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di-tert-butylpyridine for 1 h at  -5 "C, followed by 
quenching with methanol, then ether, and dilute HC1, gave 
after flash chromatography two major components rep- 
resenting a 45% yield of the C-4 axial isomer 14 and 22% 
of the equatorial epimer 15.  The structures and relative 
configurations of these racemic materials were established 
unequivocally by X-ray analysis of the purified crystals, 
mp 142-144 "C (compound 14) and 145-146 "C (compound 
15) .  Several byproducts, e.g., the TMS ethers of 14 and 
15, were isolated from the reaction mixture, raising the 
total yield of all-trans ring-fused products to 76%. 

15 
H O W  

14 R = 

l6 = l7  
hle Me 

18 R = H  19 

The 6:5 mixed catalyst used above for the cyclization 
of acetal 13 was too mild for the less reactive chiral acetal 
12, which, after several exploratory experiments using 
racemic material, was cyclized as follows. To a solution 
of acetal 12 (39 mg, 0.076 mmol), 2,6-di-tert-butylpyridine 
(0.038 mmol), and tetracosane (1.3 mg as a GC internal 
standard) in pentane (6.6 mL) a t  -45 "C was added a 
freshly prepared (see above) solution of TiC14 (0.23 mmol) 
and Ti(OiPr), (0.076 mmol) over a 15-min period via a 
motorized syringe. After an additional 20 min a t  -45 "C, 
methanol (300 pL) and triethylamine (50 pL) were added, 

and the mixture was worked up with ether and dilute HC1. 
The ratio of axial to equatorial product was estimated to 
be 9:l by GC. Filtration through a short column of silica 
gel gave 34.5 mg of crude axial isomer 16 (purity 70% by 
GC). The chiral auxiliary was removed from this crude 
product via the established procedure" involving oxidation 
to the ketone followed by 0-elimination. Thus, after pu- 
rification by flash chromatography, a 61% yield (overall 
from acetal 12) of axial 18 and 2.4% of equatorial product 
19 were obtained. Further purification by reverse-phase 
HPLC (10% ether in CH3CN) gave pure 18 (42% yield), 
[ c Y ] ~ ~ D  -13.6" (c  = 0.0062 g/mL, CC14). The optical purity 
of this material was determined, as in the model series? 
by GC analysis (base-line separation) of the Mosher esters 
to be 90% ee. The relative configuration of this product 
follows from the unequivocally established constitution of 
product 14 (X-ray analysis, see above). That the absolute 
configuration is that of the natural steroids (formula 18) 
is assured by the established stereochemical course of the 
cyclization of 34 as well as of many related reactions of 
chiral  acetal^.^ It also follows from prior art9 that the 
minor equatorial isomer has the antipodal steroid config- 
uration e n a n t i o - 1 9 .  
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Summary: Alkyl halides and tosylates are reduced with 
CrC12 in the presence of a catalytic amount of vitamin B12 
or cobalt phthalocyanine to give alkylchromium reagents, 
which add to aldehydes without affecting the coexisting 

Sir: Notwithstanding the widespread utility of traditional A B slow C fast 

organometallic reagents such as RLi and RMgX, certain 

Scheme I 
Substitution Reduction 

CrX',, Crn CrmX 

[ R. ] "c [ R-Cr' ] ketone or ester groups. R-X' - R-X 

limitations in their use have yet to be satisfactorily ad- 
dressed. As a consequence of their high basicity and nu- 

a solution to the difficulty. O r g ~ o t i ~ i u m ,  -copper, and 
-lead reagents are usually Prepared through trans- 

cleophilicity, these compounds tolerate only a small num- 
ber of functional groups, it difficult to discriminate 

lyfunctional substrate molecule, Organotitanium,' -chro- 
mium,2 -copper,4 and -lead5 reagents have provided 

metalation from RLi or RMgX. Compared to the trans- 
metalation methods, however, direct preparation through 

Some advantages. For instance, reagents with functional 
groups subject to nucleophilic attack such as ketones, es- 
ters. and nitriles could be DreDared without the need for 

effectively between the different acceptor sites on a PO- the reduction of organic halides with low-valent metals has 

prior protection of these g;oups. Thus we undertook the 
preparation Of various alkylchromium through (1) For reviews, see: (a) Reetz, M. T. Top. Curr. Chem. 1982,106, 1. 

