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A rotamer mixture of (8)-N-formyl-N-norreticuline (I) was brominated regioselectively in the 6'-position to 
afford the corresponding mixture of 6'-bromo rotamers (2) from which the thermodynamically less stable cis 
rotamer could easily be isolated by direct crystallization. This rotamer was stable in crystalline condition but 
equilibrated to a 1:2 cis-trans mixture on standing in solution. This equilibration was easily followed by observation 
of changes in optical rotation and the ratio of N-formyl protons in the NMR spectrum. Assignment of the cis 
structure to the rotamer isolated by crystallization was confirmed by a single-crystal X-ray analysis, which also 
confirmed the absolute configuration of this rotamer made independently from established stereochemical 
relationships. The crystals of 2 have space group P2, and cell dimensions a = 6.616 (1) A, b = 10.985 (1) A, c 
= 13.084 (2) A and /3 = 95.61 (1)'. The structure was refined to an R factor of 4.3%. 

The presence of rotamer pairs was repeatedly observed Table I 
in the-series of 1-benzyl-substituted N-formyl-1,2,3,4- 
tetrahydroisoquinolines (TIQ) by routine TLC and 'H 
NMR analy~is.~" The latter method can be used to 
quantitate the individual amounts of cis and trans rotam- 
ers (cis = C1-N bond cis to  C=O of NCH0I5 by the dif- 
ferent chemical shifts of the N-formyl proton. Recently 
Olieman and van Koningsfeld6 presented the first X-ray 
crystallographic study of the structure of an N-formyl-l- 

(1) Visiting fellow from Swiss Federal School of Technology, Zurich, _. 
Switzerland. 

(2) Rice, K. C.; Brossi, A. J. Org. Chem. 1980, 45, 592. 
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(4) Brossi, A. Proceedings of 4th Asian Symposium on Medicinal 

(5) Szhtay, C.; BlaskB, G.; Bbczai-Beke, M.; Ddrnyei, G. Heteroey- 

(6) van Koningsfeld, H.; Olieman, C. Cryst. S t ru t .  Common. 1981, I O ,  

time, cis-trans [ a  1 "D 9 

expt min ratioa aobsd deg 
1 5 83:17 0.142 81.5 
2 30 54:46 0.686 80.9 
3 60 41 : 59 0.6 57 77.5 
4 180 33:67 0.636 74.9 

a Determined by integration of the formyl proton NMR 
resonance in 0.85% solution in Me,SO. 
tion in Me,SO. 

benzyl-l,2,3,4,5,8-hexahydroisoquinoline, a close relative 
of this class of compounds. We now supplement this in- 
formation by describing the physical and crystallographic 
properties and particularly the optical behavior of another 
member of the class of TIQ.4 

Bromination of (S)-(+)-N-formyl-N-norreticuline (l), 
consisting of a rotamer mixture,2 afforded a cis-trans ro- 
tamer mixture of the corresponding (S)-(+)-g'-bromo-N- 

In 0.85% solu- 
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formyl-N-norreticuline (2), which was easier and better 
separable on TLC than the rotamers of 1. The absolute 
configuration of 2 follows from the absolute stereochem- 
istry previously established for 1. Interestingly, a number 
of solvents7 could be used for crystallization of 2 and in 
each case, crystalline material containing one of the ro- 
tamers in practically pure form was obtained. The cis 
structure of the crystalline rotamer2 was suggested by the 
presence of the N-formyl proton a t  6 7.94 (Me2SO-d6), in 
good agreement with Siantay's  finding^.^ This was con- 
firmed by the crystal structure analysis discussed in detail 
below. 

The specific optical rotation of the chemically and op- 
tically2 pure cis-rotamer 2 in a 0.85% Me2S0 solution 
showed a value of [a]26D +87.5', which decreased after 
standing for 3 h at  room temperature to +74.9'. The 
rotamer ratio in this solution did not change after pro- 
longed standing, suggesting that an equilibrium had been 
reached. The composition measured by lH NMR [6(cis- 
NCHO) 7.94, G(trans-NCH0) 7.411 indicated the presence 
of a 2:l trans-cis rotamer mixture. 

