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EXPERIMENTAL 

Mi c r o analy s s we r e pe rform e d by Dr . Franz Ka s l e r o f 
th e Univ ers ity of Ma r y l a nd , Depar tm e nt o f Ch e mi s tr y . Mass 
spec tr a we r e pe rform e d by ith e r Dr . Ro b e rt Lu s ti g o r Dr . 
Mar th a Ga y a t th e Univ e r s it y of M r y l a nd o n a DuP o nt 4 92 
d o ubl e foc u s in g mag n e i c sca nnin g mass spec tr op h o t o me t e r . 
Spec tr a we r e u s uall y l o w reso luti o n and t a k e n a t 70 e v 
i o ni za ti o n po t en ti a l unl ess o th e rwi se n o t e d . 

Infr a r e d spec tr a we r e t a k e n on e ith e r a Be ckm a n IR- 8 
infr a r e d spec t rop h o t o me t e r o r a P e rkin Elm e r 337 Gratin g 
inf r a re d spec tr op h o t o me t e r i n ma t c h e d 0 . 1 mm thi ck n ess 
so dium c hl o ri de ce ll s . De ut e r oc hl orofo rm o r spec tr og r a d 
ca r bo n t e t rac hl o rid e were u se d as so lv e nt s a nd in r fe r e n ce 
cel l s . Ot h e r p ur e liquid sa mp l es we r e t a k e n n e at b tw e n 
tw o so dium ch lorid e pl t es . 

NM R spec tra were o bt a in d o n a Var i a n A- 60 D NMR spec -
trop h o t o me t e r with d e ut e r oc hl o r ofo rm so luti o n s un l ss o th r
wi se n o t e d with t e tram e th y l s i la n e s a n int e rn l s t a n da rd . 

Ultr a vi o l e t a nd vi s ibl e spec tr a we c o bt a in ed o n a 
Cary 15 ultr a vi o l e t sp c tr op h o t o me t e r in ma t c h e d 10 mm 
qu a rt z ce l ls . Spec tr og r a d e cyc l o h exa n e a nd abso lut e th a n o l 
w r . u se d a s sol v nt s . 

An a l y ti ca l gas c hr o mat grap h y was pe r fo rm ed o n a Var i a n 
Ae r og r ap h 1200 s ri es with a fla me i o ni za ti n d e t ec t o r . A 
Ho u s t o n In s trum nt s Omni sc rib e r eco rd e r with e l ec tr o ni c in
t eg r a t o r or a Sarge nt r e c or d r with di sc int eg r a t o r we r 
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used to quantify analytical results through a system of 

r sponse factors calculated or each compound of interest . 

Preparative gas chromatography was performed on a Varian 

A rograph Model 90-P with a thermal conductivity detector . 

A list of the 1/8 " and 1/4 " columns used in the a n alytical 

and preparative chromatography is presented in Appendix I . 

Liquid chromatography was performed o n a DuPont Instru

ments Model 830 Liquid Chromatograph with an ultraviolet 

detector whose absorba n ce detectability was l x 10-
9 

at 

254 nm . A Sargent recorder with disc integrator was used 

for qualitative and quantitative work . The col u mn used was 

a 12 11 x 3/8 " silica gel column (Zipak) . Elution solvents 

were ethyl acetate (r distilled ) and spectra - quality methy-

lene chloride . Special septa fro m Lawshe were necessary 

for high pressure work with organic solvents . 
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Pr epa ration of N-alkylamid es and N-arylamid es 

With only the except i o n s noted lat e r all N-alkyl and 

N-ar yl a mid es were prepared by th e fo ll o win g genera l pro -

ce dur e : 

In a 500 ml three-neck flask fitted with r flux con -

denser , pressure equilibratin g add iti o n f unn el , stopper , 

and mag n et i c s tirr er , 160 ml 1 0% aqueous NaOH were vigorous-

ly s tirr e d with 0 . 20 mol es of amine in 75 ml tetrahydro-

furan . * Th e ac id chloride (0. 2 mol es ) wa s mix e d with 90 ml 

t e tr a hydr of uran in th e addition funnel . Th e r eac tion flask 

was cooled in a wat er - ic e bath , and at r e duced t e mperature 

the ac id c hlorid e sol uti on wa s added dro p wi se with st irrin g . 

Wh en the addition wa s co mp l e t ed , the reaction mixtur e wa s 

st i rred at room temperature a n additional two to twelve 

hours . 

The two laye r s were separated , and the l o wer aq u eo u s 

phase wa s extracted with three 100 ml port i o n s of et h er . 

Th e organic phases w re combin d a n d dried over a nhydr o u s 

Na
2

so
4 . After grav it y f iltra ti on , the f iltr a t e was co n cen-

trated as far as poss i ble on th e rotovap with stc m. Th e 

residue was then v acu um distilled twice . The yields were 

7 8-96% . 

* The acid c hlorid es were prepare d by refluxing one mo l e of th e appropri ate acid with 1 . 5 mo l es thi o nyl c hl o rid e , unless otherwise n o t d . Th excess thionyl c hl or id e was distill ed , followed by acid c hl or id e distillat i o n f r o m the po t . 
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N-h exy ln exa n oamid e : b . p . 133 - 5°/1 - 1 . 5 mm; 90% y i ld 

NMR: ( CDC1
3 ) 0 . 6-1 . 1 5 o ( t , 6H, CH

3 ), 1.15-2 . 0 o(m , 1 4H, 

CH
2

), 2 . 0-2 . 4 5 cS(t , 2H , CH
2 

a to C=O ), 3 . 0 - 3 . 5 cS ( q , 2H , 

N-C-H ), 6 .4- 7.0 cS(m broad, lH , NH ). 

IR : (n eat ) 3400-3200 (N-H stretch ), 3100 , 2930 , 2920 , 

2870 ( C-H s tretch) , 1640 ( C=O s tretch ), 1550 , 1460 , 1380 , 

1260 , ?25 -1 
c m 

N-h exy l octanoa mid e : b . p . 135°/ . 25 mm; 86% y i eld 

NMR : ( CDC1
3

) 0 . 7 - 1 . l 0 (t J=5 Hz , 6H, CH
3

), 1 . 1-2 . 0 cS(m 

broad , 18H, CH
2

), 2 . 0-2 .4 cS(t J=6H z , 2H, CH
2 

a to C=O ), 

3 . 0-3 . 5 0 ( q , 2 H, N- CH
2

), 7. 5 - 7 . 9 cS ( t J=6Hz , lH , NH ). 

IR : (n at ) 3400-3200 (N -H stretch ), 3100 , 2970 , 29 4 0 , 

2860 ( C- H s tr e t ch ), 1640 ( C=O stretch ), 1550 , 1450 , 

1380 , 1260 , 1225 , 1195 , 1 150 , 1110 , 725 
- 1 

c m 

N-h exy lbutyramid e : b . p . 142-4 °/ 4 mm; 8i:% yi ld 

NMR : ( CDC1
3

) 0 . 7-1 . 15 c5 ( 2 overlapp in g t , H, CH
3

), 

1 . 1 5 - 2 . 05 cS (m broad , lOH , CH
2

), 2 . 05 - 2 . 4 0 o (t J=7Hz, 

21-l, CH
2 

a to C=O ), 3 . 0-3 . 5 c5 ( q J=6 . 5 Hz , 21-l , N- H
2

) , 

6 . 8 -7 . 4 0 ( t broad , ll-l , NH) . 

IR : ( neat ) 3S00 - 3200 (N-H stre tch ), 3090 , 2970 , 2950 , 

2930 , 2870 ( C-H stretch ), 1640 ( C=O s tr tch ), 1 40 , 

1 4 60 , 1375 , 1325 , 1290 , 1210 , 1150 , 1110, 1060 , 890 , 

-1 
725 cm . 
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N-butylh e xanoamid e : b . p . 136°/3 . 8 mm ; 85% yield 

NMR : ( CDC1 3
) 0 . 7 - 1 . 15 o ( t , 6H , CH 3

), 1 . 15-2 . 1 o(rn 

broad , lOJ-1, CH
2

), 2 . 1- 2 . 5 o ( t J=7Hz , 2H , CH
2 

a to C=O), 

3 . 0-3 . 4 o(q , 2 H , N-CH
2

), 6 . 4-6 . 9 o ( t broad , lH , NH ). 

IR : ( n ea t ) 3500 - 3200 ( N-H s tr etc h ) , 3100 , 2970 , 2940 , 

2880 (C-H s tr e tch ), 1 6 40 ( C=O stretch ), 1550 , 1460 , 

1380 , 1300, 1 25 5 , 1230 , 11 90 , 1150 , 1110 , 980, 730 c rn- 1 . 

·'· 
N - h e xy 1- 4 - p h e ny lbu t yrarn id e ": b . p . 1 90°/ 1 . 8 mm ; 84% yield 

NMR : ( CDC1
3

) 0 . 7-1 . l o ( t , 3H , CH
3

), 1.1-1. 9 o ( rn br oad , 

SH , CH
2

), 1 . 9-2 . 3 o ( t J=6Hz , 2 H, CH 2 
a to C=O ), 2 . 4 - 2 . 8 

o ( t J=6 . 5 Hz, 1 H , b e nzyli c ) , 3 . 0-3 . 5 o ( q , 2 H, N- CH
2

) , 

6 . 8-7 . ~ o ( rn broad , 6H , phenyl and N-H ). 

I R: (n eat ) 3 400 - 3200 ( N-H s tr e tch ), 3100 , 3080, 3 0 4 0 , 

2960 , 2940 , 2860 ( C- H s tr e tch ) , 1640 ( C=O s tr etc h ), 

15 4 5 , 1 5 00 , llf55 , 1380 , 1255 , 1200 , 1150 , 1075, 1030, 

740, 700 (mono substit u ted b e nz e n e ) 
-1 

cm 

N- 2-phenylethylhexanoamide : b . p . 186-8°/3 . 6 mm ; 

92% yield 

NMR : ( CDC1
3

) 0 . 7-1 . l o ( t J=6H z , 3H , CH
3

), 1 . 1-1 . 9 o ( m 

broad , 6H, CH
2

), 2 . 0- 2 . 35 o ( t J=6H z , 2H , CH2 a C=O ) , 

2 . 6-3 . 0 o ( t J=7Hz , 2 H, b e nzyli c ), 3 . 3-3 . 8 o ( d of q , 2 H, 

N-CH
2

) , 6 . 2 - 6 . 8 o ( m, lH , NH ), 7 . 0-7 . 5 o ( m, 51-1 , p h e nyl ). 

I R: ( n eat ) 3 400-3200 (N-H s tr etc h ), 3100 , 3080 , 305 0 , 

2960 , 29 40 , 28 60 ( C-1-1 s tr etc h ) , 16 4 0 ( C=O s tr e t c h ) , 

1545 , 1 500 , 14 55 , 1380 , 125 5 , 1200, 11 50 , 107 5 , 10 30 , 

7 4 0 , 70 5 (mono s ub s titut e d benzene ) 
-1 

c m 

Spec i a l prepa r a ti o n of t h ac id ch l or id e 
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N-hexylproprionamide : b . p . 137°/5 mm; 81% yield 

( proprionic anhydride not proprionyl chloride ) 

NMR : ( CDC1
3

) 0 . 7 - 1 . 9 cS ( m and 2 sets of triplets J=6 

and 7 . 5Hz , 14H , CH
3 

and CH
2

), 2 . 0-2.5 o ( q J=7 . 5Hz , 2H , 

CH 2 a to C=O ), 3 . 0-3 . 5 cS ( q J=6Hz , 2H , N- CH
2 ), 5 . 9-6 . 8 cS 

( m broad , lH, N-H ). 

IR : ( neat ) 3500 - 3200 ( N-H stretch ), 3100 , 2970 , 2930, 

2860 ( C-H stretch ), 16 4 0 ( C=O stretch ), 1 4 60 , 1380 , 

1270 , 1240 , 1200 , 1150 , 1130 , 1100 , 1060 , 920 , 800 , 
- 1 

725 cm 

N-m ethylhexanoamide : b . p . 150°/17 mm ; 88% yield 

NMR : ( CDC1
3

) 0 . 7-1 . l cS ( t J=5 . 5Hz , 3H , CH
3

), 1 . 1 - 2 . 0 cS 

(m, 6H , CH
2

), 2 . 0 - 2 . 5 o ( t J=6 . 5Hz , 2H , CH
2 a to C=O ), 

2 . 7-3 . 0 o ( d J=4 . 5Hz , 3H , N-CH 3 ), 7 . 4-8 . 1 o ( m broad , lH , 

N- H). 

IR : ( neat ) 3500 - 3200 ( N- H stretch ), 3100 , 2970 , 29 4 0 , 

2870 ( C-H stretch ), 16 4 0 ( C=O stretch ), 1555 , 1 4 65, 

1 4 50 , 1410 , 1380 , 1330 , 1295 , 1260 , 1220 , 1185 , 1160, 
-1 1110 , 1060, 970 , 725 cm . 

N- octylhexanoamide : b . p . 1 4 5-8°/0 . 5 mm ; 80% yi ld 

NMR : ( CDc1
3

) 0 . 7-1.l o ( t J=5 . 5Hz , 6H , CH 3 ), 1 . 1-2 . 0 cS 

( m broad, 18H , CH
2

), 2 . 1 - 2 . 5 cS ( t J=6Hz , 2H , CH 2 a to 

C = O ) , 3 . O - 3 . 5 cS ( q , 2 H , N - CH 
2 

) , 6 . lf- 6 . 8 o ( m broad , 1 H , NH ) . 

I R: ( neat ) 3400 - 3200 ( N-H stretch ), 3100 , 2965 , 2935 , 

2860 ( C-H s trP.tch ), 1640 ( C=O stretch) , 1550 , 1450 , 

1380 , 1255 , 1225 , 1190 , 1150 , 1110 , 725 
-1 

cm 
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N-ethylhexanoamide : b . p . 122-3°/ 4 mm ; 85% y i eld 
NMR : ( CDC l 

3 
) 0 . 7 - 2 . 0 0 ( m and 2t J = 6 H z a n d 7 . 5 H z l 2 H , , 

CH
3 

a n d CH
2 ), 2 . 0-2 . 4 o ( t J=6Hz , 2H , CH

2 a to C=O ), 
3 . 0 - 3 . 6 o ( quintet J=7 . 5Hz , 2 H, N- CH

2 ), 7 . 5 - 8 . 0 o (m, l H, 
NH) . 

IR : ( neat ) 3500-3200 (N-H stretch ), 310 0, 29 7 0 , 2930 , 
2870 ( C-H s t retch ), 1635 ( C=O stretch ), 1 5 4 0 , 1460 , 
1380 , 1325 , 1280 , 1250 , 1210 , 1150 , 1 130 , 1110 , 1095 , 
1 0 60 , - 1 930 , 890 , 7 25 c m 

N-h exy l ace t a mide : b . p . 121-5°/3 . 5 mm; 95% y i eld 
NMR : ( CDC1

3
) 0 . 7 - 1 . l o ( t J=5Hz , 3 H, CH

3
), 1 . 1 - 1 . 9 o (m 

broad , 8H, CH
2 ), 1 . 9 - 2 . l o ( s , 3H , CH

3
-C=O ), 3 . 0 - 3 .4 5 o 

( q J=7Hz , 2H, N- CH
2 ), 6 . 6-7 . 3 o ( m broad , lH , NH). 

IR : (n eat ) 3500 - 3200 (N - H stretch ), 3080 , 2920 , 2860 
( C-H stretch ), 1 6 4 0 ( C=O stretch ), 1550 , 1 4 55 , 1 4 30, 
1360 , 1290 , 1190 , 11 4 5 , 1120 , 1090 , 1030 , 990 , 7 20 cm- 1 . 

L . N-2-h ptylh e xano mid e : b . p . 152°/li . 5 mm; 78% yi e ld 
NMR : ( CDC1

3
) 0 . 65-1 . 9 O( t J=5 . 5Hz , d J=7Hz and m broad , 

23 H Cu -CH CH - CH and CH
2 ), 2 . 0-2 .4 o ( t J=6 . 5Hz , 2H 

' 1'3 2 ' 3 
, CH

2
- C=O ), 3 . 65 -4 . 35 o (m broad , lH , CH -N), 5 . 2-5 . 9 o ( m 

broad , lH , N-H ). 

I R : (n eat ) 3 4 00 - 318 0 (N- H stretch), 3080 , 2970 , 2960 
( C- H stretch ) , 16 4 0 ( C=O stretch ), 15 4 0 , 1 4 60 , 1380 , 
1290 , 1250, 1185 , 1160 , 1120 , 1100 , 1080 , 960 , 900 , 

- 1 725 c m 
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N-i sob u tylhexa n oamide : b . p . 136-7°/ 4 mm; 85% y i eld 

NM R: ( CDC1
3

) 0 . 7-1 . l o ( t and d J=6Hz , 9 H, CH
3

), 1 . 1-

2 . 0 o ( m broad , 7H , CH
2 

and CJ-1 ), 2 . 1 - 2 . 5 o ( t J=6 . 5Hz, 

2H , CH
2

- C=O ), 2 . 85-3 . 25 o ( t J=6Hz , 2H , N- CH
2

), 7 . 3-

7 . 8 o ( t , 11-l , NH ) . 

IR : (n eat ) 3400-3200 (N -H stretch ), 3080 , 2960 , 29 4 0 , 

2870 ( C-H stre tch ), 1640 ( C=O stre tch ), 1550 , 1 4 60 , 

-1 
1375 , 1250 , 1180 , 1155 , 970 , 725 c m . 

N. N- hexyl -4-m ethylva l era mi de : b . p . 156 - 8° / 3 . 8 mm; 80% 

o . 

yield 

NMR : ( CDC1
3

) 0 . 7 - 1 . l o ( t and d J=6Hz , 9J-l , CH
3

), 1 . 1-

1 . 9 o ( m broad, llH , CH
2 

and CH), 2 . 0-2 . 4 o ( t J=7Hz, 2H , 

CJ-1
2 

a to C=O ) , 3 . 0-3 . 4 o ( q J=6 Hz , 2H , N- CH
2

), 6 . 8-7 . 3 o 

( t , l H, NH ). 

IR : ( neat ) 3400-3180 ( N-H s tretch ), 3100 , 2960 , 2930 , 

2870 ( C-H s tr e tch ) , 16 4 0 ( C=O stretch ), 1550 , 1 4 65 , 

1380 , 1370, 1340 , 1330 , 1305 , 1275 , 12 4 0 , 1200 , 1180, 

-1 
1150 , 1130 , 1115 , 1030 , 725 c m . 

N- hexyl-2-methylvaleram i de : b . p . 122 - 4°/2 . 5 mm ; 82% 

y i eld 

NMR : ( CDC1
3

) 0 . 65 - 1 . 9 o ( 2t J=6Hz d J=7Hz and m broad, 

21H , CH
3 

and CH
2

), 2 . 0 - 2 . 7 o (m, lH , CH a to C=O ), 3 . 05-

3 . 5 o ( q J=6Hz, 2!-l , CH
2

-N ), 5 . 8-6 . 4 o ( m bro d , ll-l , N]I ) . 

IR : ( neat ) 3 4 50 - 3200 ( N-H stretch ), 3090 , 2960 , 2930 , 

2870 ( C- I-l stre tch ), 16 4 0 ( C=O st r e tch ), 1550 , 1460 , 
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1380 , 1370 , 1305 , 1250, 1220 , 1150 , 1115 , 1100 , 1000 , 
- 1 985 , 7 20 , 695 cm . 

N-hexylvalera mi de : b . p . 145°/3 . 9 mm ; 9 4 % yield 

NMR : ( CDC1
3

) 0 . 65-1 . 2 6 ( 2 overlapping t J=6Hz , 6H , 

CH
3

) , 1 . 1-2 . 0 o ( m broad , 12H , CH
2

), 2 . 0-2 . 4 o ( t J=6 . 5Hz , 

2H , CH
2 

a to C=O ) , 3 . 0-3 . 5 o ( q J=6Hz , 2H , N-CH
2

), 7 . 3 -

7 . 8 o (m, lH , N- H) . 

IR : ( neat ) 3 4 50 - 3180 ( N-H stretch ), 3100 , 2970 , 2940 , 

28 7 5 (C-H stretch ), 16 4 0 ( C=O stretch ), 1550 , 1 4 60 , 14 4 0 , 

1380 , 1260 , 1225 , 1 195 , 1150 , 1135 , 1110 , 1065 , 1030 , 
-1 960 , 920 , 7 20 cm . 

N-2-heptylacetamide : b . p . 125-28°/3 . 7 mm ; 90% yield 

NMR : ( CDC1
3

) 0 . 7-1.65 o(m , t J=5 . 5Hz , and d J=7Hz , 

14H , CH
3 

and CH
2

), 1 . 85-2 . 05 o ( s , 3H, CH
3

-C=O ), 3 . 7-4 . 2 

o ( m, lH , CH-N ), 5 . 5-6 . 3 o ( m broad , lH , N-H ) . 

I R : ( neat ) 3600-3200 ( N-H stretch ), 16 4 0 ( C=O stretc h), 

1550 , 1 4 40 , 1370 , 1290 , 1200 , 1150 , 1135 , 1075 , 10 4 0 , 
-1 970 , 830 , 725 cm 

N, N- dihexylhexanoamide : b . p . 155-57°/1 mm; 87% yield 

NMR : ( CDCl ) 0 . 6-2 . 0 o ( t J=5Hz a n d m broad , 33H , CH 3 
3 

and CH
2

), 2 . 1-2 . 5 o ( t J=Hz , 2H , CH-C=O ), 3 . 0-3 . 6 o ( m, 

4 H, CH
2

- N ) . 

IR : ( neat) 2960, 2920 , 2850 ( C-H stretch ), 1640 ( C=O 

stretch ), 1460 , 1420 , 1375 , 1295 , 1250 , 1180 , 11 4 0 , 
-1 

Cm 1100 , 720 
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N, N-dihexylacetamide : b . p . 124°/1 mm ; 96% yield 

NMR : ( CDC1
3

) 0 . 6 - 2 . 0 o ( t J=5Hz a n d m broad 22H CH 
' ' 3 

and CH 2 ) , 2 . 1 o ( s , 3H , CH
3 -C=O ), 3 . 0 - 3 . 6 o (m, 4 H, CH

2
-N) . 

IR : ( neat) 2960 , 2930 , 2860 ( C-H stretch ), 16 4 0 ( C=O 

stretch ) , 1 4 60 , 1 4 20 , 1380 , 1360 , 1300 , 1260 , 1225, 
-1 1200 , 1105 , 990 , 725 cm 

N- methyl - N-b u tyl h exa n oa mide : 

90% y i eld 

b . p . 111-112°/3 mm; 

NMR : ( CDC13 ) 0.7 - 2 . 0 o (m broad , 16 H, CH3 and CH2 ), 

2 . 1-2 . 6 o ( t J=7Hz , 2H , CH
2 - C=O ), 2.8-3 . l c5 ( 2s , 3H , CH

3
-N ) , 

3 . 1-3 . 6 o (m, 2H , CH
2 - N) . 

IR : ( neAt ) 2960 , 2940 , 2865 ( C-H stretch ), 16 4 5 ( C=O 

stretcr ), 1460 , 1400 , 1380, 1300 , 1260 , 1210 , 1150 , 
- 1 1105 , 1080, 730 cm 

u . N-methyl-N-b u ty l acetamide : b . p . 95°/1 . 4 mm; 82% y i ld 

NMR : ( CDC1
3

) 0 . 7-1 . 9 o ( m broad , 7 H, CH 3 and CH
2

), 2 . 0 -

2 . 2 o ( s , 3H , CH
3

-C=O ), 2 . 8-3 . 1 c5 ( 2s , 3H , CH
3 - N), 3 . 15-

3 . 55 o ( 2q , 2H, CH 2 -N ). 

IR : ( neat ) 2960 , 2930 , 2870 ( C-H stretch ), 16 4 0 (C=O 

stretch ), 1470 , 1 4 30 , 1 4 00 , 1360 , 1305 , 1270 , 1260 , 

-1 1225 , 1170 , 1110 , 1090 , 1060 , 1020 , 755 , 730 cm 

V. N-isobutylbenzam i de : b . p . 152-4°/1 mm ; 

98% y i eld 

NM R : ( CDC1
3

) 0 . 75-1.05 cS ( d J=6 . 5Hz , 6 H, CH 3 ), 1 . 55-
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2H , N-CH 2 ) , 7 . 1-8 . l 6(m broad , 6H , phenyl and N-H). 