(b) Weidmann, B.; Seebach, D. Angeur. Chem., Int. Ed. Engl. 1983,22, 
31. (c) Reetz, M. T., Organotitanium Reagents in Organic Synthesis; 
Springer-Verlag: Berlin, 1986. 

(2) For a review, see: Takai, K.; Utimoto, K. J. Synth. Org. Chem., 
Jpn .  1988, 46, 66. 

(3) Tamaru, Y.; Ochiai, H.; Nakamura, T.; Tsubaki, K.; Yoshida, Z. 
Tetrahedron Lett. 1985, 26, 5559. 

(4) (a) Yeh, M. C. P.; Knochel, P.; Santa, L. E. Tetrahedron Lett. 1988, 
29, 3887. (b) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Talbert, J. J. Org. 
Chem. 1988,53, 2390. 

(5) Yamamoto, Y.; Yamada, J. J. Am. Chem. SOC. 1987, 109, 4395. 
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Table I. Grignard-Type Addition between 1-Haloalkanes 
and Benzaldehydea 

CrClz, CO catalyst n-Ci2H25, /Ph 

DMF, 30°C OH 
n-Cl2H25-X + PhCHO FH 

VBlZ CoPc 
X time/h t imelh 

I 5 89 3 91 
Br 5 95 10 75 
c1  16 45 16 < l e  

24 72d 
[OTsl 24 74d 24 < 1 0  

" A  mixture of benzaldehyde (1.0 mmol) and 1-haloalkane (2.0 
mmol) was treated at 30 OC with CrClz (4.0 mmol) in the presence 
of vitamin B12 (0.04 mmol) or cobalt phthalocyanine (0.2 mmol) in 
DMF. Isolated yields. Recovery of unreacted 1-chlorododecane: 
83%. dThe amount of vitamin B12 was increased to 0.2 mmol. 
eUnreacted dodecyl tosylate was recovered in 16% yield, and the 
rest was transformed into 1-chlorododecane in 83% yield. Benz- 
aldehyde was recovered in 79% yield. 

the reduction of alkyl halides with chromium(I1) salts. 
Chromium(I1) salts readily reduce the more reactive 

halides: such as allylic7 and alkynyl compounds.8 It  is 
more difficult, however, to reduce simple alkyl halides to 
afford alkylchromium reagentsg in aprotic solvents.lOJ1 
Treatment of a mixture of 1-iodododecane and benz- 
aldehyde with CrClz in DMF (dimethylformamide) a t  30 
OC for 16 h afforded only 7% of the desired adduct, 1- 
phenyl-1-tridecanol, and most of the halide was recovered 
as 1-chlorododecane (88%) in our hands.12 This result 
suggests that the rate of substitution by chloride ion (step 
A in Scheme I) is faster than that of reduction with 
chromium(I1) ion (step B).13 I t  is known that reduction 
of alkyl radicals by Cr(II), leading to alkyl-Cr(II1) species 
(step C), is a rapid process.14 Thus we tried to facilitate 
the formation of alkyl radicals from alkyl halides (step B) 
by adding various transition-metal catalysts. 

Among those examined, vitamin B12 (VBlZ)l5 and cobalt 
phthalocyanine (CoPc)16 in particular were found to be 
effective for the Grignard-type reaction (Table I). The 
reactivity of the haloalkanes decreased in the order I > Br 

(6) Castro, C. E.; Kray, W. C. J. Am. Chem. SOC. 1963,85,2768; 1964, 
64, 4603. 