According to  this observation i t  follows that the crys- 
tallizable cis isomer must be the thermodynamically less 
stable isomer. Realizing that equilibration had begun 
during dissolution of the cis rotamer, the specific rotation 
of the hypothetically pure trans isomer (which has not yet 
been obtained in crystalline condition) and of the pure cis 
isomer were calculated from the data in Table I as +67' 
and +93", respectively. The observed changes in the 
specific optical rotation by going from pure cis rotamer to 
a trans-cis mixture of rotamers was also observed with 
ORD measurements and does not arise from epimerization 
of the adjacent benzylic hydrogen atom. This also followed 
from the results of the hydrolysis of pure (S)-(+)-cis-2 and 
its equilibrium mixture with 10% HC1, affording the same 
optically active (S)-(+)-6'-bromo-N-norreticuline hydro- 
chloride monohydrate (3.HC1.H20) in 70% yield (Scheme 
I). 

The  considerable difference in the specific optical ro- 
tation of individual rotamers in the N-formyl TIQ series 
is noteworthy and suggests that  measurements of optical 
purity should be carried out after complete equilibration 
or after elimination of the N-formyl function. 

Crystal Data and X-ray Experimental Data. Slow 
crystallization from butyronitrile under reduced pressure 
gave crystals suitable for X-ray analysis. Molecular for- 
mula, Cl9HZ0NO6Br; molecular weight, 422.27 daltons; 
habit, flat colorless plates; radiation, Cu Ka (graphite 

(7) For example: ethyl acetate, methanol, 1-butanol, acetonitrile, 
tetrahydrofuran, cyclohexanone, N-methylmorpholine, chloroform. 
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Figure 1. PLUTO~O drawing showing crystal conformation and 
bond lengths. 0(24)-C(25) has an esd of 0.01 A, and all other 
bonds have esd's I 0.007 A. 

monochromator); wavelength, 1.5418 A; space group, P2, 
(no. 4); cell dimensions (from least-squares refinement of 
f B  data), a = 6.616 (1) A, b = 10.985 (1) A, c = 13.084 (2) 
8, B = 95.61 (l)', V = 946.35 A3, 2 = 2, D, = 1.47 (1) g 
~ m - ~ ,  D, = 1.482 g ~ m - ~ ;  crystal size, 0.15 X 0.14 X 0.07 
mm3; reflections (hemisphere), 3825 (676 < lu):); maximum 
sin e/A,  0.6231 A-l, diffractometer, Nonius CAD-4. The 
phase problem was solved by a combination of Patterson 
and direct methods (using MULTAN 78).* All H atoms were 
found and successfully refined (positional parameters 
only). A full hemisphere of X-ray data was collected and 
used in the refinement. The expected S enantiomer, 
shown in Figure 1, was confirmed since the R factor was 
5.4% for the R enantiomer in contrast to 4.3% for the S 
enantiomer. Scattering factors and anomalous dispersion 
connections were taken from rep. Least-squares weighting 
was from Peterson and Levy;lo function minimized was 
CwA2; anisotropic temperature factor was exp(-2& 
(CiCjUi,xz*ai*hi!zj); the bond angles are given in Table 11. 
Tables of atomic parameters were submitted to the re- 
viewers and are available as supplemental material. 
Structure factor tables can be obtained from J.V.S. 

