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LETTER 

1 Lit 
Selective Synthesis of B and Z Isomers of Oximes 

Hashem Sbarghi, Mona Hosseini Sarvai-i ) 

Department of Chemistry, College of Science, Shiraz University, Shiraz 71454, LIt. Iran 

Fax +98(071)20027; E-mail:sharghifichem.suscac.ir 

Received U September 2000 

Abstract: The highly stereoselective conversion of aldebydes and 
ketones to their corresponding oximes with hydroxylarnin hydro-
chloride are catalyzed by CuSO4 and K2CO3.This method occurs 
under mild reaction conditions with high yields. 

Key words: E and Z Isomers, oxime, hydroxylamine hydrochlo-
ride, Cu SO4, K2CO3 

The addition of hydroxylamine hydrochloride to carbon-
yls to yield oximes is not only one of the best understood 
examples of a nonenaymatic addition-elimination 
reaction’ but also an important reaction in organic syn-
thesis.’ Except in the case of symmetrical ketones, both 
isomeric oximes (Z and E) are usually produced which 
have different physical properties and biological 
activities  and should be separated by chromatography or 
recrystallization techniques. 

Table 1 Reaction of (1) with (2) in the presence of different 
catalysts. 

Entry Catalyst Time 
(mm) 

Ratio of product’ 

(3) : 4) 
Yields based on 
NMR 

& TL(%) 

1 SiO2 30 1:1 100 
2 MgO 30 1:4 100 
3 AJzOj 30 1:2 100 
4 CaO’g 5 1:4 100 
S CuCO3 30 1:4 100 
6 Na2501 30 1:4 100 
7 K2CO3 60 0:1 100 
g CuSO4 60 1:0 100 

a) Ratio of products was determined by ’H NMR. 

As shown in Table 1 (Entries 1-6), a mixture of Z and E 
isomer of 4-chlorobenzaldoxime was obtained by the use 
of various types of catalysts. In the comparison, the reac-

Very few methods are available for the synthesis of E and tion proceeded rapidly to give exclusively the correspond-

Z isomer of oximes."›’ In many cases, E isomers were oh- ing ZIE isomer of4-chlorobenzaldoxime (3,4) in excellent 

tamed from the Z forms by either the hydrochloride yields when K2CO3 / CuSO4 were employed (Table I, En-

method’ or purified by column chromatography.’ The re- tries 7,8). Simi1arly-as shown in Scheme 2 and in Tables 

agents which have been used for oximation of aldehyde"" and 3, the reactions of hydroxylamine hydrochloride 

and ketones, also catalyze the interconvertion of Z and E with different aldehydes and ketones, including those with 

isomers. The rate of equilibration of a mixture of Z and E electron-withdrawing and donating substituents in the 

isomers and the position of the equilibrium is temperature presence of these new catalysts, gave oximes in high 

dependent,t therefore, temperature control of the experi- yields and stereoselectivity. 

ment is critical. 

Having the above facts in mind, we wish to report a con-
venient method for controlling the stereochemistiy of the 
reaction of hydroxylamine hydrochloride with aldehydes 
or ketones in solid state. 

Tn order to find a simple and suitable catalyst for control-
ling the stereochemistry of oximes, the reaction of 4-chlo-
robeiizaldehyde (1) with hydroxylamine hydrochloride 
(2) was chosen as a model and its behavior was studied 
under a variety of conditions via TLC and ’H NMR spec-
troscopy (Scheme I, Table 1). 

