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lization from hexane an additional 8.2 g of II, mp 120-131°,
identical with that obtained above (total yield, 78.697) as
determined by tlc and infrared spectra.
3-(3a-Bromo-23,173-hydroxy-5a-androstan-17«-yl)propionic
Acid v-Lactone (VI).—To a cooled and stirred solution of II
(16 g) in dioxane (250 ml, purified) was added dropwise a mixture
of N-bromosuccinimide (9.6 g), H,0 (105 ml), and 609 HCIO4
(8.34 g) over 15 min. The reaction was stirred for 3 hr at room
temperature and poured into H»O. The oily product was ex-
tracted with ethyl acetate and the extract washed with aqueous
HCL (5¢%) followed by NaHCO; (5%, aqgueous) and water.
After drying (Na,80s, Darco), the solvent was removed in vacuo
to leave a white solid. Recrystallization from methanol-H,0
atforded VI (15.7 g, 75.5%), mp 204-207°. Further recrystal-
lization from methanol produced an analytical sample, mp 220
220°, [a]p +33°,
Anal. Caled for CypHyBrO;:
C,62.54: H,7.82.
3-(2,3a-Epoxy-173-hydroxy-5«-andostan-17 «-yl)propionic Acid
y-Lactone (III).—A solution of II (9 g) and m-chloroperbenzoic
acid in benzene (1.2 N, 275 ml) was allowed to stand at 7° for
16 hr. The mixture was allowed to warm to room temperature
and washed repeatedly with aqueous Na;CO; solution (59%)
followed by H,O and dried (Na,S804). Removal of the solvent
in vacuo afforded an oil which gradually solidified. Recrystal-
lization from methanol gave ITI (6.5 g, 68.87%), mp 164-166°,
[a]D —90°,
Anal. Caled for sz]‘lazo,qf C,
C, 76.46; H, 9.08.
3-(2,33-Epoxy-173-hydroxy-5«-androstan-17 -yl )propionic
Acid v-Lactone (VII).—A solution of VI (6.0 g)in DMF (100 ml)
was heated with K,CO; (2.0 g) in H,O (10 ml) in a steam cabinet
(40-60°) for 16 hr. The reaction was cooled and poured into
ice and water. A precipitate formed and was collected, washed
with H,O, and air dried. Recrystallization from methanol
afforded VII (3.0 g, 47.6%), mp 178.5-180.5°, (a]p +1.5°.
Anal. Caled for CpHanOs;: C, 76.70; H, 9.36. Found:
C, 76.22; H, 9.02.
3+(3«,178-Dihydroxy-23-thiocyano-5«-androstan-17 -yl )pro-
pionic Acid y-Lactone (IV).—To a mixture of KSCN (44 g) in
ice~cold HsO (21.6 ml) and ether (180 ml) in a separatory funnel
was added with shaking H;PO, (66.4 g) in small portions. The
pink organic layer was separated, washed with two small portions
of Hs0, and dried briefly (Nas;SO,). The solution of HSCN in
ether was decanted into a stirred slurry of IIT (4.0 g) in ether
(30 ml). The mixture was allowed to stand at room tempera-
ture for 2 days. The homogeneous reaction was washed with
10¢7 aqueous Na,COs until neutral. After washing with several
portions of 1,0 and drying (Na,8O4 Darco), the solvent was
removed 7n vacuo. The remaining semisolid was recrystallized
from methanol to give IV (2.2 g, 52.89;). Further recrystalliza-
tion from the same solvent gave an analytical sample, mp 216~

C, 62.11; H, 7.82. Found:

76.70; I, 9.36. Found:

217.5°, [a]D —9°.
Anal. Caled for CxHuNSOy: C, 68.45; H, 8.24. Found:
C, 68.87; H, 8.23.

3-(28,173-Dihydroxy-3«-thiocyano-5«-androstan-17«-yl)pro-
pionic Acid v-Lactone (VIII).—A solution of VII (2.5 g) in
ether (50 ml) was treated with HSCXN in ether as described above.
Rectification as above and recrystallization from methanol-H,0
afforded VIII (2.15 g, 73.5%), mp 239-240°, [a]D +20.0°.
Anal.  Caled for CgaH.;;V()zS C, 68.45; H, 8.24. Found:
C, 6%.78; H, 8.23.
3-(2,33-Epithio-173-hydroxy-5«-androstan-17«-yl)propionic
Acid y-Lactone (V).—To a stirred solution of IV (1.2 g) in
methanol (40 ml) was added KOH (0.6 g) in methanol (10 ml).
The reaction mixture was allowed to stand at room temperature
for 2 hr.  Water (25 ml) was added and the solution was cooled
in the refrigerator. The precipitate which formed was collected
and recrystallized from methanol-H;O to give V (0.4 g, 37.4¢,),
mp 158.5~160°, [a]p —10.0°.
Anal. Caled for CnHpO.S: C, 73.28;
C, 73.12; H, 8.85.
3-(2,3«-Epithio-173-hydroxy-5«-androstan-17«-yl)propionic
Acid v-Lactone (IX).—A warm solution of VIII (1.5 g) in meth-
anol (80 ml) was treated with methanolic KOH as above. IRec-
tification and recrystallization from acetone-H,0 afforded IX
(0.85 g, 63.5% ), mp 175-177°, [a]p +26.5°.
Anal. Caled for CuHaO,8: €, 73.28;
C, 73.36; T, 8.98.

