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Abstract: The photochemistry of the derivatives of o-nitrobenzylcarboxyl esters or benzylsulfonyl derivatives has been well studied separately. But
little attempt has been made to combine the fruits from these two studies. Being photochemically active, benzylsulphonyl and nitro groups should
influence the reactivity of each other’s, especially when the excited states are fully mixed due to the proximity of their location. The questions
which should be clearly answered are; what kind of effect will be excerted to the other group, and whether these two functional groups are
coupled in the course of the reaction. To answer the questions raised above, we have synthesized two sulfonyl esters and four amides from the
newly available starting material, 2-nitro- @ -toluenesulfonyl chloride. The products identified from the exploratory solution photochemistry were
cyclohexanol, phenol, cyclohexylamine, and sulfur dioxide. The results are not much different from the products originally anticipated. It has been
temporarily concluded that there is little interaction between the benzyl sulfonyl group and ortho-nitro chromophore. The fact that a base (an
amine) has been photochemically generated in solution photochemistry was further confirmed by and utilized in the solid phase quantitative
photochemistry done on the film, so as to carry out the photochemical epoxide cure.
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o &84 dg Z3E nustnx do.

€ 479 5342 F A 2R Y% & At £ o-nitro-
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9 EAg ¥4, #@dd A48 v7)ge UeH g R
2HFEPE 471 Y3l JASCO IR Report-100&, NMR A#HE
@2 Bruker AC 100, UV 23 E3-& Milton Roy 12017 Hewlett
Packard 8452A Photo-diode Array ¥33=AE 77 A 4354
ANt HEEY BAE A ALF GCE TCD AZ7)9 FID
HE7E £¥3ln )& Hewlett Packard 5890 series Holgith 2
Hhg-o A48 Fu87)E= The Southern New England Ultraviolet
Company®] Rayonet #4H&7]olQz z+ ¥ a 254 nm, 300
nm, 350 nm 2749 15 W $ZE 16702 Alg8td). £ Ace
Glass Company®] Hanovia #4$7], 450 W ¢ $2d8=g A}
SRR, B HEg A FojAa Al w= Ny A Ny

immersion well <ol Vycor ZE]E #&3lo] ALg3ldth. GC Z
2 Supelcorl9] SE-30 wide bore 30 m Z# 3 HPAMY HP-1
10 m wide bore ZE& AHE3IYY. 54 ZA = Fisher-Jonhs
A HE2R 3A718 Agstdor 3R F AYdHE d3EY
Felole A¥ol= Harrison ResearchA¢] Model 7924T Chroma-
totrong AHE-3}S T

9 242 A48 2-nitro- o -toluenesulfony] chloridex Aldrich
A AFE BASA g1 AEAoY uhge AHgE guiEe
25 ZAste AR
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2.2.1. o-Nitrotoluenesulfonate ester2} &

(1) Cyclohexyl 2-nitro- a -toluenesulfonate®] 3§

£%0] 100 mLY A T2 vt EebaAd) 15 mLe CHCL%
Al Z2EAE 063 mL(063 g, 6 mmole), HAY 08 mL0.79 g,
10 mmole)2 ¥ ALoA CHCh 25 mLol 2-nitro- @ -toluene-
sulfonyl chloride 1.2 g(5 mmole)S S944 A2oA 2HowA A
A3 71EF 7~8A2F T #AFIHAL. g9 AL TICE &
st ghgo]l AALH ¥3} NHCIH #Fe] &2 f7128 4
Fsta] sEdz FAddS AASHT 5 CaChz 715
ZPE FEE AASL AZ §dozry wg £ CHCLE
TN F, AT HZF olg3lod 50 T EF5IA dol e
DL AAG g 2L 34 YAHEL n-geo 2 ARG
cyclohexyl 2-nitro- @ -toluenesulfonate 1.063 g (354 mmole,
71%)& 2 mp 77~79 T; 'H NMR (CDCh) & 12~20 (m,
11H), 50 (s, 2H), 7~8 (m, 4H); IR (KBr) 3000 (aromatic =CH)
2950 (aliphatic CH), 1600 (aromatic C=C), 1520 (N=0), 1350
(SOs) em™’; UV(MeOH) Amul &) 254 nm (4700 M 'em’™).

