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(30% yield) of white needles, m.p. 177-178" dec. An ad&- bornane-2-amine. This comDound was also obtained 
tional recrystallization from acetone-hexane gave the analyb 
'ical specimen as white needles, m.p. 179-180° dec.; [.ID 
+12' ( c  0.1, chloroform); X,, 235 mp (e = 16,100); Amsx 
5.90, 6.00, 6.18 p. Engel and Deghenghi" recorded m.p. 
169-170' dec.; [ a ] ~  $12.1' (chloroform); XmSX 236-237 mp 
( e  = 15,900). Mills and hii associatea5 reported m.p. 180- 
181', [ a ] D  $12"(ch1oroform)andA,.,236mp(r - 15,900). 

Anal. Calcd. for C2.HUIBrFOz: C, 61.31; H, 6.86; Br, 19.43; 
F, 4.62. Found: C, 61.02; H, 7.17; Br, 19.93; F, 4.77. 

17a-Ch~oro-6a-~~ol.op70gesterone (IVb). The crude reaction 
product prepared from 2.000 g. of 3,20-diacetoxy-3,5,17(20)- 
pregnatriene (I)  and perchloryl fluoride as described above 
was dissolved in acetone. The solution was treated with 5 
ml. of a solution prepared by saturation of a 1N sodium 
bicarbonate solution with chlorine. Almost immediately fol- 
lowing t8he addition, an aliquot of the reaction solution failed 
to give a color with starch-iodide paper. The crude product, 
isolated with chloroform, was dissolved in 50 ml. of glacial 
acetic acid that was previously saturated with hydrogen 
chloride. This solution was kept a t  room temperature for 16 
hr. and then poured into saturated sodium acetate solution. 
The mixture was extracted with chloroform, and the organic 
extracts were washed successively with water, sodium bicar- 
bonate solution and water, dried over magnesium sulfate 
and taken to  dryness. The residue was adsorbed from ben- 
zene onto a column (1.8 X 36 em.) that was prepared from 
silica gel and benzene. The column wap washed with hen- 
zene-ether (99: l), 125-ml. fractions being collected. Removal 
of the solvent from fractions 8-24 gave crystalline material 
which was combined and recrystallized twice from acetone- 
hexane to give 0.815 g. (44% yield) of white blades, m.p. 
102-196". An additional recrystallization gave the analytical 
sample as blades, m.p. 195-197'; [a]= $51' (c 0.1, chloro- 
form); A,,, 237 mp ( e  = 16,700); A,,, 5.88,6.00, 6.18 p. 

Anal. Calcd. for CzLH&lFOz: C, 68.73; H, 7.69; Cl, 9.66; 
F, 5.18. Found: C, 68.61; H, 7.92; C1,9.94; F, 5.44. 

6a-~lwro-4,1B-pregnadieneJ,~O-dione (V). Method A. 
17a-Bromo-6a-fluoroprogesterone (IVa) (150 mg.) was 
treated with 25 mg. of lithium chloride in 25 ml. of dimethyl- 
formamide as described previously." The product was ob- 
tained as white needles, m.p. 169-171'; [ a ] D  +157" (c 0.1, 
chloroform); Amax 237 mF (e = 29,200); A:::' 6.95, 6.00, 
6.16, 6.29 p. Engel and Deghenghi" reported m.p. 162-163', 
[ a ] ~  + 158.4' (chloroform), and Xmax 238 mp (e = 22,000). 

Anal. Calcd. for CZIHSFOZ: C, 7ti.33; H, 8.24. Found: C, . .  

76.21; H, 8.32. 
Method B. 17a-Chloro-6a-fluoro~roeesterone (In) 1150 . -  . , .  

mg.) when treated in the same manner, gave after recrystal- 
lization from ether 57 mg. of white needles, m.p. 169-171'. 
The identity of this material with that of Method A was 
shown by mixture melting point and spectral comparisons. 
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The reaction of cyclopentadiene and B-nitro- 
styrene leads to a 2-nitro-3-phenyl-5-norbornene. 
This had been reduced by iron and hydrochloric 
acid to a 3-phenyl-5-norbornene-Pamine which by 
hydrogenation over platinum gave a 3-phenylnor- 

directly by a Raney nickel Eatalyzed hydrogenation 
of the 2-nitro-3-phenyl-5-norbornene. We have 
now determined the stereochemistry of these prod- 
ucts and prepared some of their simple deriva- 
tives. 

