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The synthesis of erythro- and threo-2-amino-1,2-bis(3,4-methylenedioxyphenyl)etha1~01 (4 and 5 )  has been 
accomplished by stereoselective processes and the relative stereochemistry of the two racemates has been estab- 
lished by a sequence of chemical conversions involving known mechanistic pathways. The comparison of the 
coupling constants of the benzylic protons of the nmr spectra with those of analogous a-aminocarbinols sup- 
ported the assigned stereochemistry. These results showed that the amino alcohol 4 obtained by a catalytic 
reduction process was erythro while that prepared from EL condensation reaction was threo (5) .  Resolution of the 
threo racemate gave the optically active enantiomers whose ORD curves on comparison with the known threo-2- 
amino-l,2-tliphenylethanol (10) showed that the ( -  ) isomer has the (1s: 2s) configuration. 

The total syntheses of a large number of alkaloids 
have been described, but no satisfactory stereospecific 
route to a phthalideisoquinoline derivative has been 
devised. The stereolzhhemistry of two alkaloids of this 
family, hydrastine (1) and narcotine (2), has been 
determined* and both of the naturally occurring 
isomers of these alkaloids have been shown to have the 
erylhro relationship (If their asymmetric carbon atoms 
and the same absolute configuration.? This study was 
initiated in order tu investigate new routes to partially 
reduced isoquinolirie derivatives of known stereochern- 
istry and the synthesis of bicuculline (3) was the 
ultimate aim. Although the stereochcmistry of 3 
has been deduced on the basis of nmr3a and optical 
rotationj3" unequivocal proof of either the relative or 
absolute configurations has not been obtained. A 
study of the ORD curves (see Experimental Section) in 
this laboratory of the phthalideisoquinolines suggested 
that bicuculline ~ w s  enantiomeric in configuration to 
1 and 2,  in agreement with previous  conclusion^.^ 

(-)-+hydrastine (I) (-)-a-narcotine (2) 

0 1  

(-t)-bicuculline (3) 

(1) (a) Abstracted in part from the thesis submitted by M. L. D. t o  the 
Graduate School of the Cniversity of New Hampshire in partial fulfillment 
of the requirements for the Ph.D. degree. (b) This study was supported in 
part by Grant G M  07239 and continuation grants from the National Insti- 
tutes of Health. 

(2) M. Ohta. H. Tani, 8. Morumi, and S. Kodira, Chem. Pharm. Bull. 
(Tokyo), 13, 1072, 1080 (1964). 

(3) (a) S. Safe and R. Y. Moir, Can. J .  Chem., 42, 160 (1964); (b) K. 
Blaha, J. Hrbek, Jr., J. Kovar, L. Pijewska, and F .  Ssntavy, Collection Czech. 
Chem. Commun., 29, 2328 (1964). 

(4) The formulas are drawn as Fischer projections in the remainder of the 
paper. Most structures represent one enantiomer of the dl pair. 

The synthetic route required the facile preparation 
of optically active erythro- and threo-Zamino-1,Z 
bis(3,4-methylenedioxyphenyl)ethanol (4 and 5,  respec- 
tively). Although syntheses of compounds of this 
structure had been carried out, proof of the relative 
stereochemistry of the resulting racemates was not 
available nor had the absolute configuration been 
determined. One synthesis involved the conversion 
of piperoin (6) to its oxime 7 followed by catalytic 
hydrogenation to the amino alc6hol 4.ja The oxime 
7 had not been obtained pure by the previous workers, 
but it was crystallized in this work before reduction. 
The K-benzoyl (sa) and K-acetyl (8b) derivatives of 4 
were readily obtained, but rearrangements to  esters 
provided stereochemical information which will be 
discussed below. The fact that the synthesis was 
analogous to that usedSb for the preparation of erythro- 
2-amino-l,2-diphenylethanol (9) suggested that 4 also 
had the erythro configuration. 
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sa, R = Bz 
b , R = A c  

-4ttempts to  convert 4 t o  the threo isomer 5 by the 
same route5 used for rearranging 9 to its isomer 10 

(5 )  (a) T.  Kametani and K. Ohtsuki, J .  Pharm. SOC. Japan. 74, 621 
(1954); (b) H. Weijland, K. Pfister, E. Swanezy. C. Rohinson, and M. Tishler, 
J .  Am. Chem. Soc., 79, 1216 (1951). 
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failed because of the difficulty of preparing the proper 
derivative (vide infra). A second amino alcohol 
isomeric with 4 was obtained by a modification of the 
condensation procedure of Read and Campbell.6 
Treatment of piperonal (1 1) with glycine in basic 
medium yielded the Schiff base 12 which was hydrolyzed 
to the amine hydrochloride with hydrochloric acid. 