H, 895. Found:

H, 8.95. Found:
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Several years ago, we attempted to prepare amides of
I-hydroxy-2-naphthalenecarboxylic acid (I) by the
carbodiimide method using dry tetrahydrofuran (THF)
as the solvent. Instead of the expected amides, a
product containing the combined components of the
two reagents minus the elements of H,O was isolated
whether or not an amine was used. 1,3-Dieyclohexyl-
urea was also obtained in 70-809, yield. Analytical,
infrared, and nmr data left little doubt that this prod-
uct was 3-cyelohexyl-2-cyclohexylimino-3,4-dihydro-4-
0" 0-2H-naphth[2,1-e]-1,3-0xazine (II1).

Compound IIT was essentially unchanged by re-
fluxing (3 hr), alcoholic KOH. It was also resistant to
hydrogenation with PtO,, but LiAIH, effected hydro-
genolysis of the eyelohexylimino and carbonyl groups,
producing 3-cyclohexyl-3,4-dihydro-2H-naphth[2,1-e]-
1,3-oxazine (VI), isolated in 20409, yields as the hy-
drochloride salt* (see Scheme I). It proved to be iden-
tical with VI obtained by synthesis from 1-naphthol,
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(1) Also detected was N,N’-dicyclohexylformamidine providing evidence
of some ring rupture,
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formaldehyde, and eyelohexylamine? and isolated as
the rather unstable base.

Similar reaction of salieylic acid and I gave 3-cyclo-
hexyl-2-cvelohexylimino-3,4-dihydro-4-oxo-2H-1,3-ben-
zoxazine (VILID) in 15209 yield. No other tractable
products eould be isolated.

The formation of III and VIII may be via interme-
diate VII which would undergo instantaneous lactami-
zation.  Hawtrey® has chavacterized the produet anal-
ogols to VII resulting from the addition of 24,6-
trinitrophenol and 11, Alternatively, the naphthoxide
ion may add to the urea carbonyl function of the
“activated acld” (IX)* with subsequent loss of H.O.
In any cvent, the reaction ix strongly exothermic
and rapid ax indicated by the inunediate precipitation
of 1,3~dicyelohexylurea.

Compound VI (ED; = 25 mg/kg) ix about one-
third ax potent as codeine (IEDy = 7.5) as an analgetic
agent in mice (subcutaneous administration).?  Com-
pounds IIT and VI were ineffective at 100 mg/kg in
inhibiting ultraviolet erythema in guinea pigs. At
thix dose phenylbutazone gives 959 protection.®

Experimental Section

Melting points (capillary) were determined with total-immer-
sion thermometers, and infrared measurements with the Perkin-
IImer Infracord. Nmr data (CDCly) were obtained with a
Varian Associates Model A-60, with MesSi as an internal reference
stundard.  Complete spectral data are available on request.

3-Cyclohexyl-2-cyclohexylimino-3,4-dihydro-4-0x0-2H-naphth-
|2,1-¢|-1,3-0xazine (III}.—-Acid 1 (5.0 g), 12 g (2.1 molarequiv) of
dievelohexylearhodiimide (113, and 50 ml of THE (dried over
Moleenlar Rieve, Type 4A) were warmed briefly on the steam
bath (after the initial, exothermic reaction had subsided), left
for 1 hr to 2 day= at 25°, and filtered (o give 4.9 g (804¢,) of 1,3-
dieyvelohexylurea.  The filtrate was evaporated to dryness; and
the oil was digested with 125 ml of hoiling ether.  Decantation
and evaporation of the ether left a residue which erystallized
from 75-80 ml of abrolute ethanol in a vield of 2.9 g (299 ); mp
175 178%; needles from ethyl ncetate, mp 183-184°; AT 5.0
(1N, 6.0 (dactam ) .

Anal. Caled for CyyHayN2OL: O, 76,65 1, 7.5 N, 7.40
€, 76.6; 11, 7.4: N, 7.4,

Dioxane, ethyl acetate, CHCL, or Cills instead of THF gave
infevior vields; with absolute ethanol, no ITT wax obtained.