IR: (KBr) 3 3 00 (N-H s tr e tch), 2980 , 2950 , 2900 (C-H 

s tr e tch), 1650 (C=O s tr e tch), 1550 , 1510 , 1475, 1440, 

1400 , 1380, 1300, 1 2 50 , 1180 , 1110, 940 , 740, 710 

(m o no s ub s titut e d benz e ne ) cm- 1 . 

Pr ep aration of 4-Ph e nylbutyr y l Chlorid e 

Fres hly di s till e d thionyl chloride (20 ml) wa s add e d 

s lowly to 2 6 g 4-ph e nylbutyric acid in 250 ml round b o tt o m 

f l ask fitt e d with r e flux conden se r and magn e ti c s tirr e r . 

Th e r e a c tion mixtur e wa s me lt e d on th e s t e am bath , and al-

lowe d tor act at room t e mp e ratur e for two hour s . Aft e r a 

se v e n-hour r e flux , th e thionyl chloride wa s r e move d by di s -

tillation at atmo s ph e ric p r ess ur e . Vacuum di s tilla t ion 

yi e ld e d 28 . 5 g 4-ph e nylbutyryl c hl o rid e a t 1 3 4 ° /11 mm . 
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Photolysis Light So ur ces 

A. Han ov i a 4 50 W medium pressure merc ury vapor arc . 

B . A c ir cular array ( radius 19 cm ) of 10 General Electric 

15 Watt Gl5T8 germicidal lamps ( ca . 90% of the total 

energy of wavelength less than 760 nm lies in a narrow 

band at 25 4 nm) . 

C . Bausch and Lomb monoc hromat o r with grat in g 1200 grooves/ 

minute and with ad ju s tabl e wavele ngt h selector for 

black box (Fi gure 8) irradiati ons . 

Figure 8 

2 □ □ 4 6 
3 

1 . Monochro mator 

2 . Quartz coll imating lens 

3 . Optically clear quartz refl ctor 

4 . Sa mple 

5 . Reference c 11 

6 . Backup c 11 
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Photolysis Procedure s for Amide s 

Type A 

Two percent sol ution s , by weight, of amides in solvent 

were introduced to photocontainers with quartz water jacket 

inserts . Th e photocontainer wa s fitt e d with magnetic s tir-

r e r , septa, and stoppered condenser, and sa mpl es were purged 

for periods of one-half to two hours with dry nitrog e n prior 

to irradiation . 

Irradiations were conducted under positive nitrogen 

pressure with a Hanovia 450 W medium pressure mercury va por 

arc . Th e irradiation periods varied with individual experi

me nts . The lamp wa s cooled by constant water flow through 

the quartz in sert . 

Samples of 0 . 25 ml wer e tak e n before and during irradi

ation , and the r eac tion progress wa s monitored by g lpc . 

Reaction mixture s wer e generally worked up by distillation 

at redu ce d pressure followed by preparative glpc . In many 

cases , products wer e id e ntifi ed in crude reaction mixtur es 

by coinjection on two diff ere nt columns. 

Type B 

Typ e B p hotoly ses were carried out in 6 " x 12 mm with 

1 mm thickness quartz tubes fitted with rubber sep ta (which 

were co vered with aluminum foil) . Tub es were purged for 

varying periods with dry nitrogen throu g h a n eed le in s ide 

a larg er gauge vent n eed l e . Sampl es we re tak e n from the 

tub es with nitro g n-purg ed syr in ges . Th e tub es we r e e ither 
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irradiated with th e Hanovia lamp by s u spe n s ion be s ide th e 

quartz well , or with th e Source Blight . An a l ternate 

me thod wa s irradiation with e ither li g ht so ur ce by eq ually 

spac in g th e tubes in th e merry-go -round ap parat u s . 

ac tion mixtur es were analyzed by glpc . 

Th e r e -

Type C 

Thi s photolysis was s imilar to the Typ e B excep t th e 

p h oto c onta in ers we r e larger . ( Thi s typ e of photolysis wa s 

u s ually u sed whe n h i ghly volatile prod u cts were to be ana -

lyz e d in preparative scale r eac tions ). Th ese t u bes were 

e ith e r quartz or vycor as indicated in the individual ex -

perim e nts . Eac h tube wa s f i tt e d with a rubb e r sep tum , 

wh i ch wa s wir e d on and covered with alu minum foil . Th e 

volum es of sol ution vari e d , but all were purged with dry 

nitr oge n for one-half to one h o ur . Th e tub es we r e irradi-

ated by s u spe n s i o n beside th e q u artz we ll or with So ur ce B 

light . The vapor phase was th e n analyzed by c hillin g th e 

tub e and removing th e va po r u nd e r va c uum . Th e r es idu es 

were analyzed by g l pc and work e d up as in th e Typ e A photo

ly s i s . 

Typ e D 

Typ e D photolyses we r e also s imilar to Ty pe B p h o to-

ly ses . Th ese reactions were run in spec i al cy lindri ca l 

vessels constructed with two c ir c ular quartz window s a nd 

a lon g n eck , which wa s u s ually f itt ed with a se ptum. Th 

sa mpl es were purged with nitr oge n as in a Type B p h o t o l ys i s . 
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These v esse l s we r e u se d only in " black box " irradiati o n s 

wh ere ith e r quantum yields were meas ur e d or wh ere spec ifi c 

wavelength i rrad i a ti o n was desired . 

Ty pe E 

Thi s type of photolysis wa s conducted in v esse l s who se 

prepara ti o n i s described i n the sect i o n o n freeze -pump-thaw 

photo l ys i s vessels . This me thod co mp l e t e ly removed oxygen 

fro m the pho t o l ys i s so l u tions . After th e tub es were sea l ed , 

irr ad iati o n s were carried o u t in th e me rry - go - round appara -

tus with e ith er type of l i g ht . Duplicates of eac h so luti o n 

were run as v er ifi cat ion for results . Th e wea kn ess of this 

me th od wa s th at no samp l es co uld be taken . 

were ope n ed , the i rradiation was co mplete d . 

Once the tub es 



Pr eparation~ Photoly s i s Vess el s 

for Fr ee z e -Pum p -Thaw Deg a ss in g Me thod 

Photoly s i s v esse l s f o r fr ee z e -pum p -thaw de g assin g , 

of th e mo s t e ffi c i e nt me thod s for th e r e moval of oxy ge n 

on e 

f r o m s am p l es ( es p e cially import a nt in quantum yi e ld me a s ur e -

me nt s wh e r e oxyge n a c t s as a qu e nch e r), id e ally would b e 

sea l e d quartz tub es . Th e c o s t for s u c h v esse l s would b e 

p rohibitiv e s ince th e y c o uld b e u se d only onc e . Th e photo-

ly s i s tub es mu s t a l so b e uni f orm in h e i g ht , wall thi c kn ess , 

a nd diam e t e r. Alt e rnat e ly, quartz tub es cou l d be join e d to 

r eg ular g la ss tub es , a nd th e r egular p o rtion se al e d in 

v ac u o . Th e r e quir e me n ts for j o inin g th e g la ss t o +h e t 
L quar z , 

h o we v e r , we r e th a t th e bond b e twee n th e two b e s tron g e n o u g h 

t o with s t a nd a pow e rful v ac uum and that th e tub es b e sep a

r a bl e by s impl e me an s a ft e r irradiati o n . 

Thi s ty pe of photoly s i s ce ll was pr e par e d a s follow s : 

15- 2 0 c m l e ngth s of g l ass tubin g , l mm thi c kn ess and 12 mm 

o ut e r diam e t e r , we r e c ut pe r pe ndi c ul a r with a wh ee l ca u s in g 

n e ith e r c ra c k s nor c hip s . Th ese tub es we r e c on s tri c t e d in 

th e ce nt e r by drawin g and c ompr ess in g (to in s ur e thi c k wall s 

in th e c on s tri c tion ). Th ese c on s trict e d tub es were th e n 

a li g n e d flu s h with th e g r a t e d e nd of #9 Pyr e x " 0 " rin g 

j o int s in a f ram e , a nd Dur e " EPX-1 " ep ox y g lu e wa s ap pli ed 

in a wide s tri p to ov e rl a p th jun c ti o n. Ev r y half h o ur 

for two h o ur s th e f r a me wa s turn e d o v e r to in s ur e co mpl e t e 
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a nd fairly uniform coverage of the junction by th e g lu e . 

Th e seal wa s then a llow e d to " se t " at room t e mperatur e for 

an additional fo ur hours . 

S ix in . x 12 mm outer diam ete r (l mm thickne ss ) quartz 

tubes were th e n g lu e d to th e other e nd of th e co n s trict e d 

tub es in a s imilar manner to the fir st sea l s . When th e 

seco nd sea l s h a d " se t~ the tub es we r e th e n cured overni ght 

in an oven at 75° . Th e sea l s wer e th e n t ested und e r a vac-

uum of l micron for an hour . Thi s t es tin g served a du a l 

purpose in that it removed any r es idual so lvent fro m th e 

g lu e after s li gh t h ea tin g with a h ea t g un for several min

utes , and s h o wed which tube s co uld with s tand th e vacuum 

of freeze-pump-thaw . 

Sa mples we r e introdu ce d throu g h th e " O" ring joint by 

a lon g fi n e sy rin ge . After th e irradi a ti o n, the tubes were 

coo l ed in ice, covered with a tow e l , and cr un c h e d open with 

pl i ers . Wh e n th e sa mpl es had b ee n r e moved , th e " O" ring 

join gs and quartz tub es we r e recovered by me ltin g th e epoxy 

sea l s in hot DMF . 

* sa mples which required ex t e rnal s tandard s we r e divided imm e diat e ly int o one ml aliquots. 
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Photolysis of N-h exy lh exa noamide in Dioxan e 

A so lution of four g ram s N-hexylhexanoamide 1 in 
' ~ ' 

210 ml spectrograde dioxane wa s irradiated in a Typ e A 

photolysis for 125 hours with the Hanovia lamp . Samples 

we re tak e n at irr eg ular interval s and analyzed immediat e ly . 

Coinjection of authentic sa mpl es of pentane and 1-bu

tene on Column Mat 35-40° s howed peaks at 5 and 3 minute s 

respectively. Confirmation wa s obtained on Column L a t 

Ab se nce of 1-hexene was s hown in the reaction mix-

ture when an authentic sa mple was co mpared on Column Mat 

Glpc on Column Mat 180° showed three major product 

p ea k s . Hexy la min e , hexanal , hexylpe n tylamine, hexanoa mide , 

and N-hexylacetaminde we re not the major products. The so l-

vent was removed by di st illation at atmospheric pressure . 

Vacuum distillation yielded thre e main fraction s : 0 . 3 ml 

80-90°/5 mm , 0 .4 ml 90-115°/5 mm , and 0 . 6 ml 120-155°/5 mm. 

Although all fractions contained the first product, 

the seco nd contained the fewest other co ntaminant s . Pr ep -

arative glpc on Column Nat 105° yielded one major peak , 

which was verified as the fir s t product . NMR contained 3 

· 3 2 4 o cS integrating 8 , a pair of doubl ets inte-r eg ion s , . - . 

grating 3 at 1 . 0-1 . 2 cS , and a broad s ingl e t at 2 . 6 cS in

-1 The IR s howed a dioxyl band at 1115 c m and t egra ting 1 . 

-1 an OH band at 3600 cm . 

was m+/e 1 32 . 

Th e molecular we i ght by ma ss spec 
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On Column Cat 110° the liquid collected on th e first 

pass sp lit into tw o peaks . A seco nd pass on Column Rat 

110° separa t ed th e two peaks. Th e two doublet s we r e s impli

fied to a doubl e t fo r eac h p ea k . On th e ba s i s of th e fol

lowing spec tra the two products wer characterized as th e 

two d i astereomers of a-methyl dioxan e me thanol , 2 and 3 . 
r._1 ,...J 

NMR : ( CDC1
3

) 1.13 o ( d J=6Hz , 3 H, CH 3 ), 2 . 73 o ( s broc-1d , 

lH , OH ) , 3 . 3 -4. 0 o ( m broad , 8H , 0 - C-H) . 

IR : ( CCl ) 3ROO , 3500 ( OH stretch ), 2980 , 2870 ( C- H 4 

-1 s tr e tch ), 1115 ( dioxyl ) c m 

MASS SPEC : m+/e 132 ( P , 4 %), 117 ( 3 %), 11 4(4 %), 102 ( 10% ), 

101 ( 2% ), 99 (4 %), 89 ( 17 %), 88 ( 38% ), 87 ( 100% ), 86 ( 30% ) , 

7 4( 2% ), 73 ( 4% ), 71( 7% ), 70 ( 3% ), 69 ( 3% ), 59 (1 7% ), 58 ( 18% ), 

57 ( 22% ), 4 5 ( 98% ), 44(4 5% ), 4 3 ( 65% ), 4 1 ( 12% ), 32 ( 88% ), 

31 ( 3 4 %), 29 ( 15% ), 28 ( 100% ). 

NM R : ( CDC1
3

) 1 . 13 o ( d J=6 . 5 Hz , 3 H, CH 3 ), 2 . 28 o ( s broad , 

l H, OH), 3 .4 - 4. l o (m b road , 8 H, 0 - C- H). 

IR : ( CCl ) 3600 , 3500 ( 0- H s t r e tch ), 2970 , 2865 ( C- H 4 
- 1 

s tr e tch ), 11 1 5 ( dioxyl ) c m 

MASS SPEC : m+/ e 132 ( P , 6 %), 1 1 7 ( 4 %), 11 4( 5% ), 102 ( 1 3% ), 

1 0 1 ( 2% ), 99 (4 %), 89 ( 1 4 %), 88 ( 38% ), 8 7 ( ba se , 100 %), 86 

( 30% ), 7 4( 2% ), 73 ( 7 %), 72 ( 2% ), 71 ( 5% ), 70 ( 2% ), 69 ( 3% ), 

59 ( 13% ), 58 ( 11% ), 57 ( 13% ), 4 5 (4 9% ), 44( 18% ), 4 3 ( 26% ), 

4 1 ( 5% ), 3 2 ( 11 %), 31 ( 8% ), 29 (4 %), 28 ( 2 4 %). 
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The third nearly solid fraction was redissolved in di-

oxane and tested on Colu mn M at 180° . This fraction con -

tained mostly the second and third products . 

was passed on Col umn Nat 125° . 

The fraction 

The seco n d prod u ct was character i zed by its spectra 

and analysis as one of the diastereomeric dimers of 

dioxane , 

NMR : (CDC1 3 ) 3 . 2-4 . 2 o ( m, 0-C-H ). 

IR : ( CDC1 3 ) 2970 , 2920 , 2860 ( C- H stretch ), 1560, 

1450, 1275 , 1220 , 1120 ( dioxyl ), 790 , 7 Lf 0 , 710 -1 
Cm 

MASS SPEC : + 
m /e 174 ( P , 4% ), 143 ( 5% ), 130 ( 7% ), 99 ( 5% ), 

88 ( 5% ), 87 ( base , 100% ), 86 ( 68% ), 73 ( 20% ), 71 ( 5% ), 70 

( 5% ), 59 ( 9% ), 58 ( 8% ), 57 ( 11% ), 55 ( 7% ), 4 5 ( 12% ), 4 4 ( 9% ), 

43 ( 30% ) , 41 ( 10% ) , 39 ( 5% ), 31 ( 29% ), 30 ( 9% ), 29 ( 15% ), 

28 ( 78% ), 27 ( 17% ) . 

Anal : C 55 . 16 ; H 8 . 10 ; 

round : C 55 . L13 ; I-l 8 . 30 . 

The t hird product was character i zed by its spectra and 

analys i s as t h e other diastereomer , 2 , m. p . 117° . 

NMR : ( CDCl ) 3 . 3- 4. 0 o ( m, 0-C - H). 
3 

IR : ( CDCl ) 2980 , 2920 , 2870 ( C-H stretch ), 1560 , 
3 

- 1 
1460 , 1260 , 1125 ( dioxyl ), 1100 , 875 cm . 

MASS SPEC: m+/e 174 ( P, 12% ), 143 ( 6% ), 130 ( 4% ) , 115 ( 5% ), 

99 ( 8% ), 88 ( 5% ), 87 ( bas , 100% ), 86(69% ), 73 ( 24% ), 71 ( 4% ), 

70 ( 3% ), 59 ( 6% ), 58 ( 4% ) , 57 ( 6% ) , 55(4%) , 45 ( 5% ) , 43 ( 10% ), 

41(3% ), 31 ( 5% ). 
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Ca l c ul a t ed for C8 H14 o4 : C 55 . 16 ; H 8 . 10 ; 

Fo un d : C 55 . 15 ; H 8 . 30 . 

Reduct i on of N- hexylva leramide 

Th e product of carbon monoxid e ex tru s ion from N-h exy l 

hexanoamide would be N-pentylhexylamine , th e product of 

lithium aluminum hydride r e duction of N- h e xylval e ramid e . 

Lithium alumi num hydride , 3 . 75 g , wa s added to a flame

dri ed 250 ml 3-neck flask fitted with addition funnel , me -

c hani ca l s tirr er , a nd reflux co nd e n ser . At 0° , N-h exyl-

valeramide , 0 . 7 g in 45 ml dry e th e r , wa s added dro p wi se 

with s tirri n g . Th e r eac tion mixtur e wa s s tirr e d overnight 

a t r oo m t e mperatur e . At 0° , 4 . 6 ml e thanol were added , 

followed by equal quantities of wa t er and e th er . 

Th e reaction mixtur e wa s ex tra c t ed with thr ee 50 ml 

portions of e th er . Th e e th er ex tra c t s were co mbin ed , dried 

over anhydrous MgS0 4 , and concentrated und er v ac uum . Vacuum 

distillation yielded 5 . 8 g N- pentylhexylamine at 72-77°/15 mm . 

Re t e ntion time o n Column H a t 150° was 11½ min . and o n Col 

umn Mat 140° was 15 minut es . 

NMR : ( CDC1
3

) 0 . 7-1 . l 8(t , 6H, CH 3 ), 1 . 1 - 2 . 0 6(m broad , 

15H , CH
2 

and N-H ) , 2 . 4-2 . 9 8 ( t , 4H , N-CH
2

). 

IR : ( n ea t ) 3400, 3280 (N-H s tr e t c h ), 29 4 0 , 29 00 , 28 40, 

2 780, 2 770 ( C-H stretch ), 1450 ( C-N b e nd) , 1360 , 1135 , 

-1 
1110 , 710 c m . 
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Photolysis II of N-hexylhexanoamide 

A solution of 2 . 5 g N- hexylhexanoamide in 250 ml dio

xane wa s irradiat e d in a Type B photoly s is for 144 hours 

with the Hanovia lamp . The tube was cooled to -200 in an 

e thanol-dry ice-wat e r slurry . Gas IR of the vapor phase 

showed carbon monoxid e and dioxane but no alk e n e ( 1-buten e ). 

Photoly s is III of N-hexylhexanoamid e 

A sol ution containing 1.000 g N-hexylh exa noamide and 

0.4045 g hexadecane wa s diluted to 100 ml with spectrograde 

dioxan e . A five ml portion of thi s sample wa s di sso lv ed 

in 15 ml dioxan e in a Typ e D photolysis vessel . Th e mix-

ture wa s purged an hour and irradiat ed with 23 0 nm li g ht 

from the monochromator. Samples were taken a t 0, 4, 10 

and 26 hour s . Di sappea ranc e of s tarting material wa s moni-

tored by glpc on Column Mat 180°. 

The results are shown in Table IX. The reaction occur-

red much slo we r with the hi g her (270 nm ) wav e l e ngth irradi-

at i on . An undilut e d sample of th e 100 ml solution wa s a l so 

irradiat e d with 270 nm li g ht for 125 hour s . Aft er g lpc 

a naly s i s on sa mpl es taken at 0 , 24, 61, and 125 hour s on 

Column Mat 180°, no observable reaction had occurred . Th e 

ratio of amide to s tandard areas remained constant at be

tw ee n 1.70 and 1.80. 
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Tabl e IX 

Percent Decompos iti o n for N-h exylhexa n oa mid e in Dioxane 

Time 
(H our s ) 

0 

0 

0 

0 

4 

4 

10 

10 

1 0 

10 

26 

26 

26 

Area 
Amide 

2 7 8 

265 

28 4 

287 

137 

122 

1 8 0 

1 2 4 

140 

144 

129 

1 3 7 

107 

0 

( 2300A Irradiation) 

Area 
Sta nd ard 

160 

156 

162 

163 

86 

78 

133 

100 

114 

113 

107 

11 3 

97 

Rat i o 

1 . 74 

l. 7 0 

1 . 75 

l. 7 6 

l. 5 9 

1 . 56 

l. 35 

l. 2 4 

1 . 22 

l. 27 

l. 2 0 

l. 21 

1 . 10 

l. 74 

l. 58 

l. 2 7 

1 . 17 

% Decom
pos iti on 

0 

9 

27 

33 
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Photolysis IV of N-hexylhexanoamide 

A solution of 1 . 40 35 g N-h exylhexanoa mid e and 0 . 6560 g 

hexadecane in 200 ml spectrograde dioxane (0.7 % sol ution) 

was irradiated in a Type A photolysis for 110 hours with a 

Corex filtered Hanovia lamp. Samples were taken at 0 4 
' ' 

13, 22 , and 110 hours and monitored by glpc on Column Mat 

180° . 

Time Area Area % Decom -
(H ours ) Amide Standard Ratio Avg . position 

0 328 221 1. 5 3 

0 329 225 1. 46 
1 . 47 0 

0 3 4 9 2 41 1 . lf 5 

0 346 238 1. 4 5 

4 302 217 1. 39 

4 349 2 4 9 1. 40 1 . 39 5 . 4 

4 316 227 1. 3 9 

13 2 40 174 1. 38 

13 251 182 1. 38 1. 3 7 6 . 9 

13 307 227 1. 3 5 

22 301 224 1. 3 4 

22 290 219 1. 3 2 1. 3 4 8 . 9 

22 321 234 1 . 37 

110 251 194 1. 2 5 

110 242 190 1. 27 1 . 29 12 . 3 

110 253 192 1. 31 
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Photolysis V of N-hexylh e xanoami de 

A sol uti o n of 3 . 0521 g N- hexylhexanoamid e and 1.3022 g 

hexadecane in 500 ml spectrograde dioxan e (0. 6% sol ution) 

wa s irradiated in a Typ e A photolys i s c onduct ed fo r 117 

hours using a Vycor filtered Ha novia lam p . Samples we r e 

taken at 0 ' 15 , 100 , and 117 hour s and monitor ed by glpc o n 

Column M at 180° . 

Tim e Ar ea Ar ea 96 Decom-

( Hours ) Amide Sta ndard Ratio Avg . posi ti o n 

0 113 69 1.63 

0 292 183 1 . 59 l. 61 0 

0 318 198 l. 61 

16 193 134 l . 4 L[ 

16 185 131 1 .41 l. 4 2 11 . 8 

16 151 107 l . Lj l 

100 220 2 17 l. 01 

100 2 40 236 1 . 0 2 l . 0 L[ 35 . 4 

100 217 201 1. 08 

117 222 223 1. 00 

117 201 200 1. 00 
. 99 38 . 5 

117 197 203 . 97 

117 223 228 . 98 
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Photol ysis of N-h exylhexanoamide in Methano~ 

A solution of 4 g of N-h exylhcxanoa mid e in 250 m: spec 

tr o gr c1 d e me t h u no l wa s i r rad i at '-' cJ in iJ Ty [> C' A p Ii o L O l y : ; i s f O r 

16 h ours with th e Ha n ov ia lamp . Samples were tak e n a t 10 

ancl 16 hours . Gl pc s tudi es of both sa mples on Co lumn Mat 

350 revealed n o 1-h exe n e , a nd th e sa me co lumn at 180 ° s how ed 

no d e t ec t able a mounts of hexana l, h e xylamin e , h exa n oa nid e , 

N-h e xylac e tamid e , or N-h exy l pe ntyl a min e , th e prod u c t s of 

p r im ary c onv e ntional photodeco mposi tion. 

