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The use of bioconversion processes for preparation of 
optically active building blocks has received more and more 
attention owing to the importance of asymmetric synthe- 
sis.’ Two general approaches are possible: first, enan- 
tioselective transformation of one of the two enantiomers 
of a racemic mixture; second, stereospecific transformation 
of a prochiral substrate, leading predominantly, or exclu- 
sively, to one enantiomer of the desired product. Thus 
enantioselective hydrolysis of various functions like am- 
ides2 or esters? as well as asymmetric reduction of prochiral 
carbonyl functions by microorganisms4 or enzymes: has 
been widely used. Surprisingly, processes leading to hy- 
droxylation of unactivated carbon atoms have been very 
rarely described in this respect. Whereas some biocon- 
versions involving stereospecific hydroxylations of prochiral 
substrates have been observed,6 it appears that hydroxy- 
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Figure 1. X-ray crystal structure of compound 2. 

lation processes leading to enantiomer differentiation are 
very rare.” To our knowledge, no such process leading to 
high enantioselectivity has been previously described. 

We report here the first example of such a process. 

Results and Discussion 
In the course of our work related to microbial hy- 

droxylation of various polycyclic amides? we noticed that 
bornyl amides could lead to partially enantioselective 
differentiation. We were interested in determining 
whether the enantioselectivity could be enhanced by using 
structurally blocked substrates like azabrendane deriva- 
tives 1 and 3. These rigid models were particularly at- 
tractive for two reasons. First, these substrates can be 
regarded as bornyl amide derivatives, “rigidified” by the 
introduction of an additional methylene bridge. Second, 
the bulk of the carbon skeleton appears to be completely 
located on one side of the plane of the amide moiety, thus 
leading to a very important spatial difference between the 
two enantiomers of the substrate. Because of this fact, we 
presumed that a different positioning of each of the en- 
antiomers of these models into the active site of the hy- 
droxylating enzyme could lead, as far as the regioselectivity 
of the hydroxylation process is concerned, to differentiation 
between the two enantiomers. X-ray crystallography of 
a cytochrome P-450 camphor complexQ has shown that two 
factors influence the regioselectivity of the hydroxylation 
reaction: first, the attachment of the substrate to the 
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active a-pinene), led to the results shown in Scheme I. It 
thus appears that, in this case, we had obtained a very 
highly enantioselective hydroxylation process. Indeed, the 
optical purities of amides 4 and 5 can be determined, on 
the basis of their optical rotations, as being respectively 
85% and 90%. Interestingly, this enantioselectivity may 
be attributed to the fact that each of the enantiomers of 
3 is hydroxylated on a different carbon atom, i.e., the 
regioselectivity of the process is governed by the absolute 
configuration of the substrate. Thus, 1&(-)-3 is primarily 
hydroxylated at C-12, whereas for 1S-(+)-3, hydroxylation 
occurs at C-11. In fact, only the minor product 6 (5%) still 
results from hydroxylation of each one of the enantiomers 
on the same carbon atom. 

As in the m e  of amido alcohol 2, it has been impossible 
to determine unambiguously, on the basis of 'H and/or 
13C NMR spectroscopy, which one of the methyl groups 
had been functionalized to lead to compounds 4 and 5. 
Whereas it was obvious from the spectroscopic analysis of 
4 and 5 that each of these compounds resulted from hy- 
droxylation at  one of the geminal methyl groups, no in- 
dication on the exact location of the hydroxyl group could 
be obtained. Therefore, the structures of these products 
have been established by using chemical correlations with 
amido alcohol 2. Thus, lithium aluminum hydride (LAH) 
reduction of 2 leads to amino alcohol 7, which proved to 
be identical with the product obtained by reduction of 
compound 4. On the other hand, reduction of 5 afforded 
amino alcohol 8, which is different from 7. 

These results firmly establish, for the first time, that a 
microbial hydroxylation process, conducted on a racemic 
mixture, may lead to highly enantiospecific differentiation, 
owing to different regioselectivities induced by the sub- 
strate chirality. The microbial approach to new chiral 
synthons, using such hydroxylation processes, may be a 
valuable tool in this respect. Work is in progress in our 
laboratory in order to explore these possibilities. 

