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formation of cyclododecene (E/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 ¢-bond, which decrease in the se-
quence normal > secondary > tertiary!® and Me > Et >
n-Pr > i-Bu.?®®

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

When 6-iodo-1-hexene was permitted to react with al-
dehydes, the major products were cyclized adducts (eq
1).2422 This result suggests the possibility of termination
of the radical cyclization by intermolecular trapping with
a species such as an alkyl anion.?

(18) (a) Sneeden, R. P. A.; Zeiss, H. H. J. Organomet. Chem. 1969, 16,
449, (b) Baird, M. C. J. Organomet. Chem. 1974, 64, 289.

(19) Reference deleted in proof.

(20) Direct transmetalation from cobalt to chromium is reported.
Espenson, 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.
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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=CigHas=Cl Crch pp "Crfls=Cl .
MBr N W . recov. 97%
CH THF OH CoH Br @
. n=CqHy
nafte” Br 25°C, 3h 83% ? recov. 97%
PhCHO
CFCIZA cat. VByp
-Ci2H
n=Cp2 stph N n-CgH,g)J\Br
n-CiaHps-Cl DMF, 30°C, 2%h OH
+ 68% recov. 100%
PhCHO (3)
wCaths )LBF \ CrCh, at NiCl oh
n=CyzHp5-Cl +  n-CgHygy’
DMF, 25°C, 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
nickel®* 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 chemoselectively
at 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.

0B + In — "Lj + “He + 2.4 MeV (1)

Since a practical method for production of highly pu-
rified thermal neutron has been achieved recently,? much

(1) Locher, G. L. Am. J. Roentgenol. 1936, 36, 1.
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attention has been paid to the design and synthesis of
boron-10 (1°B) carriers that deliver adequate concentration
of 1B atoms to tumors.? To significantly increase phys-
iological selectivity for tumors, several third-generation
compounds such as “B-containing acetylcholine,* nucleo-
sides,3¢ and amino acids’® 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. Prog.
Boron Chem. 1964, 1, 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.

(6) Schinazi, R. F.; Prusoff, W. H. J. Org. Chem. 1985, 50, 841.

(7) Kinder, D. H.; Ames, M. M. J. Org. Chem. 1987, 52, 2452.

(8) Matteson, D. S.; Sadhu, K. M.; Leinhard, G. E. J. Am. Chem. Soc.
1981, 103, 5241.

(9) Spielvogel, B. F.; Wojnowich, L.; Das, M. K.; McPhail, A. T,;
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Scheme I

R0 OR?

1:Z=Br, R' = R%=SiMe, Bu

2:2=Br, R'= CHOCH,, R®= acetonide
3:Z=Br R'=R?=H

4:Z=H, R'=R®= SiMe,Bu

5:z=H, R'=R?=H

Table I. Reaction of 6 with 1-3 in the Presence of Pd

Catalysts
yield of
entry halide aryltin catalyst solvent 7, %
1 1 6a Pd(PPhy), toluene 0
2 1 6b  Pd(PPhy), toluene 79°
3 1 6b  PdCl,(PBug), toluene gbe
4 1 6b  PdCl,COD toluene 0°
5 1 6b  Pd(PPh;), tetrahydro- 0°
furan

1 6b  Pd(PPhy), N,N-dimethyl- 0°

formamide
7 2 6b  Pd(PPhy), toluene 20°
8 3 6b  Pd(P.Phs); ethanol 0°

¢The dehalogenation product 5 was obtained in 30% yield.
®The dehalogenation product 4 was obtained as a byproduct; 10%
yield in entry 2 and 20% vyield in entry 3. ¢Stoichiometric
amounts of the starting material were recovered.

required for further development of this therapy to elu-
cidate the relation between activity to 1B NCT and mo-
lecular structure. Nevertheless, recent interest in orga-
noboron chemistry has been directed primarily to use
boron compounds as a synthetic tool.1?

For the present purpose, the carbon-boron bond has to
be kept stable in the final target molecule. One of the most
often used procedures for preparation of 1°B carriers is the
direct reaction of the carbanions (Y Lit*) with trialkyl
borates® (eq 2). However, the desired coupling does not

Y-Li* + B(OR); — Y~-B(OR), (2

take place in certain cases, since the nucleophilicity of
certain carbanions is not strong enough!! or the carbon—
boron bond of the product is not stable enough to be iso-
lated.!?

In this communication, we report a new general syn-
thetic method for 1°B-containing nucleoside derivatives by
using palladium-catalyzed coupling reaction of halogenated
nucleosides with aryltin compounds having a boronic
moiety (eq 3).