Photoly s i s II of N-h e xylhexanoamid e in Methanol 

A so lution of 0 . 50 7 0 g N-h exy lh exa noamid e , 0 . ] 55 9 g 

h e xadecane , and 210 ml spectrograd me than o l was p ur ge d an 

hour with dry nitr oge n in a Vy cor tub e fitted with a ~ubb er 

sept um. Th e mixtur e wa s irrad i ated in Type B p h o Lo Ly s i s 

0 

with 253 7A li gh t ( So ur ce B ) for 75 hours . Sumpl cs wc r'e 

t ake n at 16½ , 2 4, 5 4½ , a n d 75 hou rs . Glpc analys i s o f th e 

sa mpl es on Column Ma t 180 ° r evea l ed o nl y a sl i g l1t de2rcase 

in s t ar tin g ma t e rial conce nt ration (T a bl e X). 
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Table X 

Decomposition of N-h exylhexanoa mi de 
-

0 

l n Methanol ( 2537A ) 

Tim e Area Area % Deco m-

( ho u rs ) Ami de Sta n dard Ratio Avg . pos iti on 

0 91 4 2 2 . 17 

0 1 8 4 8 4 2 . 19 
2 .15 0 

0 162 78 2 . 08 

0 19 2 89 2 .1 6 

16½ 41 2 19 3 2 . 13 

16½ 359 1 68 2 .14 2 . 14 . 5 

16½ 388 181 2 . 14 

2 4 375 187 2 .0 2 

2 4 40 5 198 2 . 05 2 .04 5 . 1 

24 397 193 2 . 06 

54½ 363 1 85 1. 96 

5 4½ 414 2 0 3 2 . 04 2 . 00 7 . 0 

5 4½ 392 196 2 .00 

7 5 40 2 20 1 2 .00 

75 356 185 1. 9 2 1 . 97 8 . 4 

75 352 176 2 . 00 
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Photo l ys i s of Ace t a l de h yde i n Di oxa n e 

A sol uti o n of 10 g ace t a l dehy d e a n d 2 00 ml spect r o 

grade di oxa n e was p urge d with ni troge n fo r an hour in a n 

i ce b a th . A Type A p h o t o l ys i s was ca r r i e d o ut a t oo c f or 

1 2 ho u rs with th e Ha n o vi a li g ht . Sa mp l es were t a k e n durin g 

th e c our se of th e reac ti o n and an a l y z e d by g l pc on Co lumn M 

a t 35 - 4 0° . Wh e n mos t o f th e ace t a ld e hy d e was d eco mposed , 

th e reac ti o n was s t opped . 

Th e di ox an e was r e mov e d by di s tillati o n a t a tm osp h e ri c 

p r ess ur e . Th e r es idu e was va c uum di s till e d , a nd f o ur fr ac -

ti o n s were co ll ec t e d : A. 55 - 6 0 ° /17 mm, B . 9 0-104 ° /17 mm, 

c . 104-117 ° /17 mm , and D. 117-1 3 0 ° /17 mm . Bo th frac ti o n s 

c a nd D co nt a in e d whit e s olid, whi c h was s h o wn b y co inj ec 

ti o n o n Co lumn M t o b e ~ a nd ~ -

Th e maj o r p r o du c t o f th e r eac ti o n was mos t ab und a n t i n 

f r ac ti o n C . Fract i o n C was passed o n Co lumn N a t 1 00 0 . 

Th e co ll ec t ed li q uid h a d a d o ub l et of d o ubl e t s a t 1 . 0 5 -1 . 2 0 8. 

An add iti o nal pass o n Co lumn N a t 6 5-7 2° y i e l de d tw o o v er 

l app in g peaks , whi ch were f u r th e r p u r i f i e d b y a third pass 

o n th e sa me co lumn a t th e same t e mpera tur e . In eac h li q ui d , 

t h e d o ub le t of d o ubl e t s was s im p li f i e d t o a s in g l e do u b l et , 

a nd th e spec t ra l d a t a was id e nti cal with th a t ob t a in e d for 

t h e di astereo me r s of a-m e th y l di oxa n e me th a n o l , 2 a nd 3 . ~ ~ 
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Photolysis of He xanal in Dioxan e 

A soluti o n of 2 . 0 g hexanal in 2 00 ml sp t d · ec rogra e dio-

xane wa s p ur ge d with nitro ge n for 45 minut es . A Typ e A 

photolysis was conducted with th e Hanovia lamp for 90 min-

ut es . Samples we r e t a k e n e v e ry 30 minut es . Coinjection on 

Column M a t 35- 4 0° s how e d ra p id production of acetaldehyde 

followed by equally rapid disappearance . Two other lar ge 

peaks with s h o rt er retention tim es than dioxan e were id e nti

fied also b y co inj ec tion as 1 - but e n e and pe ntan e ( as e x

pected ). Th e results were co nfirm e d by s ub se qu e nt co inj ec 

ti o n o n Column Lat 40° . 

An additional 5 g h exa nal were ad d e d to th e r eac tion 

mixtur e . Aft er another one hour nitroge n p ur ge , th e irr ad -

iation was co ntinu e d f o r 10 hour s with a Corex filt ered 

Ha n o via lam p . 

decomposition . 

Glp c s how ed almost total s tartin g mat e rial 

Th e dioxane was removed by distillation at at mosp her i c 

pressure . Vacuum distillation of th e r es idu e yielded f iv e 

fractions of whi c h two . 1 g 85-110°/18 mm and . 3 g ll0-1300; 

18 mm co ntain e d 2 and l · Th e fractions wer e passe d on 

Column Nat 110-11 2°, and the alcohols we r e collected . Th e 

diastereomers were separa t e d b y 2 passes on Col umn Rat 

Th e spec tral data confirmed that th ese were th e 

dioxane a l co hol s 2 a nd 3 . ~ ~ 
Dim 0 r s 4 a nd 5 were a l so pro du ce d ~ ~ in th e reaction 

and id e ntifi e d b y co inj ec tion . 
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Ph o tol ys i s of Di o xan e 

Spectrograde d i oxa n e , 2 00 ml , was p ur ge d f o r an h o u r 
with dry ni troge n and i rrad i ated wi t h t h e Ha n o vi a l a mp in 
a Type A p h oto l ys i s for 2 00 ho ur s . Sa mp l es were re mo v ed 
d urin g t he co ur se of t h e reac ti o n a n d g l pc a n a l ys i s o n Co l
um n Bat 140° r e v ea l e d s l o w ge n e r a ti o n o f four ma in pro d u c t 
pe ak s a t 8 , 1 2 , 15, 23 , a n d 31 minut es r espec tiv e l y , a s 
we ll a s a s mall p e ak wh ose s i ze r e main e d re l a tiv e l y c on s tant . 
Co inj ec ti o n of a u th e nti c s am p l es of th e tw o al c oh o l s , lan d ! , a nd th e t wo dim e r s , 4 a n d 5 s h o wed th ese t o be th e fo ur 
i ncre a s in g pro du c t pea k s . Th ese r es ult s we r e c onfirm e d b y 
s ub sequ e nt co inj ec tion on Column H a t 130 ° . 

Th e dio xa n e was re mo v e d b y di s tillation a t atmo sp h e ri c 
p r ess ur e . Th e r es idu e wa s va c uum di s till e d t o y i e ld a frac -
ti o n 0 .4 ml 1 00-120°/17 mm g r e atl y e nri c h e d with 2 a nd 3 . ~ ~ Th e r es idu e of th e vacuum di s till a ti o n c ont a in ed mos tl y 
dim e r s . 

Th e r es idu e was r ed i sso lv e d in di oxa n e a nd p asse d o n 
Co lumn N a t 1 25° . 

Th e t wo ma j or prod u c t pea k s we r e sepa -

r a t e d . 
Th e f ir s t pea k, m. p . 1 55 °, h a d spec tr a l d a t a matc h -

i ng th e dim er , ~ , obta in e d in th e N-h exy lh e x a n oami de p h o t o 
d eco mpos itio n in d i oxane . 

Th e li q ui d f r ac ti o n co n ta ining land! was passed o n 
Co lumn Nat 105° . 

Thi s c oll ec t e d li q ui d was sp lit i nt o 
tw o pea k s a nd co ll ecte d o n Co lumn Ra t 11 0 ° . As f urth er 
con firm a ti o n o f th e co inj ec ti o n da t a , th e spectra l data o n 
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th e two pea k s matc h ed that of authentic z and i sa mpl es . 

Th e fifth s ma ll pe ak wa s not id e ntifi ed and di sappea r ed 

after di s tillation. 

Photoly s i s of Octyloxyac e tald e hy d e in Dioxan e 

A so luti o n of 4 g 100 % octyloxyacetaldehyde in 230 ml 

spec tr ograde dioxane wa s p ur ged with nitr oge n for½ h o ur 

and irrad i a t ed in a Ty pe A p ho to ly s i s for 1 2 h o ur s with the 

Hanovia l a mp . Sa mp l es were t ake n at 1 5 , 3 0, 4 5 , 90 21 0 , , 

a nd 4 20 minut es . 

Heptane was id e nti f i e d b y co inj ect ion on Co lumn rand 

Column D a t room t e mperature . In ad dition, acetaldehyde 

a nd 1-h exe n e were id en tifi e d in th e 15 minut e a nd 3 0 minut e 

sa mples und er th e s am e co ndition s . Glpc co inj ec tion o n 

Column Fat 110° and 150° and o n Column D at 105° a nd 1 500 

id e ntifi ed 2 , 3 , 4, ~ ~ ~ and 5 as major produc t s . ~ 

Photolysis of N-h e xylpro p ri ona mi de in Dioxan e 

A soluti o n of 10 g N-h exylpropr i o n a mi de , ~ , in 500 ml 

spec tr ograde dioxane was p u rged with nitr oge n fer an h o ur 

a nd irrad i ated for 11 2 h o ur s with the Hanov i a lamp . Glpc 

s how ed onl y sl i g ht prod uct formation , and th e irradiation 

was co ntinu ed for 92 hours . Glpc on Col umn H a t 105° a nd 

Col umn Bat 110° s h o wed t h e prese n ce of Z, 1 , 

a n additional prod u ct . 

4 
~ ' a nd 5 and 

r-- , 
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The solvent was removed by distillat ion at at mospher i c 

press ur e . Vacuum distiliat i o n of the residue y i e ld ed frac -

Li on.~ <- 110°/J'J mm , 1.l'.,-138°/ l b mm , 111 cl 140- 1 58°/15 mm. Th e 

seco nd fraction was pas3ed o n Col umn P a t 105° , and the un -

identified peak was repassed o n Column Q at 130° . Spectra 

of the isolat ed compou nds we r consiste nt for those of the 

diastereomer s of a-cthy_ d i oxane methanol , z, <ind _f3J , li s ted 

in th e n ext sec tion . 

Photolysis of Proprionaldehyde 

A solution of 10 r, freshly distilled proprionald h yde 

in 220 ml spectror,r~de dioxan wa s p ur ged with dry nitrogen 

for a n h o u r in o Type A Jhoto1ys i s apparatu s . Th e so lution 

was then i rradiatP.d for LO hour s with a q u artz filt r-d 

450 W Hanovia lamp . Glpc on Column A at 120° revealed 4 

major peaks , the dioxane di mers and two s horter retention 

time peaks . Th solvent wa s re mov d by distillation at at -

mosp h er i c pr essure , an~ the res idu was v ac uum di s tl1led . 

Four fraction s wcr ro1lr0 cted : 25-60°/15 mm ( . 5 g ), 

7 O -1 O O O / 15 mm ( . G g ) , 1 0 2- 11 9 ° / 15 mm ( 2 . 7 g ) , a n d 12 2 -15 O O / 

1 5 mm ( l . 3 -; par t i cJ l l y sol id i f i e d ) . The last two fract i ons 

co nt a in ed mo st of th 

on Col u mn Rat 135° . 

unidentif i d prod u cts a t abo ut 30% 

Gl pc on Column A ai 135° s howed fract i o n s 3 a n d 4 to 

contain diff erent perc ntages of the two prod u cts . On 

Col umn Hat 110° , however , they wer e not cleanly scp rated . 
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The two fractions were passed on Column Pat 100-1040, and 
the large peaks at 30 minutes were coll c t ed in both frac -
tion s . The NMR revealed the possibility of two dia s t e reo-
meric alcohols . The sa mple was r epassed un der the sa me 
conditions . Th e two products were separated finally by two 
passes on Column Q at 125° as th e dia stereomers of a - e thyl 
dioxane methanol, 7 a n d 8 . r-..1 r-..1 

NMR : ( CDC1
3

) 0 . 7-1.2 o (t, 3H , CH 3 ), 1.2 - 2 . 0 o (m, 2H , 
CH

2
), 3 .1- 3 . 9 o ( broad m, 9H , OH and H- C- 0 ). 

IR : ( CC1
4

) 3600 , 3450 ( 0 -H stretch ), 2960 , 2920, 2860 
( C-H stretch ), 1 4 50 , 1400, 1350, 1 290 , 1275, 1230 , 1140, 
11 20 ( dioxyl ), 1095, 1050, 975 , 960 , 910 , 875 , 8 O, 

-1 6 40 cm . 

MASS SPEC : ----
m+/ e 146(3%), 128 ( 1 . 5% ), 117 ( 22% ), 99 (4 %), 

89 ( 1 4 %), 88 ( 61% ), 87 ( 100% ), 86 ( 35% ), 73(7%), 59 ( 62% ), 
58 ( 21% ), 57 (47 %), 4 5 ( 61% ), 44(62%), 4 3 (4 6% ), 31 ( 62% ), 
29 ( 33% ), 28 ( 29% ). 

C 57 . 51 ; H 9 . 65 ; Anal: 

found : C 5 7.70; H 9 . 87 . 

and 

NMR: 

cH
2

), 3 . 1-3 . 9 o(broad m, 9H , OH, and H-C-0) . 
IR : ( cc1

4
) 3610 , 3500 ( 0-H stretch ), 2970 , 2920 , 2870 

( C-H s tr e tch), 1450 , 1300 , 1 280 , 1260, 1 23 0, 1120 ( dioxyl ), 
-1 1100, 1050 , 970 , 950 , 910 , 880 , 6Lf0 cm 

MASS SPEC : m+/e 146(3 . 8% ), 128 (1.0 %), 117(18 . 2% ), 99 ---
(1.0 %), 89(11 . 3% ), 88 ( 60 .4 %), 87(100% ), 86 ( 29 . 6% ), 
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7 3 ( 6 . 9% ), 59 ( 67 . 9% ), 58 (1 7 . 0% ), 57 ( 36 . 5% ) 45 ( 90 69-: ) , • 0 ' 

4 4( 98 . 1% ), 43 ( 37 . 7% ), 41 ( 24 . 5% ), 31 ( 75 . 5% ), 29 ( 25 . 8% ), 
28 ( 22 . 0% ), 27 ( 17 . 6% ). 

Anal : C 57 . 51 ; H 9 . 65 ; 

found : C 57 . 35 ; H 9 . 95 . 

Photolysis of Isob utyraldehyde 

A solution of 10 g i sob u tyraldehyde and 220 ml spec
trograde dioxa n e was purged with dry ni trogen for an hour 
in a Type A photolysis apparatus a n d irrad i ated for 10 hours 
with a quartz f i ltered 450 W Hanovia la mp . Glpc on Colu mn 
Hat 130° showed one ma i n product peak with a retention 
time correspondi n g to the alcohols from prev i ous aldehyde 
experi ments . 

The solvent was removed by distillation at 
atmospher i c pressure . 

yielded fo u r fractions : 

Vacuum distillatio n of the residue 

<80°/5 mm ( 18 g ); 80-98°/5 mm ( 1.2 ) g ' 
98-120°/5 mm ( 1 . 3g ), and 120-150°/5 mm ( 1.5g ). Glpc on 
Col umn H at 150° sho wed fractio n s 2 and 3 contained 30- 4 0% 
product and lan d 4 15% product with many i mpurities . 

fraction 2 was passed twice on Colum n Pat 115-1200 
in 70 - 80 µl quantit i es , and the peaks at 30 minutes were 
collected . 

NMR sho wed the mixture to be predo min antly on 
diastereomer of a-isopropyl dioxane methanol . The two di-
astereomers 9 and 10 were separated by two passes on Column 

rv ,..__, 

Q at 120-135° and identified as the diastereo mers of a-
isopropyl d i oxane methanol . 
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NMR : 

lH , 

8H , 

( CDC1
3

) 0 . 9-1.05 o ( d J=7Hz , 6H , CH3 ), 1 .4 -1.9 o ( m, 
(CH

3
)

2
-C-H ), 2 . 3-2 . 6 cS ( s , lH , OH ), 2 . 9-4 . 0 cS ( broad m, 

H-C-0 ). 

IR : ( CC1
4

) 3600 , 3490 ( 0-H stretch ), 2960 , 2900 , 2860 
( C-H stretch ), 1 4 65 , 1 4 60 , 14 4 5 , 1380 , 1360 , 1355 , 1290 , 
1275 , 1260 , 1245 , 1230 , 1170 , 1115 ( dioxyl ), 1100 , 1080 , 
1070 , 1055, 1030 , 995 , 940 , 910 , 895 , 870 , 6 4 0 cm-

1
. 

MASS SPEC : m+ /e 160 ( 1 . 5% ), 1 4 5 ( 0 .4 %), 1 4 2 ( 0 .4 %), 127 ----
( 1 . 1% ), 117 ( 31 . 1% ), 99 ( 5 . 6% ), 89 ( 22 . 6% ), 88 ( 58 . 9% ), 87 
(81 . 1% ), 86 ( 23 . 0% ), 73 ( 2 4.4 %), 71 (1 9 . 3% ), 59 ( 20 , 7% ), 
58 ( 11 . 1% ), 57 ( 19 . 3% ), 55 ( 22 . 6% ), 4 5 ( 95 . 6% ), 44( 100% ) , 
43 ( 23% ), 4 1 ( 23% ), 31 ( 35% ), 29 ( 16 . 3% ), 28 ( 23% ), 27 ( 17 . 8% ). 
Anal : Calculated for C8 H16 o3 : C 59 . 97 ; H 10 . 07 ; 

round : C 59 . 71 ; H 10 . 12. 

and 

NMR : ( CDC1
3

) 0 . 9-1 . 05 o ( d J=6Hz , 6H , CH 3 ), 1 .4 -1.9 cS(m , 
lH , ( cH

3
)

2
-C-H ), 2 . 15 - 2 . 35 cS ( s , lH , OH), 2.9 -4. 0 o ( broad 

m, 8H , 0-C-H ). 

IR : ( cc1
4

) 3600 , 3500 ( 0-H str tch ), 2960 , 2900, 2860 
( C-H stretch), 1465 , 1 44 5 , 1385 , 1365 , 1350, 1310 , 1300 , 
1275 , 1260 , 12 4 0 , 1220 , 1170 , 11 4 5 , 1110 ( dioxyl ), 1100 , 
1065 , 1025 , 1000 , 9 -1 975 , 960 , 915 , 8 5 , 870 , 6 4 0 cm . 

MASS SPEC : 
m+ /e 160 ( 2% ), 1 4 5 ( 0 . 6% ), 142 ( 0 . 6% ), 127 ( 1 . 2% ), ---

1 17 ( 20 . 4% ), 99 ( 4 . 1% ), 89 ( 22 .4 %), 88 ( 51% ), 87 ( 63 . 3% ), 

86 ( 22 .4 %), 73 ( 30 . 6% ), 71 ( 14 . 3% ), 59(16 . 3% ) , 58 ( 10 . 2% ) , 

57 (1 6 . 3% ) , 55 ( 20 . 4% ), 45 ( 87 . 8% ), 44 (100% ), lf3 ( 2Lf. 5% ), 

4 1 ( 20 .4 %), 31 ( 34 . 7% ), 29(12.2% ), 28 ( 30 . 6% ), 27 ( 1 4 .3% ). 
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Pr e paration of N-h exy lh e xanoamide-a-d 
- -1 

Hexa n oic acid wa s labell e d in the a-position by th e 

me thod of Pfeiffer a nd S ilb e rt .
67 

A 4 5 ml sa mpl e of dry 

dii sop ropylamin e and 100 ml dry THF we r e reacted at oo 

with 25 . 8 ml b u tyllithium ( 90% in h exa n e ) und e r positive 

nitrog e n pressure in a 500 ml 3-neck flask fitted wi th ad-

d ition funnel , r ef lux co nd e n ser , and magn e tic s tirrer . Th 

reaction mixtur e wa s s tirr e d an additional half hour a t oo , 

and a mi xture of 27 ml freshly di s till ed hexam e thylpho sp h or

amide , 18 . 7 ml freshly distilled h exanoic acid , and 45 ml 

d r y THF wer e add e d s l owly with stirr in g to th e lithium di 

i sop ropylamid e . 

Wh e n th e r eact ion had s tirr e d for s ix hour s at oo , 

2 0 ml n
2
o we r e added dropwi se , and the r eac tion mixtur e was 

s tirr ed ov e rni g ht. After acidifi cati o n t o pH 5 , the reac-

tion mixtur e wa s ex tract e d with four 100 ml portion s of an

h yd rou s e ther , and the organic phases we r e co mbin e d , dried, 

and concentrated . Va c uum di st ill a ti o n of the r es idu e y i e ld-

ed 12 . 9 g ( 73% yield ) h exa noi c ac id at 108-112°/15 mm , 

which wa s 4 2% a-d labelled by NMR. 
l ' 

NMR : 0 . 6 - 1 . l o (t J= 5 Hz , 3 H, CH 3 ) , 1 . 1-2 . 0 o ( m broad, 

6H , cH
2

), 2 . 0- 2 .6 cS ( t J=6. 5 Hz , 1 . 58H , CH 2 - C=O a nd 

CHD - C=O) , 11.6 cS ( s , . 85 - .9H , OH a nd OD ). 

Th e lab e ll e d acid wa s co nv er t ed t o the acid c hl oride 

by stan d a rd thionyl c hlorid e treatment . Labelled acid 

( 9 . 0 g ) wa s treated with 10 . 5 ml distilled thionyl c hlorid e . 



26 7 

Th e stirred mixtur e wa s refl u xed for t we lve hour s , and seven 

g r a ms (69 %) acid ch l or id e 152-15 4 °/ 760 mm were co ll ected . 

A sol ution of 6 . 5 g hexan oy l c hlorid e ( l a b e ll e d ) in 

15 ml dry THf wa s added drop wi se with st irrin g to a mixtur e 

of 5 . 1 g hexylamine , 30 ml 10% aq u eous NaO H, a nd 20 ml THF . 

Th e mixtur e wa s s tirr e d at ro o m t e mp erat ur e an additional 

ten hour s . The layers were separat ed , a nd the aq u eo u s 

phase wa s e xtra c t ed with four 75 ml por ti o n s of et h er . Th e 

sta nd ar d wor ku p followed b y vacuum di s tillatio n yielded 

8 . 5 g ( 88% y i e ld ) labell ed N-h exy lh exa no a mid e at 135°/0 . 7 mm, 

whi c h wa s s hown to be 28% a - d 1 ( by ma ss spec ) 

( by NMR ). 

and 30% a - d 
l 

NMR : ( CDC1
3

) 0 . 7 - 1 . l o ( t J= 5 Hz , 6H , CH
3

), 1 . 1- 2 . 0 o ( m 

br oad , 1 4 H, CH
2

), 2 . 0- 2 . 4 o ( t J=6Hz , 1 . 7H, CH
2

-C=O ), 

3 . 05- 3 . 5 o ( q , 2 H, CJ-12 -N ), 5 . 6 - 6 . 5 o ( m broad , ll-1, NH ). 

IR : (n ea t ) 33 00 (N-H stretch ), 309 0 , 29 4 0 , 286 0 ( C-H 

s tr e t c h ), 1640 ( C=O st r e t c h ), 154 5 , 1460 , 1 44 0 , 1 380, 

1325 , 1300 , 1260 , 1225 , 1200 , 11 5 0 , 1110 , 7 25 c m- 1 . 