(2) Phenyl 2-nitro- e -toluenesulfonate®] 4

9 Cyclohexyl 2-nitro- @ -toluenesulfonate®} 343z §A}3 ub
U AM8ste] ®lE 057 ml (062 g, 65 mmole)?} 2-nitro- e -
toluenesulfonyl chloride 1.118 g (5 mmole)& £2E2A2 5o A
HEE %o olF olaxzdouE2 AZAsY phenyl 2-
nitro- @ -toluenesulfonate 1.162 g (395 mmole, 79%)& AUt}
mp 59~61 C; 'H NMR (CDCly) 8 51 (s, 2H), 70~75 (m, 5H),
75~82 (m, 4H); IR (KBr) 3000 (aromatic C=CH), 1580
(aromatic C=C), 1518 (N=0),1350 (SOs) cm’; UV (MeOH) A mux
(&) 253 nm (4700 M 'em™).

2.2.2. o-Nitrotoluenesulfonamide®! &l

(1) Cyclohexyl o-Nitrotoluenesulfonamide(C-SA)S] Al

&%l 100 mLe! A7 T2 we EgA3e] 20 mLe) dyz
g AlZ2dAolnl 050 mL (045 g, 45 mmole)2 ¥ Aol
AowA 30 mL olEl=Zo] 2-nitro-a-toluenesulfonyl chloride
047g (20 mmole)& = £8E HH3) Yol ¢ 7 AN &
o A2 HEAZl F A" AZE Aoy dX
I 22 #71%5E Aol F1 B MgSOE §71%¢
& 8WE AT FoAA AAs 1A JHES AT n-F )
A AAASS 8% F&2 cyclohexyl o-nitrotoluenesulfona-
mide 051 g (17 mmol)& YAtk mp 98~9 T; 'H NMR
(CDCl) & 1.19~293 (m, 10H), 3.19 (s, 1H), 4.28~4.35(d, 1H),
483(s, 2H), 726~806(m, 4H); IR (KBr) 3250 (N-H), 3000
(aromatic =CH), 2950 (Aliphatic CH), 1600 (aromatic C=C), 1520
(N=0), 1320, 1120 (SO9 cm’; UV(MeOH) Amnle) 253 nm
(5900 M'em 1),
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(2) Phenyl o-Nitrotoluenesulfonamide (Ph-SA)9} @4
9 cyclohexyl 2- njtro~a~toluenesulfonamid691 A3 FAE

W g AME-stal obd ¥ 041 mL (0419 g, 450 mmole)=} 2-nitro-
a -toluenesulfony! chioride 0500 g (212 mmole)S £4E3AZ 3

L= Ry+]

4E2S AAen oF BAFA FAHIYT p-Fe/wAdA
A A8t phenyl 2-nitro- a ~toluenesulfonamide 0550 g (1.88
mmole, 89%)2 AUt mp 128~129 C; 'H NMR (CDCly) § 495
(s, 2H), 653 (s, 1H), 7.09~808 (m, 9H); IR(KBr) 3220 (N-H),
3000 (aromatic C=CH), 1600 (aromatic C=C), 1520, 1350 (N=0),
1340, 1120 (SOy) cm™’; UV (MeOH) Amn(e) 266 nm (5100

M 'cm ).

Ag Al

(3) Benzyl o-Nitro-toluenesulfonamide(B-SA)¢} Al
# cyclohexyl 2-nitro- @ -toluenesulfonamide®] 43 §A}a
WS ARgste] wWidolwl 049 ml (0482 g, 450 mmole)=} 2-nitro-

ouaE
a-toluenesulfony! chloride 0500 g (212 mmole)& &WEAZ 3}
o AEES FAor o2 BHAY FXE F p-Peb/gAo)A

MARsk benzyl 2-nitro- @ ~toluenesulfonamide 05%0 g (1.92
mmole, %0%)& AUtk mp 108~109 T; 'H NMR (CDCh) &
414~420 (d, 2H), 442~4.60(t, 1H), 479 (s, 2H), 7.31~808 (m,
9H); IR(KBr) 3400 (N-H), 3000 (aromatic C=CH), 1600 (aromatic
C=C), 1520, 1350 (N=0), 1340, 1120 (SOs) ecm’; UV (MeOH) A
mac( €) 260 nm (5520 M 'em’Y).