The free base 5 was obtained as a crystalline product 
which gave standard acyl derivatives 13 of the amino 
function. 111 acid, however, the acyl group migrated 
to  the oxygen and the ester hydrochloride 14 was ob- 
tained. It was not possible to  isolate the free base of 
the ester since the acyl group returned to the nitrogen 
atom on neutralization of the salt. 

The amino alcohol 5 was converted to  the N-benzoyl 
(13a), If-acetyl (13b), and 0,X-diacetyl (13c) deriva- 
tives. The amide bands appeared in the infrared 
region a t  1630-1640 cm-' for all three compounds but 
13c also showed an ester carbonyl band a t  1750 cm-'. 
On treatment of 13a or 13b with acid, new products 
were isolated which appeared to  be salts and for which 
the amide :tbsorpt,ion bands had disappeared. The 
product 14a obtained from the benzoyl derivative gave 
a carbonyl band at 1720 cm-' and 14b from the acetyl 
derivative showed carbonyl absorption at  1740 em-' 
indicative or ester groups. These reactions are con- 
sistent with the stereochemical conclusions described 
below. 

Conversion of 5 to the formyl derivative 15 gave a 
product which had the usual carbonyl band a t  1650 

(6) J. Read and G. Campbell, J .  CAem. Soc., 2674 (1930). 
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cm-'. When 15 was treated with t,hioiiyl chloride 
followed by hydrolysis according to the procedure of 
Tishler and co-workers,6b the amino alcohol 5 was 
regenerated. Reduction of the formyl derivative 15 
with lithium aluminum hydride yielded the S-methyl 
derivative 16 of the amino alcohol 5 (Scheme I). 

Stereochemical Assignment 

The study by Tishler, et ul.,jb had shown that the 
erythro-Zamino-l,2-diphenylethanol (9) could be con- 
verted to the threo isomer 10 by formation of the K- 
formyl derivative followed by treatment with thionyl 
chloride. The authors assumed that the inversion of 
configuration at  the oxygenated center occurred by 
formation of an intermediate oxazoline which was not 
isolated. They showed further that an analogous 
treatment of the formyl derivative of the threo race- 
mate gave only starting material. The erythro isomer, 
therefore, could be converted to  the threo product, but 
the sequence could not be reversed. 

This reaction sequence was attempted with the 
amino alcohols 4 and 5 in view of the similarity of the 
problem. As cited above, 5 was readily converted 
to  the formyl derivative 15 and back to itself, suggest- 
ing the threo configuration. Proof of this could not be 
obtained, however, since 4 did not yield a formyl deriva- 
tive under a variety of conditions. 

An alternative route was suggested by the facile 
migration of the benzoyl group of 13a. The reaction 
appeared to be analogous to the S 0 acyl migrations 
observed by Fodor and Kiss7 in a variety of amino 
alcohols including derivatives of pseudotropine, the 
ephedrines (17a,b), and cis- and trans-Zaminocyclo- 
pentanol. In  all of these compounds, a cyclic inter- 
mediate is assumed to form where the geometry permits 

(7) G. Fodor and J. Kiss, J .  Am. Chem. Soc., 711, 3195 (1950). J .  Chem. 
Soc., 1589 (1952); Nature, 163, 287 (1949). 
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migration of the benzoyl group, as in 17a. In  the case 
of the erythro isomer 17b, the cyclic intermediat,e is 
unfavorable because the phenyl and methyl groups will 
be eclipsed and migration occurs only under vigorous 
conditionss with inversion at, the hydroxyl-bearing 
carbon via an internal S N ~  mechanism. 