Consideration of the Alder rules3 suggested that 
the initial adduct was endo-2-nitro-exo-3-phenyl-5- 
bornene, since interaction between the nitro group 
and the diene was felt to be stronger than similar 
interaction between the phenyl group and the diene. 
The success of iron and acetic acid4 in reducing opti- 
cally active nitro compounds to the corresponding 
amines with a high degree of retention of optical 
activity suggested that the same reagents would 
also reduce the 5-nitro-6-phenylnorbornene with 
retention of configuration. We have found that iron 
and acetic acid, iron and hydrochloric acid, or tin 
in acetic acid all gave the same 3-phenyl-5-nor- 
bornene-2-amine. Furthermore, catalytic reduction 
of this product gave the same 3-phenylnorbornane- 
2-amine that could be obtained by direct reduction 
of the initial adduct with hydrogen and Raney 
nickel. This implied that the saturated amine was 
trans with the amino group in an endo configuration. 

COOH 
IV 

COOH 
V 

"2 
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In  order to establish this, pure exo-3-phenylnor- 
bornane-endo-2-carboxylic acid was prepared by 
reduction of exo-3-phenyI-5-norbornene-endo-2-car- 
boxylic acid which had been purified by carrying it 
through the iodolactonization procedure.b This 
was converted to authentic exo-3-phenylnorbor- 
nane-endo-2-amine by use of the modified Curtius 
reaction which we have shown to proceed without 

(1)  Presented in part a t  the Third Delaware Valley 
Regional Meeting, American Chemical Society, Philsdel- 
phia, Pa., February 25, 1960. On preeenting this work we 
discovered that several other laboratories had also investi- 
gated this problem, Le., Chester Trivette, Jr., Ph.D. thesis, 
Duke Universit,y, 1958; George Poos, McNeil Laboratories, 
personal communication. 
(2) W. E. Parham, W. T. Hunter, and R. Hanson, J .  Ani. 

Chem. Soc., 73, 5068 (1951). 
(3) See M. C. Kloetzel, Org. Reactions, 4, 10 (1948) for 

a concise statement of them. 
(4) N. Kornblum and L. Fishbein, J .  Am. Chem. Soc., 

77, 6266 (1955). 
(5) C. S. Rondestvedt and C. D. Ver Nooy, J .  Am. Chem. 

Soc., 77, 4878 (1955). 
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change in configuration in a similar system.6 The 
amine obtained in this way and the amine obtained 
by reduction of the nitro compound were identical. 

EXPERIMENTAL' 

exo-3-Phenyl-5-norbornene-endo-2-amine (11). To a sus- 
pension of 60 g. (0.5 mole) of tin granules in 150 ml. of glacial 
acetic acid was added dropwise a solution of 53.8 g. (0.25 
mole) of 5-nitro-6-phenylnorbornene in 75 ml. of acetic acid. 
The mixture was then stirred vigorusly and heated on a 
steam bath for 1 hr. -4fter cooling it was made basic with 40% 
sodium hydroxide and extracted four times with ether. The 
etherel layer was dried over sodium sulfate and on distillation 
gave 22.9 g. (49%) of an oil, b.p. 106-125' (0.7-1.0mm.). 

A maleic acid salt was prepared from equimolecular 
amounts of maleic acid and the amine; the crude material 
had a melting point of 119-122". After one recrystallization 
from an ethyl acetate-ethyl methyl ketone mixture, it 
melted at 129-130'. After two more recrystallizations from 
the same solvent mixture the melting point was constant a t  

Anal. Calcd. for C13HI~N.C4H404: C, 67.76; H, 6.36. 
Found: C, 67.79, 67.55; H,  6.62, 6.47. 

The hydrochloride was obtained as white crystals, m.p. 
242-243 O dec. 

The same reduction was carried out with powdered iron in 
acetic acid; considerable difficulty was encountered in the 
work-up of this reaction mixture due to emulsification of the 
basic solution. Gpon distillation a colorless liquid was ob- 
tained in 49y0 yield, b.p. 110-122' (1.5-2.5 mm.), ng 
1.5620. 

The hydrochloride of this oil, m.p. 242-245' dec., did not 
depress the melting point of the material obtained from the 
tin reduction and their infrared spectra were identical. 
exo-3-Phenylnorbornane-endo-2-amine (111). A. B y  reduc- 

tion of I .  A solution of 10.7 g. (0.05 mole) of 5-nitro-6-phenyl- 
norbornene in 100 ml. of absolute ethanol was shaken with 
one teaspoon of Raney nickel under 50 lbs. of hydrogen. 
When the uptake of hydrogen had stopped, the suspension 
was filtered, the filtrate concentrated in vacuo and the resid- 
ual oil distilled. Distillatior, yielded a clear oil, b.p. 124' 
(1.7 mm.) ny 1.5575. 

