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ABSTRACT
HR!
p 23 C =Y
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R N el
separated Reagent Il (generated in situ) H

by washing) Reagent Il (isolated)

Slow addition of 1 equiv of

conversion of 1- and 2-alkynes into (

iBu,AlH to ZrCp ,Cl, in THF provides a convenient route to either HZrCp
(Reagents Il and IlI). The latter represents a highly convenient route to genuine HZrCp

R!, R? = C groups

,Cl-Bu,AICI (Reagent 1) or HZrCp ,Cl
.Cl, while Reagent | is useful for regio- and stereoselective

E)-1-iodo-1-alkenes and ( E)-2-iodo-2-alkenes, respectively.

Despite the well-established significance of HZsC3-2 in
organic synthestdincluding its hydrozirconation of alkerrés

as modifications of some of these original procedures
involving LiAIH 48 and'BuMgCI.° And yet, none of these in

and alkyne®?*as well as reduction of various other organic
compounds;* its use has been plagued with difficulties in
maintaining its purity over an extended period of time at drides, such as LiAlld and NaAlH(OCH,CH,OMe), is

the satisfactory leve¥ This has made it desirable to develop usually complicated by the production of undesirable byprod-
procedures for its in situ generation and use. Thus, variousucts that interfere with the desired reactions with HZClp

situ generation methods appears to be a true equivalent to
isolated and pure HZrGg@l. The use of basic metal hy-

methods have been devised, including treatment of consider-and/or cause technical difficulties, such as very sluggish and

ably more stable and less expensive ZiClp with many
different hydride sources, such as LiAIF® NaAlH,-
(OCH,CH,OMe),® LiBH(*Bu)s,>” and ' BuMgCl,>8 as well
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tedious filtration for their removal. The initially formed
reagent generated by treating ZeCpp with '‘BuMgCl is
BuZrCpCl, whose hydrogen-transfer hydrozirconation is
much slower than that with HZrG@1.58 Its acceleration
through the use of various catalysts does speed up the desired
hydrozirconation, but fails to match the results obtainable
with pure HZrCpCl.?
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An obvious combination oBuAIH and zrcpCl, was | NN

briefly investigated by us in 1980 with the goal of catalyzing Scheme 2
hydroalumination of alkenes with Zr@pl, (eq 1 in Scheme THE
1). This attempt failed, but the corresponding reaction of ;oo o, jiarg,, 9°C.05h ’HZGCZC] + C[AI’Bu2~THF‘ )
) Reagent |
. oo i TSR 2
Scheme 1 Reagent Il (generated in situ)
) (CHxCl),, 0 °C M Reagent lll (isolated and stored)
BUpAIH +0.1 ZrICp,Cly + "Hex” Ny ——f——— "Hex™ ™ m
<1-2% (M = Al and/or Zr)
v (CH:Cl),, 0°C contrast with other known procedures for the preparation of
BUsAI + 0.1 Z1Cp:Cl * PHex ™ "o @ HZrCp,Cl by treating ZrCSCIz with LiAIH 4, Rped-pAI, or
7% (M= Al andfor Zr) other basic metal hydrides, tHgu,AIH—ZrCp,Cl, reaction
_ PhH H—ABU, _ was not seriously plagued with over-reduction of ZyC
3 Bughl+ 21Cp;Cly ————= CPaZrH Ay, | 2 (B R produce |~4|ZrC)|c/>zIlo2 o? very sluggish and tedious filtrattiéon
"H NMR(Cp) & 5.90 5566 of the byproducts. The latter feature permits convenient and
B¢ NMR(Cp) & 116.12 5105.34 facile removal of Bu,AICI-THF by washing it through a

sintered glass filter leading to in situ generation and direct
use of HZrCpCl (Reagent Il) without its transfer, reweigh-
BusAl with alkenes in the presence of a catalytic amount of ing, or, more dangerously, long-term storage. It goes without
ZrCpCl, led to a hydrogen-transfer hydroalumination of saying that this reaction also provides an unprecedentedly
alkene¥’ (eq 2 in Scheme 1). A year earlier, Schwartz re- clean and convenient route to isolated and pure HZ8Cp
ported an intriguing but complex 1:3 reaction of ZsCp (Reagent Ill) that can be stored and used (Scheme 2).
with 'Bu,AlH in benzene shown in eq 3 in Schemé'We As the results summarized in Table 1 indicate, Reagent |
confirmed the reported results. Furthermore, we have foundis a convenient reagent for hydrometalation of both terminal
that the 1:3 stoichiometry is independent of the initial ratio (entries 1—10) and internal (entries 11 and 12) alkynes as
of ZrCpCl, and'Bu,AlH. Thus, the reaction fails to give  well as alkenes (entries 13 and 14). One unexpected but
HZrCp,Cl. synthetically useful finding is that the hydrometalation
Despite the uninspiring results shown in Scheme 1, the iodinolysis of 2-alkynes run ax25 °C (entries 11 and 12)
reaction of ZrCpCl, with 'Bu,AlH was reexamined in s highly regioselective $98%) as long as 1.5 equiv of
THF. Thus,'Bu,AlH was slowly added to 1 molar equiv of Reagent | is use#. This reagent is also convenient and
ZrCpCl, dissolved in THF at C, and the reaction was satisfactory for a recently reported direct reduction of amides
monitored by NMR spectroscopy. It induced precipitation to aldehydetat 23°C (eq 3 in Scheme 3). Despite many
of HZrCp,Cl, which was accompanied by complete disap- favorable results shown in Table 1 and Scheme 3, Reagent

