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) INTRODUCTION 

The intent o _f t _his investigation was to study the 

addition. _of aryl.sulfonyl azide.s to vinyl ethers, specif­

ically 2, J-d1hy_dra-4H-pyran, and to. aatabl.i.sh by chemical, 

and physical methods the structure of the adduct. 

3 



HISTORICAL 

Ad.d.1t1on of Azido Compounds 
to Carbon�oarbon Doub+e Bonda 

The addition or an azida group to an olet1n1o link­

age was first reported by Wolrr 1 who obtained the mono• 

and two b1a•adduots with phenyl &Eide and R-benzoqu1none, 

> 

The introduotion of a a-n1tro group on the N•phenyl sub­

stituent renders the triazo.l.e s_o. unstable that it deoom-
2 

poses.at onoe to the az1r1d1ne. 

A variety of olef1ns have undergone th1.s add1 tion 

r�aotion with a11dea,3•14 Generall1, addition to a dou­

ble bond in oonjugation with an a�amat10 system oooure 

sluggishly, if at all, whereas addition to a double bond 

1n a 010ito system in wh1oh there 1s considerable ring 

strain ooours readily, 

4 



The mo.s.t thor.oUShl7 atud.1.ed. .az.14.e a441t1on reaction■ ·

are those taking place at the &114le'!"'.stra1ne4 d.ouble bond•

ot b107olo(2._.2.1)heptene derivatives. Alder and Ste1n1.S

using phe?17l az1de develope.d a d'.1agnt\st1o tool tor the

bic7olo(2.2.1)heptene.double bond. For exampl.a norbornene

and d.101.c.lopentad.iene react axotheriaically- and. .quant1 �a­

t1vel1 w1 th phellyl .az1.de..160 ?lorhOf'l'lP!rtlll!l"m is .able to ad4

two moles ot phenyl or J?-n1tr.o.phenyl.. azide. Th� monoad­

dllot, 6btaJ.ne4 xhe.n an .exce.aa . .ot .ru>rQOr.nadiene is -used,

easiiy 4ecompoaes in a retr.o .. Diels-JJAer react�n Si Vin,;

o/clop�ntadie�e and 1-.aryltr1azo.le.16b

Aliphatic az.idea alao co,mbiJUI with norho:rnadtene and d1-

c1olop.entad1ene. .bu.t w1 th .l..ower yield.a. 17

The ad.du.eta formed. bJ orga\1110 a.zides -� bioyolohep.­

tene derivative.a are relatively stable to �eat. Elimina­

. ·t1on or-· tt1 trogen takes place -or,.Iy' · at· '150° ·•1th •·rormatiori

I 

1 

/ 



of a mixture of an aziridine and a Schiff base, as illus­

.. ", trated below for dihyd;rodicyclopentadiene. 3

w,J
H

5 --- . cti!HS

> 
H H 

cni:6H5 

80% 

6 

The presumed zwitterion intermedi�te16a shown above could

either stabilize:itself through ring closure or by a hydride 

shift. This intermediate has not been detected experimentally. 

The benzoyl substituted triazoline derivative formed 

from the reaction of benzoyl azide and norbornene cannot 

be isolated an� decomposes to give a 65% yield of a N­

benzoyl aziridine derivative and a 25% yield of a substi-

tuted oxazoline. A comparable situation exists in the 

16f 
addition of �-toluenesulfonyl azide to bicyclo(2.2.l)hept�ne. 

---> ��s + o�Tos 

'84% 9% 



The only evideno.e for stereQselecti vi ty in the cyclo­

addi tio.n of azi.des comes. from,. Zalkow' s and Oeh,Js;chlager' s 11

work on addition to trans-cyQloootene. The.y found that 

phen1l azid.e adds exothermioal).y to the trans while 1;he 

d1astereoisomer1c trlazoline from the ill isomer requires 

several months to form. J The enhanced reactivity or the 

trans configuration is also apparent in higher oyolic 
18 olefins. Cyclope.ntene and other relatively unstrained

cycloalkenea, like w-oyol.o.actene, require .more vigor-
- J 16d ous coil.di tio.ns. ' The tr1a.zol1ne fro.m cyelopentene

e.nd phenyl azlde l.o:s.e s ni tro�en below 100° with quanti­

tat1 ve formation of oyoJ.opentanone an113 and it is claimed

that in the anal..agou.1;1. r�aotion with tosyl azide nitrogen

is evolved even at 40Q .�6b

Addition of Azides to 
Enamines and the Related Enol Ethers 

Particularly suso�ptible to attack by organic azides 

are the electron-rich double bonds of e.nami.nes. Alder a?ld 

SteinJ noted that heating cyolopentene witn excess phenyl 

az1de leads to a prodqot w1t.h four nitrogen atoms, ex­

plained as follows by Hu1sgen.16a

. ) ' 

0 
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Puaoo and O-thera 19 have studied the ad.41 t1on ot aro­

-t1o az14ea to enamineso

..,H1 
The adduot tr.aa_R,-n1troprumyl azlde and an enamiiie rear-

ranges on p7rol7a1a with el1m1nat1on ot nitrogen and tor­

mat1on ot an am1d1ne.
19

Puaoo. and aasoo1ates19 have shown that adducts from

tos7l azide and enam1nes-undergo an 1ntereat1na 1,3-dipolai, 

elimination. The tosyl azide adduct from 2-morpholino-4-

methylpent-1-ene at room tem.pe_rature decomposes to d1azo­

methane and an am1d1ne having one less carbon atomo 

8 
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> 

CHCl l Tos-

2 o o 3.) (G1,� arc H2 �. ___., 

L 

+ 

In unpublished results Huisgen and co-workers 16a , 

claimed to have �repared the adducts from enol ethers, 

2,3-dihydropyran and 2,3-dihydrofuran, and aromatic16d

16b 
and tosyl azides. 

6 Franz and Osuch reacted E-toluenesulfonyl azide with, 

2,3-dihydropyran and n-butyl vinyl ether but failed to 

characterize or isolate the adduct although comparison 

of the infrared spectra of the reaction mixture and an 

enamine adduct had a similarity. 

9 



EXPERIMENTAL 

General 

All melting points, expressed in degrees centigrade, 

are correctedo Galbraith Microanalytical Laboratories 

performed the analyseso The analytical samples were dried 

in vacuo over phosphorous pentoxide for four days before 

analysiso Inf_rared spectra were measured with a Beckman 

I.Ro-8 spectrophotometer and only bands of moderate to

strong intensity are citedo Nuclear magnetic resonance 

spectra of samples at a concentration of 0o2 M were deter­

mined with a Varian A-60 spectrometer using deuterated 

chloroform or dimethylsulfoxide as solvent and tetra­

methylsilane as an internal referenceo The assignment of 

splitting pattern and coupling qonstants are only tentative • 

Xylene and benzene were dried over sodium metal·. Tetra-

hydrofuran and E-dioxane were dried over sodium hydroxide 

pellets and calcium hydride respectivelyo 

Preparatio11, of 
Substituted Benzenesqlfonyl Azides 

.Q-NITROBENZENESULFONYL AZIDE (I)o - A solution of 

J0.00 g. (0.1J5 mole) of 2-nitrobenzenesulfonyl chloride 

in 50 ml. of acetone was added dropwise with stirring to 

10.00 g. (0ol54 mole) of sodium azide in 75 ml. of water 

and 35 mlo of acetone at o0 over a 20 mino period. The 

10 
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reaotion mixture was stirred for 1 hr. at o0, allowed to 

come to room temperature, and then poured over 500 ml. of 

crush_ed ice with vigorous. stirring. The. solid was col­

lected by suction filtrat1.o:n, washed with cold water and 

recrystallized from hot absolute ethanol, to yield 23.95 g. 

� 50 ( 20 (78�) of yellow needles, m.p. 71-72. lit.· m.p. 71-

730); Vmax.(Nujol) 2170, 1585, 1548, 1530, 1310, 1192,

1170, 1140, 1117, 1050, 963, 886, 849, 780, 753, 735, 

728, __ 693, and 648 -1 
cm. •

�-NITROBENZENESULFONYL A2�DE (II). - To 75 ml. of 

a 50% aqueous acetone aalution containing ,.ao g. (0.077 

mole) of sodium azide was added dropwise at -10°, 15,00 g. 

(0.068 mole) of �-nitrabenzenesulfonyl chloride dissolved 

in 75 ml. of acetone. Stirring was. continued at -10° for 

1 hr. and at room temperature for an additional hour. 