The hydrochloride of this oil was prepared; on recrystal- 
lization from a methanol-ethyl acetate-ether mixture it 
gave 5.6 g. (597,) of a white solid, m.p. 203-204" dec. 

Anal. Calcd. for C13Hl,N.HC1: C, 69.78; N, 8.11. Found: 
C, 70.00; H, 8.21. 

The maleic acid salt was also prepared and on recrystalliza- 
tion from an ethyl acetate-ether mixture gave white crystals, 
m.13. 16.5-167" 

150-151'. 

~ . .  ~. 

h a l .  Calcd. for: C13Hl7Y.C4H404: C, 67.31; H, 6.98. 
Found: C, 67.08: H. 7.20. 

The same maleate identified by infrared and mixed melting 
points was obtained when the reductions were carried out in 
acetic acid and 95% ethanol catalyzed by palladium-on- 
charcoal and in ethanol catalyzed by Raney cobalt. 

B. By reduction of 11. A suspension of 1.25 g. of S-phenyl-5- 
norbornene-2-amine in 60 ml. of ethanol and one-half tea- 
spoon of Raney nickel was shaken under 50 lbs. of hydrogen 
for 5 hr. After removal of the catalyst by filtration, the 
reduction product was concentrated to give a yellow residue 
which was treated with 10% hydrochloric acid in isopropyl 
alcohol; the hydrochloride was precipitated by addition of 
ether and isolated as a white solid, m.p. 202-204" dec. A 
mixed melting point with a sample of 3-phenyl-norbornane- 
2-amine hydrochloride obtained by reduction of S-phenyl- 
d-nitro-5-norbornene in presence of Raney nickel did not 
show any depression. 

(6) J. Weinstock, J .  Org. Chem., 26, 3511 11961). 
(7) We would like to  thank Mrs. Doris Rolston and her 

staff for microanalytical work and Mr. F. Lanting for 
technical assistance, 

C.  From the Curtius degradation of V. .4 suspension of 6.07 
g. (0.03 mole) of exo-3-phenyl-endo-2-norbornanecarboxylic 
acid in 7 ml. of water was dissolved in acetone. Then 5.06 g. 
(0.05 mole) of triethylamine in 90 ml. of acetone was added 
all a t  once and 5.5 g. (0.05 mole) of ethyl chloroformate in 
20 ml. of acetone was added a t  such a rate that the tempera- 
ture waa maintained below 5'. After it stood for 30 min., 
4.6 g. (0.07 mole) of sodium azide in 15 ml. of water was 
added to the reaction mixture. This was stirred for 1 hr., 
diluted with water, and extracted with ether. The ethereal 
layer was concentrated and the resulting residual oil was 
heated in toluene until the evolution of nitrogen ceased. 
The toluene was removed in vacuo and the residue was 
refluxed for 9 hr. in 60 ml. of 6N hydrochloric acid. After 
the resulting oil was dissolved in water and the aqueous 
solution was made basic, i t  was extracted twice with ether. 
The maleic acid salt was prepared from the ethereal solution, 
and on recrystallization from a methanol-ether mivture gave 
7.3 g. (9070) of white crystals, m.p. 169-170". This product 
did not show a melting point depression with the product 
obtained in A. 
exo-3-Phenyl-endc-2-norbornane carboxylzc mid (V). A 

mixture of 6.06 g. (0.03 mole) of ezo-3-phenyl-5-norbornene- 
endo-2-carboxylic acid5 and 0.15 g. of 10% palladium-on- 
charcoal in 50 ml of ethanol was shaken under an atmos- 
phere of hydrogen for 2 hr. The reaction mixture was fil- 
tered and the filtrate evaporated to dryness to give a solid 
which was recrystallized from a methanol-water mixture to 
give 5.8 g. (%io/,) of white crystals, m.p. 113 5-115". 

Anal.* Calcd. for CItHle02: C, 77.75; H, 7.46. Found: 
C, 77.85; H, 7.84. 

N-Methyl-ezo-3-phenybendo-P-norbornanamzne. A solution 
of 9.4 g. (0.05 mole) of exo-3-phenyl-endo-2-norbornanainine 
in 40 g. of ethylformate was refluxed for 6 hr. The solution 
was then concentrated in vucuo leaving a yellom- oil. Thiq maq 
dissolved in 50 ml. of anhydrous ether and added slowly to a 
slurry of 2 g. of lithium aluminum hydride in 100 ml. of 
ether. After the initial reaction had subsided, the reaction 
mixture waR heated to reflux for 2 hr., and then 20 ml. of a 
mixture of ethyl acetate and ether (1:3) was added followed 
by 10 ml. of water; stirring was then continued for another 
hour. The reaction mixture was filtered and the filtrate ron- 
centrated and distilled to give 7.75 g. (77y0) of a liquid, b.p. 
113-114" (1.2 mm.) na5.3 1.5472. 