pearance of the Cp signals for Zril, [*H NMR: 6 6.25 | is clearly not a genuine equivalent to HZr{}. In some
(s); 3C NMR: 6 116.60 (s)]. These findings indicated clean cases, the presence @u,AlCI can be detrimental, as
formation of a 1:1 mixture of HZrG&l and'Bu,AICI-THF indicated by three mutually related cases of the hydrozir-

(Reagent 1) according to eq 1 in Scheme 2. In marked conation-Pd-catalyzed cross-coupling tandem reactions (eqs

Table 1. Hydrometalation—lodinolysis of Alkynes and Alkenes with ZgCfy—DIBAL-H in THF (Reagent I)

Bu,AIH, ZrCp,Cly R HMe) I, R H(Me)
R—=——H(Me) _— = =
rt, THF H ML, H I
M=Zr and Al
isolated yield isolated yield
entry R HorMe 4f jodide® (%) entry R HorMe of indide? (%)

1 "Hex H 91? 8  (E)-"HexCH=CH H 95

2 HOCH; H 83 9  (E)-TBSOCH,CH=CH H 79

3 HO(CHy), H 85 10 (E)TBSOM H 87

4 TBSOCH; H 92 11 TBSOCH, Me 82

5 TBSOCH("Pr) H 93 12 TBSO(CHy), Me 74

6 TBSOCH,CHMe H 90 13 "HexCH=CH, 87¢

7 PhMe,Si H 81 14 PhCH=CH, 89¢

a All isolated products were isomericalty98% pure by*H and*3C NMR spectroscopy? The use ofBu,AID gave theB-deuterio derivative in 90% yield

with =98% D incorporation in th@ position.¢ The alkene indicated was hydrometalated, and the corresponding iodoalkanes were the products obtained in

the indicated yields.
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s Reagent Il does appear to serve as a genuine and satisfactory

Scheme 3 equ?v_alent to isolated and pure HZr{p. Even so, fast
i) HZrCpaCI-BUAICI, (1.5 6q.) THE e addition or use of an exce®u,AlH must be avoided so as

Reagent|, 23°C, 3 h not to generate ZrCp,.
il TBSO\/\)\IM% M g HLICP:
H

(98% pure) The following experiments involving the use of Reagents
TBSO o 20,01 (Reagont 4.0 o) THF I and Il are representative.
’23 wCan e (1E,39)-4-(tert-Butyldimethylsiloxy)-1-iodo-3-methyl-1-
\/:ﬁf‘:"zc‘ @ butene (use of Reagent I): To ZrCpCl, (321 mg, 1.1
TBSO\/\%\H mmoll) in THF (2.5 mL) cooled to 0C was added slowly a
2Cp,Cl solution of'BuAlH (156 mg, 1.1 mmol) in THF (0.5 mL)
95% (4-Zr | 3-Zr = 52/48) under argon. The resultant suspension was stirred for 30 min
o Z1Cp,Cly, ‘BU,AID o at 0°C, followed by addition of a solution of (3S)-4-(tert-
ﬁ NEt, _ THF,23°C.05h N D ) butyldimethylsiloxy)-3-methyl-1-butyne (198 mg, 1.0 mmol)
N N” 89%, 298% D in THF (0.5 mL). The mixture was warmed to room
g:[))gfyr%z%crlz iBu,AlCI, THF (ReagentI) temperature and stirred until a homogeneous solution resulted
phe,si—mpy (1) P 2% Pd(PPho), PhMe;Sis o, (ca. 1 h) and then cooled to78 °C, followed by addition
v 85% ) of I, (330 mg, 1.3 mmol) in THF (1.5 mL). After 30 min at
E:f)*'dffszé‘;‘z BUAICI, THF (Reagent I —78 °C, GLC analysis indicated that the starting material
(i) B~ e 1y 2% Pd(PPhy)s had been completely consumed, and the desired product was
BU A 1yis ) formed in 94% yield by GLC. The reaction mixture was
84% quenched with 1 N HCI, extracted with ether, washed
TBSOT N=—H—, éi‘i))ﬁzrgigcr‘* THF (Reagent Il) successively with saturated p&0Os, NaHCQ, and brine,
(m)arry@ms’z% — © dried over MgSQ filtered, and concentrated. Flash chro-
TBSO” PN =TS matography (silica gel, hexanes) afforded 293 mg (90%) of

% the title compound?