(7) (a) Okude, Y.; Hirano, S.; Hiyama, T.; Nozaki, H. J. Am. Chem. 
SOC. 1977,99,3179. (b) Buse, C. T.; Heathcock, C. H. Tetrahedron Lett. 
1978, 1685. (c) Hiyama, T.; Kimura, K.; Nozaki, H. Tetrahedron Lett. 
1981,22, 1037. 

(8) Takai, K.; Kuroda, T.; Nakatsukasa, S.; Oshima, K.; Nozaki, H. 
Tetrahedron Lett. 1985, 26, 5585. 

(9) Most of the reported procedures for the preparation of alkyl- 
chromium compounds involve transmetalation from RLi, RMgX, or 
RZAlX. (a) Sneeden, R. P. A.; Zeiss, H. H. J. Organornet. Chem. 1968, 
13,369. (b) Nishimura, K.; Kuribayashi, H.; Yamamoto, A.; Ikeda, S. J. 
Organornet. Chem. 1972,37,317. (c) Kauffmann, T.; Hamsen, A.; Beirich, 
C. Angew. Chem., Int. Ed. Engl. 1982, 21, 144. The alkylchromium 
reagents prepared by Kauffmann's method show aldehyde selectivity; 
however, recovery of the starting ketones from the reaction mixtures is 
not high (40-71%). 

(10) Kochi. J. K.: Mocadlo, P. E. J. Am. Chem. SOC. 1966.88. 4094. 
(11) Alkylchromium reagents with a-thio groups can be' prepared 

without transition-metal catalysts. Nakatsukasa, S.; Takai, K.; Utimoto, 
K. J. Org. Chem. 1986,51, 5045. 

(12) Treatment of 1-chlorododecane under the same reaction condi- 
tions resulted in 97% recovery of the unchanged chloride. 

(13) Similar halogen exchange is observed in the reaction between 
bromoform and aldehydes with CrClz in THF. See: Takai, K.; Nitta, K.; 
Utimoto, K. J. Am. Chem. SOC. 1986, 108, 7408. 

(14) (a) Kochi, J. K.; Davis, D. D. J. Am. Chem. SOC. 1964,86, 5264. 
(b) Sneeden, R. P. A.; Throndsen J. Organomet. Chem. 1966, 6, 542. 

(15) Scheffold, R. Chimia 1985, 39, 203, and references therein. 
(16) (a) Eckrt, H.; Ugi, I. Angew. Chem., Int. Ed. Engl. 1975,14,825. 

(b) Eckrt, H.; Lagerlund, I.; Ugi, I. Tetrahedron 1977, 33, 2243. 

Table 11. Grignard-Type Addition between 1-Iodoalkanes 
and Aldehydesa 

R: /@ 
CrCL2, cat. CoPc 

R'-I + R2CH0 ' FH 
DMF, 30°C OH 

run R' R2 time/h vield/%b 
1 ?%-C12Hz6- P h  2.5 91 
2 n-CaH17- 6 89 
3 c-CeH11- 10 75 

6 MeCO(CH2)6- P h  5 89 
7 n-CaH17- 10 73 
8 EtOOC(CHz),- P h  5 91 
9 n-CsHl1- 11 80 

4 PhCH=CH- 3.5 50 
5 MeCO(CH,),- 10 86 

10 [E~OOC(CH~)~OTS]  P h  24c 85 
11 n-CsH17- 24csd 74 
12 Cl(CH2)12- P h  3.5 85 
13 i-Bu 10 64O 
14 n-C8Hl1- 15 3ae 

"The aldehyde (1.0 mmol) was treated a t  30 "C with a reagent 
prepared from 1-iodoalkane (2.0 mmol), CrClZ (4.0 mmol), and a 
catalytic amount of CoPc (0.2 mmol) in DMF." bIsolated yields. 
'Ethyl 6-(tosyloxy)hexanoate (2.0 mmol) and a catalytic amount of 
vitamin BIZ (0.1 mmol) were employed instead of the correspond- 
ing iodide (2.0 mmol) and CoPc (0.2 mmol), respectively. 