The hydrochloride melted a t  201-203" after recrystalliza- 
tion from an ethyl acetate-ether mixture. 

Anal.  Calcd. for C14H19N.HCI: C, 70 72; TI, 8 48. Found: 
C, 71.01; H, 8.53. 

The maleic acid salt, which was recrystallized from an 
ethvl acetate-ether mixture, was obtained as white crystals 
m.p. 141-143'. 

Found: C. 67.86: H. 7.30. 
Anal. Calcd. for ClaH1JY.C4H404: C, 68.12; H, 7.30. 

~V,N-D~methyl~ero-3-ph~nyl-endo-2-norbornanamin~. To 12 
g. (0.25 mole) of 9870 formic acid kept at 0" was added 
dropwise 9.36 g. (0.05 mole) of 3-phenyl-2-norbornanamine 
followed by 10 g. (0.1 mole) of 37y0 aqueous formaldehyde. 
The mixture was refluxed for 6 hr., allom-ed t o  stand a t  room 
temperature overnight and then 5 ml. of 1 2 5  hydrochloric 
acid was added. The excess formic acid and fornialdehyde 
was eliminated in vacuo. The residue was diluted with water, 
made basic with 10% aqueous sodium hydroxide, and ex- 
tracted with ether. After drying over inagnesium sulfate 
the ethereal extract was concentrated and the residue dis- 
tilled to give 8.6 g. (80%) of a colorless oil, b.p. 123" (3.6 
mm.) na4.5 1.5421. 

The hydrochloride, after recrystallization from an ethyl- 
acetate-ether mixture, was obtained as white crystals, m.p. 
226.5-227.5'. 

Anal. Calcd. for ClsH21N.HC1: C, 71.55; H, 8.81. Found: 
C, 71.32; H, 8.79. 

(8) We would like t o  thank Mr. N. Hall for preparing 
this analytical sample. 
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N-MethyLexo-6phenyl-6-norbornene-endo-~-amine. A mix- 
ture of 23.1 g. (0.125 mole) of exo-3-phenyl-5-norbornene- 
&2-amine and 50 g. of ethyl formate was refluxed for 1.5 
hr.; after 1 hr. a precipiate which had formed dissolved 
again. The reaction mixture was concentrated in uacuo 
and the residual oil was dissolved in ether and added drop- 
wise to  a slurry of 7.0 g. of lithium aluminum hydride in 
150 ml. of ether. After refluxing for 2 hr., 100 ml. of a mix- 
ture of ether-ethyl acetate (1:2) was added, followed by 35 
ml. of water and 2 g. of anhydrous sodium sulfate. The 
suspension was filtered and the filtrate distilled to give 20.5 
g. (82%) of an oil, b.p 92-102" (0.07 mm.), ny 1.5487. 

A maleic acid salt was prepared and on recrystallization 
from ethyl methyl ketone was obtained as white crystals, 
m p. 186-186.5'. 

Anal Ca!cd. for C14H17N.C4H404: C, 6855; H, 6.71. 
Found: C, 68.48; H, 6.82. 

N,N-Dirnethyl-exo-3-phenyl-6-norbo~e~end~~-amine. To 
12 g. (0.25 mole) of 98% formic acid at 0' were added drop- 
wise 9.4 g (0.05 mole) of exo-6-phenylnorbornen-endo-5- 
amine and 15 g. of 37y0 aqueous formaldehyde. The reaction 
mixture was refluxed for 6 hr. and then 6 ml. of hydrochloric 
acid was added. The excess of formic acid and formaldehyde 
was removed in vacuo, the residue diluted with water, made 
basic with 40% sodium hydroxide, and extracted with ether; 
the ethereal extract was dried over magnesium sulfate, fil- 
tered, and distilled. Two fractions were obtained: (1) b.p. 
123-127' (1.2-1.4 mm.) n"," 1.5458, 5.7 g. (54%); and (2) 
b.p. 167-169" (1.6 mm.) n y . '  1.5659, 3.3 g. (31%). Fraction 
I1 showed a strong absorption a t  6 p in its infrared absorp- 
tion spectrum which indirated the presence of an amide 
carbonyl band; the fractions were combined, dissolved in 60 
ml. of anhydrous ether and added to a suspension of 2.0 g. 
of lithium aluminum hydride in 100 ml. of ether. After 2 hr. 
of reflux 30 ml. of an ethyl acetate-ether mixture (1:2) 
was added followed by 10 ml. of water. The suspension was 
filtered and the filtrate on distillation yielded 5.1 g. (52%) 
of an oil, b.p. 114-119' (1.1 mm.) 722.' 1.5472. 