The migration of the benzoyl group in 17b produced 
the same ester 17d obtained from 17a along with about 
13% of the expected erythro ester 17~. The author sug- 
gesteds an intermediate such as 17e and supported the 
participation of water by labeling experiments (Scheme 
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In  view of the possibility of similar migrations in the 
diary1 ethanolamines, the benzoyl derivatives Sa and 
13a of 4 and 5 ,  respectively, were subjected to  treatment 
a t  room temperature by dry hydrogen chloride in 
chloroform solution. From both reactions a product 
was isolated which had carbonyl absorption indicative 
of the benzoate ester h:ydrochloride 14a and was, in fact, 
identical from the two reactions. On treatment with 
base, 14a mas converted to the amide 13a prepared from 
the amino alcohol 5 ,  The analogy to the reactions 
described above7ps indicated that the amino alcohol 5 
which gave the expected rearrangement with retention 
of configuration had the threo configuration. This reac- 
tion could proceed through t he cyclic intermediate 18. 
The erythro isomer 4 was converted to the benzamide 
Sa which, however, on reaction with acid gave the same 
ester 14a via a cyclic intermediate such as 19 formed 
with inversion of configuration of the hydroxyl center 
(Scheme 111). The two aryl groups of the erythro 
isomer would be eclipsed if they formed an intermediate 
analogous to that (18) from the threo isomer and the 

( 8 )  L. € I .  Kelsh,  J (Jv. Chprn.,  92, 119 (106i). 

reaction would seek an alternate pathway such as by 19. 
The intermediacy of cyclic structures such as 18 and 19 
is similar to the route postulated by Tishler and co- 
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wxkers for the rearrangement of the S-formyl deriva- 
tive 15 (Ar = Ph)jh and l o  that suggested by Welsh for 
the benzoyl derivatives of the ephedrines (17).* This 
pathway would be favored by the electron-releasing 
nature of the niethglcnedioxy groups of the aromatic 
rings, thus facilitating the removal of the water mole- 
cule by the backside attack of the oxygen of the benzoyl 
group. This is consistent with thc ease of rearrange- 
ment in this system. 

Analysis of the nmr spectra of the amino alcohols 
4 and 5 in formic acid medium gave results supporting 
the above assignments of configuration. The coupling 
constants of the benzylic protons of 4 and 5 were 4.2 
and 9.3 Hz, respectively. These compared with values 
of 4.2 and 9.4 Ha for erythro (9) and threo (10) isomers of 
2-amino-1 ,Zdiphenylethanol measured under the same 
conditions. Similar values have been found for the 
epimeric e~hedrines .~" The virtual identity of the 
coupling constants of these compounds supported the 
assignment of configuration of erythro to 4 and threo 
to 5 .  

The preparation of the optically active enmtiomers 
of the threo racemate 5 was scconiplishcd through the 
hydrogen tartrate salt The assignment of configura- 
tion was based on the shapes and amplitudes of the 
Cotton effect curves of the amine 5 and its salt as 
comparcd with the threo isomer of 2-amirio-1,2-diphenyl- 
ethanol (10).9b The ORD curves of the methylene- 
dioxyphenyl compounds were of enhanced intensity 

(9) (a) G.  G. Lyle and L. K. Keefor, ibid., 31, 3921 ,:9tj6); ib! G. G .  Lyle 
and W. Lacroix, i b i d . .  28, 900 (1963). 
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Figure 1 .--Optical rotatory dispersion curves of threo-2- 
amino-1 ,2-diphenylethanol (- - - -) and threo-2-arnino-1,Z-bis- 
(3,4-methylenedioxyphenyl)ethanol (--). 

compared with those of 10 (Figure l), but the apparent 
negative Cotton effects of these compounds suggested 
the 1S:2S configuration for the levorotatory threo 
isomers. It is probable that the conformations are 
similar in these molecules which are so structurally 
similar. The curve for 5 gave a midpoint a t  longer 
wavelength (290 mp) than in the case of 10 (275 mh), 
but this buthochromic shift is consistent with the 
ultraviolet spectra of these compounds. The possibil- 
ity exists that  the complete Cotton effect is not yet 
achieved in the ORD curves (e.g., these could be posi- 
tive Cotton effects on negative backgrounds), but this 
question call best be answered by CD measurements. 
At present, the similarity of the curves is sufficient to 
predict identity of configuration. 

Experimental Section'O 
Piperoin (6).-A solution of 210 ml of 95y0 ethanol, 167 ml 

of water, E59 g of piperonal ( l l ) ,  and 17 g of sodium cyanide was 
heated under reflux for 5 hr. After cooling overnight, the re- 
action product was separated by filtration and dried, giving 125 
g (80%) of material, mp 95-113', which after recrystallization 
melted at 114.5-118.5' (lit." mp 119-120'). 