(4) Piperidyl o-Nitro-toluenesulfonamide(P-SA)¢] &4
# cyclohexyl 2-nitro- @ -toluenesulfonamide® @43 Abs

YHE AHEste gul2ld 807 g (94 mmole)} 2-nitro- @ -toluene-
sulfonyl chloride 2.23 g (947 mmole)$ SWEAZ 3o AN

L

& dglom olg uAA PPoz FAestn n- PN A2
A8t piperidyl 2-nitro- @ -toluenesulfonamide 103 g (360
mmole, 38%)& YA mp 135~137 C; 'H NMR (CDCL) § 15
6~163 (m, 6H), 312~314 (bd d, 4H), 471 (s, 2H), 751~7.67
(m, 3H), 802 (d, 2H); IR (KBr) 3000 (aromatic C=CH), 1600
(aromatic C=C), 1534 (-NOy), 1354-1325 (SOz) cm’’; UV (EtOH)
Ama( &) 256 nm (4800 M'em™), 300 nm (1900 M 'em™).
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2.3.1. 2-Nitro-a-toluenesulfonate ester2 4
49 cyclohexyl 2-nitro- @ -toluenesulfonate 40,
mLo] g2 Ei= fygd =d 535x10°
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2.3.2. 2-Nitro-a-toluenesulfonamide2 2o
AHY ¥2 8 7MAE SEol =9 Wetest oy
go] 087 ALg AaAAG & vz} Aol A

< Rayonet #49H&7] (15 Wx16), 2282 44 &

TdsE A 109 A1 3, 1999
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CH=80,~C ~ ————sr QCHz—soz—OR
B:
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1: R = Cyclohexyt
2: R = Phenyl
RNH,
—_— CH,—S0,—NHR
NO,
3: R = Cyclohexy! (C-SA)
4: R = Phenyl
5: R = Benzyl!
6: R = Piperidyl (P-SA)
Scheme 3
HES YAstdE Hanovia Burg718 AlS3le FRejstgct
s}3h whge} WAL GCZ BASHA0H ol decalined ¥ ¥
212 A3y

2.3.3. 2-Nitro-a-toluenesulfonamide2l ZZ Atof|A{Q] Zui2

HEZHES &rE 3o 68 AH%Y poly(methacrylonitrile)
(PMAN)E X383l REALAL gtET 0171°ﬂ PMANe| djs}
o 17 mol %9 C-SASt P-SAE =9 | 848 R 4%
NaCl ol 2dIESI BTt OIOW %%—% 0 CTAlAM 30
B AZANF A AT 2204 10/ AN EA 7
¢ 10 pol =}k o] HEo 254 nmo| AL AN 7HEA
ARG o] AR HFEo2 R AHEAS 2AFHYL)
2.3.4. 2-nitro-a -toluenesulfonamideﬂl utg: oielg o|gst

ol ZA| 7tm A

ANZAl E2b hE FE7) 100 mole %7} HEE ¥5E =
¥ C-SASt P-SAE #4979 olvle]  uhAbA|(photo-base
generator; PBG)Z4], ZE]X poly(glycidyl methacrylate-ethyl
acrylate) ¥FZAE ANEA ZYoiZ ALLE AS BE ""’4—‘-
@ el FAZ 1~2 y 952 PEL 2WUFEFT o] BWE
110 CollA 2% §< A 7128 O d7]d % 600 mJ/cm277}
A9 A g ZABA olo]A 150 TollA 3%z A% s s
I A g Abgst] A sl