0 
v-OH 

N 

H 
+ NHCie2OH-Hcl 

Catalyst 1Z.1_11 -f1 IT’1 
so °c 4a -

Scheme I 

- OH 
0 N 

)L  NH 2014-HO)L 
R1 a2 

1�a’ a2 so ac .Ct CatCuSO4. K2CO3 Scheme 2 

As shown in Table 2, various types of aromatic aldehydes 
with electron donating and withdrawing groups were 
cleanly and rapidly condensed with hydroxylamine hy-
drochloride at 90 °C, giving the corresponding E-isomer 
of oximes (OH anti to aryl) in excellent yields in the pres-
ence of CuSO4 (Entries 112). However, aromatic ketones 
such as benzophenone and others did not afford the corre-
sponding oximes under these conditions. In order to show 
the chemoselectivity of the presented reagent toward the 
condensation of different carbonyl groups, a mixture of 
benzophenone and benzaldehyde was treated with hy-
droxylamine hydrochloride in the presence of CuSO4 at 
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Table 2 Convertion of aldehydes and ketones to i-isomer oximes Table 3 Convertion of aldehydes and ketones to Z-ison,er 
using CuSO4. using K2CO3. 

- OH 

R1 

Entry R’ R2 Time Mp,(liL) 1 H Chemical Yields 
(rein.) shifts of TI, (%) 

I p-CICsH.s H 60 110(1109.12) 7.97 80 
2 p-HOC6144 H 30 112(112 13) 781 70 
3 p-02NC6H4 H 30 120031 12 

)
 7,48 90 

4 p-MeCs}ls H 30 110(11010) 7.27 90 

5 -Me0Cs}3. H 30 63-64 (65 9) 6.97 70 
6 ,n-CIC6H.4 H 30 80 (7l72 l2) 175 95 
7 ,n-05NC6& H 15 120(1240) 74 95 
S ,n-MeC6H4 H 30 58(60 12) 7.41 90 
9 nt-McOC1J4 H 30 40 (4012) 7.19 90 
10 ,n-HOC}{4 H 30 70(88’) 7.12 70 
11 Pb H 60 32 (30, 3512) 740 90 

1211 120 110 (113’)

13 Ph Mc 360 

14 Me 360 

15 Me 360 

16 p-CIC0H4 Ph 360 

a)’l-I NMR yields 

7.32 85 

no reaction 

no reaction 

no reaction 

- no reaction 

90 0C for 30 mm. The E-benzaldoxime was obtained in 85% yield and benzophenone was recovered unchanged. Table 3 also shows that various types of aromatic alde-hydes and ketones with electron-donating

 and electron-withdrawing groups were cleanly and rapidly condensed with hydroxylamine hydrochloride at 90 °C, giving their corresponding Z oximes (OH cdc to aryl) in high yields in the presence of K2C05 (Entries 1-18). The advantages of the presented methods may be summa-rued as: use of commercial and available catalysts, mild reaction conditions, and high stereoselectivities good yields of the desired products. General Procedure for preparation of E isomer of aldoximes in the presence of CuSO4: Eydroxylamine hydrochloride (0.6 g, 8.6 mmol) was added to a stirred mixture of CuSO4 (1 g) and aldehydes (1 remol) at 90 "C in an oil bath. The progress of reaction was monitored by TLC. After complete disappearance of the starting material, the reaction mix-ture was cooled, and washed with cold diethyl ether and filtered to 

remove CuSO4. Then the mixture was poured into ice-water and ex-
tract with cold diethyl ether (2 x 25 mL),The organic solution was dried over N82SO4 and evaporated over ice to give the crude E oximes. The process of work-up was carried out at 0°C, otherwise, the Z isomer was obtained. 

- OR 

HA a2 

Entry R1 It2 Time 
(rein,) 

Mp(1 it.) ’H Chemical 
shifts of HA 

Yields" 
(%) 

1 H p-Mc126H4 60 72(805 8.49 90 2 H 

m-MeC6H4 60 56 (60’0)8.13 
90 4 H p-HOC6H4 60 94 (72’)8.07 85 5 H m-N005H4 120 90(90’) &09 90 6 H 0-171OC6I{,4 IS 63 (63’5 8.22 90 7 H 

p-02NC6114 120 100(129’) 8.21 80 B H 
p-0176144 120 14 (145) 8.12 85 9 H m-C1C6H4 120 100(1181) 8-11 85 10 H u-CIC91L 300 103 (I00’) 8.57 90 II H p-McOC6H9 60 

132 (1332) 800 90 12 H m-MeOC6H4 IS 110(1121) 8.10 85 13 1-1 Ph 60 12O(128) 8.17 90 14 H 

2,6..di-C]C6H3 300 132 (15&) 8.40 90 

15 H 15 

130 (133’07.73 80 16 Mc 15 114(114’°) 90 17 Mc 60 142(132’.130") 85 18 Ph Mc 300 140(144’°) 80 

a) ’H N1.1iR yields. 