Piperoin Oxime (7).-Piperoin (20 g), sodium acetate (12 g), 
and hydroxylamine hydrochloride (6 g) were mixed with 160 ml 
of water and 1200 ml of methanol. The reaction mixture was 
stirred at room temperature for 2 days, after which the methanol 
was evaporated, water was added, and the solution was ex- 
tracted with ether. The ether extract was dried and evaporated, 

(10) Infrared spectra were obtained on a Perkin-Elmer 337 spectropho- 
tometer as mulls in halocarbon oil from 4000 to 1300 cm-1 and in Nujol from 
1300 to 650 om-'. The nmr spectra were recorded on a Varian A-60 proton 
resonance spectrometer purchased with the assistance of Grant G-22718 to 
the University of New Hampshire from the National Science Foundation. 
Microanalyses were determined by Schwartzkopf Microanalytical Labora- 
tory, Woodside, N .  Y.,  nnd on an F & M Model 180 carbon, hydrogen, and 
nitrogen analyzer. ORD curvee were measured on a Rudolph recording spec- 
tropolarimeter Model 260/655/850/810-609 using a 0.1-dcm tube and D-line 
rotations were measured in a 2-dcm tube on a Frana Schmidt and Haensch 
polarimeter. 

(11) F .  M. Psrkin, J. C h e m .  Sue.,  64, 164 (1891). 

and the residue was recrystallized from benzene giving 7 g (34%) 
of product melting at' 138.5-139'. The infrared spectrum showed 
a broad OH band a t  3250 cm-l and a shoulder a t  1625 cm-1 
indicative of the C=N stretching frequency. 

Anal. Calcd for Cl&NO6: C, 60.95; H, 4.16. Found: 
C, 61.41; H, 3.94. 

( f )-erythro-2-Amino-l,2-bis(3,4-methylenedioxyphenyl)etha- 
no1 (4).-Piperoin oxime (0.85 g) was dissolved in 100 ml of 
absolute ethanol containing 0.3 g of Adams catalyst and 1 drop 
of concentrated hydrochloric acid. The mixture was submitted 
to 30 psig of hydrogen and allowed to shake for 36 hr. The 
solution was separated from the catalyst by filtration and evapo- 
rated giving a gummy substance which was dissolved in benzene. 
The benzene solution was dried and a small amount of hydro- 
chloric acid in benzene was added, giving a solid mass of hydro- 
chloride salt which was washed with ether and which melted over 
a wide range. The remaining hydrochoride salt was dissolved 
in water, made basic with ammonia, and extracted with ether. 
The extract was evaporated to dryness and the oil 4 formed a 
picrate which melted at 190-191" (lit.58 mp 190-191.5O). The 
nmr spectrum of the oily erythro-amino alcohol in formic acid 
gave two doublets for the two different benzylic type protons a t  
T 4.84 and j .48 ( J  = 5.1 Ha). The Pi-benzoyl derivative 8a was 
prepared from the reaction of 4 with benzoyl chloride, mp 201- 
203" (lit.sa mp 201-202'). The N-acetyl derivative 8b was 
prepared from acetyl chloride and 4 and melted at 217-219' 
(lit.58 mp 218-220'). 

N-Piperonylidene-( f )-threo-2-amino-l,2-bis-J ,4-methylene- 
dioxypheny1)ethanol (12) .-In this preparation, a modification 
of the procedure of Read and Campbell was employed.6 Glycine 
(45 g) was dissolved in 400 ml of water containing 37 g of sodium 
hydroxide and this solution was added to 200 g of piperonal in 
200 ml of methanol. The mixture was heated at reflux tempera- 
ture for 15 hr and allowed to cool giving an orange solid. The 
residual alkaline mother liquor was decanted and the remaining 
solid was removed by filtration. The crude material was washed 
in the filter funnel with L O  ml of et,hyl acetate; it was heated in 
a beaker of hot ethyl acetate (100 ml): and the insoluble sub- 
stance was removed by filtration. In a typical reaction, an 
average yield of 65 g of product melting at 178-182" was ob- 
tained which, after further recrystallization from ethanol-ethyl 
acetate, melted a t  181-182" (lit.e mp 177"). 

( f )-threo-2-Amino-l,2-bis(3,4-methylenedioxyphenyl)eth~ol 
(5).-The Schiff base 12 (25 g) was heated for 2 hr on the steam 
bath with 60 ml of 2 N hydrochloric acid. After cooling, the 
resulting solution was extracted several times with ether to 
remove piperonal. Excess ammonium hydroxide was slowly 
added to the stirring aqueous solution, giving a crude product 
which was removed by filtration. Treatment with Norit and 
recrystallization from hot ethyl acetate gave 13 g of a product 
(7557)  melting at 161-162' (lit! mp 159'). The nmr spectrum 
in formic acid showed the two doublets of the different benzylic 
protons a t  T 4.92 and 5.48 ( J  = 9.2 Hz).  