The mixture was then diluted with 500 ml. of ice water and 

a yellow solid precipitated which was_ colleot.ed on a fil­

ter, washed with cold water and dried. The product was 

dissolved in 150 ml. of warm absolute ethanol and the re­

sulting solution was filtered. qooling caused separation 

of slender light yellow needles which were collected by 

vacuum filtration, washed with cold ethanol and dried to 

give 13.60 g. (88%), m .• p. 101-102°, of product; Vmax.(Nujol)

2130, 1600, 1535, 1400, 1)40, 1300, 1170, 1150, 1100, 

1078, 1010, 982, 971, 960, 865, 850, 765, 758, 740, 727, 

and 677 cm.-1•



An!!• Calod. for 06H4N4o4s: C, J2.02• H, l,75;

N, 24.56. Found: C, 31.?3; H, 1.90; N, 24.849 

In another experiment 30000 g. (0.135 mole) of�-

ni trobenzenesulfonyl chloride was di.ssolved in 50 ml. of 

aeetone and .added over a 20 min. period with stirring to 

10.00 g, (0.154 mole) of sodium azide dissolved in 75 ml. 

water-20 ml. acetone at o0 • The reaction.mixture was 

stirred far 1 hr. at o0 , brought to room temperature, and 

processed as before to yield 26.13 g, (85�) of product, 

m,p! 101�10�0
•

m-NITROBENZENESULFONYL .AZIDE (III) 0 - A solutirm af

12 

10.00 g. (0.154 mole) of sodium azide in 75 .ml. Qf 50% 

aqueous acetone was cooled t-0 o0 • To this was added drop­

wise over a 20 min. interval 30.00 g. (0.1J5 mole) .of m­

nitrobenzenesulfonyl chloride in 50 ml. of acetone. The 

solution w�s stirred an additional hour at o0 , brought to 

room temperature and stirred for JO min. The reaction 

mixture was poured with stirring into 500 ml. of crushed 

ice. The crude material, J0.59 g., was oollected by vae­

uum filtration and washed. Recrystallization from hot 

ethanol gave 27.23 g. (88%) of white nee.dles, m.p, 78-81° . 

An analytical sample, prepared by recrys.tallizing from 

absolute ethanol four times, melted at 79-81° , Vmax.(Nujol)

21JO, 1595, 1525, 1345, 1300, 1270, 1170, 1115, 1095, 

1073, 1063, 993, 944, 908, 876, 816, 765, 742, 730, 664, 

and 656 cm.-1•



Analo Calcdo for C6H4N404S: C, J2o02; H, lo75;

N, 240560 Found: C, Jlo74; H, lo87; N, 240720 

In. a sec.and experiment the sodium azide was dissolved 

in 70% instead of 50% aqueous acetone and the stirring �as 

continued for .2 hro instead of 1 hro after the m-nitro­

benzenesulfonyl chloride addi ti.on., The yield was JOo55 g. 

(99%), �oPo 78-SOOo 

I?-BROMOBENZENESULFONYL AZIDE (IV) o - To 7 5 ml. of 

50% aqueous. aceto.ne containing 5 o 00 g. ( O o 077 mole) of 

sodium azid.e, cool.ed to o0 , was. add.ad dro.pwise with stir­

ring 17v.25 go (0.067 mole) of £-bromobenzenesulfonyl 

chloride in 75 ml. of acetoneo After stir�ing 1 hro at 

o
0 the solution was allowed to come to room temperature. 

The reaction mixture was poured with stirring into JOO ml. 

of crushed ice. A white solid separated which was col­

lected by vacuum filtration, washed with c .o.ld water, and 

recrystal.lizeJi fr.o.m ethanol to yield 17" 71 g. ( 86%) of 

short white needles, moP• 51-53°0 Four recrystallizations 

from .absolu_te ethanol provided an anal.ytical a.ample, m.p. 

53-5305°; Vmax.(Nujol) 2127, 1565, 1530, 1300, 1275,

1260, 1172, 1080, 1060, 1005, 968, 890, 832, 819, 770, 

755, 730., and 687 -1cm. •

Ana.lo Calcdo for C6H4N3Br02: C, 27048; H, lo53;

N, 16.0J. Fo.und: C, 27070; H, lo52; N, 16022. 

In a second experiment 34055 go (Ool'.35 mole) of£� 

bromobenzenesulfonyl chloride in 100 ml. of acetone wa� 

13 



added dropwise to 10000 go (0ol54 mole) of sodium azide 

in 100 mlo water 0 The reaction mizture was stirred 2 hro 

at o0 and 2 hro at ro.o.m te.mperature and ga_ve 34018 g '!

(97'/,) of product when processed as bef.oreo 

3,4-DICHLOROBENZENESULfONYL AZIDE (V)o - Ten grams 

(0ol54 mo.le) of so.di.um azid .e was dissol.:v.ed in 100 mlo of 

watero To this solution, chilled to o0, was added drop­

wise with stirring 33015 go (0ol35 mo.le) of 3,4-dichloro­

benzenesulf_onyl chloride in 100 ml o acetone o After _stir­

ring at o0 for 2 hro the mixture �as bro.ught to room 

temperature and was w.orked up as us.ual.o The product was 

obtained as fine white needles, 30024 go (89'/,), moPo 59-

610
0 Recrystallization _four times from ab.solute ethanol 

afforded. an analytical sample which melted at 60-61° ; 

Vmaxo (Nujol) 2135, 1305, .1273, 12.53, 1178, 1136, 1092, 

1030, 890, 825, 742, 718, 696, 676, and 665 cmo-l•

Analo Calcdo for C6H3N3Cl202S: C, 28057; H, lol9; 

N, 16067. Found: C, 28.81; H, lo23; N, 16.90. 

In another experiment 10.00 g. (0.154 mo.le) of so­

dium azide dissolved in 75 mlo of water and 35 .ml. of ac­

etone was coo.led to o0 • To this was a .dded drapwise 

33.15 g. (0.135 mole) of 3,4-dichloro.b.enzene.$.Ulfonyl chlo­

ride in 50 mlo of acetoneo After stirring 1 hr at o0

and 30 min. at ro. .om temperature the pro.duct was isolated 

in the usual mannero The product, 32.89 g. (97'/,), showed 

the characteristic azide band at 2135 cm.-1, with a 
0m.J)). 59-61 o

14 



2,5-DICHLOROBENZENESULFONYL AZIDE (VI)o - To 

10.00 go (0ol54 IItole) of sodium azide dissolved in 100 ml. 

of water was added dropwise 100 mlo of an acetone solu­

tion containing 33.15 go (0o135 mole) of_ 2,5-dichloro­

benzenesulfonyl chloride at 0°o After stirring 2 hro at 

o
0 the solution was brought to room temperature then proc­

essed in the manner previously describedo The product was 

obtained as white needl_es, 31013 go (92%), moPo 50-53
°

.

A _sample, submitted for analysis after three recrystal­

lizations from absolute ethanol, melted at 51-53° ; 

Vmax.(Nujol) 214-0, 1300, 1265, 1225, 1190, 11?8, 114-0, 

1113, 1102, 1028, 976, 893, 834, 8-22, 740, 720, and 

681 cm.-1
o

�. Ca1.cdo far C6H3N:fl202S: C, 2.8o5?; H, lo1.9;

N, 16.67. Found: C, 28.64; H, lo30; N, 16 0 82 0 

In a second experiment 10000 go (0ol54 mole) of so­

dium azide was dissolved in 75 mlo of 50% aqueous acetone. 

This solution, cooled to o0 , was combined with 28 0 57 g. 

(0.112 mole) of 2,5-dichla.robenzenesulfonyl chloride 

over a 20 min. periodo The mixture w.as stirred 1 hro at 

o
0 and 10 hr. at room temperature and the product was 

isolated as beforeo The product, 27.35 g. {97%), m.p. 

50-52.5° , had an infrared spErctra i.dentic.al to that of

the compound prepared by the a hove p.roce.dure o 

2,5-DIBROMOBENZENESULFONYL CHLORIDE (VII)o - A �ix­

ture of 107.8 go {0o46 mole) of �-dibromobenzene and 

15 



213.2 g. (1.83 mole) of chloro_sulfonic acid was warmed 

at 63-67° for 2 hro, allowed to stand 12 hr. at room tem­

perature and heated on a steam bath 2 hro After pouring 

the solution into 500 ml. of crushed ice a grayish solid 

was collected by suction filtration and was washed with 

cold water. Recrystallization from. 60,% ethanol gave 

97.6 g. (59%) of white platelets, m.p. 70-71.5° (lit21

m.p. 71°).