Nonanal(l.0 mmol) was treated at 30 "C with a reagent prepared 
from the tosylate (4.0 mmol), CrClz (8.0 mmol), and vitamin Blz 
(0.2 mmol). OThe amount of reactant aldehyde was reduced to 
0.67 mmol. fCyclododecene (54%) and cyclododecane (21%) were 
produced as major products. 

15 C-C1zHz3- P h  20 2f 

Scheme I1 

Crn 
I 

R-X 7 [ R-Com] [ R.] [ R-Crm] 

OH 

Co : Vitamin B12 (VB,,) or Cobalt(1)phthalocyanine (COR) 

> C1 - OTs.lGb There are notable differences between the 
two catalysts: Iodo, bromo, chloro, and tosyloxy com- 
pounds were reduced to give the alkylchromium reagents 
with CrClz under vitamin BIZ catalysis, while the latter two 
compounds remained in the presence of CoPc.17 

The results are summarized in Table 11. In the case of 
a,@-unsaturated aldehyde, the 1,Zadduct was the principle 
product, as with other organochromium reagents (run 4).2 
Reduction of alkyl halides to the corresponding chromium 
reagents under mild condition enables the Grignard-type 
reaction to take place without prior protection of ketone 
and ester groups (runs 5-11). The cobalt-catalyzed reac- 
tion exhibited the following limitations: (i) Reaction be- 
tween iodocyclododecane and benzaldehyde resulted in the 

(17) A solution of an iodoalkane (2.0 mmol) and an aldehyde (1.0 
mmol) in DMF (2 mL) is added at  30 "C to a stirring dark blue suspen- 
sion of CrC12 (0.49 g, 4.0 mmol) and CoPc (0.11 g, 0.20 mmol) in DMF 
(10 mL). After having stirred at  30 OC for an appropriate length of time 
(Table II), the mixture is filtered through Hyfro-Super Cel, and the 
residue is washed with ether (10 mL). The filtrate is poured into brine 
(20 mL) and extracted with ether (2 X 15 mL). The combined extracts 
are dried (Na2S04) and concentrated. The crude product is purified by 
short-column chromatography on silica gel. In the case of chloroalkane 
and alkyl tosylate, vitamin BIZ (54 mg, 0.04 mmol) is employed instead 
of the CoPc. 
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formation of cyclododecene (E l  Z mixture) and cyclo- 
dodecane, while the aldehyde remained unchanged (run 
15). (ii) Reaction with isobutyl iodide proceeded more 
slowly than that with n-alkyl iodide, and the yields were 
rather low when compared to those with n-alkyl iodides. 
These drawbacks stem mainly from the steric hindrance 
of the alkylchromium and from the thermal stabilities of 
the chromium-carbon a-bond, which decrease in the se- 
quence normal > secondary > tertiary'* and Me > Et > 
n-Pr > ~ - B u . ~ ~  

A possible mechanism for the formation of alkyl- 
chromium reagents under cobalt catalysis follows (Scheme 
11): (i) reduction of Co(II1) or Co(I1) into Co(1) by Cr(I1); 
(ii) oxidative addition of an alkyl halide to Co(1); (iii) 
homolytic cleavage of the C-Co(II1) bond to yield an alkyl 
radical and Co(I1) (vide infra);% (iv) reductive trapping of 
the alkyl radical by Cr(I1) to generate the alkylchromium 
species, which then couples with an aldehyde; (v) regen- 
eration and recycling of Co(1) from Co(I1) by Cr(I1). 

When 6-iodo-1-hexene was permitted to react with al- 
dehydes, the major products were cyclized adducts (eq 
1).21s22 This result suggests the possibility of termination 
of the radical cyclization by intermolecular trapping with 
a species such as an alkyl anion.23 

(18) (a) Sneeden, R. P. A.; Zeiss, H. H. J. Organomet. Chem. 1969,16, 

(19) Reference deleted in proof. 
(20) Direct transmetalation from cobalt to chromium is reported. 