N-Benzoyl-( f )-threo-2-amino-l,2-bis(j ,4-methylenedioxy- 
pheny1)ethanol (13a).-The threo-amino alcohol 5 (1 g) in 40 ml 
of benzene was heated under reflux with 1.5 ml of benzoyl chlo- 
ride for 30 min. The benzoic acid formed was removed by filtra- 
tion and the filtrate was extracted with 15 ml of 27, sodium 
carbonate solution followed by extraction with the same volume 
of 2y0 hydrochloric acid and with water. The benzene solution 
was allowed t,o sit overnight and crystallization occurred giving 
0.8 g of 13a (607,) melting a t  162.5-163.5'. Theinfrared spec- 
trum of this compound w&s nearly identical with that of the ben- 
zoyl derivative 8b of the erythro isomer (carbonyl band a t  1640 
cm-l). 

Anal. Calcd for C23H19S06: C, 68.14; H, 4.72. Found: C, 
68.35; H, 4.76. 

N-Acetyl-( f )-threo-2-amino-l,2-bis(3,4-methylenedioxyphen- 
y1)ethanol (13bj.-The free base 5 (1.0 g) was mixed with acetic 
anhydride (3 ml) and dissolved with the evolution of heat. On 
cooling, a substance immediately precipitated which was washed 
with 10 ml of ethyl acetate and 1.0 g of product (89Y0) was 
separated by filtration; it was recrystallized several times from 
hot ethyl acetate with a small amount of ethanol and melted 
at 209-210'. The infrared absorption spectrum indicated that 
an amide band (1650 cm-1) was present. 

Anal. Calcd for CI~H17iT06: C, 62.97; H, 4.99. Found: 
C, 62.88; H, 4.91. 
0 ,N-Diacetyl-( i )-threo-2-amino-l ,2-bis(3 ,4-methylenedioxy- 

pheny1)ethanol (13c).-The amino alcohol 5 (1 g) was heated 
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for 10 min on a steam bath with 10 ml of acetic anhydride and 
allowed to cool. The solution was poured into 100 ml of water 
and stirred for 24 hr. After cooling for 4 hr, a gummy solid 
separated from the milky mother liquor. This was separated 
by filtration and recrystallized from hot absolute alcohol giving 
600 mg of cubic crystals (477,) melting at  176.5-177.5'; infrared 
carbonyl bands were found at 1650 (amide) and 1750 mi-' 
(ester). 

Anal. Calcd for C?oHl&O7: C, 62.33; H,  4.97. Found: C, 
62.24; H,  4.97. 

N-Benzylidene-( f )-threo-2-amino-l,2-bis(3,4-methylenedi- 
oxypheny1)ethanol.-A solution of the amino alcohol 5 (0.5 g) in 
hot absolute ethanol was added to 0.3 ml of benzaldehyde and the 
mixture was heated for li min. After cooling overnight, 0.43 g 
of large clear crystals werie obtained (66%), which after recrystal- 
lization from absoliite alcohol melted at  117.8-119". A strong 
imine band at  1630 cm-l was evident in t'he infrared spectrum. 

Anal. Calcd for C?aHlgNOb: C, 70.94; H ,  4.92. Found: C, 
50.98; H, 5.02. 

N-Formyl-( f )-threo-2-amino-l,2-bis(3,4-methylenedioxyphen- 
y1)ethanol (15).-The hydrochloride salt of 5 (2.4 g) was mixed 
with formamide (7.5 nil) and heated at  150" for 20 min. After 
cooling, the solution was diluted with 75 ml of water and the 
solid product was separated by filtration and dissolved in hot 
methanol. Water was added and 1.3 g of a gummy substance 
(56(;;) was obtained which was dried in a desiccator. The dried 
mat eriat was' recrystallized once from ethyl acetate to which 
Norite had been added. Upon further recrystallization from 
ethyl acetate a colorless, crystalline material was obtained which 
melted at 221-223" and which was identified as the formyl deriva- 
tive 15 by the sharp NH band at  3400 cm-l, a broad, bonded NH 
band at  3200 cm-I, and ,a carbonyl amide band at  1650 cm-1. 

Anal. Calcd for C171Il&o6: C, 62.00; H, 4.59. Found: 
C, 62.11; H ,  4.44. 