MA SS SPEC : mol ec ular ion 29% d 1 ( 2 0 ev , 50/a ), m+ -29 

28 . 5% d , ( 70 ev , 300/a ), a nd m+- 4 3 28% d 1 ( 70 ev , 3 00/ a ). 
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Photolysis of N-hexylhexanoamide-a-d 
l 

A sol u tion of 3 . 8 g N-h exylhexanoamid e -a-d
1

, and 

230 ml spectrograde dioxane was irrad i ated in a Type A 

photolysis for 90 hours with the Ha n ovia l a mp . Only slight 

decompos iti on of startin g mat er i al h ad occ urr ed by glpc on 

Colu mn A a t 180° . Wh e n additional irradiation gave only 

sl i gh t f urth er decomposition, a new lamp was u sed for an 

addit i onal 48 hours . 

The irradi a ti o n wa s stopped with a b o ut 5 0 % s t ar tin g 

mater ial deco mpos iti on . The dioxane was removed by dis-

till a tion at at mosp h eric press ur e . Th e residue was vacu um 

dist ill ed , and a fractio n ( l ml) wa s co ll ected at 9 0-1 300; 

17 mm. Thi s f r act i on wa s passed twice o n Column Q a t 

110-12° . One peak wa s col l ec t ed , whi ch was sho wn by NM R 

t o be o n e of the diastereomeric alcohols . 

In the mass spec , the size of the 132 and 133 ( P and 

P-1 ) pea k s were co mpared in th e parti a ll y labelled a l co h ol 

a nd in th e unlabelled alcoho l . Th e ratio of the 133 peak 

to the 132 pea k in the labelled alcohol was 0.136 as co m-

pared with 0 . 092 in the unlabelled alcohol . The difference 

i s a deuterium e nri c hm ent of 4 . 4 %. S in ce the amide was 

28% labelled a -d
1

, (4 . 4/ 28 ) or 15% of the alco h ol ca me fro m 

a mid e decompos ition , whil e the re ma inin g 85% of the alco 

hol arose from solve nt deco mposit i o n . 

NM R : ( CDC1
3

) 0 . 9-1. 2 o ( d , 2.7H , CH3 ), 2 . 6 - 2 .7 o ( s , lH , 

OH ) , 3 . 3 -4 . 05 o (m, 8H , 0-C -H) . 
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MASS SPEC : m+/ e 133(13 . 6% ) , 132 ( 100% ), and 132 ( P , 4% ), 

87 ( base , 100% ). 

Photoly s i s of N- hexylhexanoamide in Cyclohexane 

A so lution of 4 g N-hexylh exa noamid e in 230 ml spec tra

grade cyclohexane wa s purged o n e hour with dry nitrogen , a nd a 

0-hour sa mpl e showed only solvent and s tarting material by 

glpc on Column A at 180° . A Typ e A irradiation was carried 

out for 115 hour s , and the reaction progress wa s monitor e d 

by glpc . Aft er 46 hour s ' irradiation there wa s s ub s tantial 

start ing mat e rial loss and p rodu ct formation . Only s li g ht 

additional product format i on wa s observed in the subsequent 

69-hour irradiatio n period . Th e r e we r e four major product 

pea k s of ret e ntion time : 

min. on Column A at 110° . 

7 min ., 12 min ., 31 min. , and 4 0 

Th e so lvent wa s removed by caref ul di st illation at at -

mo sp h eric pr ess ur e up to 85° . 

r es id u e y i elded four fractions : 

Vacuum di s tillation of th e 

. 1 m 1 A <9 0 ° / 1 8 mm ; . 2 5 m 1 

B 90-115°/18 mm : lmJ C 115-135°/18 mm ; and 2 ml D 135-1500; 

1 8 mm . 

Fra c tion A co nt a in ed mo s tly the product of retention 

ti me 7 min . Fraction A wa s th e n passed on Column Q at 

1100 and then r pass don the same column a t 80° . Th liq-

uid co ll ec ted wa s s hown on Column A at 100° and Column H 

at 110° to b e essentially p ure . Th e spectral data of the 

liquid had in th e ma ss spec it s m+/ e 140 and large peaks 
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83 , 82 ( cyclohexyl , cyclohexenyl ) and cnly hydrocarbo n bands 

in the I R . The spectra matched that of N- b u tylcyclohexane , 

11 . 

NMR : ( CDC1
3

) 0 . 7 - 1.1 o ( t , 3H, CH
3

) , 1. 1-2 . 2 o (m, 171-l , 

IR : ( CC1
4

) 

MASS SPEC : 

2960 , 2930 , 2860 , 1450 , L250 , 860 
- 1 

cm 

m+ /e 1 4 0 ( 24% ), 111 ( 7 . 6% ), 97 ( 3 . 8% ), 96 ( 7 . 0% ), 

8 4 ( 9 . 6 % ) , 8 3 ( l 0 O % ) , 8 2 ( 8 9 % ) , 81 ( l 1r % ) , 6 9 ( l 7 % ) , 6 7 ( 3 9 % ) , 

56 ( 20% ), 55 ( 9 4 %), 4 3 ( 11% ), 41(44% ), 39 ( 18% ). 

Fract i on B contai n ed the first procuc t a n d t h e product 

of retentio n time 12 mi n . Fraction B W ci S passe d on Colu mn 

Q at 110° , a n d the second peak wa s collected . Th e li quid 

was then repassed on t he same column at 80° . Th e li q ui d 

collecte d was shown to be ess e nti~lly pure on Col u mn A at 

1 0 0° a n d Col u mn 1-l at 110° . Spectral data for t h e seco n d 

prod u ct was si mi lar to that of the fir s t prod u ct except t h e 

m+/ e 15 4. Spectra were identical to those of an a u the nti c 

sa mple of N- pentylcyclohexane , 12 . 
,v 

NMR : ( CDC1
3

) 0 . 7 - 1.l o ( t , 31-l, CH
3

) , L. l-2 . 2 o ( m, 19H , 

IR : 

MASS SPEC : 

2930 , 2860 , 1450 , 1250 , 860 -1 
cm 

m+ /e 15 4( 29% ), 152 ( 3 . 2% ), 125 ( 2 . 8% ), 97 ( 7 . 1% ), 

96 ( 6 . 0% ), 8 4( 7 . 9% ), 83 ( 100% ), 8 2 ( 75%) , 81 ( 9 . 9% ), 67 ( 29% ), 

55 (7 5% ), 43 ( 19% ), 4 1 ( 54% ), 39 ( 23% ). 

Fraction D contained almo s t e xclu s ively t h e prod u ct 

of retention time 40 minute s . Th e s iz e of the fract i o n 

( 2 ml) a n d glpc traces indicat e d the 40 mi nu te product wa s 
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the ma j or product of the reaction . Fraction D was passed 

on Column Q at 110° ( the largest peak was collected ) and 

repassed on the same column at 95° . The collected prod u ct 

was shown to be essentially pure on Col u mn A at 100° and 

Column Hat 110° . Spectral d ata of th i s prod u ct was sim i -

lar to the other two excep t in the mass spec m+/e 166 . The 

spectra of this compound were ident i cal to the aut h entic 

sample of b i cyclo h exyl , l~ -

( CDC13 ) 0 . 7-2 . 2 o (m, ©- H axial or equi tor i al ). 
NMR : 

IR : ( CC1
4

) 2960 , 2930 , 2860 , 144 5 , 12 4 5 , 860 cm-
1

. 

MASS SPEC : 
m+/e 1 66 ( 57% ), 1 4 0 ( 23% ), 112 ( 100% ), 98 ( 19% ), 

8 4( 18% ), 83 ( 57% ), 82 ( 100% ), 81 ( 15% ), 67 (4 3% ), 57 ( 29% ), 

56 ( 27% ), 55 ( 67% ), 4 3 ( 38% ), 4 2 ( 19% ), 4 1 ( 60% ), 39 ( 19% ), 

29 ( 20% ). 

Fraction C contained mostly the product with a 31 min-

ute retention time and some of the prod u ct previously iden-

tified as bicyclohexyl . 
Fraction C was passed o n Column Q 

The product was esse n tially pure on Colum n A at 

1000 , b u t Column Hat 110° showed the peak t o have several 

co mponents . 
The peak was repasscd on Column Pat l?.5o . 

One of the products was shown by spectral data to be an 

alco hol m+/e 128 . 
spectra were identical with an authentic 

sample of 1-cyclohcxylethanol , lJ . 

NM R: 
( coc1

3
) 0 . 7-2 . 2 o ( m, 14H ( doublet sticks out 0 . 9-

l . 3 )), 2 . 4 - 3 . 2 o ( m , l H, © ) , 3 . 2 - 3 . 7 o ( m , l H , H - C- 0 ) . 

IR : ( CC1L
1

) 3650 , 3300 ( 0-H str 0 tch) , 2930 , 2860 ( C- 11 
-1 

stretch ) , 1450 , J.370 , 1240 , 1150 , 1100 , 900 cm . 
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MASS SPEC : (Low ev ) m+/e 128(0 . 3% ), 127(0 . 6%), 126 

(1 . 6% ), 113(12% ), 110 ( 33% ), 95(10% ), 84 ( 20% ), 83 ( 17%), 

82(100% ), 67 ( 10%) , 45(50 %) . 

Another peak was identified as methyl cyclohexyl k tone 

by matching spectral data with an authentic sa mple. 

NMR: 

IR: 

1450 

(CDc1 3 ) 0 .7- 2 .4 o (m, ( si ngl et st ick s out 26 )). 

(CC1 4 ) 2930, 2860 (C-H stretch ), 1705 (C=O stretc h), 

-1 
cm 

MASS SPEC : + 
(Low ev ) m /e 127(3 . 5% ), 126(11% ), 113 ( 14% ), 

110(38% ), 82(base) , 45(70%), 95(11% ), 84 ( 16%) , 83(19%), 

82(100% ) . 

Other components were present but not id e ntifi ed . 

Photolysis II of N-hexylhexanoamide in Cyclohexane 

A solution of 2 g N-h exylhexanoa mid e in 120 ml cyclo

hexane wa s stirred in a quartz tub e fitted with a rubber 

sept um, and purged for an hour with dry nitrogen. A Type B 

photo l ysis wa s carried out for 30 hour s with quartz filter-

ed Hanovia light. After 28 hours a sa mp l e was carefuJly 

taken to avoid loss of any of the vapor phase . Glpc on 

Column A at 115° and 185° s how e d product formation and 

starting material disappearance . 

irradiat ed two additional hour s . 

The reaction mixtur wa s 

The pho tolysis tube was cooled to - 80°C in a dry i ce-

acetone bath. At the reduced temperature a gas sample was 

taken , and the gas p ha se IR showed the presence of carbon 

monoxid e . 
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Photolysis of N-h exyl h exa noamid e 

in Cyclohexane ( Quantitative ) 

N-h exy lh exanoamid e , 0 . 6646 g , and s tandard s e i cosa n e , 

0.1606 g , and h exadecane , 0 . 0771 g were carefull y we i g h ed 

and quantitatively t ra n sferred with 2 00 ml spec tr ogra d e 

cyclo h exane . Th e st irr e d reaction mixtur e was p ur ged with 

nitr oge n for a n h our , and a Ty pe A p hotol ysis was perfor me d . 

Sa mples , 0.5 ml , were taken at 0 , 4 , 8 , a nd 1 3 hour s . ( Be 

cause th e s t anda rd s are alkanes with seco ndar y hydro ge n s , 

they mu st be kept a t low co n ce ntration t o pre v e nt co mpe 

tition with th e solvent ). 

Th e sa mples were analyzed immediately by glpc on Col -

umn A at 110-115° . Th e ma j or products, butylcyclohexane, 

pe ntyl cyclo h exane , a nd bicyclohexyl , were i de nti fied by 

co inj ect i o n . Quantitative determination of start in g ma-

t er i al versus e i cosa n e a nd p r od u ct formation versus h exa-

decane was performed o n Col umn A a t 18 5° a nd a t ll0-1150 

respec tiv e l y . 

Th e molar response factors a t the respect iv e t e mpera

tures for butylcyclohexane, pe ntylcyclo h exa n e , and bicyclo

hexyl vs. h exadecane and hexadecane and hexylhexanoamide vs . 

e i cosa n e are sho wn in Tabl e XI . Th e amount of the pro d-

ucts produced wa s calculated as follows : 

* Th e fac t that the area ratio for hexadecane vs. eicosane 

did n o t c han ge indi ca t es that n e ith er was prese nt in s u f

f i c i e nt co n ce ntr a tion t o co mpe t e in the reaction with 

cyc loh exane ( co n s tant area rat i o .4 9 ). 



Table XI 

Response Factors for the Products of the Photodecomposition of 1 in Cyclohexane 
--- - -- --------- - -

. -- - --- - - r,.J --

Molar Moles Moles Area Area Area Response Com_12_ound Weight Compound Std . Standard Ratio Comp . Std . Ratio Factor 

164 278 

304 505 
0 . 0230 l . 64xl0 

- 4 - 4 
) 341 

Butylcyclo- Hex . l . 51Xl 0 1. 09 562 . 59 1.85 hexane 

I 

357 622 

N 194 682 
--J 
+ 

196 278 

- 4 - 4 r4 505 Pentylcy- 0 . 0259 1. 68Xl0 Hex . l . 5lxl0 1.11 . 71 1. 57 clohexane 
413 562 

424 622 

475 682 

174 278 

328 505 
Bicyclo- 0 . 0232 - 4 - 4 1378 l . 40Xl0 Hex . l . 51Xl0 0 . 93 562 . 64 1. 45 

hexy~ 

622 384 

436 682 



Tab l e XI (Continued) 

Molar Moles Mol es Area Area Area Response 
Compound Weight Comoound Std . Standard Ratio Como . Std . Ratio Factor 

--
--

( 
94 191 

146 294 
Hexadecane - 4 

Eic . 5 . 7Xl0- 4 ~ 115 

0 . 0771 3 . 41Xl0 
0 . 60 233 . 49 1. 22 

117 238 

110 224 

622 204 
I'.) 

--.J 725 238 t.n N- hexyl - 0 . 6646 3 . 34Xl0 
- 3 

Eic . 5 . 7Xl0- 4 
5 . 86 ) 705 224 3 . 09 1. 90 

hexano-
amide 

I 593 1 91 

917 294 
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(l ) Mol ar r espo n se Factor = 

Mol es Compound 
Mol es Standard 

( la ) Ar ea Ratio = Area Compound 
Ar ea Standard 

Ar ea Compound 
Area Standard 

( 2 ) Molar Response Factor = 
Mol es Compo u nd 

-------
Mo l es Standard x Ar ea Ratio 

( 3 ) Moles Compound = Molar Response Fac t or x Area Ratio x 

Mol es Stand ard 

Th e area and mol es of eac h product at eac h sampl e time is 

s hown on Tabl es XII and XIII . 

From th e numb er of mo l es of prod u c t and fro m percent age 

of amide decomposition the percent y i e ld for eac h pro du ct 

at the different tim es wa s calc ul a t ed as follows : 

% yield pro du ct = moles prod u ct /m o l es reacted amide x100 . 

Area Amide at T
1 

Mol es Reacted Amide = 
Area St a nd ard a t T

1 

Area Amide at O hour s 
Area Standard at O hours 



277 

= 
Arca Ratio at T

1 x Moles Amide at O hours 

Area Ratio at O hours 

% Yield Product = Moles Product XArea Ratio at O hours xlOO 

Moles Amide at O hours XArea Ratio at T 
l 

Using the above equations the number of moles of decomposed 

amide at 4, 
-4 3 

8 , and 13 hours was 6 . 7 x10 , 1.16 x10- , and 

-3 
1.5 x10 respectively. The percent yield for each product 

at the three times is shown in Table Von page 68 . 



Table XII 

Product to Standard Area Ratios in the Photodecomposition of 1 iii_ ~_yclohexane 
Area Area Area Time Butyl- Pentyl- Bicyclo- Area Butyl/ Pentyl/ Bicyclo / 

Hours cyclohexane cyclohexane hexyl Standard Std . Std . Std . 

4 12 41 331 808 0 . 015 0 . 052 0 . 41 
11 40 317 773 0 . 014 0 . 052 0 . 41 

Avg . 0 . 015 0 . 052 0 . 41 
8 31 92 655 825 0 . 036 0 . 11 0 . 79 

23 69 500 632 0 . 036 0 . 11 0 . 79 t0 
--.J 
0:, 

29 89 627 820 0 . 035 0 . 11 0 . 77 

Avg . 0 . ·035 0 . 11 0 . 78 
13 41 94 780 651 0 . 063 0 . 14 1. 20 

39 90 771 628 0 . 062 0 . 14 1. 22 

Avg . 0 . 063 0 . 14 1. 21 



Tim e 
Hour s 

Lf 

8 

13 

279 

Ta ble XIII 

Product. Yi.eld~; in tl1c Phoi..odecompos~ J~on 

of l 1n Cyclohexan 

Mol es 
Butyl

cyclohexane 

g . 5 X 10 - 6 

2 . 3 X 10- S 

3 . 9 X 10- S 

Moles 
Penly l

cyclohexane 

2 . 7 X 1 0- S 

5 . () X lO-b 

7 . 8 
-S 

X 1() 

Mo l es 
Bicyclo
hexyl 

2 . 0 X 10- 4 

3 . () X 10 
- If 

6 . 0 X 10- 4 
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Photolysi s of Ac et ald e hyd e in Cyclohexane 

Ac e t alde h yde ( 25 g ) wa s di ssol v ed in 500 ml spec tr o 

grade cyc l o h e xan e and purged with dry nitro ge n for½ hour . 

A Ty pe A irradiation wa s carried out for 26 ho urs with th e 

Han o vi a lamp . (Th e photoly s i s v esse l wa s cooled in an ic 

wat e r bath to prevent vaporization of th e acetaldehyde . 

Th e reaction mixture contained two major products b y g lpc 

on Column Hat 135 ° . 

Th e sol v e nt wa s di st ill e d at atmospheric pressure . 

Two o th e r fractions were collected, 185 - 195°/760 mm and 

125-135°/10 mm. Glpc on Column Hat 135° s how ed th e first 

fraction contained p rimarily one of th e pea k s whil e t h e 

seco nd fraction contained th e o th er . 

Th e hi g h boiling fraction wa s passed on Column pat 

Th e lar ges t peak wa s co ll ec t ed and r epasse d on th e 

same co lumn at th e sa me t e mpe ratur e . Th e product was esse n-

tially p ur e o n Column Hat 135° . Spec tral data ma t c h d 

that of 14. 
rv 

Coinjection of an authentic sa mpl e of bi cyc l o -

h exyl and the orig in a l reaction mixtur e o n Column A at 1250 

a nd Co lumn Hat 1 35 ° s how e d that th e major product peak 

wa s ind ee d 14 . 

Th e l o wer boiling fract ion s h o wed band s for OH and 

carbonyl in th e IR af t er being passed o n Co lumn Pat 123° . 

Th e liquid was repassed on Col umn Q at 125° . The two peaks 

were s ub sequ ntl y identified b y th e ir spectra as 1-cyclo-

h e xyl e thanol and cyclohexyl me thyl ketone . Spectra for th ese 
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products we r e g iv e n previously . 

Qu antitative De t e rmination 

on Acetaldehyde Photor ed u c tion i n Cyclohexane 

In order to p u t th e yields of prod u cts from th e pre 

vious exper im ent in proper perspective , q uantit a tiv e d ter

min a to n of the y i eld of cyc l ohexyl met h y l ketone a nd 1-cyclo-

h exy l e t hanol was carr i e d out . A sa mp l e of 3 . 5 g aceta ld e -

hyd e and 0 . 1021 g h exa d eca n e wa s di sso lv ed in 2 10 ml spec 

trograde cyclohexane in a Ty pe A p hotoly s i s apparatus . Th e 

apparatus was imm ersed in ic e wat er ; the reaction mixtur e 

wa s p u rg e d 45 minut es with dry nitro ge n , and th e so lution 

wa s irrad i at e d 3½ hour s with the Hanovia lam p at the re

duced temperature ( glpc s how ed n ea rly t otal start in g ma -

t e rial convers i o n ). Th e final irradiat ed sa mple wa s ana -

lyzed on Col umn H at 140 ° at atte nu atio n 16 x 10-10 . Th e 

results are s h o wn in Tabl e XIV b e low . An additional . 2 1 3 7 g 

h exa d eca n e were adde d , making the total stand ard 0 . 3 1 58 g . 

Table XIV 

Quant itative Determination on Acetaldehyde 

Photoreduct ion in Cyclohexane 

Product Area Standard Area Ratio St andard Wt . Product Wt . 

335 56 5 . 98 . 10 2 . 73 

273 46 5 . 94 . 102 . 73 

276 47 5.87 . 102 .7 2 

18 2 96 l. 90 . 31 6 . 72 

166 85 l. 95 . 31 6 .74 

188 100 1. 88 . 316 .7 2 
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The co mbin ed yield of . 73 g represents for alco hol and ke

tone (10 . 2 g theoretical yield) a maximum 7 . 2% yield of the 

p hotor ed u ction of acetaldehyde in cyclohexane . (Th e amount 

of alcohol produced x 13 . 9 represents the amo unt of ace t alde

hyde produced in the a mid e decomposition reactions . ) 

Photolysis of N-hexylproprionamide 

in Cyclohexane 

A solution of 10 g N-hexylproprionamide in 500 ml 

spectrograde cyclohexane was purged with nitrogen for two 

hours and irradiated in a Type A photolysis for 18 hours 

with the Ha novia lamp . Glpc co inj ection verified formation 

of bicyclohexyl (m ajor ), 1c3, 1-cyclohexylpropanol, and cy 

clohexyl ethyl ketone, Onl y slight formation of proprion

amide was detected . No methylcyclohexane was detected. 

Photolysis of Proprionaldehyde 

in Cyclohexane 

A solution of 10 g freshly distilled proprionaldehyde 

in 200 ml spectrograde cyclohexane was purged 15 minutes 

with dry nitrogen and irradiated in a Type A photolysis for 

20 hours with the Hanovia lamp . Additional proprionalde-

hyde, 10 g , was added , the mixture p u rg d with nitrogen for 

an hour, and the irradiation continued for an additional 

20 hours. 
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Glpc of the reaction mixtur e on Co lumn Hat room tem

perature s how ed that methylcyclo h exane wa s a tra ce product . 

At 105° on Co lumn H th ere we r e two major products . Th e so l-

vent was removed by distillation at atmospheric pressure , 

the residue wa s vacuum distilled , a nd thr ee fract i o n s we r e 

co ll ected : 83°/13 mm , 85 - 97°/13 mm, and 104-1 30°/ 1 3 mm. 

Pr epara tive g l pc of th e seco nd fraction on Col umn Q 

at 130° gave two p a k s , which we r e co ll ecte d . Th e f ir s t 

peak wa s c haracterized by it s spectra as ethy l cyc l o h exy l 

ketone (m+ /e 1 4 0) . Spectral properties and g l pc coinjection 

on Column Hand Column B of a n a uth e nti c sampl e of th e ke 

to n e verified th e s tru c tur e assign me nt . 

Th e second peak wa s s h o wn by ma ss spec t o conta in two 

co mpo n e nt s in un eq ual amounts, whi ch we r e separated by g lp c 

on Column P a t 130° a nd co ll ec t ed . The f ir st peak was c har -

acterized by co mpar i so n with a n a uth e nti c sa mple of 1-cyclo-

h exy lpropanol. Th e seco nd peak a nd ma j or prod u ct of th 

reaction wa s c h arac t e ri ze d by it s spectra (m+ ; 166 ) as 1 4. ~ 
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Solvent Effects on Type II Photodecomposition 

of N- hexylhexanoamide 

Th e following so luti o n s were prepared with eicosa n e 

a nd N- hexylh ex anoamide th e n diluted to 25 ml with th e so l

v e nt indi cated . 

Sa mple Eicosane N-h exyl h exa n oa mid e Solv e nt 

l 0 . 0136 0 . 0502 cycloh e xane 

2 0 . 013 5 0.0505 diisopropyl e th e r 

3 0 . 0136 0 . 050 2 dioxane 

4 0 . 0137 0.050 3 aceton itril e 

5 0.0137 0 . 0504 methanol 

Each solu tion was a dd ed to two q u artz tube s in f iv e ml ali -

quot s . Th e tu bes we r e then fitted with rubb er sep ta and 

degassed f iv e minut es with dry ni troge n. 