3. Zn 9l 1
3.8 4o

¥ A7 ddoz NYE 3FEe F4L ¥ Scheme 39 W
He Fold #3839

o gt o 4x 289 FAFY0l AAHALH piperidyl
sulfonamide®] 7Z-¢% A<std 2E HHEL FA T 0% o4
o £E2 IU.

e 72 NMR, IR, UV 5 22 Z3std wyoz 8
AstATh 2ol AR A9 A}E F F Y sEolu=o o5}
o FFFEA(TGA)E 2AE A cyclohexyl o-nitrotoluene
sulfonamide(C-SA)9] 7% 235 T7 ]E 7'743}14 o] &% o]A

dAE 53%9] AFE Youlzls ¢
o-nitrotoluene sulfonamide(P- SAH €25 T o4y 2%
X AFe] 46%F Aol vh_'-ﬁﬂi—z ‘Q.‘lZlE}t Atado] ol
St oke} F0}7 Figure 19) C-SAS} P-SAS] 7242 Ay
HY SOE EFY Q8F BP9 Eaidto] 27 AA Lzl

—= T
HA%SH 52%Q1 RoZ mlFof Bo} o] & RIofA SO A

?J_ oJyto™ piperidyl
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C-SA: MW =298 P-SA: MW =284
162/298 = 0.54 148/284 = 0.52
Figure 1. Interpretation of TGA of C-SA and P-SA.
%498 (thermal extrusion)o] YotSE ¢ & AN

3.2. 8% ZojM2e| ZHHE: Exploratory Photochemistry

3.2.1. 2-Nitro-a-toluenesulfonate ester 2 8% & Hutg
A F ~9EH S 4HEE G JYE BFE AmE
254 nm-2e 7FAT YALH e 5x10° 0|Qh. SEA A
gz FE3 weA olE GCE BA3 A AZF2EA oy
2 Rayonet HH$-7]01A 16417 9H8 ¥ Pseudo-photostationary
stateo] o2 oo EFE 2L FAEAQ JAHZ 55 mol
%, 231 AIZF2HAAL 45 mol %olUth °] pseudo-photo-
stationary statet o}l Fukd AAEF 9] 33l nitrosoben-
zaldehyde7t Eolov A4& FFdld Adgozi doju:
HYoZ NE - Aot Fikg F Jdojudl v g EREGN &
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3.2.2. 2-Nitro-a-toluenesulfonamide2| 8% & Zuts
48 o-nitrobenzylsulfonyl +EAE 3o Mol Pake) o}
2 F udY g Auns) 3o P Hu IAHD 3
(254 nm, 300 nm, 350 nm)& 23 Y& Rayonet FuHE71(15 W
xX16)st FFo]l 2 A A 499 Y& Ue 450 W FUdF
2= HE|(Vycor, Pyrex)& #% Hanovia #4+§715 AM83}
o 49 sk Fwkge] Ao wt A GC/MS A=A E
C-SA ¥ P-SAZRE Ztzt AZddolnlst el Haps
£ e Fr89EE IASAY E£3 WY EFEZE decaline
€ AUtete] A ZAAIZE] e AT AR

2ol

3.2.3. 2-Nitro-a-toluenesulfonate ester® 2-nitro-a-toluene-
sulfonamide?l 8UF oA} I3 d|m

ols} 22 A99 A3} o-nitrobenzylsulfonamideX o-nitroben-
zylsulfonate esters} ©el £ AgdA AHLE A 233234, 300,
2 350 nm) EFM Frgo] FgHew IR kot
350 nmel A& amines BHAY F UUTh o] A FAL Aol
dojArets YA E oldley YlME Wasl gl vd Aug
EZY 288 £+ dA

Benzylsulfonyl A9l #3138 wtgol e &uje 4 AF 59
o] F45% vgo] # Aydcin vx HYYUcHI0L o9 2o &
9] E3E Yolry] 943t o-nitrobenzylsulfonamide ¥ o-nitro-
benzylsulfonate ester®] HWEt22 o H2 £98 254 nm AYHe
2 A8 A FAo] Ze dH 2N Wg &% Wuge
FAM AR 24 =#e Aol BAHAU. WA 2-nitro-
a -toluenesulfonate ester®} 2-nitro- @ “toluenesulfonamide®] & <4
FAXe Fuke FA o-nitrobenzyl carboxylic estert} carbamate