R-X + R’;Sn-Ar-B(OR”), —=%» R-Ar-B(OR"), (3)

It is well-known that both carbon—-boron and carbon—tin
bonds undergo the palladium-catalyzed coupling reaction
with aryl or vinyl halides.!®* To accomplish the synthesis

(10) For example: Brown, H. C.; Kramer, G. W.; Levy, A. B.; Midland,
M. M. Organic Synthesis via Boranes; Wiley: New York, 1975.

(11) We attempted the reactions of several carbanions!® with tributyl
borate, but the desired carbon-boron bond formation did not take place
in most cases.

(12) The reaction of 6-lithio-2,4-bis(benzyloxy)-1,3-pyrimidine with
ﬁribt&tyl borate formed an organoboron compound® with a very labile C~B

ond.
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of boron-containing nucleosides, the coupling must take
place chemoselectively at the carbon-tin bond of aryltin
bearing the boronic group. We initially examined the
reaction of 6a with 1'* in the presence of catalytic amounts
of palladium tetrakis(triphenylphosphine) (Pd(PPhg),,
Scheme I). However, neither the desired 7a nor the
starting material 6a was detected even after a prolong
period of reaction (Table I, entry 1). Probably, both C-Sn
and C-B bonds of 6a would be activated with the palla-
dium reagent. After a number of trials, we found that the
desired coupling took place in a very high yield with the
2,2-dimethylpropane-1,3-diol-protected derivative 6b (en-
try 2). Pd(PPh;), catalyst was much more effective than
the other palladium catalysts (entries 3 and 4). The use
of a less polar solvent and higher reaction temperature was
essential to achieve the coupling (cf. entries 5, 6, and 8).
The influence of the protecting group of the sugar portion
upon the coupling reaction was also examined. The use
of acetonide and methoxymethyl group (entry 7) or the
reaction without protection (entry 8) gave poor results,
presumably owing to the presence of many oxygen atoms
that can be chelated to the catalyst. The sterically bulky
tert-butyldimethylsilyl group must prevent such coordi-
nation of the oxygen atoms to the catalyst.

The aryltin 6b was prepared from 4-bromophenyl-
boronic acid (8).)* The protection of boronic moiety of
8 with N-methyldiethanolamine!® led to 9 in quantitative
yield. Treatment of 9 with butyllithium in THF at -78
°C followed by addition of tributyltin chloride gave 6a in
53% yield from 8. The mixing of 6a and 2,2-dimethyl-

(13) For the Pd-catalyzed coupling reaction of halides with a C-B
bond: (a) Miyaura, N.; Ishiyama, T'; Sasaki, H.; Ishikawa, M.; Satoh, M.;
Suzuki, A. J. Am. Chem. Soc. 1989, 111, 314. (b) Ohe, T.; Ohe, K.;
Uemura, S.; Sugita, N. J. Organomet. Chem. 1988, 344, C5. For the
coupling with a C-Sn bond: (c) Stille, J. K. Angew Chem., Int. Ed. Engl.
1986, 25, 508. (d) Kosugi, M.; Ishiguro, M.; Negishi, Y.; Sano, H.; Migita,
T. Chem. Lett. 1984, 1511. (e) Kosugi, M.; Sumiya, T.; Ogata, T.; Sano,
H.;Migita, T. Ibid. 1984, 1225. (f) Nair, V.; Tuner, G. A.; Chamberlain,
8. D. J. Am. Chem. Soc. 1987, 109, 7233. (g) Nair, V.; Turner, G. A;
Buenger, G. S.; Chamberlain, S. D. J. Org. Chem. 1988, 53, 3051. (h)
Boshmann, F.; Kelly, K. J. Chem. Soc., Chem. Commun. 1989, 532. For
the Pd-catalyzed C-C coupling reaction of nucleoside derivatives: (i)
Bergstom, D. A.; Ogura, M. K. J. Am. Chem. Soc. 1978, 100, 8106.

(14) (a) Tanaka, H.; Hayakawa, H.; Miyasaka, T. Chem. Pharm. Bull.
1981, 29, 3565. (b) Hayakawa, H.; Haraguchi, K.; Tanaka, H.; Miyasaka,
T. Ibid. 1987, 35, 72.

(15) Nielsen, D. R.; McEwen, W. E. J. Am. Chem. Soc. 1957, 79, 3081.

(18) Protection of B(OH), with N-methyldiethanolamine is essential
to achieve the lithiation of the bromide 9 chemoselectively without the
nucleophilic attack of butyl anion to boron atom, since the boronic moiety
and N-methyldiethanolamine form an eight-membered ring where the
boron vacant orbital is occupied with the lone-pair electrons of the ni-
trogen atom as shown in 9. 'H NMR data of 9 and the following literature
supported the presence of boron—nitrogen interaction in the eight-mem-
bered ring: Kliegel, W.; Rettig, S. J.; Trotter, J. Can. J. Chem. 1988, 66,
1091.
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propane-1,3-diol in THF followed by concentration of the
solvent gave 6b in 96% yield (Scheme II).