Found:

2y W, 0L Burke, M. J. Kolbezen, and C. W, Stephens, /. Am. Chem. Soo..
74, 3601 (1052).

23 AL O Hawtrey, Tetrahedron Letters, 6103 (1866).

1) H. G. Klorana, Chem, Tnd. (London), 1087 (1055).

i5) N. B ddy and DL Leimbach, J. Pharmeacal. Faeptt, Therap., 107,
S8A (14A3).

(8 We are indebtred 1o Dr. Frank Clarke, Geigy Pharmaceutical Co.,
Ardslee, No Y. for these data.
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3-Cyclohexyl-2,4-dioxo-3,4-dihydro-2H-naphth|2,1-¢|-1,3-0x~
azine (IV).——Compound II1 (0.5 g), 2 ml of concentrated HCI,
aud 15 ml of absolute ethanol, kept on the steam bath overnight,
cancentrated /novecwe, and cooled, gave 0.3 g 18370 of TV
mp 160--165°; needles from ethanol or ethyl acetate, mp 165
166 A 567 actone), 5.93 tlactam) u.
Awnal, Caled for CJITENO: 0 7320 1L oS,
COTa 600
3-Cyclohexyl-3,4-dihydro-2H-naphth|2,1-¢|-1,3-0xazine (VI;
Hydrochloride.- A wmixture of 2.5 g of 111, 1.5 g of TJAI,, und
S0 ml of dev ether was refluxed for 2 hr and treated carefully
with water.  The filtered ether solution was dried (Na.S04) and
evaporated to drvness,  The re<idue’ in dry ether was acidified
with dy HCOL  The ether was decanted, and the vesidnal amor-
phous material was iritarated in H=10 ml of acetone 1o give, afier
cooling to 0% 1,0 g (500, ) of crvstals, mp 160-190°, which were
diszolved 1 3 ml of hot methanol,  Addition of 4 ml of ¢fhyl
dcetaie and cooling, finally 1o 0°, gave pure VI-HCT (heedles),
mp [85-187°0 whose infrared spectram was trasparent from

Found:

S5 6.2

Anal. Caled for CuHaCINOD ) 7020 L T30 CL 1e7
N, 46, Fonnd: ¢, 70090 11 7.20 CL 168 N, 46,

The picrate of V1 (prepared with aleoholic plerie acid) crvetals
lized from methanol in vellow prisms of mp 1291329,

Anal. Caled Tor CollaNyOgr O 55000 B 190 N, 1,
Found: CO57.90 H, 500 N

Foxaetly aecording 1o Burke, ef of,2 VI was synihesized from
Vo dormaldehyde, and evelohexviamine,  The free hase, hydro-
chlovide =alt, and picrate proved to be identiceal with those oh-
tained in the LiATH veduetion of TH

3-('velohexyl-2-cyclohexylimino-3,4-dihydro-4-0x0-2H-1,3-

benzoxazine (VIIT). A wmixture of 5.0 g of sulicvelie acid 15 ¢
(2 molw equive of 1T and 50 ml of dry TTTE was <haken briefly
and left for Tl to 2 dayse Filivation gave 6.9 g (6397 ) of 1,5-
dicyelohexyluren.  The  filtrate  was evapornted 1o drvness
giving « vesidue that ervstallized from methanol duving 24 hy:
vield 2.1 g (INT05 mp TH-053°0 Two reervstallizations from
methanol did not change the melting point,  After drying al 3%°
thouse vaenan = VITH melted at 99- 104°, A" 587 Gmiine) and
6.0 (lactam) w. The material 1= dimorphic, ervstadlizing either in
long, well-detined or <hort, poorly defined needlex,

Anal. Cualed for CullygNaOus 0 70060 HLO S0 N, S6G,
Found: 7370 1, =10 N, 84
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{73 Invariably, the infrared spectram of this residue showed 2 maximum
at 2.4 w indicative of N N’-dicyelohexylformamidine which was actnally
izolated ¢in low vield; and eharacterized as the hydroclloride sali: mp 235
2372 }\;\,{,\:im 3140 502 40 Anal. Caled for Ol CING O, 8 ;o HL 1003
CU LS N, TG, Found: 0639, H, 1053 CL14.6; N, 11,20 Tt proved
ro be jdentical cmelting point, glpe, infrared data) with material prepared Ly
LiATHy reduetion of dievelohesviearboditmide; of, AL T. Leplawy, D 3.
Jones, G W, Kenner, and R, C., Sheppard, Petrabedron, 11, 38 (14605,

(R T ery=tallizes also ax parallelograms, mp 1751787,