General procedure for preparation of 2’ isomer of aldoimes and kctoxinses in the presence of K2CO3: Hydroxylamine hydrochloride (0.6 g 8.6 mmcd) was added to a stirred mixture of K2CO3 (1 g) and aldehydes or ketones (1 mrnol) in an oil bath at 90 °C for the periods of time reported in Table 3. Then, the reaction mixture was washed with CH..Cl, (2 x 10 rnL) and water (2 x 50 reL). The organic layer

 was dried over NaSO4 and evaporated to give the crude Z isomer of oxime. The products were identified by comparison of their physical data with those pre-pared in accordance with the literature procedures. Acknowledgement We gratefully acknowledge the support of this work by the Shiraz University Research Council. References and Notes (1) Jencks, W. P.1 Am. Chem. Soc, 1959, 81, 475. (2) Sandler, S. R.; Karo, W. Organic Functional Group Preparation, Academic Press: New York 1983;vol.11l, Chapter 11 (3) Burakevich, J. V; Lore, A. M.; Volpp, G. P. J. Org. Chem. 1971,36, 1. Brandt, U.; Von Jagow, G. FRBSLetI. 1991,287, 215. Tecie, H.; Lauffer, D.J.; Mirzadegaii, T.; Moos, W. H.; Moreland, D. W.; Pavia, M. lt; Schwarz, R. D.; Davis, R. E. Life Sc!. 1993, 52, 505. (4) Zvilichovsky G.; 1-Idler L. Synthesis 1972, 563. Syniett 2001, No. 1,99-101 ISSN 0936-5214 0 Thieme Stuttgart - New York e -0 . . * . -National ’faFan University Library 
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Practical chemoenzymatic synthesis of a 3-pyndylethanolamino 
03 adrenergic receptor agonist 
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John Leazer,a Roger Farr,a Micheal Robbins,’ Kateeta EITnerSOTI,a David J. Mathre,3 
James M. McNamara;’ David L. Hughes,’ Edward J. 3, Grabowski A and Paul J. Reider 
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Abstract 

A chemoenzymatic synthesis of 03 agonist 1 suitable for large scale preparation is described. The key chiral 3-
pyridylethanolamine intermediate (R)-7 was prepared via an improved Neber rearrangement and a yeast-mediated 
asymmetric reduction. The tetrazolone fragment of the molecule was constructed via a dipolar cycloaddition 
between 1-(cyclopentyl)-3-propyLazide and p-chlorosulfonyl phenylisocyanate. Sulfonamide coupling of these two 
intermediates under Shouen-Baumann conditions, followed by a borane reduction of the amide afforded 1 in 
20-32% overall yield from 3-acelylpyridinc. 0 1999 Elsevier Science Ltd. All rights reserved. 

Obesity affects approximately 30% of the adult population, and is closely associated with the de-
velopment of type II diabetes, coronary artery diseases, and hypertension. The morbidities associated 
with these diseases are sometimes reversed by weight loss.’ Compound 1 is proposed to act by a 
novel mechanism elevating metabolic rate through thermogenesis resulting from the stimulation of I 
adrenergic receptors (AR) in brown adipose tissue.2 The elevation of metabolic rate, in the absence of 
increased food intake, will lead to weight loss over time. 03 AR agonists have also demonstrated a 
direct improvement on glucose tolerance and therefore may be very important in the treatment of type 
II diabetes.’ In order to carry out further studies with this compound, we required a practical chiral 
synthesis. This paper describes the process used to provide kilogram quantities of compound 1, a potent, 
selective AR agonist.3 

* Corresponding authors, Fax: 732 594-6703; e-mail: john_chung@merck.com 

0040-4039199/S - see front matter ' 1999 Elsevier Science Ltd. All rights reserved. 
P11: 50040-4039(99)01353. 
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OHH 