2,5-DIBROMOBENZENESULFONYL AZIDE (VIII)o - A solu­

tion of 26.62 e;. (0.080 mole) of VII in 70 mlo of acetone 

was added dropwise to 75 ml. of water containing 6050 g. 

(0.100 mole) of sodium azide at o0
• After stirring at 

o
0 for 2 hr. and at room temperature for 1 hr. the product 

was isolated in the usual manner. The product was ob­

tained as large white platelets, 20.36 go (76,%), m.p. 65-

660. Three recrystallizations from ab.salute ethanol �f­

forded an analytical sample which melted at 65-67.5° ;

Vmax.(Nujol) 2140, 1548, 1265, 1255, 1195, 1170, 1144, 

1110, . 1098, 1078, 1070, 1020, 964, 888, 831, 790, 730, 

683, and 665 cm.-1o

�. Cal-cdo for C6H3NJ13r
2
o

2
s: C, 21.11; H, 0.88;

N, 12.32. Found: C, 21.32; H, 1.10; N, 12.58. 

In a second pre.paration 10.00 g. (0.154 mo.le) of so­

dium azide �as dissolve.d in 75 ml. of 50.% aqueous aceton_�. 

To this solution at o0
, 43.89 g. (0.131 mole) of VII in 

16 

50 ml. of acetone was added dropwise over a 20 min. p�riod. 



After stirring at o0 for 2 hro and at room temperature 

for 30 min. the product was isolated as usual to give 

4loJO go (92%), moPo 65-67°0

J?-TOLUENESULFONYL AZ IDE (IX) o - The method of 

20 Leffler and Tsuno was used in two experiments in which 

119.90 g. (O.1OO mole) of ,E-toluenesulfonyl chloride and

13.00 go (Oo2OO mold of sodium azide afforded 16016 go 

(82%) and 1609.5 go (86%) of product melting at 18-_20
°

(lit20 moPo 19-20°); Vmax0(liquid film) 2J4O, 2130, 1920,

1800, 17.50, 16.50, 1.58.5, 1490, 1440, 139.5, 1360, 1310, 

1290, 1180, 1119, 1081, 1038, 1016, 970, 950, 810, 797, 

742, 700, 662, and 631 cm.-1•

In an additional preparation 19. 00 go (OolOO mole) 

of 2-toluen�sulfonyl chloride dissolved in 50 ml. of ace­

tone was added to 7.5 ml. of ice-cold 50% acetone con­

taining 13. 00 g. (O. 2OO mole) of sodium azide during a 

30 min. interval. After stirring at o0 for 2 hr. the re­

action mixture was allowed to come to re.om temperature 

and subsequently was diluted with an equal volume of water. 

The solution was extracted thrice with 100 ml. portions 

17 

of diethyl ether. The combined ether eitracts were washed 

twice with 50 ml. of ice water and dried over anhydrous 

calcium chloride. Upon concentration 1n vacuo the etheral 

solution yielded 16.04 g. (82%) of product, m.p. 18 • .5-20.5°.

:e.-METHOXYBENZENESULFONYL AZIDE (X). - A 7.5 ml. por-

tion of a 50% water-acetone solution containing 10.00 g. 



(0.154 mole)' of sodium azide was c_6oled to·o0 • ·To this

well-stirred'solutieom was added 27�9·0 g. (0�'135 mole) of

.E_-metfiox;fberizemfs�lfonyl ·chloride in 50 ml� o{ ·acetorie
I • 

over � 60 min, �eii6d. After 1 hr. of sti�ririg �t 0° the

reactton mixture was allowed to come to room temperature

and was then diluted with 400 ml. of crushed tee�• W�4te

platelets separated which were collected by suctio,n. til­

t-ratidri and washed with cold water. RecrystalU,zat!Gn.

from ·e-th'.e.'riol afforded 26.85 g. (93%) of product, ··.wh:l!cn

melted··a.t· 51.,,.52: • .5° arid decomposed .. at 135° · (lit.·2�

deo0mPosed 1350- );' v;ax. (NuJol} 2230, 1590, 1570, .. ,1490it

1440; 1414, 1345, 1315, 1295, 1265, 1184, 1162,' 1108, 
"'!l 1060� 1018, 8JO�- 815, 803, 742, 71�, and 664 cm. �

Preparation of 
A N-(Arylsulf onyl )-t-Pentariimidolact6ne·s 

PR�P�TION OF N-(m-NITROBENZENESULFONYL)-S-PENTAN­

IMIDOLA.CTONE (XI). - To 2.28 g. (0.01 mole) of III was 
. - ' ' - ... 

added ··1a ;·1 ··g. · ( O �12 mole) of dihydr,opyran at ·room tem­

pe�at'lire;··and withfn l min. gas evolution was· rioted� 

�fter standfng at room temperature for JO.hr. no further 

nitrogen evolution occurred. Dilution with xylene to a 

total volume of 40 ml. followed by cooling and scratching 

the side.s of the ·r1ask resul te·d ·in the sepai·atiori of.· a· 

white solid� The product was·coJ.leoted by·suctio'r1:t',il­

tration, washed w1 th cold xylene and recrystallized f-rom 

hot xylene to yield 2.12 g. (75%) of fine col0rless--· 

18 



needles, moPo 100-102°0 Eight recrystallizations from 

benzene-petroleum ether gave an analytical sample which 

0 
melted at 100-101 ; Vmax 0

(Nujol) 1580, 1525, 1350, 1320 9

1310, 1275, 1169, 1155, 1119, 1080, 1069, 1056, 997, 975, 

937, 892, 877, 827, 812, 760, 733, 720, 680, 669, and 

655 cmo-1; nomoro (CDC13) 117 (quintet, J=J); 164 (tri­

plet, J=6), 271 (triplet, J=6), 465 (triplet, J=8), 510 

(triplet, J=7), and 532 CoPoSo (triplet, J=2 CoPoSo)o 

Alli!:lo Calcdo for c11H12N2o5s: C, 46048; H, 4o23;

N, 9086; molo wto, 2840 Found: C, 46066; H, 4o23; 

N, 9o73; molo wto (Rast), 250. 

In a second experiment 5o0 g. (Oo06 mole) of dihydro­

pyran was added to 2o28 go (OoOl mole) of III dissolved 

in 20 mlo of tetrahydrofuran at room temperature. The 

solution was stirred for JO hro after which time no fur­

ther nitrogen evolution occurredo The total volume was 

brought to 40 mlo with xyleneo On cooling apd scratching 

the sides of the flask a white solid, collected by.vacuum 

filtration and washed with cold xylene, separatedo The 
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2.38 g-.. (84% yield) of product melted at 9905-101°. The 

infrared spectra was identical to that of the above product. 

In a third experiment 5oO go (Oo06 mole) of dihydro­

pyran was added to 2o28 go {OoOl mole) of III in 20 ml. 

of benzeneo After JO hro of standing at room temperature 
0 

the product was isolated as before. It-melted at 100-101 ; 

yield, 2.J2 go {82%)o 
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In a fourth experimerit 5 oO ,_g-o ( 0 o 06 _mole) of .cUhy�ro­

pyran and 2o28 go (0-oOl mole) of III 1n 1.5 mlo of R-dioxane 

were stirr.ed f.or J6 hr o at r.oo.IQ. t.empera ture o The product, 

wor.ked up as in the previous experiments, -JJlel ted a.t 100-

102° , yield 2oJJ So (82$)0

In a fifth e.xper.1m,e.nt 5oO So (Oo06 .mole) of �ihydro­

pyran was added to .2. .. 28 go ( O o 01 .mole) of III in 20 ml o 

of xylene· at room t.empe.ratureo A white ao.lld began to 

separat� )Q hro latero After co.o11ng in ,a.n ic-e bath the 

·small· neeod.es were collected by suction filtration and

wa�'hed. w1.th cold · xylene to gi v� 2 o J4 go ( 82%) of product,

m·.p,. - HlO-;tOl o o 

· All p.r.e.dti.ets isolated using the various rea'Ct1�n

solvents ha� identical infrared- spectrao 

.. PREP .ARATIO N OF :N - ( .Q.-NITROBENZENESULFONYL) - 6' -PENTANIMIDO -

LACTONE '(XII) .. - To 2o28 So (Oo01JDO.le) of I dissolved 
'. ' 

ln_,20: ml� of tetrahJ'dro,fura.n was �ed SoO, g" (Oo06 mole) 

of· 41:hydropyrano . After warming at 50° for 20· h;r. the re­

ae:.ti on mtxture was cooled to 25° and ..made. to a tot�l vol­

\ijlle o:f 40 mlo with xyleneo On cooling. and s�ratohitlg t'he 

aides of the fla$.k, 2o43 go (86%) of fine white needle$ 

separated, m.po 75.,..77° 0 Reerystal.llzing four times fr-om

xy.lene afforded an. analytical sEµnP,le of constant meltt� 

range, 75-76° ; Vmaxo (Nujol) 1580, 1525., 1400_, 1J60, 134.5,

1310, 1295, 1285, 1173, 1152, 1121, 1080, 1070, 1051, 

980, 954, 917, 892, 872, 852, 829, 808, 773, 740, 723, 



-1 700, and 659 cmo ; nomoro (CDCl3) llJ (quintet,�=}), 

163 (triplet, J=6-), 26.3 (triplet,. J=6), 468 (do�'bl�t, 

J=l), and complex.Jllllltiplet centered at 49) CoPoSo 

(J=2-J CoPos.), with a peak are.a ratio of 4:2;2:4:l. 