The typical procedure of the coupling reaction is as
follows: A solution of the 5-bromouridine derivative 1 (0.3
mmol), the aryltin 6b (0.34 mmol), and a catalytic amount
of Pd(PPhy;), (0.015 mmol) in toluene (5 mL) was refluxed
with stirring for 1 day under argon atmosphere. The re-
sulting mixture was concentrated in vacuo, and the residue
was chromatographed on silica gel to isolate the desired
product 7b.

Next, we applied this procedure to several different
nucleoside derivatives (Scheme III). The coupling reaction
of the nucleoside derivatives, brominated or iodinated on
the sp, carbons (10a,° 11a,% and 12b%), with the aryltin
6b also proceeded smoothly under similar conditions,
giving the desired coupling products 10¢, 1l¢, and 12¢,
respectively, in high yields. The compounds 7b, 10¢, 11¢,
and 12¢ are storable in the air at room temperature for
more than several days. Deprotection of the silyl group

and 2,2-dimethylpropane-1,3-diol gave water-soluble nu-
cleosides bearing the B(OH), group. These characteristics
are highly promising to B NCT.

It is now clear that the proper choice of catalyst and
protecting group of boronic moiety and the protection of
the sugar portion make it possible to combine the bi-
functional organometallic compound with the multifunc-
tional nucleoside derivatives. We are now in a position to
prepare systematically a number of boron-containing nu-
cleosides. Application of these new B carriers for 1°B
NCT is now in progress.
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Summary: N-Substituted pyrroles are obtained when
a,8-unsaturated imines are combined with NbCl;(DME)
and an ester or N,N-dimethylformamide in tetrahydro-
furan. The regiochemical outcome of the reaction is com-
pletely predictable.

Sir: Recently we described a synthesis of 2-amino alcohols
via the coupling of aldimines with aldehydes or ketones
promoted by the new reagent NbCly(DME).! The me-
tallaaziridine intermediate proposed can be considered as
an N,C-dianion equivalent (Figure 1). Extension of this
formalism to «,8-unsaturated imines suggested that such
compounds could function as homoenolate? equivalents
{(Figure 1).> The two corresponding organometallic in-
termediates, C and D, bear structural resemblances to
many early metal diene complexes.#® These diene com-
plexes are known to react with esters,* unlike the majority
of early metal alkyls, including niobium metallaaziridines.!
Therefore if either intermediate C or D were to react with
an ester, an intermediate ketal would form, which could

(1) Roskamp, E. J.; Pedersen, S. F. J. Am. Chem. Soc. 1987, 109, 6551.

(2) Werstiuk, N. N. In Umpoled Synthons: A Survey of Sources and
Uses in Organic Synthesis; Hase, T. A., Ed.; John Wiley and Sons: New
York, 1987, Chapter 6.

(3) When NbCl3(DME) and an «,8-unsaturated imine are reacted with
an aldehyde or ketone, products resulting from carbon-carbon bond
formation between the 8-carbon of the imine and the carbonyl carbon are
obtained (i.e., 2-aminotetrahydrofurans). Details of these reactions will
be described elsewhere.

(4) (a) Yasuda, J.; Nakamura, A. Angew Chem. Int. Ed. Engl. 1987,
26,723, (b) Yasuda, J.; Tatsumi, K.; Nakamura, A. Acc. Chem. Res. 1985,
18, 120.

(5) Intermediate D has precedent in titanocene chemistry; Cohen, S.
A.; Bercaw, J. E. Organometallics 1985, 4, 1006.
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undergo an intramolecular ring closure leading to a pyrrole
(Scheme 1)

Addition of N-allyl-a-methylcinnamaldehyde imine to
a solution of NbCl3(DME) in dry ethyl acetate produced
N-allyl-2,4-dimethyl-3-phenylpyrrole (Table I, entry 1). A
similar reaction using N,N-dimethyformamide (DMF) gave
N-allyl-3-phenyl-4-methylpyrrole (entry 2). The electro-
phile need not be employed as the solvent in these re-

R

(6) We were led to consider path A from experiments with acylnitriles,
which also produce pyrroles. The initially formed positive charge in path
B would not be stabilized by the cyano substituent. However, we cannot
rule out path B because the acylnitriles could be converted to esters by
niobium alkoxides present from some ring opening of THF promoted by
either Nb(III) or Nb(V). With respect to the last steps of the mechanism,
*H NMR studies of the reaction in DMF-d; have demonstrated that
pyrrole is formed in situ (i.e., before hydrolysis).
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