2  H 0 (.S02 di-HliaIt 

cr",?NN 

Compound I consists of a chiral N-alkylated 3-pyridylethanolamine frigment and a tetrazolone 
sulfonyl fragme nt connected through a sulfonamide bond. Previous synthesis o F the pyndyl ethanolarnine 
portion involve a (�)-DIP-Cl asymmetric reduction of 3-pyndyl chlorornt thyl ketone, followed by 
epoxide format on of the resulting chiorohydrin, and then opening of the e xide with the appropriate 
amine.2 Foron synthesis, we took a different approach where the amine iety was incorporated in 
the form of am de early in the synthesis prior to introduction of the chiral alcohol. The synthesis of 7 is 
outlined in Sch me I. 

Q3 
d 
- 

93% 
(2-steps) 

Scheme 1. a. I. NI-
acid; d. aq. HCI; e. 

We have imp 
aminomethyl k 
3 was prepared 
formation and 
pyridine as the 

was removed b 
reaction mixtur 
by adding Eto: 

was treated wil 

hydrolysis of ti 
(93% for the t 

With ketone 
chiral alcohol. 

and in some 
(S)-toJ-BiNAP 
product, with 
(Sacchammyct 
microbial scre 

OTs EtO OEt El 

!_ 
b - &NHa 

- 93% 2 82% 
LJ -2 HC - 

3 E:Z 982 

0 

N5  P402 
6: 

.99%e. 7: 

2OHHCI; 2. TsCI, pyr. b. F EIOK. EtOH; 2. I-Id. MTBE; c. EDC, ThE 
yeast-mediated bioreductian; f. Ff2. Pd/C, MeOH, NH40H 

4 

0, pH 55. p-nftropbenyt acetic 

oved significantly upon an organic synthesis procedure4 forth preparation of 3-pyridyl-
tal 3 via a Neber rearrangement reaction, and also noted some afety issues.5 Compound 
in 76% overall yield from 3-acetylpyridine in three steps via osyl oxime 2. The oxime 
he tosylation steps5 (93% overall yield) were carried out ir a one-pot fashion using 
solvent. Under such conditions, the E-isomer of oxime pre ominates (>97:3). Water 
azeotropic distillation prior to the tosylation. Tosyl oxime 2 was crystallized from the 
by addition of water, and the wet cake was used directly in the Neber rearrangement 

: to a mixture of 2 in EtOH at 1030OC. After removal of the TsOK salt,6 the filtrate 

gasesous HCI (final pH 1-2) to precipitate the amino I di-HCI salt 3 (82%). A 
rdiated coupling of 3 with p-nitrophenylacetic acid in THF/H 0 followed by a selective 

resulting amide-ketai 4 with concomitant removal of ethanol afforded pyndyt ketone S 
Steps). 12 
in band, we screened methods for the key asymmetric redu tion of the ketone to the 

Tnfortunately, preliminary results from most known methods ga ye poor enantiosetectivity 
ises reduction of pyridine ring was observed (e.g. asymm tric hydrogenation with 
RuCl2�Et3N complex afforded the reduced pyridine vinylogious amide as the major 
as the minor product in only 6% ee). Alternatively, initial rt suits using Baker’s yeast 
cerevisiae) were encouraging,7 which provided product in 7 0% ee. Subsequently, a 

, identified the yeast Candida sorbophila as a suitable biocata yst,8 which furnished the 

It 
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chiral alcohol 612 in -.98% ee and 70-90% conversion after incubation for 2 days at 28°C. The material 
was mutely isolated in -75% yield and >99.5% ee.9 The absolute configuration of the secondary alcohol 
produced in the yeast-mediated reduction of ketone 5 was determined to be the desired R-enantiomer 
by NMR analysis of the (S)-methoxyphenylacetate esters based on Trost’s method" and by comparision 
with materials derived from Shib’s synthesis using (-)-DIP-CL2 As shown below, the chemical shifts of 
the pyridyl protons of the R-isomer was shielded by the mandelate phenyl ring by 0.1 1-0.25 ppm relative 
to the S-isomer (at +20°C). 