The maleic acid salt was prepared and recrystallized from 
an ethyl acetate-ether mixture. It was obtained as white 
crystals, m.p. 148.5-149.5'. 

Anal. Calcd. for CAsHlgN.C4H4O4: C, 69.28; H, 7.04. 
Found: C, 69.24; H, 7.16. 

N-Meth yl-exo-5-c yclohexylnorbornaneendo-$-amine. A sus- 
pension of 1 g. of N-methyl-exo-3-phenyl-5-norbornen-endo- 
%amine, 1 ml. of 12N hydrochloric acid, 20 ml. of absolute 
ethanol, and 0.1 g. of platinum oxide was shaken under 50 
lbs. of hydrogen for 3.5 hr. After the suspension was filtered, 
the filtrate was concentrated and the residue dissolved in 
water, made basic with 10% sodium hydroxide, and extracted 
with ether. The ethereal extract was dried, filtered, and con- 
centrated to yield an oil. 

The maleic acid salt was prepared and was isolated as a 
white solid, m.p 139-141'. 

Anal. Calcd. for CI8H-9NOa: C, 66 96; H, 8.99; N, 4 34. 
Found: C, 66 92; H, 9 01; 3, 4.23. 
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The synthesis of 6-methylenedihydrodesoxy- 
morphine (I) has been described, and values have 

been reported for the melting point and specific 
rotation of the compound.' As the synthesis is 
based on the demethylation of 6-methylenedihydro- 
desoxycodeine (11) in the presence of an acidic 
catalyst. a possible by-product of the reaction is 6- 
methyl-A6-desoxymorphine (111), resulting from 
the rearrangement of the exocyclic double bond of 
I to the more stable2 endocyclic position. 

RO WCH2 I. R = H  I11 CH, 
II .R=CH3 

The results of investigations in our laboratories 
indicate that samples of I used in the above- 
mentioned determinations of melting point and 
specific rotation may have been contaminated with 
111. A sample of I prepared in our laboratories by 
the method described below showed a constant 
specific rotation, [*]E - 117') and melting point, 
208.5-210.5', after three successive crystallizations 
from acetone. The value of specific rotation pre- 
viously reported' for I is - 140°, which is between 
-117O, the value for pure I, and -215O, the 
value reported for III.3,4 It was observed during the 
work described here that a sample of 1115 and an 
impure sample of I had absorption maxima a t  6.66 
p, 7.57 p, and 12.3 p ,  while the purified sample of I 
did not. 

The identity of purified I was established by con- 
verting the material to the original compound I1 
with diazomethane. 

 EXPERIMENTAL^ 
6-Methylenedih~drodesoxymorphine (I). A dry, 1 X &in. 

test tube was charged with 7 g. (0.061 mole) of pyridine 
hydrochloride (Eastman Practical Grade) and fitted with a 
rubber stopper bearing a tube for introducing nitrogen 
beneath the surface of the salt. The pyridine hydrochloride 
was dried by heating the test tube in an oil bath a t  220-230' 
while nitrogen was passed through the molten salt. While the 
nitrogen waa still flowing, the tube was cooled, and 2 g. 
(0.0674 mole) of I1 was added. The mixture was heated a t  n 
temperature of 190-195' for 16 min. in the presence of nitro- 
gen and cooled slightly, after which 30 ml. of water contain- 

(1) M. s. Chadha and H. Rapoport, J .  Am. Chem. Scc., 
79, 5730 (1957). 

(2) (a )  H. C. Brown, J. H. Brewster, and H. Shechter, 
J .  Am. Chem. SOC., 76 ,  467 (1954); (b)  R. Fleck, J .  Org. 
Chem., 22, 439 (1957); (c) H. C. Brown, J .  Org. Chem., 22, 
439 (1957). 

(3) H. D. Brown, I. M. Rasmussen, G. B. Payne, and K. 
Pfister 111, J .  Am. Chem. Soc., 7 5 ,  6238 (1953). 

(4) The specific rotation reported in reference (3) was 
determined on material which melted a t  225-229', whereas 
material crystallized once more melted a t  235-237'. 

(6) We are indebted to  Dr. Karl Pfiater I11 of Merck and 
Co. for a sample of authentic 6-methyl-A~desoxymorphine, 
(6) All melting points me corrected. 


