounds in Table I, series I, were prepared by adding the
appropriate amine to either ethyl acrylate or N,N-diethyl-
acrylamide.? The typtamine analogs (I1) were prepared by the
Borsche reaction,® except for 3-hydroxy-6-methoxy-1,2,3,4~
tetrahydrocarbazole which was prepared from the corresponding
3-chloro compound, by prolonged pH 8-9 hydrolysis.

4-Amino-N-acetylhexylamine.—W-2 Raney nickel reduction of
4-nitro-N-acetylhexylamine gave the desired compound in 799,
vield as a colorless oil, bp 131-133° (0.5 mm). n%*Dp 1.4742.
Anal. (CgHmNzO) C, H, N

TasLe I
Reaction

Series 1 Bp, °C (mm) ap (¢, °C) time, days Yield, 9% Formula Analyses
R = NEt» 153 (0.5) 1.4765 (26) 45 it CisHu N3O, C, H, N
R = OEt¢ 190-192 (1.2) 1.4708 (23) 34 33 CraHasN:0;4 C H, N

Series I1 Mp, °C Reerystn solvent Yield, % Formula Analyses

2 = OMe, R’ = Cle 157-160 Acetic acid 59 CyyH,CINO C, H,Cl, N
R = O)Me, R/ = OH 101-102 Water 30 CisHisNO, C,H, N

R =1 R =Cl 116-118 Acetic acid 569 Cy2H;:CIN C,H,N

+ From 4-amino-N-acetylhexylamine and N,N-diethylacrylamide.

ethyl acrylate. ¢ At room temperature under N,.

® At room temperature.
¢ From 4-chlorocyclohexanone and 4-methoxyphenylhydrazine.
drazine and 4-chlorocyclohexanone, prepared according to R. Grewe, W. Lorenzen, L. Viving, Chem. Ber., 87, 797 (1954).

¢ From 4-amino-N-acetylhexylamine and
/ From phenylhy-
The boil-

ing point of the compound, the melting point of its semicarbazone, and the ir spectrum were confirmatory. ¢ Semi-crude yield.

Experimental Section

Where analyses are indicated only by symbols of the elements,
analytical results obtained were within +£0.259 of the theoretical
values. Melting points were determined in capillary tubes in
a melting point bath and, as with boiling points, are uncorrected.
Microanalyses were performed by Galbraith Laboratories,

4-Nitro-N-acetylhexylamine.—Catalytic reduction of 4-nitro-

(1} P. E. Norris and F, F. Blicke, J. Am. Pharm. Assoc., Sci. Ed., 41, 637
(1952).

(2) G. H. Stempel, Jr., R. P. Gross, and R. P. Mariella. J. Am. Chem. Soc.,
72, 2299 (1950).

(3) C. U. Robers and B. B. Corson, bid., 69, 2810 (1947).
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hexanenitritet with Adam's cataly=t in the presence of acetic
anhydride gave the desired compound in 587 vield as a red,
viscous liguid, bp 17:3° (0.5 mm), n¥n 1.4679. . Anal. (CsHgNOy)
(!, H, N. Nef hydrolysis of this 4-nitro compound gave the
previously unreported 4-ketohexanenitrile, bp 75-80° (0.5 mm),
n®n 1.4338.  Anal. (CHNO)Y C, H, N.

{4y (. D, Buckley. I, J, Ellioty, . G, Huat, and AL Lowe, J. Grg. Clem..
8, 10 (1043).

Cysteine Derivatives of keto Steroids
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The condensation of 1-cysteine derivatives with As-3-keto
steroids in the presence of pyridinium chloride! has heen found
to give the corresponding diene thivethers.? When compared
with testosterone in mice, 3 was devoid of androgenic, myotropic,
and antiestrogenic activity.®

R,
--R,
CO.R,
|
R,CHCH,S
1, Ry = Coll,CH,CONIH; Ry = ClIly; Ry = Collip; Ry = 1
2 R = CI-ILN T Ry = Colly; Ry = OH; Ry = H

|

3, R, = CI"ILN*: Ry = GHl; Ry = Ol Ry = CI,

Experimental Section®

Methyl S-(3,5-Cholestadien-3-yl)-N-phenylacetyl-L-cysteinate
{1).-—A solution of 500 mg (1.3 mmoles) of cholestenone in 25 ml
of CgHs was distilled until 5 ml had collected. A solution com-
posed of 880 mg (5.2 mmoles) of methyl N-phenylacetyl-L-
cvsteinate,® 48 mg of pyridinium chloride, 6 ml of EtOH, and
4 ml of C¢Hs was added. The solution was refluxed 3 hr, cooled,
diluted with 30 ml of ether, and washed with two 25-ml portions
of 1 ¥ NaOH. After one H.O wash the ethereal solution was
dried (Na,804) and evaporated leaving 740 mg of semisolid.
Precipitation from acetone—petroleum cther (bp 30-60°) gave
264 mg of 1, mp 119-125°. Further work-up of the mother
liquor gave another 100 mg of 1, mp 100-119°, and 167 mg of
recovered cholestenone. The analytical sample (i~Pr:0) had
mp 138-159°.  Anal. ((jgr)}IHN()gS) II, N, bR

Ethyl S-(178-Hydroxy-3,5-androstadien-3-yl)-L-cysteinate Hy-

drochloride (2).—A similar condensation between testosteronc
and ethyl L-cvsteinate hvdrochloride gave 2 as an amorphous
<olid (acetone), mp 176-179°.  Anal. (CyHuCINOSY C, 11, CI,
N, S,
Ethyl S-(173-Hydroxy-17«-methyl-3,5-androstadien-3-yl)-1.-
cysteinate Hydrochloride (3).-—Similarly, 17a-methyltestosterone
and ethyl r-cysteinate hvdrochloride gave 3, needles (Me,CO-
CHy), mp 171-172°. Anal. (CuHuCINON) C, H, CL N, 8,

Acknowledgment.—This work was supported in part by 1. 8.
Public Health Service Research Grant AM-04531.