Th e irradiation was carr i ed o ut in a merry-go -round 

apparat u s with a quartz-filt ered Ha n ov ia 4 50 W me rcury 

vapor l a mp . Sa mples we re tak e n with nitrog e n-purg ed sy -

ringes at 4 , 10 , and 21 hour s . Tl1 important r e tention 

time s we re 51 min . (N-h exy lh exa noamid e ) , 31 min . ( eicosane ) , 

a nd 17 n d 19 min . respec tiv ely for h exa n oa mid e a nd N-h e xyl-

acetamid e (t he e xp ec ted p r od u cts of Typ II deco mpos iti on ). 

The data s howing perce n tage d eco mposit i o n v ers u s tim e are 

p lott ed in Figur 3 . 

Th e method for de t e rmination of response factors for 

h exa n oa mi de an d hexylacetamid e i s s hown b elo w. Th e conver-
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s ion factor for converting response factors from hexadecan e 

to eicosane as standard is also shown . 

Eq . 1 

Eq . 2 

Eq . 3 

From table : 

moles AI 

mole s Eicosane 

Area AI 

Area Eicosane 

moles Eicosane 

moles Hexadecane 

Area Eicosane 

Area Hexadecane 

mol es A2 

moles Hexa d ecane 

Area Hexad ecane 

RF
1 

= 1.7, RF 
2 

= • 8 2 

= 

= 

= RF 3 

and RF 3 
= 3 . 4 

Solving for mol es A2 (hexanoamid e and hexylacetamide) 

Eq . 4 mol es A
2 

= 
RF

3 
x mol es Hexadecan e x Area A

2 

Area J-lexadeca n e 
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All terms are known except moles Hexadecane/Area Hexa-
decane . Solvin g for mo l es Hexadeca n e/Area Hexadecane in 
Eq . 2 yields : 

Eq . 5 
moles Hexadecane 

Area Hexadecane 
= mo l es Eicosane 

Area Eico sane x RF 
2 

Substitution of Eq . 5 into Eq . 4 gives an expression 
for mo l es product where all terms are known . 

Eq . 6 moles A
2 

= 
RF 

3 
x Area A

2 
x moles Eico sane 

Area Eicosane x RF 
2 
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Table XV 

Molar Response Fac t ors for> Products from Type II 

Photod compos i tion of N-hexylhexanoamide (Hexadecane ) 

Moles Moles 
Compound Standard 

·'· Compound X lOlf X 104 Rat i.o Cmpd . Std . Ratio /\vg . M. R. r :· 

N-hexyl - 25 . 5 6 . 90 91 42 2 . 2 

hexano -
25 . 5 6 . 90 18Lf 84 2 . 2 

amide 3 . 69 2 . 2 l. 7 
25 . 5 6 . 90 162 78 2 . 1 

25 . 5 6 . 90 192 89 2 . 2 

Hexano - 6 . 92 2 . 24 99 125 . 79 

ami de 
6 . 92 2 . 24 84 105 . 80 

6 . 92 2 . 24 3 . 09 110 138 . 80 . 80 3 . 9 

6 . 92 2 . 24 93 116 . 80 

6 . 92 2 . 24 99 12Lf . 80 

N-hexyl - 6 . 90 2 . 35 144 141 1.02 

acet -
6 . 90 2 . 35 

Amide 
136 130 1 . 0Lf 

6 . 90 2 . 35 2 . 94 117 111 1.05 l. 0 LI 2 . 8 

6 . 90 2 . 35 132 130 1. 02 

6 . 90 2 . 35 137 131 1.05 

:Cicosane 5 . 70 3 . 41 224 110 2 . 04 

5 . 70 3 . 41 238 117 2 . 03 
l. 67 2 . 03 . 82 

5 . 70 3 .41 29Lf llf6 2 . 01 

5 . 70 3 . 41 233 ll5 2 . 03 

*M. R. F . = Molar Res~onse Factor 
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Table XVI 

So l vent Effects on the ~1otodeccmpos i tion 

of N- he xylhexanoamide 

Time 
Sample Tube ( hour s ) Std . Amide Ratio Average %Decompos i t i on 

l A 0 100 276 2 . 76 2 . 75 0 

l B 0 335 910 2 . 75 

l A 4 700 935 l. 34 1. 36 50 . 6 

l B 4 549 75 4 l. 37 

l A 10 4 23 303 . 72 . 74 73 . l 

l B 10 336 25 7 . 76 

l A 21 189 58 . 31 . 30 89 . l 

l B 21 449 130 . 29 

2 A 0 350 94 9 2 . 71 2 . 72 0 

2 B 0 34 0 925 2 . 72 

2 A 4 367 8Lf2 2 . 29 2 . 29 1 5 . 8 

2 B 4 172 393 2 . 29 

2 A 10 4 62 882 l. 91 L. 92 29 . 5 

2 B 10 4 36 840 l. 93 

2 A 21 202 330 l. 63 L. 63 4 0 . l 

2 B 21 512 835 1. 63 

3 A 0 477 1320 2 . 77 2 . 76 0 

3 B 0 289 79G 2 . 75 

3 A 4 343 8611 2 . 52 2 . 53 8 . 3 

3 B 4 196 4 97 2 . 54 

3 A 10 425 810 l. 91 L. 92 30 . 5 
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Table XVI ( Cont inur•rl ) 

Time 
Sample Tube ( liour.; ) Std . J\mide R.i l i o J\v~ rage % Decomposit i on ---

3 B 10 lf8!.J ')30 l . •J? 

3 A 21 3GB I I Li fl 1 . 22 . . 23 55 . 4 

3 B 21 Li 50 !.,60 I . ?1i 

4 J\ 0 26 '1 730 2 . Tl :· . 74 0 

4 B 0 335 920 2 . 7'.J 

4 A Lf 2 78 I/ 73 1 . '/0 l. 69 38 . 3 

4 B 4 32G S 49 l.bR 

4 A 10 221 275 l . _11 1 I . 22 55 . 5 

4 B 10 285 3Lf 3 L . ?O 

4 A 21 362 28Li . 7H . 7 8 71 . 6 

4 B 21 311 2 39 . 7'! 

5 A 0 l'/7 4 ll:J ? . 71, ) , 76 0 

5 B 0 '.>8') 7SL) '.2 . 7H 

5 J\ Lj 27G GOS 2 . L '1 ') 16 21. 7 

5 B Lj 533 1138 2 . [LI 

5 A 10 4 31 G70 I.','., I .55 4 3 . 8 

5 B 10 615 <JSH I . '>l, 

5 A 21 227 ?09 . ')? .93 66 . 6 

5 B 21 257 ? 11 0 . ').\ 



Table XVII 

Solvent Effects on Percentage Type I I Reactions 

Moles Start - % Yield 

Time Area Area Moles _6 ing Mat ' 1. _5 Type II 

Sample Tube ( :-.::)UrS) Product Standard Ratio Average Prod . x 10 Decomp . x 10 Product 
- - - ---

1 A 4 16 700 . 022 
. 022 3 . 5 12 . 6 2 . 8 

1 i3 4 12 549 . 022 

1 A 10 23 423 . 054 
. 052 8 . 3 18 . 4 I,. . 5 

...; 10 17 336 . 050 

2: ll 139 . 058 
. 058 9 . 2 22 . ::, L!. . l rv 

-l 

26 ...!.~9 . :J53 
0 

- -

2 A 4 2 367 . 0054 
. 0056 . 89 4 . 0 2 . 2 

2 B 4 l 172 . 0058 

2 A 10 11 462 . 024 
. 024 3 . 8 7 . 5 5 . 0 

2 B 10 10 436 . 023 

2 A 21 6 202 . 030 
. 030 4 . 7 10 . 0 4 . 7 

2 B 21 15 512 . 029 



Table XVII (Cont inued) 

Mo l es Start - % Yie ld 
Ti me Area Area Moles _

6 ing Mat' l. _
5 Type II Sample Tube (hours) Product Standard Ratio Average Prod . x 10 Decamp . x 10 Product --

3 A 4 0 343 o. 
0 . 0 . 2 . 09 0 . 

3 B 4 0 196 0 . 

3 A 10 17 425 . 040 
. 040 6 . 4 7 . 7 8 . 3 3 B 10 19 485 . 031 

3 A 21 22 368 . 060 
. 059 9 . 5 14 . 0 6 . 8 

3 B 21 26 450 . 058 

N 4 A 4 4 278 . 014 <.D 

. 015 2 . 4 9 . 7 2 . 5 
;-, 

4 B 4 5 326 . 015 

4 A 10 10 221 .045 
. 042 6 . 7 14 . 0 4 . 8 

4 B 10 11 285 . 039 

4 A 21 16 362 . 044 
. 043 6 . 9 18 . 0 3 . 8 

4 B 21 13 311 . 042 



Table XVII (Cont i nued) 

Moles Start - % Yield Time Area Area Moles _
6 

ing Mat ' 1. Type II Tube (hours) Product Ratio - 5 
Sample 

Standard Average Prod . x 10 Decamp . x 10 Product ---
5 A 4 0 276 0 . 

0 . 0 . 5 . 5 0 . 
5 B 4 0 533 0 . 

5 A 10 5 431 . 012 
. 011 1.8 11 . 0 1.6 

5 B 10 5 615 . 010 

5 A 21 4 227 . 018 
. 017 2 . 7 17 . 0 1.6 

5 B 21 4 257 . 016 
N 
<.D 
N 
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Photolysis of N-hexylacetamide 

A solut i on of 4 g N-hexylac e tamide in 200 ml spectra

grade dioxane was irradiated und er Type A cond itions for 

145 hours with the Hanovia lamp . Samples were taken with 

nitrogen purged n eedles, and befor e the lamps were s tarted 

again, the reaction mixture w s purged with nitr oge n 

an addit i onal 15 minut es . 

The reaction progress was followed by glpc on Column M 

at 180° . The products were identifi e d by coinjection on 

Column Mat 110° and 150°, on Column G at 110° and 180° . 

The r e tention times for the diastereomeric alcohols , 2 and 

l , were 5½ minutes on Column Mat 110° and 6 minutes on 

Column G at 110° . The retention times for the dimer s , 4 
,v 

and 1 , wer e 7½ and 9 minutes on Column G at 150° and 6 and 

6½ minut es on Col umn Mat 150° . 

Competitive Photoly s is of N-hexylacetamid e 

vs . N-hexylhexanoamide 

N-h exylacetamid e , 0 . 7016 g , hexadecane , 0 .7 023 g , and 

N-hexylh exa noamid e , 2 . 0575 g , wer e st irred an hour in 210 

ml spec t rograde dioxane then purged with dry nitro gen for 

two hours . A Type A irradiation wa s co ndu c t ed for 12 hours. 

Samples were taken at 0, 4, 8 , and 12 hours . 

It wa s determined by th e following logic that if the 

ratio of N-h exy lac etamid e /standard to N-h exylhexanoa mid e/ 

standard remained constant, th e two amides d eco mpo sed at the 
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sa me rat e and that N-h exylacetamid e wa s then not an inter

med iat e of N-h exy lh exanoamid e dec o mpo s ition . 

Area N-h exylacetamide tl 
Area St andard t

1 = K 
Area N- hexylhexanoamide tl 

Area Standard t
1 

Ca n ce lling lik e terms yields : 

Area N-hexylacetamide t 1 

Area N-hexylhexanoamide t 1 

= 

Area N-hexylace tamide to 
Area Standard t 

= 0 

Area N-hexylhe xanoamide 

Area St andard t 

Area N-hexylace t a mide t 
0 

0 

Area N-hexylhexanoa mide t 
0 

to 

Th e fact that thi s eq u a lit y is establ i s h ed insures that a n y 

l oss from N-h exy lh exanoamid e at a ny tim e will b e acco mpan i ed 

b y a s imilar lo ss from N-h exy l aceta mid e . 

Th e reaction mi xt ur e was analyzed o n Column M at 1aoo . 

Th e r es ult s are give n in Table XVIII a nd s h o wed that the 

decomposition rate, i . e . t h e ratio, was fairly co n stant 

as s h o wn : 



At 4 hours 

N-hexylacet-
amide 
Standard 

N-hexylhexano
amide 

Standard 

N-hexylacet -
amide = 

N-hcxyJhcxano
amide 

= .462 

= 1 . 85 

. 25 

295 

At 8 hours 

N-hexylacet-
amide = 
Standard 

N-hexylhexano
amide 

Standard 

N-hexylacet
amide 

N-hexylhexano
amide 

At 12 hours 

N-hexylac t-
. 427 amide = . 348 

Standard 

N-hexylhexano-

= 1 . 72 amlde = 1 . 52 

Standard 

N-hexylacet-

= . 25 amide = . 25 

N-hexylhexano-
amide 

These results show that N-hexylacetamide is probably not 

an imporlant intermediate of N-hexylhexanoamide decompo

s ition. 
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Table XVIII 

Competitive Photodecomposition of l and N-hexylacetamide 
~ 

Area Area 

Time Area N-hexyl - N-hexyl -

(Hours ) Standard hexanoamide Ratio Avg . acetamide Ratio Average 

0 144 324 2.25 85 . 59 

0 152 334 2 . 20 95 . 62 

0 147 328 2 . 23 2.23 87 . 59 . 59 

0 178 396 2 . 22 107 . 60 

0 123 278 2 . 26 69 . 56 

4 lll.J 200 1.75 4 9 . 43 

4 67 120 1.79 27 .40 
1.85 . 46 

4 129 240 l. 86 67 . 52 

4 113 225 l. 99 54 . 48 

8 134 229 1.71 62 . 46 

8 129 225 l. 74 56 . 43 
l. 72 . l.J3 

8 128 215 1.68 55 .43 

8 132 230 l. 74 51 . 39 

12 139 220 1. 58 55 • Lf O 

12 143 217 l. 52 51 . 36 
1. 52 . 38 

12 161 236 l. Lf 7 61 . 38 

12 163 247 1. 52 64 . 39 
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Competiti v e Photodecompositio n of 

M-hexyll1 ex c1noamid e v s . 1-llcxc n e in Dj oxane 

Cy c loh xa n e ( 0 . 8698 g ), 1-h e x on e ( l . 0682 g ), hcxadecan 

( 1 . 0435 g ), a nd N-h exy lh exa no a mjd e ( 3 . 50 13 g ) were di ss olved 

in 210 ml s pectrograd e dioxane a nd purged for L1 S mjnutes 

with dry nitrogen . A Type A pholoJy s i s was carr i ed o ut for 

98 hours with th e Hanovia li gh t . Sa mp l es we r e taken a t 0 , 

5 , 17 , 40 , 65 . 5 , and 98 hour s a nd imm ed iately analyz d by 

glpc . Disappearance of 1-h exe n e v s . cyclohexa n e wa s mo ni-

to r ed on Colum n I at 60° . Decomposition of a mid e and pro -

d uction of nrod u c t v s . h exadecane wer e monit ored o n Col umn 

Mat 1 60° , and the re s u lts were s hown in Tables XIX and XX . 

Th e rat s of d eco mpo s iti o n for 1- h e x c n e a n d N-h xy l

h exa n oa mi de are r o u ghly s hown i n figure 4 , whi ch i s a p raph 

of the ratio of each vs . the appropriale standard . Th e 

rates of decompo sit ion s hou l d parallel the d Pc r ase in r a-

tio . According l y the 1-h exo n c o n c e n t r a t j o n d c r e a :; 0 d v e r y 

rap i d l y to 

leveled off . 

n optimum l e vel , and Lh e rat e of di s app ea r a n ce 

The amide d eco mposed al a co n sta nl slo wP r 

rat e . 

Thr ee maier prod u cts besides the diasl e reomeric alee-

h o l s , 2 a nd 3 , wer e for med , Lh dim e rs and an add iLi o n al 
..... .I ,...,, 

pr o d u c t o f d i ox an e an d l - h e x <' n (' ( c h a r a c t e r i z C' d l c.1 L e r ) . T h 

rat e of prod u c L ion for the d i mer s w a,; l ow h u I co n i; t n n t , 

which pa rall eled th e disappearanc e of amidP . Tlw rat e of 

prod u ct ion of th e addition produ c t wa s initially high but: 



Table XIX 

Rate of Photodecomposition of 1 - hexene vs . N- hexylhexanoamide 

Time Area Area % Decom- Area Area % Decom -
(Hrs . ) 1 - hexene Std . Ratio Avg . pos i tion Amide Std . Ratio Avg . position -- -- --

0 170 180 . 94 699 345 1.94 

0 156 162 . 96 684 351 1.95 

0 159 165 . 96 . 96 0 534 278 1.92 l. 94 0 ! 
0 182 183 . 94 605 312 l. 94 

0 161 167 . 96 640 330 l. 94 rv 
U) 

co 

6 53 64 . 82 330 625 1.89 

6 97 116 . 83 . 83 14 362 677 l.88 1.89 2 . 6 

6 100 120 . 83 

17 104 184 .57 598 324 l. 84-

17 110 194 .57 .57 41 630 339 l. 85 1.84 5 . 2 

17 60 104 . 58 632 343 l.84 



Table XIX (Continued) 

Ti me Area Area % Decom - Area Area % Decom-(Hrs . ) 1 - hexene Std . Rat i o Avg . pos ition Ami de Std . Ratio Avg . pos ition --
40 38 87 . 44 473 275 l. 72 
40 108 251 . 43 588 351 1.68 . 43 55 

1.69 13 40 107 246 . 43 587 355 1. 65 
40 

502 295 l. 70 

65 . 5 68 235 . 29 352 2 48 1.42 
65 . 5 73 252 . 29 . 29 70 393 273 1.44 1.43 26 
65 . 5 70 242 . 29 492 342 1.44 N 

tO 
tO 98 49 210 . 23 460 357 1.29 

98 65 265 . 24 405 304 l. 33 . 24 75 l. 30 33 98 56 229 . 24 339 247 l. 32 
98 

484 380 1.27 
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Table xx 

Product Production for the Photolysis of 1-hexene vs . ,b 

Area 

Time Area Addition Area 

(Hrs .) Standard Product Ratio Avg . Dimers Ratio Avg . 

0 

6 330 12 . 036 
.0 36 

6 362 13 .03 6 

17 32L~ 34 .10 3 . 009 

17 339 37 . 11 . 11 3 .009 . 009 

17 343 39 . 11 3 . 009 

40 275 40 . 15 5 .018 

40 351 53 .15 6 . 017 
. 15 .018 

4 0 355 52 . 15 6 . 017 

65 . 5 248 4 2 .17 8 .0 32 

65 . 5 273 4 5 . 17 .17 9 .0 33 .0 33 

65 . 5 342 56 .16 12 . 035 

98 357 64 . 18 17 .048 

98 304 56 .18 15 .04 9 
. 18 0 . OL! 8 

98 257 48 .19 12 .047 

98 380 68 . 18 19 . 050 
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tapered off, as would be expected when the 1-licxcne con

centration was lowered. 

Distillation of the solvent followed by a vacuum dis

tillation yielded at 110-114°/7 mm 1 . 5 g of a fracLion, 

which conlained mo st ly the addition product of l-hcx 0 ne 

and dioxane. The fraction was passed on Column Oat 110 0 . 

Th e NMR sho wed dioxyl and alkyl regions while Lhe IR showed 

no alcohol or carbo nyl . The molecular weig hL by mass spec 

was 172, and another important fragment was 87 (dioxyl). 

The data tentatively identified the producl as 1-hexyldlox-

r1 n t~ , lj . 

NMR : (CDC1
3

) 0 . 65- 1.15 cS (t, 3H, CH 3 ), 1 . 2 - 2 .4 cS (m, 1011, 

CH
2

), 3 . 2-4 . 0 o(m , 7H, H-C-0). 

IR: ( CDC1
3

) 2970, 2925, 2860 ( C-H stretch ), 1665, 1460, 

1370, 1275, 1115 ( <lioxyl) , 1100 , 860-900 , 710-790 cm- 1 . 

MASS SPEC : m+/e 172(22%), 97 (1 8% ), 96 (1 2% ), 87 (1 00% ), 

86(16%), 85(10%), 59 (14 %), 45(10%), 44(13 %), 43(1 5% ), 

41( 22% ), 32 (16 %), 31(14%), 29 (17 %), 28 (4 2% ), 27 (1 5% ) . 

Photolysis of 1-hexene in Dioxane 

An au L hen tic s amp 1 e of 1-hex y l d lox d 11 <' w r1 ~; J 1 1 • ,, p" 1' v cl l, y 

6 g · h . t: d f. L . ld lhe method of Clad, whic proJcc ·e ive percen y1c for 

the photochemical addition of a Jk enc Lo dioxc.111 

of 1-hexene, 17 g , was dissolved in 210 ml dioxane. /\fLeY' 

the reaction mixlure was purged an hour with <lry nitrogen, 

a Type A photolysjs was carried out for 38 hours with the 
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Hanovia lamp. 

Th e so lvenL wa di s till doff a nd vacuum di s tillation 

yielded l g 100-117 °/5 mm of mo s tly on e co mpone nt . Th e li -

q uid wa s pas se d on Column O al l L5° . The spect ral and ana-

lytical data identifi e d the prod1ct as 1-hexyld ioxan e a nd 

co nfirmed the id •ntity of the ad dition prod u ct in the pre

viou s expe rim ent . 

w s 

NMR : ( CDC1
3

) 0 . 7-1 . 15 cS(t , 3 1 , CH
3
), 1 . 2-2 . Lf cS (m, lOH, 

CH
2

), 3 . 2 -4. O cS (m, 7H , H-C-0) . 

IR : ( CDC1
3

) 2970 , 2930 , ?8GO ( C-H s tretch ), 1 6 70 , 1460 , 

1 375 , 1275 , 111:) (clioxyl ), llCO , i16O-9OO , 710-790 c m- 1 . 

MASS SPE C : m+/ e 172 ( 21 90 ), 1l'i( 6 . 5% ), 113 ( 9 . 1 %), 97 ( 1890 ), 

9 6 (1 3% ), 88 ( 6 . 5% ), 87 ( 100 °0 ), 83 ( 16% ), 85 ( 39% ), 81( 65% ), 

70 ( 5 . 296 ), 69 ( 13 %), 68 ( 5 . ?'6 ), (i7 ( 7 . 8 9o), 66 ( 3 . 9% ), 59 (14 %), 

58 ( 7 . 8% ), 57 (7 . 8% ), 56 ( 3 . 1 1;; ), >5 ( 10 %), 4 5 ( 10% ), 44(1 3% ), 

43(14 90 ), 4 2 ( 8 . 9 90 ), 41( 23°& ), 3'.li l 6% ), 31(14 %), 29 ( 17 %), 

28 (4 2% ), 2 7(14 %) . 

Anal : 

rouncl : I' G C) • '/ 7 ; 11 1 I . lj [, • 

Photolysis of N-ilexylocta n oa mide 

A so lution of 1 0 g N-hexylncla n o mid e in 50 0 ml d i_ox n e 

.irradi a t e d in a. Ty pe A plwto l ys i_ s for 250 h o u:r s . Sa m-

ples were taken a l O , ? Li, IJ 8 , 7? , 1 08 , a nd 250 hour s a nd 

imm e diat e l y a n a l yzed liy glpc . 
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Analysis by coinjection of authentic samples showed 

the presence of 1-hexene and heptane on Colu mn Mat 350 

(6½ and 14 minutes respectively) . 

firmed on Column Lat 35° . 

The results were con-

There were four main products between the solvent and 

the starting material on Column Mat 180° . All four in-

creased as the irradiation progressed . The diadtcreomeric 

alcohols, 2 and 3, were identified by coinjectlon of an ~ ~ 
authentic sample on Column Mat 110° (retention Lime 5½ 

min . ) and on Column G at 140° (retention time 4½ min . ) . 

The dimers,~ and f , were also identified by coinjection 

of authentic samples on Column Mat 150° ( retention times 

6 and 6½ min .) and on Column G at 150° ( retention times 

7½ and 9 min.) . The fourth product was neither N-hexylace-

tamide nor octanoamide, the expected products of initial 

Type II cleavage . 