Eapenson, J. H.; Shveima, J. S. J.  Am. Chem. SOC. 1973, 95, 4468. Es- 
penson, J. H.; Sellers, T. D., Jr. Ibid. 1974, 96, 94. 

(21) For radical formation and cyclization in aqueous media with Cr- 
(II), see: Crandall, J. K.; Michaely, W. J. J. Org. Chem. 1984, 49, 4244. 

(22) Kagan, H. B.; Namy, J. L.; Girard, P. Tetrahedron 1981, 37 
(Suppl.) 175. 

(23) (a) Stork, G. Current Trends in Organic Synthesis; Nozaki, H., 
Ed.; Pergamon Press: Oxford, 1983; p 359. (b) Curran, D. P. Synthesis 
1988, 417, 489. 

449. (b) Baird, M. C. J. Organomet. Chern. 1974, 64, 289. 

CrCIa cat.CoR RCHO 

DMF 30T, 1 h 10 h 

R = Ph 71'10 
n-CeH17- 60% 

The chemoselective preparation of organochromium 
reagents was achieved by changing either the catalyst or 
the solvent (eq 2 and 3). Alkenyl and alkyl halides re- 

PhCHO 
n-CI2H25-CI 

n-CgH1gKBr 

recov. 97% 
( 2 )  OH 

h e r  + 

25T, 3 h 83% recov. 97% 

PhCHO 
CrCI2, at VBlz 

n - C Q H 2 5 y P h  + n -~g~lgK~r  
recov. 100% 

OH 
68% 

n-Cl2H25-CI /=' 
+ PhCHO (3) 

DMF, 25T, 3h OH 
recov. 96% 82% 

mained unchanged under the conditions of the preparation 
of allylchromium reagents; on the other hand, alkenyl- and 
alkylchromium reagents were produced selectively under 
nickelz4 and cobalt catalysis, respectively. 
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Summary: The palladium-catalyzed coupling reaction of 
halogenated nucleoside derivatives with the aryltin com- 
pound having a boronic moiety proceeded chemoseledively 
a t  the C-Sn bond rather than the C-B bond to give bo- 
ron-containing nucleoside derivatives for neutron-capture 
therapy in good yields. 

Sir: The theoretical attractiveness of neutron capture 
therapy (NCT) versus other radio- and chemotherapic 
approaches for the treatment of cancer is as appealing now 
as when first proposed by Locher.' The interaction of 
boron-10 and thermal neutron, each relatively innocuous, 
produces intense, ionizing radiation that is confined to 
single or adjacent cancer cells as shown in eq 1. 

loB + ln - 7Li + 4He + 2.4 MeV (1) 
Since a practical method for production of highly pu- 

rified thermal neutron has been achieved recently,2 much 

(1) Locher, G. L. Am. J .  Roentgenol. 1936, 36, 1. 

attention has been paid to the design and synthesis of 
boron-10 ('OB) carriers that deliver adequate concentration 
of 'OB atoms to  tumor^.^ To significantly increase phys- 
iological selectivity for tumors, several third-generation 
compounds such as 'OB-containing acetylcholine,4 nucleo- 
sides,5S6 and amino acids7* have been synthesized in recent 
years. However, new systematic synthetic methods are still 

(2) (a) Kobayashi, T.; Kanda, K. Radiat. Res. 1982, 91, 77. (b) Ko- 
bayashi, T.; Kanda, K. Nucl. Instrum. Methods 1983,204,525. 

(3) (a) Yamamoto, Y. Kagaku 1986,41,774. (b) Soloway, A. H. B o g .  
Boron Chem. 1964, I ,  203. 

(4) Spielvogel, B. F.; Ahmed, F. U.; Mcphail, A. T. J. Am. Chem. SOC. 
1986, 108, 3824. 

(5) Laio, T. K.; Podrebarac, E. G.; Cheng, C. C. J. Am. Chem. SOC. 
1964,86, 1869. 
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1981, 103, 5241. 
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