R-(NYO
()l

R-(N)O R-(N
0=8=0 -()I N9

0=S=0 0=8=0

- 1
HC=H o HC o HC—0
|

Mo MY N+, " om
0 — OH ——— |

R-(N)O

o 0=5=0

He Z |
~7 HG—OH

? N=o + S0, T RONH )

Figure 2. Proposed photolysis mechanism of 2-nitro~a-
toluenesulfonate ester and 2-nitro- a ~toluenesulfonamide.

o} FAIR AZE 8o A3
A7 AR ALY £ e dE
Figure 28} 2t}

3.3. 1A 2t F ofglel gt

9% FurgoM dold ZH, F, 2-nitro- @ -toluenesulfo-
namide7} Ao} ZAbe] 2] ofwlg A Wt AbEe
1A E2o woteq g APl R £33 oz oA el
HAg &, P-SA T& C-SAZ EsE polymethacrylonitrile
(PMAN)S NaCl & 9ol 2¥zESle dhuks w51 o] 254
nmZ ZAIAE W 7] Sseda AZddetnle] AAdd
AHdE R 29EH o3 Q54T P-SAE T3 PMANS
NaCl & @& AlEe] 3000 mJ/em’e) Ao)H e A d¢ R 2
HEHE A3 3456~3173 (N-H), 1690~1665 (Ar-C=0), &
1615 (N=0) cm ‘|4 F4m7} Yehkh. C-SAZ AHEg 2ol
MNZ fAH A7 yebgth 38 NOo Hldd A& A% 9
3 YehtE 154 em’! §597F A9 doz gasigon olgf
Al SO:9 vty AEAFe] s Yelddn g 134
em’ FFWY AE A Fage ¢ 5 AT I AH
ZAF 27 st PMANS QHA3te] IR A E] ofFd w3}
7t 9t olde ZAF}ZRE] PMAN ZE FdAL P-SA U
C-SA7L &9 FojAel wtirtx2 Wz gudse AE2 8o}
9o fudes $e ANEE BEe JdoE AEE

g 7 AU

3.4. Polymer filmoilA Aol &AM

otefel 1 Aol FoF polylglycidyl methacrylate-ethyl
acrylate) FFEE WolA 254 nm AYHo] ot} C-SA ¢
P-SAZRE TEolZ ofulg utat M@ o FEA Y stme] o]f
st ARg A8 AFHo|Udh & HZ #99 utwle] T
& A9 maskE 493 ZAEFE MIAA Fol FHHEA A

CH, H
( gz_l | He | )
\ | Joa3 \ /057
0=C—0—CH, CO,Et
\V,
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1 RN 300 my/e, 18T P-SAY AeolE 350 m/em’d Aog WA
06 | Tt sl
0.5 ,w '
s | R
Zoa . 4.2 2
£ o
2ol A F K RReE s § e B AT, A 7] B
= siate) o7l E A7) W An¥od £99 ortho-nitro &
ot o] AW XY 79 Ea) o] DAL FIUAE
0 -— — ool WA 94 Bad R 48E dosjud AAe ez
0 % M0 I 200 2300 30 350 40 2712 $98E Aoz wHHL o9 BN UEZ FRgol
Dose (mi/en) F59 YA C-S 2R 2SReg UE2-Uezs 290

Figure 3. Dose-thickness curve of poly(glycidyl methacrylate- S48t B3R o dV|E BYAT|E HLE sl o2
ethy! acrylate) film containing C-SA. B o ZA E slme] HEAh B AT AR A
E2¢ IAHYE = rtEE ZEYANAE & 183 2A9 )
08 . 2o 38 5 e 715A4E €oF Ao "t
* ¢ ¢
0.7 . .0 L4 ‘7:} AI'
06 | .
~ 05 o 2 A7E F5AYAG 19749 AN AEFHA(FANS © 971-
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