Discussion of the X-ray Results. Bond lengths and 
angles do not present any surprising values. The amide 
group C( l l ) ,  0(12), and H(11) is essentially coplanar with 
the C(1), N(2), C(3) triangle. Coplanarity was also ob- 
served in racemic N-formyl-1,2,3,4,5,8-hexahydro-l-(4- 
methoxybenzyl)-6-methoxyisoquinoline,6 but in this case 
the rotamer was trans. Intermolecular packing appears 
to be controlled by hydrogen bonding. The bond 0- 
(15)-H(15).-0(12) in the direction of the screw axis has 
a length of 2.726 A (H-.O, 1.940 A). O(23) appears involved 
in a bifurcated bond to  O(13 and O(15) along the c axis. 
The C-0 distances are 2.778 and 2.895 A and the H--0 

(8) Main, P.; Hull, S. E.; Lessinger, L.; Germain, G.; Declerc, J.-P. 
Woolfson, M. M. 'MULTAN 78" (a system of computer programs for the 
automatic solution of crystal structures from X-ray diffraction data). 
University of York, York, England, and University of Louvain, Louvain, 
Belgium, 1978. 

(9) Cromer, D. T.; Waber, J. T. "International Tables for X-ray 
Crystallography"; Kynoch Press: Birmingham, England, 1974; Vol. 4, pp 
72-73, 80, 149. 

(10) Peterson, S. W.; Levy, H. A. Acta Crystallogr. 1957, 10, 70. 



4136 J. Org. Chem., Vol. 47, No. 21, 1982 Buchs et  al. 

Table 11. Bond Angles (deg) for the Heavier Atoms (Estimated Standard Deviations Are Given in Parentheses) 

N( 2)-C( 1)-C( 10) 
C(lO)-C(l)-C(l6) 
C( 1)-N( 2)-C( 11) 
N( 2)-C( 3)-C( 4) 
C( 4)-C( 5)-C( 6)  
C( 6)-C( 5)-C( 10) 
C( 6)-C( 7)-C( 8) 
C( 8)-C( 7)-O( 13)  
C( 7)-C( 8)-O( 15)  
C( 8)-C( 9)-C( 10)  

N( 2)-C( 11)-O( 12) 
C( 1)-C( 16)-C( 17) 
C( 16)-C( 17)-C( 22) 
C( 17)-C( 18)-C( 19) 
C( 18)-C( 19)-O( 23) 

C( 21)-C( 20)-O( 24) 

C( 1)-C( 10)-C( 9 )  

C( 19)-C( 20)-C( 21) 

C( 17)-c( 22)-C( 21) 
Br-C( 22)-C( 21) 

111.8 
110.6 
125.4 
108.2 
121.9 
118.7 
118.4 
113.6 
116.0 
123.6 
120.6 
123.7 
116.7 
120.7 
125.4 
121.4 
118.6 
127.4 
121.1 
120.1 

Figure 2. O R T E P ~ ~  stereodrawing showing packing and hydrogen 
1. 

distances are 2.400 and 2.342 A, respectively. 
The  crystal conformation and bond lengths of 2 are 

shown in the P L U T O ~ ~  drawing given in Figure 1. The  
conformation observed in the crystal has some short in- 
teratomic nonbonded contracts, but there is no obvious 
stereochemical barrier to rotation of the formyl group. In 
solution the situation may be rather different. A CAMSEQ~~ 
calculation indicates that  completely free rotation about 
the C(1)4(16) and C(16)-C(17) bonds is not possible since 
rotation produces contacts with the formyl group in its 
present conformation although it is possible to turn the 
bromobenzyl moiety over by a cooperative rotation about 
both bonds and there are many possible conformations 
with approximately equal energies. On the average, the 
randomly positioned bromobenzyl moiety could act as a 
barrier t o  rotation of the formyl group since, conversely, 
rotation of the formyl group to positions between the cis 
and trans configurations would bring it into contact with 
many of the otherwise energetically equivalent confor- 
mations of the  bromobenzyl group. 