Experimental Section 
General Procedures. The strain used in the present work 

is Beauueria sulfurescens ATCC 7159, originally purchased as 
Sporotrichum sulfurescens. The culture conditions used have 
been described previously (see, for instance, reference 7c) .  The 
'H and 13C NMR spectra have been realized on a Bruker AM 200 
apparatus using CDC13 as solvent. Chemical shifts (6) are given 
in parts per million relative to TMS as internal standard. IR 
spectra were recorded on a Beckman Acculab 4 spectrometer using 
chloroform as solvent. Elemental analyses of C, H, N were 
performed by the Service Central d'Analyse du CNRS (Vernaison, 
France). Melting points have been measured on a Buchi 510 
apparatus and are not corrected. GC analyses have been per- 
formed by using a 25-m capillary column coated with OV 17. 
HPLC analyses have been achieved by using a 5-pm silica gel 
column (10 X 0.4 cm) (Merck); the preparative operations have 
been conducted with a column (25 X 0.9 cm) filled with 7-pm 
Merck silica gel. 
Biohydroxylation of N-Benzyl-1,8,8-trimethyl-3-aza- 

brendan-4-one (1). This product was obtained from 480 mg of 
racemic 1" (200 mg/L of culture). After continuous extraction 
of the filtered culture with CH2Clz overnight, the organic phase 
was washed with NaOH (3 N) and dried over MgSO1. The product 
was purified by "flash" chromatography (silica gel 60H from Merck 
and solvent mixtures ranging from 1:0 hexane-ether to 100% 
ether) and then by preparative HPLC (10% EtOH-hexane 
eluant), leading to 320 mg (63%) of 2: mp 111-112 "C; IR (cm-') 
3450, 1680; ' H NMR 0.96 (8 ,  6 H, CH3), 1.15 (d, 1 H), 1.50 (d, 
1 H), 1.86 (m, 1 H), 2.16-2.27 (m, 3 H, H5, H,), 2.62 (s large, 1 

3.93 (d, 1 H, H13), 4.82 (d, 1 H, H13), and 7.26 (m, 5 H, ar); 13C 
H, OH), 3.16 (d, 1 H, H2), 3.42 (d, 1 H, Hi'), 3.58 (d, 1 H, Hii), 

NMR 55.8 (Ci), 64.9 (Cd, 178.7 (C4), 49.2 (C5), 32.6 (Ce), 43.3 (CT), 
52.8 (C&, 34.6 (C&, 12.2 (Cia), 65.9 (CiJ, 14.5 (C121, 45.7 (CI~) ,  
127.6, 128.4, 128.7, 137.0 (ar). Exact mass calcd for C18H23N02 
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enzymatic site by means of a hydrogen bond, and second, 
the positioning of the carbon skeleton into the site, taking 
into account steric interactions due to the internal shape 
of the hydrophobic part of the active site. 

Compounds 1 and 3 can be easily prepared, by using 
conventional methods, starting from either racemic or 
optically active a-pinene.'O When submitted to a 48-h-old 
culture of the fungus Beauueria sulfurescem (ATCC 7159), 
racemic 1 afforded 2 as a single product (63% overall yield) 
resulting from hydroxylation of one of the C-11 or C-12 
carbon atom, as shown by 'H and 13C NMR spectroscopy. 
The observed optical rotation of this product is [aImD -3.6' 
(c 1.67, CHC1,). When the procedure was conducted on 
optically active lR-(+)-l or lS'-(-)-l (prepared respectively 
from (+)- and (-)-a-pinene), the same product was ob- 
tained in similar yield, thus leading to 1R-(+)-2, [aIz0D 

CHC1,). It appears that in this case the observed enan- 
tioselectivity of the process is very poor. As far as the exact 
structure of 2 is concerned, no unambiguous determination 
has been possible on the basis of either 'H or I3C NMR 
spectroscopy. Therefore an X-ray structure determination 
has been carried out. The structure, shown in Figure 1, 
leads to the conclusion that hydroxylation occurred at 
carbon (2-11. 
Thus, the test of our hypothesis concerning the possible 

influence of the substrate positioning into the enzymatic 
active site then relied on the resulta we would obtain after 
hydroxylation of the racemic mixture of amide 3. When 
submitted to a culture of the same fungus, racemic 3 led 
to a mixture of three products, as shown in Scheme I. 
These are obtained in an overall yield of 65% based on 
start ing material (respective yields are indicated in Scheme 
I). Interestingly enough, each of these products appeared 
to be optically active. 

Control experiments, conducted by starting from re- 
spectively lR-(-)-3 and 1S-(+)-3 (obtained from optically 

+ 4 4 O  ( C  1.45, CHClS), and IS-(-)-& [ a ] " ~  -45' ( C  1.33, 

(10) Furet, G. T.; Wacheman, M. A.; Pieroni, J.; White, J. G.; Moriconi, 
E. J. Tetrahedron 1973, 29, 1675. 



J.  Org. Chem. 1988,53, 1799-1800 1799 

285.1728, found 285.1719. h a l .  calcd c, 75.75; H, 8.12; N, 4.91. 
Found: C, 75.55; H, 8.07; N, 4.85. 