The optical purities of the crude 6 in the fermentation broth and the isolated 6 were determined to be 
>97.5% ee and >99.5% ee, respectively, by chiral HPLC using Chiracel 01)-H (20/80 IPA/hexanes, 0.8 
mL/min, 254 urn; or SFC, 300 bar CO2,16% MeOH (20mM (PrNH2), 1.0 mLlmin, 35°C). 

0 H 63.32 NO2 

’rH

 P 
65. Me"

 (\ 
�43 88.54 N  88.62 

68.41 

MeO)L ....... 
H Ph 
83.54 & 8.27 

66.15 

Oeshd NO2 

Nitro compound 6 was hydrogenated (20 psi H2) over 5% Pd/C (4 wt%) in methanol with 1.7 equiv. 
NH40H, conditions which minimized impurities derived from the intermediary nitroso compound. The 
reaction was run at 40°C for -3 h until the uptake of H2 had stopped. Aniline 7 was crystallized in high 
yield (96-97%) and purity (>99 A%).12 

The southern half of the molecule was constructed as shown in Scheme 2. The cycloaddition between 
azide 13 and isocyanate 15 took place at 125°C to provide the tetrazolone $ in 84% yield." 

0 

OH 
1. 8HSMe 

2.WOE; Mal
 M%C1, Ct3NKI’OH \ s02c1 
OMSO 13R.N3l oct. o 

Ir 
<j’N N 

/ 
04% 

SO3H_COCJ DMF SO C1 
8 

. H2N 14 165C 0CN 15 
70% 

Scheme 2. 

Subsequent coupling of aniline I and sulfonyl chloride Sunder Schotten-Baumann conditions afforded 
the penultimate amide 9 In 94% yield (Scheme 3). Selective reduction of the amide with BH3-SMe2 (7 
equiv.) at +20°C followed by I M H2SO4 work 

up at 

+50°C to break up the borane complexes afforded 
the crude I free base in 82% yield after neutralization. This material was purified to >99% pure by 
crystallization of the corresponding phosphate salt (93%) followed by free basing (98%). since the di-
HCI salt gave poor rejection of the impurities. Finally, the di-HCI salt was prepared from ethanolic HCI 

in 

92% yield. 12 

In summary, we have developed a practical synthesis of AR agonists 1 and have demonstrated 
it on kilogram scale. The key chiral pyrIdyl alcohol intermediate (R)-7 was prepared via an improved 
Neber rearrangement and a yeast-mediated asymmetric reduction. The key dipolar cycloaddition between 
azide 15 and isocyanate 17 provided an efficient one-step synthesis of the tetrazolone sulfonyl chloride. 
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Coupling of th aniline and the sulfonyl chloride followed by borane 

the synthesis of I. in 20-32% overall yield from 3-acetylpyridine. 

References 

1. (a) Arch, 3. 1R. S; Wilson, S. In:. J. Obes. 1996, 20.191. (tb) Weber, A. E.Annu. Rev Med 

2. (a) Fisher, M H.; Naylor, E. M.; Parrace, E. R.; Shih, T.; Ok, l{ Weber, A. E. US Pater 
H.; Ok, H. 0; Weber, A. E, US Patent 5714506, 1997. (c) Naylor, E. M.; Colandrea, V. J. 
A.; Colwell, L. 

P.; Deng, L.; Feeney, W. P.; Forrest, M. 3.; Horn, G. .1.: Maclntyre, D. E. 
P. -R.; Wyvrat, M. 3.; Fisher, M. H.: Weber, A. E. Bioorg. Med Chem. Len. 1998, 8, 308’ 
K.; Cascien, M. A.: Chiu, 8.-H. L.; Colwell, L. F.; Deng, L; Feeney, W. P.; Forrest, M. I 
Miller, K. R. Stems, R. A.; Strader, C. D.: Tota, L.; Wyvratt, M. 3.; Fisher, M. H.: Weber, 
1999,9.1251. 