�. Calcd. tor c11H1iN2o5s: C, 46048; H, 4.Z.J;

f, 9.86. Found: C, 46.SJ; H, 4.J8; N, 10.0Jo 

In a se .. o.ond experiment S. 0 g. ( 0. 06 mole) of di­

,hydropyran Ka.a added to 2. 28 g. ( o. o 1 mole) of I in 20 ,al. 

pf xylene. at room temperature. Within 2 .DU.n. ni trs,gen 
... , 

evolµ-tion. began. Fourteen hou.rs later there was_ JJO per� 
' ,;t 

ceptible gas. evolution. Stirring.an additio�l hour an� 

then c:oo;:Ling caused separation of a .wh1 te so.lid lf111oh :w,,_s 

oolleote.d.. �d. wa,shed to yield 2.2J ·g. (79•) of p.r�cl:tie1<. 
··- j 

.In a t,tt1.rd experiment 2.28 a·. (O.Ol mole) or I was_ 

shaken. •1th 10. O g. ( O .12 mole) of d1hyd.ropyran. · The so- · 
,/, 

' .  . . -

- iution was warmed at 55-60° for 10 min. and then,allo�ed 

to ,stand for 1.0 .hr. at xoom. .temper.a .t.ure. Afte� d1ltlt1on
'':>; ' 

· with thr·ee volumes of ..xylene and cool.ing, the product

separated an_d.was collected.and washed. The 2.40 g.·ob­

ta1ned represents a yield or as•.

The prod.u.ot, XII, isolated. 1n all exp.er1menta p� 

identical inf..r.ared spectra and melting range.a + 1 °. 

PREPARATION OF N��.E;"!NITROBENZENESULF0NYL) .:..��Pll:NTAN:CMIDO­

LA C TONE (XIII). - A mixture. of 10.1 g. (0.12 •�le) o.t

dihyd.ropyran and 2.28 g. (0.01 mole) of II was w:a..�ecl a·t 

55° for 10 min. then allowed.to stand at room teape_�atil� 
' '  
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for 10 hr. Dilution with an equal 'Vol:wu of xylene arid 

cooling resulted in separation of 2o70 go (95%) of a col­

orless sol.id which was collected. by vacuum filtration and 

washed with col.d .xylene, mo Po 127 ... 130° 
o An analytical 

sample of fine white needles melting at lJ0-132° was pre­

pared b.y recrystallizing the crude product four times 

from hot xylene; ·vmax. (Nujol) 1600, 1520, 1)40, 1295,

1270,. 1192, 1170, 1141, 1090, 108), 1048, 1006, 969, 956, 

950, 930, 890, 850, 827, 820, 775, 742, 733, 720, 698, 
.· 

-1 677, 666, .and 632 cm. ; n.m.r. (qp6so) 112 (quintet,

· .f=J), 165 (triplet, J=6), 269 (triplet, J=6), and a oom­

. ple:x: mult,iplet at 487-513 c.p.so 

Calod. fo.r c11H12N
2
o5s: C, 46048; H, 4.2J;

Found: 0, 46069; H, 4.45; N, 10005. 

In a second experim.ent a solution of = 5.0 g. (Oo06 

mole) of dihydropyran and 2o2.8 g. (0.01 mole) of Ir in 

20 ml. of E,-di.oxane .was···Jrept at 50° for 20 hr. and f:!Ub­

sequently oooled to roQDl temperature .and made to a t9tal 

vol�e oi' 4.0 mlo with xylene. With c.oo.ling fine .colqrless 

neeiles 1'0:rmed whieh were collected by suction f11 tration 

and washe·d with cold -xylene to yield.2.27 g. (.8.oi) of 

the product. 

In a. third .. ex11eriment the sam,.e. qu.anti ties of react­

ants used in the prece d·tng preparatic;:in w�re <Us solved in 

20 ml. of tetrahydrofuran ( instead of J?-dio.xane) and al­
o lowed to stand at 55 for 20 hr. Cooling resulted ir
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separat1�n ot a pale 7ellow solid which was worked up as 

usual to give 2o65 g. (90. yield) of prod.ucto 

In• fourth experiment again the same quantities of 

reactants were d.1s solved in 20 ml. of xylene. After · 

standing at room. temperature f.or J6 hr .• and cooling the 

product •as collected and washed with eold xylene. yield 

1.94 g. (68.) 0 

.In a fifth experiment 4.56 g. (0.02 mole) of II dis;;. 

solved in 15 ml. of benzene was mixed with 10.1 g. (.0.12 ·

mole) or d1hydropyran at room temperature. The ·solution 

was:Jr�?'IJled at 5J0 for l hro and .at room temperature for

14 hr. during which time a light yellow solid cleposited. 

The 4.J2 g. (76•) of product was collected by vacuum fil­

tration:and· washed with cold benzene. 

In each preparation the products obtained gav,•itl,�­

tical intra,recl spectra and melting ranges± 1.5
°
.

PRE!IARAT:CON OF N�( �-BRNMO:SENZENESOUONYL.) :-4 ... BENTANIMlDO -

L.A-CJ.l!'O•NE (XIV). - To a 20 ml. ben.zene solution con­

taining S.24 g. (,0.02 mole) of IV was ad.d.ed J.4 g. (0.04

mole) of dihydropyran. After warming at 40
° for. 20,hr.

and .making the total volume 40 ml. with ·xyl·ene,". cool1.:ing
, •• ✓ 

with i;icratehing of the flask's sides resulted in the �•P­

arat1on of a white solid. The ·prod.uc..t was4;eolleobed ·by ,
; .... 

v-.ouUlll filtration and washed with cold ,xy:lena. to give • ·

3.36 g. (SJ•) o.f eo.lorless bl.unt needl.es. Fi.Ye. recrys-,

tall1zations from hot xylene afforded ian anal.yt1,eal sa.mp_le



which melted at 108-111°; Vmax 0

(Nujol) 1575, 1)45, 1)12, 

1265, 1167, 1141, 1088, 1051, 1008, 970, 940, 917, 897, 

842, 810, 770, 740, 720, and 680 cm.-1; nomoro (CDClJ)

112 (quintet, J=4), 160 {triplet, J=6), 264 (triplet, 

J=6), and a complex multiplet 452-486 c.p.so, with a 

peak area ratio of 2:1:1:2. 

Anal. Calcd. for c11H12NBro3s: C, 41051; H, )o77;

N, 4.40. Found: C, 41.49; H, J.7J; N, 4.J9o 

In a second experiment 5o24 g. 10.02 mole) of IV 

dissolved in 20 ml. of xylene was shaken with J.4 g. 

{0.04 mole) of dihydropyran. The �ixture discolored 

after heating at 75
° for 4 hr. With cooling and scratch­

ing the flask's sides a white solid deposited which was 

worked up as before to give lol2 g. (18%) of product. 
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In a third experiment a mixture of 2.62 go (0.01 m.ale) 

of IV and 10.1 g. (0.12 mole) of dihydropyran was warmed 

at 60° for 15 min. then allowed to stand at room temper­

ature 60 hr. After dilution to JO mlo with xylene the 

product was isolated in the usual manner to give 1.00 g. 

(Jl%) of product. 

In a fourth experiment a solution of 2.62 g. {0.01 

mole) of IV dissolved in 20 ml. of tetrahydrofuran and 

5.0 g. (0.06 mole) of,dihydropyran stood at 55
° for 48 hr. 

then was diluted to 40 ml. with xyleneo Cooling and 

scratching the sides of the flask caused separation .of a 

white solid which was filtered and washed. The 1.2) g. 

of product obtained represents a J9% yield. 