Biohydroxylation of N-Benzoyl-1,8,8-trimethyl-3-aza- 
brendane (3). Starting from 960 mg of 1RS-3" (300 mg/L of 
culture), one obtains, after HPLC purification (10% EXOH-hexane 
eluant), 186 mg of starting material, 45 mg of 6 (5%), 310 mg of 
4 (30%), and 310 mg of 5 (30%). 

N-Benzoyl-1 l-hydroxy-l,8,8-trimethyl-3-azabrendane (4): 
mp 124-125 "C; IR (cm-') 3400,1600; 'H NMR 0.84-1.06 (m, 6 
H, CH3) (main peaks at 0.84 and 0.90)," 1.10-1.40 (m, 2 H), 
2.00-2.50 (m, 5 H), 3.20-4.40 (m, 5 H), 7.40 (m, 5 H); 13C NMR 
57.3 (55.4) (C1),12 67.1 (64.7) (C2), 52.4 (54.7) (C4), 41.2 (43.1) (C5), 

(12.4) (Clo), 66.1 (66.4) (CiJ, 15.8 (Ciz), 169.9 (C13), 127.1 (126.91, 
37.1 (36.7) (c& 39.8 (40.1) (c7), 53.7 (cs), 40.0 (38.6) (cg), 12.1 

128.3, 129.7, 137.4 (ar). Exact mass calcd for ClsHaN02 285.1728, 
found 285.1719. Anal. Calcd C, 75.75; H, 8.12; N, 4.91. Found: 

N-Benzoyl-12-hydroxy-l,8,8-trimethyl-3-azabrendane (5): 
mp 126-127 "C; IR (cm-') 3400,1600; 'H NMR 0.85-1.08 (m, 6 
H, CH3) (main peaks at 0.85 and 1.05)," 1.14-2.50 (m, 7 H), 
3.18-4.22 (m, 5 H), 7.40 (m, 5 H); 13C NMR 57.3 (55.3) (C1),'2 66.2 

c, 75.65; H, 8.18; N, 4.86. 

(63.8) (cz), 51.3 (53.7) (c4), 41.9 (43.8) (c5), 37.7 (37.2) (c~), 40.0 
(40.1) (c7), 53.9 (c8), 39.3 (38.0) (cg), 12.0 (12.2) (clo), 15.3 (15.2) 
(Cll), 66.6 (Clz), 169.9 (CiJ, 127.1 (126.91, 128.3, 129.7, 137.4 (ar). 
Exact mass calcd for Cl8HBNO2 285.1728, found 285.1730. Anal. 
Calcd: C, 75.75; H, 8.12; N, 4.91. Found: C, 75.50; H, 8.03; N, 
4.87. 

N-Benzoyl-6-exo -hydroxy- 1,8,8-trimet hyl-3-azabrendane 
(6): IR (cm-l) 3400, 1600; 'H NMR 0.76-1.25 (m, 11 H) (main 
peaks at 0.76,0.87, and 1.15),11 1.74 (m, 1 H), 2.01-2.38 (m, 2 H), 
2.8 (m, 1 H, OH), 3.25-4.20 (m, 3 H), 7.40 (m, 5 H, ar); 13C NMR 
58.2 (56.2) (c1),12 65.3 (62.8) (c2), 50.5 (52.8) (c4), 51.1 (51.5) (c5), 
84.1 (83.9) (Ce), 53.2 (54.8) (c,), 48.4 (c&, 36.6 (35.0) ( c g ) ,  11.2 
(11.4) (Clo), 21.8 (Cll*)," 21.4 (21.3) (Clz*), 169.9 (C13), 127.2 
(126.9), 128.3,129.8,137.3 (ar). Exact mass calcd for ClsHZ3NO2 
285.1728, found 285.1719. 

N-Benzyl-1 l-hydroxy-l,8,8-trimethyl-3-azabrendane (7). 
A solution of 2 (100 mg, 0.35 mmol) in 6 mL of dry THF and 
LiAlH4 (200 mg, 5.3 "01) was heated under reflux for 18 h. After 
cooling, sequential addition of water (0.2 mL), 10% aqueous 
NaOH (0.6 mL), and water (0.2 mL), and filtration (THF wash), 
the filtrate was dried (MgS04) and concentrated in vacuo, af- 
fording 90 mg of crude 7 as a yellow oil. Purification by bulb- 
to-bulb distillation in a Kugelrohr apparatus at 220 OC (0.1 mm) 
gave 80 mg (84%) of 7: IR (cm-') 3620 and 1030; 'H NMR (CC14) 
0.94 (8, 3 H, CH3), 0.96 (8,  3 H, CHJ, 1.04-2.26 (m, 7 H), 2.40 (d, 