Treatment of the threo-N-Formyl Derivative 15 with Thionyl 
Chloride.-The N-formyl compound 15 (2.1 g) was added to 
5 ml of thionyl chloride which had been cooled to 5' in an ice 
bath. After maintaining a temperature of 5' for 10 min, the re- 
action temperature was gradually raised to 22' (25 min) and the 
solution was poured over cracked ice giving a white solid. The 
mixture was heated under reflux for 2 hr, treated with Norit, 
and t,he product was separated by filtration. The colorless 
liquid was made alkaline with excess ammonium hydroxide and 
the resulting white solid was separated by filtration, washed with 
water, and dried. After two recrystallizations from ethanol, an 
amino alcohol 5 was obtained which melted at  161-162'; a 
mixture with the starting threo-amino alcohol 5 also melted at  

N-Methyl-( f )-threo-2-amino-l,2-bis(3,4-methylenedioxyphen- 
y1)ethanol (16).-The N-formyl derivative 15 (8.0 g), suspended 
in 100 ml of absolute ether, was added with stirring to 4 g of 
lithium aluminum hydride in 100 ml of absolute ether. The 
reaction was stirred for :I hr and the lithium aluminum hydride 
was hydrolyzed with wet ether followed by addition of a 20% 
sodium hydroxide solution. The ether layer was separated from 
the salts by gravity filtration, dried over anhydrous potassium 
carbonat,e, and then evaporated. After two recrystallizations 
from ethanol, 3 g (399;;) of 16 melting at  149.5-150.5' was 
obtained. The infrared spectrum showed no carbonyl band and 
the nmr spectrum gave the N-methyl singlet, (3 H )  at  7 7.78 and 
the two doublets of the benzylic protons at T 5.51 and 6.60 ( J  = 
9.0 Hz). 

Anal. Calcd for C1,HIiNOS: C, 64.75; H, 5.42. Found: 
C ,  64.48; H, 5.44. 

The N-acet,yl derivative prepared from 16 and acetic anhydride 
melted after recrystallization from ethyl acetate a t  197-198'. 

Anal. Calcd for Cl9HlgNOe: C, 63.86; H ,  5.36. Found: 
C, 63.62; H, 5.41. 

Reaction of the erythro-N-Benzoyl Derivative 8a with Hydro- 
chloric Acid in Chloroform.-The erythro-amide 8a (85 mg) was 
stirred for 5 hr a t  room temperature in 20 ml of chloroform 
which contained a large molar excess of hydrogen chloride gas, 
giving 80 mg of an ester hydrochloride (85%) which melted a t  
214-216'. The shift in the carbonyl absorption frequency in the 
infrared spectrum from 1650 to 1720 cm-l indicated that a migra- 
tion of the benzoyl gr0u.p from nitrogen to oxygen had taken 
place. Recrystallization from absolute ethanol-ether gave a 
hydrochloride salt 14a mmelting a t  214-215', which was the same 
melting point as that shown by the compound produced in 
analogous fashion from the threo isomer. A mixture melting point 

161-162". 

and a comparison of their infrared spectra confirmed their 
identity. 

Anal. Calcd for CzsH2oClNOB: C, 62.50; H, 4.52. Found: 
C, 62.67; H,  4.74. 

Treatment of the threo-N-Acetyl Derivative 13b with Hydrogen 
Chloride in Chloroform.-The N-acetyl derivative 13b (2 g) was 
stirred for about 8 hr with an excess of hydrogen chloride in 90 
ml of chloroform. The white substance obtained was desiccated 
and recrystallized from absolute ethanol with absolute ether to 
give 1.5 g of product (68%) melting a t  172-173'. The material 
gave a positive Beilstein test and showed strong absorption in 
the infrared spectrum a t  1740 em-1 but showed no absorption at  
1650 cm-I, which supported the conclusion that the compound 
was 0-acetyl-  (f)-threo-2-amino-l,2-bis(3,4-methylenedioxy- 
phenyl)et,hanol hydrochloride (14b). Treatment nf 14b with 
sodium bicarbonate or with basic alumina gave back the amide 
13b. 

Anal. Calcd for Cl8Hl8C1No6: C, 56.87; H,  4.74. Found: 
C, 56.53; II, 4.66. 

Treatment of N-Benzoyl Derivative 13a with Hydrochloric 
Acid in Chloroform.-The amide 13a (100 mg) was stirred for 
5 hr at room temperature in 20 ml of CHCl3 containing a large 
molar excess of anhydrous hydrogen chloride. The resulting 
amine hydrochloride 14a (50 mg) melted at 214-215" and showed 
an infrared carbonyl absorption band at  1720 cm-1, indicating 
that a migration of the benzoyl group from nitrogen to oxygen 
had taken place. Product 14a was ident'ical with the compound 
obtained on treatment of the erythro isomer 8a with hydrogen 
chloride in analogous fashion. 

