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The title compound, C22H30N2O, was prepared from (ÿ)-17-

oxosparteine. The lactam N atom is essentially planar, lying

0.0150 (12) AÊ out of the plane of its three bonded C atoms,

and the C O distance is 1.2315 (13) AÊ . The conformation of

the sparteine ring system is nearly identical to that of 17-

oxosparteine.

Comment

The natural product diamine (ÿ)-sparteine has surfaced as

one of the most robust external chiral ligands for asymmetric

transformations, due to its metal coordination (Li, Zn, Cu,

Mg) effectiveness and commercial availability (Beak et al.,

1996; Gallagher et al., 1995). It has been used extensively,

particularly in the asymmetric deprotonation±stereoselective

substitution reaction, generating enantioenriched products

from achiral substrates (Resek & Beak, 1994). The develop-

ment of diamine surrogates that are complementary or

superior to (ÿ)-sparteine is of current interest (Dearden et al.,

2002). We have developed a one-pot synthesis of 6-alkyl-

substituted sparteine derivatives from 17-oxosparteine,

utilizing a conventional Polonovski reaction (m-chloroper-

benzoic acid/tri¯uoroacetic anhydride), followed by subse-

quent Grignard addition to the resulting iminium ion (see

reaction scheme below). This is in contrast to alternate

synthetic protocols which utilize mercuric acetate as the

oxidizing agent (Majchrzak-Kuczynska et al., 1995). In order

to unequivocally con®rm the regiochemistry and stereo-

chemistry of the addition product, an X-ray crystal structure

determination was conducted on the product obtained from

reaction with benzyl magnesium bromide, namely (+)-6-

benzyl-17-oxosparteine, (I). Crystallographic data are avail-

able for sparteine analogs related to (I), which include 17-

oxosparteine (Katrusiak et al., 1980), 17-oxosparteine N(1)-

oxide hydrochloride (Katrusiak et al., 1987), and (+)-6-

benzylsparteine (Kageyama et al., 1984).
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The structure determination of (I) con®rms that the benzyl

substituent is at C6, and that it has been added with retention

of con®guration at that asymmetric center. The two N atoms

differ in their degrees of planarity; N2 is pyramidal, with CÐ

NÐC angles in the range 111.79 (8)±114.67 (9)�, while lactam

atom N1 is essentially planar, lying 0.0150 (12) AÊ out of the

plane de®ned by the three C atoms bonded to it. Also, the

C17 O1 is somewhat elongated versus normal double bonds.

These features were also observed in 17-oxosparteine

(Katrusiak et al., 1980), which has a C O bond length of

1.232 (5) AÊ . The conformation of the ring system in (I) also

agrees well with that of 17-oxosparteine, with the two sets of

24 endocyclic torsion angles exhibiting an r.m.s. difference of

only 2.9�. The largest differences do not involve the benzyl-

substituted atom, but rather occur in the C ring (that

containing C17), with an r.m.s. difference of 5.3� and a largest

individual difference of 8.7 (5)� for C8ÐC9ÐC11ÐN1. The

conformational difference is smallest for the D ring (N1 and

C11±C15), where the r.m.s. difference is only 1.0�.