The  isolation of only one conformer in the solid state 
is probably a consequence of a lower energy for the ob- 
served crystal conformation caused by the fairly extensive 
hydrogen bonding and packing forces between the ap- 
proximately parallel aromatic moieties (see O R T E P ~ ~  draw- 
ing, Figure 2). Calculations on the trans rotamer indicate 
that, while an 0(12)-.-0(15) intermolecular hydrogen bond 
might be formed by similarly packed molecules, O(12) 
would be in a position close to  O(13) and C(7) (to which 
it cannot form hydrogen bonds), which would impede the 
formation of the other intermolecular bonds. Thus, either 
a different form of packing would be required or else the 

N( 2)-C( 1)-C( 16) 
C( 1)-N( 2)-C( 3) 
C( 3)-N( 2)-C( 11) 
C( 3)-C( 4)-C( 5) 
C( 4)-C( 5)-C( 10) 
C( 5)-C( 6)-C( 7) 
C( 6)-C( 7)-O( 13) 
C( 7)-C( 8)-C( 9) 
C( 9)-C( 8)-O( 15) 
C( 1)-C( 10)-C( 5) 
C( 5)-C( lO)-C( 9)  
C( 7)-O( 13)-C( 14)  
C(16)-C(17)-C(18) 
C(18)-C(17)-C(22) 
C( 18)-C( 19)-C( 20) 
C( 20)-C( 19)-O( 23) 
C( 19)-C( 20)-O( 24) 
C( 20)-C( 21)-C( 22) 
Br-C( 22)-C( 17) 
C( 20)-O( 24)-C( 25) 

110.8 (3) 
114.7 (4) 
119.0 (4) 
115.0 (4) 
119.4 (4) 
123.6 (4) 
127.9 (4) 
118.1 (4) 
125.9 (4) 
121.8 (3) 
117.6 (4) 
117.2 (4) 
124.0 (4) 
115.3 (4) 
117.8 (4) 
120.7 (4) 
114.0 (4) 
121.7 (4) 
116.4 (4) 
116.4 (4)  

bonds. The oxygen atoms are labeled with the numbers of ' Figure 

formyl group would have to rotate out of the presumably 
energetically favorable C(ll) ,  0(12), N(2), C(l), C(3) plane. 

Experimental Section 
Melting points were determined in open capillary tubes with 

a Thomas-Hoover apparatus and are uncorrected. Optical ro- 
tations were measured with a Perkin-Elmer 241 MC instrument, 
using the solvents and concentrations specified. 

NMR spectra were determined with a JEOL 100-MHz spec- 
trometer and (CH3)*Si as the internal reference. Mass spectra 
were obtained with a Perkin-Elmer RMU-6E spectrometer at 70 
eV. Silica gel 60 for chromatography was purchased from Merck 
and Co., Inc. IR spectra were obtained with a Beckman IR 4230 
instrument. Combustion analyses were performed by the Section 
on Microanalytical Services and Instrumentation of this Institute. 
(S)-( + )-6'-Bromo-N-formyl-N-norreticuline (2). Analo- 

gous to the conversion of racemic N-formyl-N-norreticuline,2 a 
mixture of 2.26 g (6.6 mmol) of (S)-(-)-N-norreticuline (1) and 
44 mL of AcOH was heated to solution and the solution cooled 
rapidly to 25 "C. To the rapidly stirred solution was added 
dropwise 1.06 g (6.65 mmol) of Brz in 22 mL of AcOH during 20 
min. The mixture was stirred an additional 40 min and evaporated 
to a foam, which was dried in vacuo for 1 h. The foam was 
dissolved in 4 mL of hot n-butyronitrile. After cooling to 70 "C, 
3 mL of CHC13 was added and 1.5 h later the crystalline material 
wm filtered, washed with 2 mL of n-butyronitrile (5 "C), and dried 
in vacuo to afford 541 mg (19%) of 2,14 mp 187-189 "C. The foam 
from the filtrate and washings was dissolved in 2.5 mL of n- 
butyronitrile and 2 mL of CHC13 and stored overnight at room 
temperature. The precipitate was filtered, stirred for 5 min in 
2 mL of methanol (0 "C), filtered again, washed with 2 mL 
methanol (0 "C), and dried in vacuo to afford an additional 1.096 
g (39%) of 2,14 mp 189-191 "C. The residue resulting from the 
filtrate and washings was dissolved in 2 mL of chloroform and 
the solution was stored overnight at 8 O C .  The precipitate was 

(11) Program of Dr. W. D. S. Motherwell, Cambridge, England. 
(12) Potenzone, R.; Cavicchi, E.; Weintraub, H. J. R.; Hopfinger, A. 