The solvent was removed by distillation at atmospheric 

pressure. 
The residue was vacuum distilled and a small 

fraction was collected, . 2 g 100-12°/5 mm . The liquid was 

passed on Column Nat 110°, and the second major component 

was collected. 
The NMR, IR, and glpc retention ·times of 

the collected peak matched that of 1-hexyldioxane, 15. ~ 
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Photolysis of N-methylhexanoamide 

A solution of 3 . 0 g N-methylhexanoamide in 200 ml dio

xane was irradiated in a Type A photolysis for 112 hours 

with the Hanovia lamp . Samples were taken at O, 6, 17, 57, 

and 112 hours . Glpc analysis on Column Mat 110° and 1500 

and Column G at 150° showed that alcol1ols 2 and 1, and di-

mers ~ and t were present as the major products . 

acetamide did nol appear as a major product . 

Photolysis II of N-methylhexanoamide 

N-methyl-

A solution of 2.5g N-methylhexanoamide in 210 ml dio

xane in a quartz tube stoppered with a rubber septum was 

irradiated in a Type B photolysis for 75 hours with the 

Hanovia lamp . The photolysis vessel was cooled in a dry 

ice-acetone bath . Gas IR of the vapor phase after 75 hours ' 

irradiation showed carbon monoxide and no substantial quan

tity of the initial Type I product, methylamine . 

Photolysis of N-hexyl-2-methylvaleramide 

A solution of 2 g N-hexyl-2-methylvaleramide in 200 ml 

spectrograde dioxane was purged wilh nitrogen for an hour 

and irradiated in a Type A photolysis for 71 hours wiLh tlte 

Hanovia lamp . Glpc analysis of the reaction mixture on 

Column Hat 110° showed production of seven products . 



3 0 5 

Th e pro du c t s r e t e nti o n tim e 2 7 and 3 2½ min . o n Co lumn 

M a t 110 ° ( Co lumn Ca t 150°- re t e nt i o n t i mes 17 a nd 2 4 min -

ut es ) wer id e nti f i e d b y co inj ec ti o n a s 4 a nd 5 . 
rv rv Und e r t h e 

s a me g l pc conditi o n s 2 and 3 we r e id e nt i f i e d b y co inJ· ec ti o n . ~ ~ 
Th e p r o du c t s at re t e nti o n tim e 10 mi nut es o n Co lumn H a t 

1 10° we r e v e ri f i e d ~ s z and ~ h y co inj ectio n o n Co lumn Cot 

1S0° whi c h s h ow e d p e ak s a t 9 o n cl 14 minut es . 

P li o t·o J y :; i s Produ c t s of Al ky l Amid es 

Ni tr oge n p u rge d 2% s oluti o n s of th e a mi des in spect r a 

grade d i o x a n e were irrad i a t e d in Type A p h o t o l y s i s fo r pe r 

i o d s var y in g f rom 7 5 -140 h o ur s with th e Hanovi a l a mp . Th e 

fo ll o wi n g a mi de s we r e irradiat ed with th e ob se rve d r e s ult s : 

N- e th y lh exa n oa mid e , N-but y lh exa n oa mi de , N- h e x y lbut y r a mid e , 

N- 2 -h ep ty l h exa n oa mid e , N- 2 -h ep t ylace t a mid e , N- i sobu t y lhex 

a n oa mid e , N-h exyl - 4-m e th y l valera mi d e , a n d N- oc t y l hexa n oa mi de . 

Th e p r o du c t s 2 , 3 , 4 , a n d.?. we r e de t ec t ed b y g l pc cn i ,i j c'c-
-v ,v r-...J '"' 

t i o n o n Co lumn Ba t 10 5° a nd 1 40 ° d nd o n Co lumn II a t 11 0° 

a n d 1 5 0 ° . 
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Determination of Carbon Monoxid e and Volatile Product s 

for N-a lky lamid es Photod eco mposition 

A nitro ge n purged so lution of 2 . 5 g amide in 210 ml 

* spectrograde dioxane wa s irradi a t e d in a Ty pe B p hot o l ys i s 

for 50-125 hours with th e Ha novi a l a mp. Th e sea l ed reaction 

mixtur e wa s cooled in a dry i ce - aceto n e b a th. Gas IR of 

th e va po r phase s how e d th e presence of car bon mo noxid e and 

dioxan e in all cases but no alkenes . Thi s proc e dur e wa s 

co ndu c t ed for N-h exy lacetamid e , N-h exy lo c tan oa mid e , N-h exyl

butyra mid e , N-h e xylproprionamid e , N- octylhexanoamide , N

e thylh exa noamid e , N-h e xyl-4-ph e nylbutyramid e , S-phenylethyl

h exa noamid e , N, N-dih exy lhexano a mid e , N-m e thyl-N-butylhexa n o 

amide , N-h exyl - 2 -methylv a l eramid e , N- h exy l-4-m thylvaler

am id e , N-i so butylhexanoamid e , h exa n oa mid e , butyramid e , oc

tanoamid e , p roprionamid e , a nd 4-phenylbutyramide . 

*Al so N-h exyl h exano a mid e and N-propyl h xa n o mi de in cycl 
h exa n e . 
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Relative Photoreactivity of the L_Po s ition in Amides 

Th e following solutions were prepared : 

Amide Wt . Amide Wt . Std . (eico sane ) Sample 

N-isobut ylhexano- 0 .0490 0 . 0254 l 

amide 

N-h exy l-4-m thyl- 0 . 05Lf8 0 . 0254 2 

valeramidc 

N-hexylh exanoamide 0 . 0553 0 . 0254 3 

The samples were then diluted to 25 ml with sodi um-

dried t-but anol . Three 4 ml samples of eac h sol uti on were 

added to the freeze-pump-thaw vessel described previously . 

After 5 fr<>0z0 -J lump-thaw cycles th e 9 tube s wer 

equally spaced in the me~ry-go-round apparatus . 

sea l ed and 

The samples 

were then irradiated with the Hanovia lamp for 129 . 5 min . 

The tubes were opened , and the sa mpl es wer e analyzed on 

Column Cat 170° . The res ult s are sho wn in Tabl e XXI. 

Th e ratio of amide/s tandard after irradiation to amide/ 

standard at 0 hours give~ the% decomposition . Type II 

products were not produced by any of the three amides . 

( Changing to a tertiary s ite on the carbonyl or niLrogen 

s id e did not increase the Ty pe II although th e incipient 

radical would be mo c stab l e . ) The rate of reaclion as seen 

by th e percentage decompos ition s sho wn in Table XXI wa s not 

altered by chan~ in g the y-position from secondary Lo tert

iary . 

is . 895 for \J-i sob utylh exa noamid e , . 894 for N-

hexyl-4-methylval 'ramide , and . 89Li [or N-h exyl h xcJnoamide . 
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Table XXI 

Relative Photoreactivity of the Y-Position in Amides 

Time Area Area 

Sample Tube (Hrs .) Amide --
Standard Ratio Avg . 

1 0 0 835 742 1.13 

1 0 0 952 840 1.13 

1 0 0 831 732 l.ll~ 1.14 

1 0 0 872 764 1.14 

l 0 0 937 820 1.14 

2 0 0 656 4 07 1.61 

2 0 0 1757 1105 1. 59 
l. 60 

2 0 0 1965 1231 1. 60 

2 0 0 1854 1162 1.60 

3 0 0 1725 1078 1.60 

3 0 0 2029 1270 1.60 
1.60 

3 0 0 2054 1282 1. 60 

3 0 0 1969 1231 1.60 

1 A 2 . 16 794 775 1.02} 
1 B 2 . 16 694 692 1.00 1.02 

1 C 2 . 16 551 531 1.03 

2 A 2 . 16 1169 816 l.'+'} 
2 B 2 . 16 658 461 l.Li2 

l. Li 3 

2 C 2 . 16 1680 1175 l.L13 

3 A 2 . 16 733 510 U4} 
3 B 2 . 16 1925 1342 l . Li3 

1.43 

3 C 2 . 16 1818 1273 l.Li3 
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Photolysis of Hexanoamide 

A solution of 2 g hexanoamide in 200 ml spectrograde 

dioxane was irradiated in a Type A photolysis for 90 hours . 

Samples were taken at irregular intervals, at O hours, and 

when the irradiation was completed . 

The progress of the reaction was monitored by glpc on 

Column Mat 150° . Products were identified by coinjection 

with authentic samples . The products identified were the 

alcohols 2 and 3 and the dimers 4 and 5 . 
~ ~ ~ ~ Retention times 

and column conditions were identical to those used in the 

photolysis of N- hexylac tamide (page 293 ). 

Photolysis of Octanoamide 

A solution 1 . 9 g octanoamide in 200 ml spectrograde 

dioxane was irradiated in a Type A photolysis for 80 hours 

with the Hanovia lamp . The alcohols land~ were identified 

by coinjection on Column Mat 110° and Column G at 1700 at 

5 min . and 3 min . respectively. The dimers 4 and 5 were ~ 
identified by coinjectlon on Column Mat 160° at 5 min . and 

6 min . and on Column G at 180° at 6 min . and 7 min . Coin-

jection of 1-hexcne with a 5-hour sample on Column Mat 550 

showed that the expected Type II product was not a major 

low boiling component . 

The reaction mixture was worked up in the general fash-

ion. A fraction was collected , b . p. 105-120°/760 mm (0 . 5 g) . 

This fraction was passed on Column at 80° . It had the 
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following spectral data and was tentatively identified as 

Photolysis of Butyramide 

A solution of 2 g butyramide in 210 ml spcctrograde 

dioxane was irradiated in a Type A photolysis for 120 hours 

with the Hanovia lamp. The major products were the alee-

hols,? and 3 , and the dimers, 4 and 5 , which were id nti-
........ rv ,-..._,, r-J 

fled by coinjection under the conditions given previously . 

An additional product was characterized by its spectra as 

ethyldioxane . 

NMR : ( CDC1
3

) 0.7-1.15 o ( t, 3H , CH 3 ), 1.15-2.7 o ( quartet 

of doublets , 2H, CH
2

), 3 .1 -3 . 95 o (m, 7H, H-C-0). 

IR: ( CCl ) 2970 , 2920 , 2870 , ( C- H stretc h), 1470, 1385 , 

4 

1250, 1115 (di oxyl ), 1100, 860-940 , 650-800 cm-
1

. 

MASS SPEC : m+/e 116(81%), 88 (1 8% ), 87 ( 91% ), 8b ( l8% ), 

--- ---
7 3 ( 3 . 7 % ) , 7 1 ( 7 . lj % ) , 5 9 ( 6 7 % ) , 5 8 ( 7 8 % ) , 5 7 ( 100 % ) , 5 6 ( 2 6 % ) , 

45(46%), 44(15%), 4 3 ( 35% ), 41( 33% ), 31 (41 %), 29 ( 39% ), 

28 ( 65% ). 



311 

Photolysis of 4-phenylbutyramide 

A solution of 2 g 4-phenylbutyramid e in 200 ml spectro

grade dioxane was p ur ged 1½ hours with dry nitrogen and 

irradiated for 56 hours in a Type A photolysis . Column G 

at 125° showed only negligible amounts of styrene and no 

detectable propylbenzene or a-tetral0ne, the product of 

photochemical ring closure of 4-phe n ylbutyraldehyde . Coin -

jection of authentic samples of 2 and 1 on Column Mat 11 50 

( 5 min.) and Column G ( 6 min.) showed the alcohols were a 

major product . Coinjection of the dimers on Column Mat 

150° (7!2 and 9 min .) and Column G at 180° ( 6 and 7 min .) 

proved that these were the other major products . 

Photolysis of N,N-dihexylhexanoamide 

A solution of 4 g N,N-dihexylhexanoamide in 210 ml 

spectrograde dioxane was purged with nitrogen for an hour 

and irradiated in a Type A photolysis for 68 hours with 

the Hanovia la mp . 
Reaction progress was monitored by glpc 

on Column Hat 200° . 
Samples were taken at 13, 20, 31, and 

68 hours and immediately analyzed . 

ple products . 

Glpc again showed multi-

Three volatile products were identified by coinjcction 

at low temperature . 
On Column II at 35-40° and Column Mal 

400 1-butene was identified at 3 minutes and 2 minut s re-
' 

spectively . 
Pentane was identified under the same condi-

tions on Column Hat 5 minutes and Column Mat 2½ minutes . 
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Identification of 1-hexene was made on Column Hat 9 minutes 

(6 minutes at 40°) and Column Mat 4 minutes . 

Coinjeclion on Colu mn Hat 200° at 8 minutes showed the 

presence of N,N-dihexylacetamide and on CoJ umn Cat 2000 at 

36 minutes . N-hexylhexanoamide was identified by coinjec-

lion on Column Hat 200° at 12 minutes and on Column cat 

200° at 47 minutes . N-h exylacetamide was also shown to be 

a major product by coin j ection ( Column Cat 200° al 19 min .). 

The dimers~ and A and alcohols i and J were again 

identified. N,N-dihexylamine (an initial Type I product) 

was identified by coinjection on Column Hat 200° at 4 min

utes and on Column Mat 140° at 19 minutes. 

Photolysis of N-methyl-N-butylhexanoamide 

A solution of 4 g N-melhyl-N-butylhexanoamide in 210 

ml spectrograde dioxane was purged with nilrogen for an 

hour and irradiated in a Type A pho ·tolysis for 48 hours with 

the Hanovia lamp . 
Reaction progress was monitored by glpc 

on Column Hat 200° . 
Samples were tdken at 9 , 18, 31 , an<l 

48 hours . 
More than eleven producls wilh retention times 

greater than the solvent were formed as shown on Column H 

at 150° . 

Immediut ly after the 18 hour sample was tak0n , two 

volatile producLs were verified by coinjection al low Lem

perature . 
On Column Hat 35-40° dnd on Column Mal 40°, 

1-butene was identified al 2½ minuLes und 2 minutes resp0c-
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tiv e ly . Pentane W<lS shown to b e present on Column Hat 

35-40° at 5 minutes a nd on Co lumn Mat 40° at 3 minut es . 

( Although r ete ntion time s we r e s h ort , col umn cond iti o n s were 

s uch to g iv e good separation of analogous s hort c h a in e d al-

kanes and alkenes .) 

Several of the longer re t e ntion tim e products we r e also 

id e ntifi ed by co inj ection . »-butylh exanoamid w "' identi-

f i ed at 28 minut es o n Col umn Hat 1 50° , and th e r es ult s 

we r e v erified o n Column Cal 200° . Coin j ection und e r the 

sa me conditions showed the prese n ce of N-m et hylh exa n oa mid e 

on Col umn Hand Col umn Cat ~½ and 16 minut es respectively . 

N-m e thyl-N-but ylacetamide under th e sa me conditions appear 

e d at 8 minut es on Col umn II , a nd th e res ult s we r e v er ifi e d 

on Col umn C . 

Dimers 4 a nd 5 and alcoho l s 2 a nd 3 were pr se nt . Th e 
'"" .J ,... J f"'J 

mos t s i g ni f i cant result of the exper im e nt wa s verifi.cation 

of an initial Type I product , N-m e lh y l-N-but yl min at five 

minut es on Co lumn H at 150° ~nd at seve n minut es on Colu mn M 
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Preparation of Unsymmetrical Anilide Im i des 

A. Pr epara tion of N-acetylbutyranilide 

N-ac e tylbutyranilide wa s prepared by a method analogous 

74 
to that of Heyn s and Pyru s . In a 500 ml 3-neck flask fit-

t ed with ma g n et ic s tirrer , addition funnel, and reflux con

denser, 2 .4 g magnesium were s tirr e d with 75 ml anhydrous 

ether . Lth y l bromide, 11 g , in 10 ml anhydrous et her were 

a dd ed slo wly . When th e addition wa s completed , th e reaction 

mixtur e wa s s tirr ed an additional 45 minute s at room t e rn-

perature. Th e flask wa s cooled in an ice bath , and 12 g 

acetanilide were added s lowly with s tirrin g . Wh e n this 

a ddition was completed, th e reaction mixtur e was recooled in 

a n i ce bath , and 10 g fres hly distilled butyryl chloride 

were added dro p wi se . Th e reaction mixtur e wa s stirre d a t 

reduced t e mpera tur e for½ hour and h eate d in a war m water 

bath a n additional 3½ hou rs . 

stirr in g diffi c ult . ) 

(H eavy salt deposits made 

Th e mixtur e wa s recooled , a nd 50 ml water were added 

s lowly . Th e layers were separat ed , and the aqueous phase 

was ex tract ed with three 75 ml portions of e th er . Th e or-

gani c ex tra cts were co mbin ed a nd wa s h ed with sod lum carbo

nat e soluti o n to remove excess amide . Th e organi c phase 

wa s dried over an hydr o u s sodi um s ulfate a n d co n cen tr a t d 

und er vacuum. Th e residue was vacuum distilled, a nd th 

fraction 165-70°/14 mm (1 8 g ) was col l ected . Tl1i s fraction 

wa s redistilled a nd four fractions were collec t ed : <95°/ . 3 mm, 
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95-105°/ . 3 mm , 105-113°/ . 5 mm , and 113 - 118°/ . 6 mm . The 

second fraction contained almost pure N- acetylbutyranilide . 

Further p u rification was attained by passing the second 

fraction on Col um n Pat 160-165° . 

was N, N- diacetylan i l i ne . 

The i mpuri t y re moved 

NMR : ( CDC1 3 ) 0 . 7-1.l o ( t J=6 . 5 Hz , 3H , CH
3
), 1 . 3-1. 9 o (m, 

2H , CH 2 ), 2 . 2 - 2 . 7 o ( s +t , SH , CH
3

-C=O and CH
2

- C=O ), 6 . 9-

7 . 75 o (m, SH , phenyl ). 

IR : ( CC 1 4 ) 3080 , 3050 , 2970 , 29 4 0 , 2880 ( C- 1! stretch ) 

171 0 ( C=O st r etc h), 1 600 , 1530 , 1525 , 1 4 90 , 1 44 0 1370 
' ' 

1310 , 1285 , 1 280 , 12 4 0 , 1210 , 11 4 0 , 1095 , 1075 , 1035 , 

1 020 , 920 , 900 , 690 ( monosubstituted benzene ) c m- 1 . 

M/\SS SPEC : m+/e 206(P +l , 1 . 1% ), 205 ( P , 4. 8% ), 16 4( 1 . 7% ) , 

163 ( 14% ), 1 62 ( 0 . 8% ), 1 4 8 ( 2 . 3% ) , 136 ( 6 . 7% ), 135 ( 63% ), 

13 4( 2 . 3% ), 94 ( 9 . 7% ), 93 ( 100% ), 92 ( 4.6% ), 91 ( 2 . 9% ), 77 

(3 .4 %), 71 ( 9 . 7% ), 66 ( 4 . 6% ), 65 ( 5 . 5% ), 51 ( 4 . 2% ), 43 ( 35% ), 

41 ( 8 .4 %), 39 ( 6 . 3% ), 32 ( 6 . 7% ), 28(32% ), 27 ( 8 . 0% ). 

B . Preparat i on of N-acetyl-N-butyryJ-3-a , a,a-trifluoro-

methylaniline 

T O d ? 5 O 111 1 th r c 0 - neck f 1 as k , f i L t e d w i L 11 cl 11 ,1 cl cl i i" i 
O

n fun_ 

nel, reflux condPnser , cind magnetic :;Cjrrcr, 1.2 P, Mg jn 25 ml 

Ethyl bromide , 6 g , in 15 ml 

anhydrous ether were added . 

anhydrous ether were added slowly . The mixture was stirred 

90 minu t es at room temperature then cooled to 0°C . To the 

reaction mixture 8 . 5 g 3-a,a,a-trifluoromethylacetanilide 

were added slowly with stirring at 0°C . When the addition 
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o f the amid e wa s compl e t ed , th e r e a c tion mixtur e was s t i rr e d 
in a wa t e r b a th fo r 2 h o u rs a t 5 0° C . 

Th e reac ti on mixture was th e n coo l ed t o oo in a n i ce 
b a th . Fres h l y di s till e d but y r y l c hlori de , 5 g , i n 1 5 ml 
a nh y dr o u s a l co h o l we r e a dd e d dr op wi se . Wh e n thi s additi o n 
was co mpl e t e d , th e r eac ti o n mi xtu re was re h ea t ed t o 50 0 a nd 
s tirr e d overni ght . Th e r eac ti o n mi x tur e was t h e n r ecoo l e d . 

Th e l aye r s we r e se parated a f t er 25 ml wa t er were adde d 
an d th e a qu eo u s ph ase was ex t rac t e d with f iv e 25 ml po rti o n s 
of e th e r . Th e or ga ni c la yers were c ombin ed , was h ed with 
a qu eo u s sod ium ca rb o n a t e , d r i e d o v e r a nh y dr o u s Na SO a nd 2 4' 
co n ce ntra t e d un de r v ac uum . Vac uum d i s till a ti o n y i elded 
f iv e fr ac ti o n s : <11 5° /1 mm , 1 15 -11 8° /1 mm , 11 8 -1 2 0 ° /1 mm , 
1 21-1 23° /1 mm , a nd 1 2 7-1 31 ° /1 mm . Th e thi r d a n d fo urth 
f r ac ti o n s co nt a in e d mos tl y N- ace t y l-N-but y r yl - 3 - a ,a , a -tri
flu oro me th y l a ni l in e with a s ma l l a mo unt of 3 - a , a , a- tr i f lu o ro
me th y lbut y r a nili de a nd N, N- d i ace t y l- 3 -a , a , a -t r i f lu o r o me th y l-

a nilin e . 
Th e imi de was f ur t h e r p u r i f i ed by prep ra tive 

g l pc on Co lumn Pa t 170-17 5° . 

NMR: 
( CDC1

3
) 0 . 7-1 . 1 5 o (t J =6 . 5 Hz , 3 H, CH3 ) , 1. 35 - 2 . 0 o 

( h ex t e t , J= 6 . 5 Hz , 2 H, CH2 ), 2 . 2 - 2 . 7 o ( s a n d m, SH, 
C=O a n d CH

2
-C=O ), 7 . 1 5 -7 . 8o ( m, 4!-1 , p h e n y l ). 

Cll -
3 

I R : ( CDC1
3

) 298 0 , 29 40 , 289 0 ( C-H s t re t c h ), 171 0 ( C=O 
s t re t c h ), 1 6 00 , 1 53 0 , 14 9 0 , 14 4 0 , 1 3 7 0 , 1 33 0 , 13 10 , 1 210, 

-1 117 5 , 1140, 1 070 , 10 35 c m 
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Photolysis of N-a cetylb utyr a nilid e 

A solution of 0 .4 5 g un purified N-a cetylb utyranilide 

in 4 2 ml spectrograde dioxane was purged in a quartz tube 

with nitrogen for an hour a n d irradiated in a Type B photo-

lysis for 104 hours with Source Blight. Glpc of the reac-

tion mixture on Column Hat 140° showed three main products 

as well as acetanilide and N, N-diacetylaniline in minor a-

mounts . Butyranilide , an expected Type II product , was 

absent . The acetan ilide and N,N-diacetylaniline peak sizes 

decreased in the course of the react ion as opposed to an 

expected buildup of the Type II products. 

The photo l ysis mi xt u re was concentra t ed under vacuum at 

50-600 to a volume of 4 ml . The residue was then puri fied 

by preparative glpc on Column Pat 140-150° , and the three 

product peaks were collected ( retention times 9 min ., 1 8-19 

min., and 52 -5 5 min .). 

The first peak was tentatively identified by its spec-

tra as o-acetoaniline and confir med by comparison of these 

spectra with literature spectra and spectra of an authentic 

sample. 

The second peak m+/ e 163 was consistent with o - amino-

butyrophenone (the para isomer whose retention time was i

dentical to the starting material was not collected) . The 

spectra of the second peak were 
identicaJ with those for 

the ortho isomer prepared by alternate means . 
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The third and major peak was characterized by its NMR 

as primary Photo - Fries products of the starting material . 

The products were tentatively identified as the O and p iso-

mers of acetobutyranilide and butyroacetanilide . The mass 

spec showed 205 to be the parent while IR showed two car-

bonyl bands and the N- H band of amides . Repeated attempts 

to separate the isomers by glpc and tlc proved f u tile . 

Photolysis II of N-acetylbutyranilide 

A solution of 0 . 2 g freshly purified N-acetylbutyr-

anilide in 42 ml spectrograde dioxane was purged with nitro

gen for an hour and irradiated for 42 hours in a Type B 

photolysis with Source Blight . Samples were taken at 3 , 

6 , 1 4 , 25 , and 42 hours with nitrogen purged syringes . 