Experimental

A solution of m-chloroperbenzoic acid (70%, 6.46 g, 37.4 mmol) in

20 ml of anhydrous CH2Cl2 was added at 273 K, to a stirred solution

of 17-oxosparteine (5.8 g, 23.4 mmol; prepared according to the

method of Golebiewski & Spenser, 1985) in 20 ml of anhydrous

CH2Cl2. The reaction mixture was allowed to warm to room

temperature and stirred for 6 h. The solution was dried over an-

hydrous MgSO4 (essential to ensure that 17-oxosparteine N2-oxide is

completely free from water content, before it is subjected to the next

reaction step with tri¯uoroacetic anhydride), ®ltered, and evaporated

to dryness under reduced pressure. Tri¯uoroacetic anhydride (12.3 g,

8.2 ml, 58.5 mmol) was added dropwise over a period of 20 min to a

stirred solution of 17-oxosparteine N2-oxide (12.6 g crude; empiri-

cally corresponds to 17-oxosparteine, 5.8 g, 23.4 mmol) in 40 ml of

anhydrous CH2Cl2 at 253 K, in the presence of a few activated

molecular sieves under a blanket of argon. The reaction mixture was

allowed to warm to room temperature and was stirred for an addi-

tional 4 h. The excess solvent and tri¯uoroacetic anhydride were

removed in vacuo at 273 K [an NaOH solution (10%) was placed in

the evaporator receiver to quench excess anhydride]. The white

sticky residue was reconstituted in diethyl ether, dried over an-

hydrous MgSO4, ®ltered, and evaporated to dryness under reduced

pressure. The resulting sticky white solid (22 g) was found, by LC±MS

analysis, to correspond exclusively to a dehydro product. To a freshly

prepared 1.0 M solution of benzylmagnesium bromide in anhydrous

diethyl ether (200 ml, 39.2 g, 200 mmol) at 253 K was added a solu-

tion of the iminium salt (16.47 g, 67 mmol) dissolved in 20 ml of

anhydrous ether dropwise over a period of 20 min. The reaction was

re¯uxed for 14 h, cooled to 263 K, and quenched with NaOH solution

(15% w/v; 150 ml). The resulting solution was extracted with diethyl

ether (3� 250 ml), washed with water, dried over anhydrous MgSO4,

®ltered, and concentrated under reduced pressure. The resulting pale

yellow oil was reconstituted in anhydrous ether and an anhydrous

ethereal solution of HCl was added, producing the crude hydro-

chloride salt. Recrystallization from methanol/acetone yielded (+)-6-

benzyl-17-oxosparteine monohydrochloride (4.8 g, 73% yield): m.p.

552.3 K. Exact mass calculated for C22H31N2O (MH+) 339.2436,

found: 339.2437; CHN analysis calcd for C22H31ClN2O: C 70.47, H

8.33, N 7.47%; found: C 69.62, H 8.11, N 6.96%. The hydrochloride

salt was treated with 10% NaOH solution to generate the free base,

which was extracted with ether, washed with water, dried over an-

hydrous MgSO4, and the solvent was evaporated under reduced

pressure to yield a white solid that was recrystallized from ether,

yielding translucent crystals of (+)-6-benzyl-17-oxosparteine, (I)

(4.25 g, 72% yield); m.p. 464.1 K; RF = 0.79 (50% ethyl acetate±

hexane); [�]D
25 = +34� (c = 0.1, CHCl3). CHN analysis calcd for

C22H30N2O: C 78.06, H 8.93, N 8.28%; found: C 77.79, H 8.57, N

8.20%.

Crystal data

C22H30N2O
Mr = 338.48
Orthorhombic, P212121

a = 10.236 (2) AÊ

b = 10.947 (2) AÊ

c = 16.278 (2) AÊ

V = 1824.0 (5) AÊ 3

Z = 4
Dx = 1.233 Mg mÿ3

Mo K� radiation
Cell parameters from 3909

re¯ections
� = 2.5±34.3�

� = 0.08 mmÿ1

T = 100 K
Prism, colorless
0.40 � 0.40 � 0.37 mm

Data collection

Nonius KappaCCD diffractometer
with an Oxford Cryosystems
Cryostream cooler

! scans with � offsets
22 786 measured re¯ections
4004 independent re¯ections

3769 re¯ections with I > 2�(I)
Rint = 0.017
�max = 33.7�

h = ÿ15! 15
k = ÿ17! 17
l = ÿ24! 24

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.034
wR(F 2) = 0.089
S = 1.05
4004 re¯ections
227 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0457P)2

+ 0.2882P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.29 e AÊ ÿ3

��min = ÿ0.20 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.019 (2)
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Figure 1
The atom-numbering scheme for (I), with displacement ellipsoids drawn
at the 50% probability level.
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Table 1
Selected geometric parameters (AÊ , �).

O1ÐC17 1.2315 (13)
N1ÐC17 1.3599 (14)
N1ÐC15 1.4615 (14)
N1ÐC11 1.4700 (14)

N2ÐC10 1.4557 (14)
N2ÐC2 1.4655 (14)
N2ÐC6 1.4839 (13)

C17ÐN1ÐC15 118.69 (9)
C17ÐN1ÐC11 126.74 (9)
C15ÐN1ÐC11 114.54 (9)

C10ÐN2ÐC2 111.79 (8)
C10ÐN2ÐC6 114.29 (8)
C2ÐN2ÐC6 114.67 (9)

N2ÐC6ÐC18ÐC19 178.82 (9) C6ÐC18ÐC19ÐC20 ÿ89.33 (12)

The absolute con®guration could not be determined from the

X-ray data, but was assigned from the known con®guration of (ÿ)-

sparteine (Okuda et al., 1961), which has been recently con®rmed by

the absolute con®guration determination of two polymorphs of its

dibromozinc(II) complex (Lee et al., 2002; AlcaÂntara-Flores et al.,

2003). Friedel pairs were averaged. H atoms were placed in idealized

positions, with CÐH bond distances in the range 0.95±1.00 AÊ , and

thereafter treated as riding, with displacement parameters assigned as

Uiso = 1.2Ueq(C).

Data collection: COLLECT (Nonius, 2000); cell re®nement: HKL

SCALEPACK (Otwinowski & Minor, 1997); data reduction: HKL

DENZO (Otwinowski & Minor, 1997) and SCALEPACK;

program(s) used to solve structure: SIR97 (Altomare et al., 1999);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); soft-

ware used to prepare material for publication: SHELXL97.

The purchase of the diffractometer was made possible by

Grant No. LEQSF(1999-2000)-ESH-TR-13, administered by

the Louisiana Board of Regents.
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