(13 J. Romo, M. Romero, (', Djerassi, and G. Rosenkranz. J. dm. Chem.
Soc., T3, 1528 (1951).

(2) A4-3-Keto steroids are reported rot to react with cysteine or ethyl
cysteinate: S, Lieberman, Fzperientia, 2, 411 (1945).

(3) We are indebted 1o Dr. R. Kraay, Eli Lilly and Co., for these assays.

(4) Ir spectra were obtained on an Infracord, uv spectra on a Beckman
DU. Microanalyses are by Galbraith Laboratories, Knoxville, Tenn,

(5 Z. Foldi, Adcte Chim. Aead. Set. Hung., 8, 187 (1434); Chem. Abstr.,
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The synthests and antitumor evaluation of steroidal nitrogen
mustards! prompted us to synthesize the chlorambucil exter of
testosterone by treating chlorambucil chloride with the potas-
sium salt of testosterone in refluxing henzene,

()(,‘()((.‘H,)\—O—N( CH.CH, (),

0

Experimental Section®

173-(4'-| p-|Bis( 3-chloroethyl )amino|phenyl {butanoyloxy j-4-
androsten-3-one.*— Testosterone, 0.34 g (1.1 mmoles), was dis-
solved in dry (s excess K was added, and the mixture was
then refluxed overnight.  After filtration of the unreacted K,
the CsHy solution of the potassium =alt was added to residnal
chlorambucil chloride, which was prepared from 0.35 g (1.1
mmoles) of c¢hlorambucil and 2 ml of POCEL in refluxing Cell,
with subsequent solvent removal.  The esterification reaction
mixture was refluxed 5 hr, then left at room temperature over-
night. The solvent was evaporated to give 512 mg of crude
produet, which was chromatographed on 10 g of ALOs.  Cellg
cluted 60 mg of acid chlovide, 43 mg of the ester (analyfical
=ample), and 34 mg of impure ester, while Cslli-1t,0 (4: 1) eluted
i54 mg of additional ester. Rechromatography of the last two
fractions (18% mg) plus 82 mg of =imilar product from another
preparation on ¥ g of ALOg gave 211 mg of ester eluted by CyHg-
O (4:1) Anal. (CoyHLCLNO) C) H, N,

1w Gl Ve Rao and OO Price, J. Org, Chem,, 27, 205 (18962): ¢h) S0 HL
Burstein and 1. J. Ringold, ihid., 26, 308+ (1961); (¢} W. J. Gensler and
(4. M. Sherman, hid., 28, 1227 (1958); ¢ A M. Khaletskii, M. V. Vasil'eva,
and E. M. Balonova, Sintetich. Produlty iz Kanifoli @ Skipidura, Alad. Neod
Belorussh. SSR, Tsentr. Nauwchn=Issled. @ Proeltn. Inst. Lesokhim. Prom.. Tr.
Vieew, Naachn=Tekhn, Soveshel. Gorled, 1963, 227 (19684); Chem, Abstr.. 82,
3. R, Vavasour. H, 1. Bolker, and A. I, MeKay, Can. .
Chem., 30, 93: ©. Havranek and N. J. Doorenbos, J. An
Pharm. dsxpe., Sei, Bd, 49, 328 11960); tz) T Nogrady, K. M. Vagil, and
VoW, Adamkiewicez, Car. J. Chem., 40, 2126 (1962); () L. N. Voloveliskii
and A, B. Rimkina. ZA. Obsheb, Khim,, 87, 1571 (1967); (1) Niculescu-Duvaz,
AL Combanis, and 1. Tarnanceanu, J. Med, Chem, 10, 172 (1967); (1) C. R,
Walk, T. (1 Cliow, and F. H. Lin, 7hi4, 10, 255 (1967).

12y Ir spectra were obtained on an Infracord, uv speetra on a Beekmun
DU, Microanalyses are hy Galbraith Laboratories, Knoxville, Tenn.

1) This compound was subinitted to the Cancer Chemotherapy Nationa)
Service Center. Public Health Service, for an evaluation of its antitamor
activity against acute Ivmphoeytic teukemia.
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2-Amino->-nitropyrimidine and its derivatives possess pro-
nounced trichomonacidal activity.! We have shown that sym-
metrical 2,2'-hvdrazobis(3-nitrothiazoles) also show a very strong
antiprotozoal activity.* The combination of these two features

(13 R. M. AMichaelx and R. L Strube S Pharm, Pharmirol. 18, 6501
(1461): R. M. Michaels, J. Protozool., 9, 178 (1962).
() AL Avramoff, 8 Adler and A, Fonner, J. Med. Chen, 10, [138 (1067,