3. Chartrain, M M.; Roberge, C.; Chung, J. Y. L.; Zhao, D. US Patent 5792871, 1998. 
4. L,aMatuna, 3, L; Suleske. K. T. Org. Syn. 1985,64, 19. 
S. CAUTION. e tosylarion reaction and isolated tosyl oxime 2 both showed exothermic: 

dried tosylatc 2 also showed evidence of possible low-level shock sensitivity (discaloratit 
recommend that tosyl chloride is added with temperature control, and the batch tempera 
and the prod ct 2 was preferrably handled ..s .a wet cake. Upon tosylation completion, w 
product. The supernatant was removed by a filter stick and the wet cake was washed u 
water. Ethan I was then added to the wet cake and used directly in the next step. The Web 
up to 30 mol of water without effecting the yield. 

6. Addition of bITBE and solka floc before filtration significantly improved the filtration rat 
7. Baker’s yeast reduction of pyndyl ketones and ot-amido ketones: lzumi, 1.; Fukaya, K. B. 

Takeshita, M ; Terada, K.; Akutsu, N. Heterocycles 1987, 3051. 
8. (a) Chartrai M.; Chung, J. Y L: Roberge, C. WO patent 9803672, 1998. (b) Chai 

3.; McNa , I.; Zhao, D.: Olewinski, K.; Hunt, 0.; Salmon, P.; Roush, 1).; Yamazal 
Buckland, B. (ireasharn, R. Enzyme Micrub. 1echnoI. 1999, in press. 

9. The bioconvc rsion assay yield ranged from 70-90% depending on the initial concenirati 
isolation invc Ived removal of cells by centrifugationlultrafiltration and crystallization of 
acidic aque a solution. The overall yields from the ketone were 52-76%. The purity ol 
wt% and 99.5›".7% ee. 

10. Trost, B. M.; Bclletire, J. L.; Godleski, S.; McDougal, P.O.; Balkovec, J. M. J. Org. Che, 
11. Ho. 0.-I. US patent 5705653, 1997. 
12. All the new compounds were well characterized by ’H NMR. "C NMR and elemental 

5,7. 8, and are listed below, For compounds 2.4.6, and 9 data are readily available 
NMR (CD, D) 69.07 (d, .1=1.9 Hz, IH), 8.99 (d, 3=6.0 Hz, IH), 8.83 (dt. 3’8.3. 1.6 H 
3.61 (m, 2H) 3.59 (bra, 2H), 3.46 (m, 2H). 1.30 (t, 3=7 Hz, 6H); "C NMR (CD,OD) 8 1 
99.9, 59.2, .5, 15.0. Anal. calcd for C,,HCl2N202’3/4 KCI: C, 38.96; H, 5.94; N. S. 
8.00. Keto-antideS: ’11 NMR (CDCI,) 59.17 (d, 3=1.1 Hz, Iii), 8.84 (did, J=4.9.1,7 Hz, 
(m, lH), 7.5 (d. 1=8.7 Hz, 2H), 7.47 (m, IH), 6.60 (hrs. NH), 4,73 (d, 3=4.4 Hz, 2H), 
6193.1  1693, 154.7, 149.3, 147.3. 141.8, 135,2, 130.3, 129.7, 124.0, 123.9, 46.7,43.0. 
60.20; H. 4.3 ; N. 14.04. Found: C. 59.82; H, 4.24; N, 13.83. Aniline-alcohol 7: ’H NM] 

I 
dl-Hcl salt 

QVsraU ’tId 
20.32% 

of the amide completed 

Cheat. 1998,33, 193. 
570550, 1996. (b) Fisher. M. 
Candelore, M. K.; Cascieii. M. 
Strader, C. D.; Tota, L.; Wang. 
(d) Shib, T. L,; Candelore, M. 
Horn, G. 1.; Maclntyre, D. E.; 