3.54 (d, 1 H, Hi,), 3.70 (d, 1 H, HIJ, 3.81 (d, 1 H, H1J, 7.21 (m, 
5 H, ar); 13C NMR 57.0 (C1**),13 69.5 (C2), 59.8 (C4*), 43.5 (C5#),13 

16.0 (Clz), 58.4 (C13*), 126.6, 128.2,128.3, 141.0 (ar). Anal. Calcd 
for ClsH25NO: C, 79.72; H, 9.29; N, 5.17. Found: C, 79.58; H, 
9.37; N, 4.87. Reduction of 4 (70 mg, 0.24 mmol) with lithium 
aluminum hydride in THF by the procedure described above 
afforded 50 mg (75%) of 7 after Kugelrohr distillation. The 
spectral characteristics of the product are identical with those 
reported for the hydroxy amino compound from 2. 

N-Benzyl- 12-hydroxy- 1,8,8-trimet hyl-3-azabrendane (8). 
This product was obtained by LAH-THF reduction of 70 mg of 
6 using the procedure described for 7, which afforded 50 mg (75%) 
of an oily product 8: IR (cm-') 3620 and 1000; 'H NMR (CC14) 
0.94 (s, 3 H, CH3), 0.95 (s, 3 H, CH3), 1.04-2.18 (m, 7 H), 2.41 (d, 

5 H, ar); 13C NMR 57.0 (C1*), 68.6 (Cz), 58.5 (C4), 44.3 (C5#), 32.5 

(Clz), 58.5 (C13), 126.5, 128.1, 128.2, 141.0 (ar). Anal. Calcd for 

1 H, H4), 2.99 (d, 1 H, H2), 3.16 (dd, 1 H, H4), 3.30 (d, 1 H, Hi,), 

32.6 (Ce), 39.6 (c7#), 53.4 (c,**), 38.9 (cg) ,  13.2 (Clo), 67.0 (c11), 

1 H, H4), 2.97 (d, 1 H, Hz), 3.09 (dd, 1 H, H4), 3.27 (d, 1 H, H13), 
3.43 (d, 1 H, H13), 3.72 (d, 1 H, Hlz), 3.83 (d, 1 H, Hlz), 7.21 (m, 

(Ce), 39.6 (C7#), 54.0 (Cs*), 39.3 (Cg), 13.2 (Cia), 15.4 (Cll), 67.7 

(11) Because of the existence of two rotamers of the amide moiety, the 
signals of several 'H groups are doubled. We indicate here the chemical 
shifts related to the more abundant rotamer. 

(12) Owing to the existence of two rotamers of the amide moiety, 
several carbon atoms do lead to two NMR signals. We indicate here the 
chemical shift of the major rotamers; the one corresponding to the same 
carbon atom in the minor isomer is indicated in parentheses. 

(13) The assignments of the carbon atoms marked by the same signs 
are interchangeable. 
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C18H2SNO: C, 79.72; H, 9.29; N, 5.17. Found: C, 78.83; H, 9.26; 
N, 5.27. 

X-ray Analysis of N-Benzyl-1 l-hydroxy-1,8,8-trimethyl- 
3-azabrendan-4-one (2). Crystal data: ClsH23N02, M ,  285.37; 
orthorhombic; a = 18.738 (8) A, b = 11.561 (5) A, and c = 7.090 
(4) A; space group m12,2'; Z = 4, &&d = 1.234 g cm4; x = 1.5418 
A. 

A crystal of dimensions 0.5 X 0.16 X 0.16 mm was mounted 
on a four-circle diffractometer, Philips Pw1100, using gra- 
phite-monochromated Cu Ka radiation. From a total of 1670 
measured independent reflections, 1317 with I > 3u(q were 
considered observed. Lorentz and polarization corrections were 
applied. The structure was solved by direct methods using a local 
programI4 and refined by a large blocks least-squares method.15 
The refinement converged at R and R, values of 0.049 and 0.047 
respectively: 

R = CllFol - I ~ c l l / C I ~ o I  

w = 1/u2(Fo) + 0.010657F2 

All hydrogen atoms were found on difference Fourier syntheses, 
and their atomic coordinates and isotropic thermal parameters 
were refined. Maximum residuals were 0.10 e A-3. 

Atomic coordinates of non-hydrogen atoms and hydrogen atoms 
(Tables 1 and 2), anisotropic thermal parameters (Table 3), bond 
lengths (Table 4), and angles (Table 5) are available as supple- 
mentary material. Structure factors are available from the 
crystallographer authors. 
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Electrophilic substitution of aromatic hydrocarbons by 
bromine is a well-known organic reacti0n.l Recently, the 
reagents such as NBS in DMF,2 bromine and thallium(II1) 
a ~ e t a t e , ~  and CuBr2,4 have been successfully used for the 
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