(3E,5E,7E)-1-(tert-Butyldimethylsilyl)-3,5,7-decatrien-
4—6 in Scheme 3). In eq 4, Reagent | is highly satisfactory. 1,9-diyne (5b) (use of Reagent Il)To ZrCp,Cl, (321 mg,

In eq 5, however, an undesired participation 'By,AICI 1.1 mmol) in THF (2.5 mL) in a two-necked flask was
seriously diverts the course of the reaction. This side reaction2dded dropwise a solution @u.AlH (156 mg, 1.1 mmol)
is currently under investigation. in THF (0.5 mL) at C°C. The resultant suspension was stirred

Another somewhat unexpected aspect of the hydrozir- for 30 min gt 0°C. The s.upernatant liquid was filtered
conation with Reagent | is that the desired hydrozirconation through a sintered glass filter attached to the flask under
is accompanied by a slow reverse transmetalation in which 2rgon. The white solid (HZrGgl) remaining in the reactor
the alkenyl group generated by hydrozirconation is trans- Was washed with THF (2.0 mL). To HZr@pl thus pre-
ferred from Zr to Al to eventually give an equilibrium Pared was added a solution 8b (190 mg, 1.0 mmol) in
mixture. The reversible nature of the slow transmetalation THF (1.0 mL) at room temperature. After 1 h, a homoge-
can be readily observed, as exemplified in Scheme 4.~ Neous solution thus obtained was cooled 6@ and a

solution of dry ZnBs (261 mg, 1.0 mmol) in THF (1.0 mL)

I /0° acded: After 30 i) BrCHECHCECSIMe (242

mg, 1.2 mmol) and Pd(PBh (23 mg, 0.02 mmol) in

- Scheme 4 DMF (2.0 mL) were added, and the resultant mixture was
"Hex_ H C'%BFuz "Hex ~ H . "Hex  H stirred at room temperature and monitored by GLC analysis.
H  zicp,cl 50°C H _ ZCol K aisy, The reaction Was.complete in 5 h, and the reagtlon mixture
zr Al was quenched with aqueous MH, extracted with ether,
time (h) Zr Al washed successively with saturated NaH@@ad brine, dried
Z 122 62 over MgSQ, filtered, and concentrated to give the crude
" 2CpsCly . product as a viscous oil. To the crude product were added
e H THE . Hex A e A MeOH (4.0 mL) and KCO; (138 mg, 1.0 mmol). The
H iy, 50°C H  zicp,0l H By, resultant mixture was stirred at room temperature for 1 h,
: zr Al quenched with water, extracted with ether, dried over MgSO
“”:)e () Z(: 1 :0' filtered, and concentrated. Flash chromatography (silica gel,
5 36 64

(11) Carr, D. B.; Schwartz, 3. Am. Chem. S0d 979,101, 3521.
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As amply demonstrated in Scheme 5 summarizing the (MeCp, see: Erker, G.; Schlund, R.; Kriiger, Organometallics1989,

; ; ; 8, 2349.

results of highly demanding cases of oligoenyne syntheses, (13) For the use of 2.0 equiv of HZr@pl, see: Panek, J. S.: Hu, J.
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Scheme B
Synthesis of Mono- and Oligoenediyne Synthons
(i} "BulLi, (ii) dry ZnBr, —
— i} (E)-ICH=CHBr, 2% Pd(PPh Rp— = i 2 i —
RMe,Si——=——H (i) (E) 6 Pd( 3)4 [RMeZS]W\BF] RMe2Slj‘//\ —
1 (a: R=Me, b: R = Bu) 2 5
(i) "BuLi, (if) dry ZnBr, K,CO3 3 (76% for 3b)
TBS—=\ g, ()22, 2% PAPPRS)s_ TBS—= o = Tuis MeOH ’TBS_: NG H‘
2b 4a (93%) 4b (91%)
Hydrozirconation—Pd-catalyzed Cross-Coupling Tandem Processes
B~ e Tus, (a)
then K,CO3, MeOH ’ TBS—= N F—
TBS—= = TENANINF~=H
3b / ] 5b (77% from 3b)
HZrCp,Cl in THF N Notes, (a)
O —_— —
| (Reagent 1), 23 °C TBS == 10, CI] R TBSW\/\‘/\OTBS
R
6a (R = H, 83%), 6b (R = Me, 82%)
Br\/I\COZEt, (a) TBS—— /\/\/L
TBS— =~ N CO,E
4b HzrCp,Clin THF '\/Y\oras @ 7 (87%)
(Reagentll). 23 C [TBSWZGCzC]] : TBS == A F oTBS
TBS—= o~ s 8 (69%)
5b HzrCp,Clin THF NN ores )

| (Reagentll), 23°C

_ i _
[TBSWMZ@ZC ] TBS—=- /\/\/\/\/Y\///// oTBS
9 (73%)

aReagents and conditions: (a) (i) dry ZnB(i) 2% Pd(PPb)4, THF—DMF. (b) Same as (a) except that 2 equiv eacBlwénd HZrCpCl
were used and that the cross-coupling reaction was carried out°a.50

hexanes) afforded the title compound (5b) (186 mg, 77%  Supporting Information Available: Experimental pro-
over 2 steps). cedures andH and *C NMR spectroscopic data for 9
terminally silylated oligoenynes includingb, 5b, 8, and
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