All products isolated in these experiments gave 

identical infrar.e� spectra an_d had melting ranges wi th7'

1n ± 1°. 

·PREP AR.A.TlO:N � M1 ( '2 f 153-DlBRO MOBENZENE&U'LFO NX'L) -8 -PEN-

TANIM I DO tACTONE (XV) • To a 20 ml. tetrahydrofuran so.-

lut1on containing Jo41 go (0.01 mole) of VIII was added. 

5.0 g. (0.06 mole) of dihydropyran. After s·t1rring 

26.5 hr. at 25° the mixture was diluted to a total vol­

ume of 40 ml. with xyleneo With cooling and scratching 

of the flask's sides a white powder separated which was 

collected then washed and recrystallized from xylene to 

give 2·.6,1 �• (66%) of product, m.p. 12.5-127.5°. A sam­

p.le for an�lysis was prepared by recrystallizing three 

times from xylene; V
max.(Nujol) 1600, 14J5, lJBJ, 1J60,

lj48, 1338, 1311, 127b, 1245, 1190, 1170, 1153, 1132, 

1110, 1096, 1083, 1055, 1021, 972, ·94J, 933, 888, 827, 

806, 788; 7.68, 762, 74J, 705, 68J, -and 664 cm.-1; nom.r.

(CDC13) 113 (quintet, J=J), 164 (triplet, J::::6}, 265

(triplet, Jc6), and 456 c.p.s. (doublet, J=l c.p.s.), 

with� peak ar�a ratio of 4:2�2:2:l. 

Anal. Calcd. for c11H11NBr2o3s·: C, JJ.2.5; H, 2.75;

N, 3.53. Found: C, JJ.JO; H, 2.7.5; N, J.JB. 

In another experiment J.41 g. (0.01 mole) of VIII 

was shaken with lOol g. (Ool2 mole)- of dihydropyran at 

room temperature. Aftex 26.5 hr. at 25° nitrogen evolu­

tion had ceased and a white solid had deposited. Upon 

25 



making the total volume 40 ml. with xylene, the product, 

J.28 g. (82%), was isolated in the usual manner.

In a third reaction a mixture of J.41 g. (0.01 mole) 

of VIII dissolved in 10 ml. of £-dioxane and 5o0 g. (0.06' 

mole) of dihy'dropyran was stirred at room temperature for 

26.5-hr. then diluted with·three volumes of xylene. A 

fine white powder separated after cooling. It was fil­

tered, washed and recrystallized to· give 2.00 g. (50%) 

of product. 

In a fourth experiment J.41 g. (0.01 mole) of VIII 

di�solved in 15 ml. of xylene was shaken wi_th 5.0 g. 

( 0. 06 mole) of dihydropyran. After 'stan,ding at 25° for 

29 hr. the product was 09tained as-before, J.44 g. (S-7%).,. 

All .products isolated using the various reaction 

solvents had identical infrared spectra and melting 

0 
ranges within± 1 • 
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PREPARATION OF N-(3,4-DICHLOROBENZENESULFONYL)-a'-PEN­

TA.NIMIOOLA.CTONE (XVI). - To a 20 ml. xylene solution. 

containing 2.52 g. (0.01 mole) of V was added 5.0 g. 

(0.06 mole) of dihydropyran. After stirring at 25° for 

JO hr. the mixture was diluted to a total volume of 40 ml. 

with xylene. Cooling and scratching· the sides of the 

flask caused separation of small colorless needles which 

were collected by suction filtration� washed with cold 

xylene and recrystallized from hot xylene to give 2.89 g. 

( 94%) of product. An analytical sample was prepar.ed by 



four recrystallizations from xylene, moPo 104-105° ; 

V (Nujol) 1565, 1410, 1365, 1342, 1320, 1310, 1270, 
maxo 

1160, 1152, 1091, 1068, 1050, 1028, 977, 936, 892, 826, 

802, 728, 697, 684, 671, and 627 cmo-l; nomor o (CDCl3)

115 (quint�t, J=3), 162 (triplet, J=6), 268 (triplet, 

J=6), a complex multiplet 452-476, and 485 Cop.so 

(doublet, J=l C o PoSo), with a peak area ratio of 

4:2:2:1:1:lo 

Anal. Calcdo for c
11

H
11

Nc12o3s: C 42086; H, )o57;

N, 4.550 Found: C, 43002; H, 3.76; N, 4o53o 

In another experiment a solutiOh of 2o52 go (O o Ol 

mole) of V and lO o l go (0.12 mole) of dihydropyran was 

warmed at 55° for 15 mino then allowed to stand at 25°

27 

for 60 hr. During the last 48 hro a white solid separated o

After dilution with two volumes of xylene (20 mlo)_ and 

cooling, the product deposited and lo70 g. (55%) was iso­

lated in the usual manner. 

In a third experiment 5o04 g. (Oo02 mole) of Vin 

25 ml. of benzene was shaken with 10.1 g. (0.24 mole) of 

dihydropyran. After warming at 53° for 4 hro and standing 

at 25° for 4 hr. the--solution was tri turated with pet­

roleum ether and cooled o Scratching of the flask's sides 

resulted in the separation of a white powder which was 

collected by suction filtration and recrystallized from 

xylene to give 5.30 go (86%) of producto 

All products obtained using the various solvents had 

identical infrared spectra and melting ranges within± 2o0° . 
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.PREPAB,ATION OF N-( 2, 5-DICHLOROBENZENESllJ'LFON1YL) .,..S ... ·PEN­

TANIM I DOLACTONE (.XVII)o - A mixture of 2o52 g. {0.01 

mole) of VI and 10.1 go {0.12 mole) of dihydropyran was 

stirred 35 hr. at room temperature •.. The volume was ad­

justed to 40 ml. ,with xylene. After cooling and scratch-· 

1ng t�e sides of the flask a ftne whft� powder separated 

which was vacuum filtered and washed,with cold xylene to

yield 1.48 g. {48i) of product. Three recrystallizations 

from xylene afforded an analytical' sample melting at 96 . .-S-
. 

0 . 
97.5 ; Vmax.{Nujol) 1600, lJSO, 1JJ8, 1320, 1275, 1241, 

1170, 1155, 1125, 1112, 1097, 105a,•··1037, 973, 94<>� ·s9_Q, 

8·33, 812, 770, 746, 708, 689, and· 677 -1 cm. •

�. ,· Calcd. f�r c11H11Nc12o
3
s·: C, 42.86; H, 3.57;

N, 4.55. Found: C, 42.96,; H, J.66;·· N, 4.Sl. 
'/ 

In another experiment 2.52 g. (0.01 mole) o'f VI 1n 

11 ml. of benzene was stirred with 5.0 g. {0.06 mole} of 
. 

0 !l.itiYdropyran for JS hr. at 25 . After dilution to JO ml. 

wi�h xylene i.51 g. (49i) of product was isolated in the 

usu-�l. $.anner. 

In a third experiment 2. 52 g. { 0. 01 mole) of v;l in · . 

. 20 ml. of xylene w�s stirred with 5.0 go (0.06 mole) of 

dihyd.ropyran for J0
1

hr •. at room temperatureo After di­

lu•tf"cm to 40 m'1, with xylene, e�ling, and sc-rateh1.-ng 

the -sldes of the flask, a white solid separated. It was 

collected and washed to give 1.09 g.' (36i) of product. 

All products obtained had identical infrared spectr� 
, . .

and melting r�ges within± 1.5°. 



:PH®P ARA TION OF N "'1 (\Q-TO LUENESULFO.Nr!L't:-1 8 T�PENTANIMI DO -

r: A.C.'l\0 NE (XVIII) o - To a 20 ml o , benzene solution con­

taining 1.97 g. (OoOl mole) of IX was added SoO g. (Oo06 

· mole) of dihydropyrano After 11 �ays of standing at 25
°

only a light yellow oil remained. Upon stirring with

10 ml. of diethyl ether a white solid formed which was

collected by vacuum filtration and washed with a small

amount of ether to yield 2o17 g. (86•) of product. Three

recrystallizations from warm xylene afforded an analyt­

ical sample of small colorless needles, m.p. 74-75°;

v
max.(Nujol) 1570, 1405, 1J45, 1J05;' 1298, 1292, 1281,

1175, 1150, 1085, 1067, 105J, 1014, "980, 9J4, 894, 822,

805, 793, 727, ,704, 687, 664, and 652 cmo-l•

Anal. Calcdo for C12H15No
2
s: C, 56092; H, 5.9J;

N, .5.53. Found: C, 57.12; H, 6009;- N, 5oJ9 • 

.iREPARA.TION OF N""'.(£'l"MEf.I.'li_OXYBENZENESULFONYL)-8�19EN­

'DA:NIM !DOLACTONE (XIX). - A mixture· of 2.lJ g. (0.01 
. � : 

mole) of X and lOol go (0.12 mole) of dihydropyran was 

wartae_d at 47° for 96 hl'. The resulting yellow oil was 

dissolved in 10 ml. of benzene and·triturated with ether. 