A. E. Bioorg. Med Chem. Len. 

ivity beginning at +40°C. The 
at 250 kg cm and above. It is 

re is kept between +30-35°C. 
r was added to crystallize the 
cold iPrOH until <1.5 wt% 

rearragement step can tolerate 

11. Chem. Soc. Jpn. 1"3,1216. 

rain, M.; Roberge, Q. Cluing, 
S.; Wang, T,; Grabowski, E.; 

ms of ketone 5 (5-50 g/L.). The 
Icohol 6 by neutralization of an 
the alcohol ranged from 94-95 

1. 1986, 51, 2370. 

nalysis. Data for compounds 3, 
pon request. Amino ketal 3: ’H 

IH), 8.26 (dd, 3=8.3, 6.0, 1 H), 
17.1, 143.8, 142.5, 139.9, 129.3, 
6. Found: C, 38.81; H, 5.83; N, 
H), 8.22 (d, i’8.7 Hz, 2H), 8.23 
.78 (s, 2H); "C NMR (COCI,) 
Anal. caled for C,,H,,N,O: C, 
(CD,OD) 8 8.49 (d, 3=2.0 Hz, 

It 

BNSQOC(ft ’cX 22892aBA 



6743 

IH). 8.40 (dd. 34.9, 1.6 Hz, IH), 7.72 (dE, 3=8.0, 1.6 Hz, IH), 734 (dd, 1=7.8, 5.0 Hz, IH), 6.94 (d. 3=8.4 Hz, 2H), 6.66 
(d, 18.4 Hz, 2H), 4.78 (t, 3=6.1 Hz, IH), 3.42 (d, 3=6.1 Hz. 2H), 3.31 (s, 211); ’C NMR (CD30L) 6 175.2. 149.1. 148.3, 
147.7. 140.2. 136.3. 130.8, 125.9, 125.1, 116.8, 71.1,47.5,43.1. Anal, calcd for C5H,7N3O2: C. 66.40; H,6.32: N. 15.49, 
Found: C. 66.07; H, 6.35; N. 15.29. Tetrazole sulfonyl chloride 8: ’H NMR (CDCI3) 6 8.35 (d, 1=9.1 Hz, 211), 8.16 (d, 
3=9.1 Hz, 2H), 4,03(t, 3=7.2 Hz, 2H), 1.90(m, 2H), 185-1.70(m, 31-1), 1.65-1.45 (m, 4H), 1.40 (m. 211). 1.08 (m, 211); 
3C NMR (CDCI3) 6 148.7,142.2,139.9,128.7,118.8.45.6,39.5,32.7,32.6,27.6,25-1. Anal. calcd for C151-119CIN4OS: 
C,48.58; H. 5.16;C1,9-56;N, 15.11. Found: C.48.87; H. 5-21;Q,9.29; N. 14.90. I ’2HCI: ’H NMR (CDOD) 69.01 (d, 
3=1.2 Hz, IH), 8.86(d, 3=5.6 Hz, IH), 8.76 (dt. 3=8.1. 1.5 Hz, IH), 8.14(dd. 3=8.1. 5.6 Hz. 111). 8.06(d, 38.9 Hi, 211), 
7.88 (d, 3=8.9 Hz, 2H), 7.19 (d, 3=8.6 Hz, 214), 7.10 (d. 1=8.6 Hz, 211), 5.37 (dd, .1=9.8, 3.) Hz. 111). 4.00 (1, J=7.1 Hz, 
2H), 3.49(dd, 1=12.8. 3.3 Hz, IN), 3.35-3.20 (m. 3H), 3.00(m, 2H), 1.92-1.70 (m. 5H), 1.70-1.45 (m.41-1), 1.45-1.30 
(m,211), 1.10(m,211); 13CNMR (CD300)5 150.1.145.9,143.3.142.5.141.1.139.7,139.4,137.8,134.4,130,7. 129.7, 
128.7, 122.8, 120.0.66.9.53.7.50.0,46.4.40,9.33.9,33.6,32.4,28.6,26. 1. Anal. calcd for C,,HC12NO1S: C, 54.21; 
H, 5.91; Cl, 10.67; N. 14.75; S. 4.82. Found: C. 54.35; H, 5.90; Cl. 10.78; N. 14.64; S. 4.87. 
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