(13) Johnson, C. K. ORTEP, ORNL-3794, Oak Ridge National Labo- 
J. Comput. Chem. 1977,1,187-194. 

ratory, Oak Ridge, TN, 1965. 

(14) Thie material consisted practically of only the cis rotamer. TLC 
analysis on silica gel GF [Analtech, Inc.; CHCl,-CH,OH (151) with I2 
development] showed only traces of trans rotamer in the form of a weak, 
slightly faster running spot (R, 0.27) compared to that (R, 0.24) of the cis 
isomer. 
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stirred twice in 1 mL of methanol (0 "C) for 5 min, fiitered, washed 
with 1 mL of methanol (0 "C), and dried. This third crop con- 
tained 281 mg (10%) of 2, mp 188-190 "C. The residue (951 mg) 
from the fiitrate and washings was purified by chromatography 
on 65 g of silica gel, using chloroform/methanol(l51). A solution 
of the recovered material (688 mg) in 0.7 mL of n-butyronitrile 
and 1 mL of chloroform was stored for 24 h at 5 "C. The pre- 
cipitate that separated was collected, suspended in 1 mL of 
methanol (0 OC) and stirred for 5 min, filtered, washed with 1 
mL of methanol (0 "C), and dried to yield a fourth crop of 2:14 
130 mg ( 5 % ) ,  mp 186-189 "C. The total yield of crystalline 2 
was 2.048 g (73%). The material of the second crop (1.096 g, mp 
189-191 "C) was recrystaked from 6 mL of n-butyronitrile. After 
being stored for 5 h at 0 OC, the precipitate was filtered, washed 
with 1.5 mL of cold n-butyronitrile and 1.5 mL methanol (0 "C), 
and dried for 12 h in vacuo to give 350 mg of analytically pure 
ck-1: mp 190-192 OC; [a]=D + 87.5" (c 0.85, M d O ,  4.5 min, after 
adding the material); [a]=D +74.9" (c 0.85, MezSO, after 3 and 
20 h); NMR (Me$O-d6) 6 2.2-4.0 (m, 6 H, C3-H2, C4-H2, C1-CHz), 
3.73 (s,6 H, 2 OCH3), 5.34 (ad, 1 H, J = 8, 4 Hz, Cl-H), 6.64 (8,  
2 H, Ar H), 6.69 and 7.02 (2 8, 1 H each, ArH), 7.94 (8, NCHO) 
8.6-9.2 (m 2 H, OH); IR (KBr) 3440 (m), 3150 (br), 2840 (w), 1638 
(s), 1595 (m), 1573 (w), 1500 (s), 1443 (m), 1433 (m), 1402 (m), 
1377 (w), 1362 (w), 1344 (w), 1308 (w), 1284 (m), 1266 (m), 1246 
(m), 1227 (m), 1206 (m), 1192 (m), 1107 (m), 1043 (w), 1020 (m), 
980 (w), 956 (w), 898 (w), 868 (m), 848 (w), 836 (w), 807 (m) cm-'; 
MS, m/e 421, 423 (M+). 

Anal. Calcd for CleHl&N06: C, 54.05; H, 4.75; N, 3.32. 
Found: C, 54.02; H, 4;94;~N, 3.24. 

NMR (Me2SO-d6) data of trans-2 obtained from a sample 
containing cis- and trans-2 6 2.2-4.0 (m, 5 H, C4-H,, C3-H2, 

(t, 1 H, J = 7.7 Hz), Cl-H), 6.67 (8, 2 H, Ar H), 6.78 and 7.10 (2 
s, 1 H each, Ar H), 7.41 (s, 1 H, NCHO), 8.6-9.4 (m, 2 H, OH). 