Glpc analysis of these samples on Column Hat 140° showed 

the same three major products of the previous reaction by 

coinjection . Acetanilide and N,N-diacetylaniline, which 

were virtually absent from the zero hour sample were, by 

contrast, only minor products . 

Preparation of o-acetoaniline 

o-acetoaniline was prepared by the method of D. Elad . 78 

A solution of 40 g recrystallized acetanilide in 1900 ml 

* Column P 1 60-165° , 



319 

dry me thanol wa s purged with nitrogen for l hour and irradi-

ated in a Ty pe A photolysis for 44 hour s with the Hanovia 

lamp . Th e so lve nt wa s remove d und e r vacuum . 

The residue wa s s t ea m distilled, and th e first 1000 ml 

of di s tillat e we r e collected . The distillate was sa turat ed 

with so dium chloride a nd ex tract ed with four 200 ml portions 

of e th er . 

Th e et her ex tra c t s wer e combined a nd concentrated und er 

v ac uum to 150 ml . Th e concentrated e th er so luti o n wa s wa s h-

ed with two 200 ml po rtion s of 10% HCl. Th e acidic wa s h-

in gs were mad e basic (pH 10 ) with 10% NaO H. Th e resulting 

solution wa s extrac t ed with four 1 5 0 ml port ion s of e th er . 

Th e e th er ex tract s wer e combin ed , dried over anhydrous 

MgS0 4 , and co nc e ntrat ed und er vacuum to 5 ml . Th e residue 

wa s passed on Column Pat 130°. Th e product was col l ec t ed , 

and h ad spectra l properties consistent for o - acetoanilin e . 

Photolysis of N-ac e tyl-N-butyryl -

3~a,a,a-tri f luoro me th y l a nilin e 

A so luti o n of 0 . 2 g freshly pur i f i e d N- ace t yl -N-

butyryl-3-a,a,a-trifluoromethylaniline in seve n ml spectro -

grade ioxane was purge • 
d . d for 20 mi' n with nitrogen a11d 

ir radiated in a Type C photolysis for L/ 8 hours with So ur ce 

0 

Blight ( 2537A ) . Glpc of the reaction mi x tur e on Co lumn 11 

* spectrograde me th a nol s to red three days over anhydro u s 

MgSO and seven days over molecular ~ l ev0s . 

4 

* *column P 160-165°. 
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at 160° showed that the expected Type II prod u cts , 3-a,a , a

trifluoromethylacetanilide and N,N-diacetyl-3-a,a,a-trl

fluoromethylaniline , were no more than minor products dur-

ing the course of the reaction. In addition , the large 

number of major products made individual product isolation 

impossible . 
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Preparation of N-alkylphthalimide s (G e n e ral Procedure) 

N-alkylphthalimides were prepared by the met hod of 

144 . 
Shee han and Bolhofer unl ess otherwise noted . Primary 

or seco ndary alk y l bromide, 0.2 mol es , was st irr ed with 

210 ml DMF i.n a 500 ml 

round bottom flask, fitted with magnetic st irr e r and r ef lu x 

conde n ser . Powdered potassium phthalimide, 0 . 2 mol es , was 

adde d s l o wly with st irrin g . The mi x tur e wa s th en r ef lux e d 

a t bath temperature 1 50°C for 14 hour s . Th e reaction 

mi xt ure wa s then cooled and poured into i ce water . 

This 2 - p ha se system was then extracted with four 100 ml 

port ion s of chloroform. The co mbin ed chloroform la yers were 

wa shed with 200 ml 0.2N aqueous NaOH soluti on to remove 

any unr eacted p hthalimid e . The basic l ayer was then washed 

wilh three 50 ml portions of CJ IC1 3 . Th<: CHC1 3 
extrc1cls were 

combined , dried over anhydro u s sodi um sulfate , and conce n -

trated und e r vacuum. Vacuum distillation yielded pure prod-

uc ts whi ch u s u a lly so l id i f i ed on standing . 

A . N-pro py lphthalimid e : m. p . 55° ; h . p .1 28- 1 32°/.8-.9 mm; 

78% yield . 

NMR : 0.7-1.15 6(t J=7Hz, 31-l , CH 3 ), 1.25-2.l 6 (m, 211 , c 11
2

), 

3.45-3 . 85 6(t J=7Hz, 2H , N-CH 2 ), 7.4-8.0S 6(m, 1111, ph nyl) . 

IR : 
2880 ( C- ll stre t ch ), 1775, 1715 

( C=O stretch ), 1470, 1440, 1390 , 13G5, 1340, 1190, 117~, 

-1 

1055, 9 4 5 , 860 , 715 ( disubstituted benzene ) c m . 



B. 

322 

UV : ( EtOH ) Amax 292 ( E = 1900) , 24l ( E = 11 , 200 ) 

232 ( E = 15 , 300 ), 219 ( E = 4 0 , 900 ) and mini mu m near 

252-254(E = 52 4). 

N-et h ylphthali mide : m. p . 78-79° ; b . p . 135-137°/2-3 mm · ' 

so% yield 

NMR : 1 . 1-1 . 5 o ( t J = 7Hz , 3H , CH 3 ), 3 . 5- 4. 0 o ( q J=7Hz 2 H ' ' 

CH
2

-N ), 7 . 5-8 . 0 o ( m, 4 H , p h e n y l). 

IR : ( CC1
4

) 3000 , 2960 , 2890 ( C-H stretch), 1775 , 1710 

( C=O stretch ), 1 475 , 1 44 5 , 1 4 00 , 1380 , 1355 , 1 340 , 1 205 , 

1 190 , 1 1 75 , 1090 , 1035 , 895 , 880 , 720 ( disubstit u ted be n -

ze n e ) 

UV : 

-1 
c m 

( Et OH ) A max 2 9 2 ( E = J 'I tr () ) , ? 1 t l ( E = l ? , ti O O ) , ? 3 2 ( E = 

1 6 , 100 ), 219 ( E = 4 1 ,1 00 ) a n d mini mum n ear 252-25 4( E = 6 44). 

C . N-isobutylphthali mide : m. p . 92-93° ; b . p . 137-142°/ 1. 2-

1.4 mm; 61% yield 

NMR : 0 . 65-0 . 95 o ( d J=7Hz , 6H , CH 3 ), 1 . 5-2 .4 o ( m broad , 

lH , CH ), 3 . 25-3 . 5 o ( d J=7Hz, 211 , N-Cl-1 2 ), 7 . 4-7 . 85 o 

( m, 4 1-1 , phenyl ). 

IR : ( CC1
4

) 2980 , 2950 , 2890 (C-H stretch ) , 1780 , 17?5 , 

1715 ( C=O stetch ) , 1 4 70 , 1440 , 1400 , 1390 , 1365 , 1355 , 

1320 1310 1195 1175, 1060 , 910, 715 ( d5substituted 
' ' , 

-1 
benzene ) cm . 

UV : ( [;tOH) Amax 2CJ2 ( E = 2030 ), 2Li•l ( E = 8]60 ), 232 ( E = 

10 , 900 ), 219 ( E = 28 , 900 ) and minimum at 252-254(E = 717 ). 
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D. N-tert - b u tylphthali mide : m. p . 80° ( fro m hexane ); 

BO% yield 

Pr e paration of Te r t-b u tyl Urea 

Tert-b u tyl urea wa s prepar e d in o r der to prepare a 

. lk h I . "d l0 2 
t e rtiary a yl p t1al1 m1 e In a one - lit e r 3-n ck flask , 

fitt e d with a t h e rmometer , mechanical st irr e r , a n d addition 

fun n e l , 105 ml (l . 9 8 moles ) concentrated s ulfuric acid 

were st irr e d . Fin e ly powdered urea , 60 g , 

s lowly with s tirri n g , the t e mp e ratur e being maintain e d at 

20-25°C in an jc e bath . Tert-but y l alcohol , 188 ml ( 2 mol es ), 

wa s added dropwi se fro m th addition funn e l at a rat e which 

maintain ed the t e mp e ratur e between 20 and 25° . Aft e r 

s tirrin g an addit i onal half hour at room t e mpe ra t u r e , th e r e-

action mixtur e wa s allow e d to stan d for ln hour s . 

Th e reaction mixt u r e wa s poured s lowly over 1 500 ml 

cracked ic e and wat e r . Aq u eo u s NaOH ( 1 60g /750 ml H 0 ) 
2 

added s lowly at l ess than to a c han ge of Congo r e d 

wa s 

paper . T he mixt ur e wa s th e n cooled to 10° , a n d th e so lid 

was filtered and wa s h e d with two 100 ml portions of co ld 

wat e r . Aft e r dryi n g as mu c h as possible th e so l id wa s r e -

c ry sta l li zed fro m wat er . Yi e ld 37 . 8g ; m. p . 17 9- 181° . 

Preparation of N-t e rt - butylphthalimid 

Phthalic anhydride , 5 0 g , an d 17 . 5 g tert-bulyl 

u rea we re we ll mix e d in a mortar . Th e co nt e nt s were tr n s-

f e rr e d to a 1- l i t e r Er l e n m e y e r , w h i c h w a ::; j 111 Ill t' r c, c' rl 1 11 d b a t h 

previo u s ly h eate d to Th e mixtur me lt ed a nd was 
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maintained at this temperature for ten minutes, then heated 

to 24-0° for 5 minutes ( gas liberated). Th e flask was 

removed from the heat, cooled to 65° , and 100 ml 95% 

ethanol were added , partially dissolving the content s . 

A 20% Na
2

co
3 

solution was added until alkaline to 

litmus, and the mixture was diluted with water to l liter. 

The solid was collected and dissolved in hot petroleum 

ether (b.p. 68-70° ). Water that separated was removed, and 

the sol u tion was fi l tered on cooling to 25° . The super-

natant was conce ntr ated to 1/3 volume and chilled . Tert-

butylphthalimide , 
24-.l g, was collected on cooling . 

E. 

NMR: 1.6-1.85 o(s, 9H, 3CH
3

), 7.55-7.9 cS(m, 4-H, phenyl ). 

IR: (cc1
4

) 2990 (C-H stretch), 1775, 1715 ( C=O stretch ), 

14-70, 1370, 13 50 , 1320, 1260, 1215, 1175, 1105, 1090, 

1015, 875, 720 (di substituted benzene ) cm-
1

. 

UV: ( EtOH ) \max 2g2 ( E = 1610), 24-l ( E = 10,200), 232(€ = 

15,000), 219(€ = 39 , 900 ) and minimum at 252-254- ( E = 4-4-7) . 

N-isopropylphthalimide: m.p. 79-81°; b.p. 126-127°/ 

4- . 6 mm; 65% yield 

NMR : 
1.35-1.65 cS (d J=7Hz, 6H,CH 3 ), 4-.15-Li.19 o ( beptet 

J=7Hz, lH, N-CH), 7.55-7.95 cS ( s broad, 4-H, phenyl) . 

IR: 
( CCl ) 2990, 2950, 2890 ( C-H stretch), 1775, 1710 

4-
( C=O stretch) , 1615, 14-70, 14-60, 1385, 1370, 1355, 1330, 

1295, 1200, 1170, 114-0, 1085, 104-0 , 9L!O, 875, 835 , 715 

(disubstituted benzene) 
-1 

cm 

UV: (EtOH) Amax 292(€ = 1720), 24-l ( E = 11,200), ?32(€ = 

15,500), 219(€ = 4-1,000) and minimum at 252-254(€ = 447). 
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N-2-methylbutylphthalimide (Racemic): b . p . 128-1320; 

0.7 mm; 79% yield 

Raccmlc N- 2 - me thylbutyJphthaljmid e was prepared by the 

general met hod from racemic 2-methyl-l-bromobutane . Pyri-

dine , 

at 0° . 

350 ml, a n d 45 g 2-methyl-l-butanol were stirred 

Freshly recrystallized ( Skelly B) tosyl chloride , 

190 g , was added slowly to the chilled mixture, and the 

mixture was refrigerated ( at 0° ) for 36 hour s . 

The mixture wa s poured into 250 ml water, ice and 

dil u te HCl. The mixture wa s then extracted with four 

150 ml portions of ether (until no foaming occurred ). The 

ether extracts were combined and washed with two 250 ml 

portions of 6N HCl. The ether layers were combined , and 

the acid aqueous phase was ext racted with two 100 ml por-

tions of ether . 
Th e combined ether layer s were washed with 

two 100 ml 
portions of sat urat ed sodi um carbonale solution. 

These aqueous phases were extracted with three 

portio n s of ether . 

150 ml 

All organic lay ers were combined and dried over anhy-

drous sodium sulfate . 
Th e resulting liquid was concentraled 

as far as possible under vacuum with stea m ( essen tially 

quantitative by weight ). The NMR of the residue match ed 

that of an authentic sa mpl e . 

2-methylbutyl tosylate , lJ O g , was djssolved in 100 ml 

spect rograd e acetone . 
To this stirred mixlur c was added a 

so lution of 30 g lithium bromide in 200 ml acetone 

slowly at room temperature . 
The resultant mixture was then 
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sti rred for 18 hours at 50° . 

The mixture was poured over 150 ml water, and the or-

gan ic lay er removed . Th e aqueous phase wa s then extracted 

with four 100 ml portions of ether . The organic phases 

were combined and dried over anhydrous sodi um s ulfat e . Dis-

tillation at 118-121°/760 mm yielded 21.8 g 2-methyl-

1-bromobutane . Th e NMR matched an authentic sample . 

The phthalimide was prepared by the general me thod 

listed on page 321 . Vacuum distillation yielded 20 2 . g 

racemic 2- met hyl-butylphthalimid e at 128-132°/.7 mm. 

NMR: 
0.7-2.3 cS(m broad, 9H , CH 3 , CH 2 , and CH ), 3 . 35-3 . 65 

cS(d J=7Hz, 21-l, N-Cl-l), 7.6-8.0 cS(m, 4H, phenyl ). 

IR : (n eat ) 2980, 2940, 2890 (C-H stretch ), 1775, 1710 

(C=O stetch ), 1610, 1460, 1435, 1400, 1 380 , 1360, 1265, 

1185, 1155, 1060, 1025, 1000, 965 , 910 , 790, 765, 720, 

-1 
710, Fi30 cm . 

UV : (E tOH ) \max 292(E: = 1780), 2 L~l( E: = 10,900), 23? ( E: = 

14,800), 219(E: = 41,500), and minimum at 251-25 4( E: = 457). 

H. N-2-methylbutylphthalimide ( Optically Active): b.p. 126-

132°/0 . 7 mm; 82% yield 

An analogous procedure for preparation of racemic N-2-

methylbutylphthalimide was used to prepare Lhe opticaJly 

active compo und. 
Optically active alcohol , 10 g, 

tosyl chloride, and 125 ml pyridine were refrigerated 

for 30 h ours . 

yielded 27 g 

The isolation of optically ac l ive iosylate 

after the prevjous workup. 
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Optically active tosylate , 20 g , wa s st irr ed at 

50° for 18 hour s with lithium b romid e . Optically active 

brom i de , 6 . 5 g , wa s i s olated . 

Optically activ e bromide , 5 . 0 g , wa s u sed to prepare 

the opticall y ac tiv e p hthal im id by the ge n era l procedure . 

Vacu u m distillation y i e l ded 5 . 8 g opt i cal l y active N- 2 -

methylbutylphthali mid e at 1 26 -1 32°/0 . 7 mm . 

I. 

NMR : 0 . 7 5 - 2 . 3 o (m b r oad , 9 H, 2C H
3

, CH
2

, a n d CH), 

o ( d , 2H , N-C H
2

), 7 . 6-8 . 05 o (m, 4H, ph e nyl ). 

3 . 5-3 . 7 

IR : ( n ea t ) 2980 , 29 4 0 , 28 8 0 ( C-H st r e tch ), 177 5 , 1710 , 

( C=O stre tch ), 1610 , 1 47 0 , 14 35 , 1400 , 138 0 , 1 360 , 1 265 , 

1 1 85 , 965 , 925 , 91 0 , 7 90 , 7 65 , 7 25 , 71 5 ( di s u bstit ut ed 

- 1 
benzene ) , 625 c m . 

UV : ( EtOH ) 11max 292 ( s = 17 90 ), 2 4 l( s = 10 , 900 ), 232 ( s = 

14 , 900 ), 21 9 ( s = 41 , 500 ), and mini mum at 25 1- 25 4 ( s = 4 58 ). 

N-sec - b u t y lpht halimid e : b . p . 110-112°/0.5 mm; 62% y i e ld 

NMR : 0 . 7- 1. 05 o ( t J=7H z , 3H , CH3 ), l. 35-1.6 o ( d J=7Hz , 

3 H, CH
3

) , 1. 65-2 . l o ( m, 2H , CH 2 ), 3 . 95 -4 . 6 o (m, lH , N-Cl-I ), 

7 . 55-8 . 0 o ( m, 4 H, pheny l). 

IR : ( n eat ) 2980 , 2g 0 , 23go ( C-H st retch ), 177 5 , 17 55 , 

1705 ( C=O st r etch ), 1610 , 1365 , 1 295 , 1260 , 1 235 , 11 90 , 

1110 , 1 1 4 5 , 1135 , 1090 , 1050 , 1000 , 960 , 9 10 , 880 , 7 g 0 , 

-1 
c m 7 20 

UV : ( EtOH ) A max 292 ( s = 1 810 ), 2 4l ( s = 10 , 4 00 ), 237 ( s = 

10 , 000 ), 232 ( s = 1 4, 000 ), 220 ( s = 4 0 , 000 ) , 217 ( s = 37 , 500 ), 

and a minimum at 25 1- 25 4 ( E = 523 ) . 
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N-butylphthalimide: m.p. 40-42°; b . p . 153-1540/2.7 mm; 

75% yie l d 

NMR: 0.7-1 . 15 o (t J=Hz, 3H , CH 3 ), 1.15-2.0 o (m broad , 

4H, CH
2

), 3 . 5-3 . 9 o ( t J=7Hz, 2H, N-CH 2 ), 7.5-8.0 o(m, 4J-I, 

phenyl ). 

IR: ( CC1
4

) 2980 , 2950 , 2880 ( C-H stretch), 177 0 , 1715 

( C=O stretch ), 1470, 1440, 13 95 , 1 375 , 1365, 13 4 0 11 90 ' , 

1175, 1055, 9 4 5 , 865 , 715 ( disubstit u ted benz ene ) cm-l 

UV : ( EtOH ) ;\max 297 ( E = 1680), 292 ( E = 1760 ), 24l ( E = 

1 1,1 00 ), 232 ( E = 15,100), 219 ( £: = 42,000), an d minimum 

at 251-254 ( £: = 473). 

K . N-2 - propeny l phthalimide : m.p. 70-72°; b . p . 124-127°/1.5 

mm; 87% yie ld 

NMR: 
4.1 5-4 .4 o ( t of d l . 5Hz and 5 . 0Hz , 2H , N-CH 2 -C=C), 

5 . 0-5 .4 o (m, 2H , C=CH
2

), 4. 55-6 . 25 o (m broad, HI, C-CH=CO ), 

7.5-7.9 o (m, 4H, phenyl) . 

IR : ( cc1
4

) 3090 , 2990 , 2930 ( C-H stretch ), 1775, 1720 

(C=O ,,tr
0

tch ), 1Lr70, 1435 , 1385 , 1335 , 1320, 1190, 1175, 

11 15 , 1065 , 985 , 935 ( =CH
2

), 710 ( disubstituted benzene ) 

-1 
cm 

UV: (E tOH ) Amax 292 ( E = 1910 ), 24l ( E = 12 , 000 ), 232 ( E = 

16,200), 219 ( E = 45,500), and minimum at 252-254 ( E = 463). 

L. N-methylphthalimid e : m. p . 13Lf
0

; 62% yield 

NMR: 3 .1 -3 . 25 o ( s , 3H, N-C1!
3

), 7 . 55-8 . 0 o ( m, Lf J-!, phenyl ). 

IR: ( cc1
4

) 2960 ( C-H stretch ), 1775 , 1725 ( C=O str tch ), 

1470, 1 4 35 , 1385, 1255, 1005, 715 ( disubstituted ba n-
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-1 

cm 
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UV: ( EtOH ) Amax 292 ( E = 1910), 2 4l( E = 12,000), 232(E = 

16,200), 219 ( E = 4 5 , 500 ), a n d minimum at 251-25 4( E = 463) . 

( Cyclohexane ) Amax 298 ( E = 1430), 289 ( E = 1590), 240 ( E = 

12,100), 236(E = 9810 ), 232 ( E = 13,000), 219 ( E = 24 , 300 ), 

21 4( E = 25 , 600 ), and minimum at 247-250 nm at 254 ( E = 

4 7 4). 
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UV Data o n Phthali mid es 

Th e following data wa s coll ec t e d on th e phthalimides , 

photoproduct s , and r elated co mpound s s hown b e low on a 

Cary 15 UV spec trophotomet e r . Th e spec tra we r e u se d to 

d e t e rmin e co nc en tration s for q u antum yie ld s and spec if ica lly 

to d e t e rmin e the molar abso r p tiviLy o f eac h co mpo und at 

25 4 nm , the wave l e n gt h of irradiation . Th ese spec lr a were 

run in l c m pat h UV c e ll s with s p ec trograde e thanol as 

so lve n t . 