The sho�t colorless needles which separated after three. 

days in the refrigerator were coileeted by suction fil-

tration and washed with cold xylene·.· Recrystallization 

from xylene gave 1.27 g. (47�) of product, m,.p. 9-3-95° .

An add1 t.1onal xylene recrystallization provided an ana,­

lyt1cal sample, moP• 93-94.5°; Vmax.(Nujol) 1580, 1400
9
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1345, 1310, 1290, 1265, 1176, 1147, 1108, 1083, 1050, 

1020, 970, 890, 833, 818, 800, 770; 720, 683, and 

660 cm o
-1

o 

Analo Calcd o for C12H15N04S: C, 53053; H, 5o58; 

N, 5020. Found: C, 53030; H, 5o58; N, 5o33o 

Reactions Related to Structure 
Assignment and Mechanism 

�-NITROBENZENESULFONAMIDE (XX)o - To 50 mlo of con­

centrated ammonium hydroxide was added 4o43 go (0.02 mole) 

of �-nitrobenzenesulfonyl chlorideo After 20 mino of 

gentle boiling the solution was cooled and diluted with 

100 mlo' of watero Colorless needles separated which were 

collected by suction filtration and washed with ice water. 

Recrystallization from 60% ethanol yielded 3066 go (91%) 

of material, m�P• 178-180° (lit o
23 moPo 179-180°);

Vmaxo (Nujol) 3340, 3250, 1610, 1565, 1_520, 1400, 1345, 

1310, 1285, 1177, 1161, 1110, 1091, ·1009, 899, 852, 822, 

775, 745, 740, 720, and 682 cmo-lo

m-NITROBENZENESULFONAMIDE (XXI)o - By the same pro­

cedure used to prepare XX, 4o43 go (0.02 mole) of m-nitro­

benzenesulfonyl chloride and 50 ml; of concentrated ammo­

nium hydroxide afforded 3 o 00 go (74%) of white needles, 

m.p. 16605-167.5° (11to23 m o Po 167-168°); Vmax.(Nujol)

3360, 3270, 1605, 1530, 1350, 1333, 1305, 1185, 1160, 

1120, 1083, 107Q, 995, 905, 873, 817, 757, 737, 720, 670, 

and 659 cm o
-l o
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2-NITROBENZENESULFONAMIDE (XXII)o - By the proce­

dure used to prepare XX, 2o50 go (OoOl mole) of Q-nitro­

benzenesulfqnyl chloride and JO mlo of concentrated am­

monium hydroxip.e gave 1.70 go (75%) of white needles, 

m.p. 190-192° (11to23 m.pe 193°); Vmax.(Nujol) 3385, 3270,

1590, 1530, 1350, 1335, 1300, 1159, 1123, 1060, 965, 920, 

852, 782, 737, 725, 700, and 655 cm.-1•

N-(2-TETRAHYDROPYRANYL)-4-METHYLBENZENESULFONAMIDE 

(XXIII)o - A mixture of 17.4 g. (0.21 mole) of dihydro­

pyran, J4o20 g. (0.20 mole) of £-toluenesulfonami�e, and

0.20 g. of �-toluenesulfonic acid in 50 mlo of benzene

reacted exothermically. After the initial reaction had

subsided the mixture was refluxed for 1 hr. then cooled

to room temperature. To neutralize the catalyst 1.00 g.

of anhydrous potassium carbonate was added which caused

the reaction mixture to solidify. The product and excess

potassium carbonate were collected by vacuum filtration
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and washed with cold ether until the washings were colorless.

The crude material was dissolved irt hot benzene then fil­

tered and cooled to give 23.5 g. (45%) of a fine white

powder, m.p. 105-106.5° (lit.24 m.p. 106-107.5°);

Vm�
0

(Nujol) 3230, 1335, 1325, 1300, 1200, 1165, 1144, 

1118, 1089, 1070, 1047, 1017, 940, 910, 879, 852, 848, 

837, 807, and 664 cm.-1•

HYDROLYSIS OF XII. - A solution of 2.00 g. (0.007 

mole) of XII in 20 ml. of 95% ethanol was refluxed for 5 hr. 



Cooling to room temperature caused white needles tQ sepa­

rate from the yellow solutfon. · The product was collected. 

by suction f11tration, was�ed with a small amount of, cold 

95, ethanol and recrystallized from 6oi ethanol. Concen-

. �ration of the filtrate gave another small crop for a 

total yield of l.J4 g. (95j) of .2-n1trobenzenesulfonamide, 

JJ•P• 191-192° (lit.23 m.p. 19J9 ). ·The product gave an

identical infrared spectrum with XXII and the melting . 

point fail$d to be d�pressed when mixed with XXII. 

J2 

The filtrate was-diluted to a-total volume of 20 ml. 

w1 th. absolu-te ethanol ... After a¢d1 t1on of o.6O ml. p.0O7 

mole) of 95� h74raz1·ne the solution·was refluxed for 7½ hr. 

Red'1,cing ,t�e volume !J! vacuo resulted in the separation 

of white platelet• wh1eh •�re collected by suction fi_ltra-

. t1on ·and· washed with .cold ·et�ol, m1.p. 105-10.5.-5° •. :ae� 
. . 

. 

crj��aUi..zation :from -absolute ethario!l. �forded 0.37 g. 

{4,_) ,of. j ;-;hN'�itt:ox;y:pentanoyl hy&razj.der,_ Jll•ll .. · .lO!+&iL06q

:, . 

(lit. m.p. 10.5° 2' and 107° 26); Vmax. (Nujol) JJ25, Jl60,

J140,, ;050, 164p, 15{30, lJJS, 129S;c-- i27.5, 1245, 1220, 

_ 1178, 1150, 1063� 1045, 1025, 988, 957, 740, 731, 720, 

and 680 em.-1•

HYDROLYSIS OF XI .. - A solution.1 of J.17 g .. (0.011 

mole) of XI tn ·20 ml. of 9 5% ethanol.'''Was refluxed for 

5· .-ir. The produ9t was i-solated as ,it was ln the preced-:r-­

ine; hydrolysis reaction to- give 2.12 g. (94�) of·m,�nitro-· · 

benzenesulfonamide, m.p. 166-168° (l1t.23 m.p. 16?-168°).



The product gave an identical infrared spectrum With 

and failed to depress the melting point of XXIo

The filtrate was evaporated to dl'yness and the re­

sulting oil taken up in 10 mlo of absolute ethanolo 

After addition of 1.00 mlo (0.012 mole) of 95% hydrazine 

the solution was heated at reflux for 7 hro White plate­

l�ts separated upon reducing the volume of the solution 

-,!n vaouoo The product was colleeted'by vacuum filtra-

tion and washed with col� ethanolo: Becrystall1zat1on 

from absolute ethanol gave O. 78 g. · (SJ%) of the 5-hydr.oxy.­

�ntapoy.l b yd:rrazide, mop. 104-106° ; 11 t. m.p. 105° 2
5 and

JJ 

107° 26• The product gave an identical infra d spectrum

with that of the. hydrazide formed in the hydrolysis of XI.I. 

HYDllOLYSIS OP XIII. - In a procedure similar to that

use4 1n hydro,lyzing XI and XII the hydrolysis of 4.22 g •. 

(O.015 mole) of XIII gave 2.60 g. (87�) of XX, m.p. 177-
,. 

179° and 1.11 g, (.56%.) of the hydrazide,, m.p. 105.5-107°. 

A'l"?EMPTED REDUCTIONS 0� XVIII TO XXIII. - To o.42 g. 