Optical Rotations of the Pure Rotamers of 2. From the 
data shown in the table, the specific rotations of the pure cia and 

Cl-CHz), 3.73 (8,  6 H, 2 OCHs), 4.21 (d, 1 H, J = 13, C4-H,), 4.65 

trans rotamers of 2 were calculated as +93" and +67O, respectively. 
These are the averages of the values calculated from six different 
combinations of the four results. 
(S)-( + )-6'-Bromo-N-norreticuline Hydrochloride Hy- 

drate. A. From Pure cis-2. A solution of 99 mg (0.23 mmol) 
of cis-2 in 3 mL of CH30H and 1 mL of 37% HCl was refluxed 
during 20 h. After evaporation of the solvents, the residue was 
stirred in 1.5 mL of boiling HzO for 10 min. After being ice-cooled 
for 45 min, the crystalline material was fiitered, washed with H20 
(2 X 0.5 mL), and dried in vacuo overnight to give 72 mg (69%) 
of 3.HC1.H20, mp 221-223 OC. Recrystallization from 2- 
propanol/H20 (4:l) gave analytically pure material: mp 222-224 
"c; [aIz2D +49.1° (c 0.70, CH30H); NMR (Me2SO-d6) 6 2.2-4.0 
(m, 6H, C1-CH2, C2-H2), 3.74 and 3.78 (2 s, 3 H each, 2 OCH3), 
4.45 (m. 1 H. C,-H). 6.51.6.74.6.97 and 7.14 (4 8.1 H each. C,H. 
C,,-H, C5-H,' Ci-H); 8.6-9.9 (m, 4 H, C2-+NH2, 2 OH); MS, b/e 
3931395 (M'). 
hal. Calcd for ClsH$rN04.HC1.H20: C, 48.17; H, 5.16; N, 

3.25. Found: C, 48.05; H, 5.20; N, 2.94. 
B. From a 2:l T ransx i s  Rotamer Mixture of 2. a solution 

of 100 mg (0.24 "01) of a 21 trans-cis rotamer mixture of 2 was 
treated as under method A to yield 75 mg (71%) of 3.HC1.H20, 
mp 221-223 OC, [ a I z 3 ~  +49.3" (c 0.69, CH30H). 
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A stereoselective synthesis beginning from the tetracyclic isoxazolidine 3 gave an inactive model (2) of rings 
D-F of the hypotensive Veratrum alkaloids (1). Cleaving, N-demethylating, and epimerizing 3 gave the amino 
alcohol 5a. Diazotizing 5a afforded lactamdiol 10, which retained the configuration of the carbinamine carbon 
of 5a. Reduction of the lactam of 10 yielded 2. Single-crystal X-ray analysis of 2 confirmed the assignment of 
relative stereochemistry at C6a and Cll of 2 and established that the solid-state conformation was all-chair. 

Structure 1 (Table I) depicts the common stereochem- 
istry and sites of oxygenation of three Veratrum alkaloids 
of the cevine class. Natural and semisynthetic esters of 
1 are potent, orally active hypotensive agents having a 
central mechanism of action but undissociated side effects 
of nausea and vomiting. The  relations of the  structures 
of the alkaloids to their emetic activities remain unknown, 
but Kupchan and Flacke summarized the facts associating 
the  structures and hypotensive activities: "the number, 
nature, and the positions of the  esterifying acids are of 
importance in determining the  degree of hypotensive 
activity".' More highly esterified alkamines are more 

0022-32631821 1947-4137$01.25/0 

potent, bu t  esterification or oxidation at C16 reduces hy- 
potensive activity.' 

Reduced potency correlated to chemical changes of the 
C,-hydroxyl group suggests i t  composes a pharmacophore 
mediating intrinsic activity. Such a pharmacophore might 
also comprise the Cz,-hydroxyl group and the  unshared 
electrons of the atom of nitrogen, which are the only other 
polar &substituents of 1. These axial neighboring groups 
might effect hypotensive activity exclusively, while other 

(1) Kupchan, S. M.; Flacke, W. E. In 'Antihypertensive Agents"; 
Schittler, E., Ed., Academic Press; New York, 1967; pp 429-458. 
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