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Summary: Propargylamines are effectively transformed to 2-dimethylphenylsilylmethyl-2-alkenals by 

the interaction of two equivalents of MezPhSiH under silylformylation conditions catalyzed by 

Rh4(CO)t2. The products are not obtained directly by silylformylation of the corresponding allenes. 

We have reported rhodium-catalyzed silylformylation of an acetylenic bond in a one-pot reaction of 

alkyne, triorganosilane, and carbon monoxide. 1 During the search for scope and limitation of this reaction, we 

found a novel procedure to form a-silylmethylene-P-lactonesz and a-silylmethylene-P-lactamsf from 

substituted propargyl alcohols and substituted propargyl amides, respectively, by a simple modification of the 

reaction conditions (Scheme 1). In contrast with these clear patterns, we were confronted with an intractable 

result in the reaction of 3-dialkylamino-I-propyne (4) under similar conditions. A small amount of 2-silyl- 

methyl-2-propenal(5) was the sole identified product. This type of compound is susceptible to both species, 

electrophiles and nucleophiles because of the presence of a formyl part and an allylsilyl part in the same 

molecule. In fact, one of these is utilized as a useful building block in organic synthesis4, however, the only 

known approach4 to such a compound is oxidation of the corresponding alcohol derived from 2-methyl-2- 

propen-l-01 or other sourcess. 6 by a multi-step operation. This makes it attractive to explore an economical 

operation for the preparation of 5. We report herein a novel one-pot transformation of propargylamine 

derivative (4) to 5 under silylformylation conditions. 
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Scheme 1 
i, CO 20 kg/cm*, Rh4(C0j12, C6H6 

ii, CO 30 kg/cm2, Rh4(CO)12,CsHs, Base 
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When 3-dibenzylamino-1-propyne (4~) and an equivalent of MeZPhSiH were subjected to typical 

silylformylation conditions (1 mol 8 of Rh&O)t2, CO (20 kp/cmz), r&He, 100 “C, 2h), 2-(dimethyl- 

phenyl)silylmethyl-2-propenal (5a)7 was isolated in a low yield as the sole formyl compound regardless of the 

presence or absence of Et3N. The identical product was obtained in a similar yield at lower temperature. In 

these reactions an appreciable amount of 4c was recovered intact. The yield of 5a under similar conditions 

was dramatically improved by an additional equivalent mole of Me;lPhSiH. Compound 7c (Rt=Rz=H, 

R3=R4=CH2Ph) expected from usual silylformylation of 4c was isolated as a minor product in a limited 

reaction at lower temperature (entry 9 in Table 1). These results are summarized in Table 1. Comparison of 

the tH NMR spectrum of the reaction mixture with those of separated products reveals that the isolated 

products, 5a, MezPhSiOH, (MezPhSi)nO, and (PhCH2)zNH are formed during the carbonylation reaction 

(entry 7 in Table 1). On the other hand, authentically prepared N,N-dibenzylaminodimethylphenylbilane (6~) 

readily decomposes to (MeflhSi)zO and (PhCH&NH under CO pressure in the presence of a catalytic amount 

of Rh4(CO)t2. Therefore, it is deduced that the above three compounds accompanying the formation of Sa are 

formed by the consecutive steps. The profile for the formation of Ja is shown as equation 1. 

4 
&CO),, 

R’ 

+ * 

t&DC 
Me2PhSI 

+ 
0 ~2 + [Me2PhSINR3R4] (1) 

2 Me2PhSiH CHO 6 
5 

Table 1. Reactions of 4c with MeflhSiH under CO. 

Entry Ratio of Tempemture Reaction time Amine Yield of 

MeZPhSiHAc (“C) (h) 5a (46) 

1 1:l 100 2 ___ 23 

2 1:l 100 2 Et3N 38 

3 1:l 50 5 ___ 32 

4 1:l 50 5 Et3N 37 

5 1:l 20 12 ___ 34 

6 1:l 20 12 Et3N 38 

7 2:l loo 2 ___ 94 

8 2:l loo 2 Et3N 74 

9 2:l 50 13 ___ 72 i) 

10 1:2 100 2 ___ 24 

11 1:2 100 2 Et3N 14 

j) In addition to 5a, 20 46 of 7c was isolated. 
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The present silylformylation was applied to various types of 4 under similar conditionss Alkyl 

substituents on the nitrogen atom of 4 appreciably affect the formation of 5. Compared with the smooth and 

complete conversion of 4c, reactivity of 4a (Rt=RkH, R3=R4=Me) was very low and hydrosilylation of 4a 

was observed as a side reaction. A usual silylfotmylation product 7b7 (Rt=Rz=H, Rs=Me. R4=CH2Ph) was 

exceptionally isolated as a minor product in the reaction of 4b, even at 100 “C. The effect of substituents is 

critical and remarkable in the bulkier 4 (entries 9, 10, and 11 in Table 2). The yield of 5 is also greatly affected 

by the presence of substituents on the propargyl carbon of 4 (entries 3,5, and 10 in Table 2). These results 

imply that the reaction of 4 is affected mainly by a steric factor originating horn substituents on the nitrogen and 

the propargyl carbon of 4. The results are summarized in Table 2. 

Me2PhSI 

Although the catalytic behavior of rhodium is ambiguous at present, the fact that 7b was accompanied 

by the formation of 5a under standard conditions gives a clue to the catalytic cycle. When the isolated 7b was 

subsequently treated with an equivalent amount of MeZPhSiH under silylformylation conditions, only a minor 

portion of 7b changed to Sa, while the rest remained intact. These results suggest that 7 is not a precursor to 

Table 2. Reactions of 4 with two equivalents of MeflhSiH under COs. 

Entry _ PtopaJ@mmes / Product ~~_I --II -1--11111 
4 R’ R* R3 R4 5 i) Yield (%) 

1 4a H H Me Me 5a 40 ii) 

2 4b H H Me CH;?Ph 5a 83 iii) 

3 4c H H CH2Ph CH2Ph 5a 94 

4 4d Me H “Bu “Bu 5d 72 ii), iv) 

5 4e Me H CHflh CHzPh Sd 90 iv) 

6 4f “CSHII H -KH2)5- 5f 93 iv) 

7 4g Me Me’ -@H2)5- 5g 65 

8 4h -(CH2)4- “Bu “Bu 5h 44g) 

9 41 -CH2)5- -(CH2)5- 5i d0 
10 4j -CH2)5- CHzPh CHzPh 5i 20 ii) 

11 4k -(CH2)5- H CH2Ph 51 88 

0 See reference 7. 

it) Contaminated by small amount of a mixture of hydrosilylated products. 

iii) In addition to 5a, 10 % of 7b was isolated. iv) Almost single geometry (Z>98 %).9 



form 5, but that both 7 and 5 could be derived competitively from the common intermediate 8. Apart from 

the mechanistic point of view, the present transformation is very interesting as a novel and general method for 

the synthesis of 5. The identical products could be formally constructed from silylformylation of allenes, 

however, hydrosilylation to give a mixture of products is the sole coupling pattern in the Rh4(CO)l2 catalyzed 

reaction of allenes with MezPhSiH, even under CO pressure. Thus, the present approach provides an 

equivalent route to the silylfotmylation of allenes. 
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