(o.0·02 mole) of XVIII suspended in S ml. of absolute e.th­

ano1 ·was added with swirling 0.07 g. (0.002 mole) of so­

dium borohydride at an average rate of 0.01 g./mln. G�� 

evolution was observed immediately�- The reaction flas.k 

was jacketed with a water bath at room temperature and 

after standing 16 hr. a solid separated. Porty-three hr. 

later the reaction mixture was diluted with 10 ml. of ice 

water and extracted three times with 10 ml. portions of 



diethyl ethero After drying over sodium sulfate the 

ether layer was triturated with petroleum ether and al­

lowed to coolo The colorless solid which separated was 

collected by vacuum filtration, washed with petroleum 

ether and dried to yield 0.30 g. of product of an un­

certain identity which melted at 58-59.5° ; Vmax.(Nujol)

3470, 3110, 1310, 1305, 1285, 1180, 1150, 1119, 1090, 

1059, 1025, 947, 938, 806, 755, 720, 706, and 662 cm.-1
0 

In an attempted catalytic reduction J.80 g. (0.015 

mole) of XVIII was dissolved in 250 ml. of E-dioxane 

which contained Ool9 g. of 85066% platinum oxide. After 

shaking under a hydrogen atmosphere at low pressure for 

JO min. at 25° approximately 0.015 mole of hydrogen had 

been consumed. After standing at room temperature over 

night the hydrogenation mixture was flushed with nitro­

gen and filteredo The green filtrate was reduced to a 

dark oil which was dissolved in 100 ml. of benz.ene and 

decolorized with charcoal. The resulting yellow fil­

trate was again reduced in vacuo to· ;a yellow oil which 

failed to crystallize. 

REACTION OF ARYLSULFONYL AZIDES WITH BENZENE. 

Separate 20 ml. benzene solutions containing 2.62 g. 

(0.01 mole) of IV, 2.52 g. (0.01 mole) of V, 2o28 g. 

(0.01 mole) of I, and 2.28 g. {0.01 mole) of II were 

warmed at 45-50° for 22 hr. The reaction mixtures were 

then evaporated to dryness in vacuo. In each case 99% 
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of the starting material was recovered unchanged, veri­

fied by melting points and infrared spectrao Notably no 

(-N-H) stretching absorptions were found in the spectra 

of the recovered materialso This suggests that no sul­

fonamides or anilides were formedo 
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DISCUSSION 

Evaluation of P�eparative Procedures 

_,S·lx1 new substituted benzenesulfonyl azide.s have 

been prepared. from the r•actiQn of sodium azide and var-

ious arylsulfonyl chlorides 1r aqueous acetone. 

rft
l

� -t-. Na
+ 

+Nlj' + cc·

Leffler and Tsuno20 were. first-··to employ aqueous 

acetone as a react4.on medium for the preparation, of 

arylsulfonyl az1des from a�d�� azide and arylsulfonyl 

chlorideo The small number of previ•ously synthes1z,d 

1 lf 1 d h d b i..i. • . 
, 22, 27ary su o�y azi es a een. run u aqueous ethano+ 

: 28 
or in aqueous ethero 

In this investigation little variation in th� yields 
'· 

was not.ed when the reaction medium was changed frcnn so,

to 75% $Cetone. In the preparation of IX, pr�vioqsly 
20 

reported bY _Leffler and Tsuno who used aqueou�
--
,thano.l,.

·changing th� solvent to aqueous acetone had no s1�n1f1-

cant effect on the yieldo

All of th� new subst1 tu,ted benzenesulf onyl �i.des 

had the characteristic azide band from· 22J0-2127 �m.-1

J6 



in Nujol mulls. Other notable infrared absorption bands 

include those for: -s02-, 1184-11'69 cm. -l; -N02:-,
-1lS)S-lS25 cm. ; and appropriate aromatic substitution

bands for C-H out-of-plane bending.

The addition of arylsulfopyl azides to dihydropyran 

resulted in nitrogen evolution within J-20 min. after 

mixing, depending on the type of benzenesulfony-1 azide. 

The reaction conditions employed are summarized in 

Table I.· For a given subs ti tuent it 0$?1 be seen tha.t. 

the nature of the reaction medium has little influence 

on the yield of product. In the only experiment atteapt •. d 

at an elevated temperature of anr time duration the yiel.d · 

of XIV was decreased. one half to one third. 
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After attempting to utilize a-wide spectrum of aprotic 

solvents and solvent systems, xylene was the best solvent 

found for recrystallization of the adducts. 

Evaluation of Chemical and Physical Evidence ; for a Structural Assignment 

The structur$1 assignment to the adduct of substi­

tuted benzenes\l.lfonyl azides and dihtdropyran was ma&e 

on the basis of elemental analysis; a moleoular·wttight 

deterJilination, n.m.r. and infrared'sJ)ectra, and.the 

hfdrolysis products of XI, XII, and-XIII. Elemental a­

nalysis, a molecular weight determ1nat1�:ri and�: the o'bser­

vation of nitrogen evolution dur..1ng the c-0.ur.s.e o .f the 

reaction indicate the product has one of the four possible 
', . 



structures shown below ( Sch_eme I) � ·' :;

Structure l 

n_}J� -��Ar

Struotur• 2 

Q�Ar 
Structure l 

0 
·�0.2A.r

Structure- 4 
SCHEME I 

The N-(arylsulfonyl)-2-pyridone (Structure 4) could be 

formed by a Chapman Rearrangement of the N-(arylsulfoll,Yl)­

c5'-:p·entan1m1·aola.ctone (Struct.ure 2 L. 

+ 
Structure 2 Structure 4

However, such reactions usually oc�ur only on pyrolysis 

of the imidic acid. 

The infrared spectra of the a4ducts obtained, BWll• 

.-r1zed in Table II, showed a �ery �trong abso�t1on in 

the range of 1565-1600 cm.-1• This 1ndicat1on of a

-'C=H-60 2- funetionJO eliminates possible adduct struotu:r�

i and 4. 't'he presence of a -c-o-c_;.; band also rules out 

the Chapman Rearranged product (Structure 4). The other 

absorption b�ds are consistent with adduct structures 1, 

2 And J• 
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TABLE I. 

Y·IELDS AJQ) SUIIARY OF REACTION CONDITIONS 
FOR THE PREPARATION OF 

ON-SQzAr 

Compound Aryl Tempo Time Yi'e-ld 
Number Substttuent Sol"lent oc hr111 j 

XI m-N1tro- Dihydr.01>1ran 25 JO 75 
a 

TetTahy-drofuran 25 JO 84 

a 

Benzene 25 JO 82 
a 

R,-Dioxane 25 36 82 
a 

Xylene 25 JO 82 

XII 2,-Nitr�- Tetra.hydrofttran 50 20 86 
a 

Xy1-ene 2.5 15 79 
a 

Dihy'dropyran 55-25 10 as 
a 

.XlJ;I ».-Nitro- D1·hydropyran 55-25 10 9.5 

R,-D1oxane 50 20 80 

Tetrahydrofuran 55 20 90 
a 

Xylene 25 36 68 

Benzene SJ-25 15 76 

m ».-Bromo- Benzene 40 20 53 

Xylene 75 4 18 
a 

D1hydropyran 60-2.5 60 )1 

Tetrahydrofuran .5.5 48 39 

(a) At 25° 
or ambient temperature.
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TllLE lb 

continued 

Compound. Aryl Tempo Time Iie,14 
WUllber Substituent Solvent oc hr o •. 

a 
1N 2,.5-Dibromo- Tetrahydrofuran 25 26o5 66 

a 
Dih7dropyran 25 26o5 8) 

a 

�-Dioxane 2.5 26.5 50 
a .  

Xylene 25 29 87 
a 

XVI 3,.4.-.Dichloro- Xylene 25 )0 94 
a 

Dihyd.ropyran 55�25 60 .55 
a 

.Benzene 5)-25 8 86 
a 

XVII 2,S-Dichloro- Dihydropyran 2.5 35 48 
a 

Benzene 25 35 49 
a 

Xylene 25 JO )6 
a 

XVIII J?•Methyl- Benzene 25 264 86 

X!X Jl""Methoxy D1hydropyran 4? 96 '+? 

·(a) At 25° or ambient temperature.