Treatment of the 0-Benzoyl Amine Hydrochloride 14a with 
Sodium Bicarbonate.-A few milligrams of the benzoat,e 14a 
was suspended in ether and shaken in a separatory funnel with 
sodium bicarbonate solution. The suspension quickly dissolved 
in the ether layer and upon evaporation and drying a product 
was obtained which melted at  162.5-163.5". A mixture melting 
point with the threo-benzamide 13a previously prepared showed 
no depression. 

Resolution of (i )-threo-2-Amino-l,2-bis(3 ,.l-methylenedioxy- 
pheny1)ethanol (5).-The amino alcohol 5 was converted to the 
hydrogen tartrate salt with (+)-tartaric acid as previously de- 
scribed.6 From 20 g of racemic 5 ,  2.8 g of salt, mp 136-140", 
[ a I z 4 D  +116" (c 0.84, water), and 4.0 g of salt,, mp 203.3-205", 
[cc] '~D -104" (c 0.88, water), were obt,ained. The levorotatory 
salt, was converted to the free amino alcohol with ",OH, 
yielding ( - )  5: mp 161.5-162.5", [aIz4u -200.1O (c 0.48, 9,5% 
ethanol) (lit.6 mp 164", ["ID -196" (c 0.73, absolute ethanol)). 
The (+)-amino alcohol was similarly prepared: mp 162-163", 
[ a I z 4 D  4-192' (c 0.41, %c;b ethanol) (lit.6 mp 164", [ a ] D  $196" 
(c 0.46, absolute ethanol)). The ORD (Figrire 1 )  in ethanol (c 
0.10) was [+],IO -l750", [+Ijsg -1870", [+I296 -23,?00", [+I283 

The N-acetyl derivative of (+) 5 was prepared with acetic 
anhydride and on recrystallization from absolute ethanol melted 
at  228-229', [a]"D +32.7' (c 0.27, 95% ethanol). The rotation 
may be inaccurat'e owing to the tendency of t,he solution to form 
microcrystals. 

Anal. Calcd for C18H17N06: C, 62.97; H, 4.89. Found: C, 
63.19; H, 5.04. 

N -+ 0 Acyl Migration of N-Acetyl-( + )-threo-2-amino-l,2-bis- 
(3,4-methylenedioxyphenyl)ethanol ((+ ) 13b).--The dextro- 
rotatory threo-amide 13b (1.9 g) was added to 80 ml of anhydrous 
chloroform containing a large molar excess of anhydrous hydrogen 
chloride. The solution was stirred at room temperature overnight 
and a white solid (1.68 g) was separated by filtration. Itecrystal- 
lization from absolute ethanol and dry ether gave 1.2 g (577,) 
of product, mp 165-166", [aIz4r, +129" (c 0.79, 957, ethanol). 
The material gave a positive Beilstein test and showed strong 
absorption in the infrared region a t  1740 crn-1 but no absorption 
at  1650 cm-l, identical with the spectrum of racemic 14b, con- 
firming t.he assignment as (+ ) 14b. 
ORD Data of Alkaloids.-The curves were obtained in methanol 

solution using a 1-cm path length on a Rudolph recording spectro- 
polarimet,er. Previous literaturea reported negative cot.ton effects 
for hydrastine and narcotine in 2 ,V HCl solution: narcotine 

[+I297 +7680, [ + ] z ~ ~  0, [ + ] z , ~  -21,100 (a  = -278, midpoint 312 
mp; hydrastine (c 0.223, 0.00891), [ + I m  +103, [+]sa9 +103, 
[613a0 +I720 (br), [@I350 0,  [+I330 -2580, [61300 +9880, [? la5  

+8170, [+]ZOO +18,900 (a  = -125, midpoint 315 mp); bicucullme 

-1800", [+I280 -3610". 

(C 0.215, 0.00861), [+I600 -518, [Q]ssg -557, [4]327 -20,200, 



VOL. 32 3300 SZMUSZKOVICZ AND SKALETZKY 

(c 0.208, 0.0114), [+IMo +24T1 [ 4 1 ~  +247, [+lass $8400, [+la04 13866-18-7; 13b, 13866-19-8; 13c, 13866-20-1; HCl salt 

tyl derivative of 16, 13866-24-5 ; N-benzylidene-( +)- 
threo-2-amino - 1,2-bis(3,4-methylenedioxyphenyl)etha- 
nol, 13566-23-4. 

