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Abstract: The selective reduction of N-benzenesulfonylpiperidin-2-one to N- 
benzenesulfonylpiperidine was accomplished through the use of NaBH4 with either 
ZrCI4 or SnCI4 and by silane-mediated two-step reductions. © 1997 Elsevier Science Ltd. 

Sulfonamides are some of the most stable forms of amines, and are frequently used in 
various synthetic operations, despite the drastic conditions required for their reductive 
elimination. 1) Therefore, considerable effort has recently been devoted to the development 
of new methods for deprotection to their parent amines.2) We previously reported the 
successful deprotection of benzenesulfonyllactam 1 to the corresponding lactam 2 through 
the use of sodium anthracenide in the presence of both an ester and a ketal 
functionality.3d,3h) 

On the other hand, very few methods have been reported for the selective reduction of 
the amide carbonyl group of N-acylsulfonamides to the corresponding sulfonamides 
including such reagents as BH3oTHF, BH3.Me2S, 4) and NaBH3(OCOCF3). 5) In our 

work on the synthesis of manzamines,3) we used an arenesulfonyl group for nitrogen 
protection to activate dihydropiperidine-2-one as a dienophile, and a method is now 
required for the selective conversion of 1 to benzenesulfonylamide 3 under conditions that 
would not cause ring-opening into the amino alcohol 4. The choice of appropriate reagents 
is a major problem for the selective reduction of N-acylsulfonamides to the corresponding 
N-sulfonamides. This prompted us to look for a new and efficient protocol for selective 
reduction of the amide carbonyl group of a N-arylsulfonyllactam to the protected cyclic 
amine. In this paper, we report the reaction of N-benzenesulfonylpiperidone 5 with various 
reducing agents. 

We started our survey with typical Al-based reducing agents. Thus, treatment of 5 with 
LiA1H4 in ether at r.t. gave N-benzenesulfonyl-2-hydroxypiperidine 7 6)in 52% yield 

together with the ring-opened amino alcohol 8 in 37% yield (run 1). 
On the other hand, DIBALH reduction of 5 proceeded at -78°C within 30 rain to 

selectively give 7 in an almost quantitative yield (run 2). Compound 7 proved to be stable 
towards normal work-up conditions, but was dehydrated to N-benzenesulfonyl-enamine 9 
with pyridinium p-toluenesulfonate. 7) The conditions in runs 1 and 2 did not provide the 
desired sulfonamide 6. 
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Table 1: Reduction of N-Benzenesulfonylpiperidin-2-one (5) wiht Various Metal Hydrides 

reagent 

MH (mol eq) solvent 

1 LiAIH 4 0.5 ether 

2 DIBALH 3 toluene 

3 Zn(BH4) 2 3 ether rt 

1,2-dichloro 
4 nBu4NBH 4 3 ethane reflux 

5 NaBH 4 2 MeOH rt 

6 NaBH 4 4 SnCI 4 1 THF rt 

7 NaBH 4 4 ZrCI 4 1 DME rt 

8 NaBH 4 6 FeCI 3 2 THF rt 

9 NaBH 4 6 NiCI 2 2 THF rt 

10 NaBH 4 6 CoCI 2 2 THF rt 

11 (EtO)3SiH 5.4 Ti(OiPr)4 0.7 nosolvent rt 

12 Ph2SiH 2 6 Ti(OiPr) 4 0.7 no solvent rt 

13 (EtO)3SiH 11 Zr(OiPr) 4 1 no solvent 100°C 

MX (mol eq) 

conditions 

temp. 

rt 

-78oC 

yield (%) 

time 6 7 8 9 

20rain 52 37 

30rain 97 

12h 25 14 49 

30 rain 62 34 

2h 96 

20rain 95 

5h 92 

1 d trace 

2 h trace 

2 h NR 

5 h -100 

5h 85 [ 

1 h 90 
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The carbonyl group of N-arylsulfonyllactam is anticipated to be susceptible toward 
nucleophilic ring opening. Thus, the reduction of 5 in MeOH at r.t. resulted in reductive 
ring opening to give 8 in 96% yield (run 5). Meanwhile, the reaction of 5 with Zn(BH4)2 or 
nBu4NBH4 gave the desired sulfonamide 6 8)in moderate yield along with considerable 

amounts of 8 (runs 3 and 4). 
To attain the efficient reduction of the amide carbonyl group of 5 into the methylene 

group, we next investigated the combined use of NaBH4 with a metal halide, such as 
SnC149a), ZrC149b), or CoC139c), which have been applied to the reduction of various other 

functional groups, including amides. 
Among the combined reducing agents examined, a NaBH4/SnCI4 or NaBH4/ZrCI4 

system proved to be the reagent of choice, and gave a high yield (92%) of 6 (run 6 and 7), 
although the reaction with NaBH4/ZrC14 proceeded sluggishly and required a prolonged 

reaction time. The addition of stannic tetrachloride enhanced the selective reduction of the 
carbonyl group of 5 to 6, while FeCI3, NiC12, and COC12 were all ineffective. N- 

Benzenesulfonyl-2-hydroxypiperidine 7 was readily converted to 6 in 92% yield when 
treated with Et3SiH (3 equiv.) in CH2C12 in the presence of TFA (0.25 mol.equiv.) at 
-78°~-29°C for 40 min. However, direct conversion of 5 into 6 by Et3SiH failed. 

In contrast to the mild reducing ability of Et3SiH/TFA, Buchwald reported the effective 
reduction of ester to alcohol using (EtO)3SiH/Ti(OiPr)4.10) 

An inexpensive reagent system was recently developed by the same research group 11) 
and others. 12) We examined the reduction of 5 by these Buchwald systems. The results are 
summarized in run 11-12, which shows that 7 is the major product in these reductions. 
This result indicates that the Buchwald system is as effective as DIBALH in the reduction 
of N-acylbenzenesulfonamides. As described above, 7 was easily converted to the N- 
protected cyclic amine 6 by treatment with Et3SiH/TFA. On the other hand, the reaction of 

5 with excess (EtO)3SiH at 80-100°C in the presence of Zr(OiPr)4 resulted in the formation 

of 9 as the only detectable product (run 13). 
In summary, a rapid and convenient procedure has been developed for the conversion of 

N-benzenesulfonyllactams into N-benzenesulfonamides. 
The present results are currently being applied to the synthesis of 3. 
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