TABLE II o 

SUMMA.RY OF INFRARED SPECTRAa 

�ND
THE STRUCTURAL INTERPRETATION2 FOR 

ADDUCTS OF DIHYDROPYRAN AND ARYLSULFONYL AZIDES

b C d e C-Hf 

Compound 
Number 

S0
2

-N=C C-0-C Ar-S02-N -N02 Out-Of -Plane 
(if any) Bending 

XI 1580 1056 1350 152.5 812

1169 
1155 

XII 1580 10.51 1345 1525 740 
1173 
1152

XIII 1600 1048 1340 1520 827 
1170 
1141 

XIV 157.5 1051 1345 810 
1167 
1141 

xv 1600 1055 1348 806 
1170 
1153 

XVI 1565 1050 1342 802

1160 
1152

XVII 1600 1058 1350 812

1170 
1155 

XVIII 1570 1053 1345 822

1175 
11.50 

XIX 1580 1050 1345 818 
1176 
1147 

Absorption maxima are expressed in cmo-1o
Very strong; (c) Moderate; (d) Strong; (e) Strong; 
Moderate to strongo 
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Ruclear magnet1e resonance spectra of six of the 

different adducts synthesized showed quintets from 112-

117 c.p.s., triplets from 160-165 OoPoSo, and triple.ts 

from 26J-271 c.p.s. with peak area ratios of 4:2:2 

respectively. These multiplets suppQrt Structure 2 with 

the quintets from 112-117 CoPoSe assigned to the two equiv­

alent methylene groups, b and c; triplets from 160-165 

c.p.s. to a methylene function, a; a�d the triplets from

263-27-.l c.p.s. to the methylene attt1Qhed to the oxygen 1n

the lactone ring, d. The 11nes in the 452-519 c.p.s. r�­

gion can be,attributed to the type of arylsulfo117l group

subst1 tuted on the nitrogen of the· 1midate _l:�ctotJ.e.

Chem-ical evidence for the assignment of Structure 2 

comes from the hydrolysis of the a4ducts in 9�· et-hanol. 

the adducts, XI, XII, and XIII, gave the corr�Bponding 

sulfonamid� and S-valerol�ctone �hich was iso»ated as 

its hy'draz1de. 

O
�Q2 

[ 

. 

]

H2N 

0�002- �l�H >. O· , . + Jo
� h .Bef,lux 

02 

0 

HO-CH2-(CH2�3�B-NH-NH2

SCHEME II 



fhe su.speotecl sulfonamides from the hydrolys1.s were 1$0""' 

lated and compared with authentic sulfona.m1de-� and. proved 

to be identical. The 5,hydrill'ypffltartay.:l hyd;razide 's melt­

ing point agreed with that whi�h has been previously re-
25 26 

ported '
and gave an infrared spectra consistent with 

such a compound. 

Attempts to reduce XVIII to XXlII by chemical and 

catalytic methods were uns-ucoessful (Scheme III). 

XXIII 

SCHEME III 

'The reduced product, XXIII, has previously been re­

ported24 
and was synthesized from dihydropyran and R­

toluenesulfonamide using hydrogen chloride in ether as a

catalyst. In this investigation employment of R-toluene­

sulfon1c acid as catalyst increased the yield from 22 

to 46%. 

Supporting evidence for the structural assignments 

can be found in a recent review artlele16a authoNd- 'b7"

Huisgen and others describing some of their unpublished 

work.16b These investigators reacted �-toluenesulfony-1

43 
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aatae with 2,J-dih,'drefuran and 2 i J-dlhydropyran to obtain 

compou�ds proposed to be sYbstitute� tm1d1G �o1d lactonesa 

·However, no exper1•ental evidence.was reported to substan�

tiate their structural assignments. Franz and Osuch6 have

reported that they obtained adducts by reacting vinyl e­

thers with various sulfonyl azidesd · The adducts had in­

frared spectra similar to that of an eniminesulfonyl azide

reaction product; but definite structural assignments were

not made to the compounds derived from the vinyl ethers.

Possible Mechan:t,sms 
for Adduct Formation· 

Speculation concerning the mechanism of addition of 

arylsulfonyl az1de� to 2,J-dihydro-4H-pyran suggests two 
. 

•'  � 
. 

general ty1es of intermediates; a "nitren&� intermediate

shown in _Scheme IV, or one of two or both tr1azou.:ne type

inte�ed��tes �eseribed in Scheme v.

➔ 

to 
[ o�r]�-. ➔ o-�S02Ar

SCHEME IV 

(a) Other intermediates involving addition of the nitrene
to dihydropyran are posstble.



Q+ 
G)S,, 

Jt,r...1J3R2-,N=,=Nt I ) (1;-s0aAr 

or StTucture 1 

Stri?-oture··2 

SCHEME V 

lI 
Iv 

--69� � 
Aroo.2 

Heacock and Edmison:31 hate decomposed benzene§tl.1:'fon,1

az1de in various �ro�tic solvents to obtain sulfonamides 

and .subst1tuj;ed an1lideso They suggest that a •n1trene• 



intermediate forms initially then proceeds to give the 

isolated products by a radical substitution mechanism, 

➔ 

)> 

> 

: p -➔
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The "nitrene• intermediate has also been proposed by other 
20 workers in the decomposition of various arylsulfonyl azides.

Infrared spectra of the dihydropyran-arylsulfonyl 

azide adduct crude products showed no absorption in the 

N-H stretching frequency regiono Several of the arylsul­

fonyl azides prepared were stirred'at conditions used to 

form the adducts except the dihydropyran was deleted. 

Evaporation of the solvent gave quantitative recovery of 

the starting materials with infrared spectra-unchanged. 

That is, no sulfonamides or substituted anilides were formed. 

Consequently the possibility of a "nitrene" intermediate 

being generated under conditions used in formli-ig the ad­

ducts is remote. 

The triazoline intermediate (Scheme V) is consistent 

with the previously reported reactions involving addi­

tions of azides to olefins o '.3, 6., 16a, 19 Such an interme­

diate would require bond bending in the azide function. 
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ln the asiQe grQUP sp hybridltat1on of the bands of 

the central nitrogen atom leads to a Jin�ar chain of three

nitrogen atoms in the ground state. So the first and 

third n1 trog n atoms may make oonta�t with the l[ bond ot

an olefinic dipolarophile in the cour e of a cycloadd1tion, 

bend.ing of the linear aztde system, !:-s required. An LCAO 

calculation by Roberts32 has shown that such bending is 

possible without too great an expenditure of. energy. 

Hui-sgen and cQ-,lforkers16a suggest th.at the energ7 lost 

in breaking one bond is partially compensated for by a

gain in energy through rehybridizat1on. 
. .  ' 

The next consideration in the tri�zoline intermedi-

ate. structure is the orientation of the arylsulfony-1 moiety.

Two l)Ossible orientations are possible as depleted in 

Boheme Vo On the hypothesis that the dominate-orientation 

factor, stabilization of a positive·eharge by the neigh­

boring oxygen atom 9 is equivalent to that in the en.amine 

case, Huisgen and others16a propose Structure 1 in Sch.:·v. 

The mechanism put forth by Franz and Osuch6 for the ad-. 

dition of arylsulfonyl azides to enamines in described 

in Scheme VIo 

00 + l\:rS02N
, 

� �SOzAr

SCHEQ VI 



An identic•l mechanism has been postulated by Fusco and 

assoc1ates19 in the reaction of tosyl az1de w1th 2�or• 

phol1no-4-meth7lpent-l-ene. Further strong support of 

Structure 1 1n Scheme V comes from the product of the 

add1t1o'n of t.osy-1 az1de to ethinyl -�thers.33

_ Q) E> -NS02Ar
BC;C-002H5 + ArS02-,H---l=!!I � �2CH-8-ocH2CHJ

It one accepts the intermediate of Structure 1 1n 

Scheme .Vthe. next step 1n the :r;nechan1sm cannot be eas1ly­

d1scerned. ·The product may be formed by first el1m1nat-

1ns ·n1trog�n to form an az1r1d1ne which w1.th a_ 1,2_­

b74r14e shift forms the product or by- a concerted process 

to el11linate nitrogen and form the product w1th·the h1-

CU."1c:le sh1tt 1n one step. It 1s worthy- to note that 

az1r1dtnes or this type have been·r�p0rted by House and. 

Berkow1tz34 and Batch and Cram35. 



SUMMARY 

The adducts from 2,3-dihydro-4H-pyran and various 

arylsulfonyl azides have been prepared in a variety of 

reaction mediums. By a combination of chemical and phys­

ical methods the structure of the adducts was found to be 

N-(arylsulfonyl)- $-pentanimidolactones. 

A possible "nitrene" intermediate in the mechanism 

of the reaction has been discounted. The absence of a 

"nitrene" is suggested by the failure to detect sulfon­

amides and substituted anilides in the crude products. 

"Nitrenes" do exist in reactions at temperatures near 

the arylsulfonyl azide's decomposition point. Such vig­

orous conditions were not used in this investigation. 

1he mechanism proposed involves a triazoline which elim­

inates nitrogen by one and/or two possible modes to give 

the isolated products. A triazoline intermediate is 

supported by previously proposed mechanisms for addition 

of organic azides to olefinic and acetylenic functions. 

The arylsulfonyl azides and their adducts have been 

submitted to the Cancer Chemotherapy National Service 

Center for evaluation against cancer. A few of these 

have shown activity in the Walker 256 Carcinoma. 
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