-84001 [@I280 -646, [$I?% -7100, ( a  = +I681 midpoint324 mP). 13866-25-6; 15, 13866-21-2; 16, 13866-22-3; N-ace- 

Registry NO.--~, 13866-15-4; 5, 13961-88-1 ; N-acetyl 
derivative of (+) 5, 13866-26-7; 7, 13866-17-6; 13a, 
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Synthesis of the four amino alcohols, racemates 4A, 4B, 4C, and 4D of 2-(piperidino)-a-(p-methoxyphenyl)- 
cyclohexaneniethanol, was accomplished as shown in Schemes I and 11. The stereochemistry of these four 
racemates was determined by chemical transformations, nmr and infrared techniques, and the conformations 
assigned as a', p, 7, and 6, respectively (Table I and Figure 1). Racemates 4A and 4B were also correlated with 
octahydrobenzoxazinones 8A and 8B (Scheme I11 and Table 11). An interesting behavior of octahydrobenzox- 
azinone 8A was noted: it isomerized to 8B with trifluoroacetic acid without decarboxylation (Schemes 111 and 
IV). The relative stabilities of 4A, 4B, 4C, and 4D were further examined by synthesis of the corresponding 
methyl ethers 10A, 10B, lOC, and 10D and interconversions in this series (Scheme V) .  Conformations were 
assigned to these ethers (Figures 2 and 3). Several miscellaneous reactions of amino alcohols 4A and 14 are 
described (Scheme VI). 

Stimulated by the finding that amino alcohols such 
as piperidino alcohol 4 showed interesting diuretic 
activity, we embarked upon a synthetic and stereo- 
chemical investigation of this class of compounds. 

SCHEME I 
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The preparation of the required starting materials, 
2-benzoylcycloalkanones, is illustrated in the case of 
2-(p-methoxybenzoyl)cyclohexanone (1 ; see Scheme 
I above). 

(1) The pharmacological results of tests of a large number of compounds 
belonging t o  this class, only a few of which are described here, will be pub- 
lished elsewhere. 

According to the general procedure for acylation of 
enamines,* treatment of 1-cyclohexen-1-ylpyrrolidine 
with p-methoxybensoyl chloride afforded the desired 
compound 1.  

The next step, condensation of a 1,3-diketone with a 
secondary amine, is illustrated in tthe case of 2-(p-meth- 
oxybenzoy1)cyclohexanone (1) and piperidine (Scheme 
I), which gave the intermediate vinylogous atnide (2). 
The ultraviolet spectrum of unpurified compound 2 in 
ether was compatible with the vinylogous amide 
structure and showed Amax 264 mp (a = 47.98) and 321 
(7.41)j3 moreover, the nmr spectrum of the sample of 
2 in carbon tetrachloride showed no absorption in the 
vinyl hydrogen region. Hydrogenation of 2 in ethanol 
in presence of platinum oxide gave the cis-alcohol 4A' 
(see Scheme I and 11), one of the two possible cis race- 
mates. In  some cases this type of amino alcohol could 
be prepared without isolation of the 1 ,&diketone, but 
the yields were erratic.& 

Preparation of the Four Amino Alcohol Racemates 
4A, 4B, 4C, 4D and Assignment of cis, trans Con- 
figurations.-On treatment with trifluoroaretic acid 
(TFA), cis-alcohol 4A mas easily converted in 72% 

(2)  See review of Enamines by J. Szmuszkovicz, Adimn. Ore. Chem., 4, 1 
(1963). 

(3) The ultraviolet spectrum (in ether) of the crystalline vinylogous 
amide (i) obtained from the condensation of 2-(3,4,5-trirnethoxybenzoyl)- 
cyclohexanone with pyrrolidine showed hmax 262 mu (a  = 33.26; t 11,500) and 
358 (a - 18.90; t 5500). 

U 

i 

(4) Capital letters after Arabic numerals designate specific diastereo- 
isomers of the structure in question. 

(5 )  Cf. R. D. Campbell and J. A. Jung, J .  Ore. Chem., SO, 3711 (1965). 
who have shown that the reaction of 1-cyclohexen-1-yl rnorpholine with vari- 
ous benzoyl chlorides gives rise t o  2,2-diacylcyclohexan~nes. 


