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Abstract 

Successive treatment of propargylic carbonates or phosphates with a Ti(O-i-Pr)4/2i-PrMgC1 reagent and 
dialkyl azodicarboxylates gave ct-hydrazinoalkynes in good yields. The reaction, which proceeded with up to 
86% chiral transfer, thus has opened up a new route to optically active ct-hydrazinoalkynes from the optically 
active propargylic compounds.  © 1999 Elsevier Science Ltd. All rights reserved. 
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We reported recently that the reaction of a Ti(O-i-Pr)4/2i-PrMgX (X = C1 or Br) 
reagent with propargylic alcohol derivatives 1 such as halide, carbonate or phosphate 
provides a convenient access to a variety of allenyltitaniums 2 [1]. We also reported that 
optically active 2 can be easily prepared by starting with optically active 1 [2]. With an 
efficient and practical access to 2 in hand, our research efforts have been focused on their 
synthetic utility as a nucleophilic reagent. In addition to the reaction with aldehydes [3] and 
imines [4] which have been reported to proceed with excellent regio- and stereoselectivity, 
we have found that they react smoothly with H20  and Br2 with excellent regio- and 
stereoselectivity [5]. The reaction with Bu3SnC1 also provides a highly practical method for 
synthesizing propargylstannanes [6]. We then focused our attention on the reaction with a 
source of electrophilic nitrogen. 

Propargylic amines and their synthetic equivalents are useful intermediates in organic 
synthesis, and thus, their synthesis has attracted a considerable amount of interest [7]. 
Although electrophilic amination of carbanions has been a research subject of increasing 
attention as a result of the growing utility of diverse organometallic reagents [8], there has 
been no precedent for preparation of propargylic amines or their synthetic equivalents based 
on this method. We now report that electrophilic amination of allenyltitaniums by dialkyl 
azodicarboxylates (DAAD) proceeds readily, thus opening up a new entry to t~- 
hydrazinoalkynes [9] (eq 1 and Table 1) 
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Table 1. One-pot Synthesis of ct-Hydrazinoalkynes 3 from Propargylic Compounds 1 
via Allenytitaniums a 

Entry Propargylic Compound ~-Hydrazinoalkyne Isolated Yield, % 
1 3 

49 
OCO2Et NBOC 

NHBOC 

OCO2Et NBOC 
I 

NHBOC 

OCO2Et NBOC 
i 

NHBOC 

OP(O)(OEt) 2 NBOC 
NHBOC 

OP(O)(OEt) 2 NCO2Et 
NHCO2Et 

6 ~ ~ - - ~  62 
OP(O)(OEt)2 NBOC r 

NHBOC 

7 ~ / V ~  61 

OP(O)(OEt) 2 NBOC 
NHBOC 

TMS. TMS 

NHBOC 
TMS TMS 

9 ~ " ~  50 

NHCO2Et 

aThe reaction was carried out with a reactant ratio of the propargylic compound : Ti(O-i-Pr)4 : i-PrMgCI : DAAD 
= I : 1.5 : 3 : 1.5 for entries 1-7 and 1 : 3 : 6 : 3 for entries 8 and 9. 
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As can be seen from Table 1, primary, secondary and tertiary 0t-hydrazinoalkynes 
can be readily synthesized from the corresponding 1 in synthetically useful yields. It should 
be noted that, in all cases, other possible regioisomeric products (e.g., allenic hydrazines) 
were not detected. Noteworthy also is the fact that the yield of the reaction is somewhat 
dependent on the alkyl group of DAAD, and di-tert-butyl azodicarboxylate provides higher 
yield than diethyl azodicarboxylate (entries 4 vs 5 and 8 vs 9). 

With the results shown in Table 1, our next concern was the degree of the chiral 
transfer in the reaction with optically active allenyltitaniums (Table 2) [10]. Starting 
from diethyl (S)-l-trimethylsilyl-l-butyn-3-yl phosphate with 94% ee, the secondary 
o~-hydrazinoalkyne di-tert-butyl (S)- 1-(1-trimethylsilyl- 1-butyn-3-yl)- 1,2-hydrazine- 
dicarboxylate with 81% ee was obtained (entry 1 in Table 2). Thus, the calculated degree 
of chiral transfer via allenyltitanium is 86%, and, as the reaction of a secondary 
propargylic phosphate with a Ti(O-i-Pr)4/2i-PrMgCl reagent procceeded with 97% chiral 
transfer [2], the degree of chiral transfer for the reaction of allenyltitanium with DAAD 
was 89%. We found, however, that the degree of the chiral transfer is strongly affected by 
the structure of 1 and decreases accordingly as the steric bulk increases. Thus, by changing 
the methyl group in diethyl (S)-1-trimethylsilyl-1-butyn-3-yl phosphate to an n-butyl (entry 
2) or iso-butyl group (entry 3) the degree of chiral transfer decreased from 86 to 55 and 
27%, respectively. Although the degree of chiral transfer did not reach, in some cases, a 
synthetically useful level, as 1 can be accessed readily [11] with excellent optical purity, and 
the conversion of 1 to 3 can be carried out in a one-pot procedure, the reaction might find 
utility for synthesizing various kinds of optically active tz-hydrazinoalkynes [12]. 

Table 2. Synthesis of Optically Active o~-Hydrazinoalkynes from Optically Active 
Propargylic Compounds a 

Entry Propargylic Compound tx-Hydrazinoalkyne Yield, %b e.e, %c 
1 3 

1 OP(O)(OEt)2 /~BOC 77 81 
NHBOC (86) 

(94% ee) 4 

2 T M S ~  T M S ~  

OP(O)(OEt)2 NBOC 73 53 
NHBOC (55) 

(96% ee) 5 

3 T M S ~  TMS ~ ' ~ B O  c 74 27 

OP(O)(OEt)2 NHBOC (27) 

(99% ee) 6 

apropargylic compound : Ti(O-i-Pr) 4 : i-PrMgC1 : DAAD = 1 : 1.5 : 3 : 1.5. blsolated yield. CFor determination ofee 
value and configuration, see note 13. The calculated values expected by simple extrapolation if the substrate is of 1130% 
are shown in parentheses. 
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Typical procedure for the preparation of 4 (entry 1 in Table 2). To a solution 
of diethyl (S)-l-trimethylsilyl-l-butyn-3-yl phosphate with 94% ee (303 mg, 1.0 mmol) and 
Ti(O-i-Pr)4 (444 laL, 1.5 mmol) in ether (10 mL) was added dropwise i-PrMgC1 (2.7 mL, 
1.11 M in ether, 3.0 mmol) at -50 oc.  The resulting clear yellow solution was stirred for 
2 h at -50 - -40 oc .  During this period the color of the solution changed from orange to 
red-brown. After cooling to -78 oc ,  di-tert-butyl azodicarboxylate (345 mg, 1.5 mmol) 
was added to the reaction mixture and was gradually wanned to 0 o c  over 1 h. The 
reaction mixture was quenched with aqueous saturated NaHCO3 and extracted with ether. 
The combined organic layers were dried over MgSO4 and concentrated in vacuo. The 
residue was chromatographed using silica gel to give a white solid that consisted of 
di-tert-butyl (S)- 1-( 1-trimethylsilyl- 1-butyn-3-yl)- 1,2-hydrazinedicarboxylate with 81% ee 
in 77% yield. 
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