E: ( liters/ 
Compound A max Absorbance Concentration mole-cm ) 

N-propylphthal- 292 1.010 
-L~ 

5 . 3XlQ 1 , 900 
imide 

2 . 1 X 10 - 5 
241 . 237 11 , 200 

232 . 325 2 . 1 X 10-5 
1 5 , 300 

219 . 867 2 . 1 X lQ-5 
LiQ , 00 

25 4 . 278 5 . 3 X 10 - 4 
524 

N-ethylphthal- 292 l. 03 5 . 3 X 10-4 
1 , 940 

imide 
2 . 1 X 1 0 - 5 

241 . 262 1 2 ,l/ OO 

232 . 342 2 . ] X 10 -5 
16 , 100 

219 . 872 2 . 1 X 10 - 5 
41,100 

25 4 . 342 5 . 3 X 10 -'+ 51~,, 

N- isobutyl- 29? 1.02 5 . 0 X 10 - 4 
2 , 030 

pht ha limide 
/ . Q X ] 0 - 5 

21r1 . 1 64 8 ,160 

- 5 
232 . 218 / . OXlQ 10, '100 

21() . 580 2 . ox10 
- 5 

28 , 900 

2 51r . 360 5 . () X 10 
-4 

717 
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E ( liters/ 
Compound \max Absorbance Concentration mole-cm ) 

N-tert-butyl- 292 . 825 5 ,1 x 1 0- 4 
1, 610 

phthalimide 
2 . ox10-

5 
241 . 208 10 , 200 

232 . 306 2 . ox10-
5 

15,000 

219 . 813 2 . ox 1 0-
5 

39 , 900 

254 . 229 5 .l Xl0-
4 Lj.47 

N-isopropyl- 292 . 94 5 5 , 5x10-
4 

1 , 720 
phthalimide -5 

241 . 24 6 2 . 2 X 10 11,200 

232 . 342 2 . 2 X 10-
5 

15,500 

219 . 903 2 . 2x10-
5 

41,000 

25 4 . 24 6 5 . 5Xl0-
4 

li4 7 

N-2-mc thylbutyl- 292 . 864 4 . 8Xl0-
4 

1 ,7 80 
phthalimide 

1. 9Xl0-
5 

241 . 210 10, 900 
(racemi c ) 

232 . 286 1. 9X l0- 5 
llf , 800 

219 . 800 l. 9 X 10 
-5 

41, 500 

2 5lf . 221 4 . 8Xl0-
4 

L!57 

N-2-methylbutyl- 292 . 865 4.8 x10-
4 

1,790 
phthalimide 

241 . 210 l. 9 X 10-
5 

10 , 900 
( optically 

1, 9x10- 5 
active) 232 . 288 14 , <JO O 

219 . 803 1. 9X l0-
5 

41, 500 

. 220 
-4 

254 4. 8 X 10 458 

. 365 
- 5 

N,N- dibenzoyl 25 4 3 . 2 X 10 11 , 500 
i sobutylamine 

3 . 2 x10-
5 

249 . 380 12 , 000 

239 . 367 3 . 2 Xl0-S 11 , 600 

224 
-5 

.420 3 . 2 X 1 0 l3 , 200 

219 .430 3 . 2 x10-
5 

1 3 , 600 

215 . lf20 3 , 2x10-
5 

1 3 , 200 
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E:( liter s/ 
Compoun d A max Absorban ce Con centra tion mol e-cm ) 

N-c;ec-butyl- 292 1 . 03 5 _7 x 1 0- 4 
1 , 81 0 

phtha limide 
2 . 3X l 0- 5 

241 . 240 10 , 400 

23 7 . 230 2 . 3 X 10- 5 
1 0 , 000 

232 . 322 2 . 3 X 10- 5 
14 , 000 

220 . 92 1 2 . 3 X 10- 5 40 , 000 

217 . 862 2 . 3Xl0-
5 37 , 500 

25 4 . 298 5 . 7 X l 0-
4 

523 

N- buty l phtha l- 29 7 . 825 4 _9x 1 0- 4 
1 , 680 

i mide - 4 
292 . 860 4 . 9 X 10 1 , 760 

241 . 221 2 . 0 X 10-
5 

11,100 

232 . 301 2 . 0 X 1 0- 5 
15 , 100 

21 9 . 840 2 . ox10- 5 lf2 , 000 

. 232 
-4 

254 4 . 9 X 10 473 

. 552 
-4 

N-methyl phtha l- 292 3 . 0 X 1 0 1 , 8li0 
imide -4 

241 . 152 l . '2Xl0 l?. ,7 00 
(EtOH) 

1. 2 X 10- 5 
232 . 1 94 16 , 200 

21 9 . 51 8 1 . 2x 1 0- 5 
43 , 200 

254 . llf8 3 . ox 1 0- 4 lfq3 

- 4 
N-rnr thy] plrth.Jl- 298 . 671 lf . 7Xl0 1,4 30 

i mide 
4_ 7x10-' 1 

(cyclollcxanr ) 289 . 745 1, 590 

2LfQ . 449 3 . 7X l 0-
5 

12 , 100 

236 . 3 3 3 _7x 10- 5 
9 , 810 

232 . 48 3 _7x10- 5 
13 , 000 

219 . 899 3 . 7Xl0- 5 2lf , J()Q 

214 . 946 3 _7x10- 5 
25 , 600 

25 4 . 223 4 . 7X l 0-
4 

Lj.7 lf 
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dliters/ 

Compound A max Absorbance Concentration mole-cm ) 

N-2-propenylphthal- 292 1. 07 5 . 6X l 0- lJ 1,910 

imide 2 . 2 X 10- 5 
241 . 264 12,000 

232 . 357 2 . 2 xl0- 5 
16 , 200 

219 1.00 2 . 2 x10- 5 '-1 5 , 500 

. 315 
- LJ 

254 
5 . 6 x 10 463 

. 079 
- '-I 

3 ,4-benzo-6 ,7- 326 
Lf.7 Xl0 168 

dihydro(lH)aze- 282 . 576 4. 7 X 10 
-4 1 , 230 

pine-2 , 5-dione . 344 
-5 

235 
3 . 8 X 10 9 , 050 

. 958 
-5 

207 
3 . 8 X 10 25 , 200 

-5 

254 . 236 3 . 8 X 10 6 , 210 

( 2-methyl ) 322 . 070 4. Lt X 10-4 159 

3 ,4-benzo- 6 ,7- 284 .491 4. Lf x10- 4 1 ,120 

dihydro-7- 236 . 258 3 . 6 x10- 5 7,170 

methyl( lH )aze-
209 . 79 4 3 . 6 Xl0- 5 

22 , 100 

pine-2,5-dione 3 . 6 xlo- 5 

25 Lf . 132 3 , 670 

( 2 , 2-dimethyl) 330 . 042 Lf . 0 x10- 4 105 

-4 

3 ,4-benzo-6 , 7- 292 . 635 4. 0 X 10 1 , 590 

dihydro-7,7-di-
-5 

245 . 275 3 . 2 X 10 8 , 590 

methyl(J.H) aze-
237 . 287 3 . 2 X 10- 5 8 , 810 

pine-2 , 5-dione -5 

213 . 866 3 . 2 X 10 27 , 100 

2 5'-l . 225 3 . 2x10- 5 7 , 030 

( 3-methyl) 326 . 071 
5 . 3 x10-LJ 134 

- 4 

3 ,4-benzo-6 ,7 - 282 . 630 ::i . 3 X 10 1 , 190 

dihydro-6-methyl 236 .157 
2 . 1x10- 5 7 ,IJLJ O 

(lH)azepine-2 , 5-
-5 

211 . 420 :;> . 1 X 10 19 , 900 

dione 
-5 

254 . 069 2 . lxJ.O 3 , 270 
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E( liters/ 
Compound .\ max Absorbance Concentration mole-cm ) 

( 3 , 3-dimethyl ) 322 . 080 5 . 4 X l 0- 4 
148 

3 ,4-benzo- 6 ,7- 279 . 770 5 .4 Xl0- 4 
1,430 

dihydro- 6 , 6- 235 . 350 4 . 3Xl0- 5 
8 ,14 0 

dimethyl (lH) - 5 
210 1.16 LI . 3 X 10 27 , 000 azepine - 2 , 5-

dione 25 4 . 1 5 4 . 3XlQ- 5 
3 , L[ 9 0 
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Photolysi s Procedures for Phthalimides 

Type A 

Solutions , 0 . 5-1 .0 % (b y weight ), were introduced to 

the same photocontainer u se d in amide photolyses . The solu-

tions we r e purged with dry nitrogen for periods of from 

minute s to an hour. 

15 

The irradiations were co ndu cted with Source A light for 

periods varying from 1/2 ho u r to 18 hours . Sampl es , 

0 . 25 ml, were taken at random irradiation time s from the 

drain at the bottom of the photocontainer . Reaction progress 

was monitored by TLC or by liquid chromatography . Th e so l-

vent systems varied with the individual experiments . In gen-

eral , workup of these experiments was by evaporation of the 

solvent under vacuum followed by either column chromatography 

or preparative TLC . 

Type B 

Type B photolyses were cond u cted in the Type B ve sse l s 

u sed for amides . The tube s were purged as before . Samples 

were irradiated by either of the two proced ur es u sed for a-

mid es . Analyses of photolysate s were conducted by glpc , l e , 

and TLC . 

Type C 

Type c photolyses were similar to Type B photolyses ex -

cept the volume s of sol u tion were larg e r . Th solution s 

were magnetically s tirred whil e being p urged 1 hour with 

dry nitrogen . Samples wer e taken with nitro ge n purged syr-
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inge s . Irradiation s we r e c onducted e ither with Source B 

light or by suspension next to a q uartz well with the Hanovia 

lamp . Photolysis mixtur es were then analyzed by NMR , TLC 
' 

le , and glpc ( in cases where starting material los s was quant-

ified ). 

Typ e D 

Type D photolyses were quantum yield d e t e rmination s con-

du cted in th e black box . A s pecial s id e tub e as s hown in Fii:;ure 

<) ( p , 1 g , , :l 8 l ) w a s fa s h i on e d t o re mo v e o x y g P n fro m t ll e s y s 1- <, m m O r e 

e ffe ct ively by five fr eeze -pump-thaw cycl es . The so lution s 

we re magn e tica l ly st irred and irradiat e d for varyin g pe ri o d s 

with Source C ( at 25 4 n m) light . Th e s ampl es we r e analyzed 

by le . 
A f u rth e r exp lanation is g ive n in th sec tion on 

fer rioxalat e actinometry on page 357 . 

Type~ 

Type c photolyses were also quantum y i eld and reaction 

eff i cie n cy d ete rmination s . 
Th e sa me vessels were u se d as in 

Typ e E for amides . 
Oxygen wa s removed by four freeze-pump-

thaw cycles . 
Vesse l s we r e irradi ated with So ur ce Blight, 

and r eac ti on mixtur es we r e a naly ze d by g lp c a nd quantum y i J.ds 

by le . 
( Th e expand ed analysis procedure i s g ive n Ln tho 

cyclopentanone act inom e Lry sec tion . 

Typ e F 

Type f photoly ses we r e similar Lo Typ e A exce pl LhaL 

the s tandard condenser was replaced wilh a dry ice co nd e n se r 
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to condense volatil e gases s uch as butadiene or i sob utylene 

into the r eac tion mixtur e . Th e photocontainer wa s immersed 

in ice water durin g irradiation wit h th Hanovia lamp . ( Th e 

volume of gas condensed wa s meas ur d by diff e renc e . ) Th e 

photolysis mixtur es we re analyzed as in th e Type A photolyses . 

Photolysis of N-propylphthalimid e in Ac tonitrile 

A so lution of 1 . 5 g N-pr pylphthalim i d e in 230 ml 

spe ctrograde acetonitrile wa s purged with ni troge n for an 

hour and irradiated in a Typ e A photolysis for 10 h o ur s 

with the Hanov ia lamp . Analytical TLC ( 30% et hyl acetate -

70% methy l e n e chloride ) s how ed two products , and 

0 . 3 5 . 

Th e r eactio n mixtur e wa s e v aporated to dryness und er 

vac u um , and NMR of the residue sho wed s i g nal s in th e vinyli c 

region as well as a doublet in the alkyl region . Th e r s i-

du e wa s redi sso lved in a minimum amount of methyle n e c hlorid e 

and methanol , and the products we r e i so lated by preparative 

TLC (2 plates 1000 micron thickness , 20% et hyl acetate -

80% me thyl e ne c hlorid e ) . Th ere were Lhree bands , and Lh 

top band was id e ntifi ed by NMR as star tin g maL c r-

ial. 

The seco nd band , R = 0 . 7-0 . 8 , 
f 

wa s worked up , nd the 

oil wa s further purified by preparativ TLC ( 2 plates ~00 

micron thickn ess , 15% ethy l ac tate - 85% methy l n e hlorid e ) . 

The o i l ( ~0 . l g ) was id n ti f j d by i Ls spectra c i; 

pht!Jalimido-1-propene . 

3-djhydr o-
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NM R : ( CDC1 3 ) 3 . 6 -4 . 0 c5 ( m, 2 H, N- CH
2

), 4 . 9 - 5 . 3 c5 ( m, 3 H, -CH= 

CH 2 ), 5 . 65-5 . 8 cS ( s broad , l H, OH), 7 . 3-7 . 8 o (m, SH, ph e nyl 

nd N-CH-0 ) . 

I R : 358 0 , 35 4 0 , 3380-3?GO ( 0-H s tr e t c h ), 29 Lr O, 

292 0 ( C-H s tr t c h ), 1780 , 17 35 , 17 0 0 , 1 69 0 ( C=O s tr e tch ), 

- 1 
1470 , 144 0 , 14 20 , 1 3 0 0 , 1 2 1 0 , 117 0 , 11 30 , 1040 cm 

Th e third band Rf= 0 . 4 -0 . 6 wa s work e d u p in th u s u a l 

fa s h io n with me t h y l e n e c hl or id e and e th yl ac e tat e . Th e i s o-

lat e d o i l contain e d a cha r act e ri s ti c do ubl e t i n th e a lkyl 

reg ion . Fu rth e r p urification o f th e oil wa s a tt a in e d by 

p r e par a tive TL C ( 2 pl a t es 500 mi c ron thi c kn ess , 1 8% e thyl 

a ce tat e - 8 2% me th y l e n e chlorid e ) f o llo we d by t h e u s u a l work-

u p with e thy l a ce t at e a n d me t hy l e n e c hlorid e . Th e whit: e cry s -

Lallin e s ol i d , 0 . 1 5 g , m. p . 1 61-162 ° , ( fr o m b e n zc n / Sk e ll y B ) 

was id e nt i fi e d by i ts spe ctra a s 3 ,4-b e n z o- 6 , 7 -d ihyd r o - 6 -

met hyl ( lH ) azep in e - 2 , 5 - dion e , 36 . 
"' 

NM R : ( CDC1
3

) 1. 1 5 - 1.4 cS ( d J=7H z , 3II , CH3 ), 2 . 65-3 . 25 o ( m, 

H I, CH- C=O ), 3 . 25 - 3 . 7 cS (m, 2 f-l, N- Cll 2 ), 7 . 4 5 -8 . 5 cS (m, Slf, 

p h e n y l and N- H) . 

IR : ( KBr ) 3220 ( N- H s tretc h ), 30 80 , 300 0 , 29 7 0 , 29 4 0 , 29 00 , 

2870 ( C- H ."; treLcl1 ) , JoB0 , 1655 , J 620 ( C=O ,;t1•r:Lcli ) , 15lJ0 , l !)G0 , 11~1 10 , J4 00 , 

1 3 70 , 1345 , 1 32 0 , 1 2 70 , 1 2 3 5 , 1 21 5 , 1 1 7 0 , 104 5 , 10 00 , 70 , 

-1 
1 5 , 8 9 5 , 865 , 7 9 0 , 760 , 750 , 71 0 c m . 

MA SS SPI:C : m+ / 1 89 ( P , 1 9% ), 17 4( ?5% ), 1 4 9 ( 10 96 ), 1 '1 8 ( Bd~,c' , 

1 00% ), 1 30 ( 35% ), 1 05 ( 1 3% ) , 1 0 4 ( 4 5% ) , 103 (14 %), 7 7 ( 14 %), 7 6 

( 28% ), 5 1 ( 9% ), 50 ( 1 5% ), 4 5 ( 4 8% ), 43 ( 23% ), 4 2 ( 11 %), 32 ( ] ?% ) . 

Re t e nt i on ti me on LC ( 1 2% e thyl acc t a l e-88% me thyl c n c hl o r 
i d e , flow rat e ? O dr p s /70 sec . ) ~55 min . 
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UV : ( EtOH ) A max 326 ( E = l34 ), 282 ( E = 1190 ), 236 ( E = 74 4 0 ) , 

2ll ( E = 19 , 900 ), and at 25 Li( E = 3270 ). 

Photoly s i s of N- propylphthalimide i n Te rt-1.J u Lanol 

A s olution of 1 . 2 g N- propylphthali mide in 220 ml 

s odium - dri e d tert-butanol was purged with nitrog e n for an 

hour and irradiat e d in a Type A photolysis for lJ hour s 

with t h e Ha n ovia la mp . An a l ytical TLC ( 30% et hyl ac e tat e -

70% methyle n e chloride ) s ho we d one prod u c t, 

The reaction mixture was e vaporated to dryn ss under 

vacuum . NMR again showed th e characteristic alkyl doubl e t . 

Preparative TLC of the resid u e ( 2 plate s 1000 micron thick-

n e s , 20% ethyl acetate - 80% methyl e ne chloride ) yielded 

one band , Rf= ~0 . 4 -0 . 6 , wh ich wa s worked up in th e u s ual 

mann er . Th e spec tral properties of th 0 . l g (m . p . ] 60° ) 

i so lat e d product we r e id e ntical Lo those of 3 , l.j-b e nzo- 6 , 7-

di hydro - 6 - me thyl ( l ll ) a z e pine - 2 , 5 -di one , 36 . ~ 

Photoly s .i_ s of N- e thylphthaJ. ·i m.i. d e in Ac c ton i tril e 

A s olution of 1 . 5 g N- e thylphthalimid c and 230 ml 

spec trograd e aceLonitrile wa s purged with nitrog e n [or n 

hour and irradiat e d in a Typ e A phololysis for hour s 

wi th a Ha n ovia l a mp . Analytical TLC ( 30% ethyl acct t 

70% met h y l ene chlorid ) s howed o n e pr du el , 

The r e a ct i on mi x L u r e wa s e v a po r a L e d t o dry n e i; r_; u 11 d c r 

v ac uum . NM R o f t h c re s i d u e s h owe d L h re e ma j or s i g n a l !; : 
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2 - 3 o, 3-40, and phenyl s i gnal s . Th e residue wa s di sso lved 

in a minimum amount of methylene c hlorid e and methanol, and 

the product was i solated by preparative TLC (3 plates 1000 

mi cron thickness, 20% ethyl acetate - 80% methylene c hlor-

ide ). Th e band Rf= 0 . 25 -0.4 5 was worked up in the usual 

ma nn er with met hyl ene chloride and ethyl acetate and fur

ther purified by preparative TLC ( 2 plates 500 micron 

thickness, 16% ethy l acetate - 84% methyle n e chloride ). 

Th e s ingle band Rf= 0.2-0 . 4 wa s worked up as before . 

The recovered solid 0 . 15 g , m. p . 1 62-163° was character-

ized by it s spectral data as 3 ,4-benzo-6 ,7-dihydro (lH) azc-

·}: 

pine-2 ,5-di o n e , 37 . 

NMR: 
2 . 75-3.25 o(t J=6 . 5Hz, 2H, CH 2 - C=O ), 3 . 3-

3 . 8 o(q J=6 . 5Hz, 2H , CH 2
- N), 7 . 25-8 . 1 o(m, 4H, phenyl ), 

8 .1- 8 . 6 o(t, lH, N-H). 

IR: ( KBr ) 
32 7 5 , 3180 (N-H strelch ), 3060 , 3030 , 2920 , 

2870 ( C-11 stretcl1 ), 1640 ( C=O stretch ), 1590, 1460, 1390 , 

1350, 1330 , 1270, 1220, 1150, 1085, 1030, 890 , 750, 700 cm-
1

. 

MASS SPEC : 
m+/e 175(P, 1 5% ), 174(9%), 160(7%), 133(12%), 

---
105(12%), 104(10%), 83 (7 %), 77(10%), 76(6%), 59 (11 %), 

5 (7 %), 55 (14 %), 5 4( 8% ), 44( Base , 100%), 43(13
9
0), 42(8%), 

41( 23% ), 32 ( 32% ). 

UV : ( :CtOH ) Amax 326 ( S = 168), 282 ( S = 1230 ), 235(s = 9050 ), 

207 ( S = 25,200 ), and at 25 4( S = 6210 ). 

·k Retention time by LC 80 mi n. 
methylene chloride , flow rate 

( 12% e thyl acetate - 88% 
20 drops/40 sec .). 
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Photolysis of N-ethylphthalimide in tert-butanol 

A so lution of 1.5 g N- ethylphtha limide in 220 ml 

sodi um-dri ed tert-butanol was purged with nitrog n for an 

hour and irradiated in a Type A photolysis for 12 hours 

with the Hanovia lamp . Analytical TLC (30 % ethyl acetate _ 

70% methylene chloride) showed one product R = ~O 3 f .. 

The reaction mixture wa s evaporated to dryness under 

vacuum. Preparative TLC ( 2 plates 1000 micron thi ckness , 

2090 ethyl acetate - 80% methylene chloride) yielded • ,o .1 g 

white solid , Rf= 0 . 2-0 .4. The so lid wa s further purified 

by preparative TLC (20 % ethyl acetate - 80% methylene chlor-

ide) . Th e white crystallin solid , uO . l g , R - 0 2 0 4 
f - . - . , 

m. p. 160-161° had spectral properties idenlical to 3,4-

benzo-6,7-dihydro(lH)azepine-2,5-dione, 37. 
,v 

Photolysis of N-i sob utylphthalimide in Acetonitrile I 

A solution of l. 5 g N-isobutylphthalim·idc jn 230 ml 

spectrograde acetonitrilc was purged two hours with nilro-

gen and irradiated in a Typ A photolysis for 16 hours 

with the Hanovia lamp . Analytical TLC (30 % elhyl ac . late -

70% methylene chloride) showed three products , 

0 . 65, and ~0 .4. 

Th e reaction mixture was evaporated to dryn ss under 

vacuum . 

micron 

ide) . 

Preparativ TLC of the residue (two plat s 

thickness, 20% ethyl acetate - 80% mctilylene 

The band R = 0.65-0 . 75 
f 

was worked up in the 

l 000 

hlor-
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u s u a l ma nn er . Th e col l ec t e d o il, rv . 2 g , was f u rther p ur i-

- 7a met h y l e n e fied by prepar a ti ve TL C (1 2% e th y l acetate 330 

chloride ) . Fo llo wi n g th e u s u a l work u p ~o . 1 g crystall ine 

so l id , m. p . 65-6 7 ° , was iden ti f i e d by its spect r a as 3 -

d i h y dr op h t h al im ido - 2 -m e th y l - l- p r ope n e , 38 . 

NMR : ( CDC 1
3

) 1. 6-1.7 5 O ( s , broad , 3 H, CH3 ), 3 . 6 -Li . O o ( 2s 

broad , 2H , N-CH
2

-C=C ), 4- . 6- Lf . 9 o (m, 2 H, C=C !l 2 ), 5 . 5-5 . 65 

o ( s broad , lH , OH), 7 .1 -7 . 7 o (m, SH, p h e n y l and N-C II -0 ) . 

IR : ( CDC 1
3

) 3 4- 50 , 3380-3260 ( 0 - H stretch ), 2980 , 2970 , 

29 4-0, 2920 , 2860 ( C-H stre t c h), 1 690 ( C=O stretch ), 1 4-4- 0 , 

-1 
1 4- 20 , 1 300 , 1 2 1 0 , 114- 0 , 1 0 4- 0 c m . 

The second ban d of the first p l ates Rf 0 .4-- 0 . 55 was 

wo r ke d u p with methylen e ch l o r i d e a n d et h yl ace t ate . The 

resid u e , 0 . 3 g , 
was red i sso l ved i n a mi nimum of m t h ylene 

ch l or id e a n d f u rt h e r p u rif i ed by preparative TLC ( two p J.at s 

1000 micron ·th i ck n ess , 
80% methylene chloride - 20% ethyl 

acetate ) . 
Fo ll o win g t h e genera l wor ku p the whi te res i d u e 

was 
co llected and recrystal l ized t wice fro m aceton i tri l e . 

The whit e c r ysta ll i n e so l id , 
m. p . 1 65 - 16 7 ° , 0 . 2 g , was 

iden t i f i ed by i ts spectra as 3 ,4- -benzo-6 , 7-d i hydro-6 , 6-

d i methyl (lH) azepi n - 2 , 5-dion e , 39 . 

NM R : 
( CDC1

3
) 1.2-1.35 o ( s , 6 H, CH 3 ) 3 . 25-3 . r: o ( d J=6 . 5 Il z , 

2 H, N-CH
2
), 7 . 5-8 . 3 o (m, SH, p h enyl a n d N-H ). 

IR : ( KBr ) 
3200 ( N- H stretch ), 3080 , 2980 , 2970 , 2Q30 , 

2920 , 2890 ( C- H stretch ), 1665 ( C=O sLretch ), 1600 , 1570 , 
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1 4 75 , 1 465 , 14 55 , 1400 , 1380 , 13 4 5 , 1320 , 1280 , 1225 , 1185 , 

7 -1 
1070 , 995 , 960 , 940 , 915 , 820 , 780 , 30 , 710 cm . 

MASS SPEC : m+ /e 203 ( P , 3% ), 17 4( 15% ), 159 ( 1 4 %), 148 ( Base , 

100% ), 130 ( 23% ), 115 ( 3% ), 105 ( 8% ), 10 4( 13 %), 77 ( 12% ), 

76 ( 18% ), 56 ( 63% ), 51 ( 7% ) , 50 ( 9% ), 4 4 ( 52% ), 41 ( 23% ), 39 ( 8% ), 

32 ( 10% ) . 

UV : ( EtOH ) ;\ max 322 ( £ = 1 .4 8 ), 2 7 9 ( £ = 1 4 30 ) , 23 ( E: = 81Lf0 ), 

210 ( £ = 27 , 000 ), and at 25 4( £ = 3490 ). 

Photoly s i s of N-i so b u tylphthalimide in Ac e tonitrile II 

A solution of 2 . 5 g N-i sob utylphthalimid e in 230 ml 

s p ec trograd e acetonitrile wa s purged with nitro ge n fo r two 

ho u r s and irradiat e d in a Typ e A p hotoly s i s for 1 6 hour s 

with the Hanovia lamp . Analytical TLC ( 30% et hyl acetate -

70% me thyl e n e c hlorid e ) s how ed three products with R = 
f 

0 . 75, 0 . 65 , a n d ~0 . 4 . 

Th e r eact ion mixtur e was e v apo r ate d to dryn ss und er 

vacuum . Th e r es idu e wa s redissolved JO a minimum of methy-

l e n e chloride and load ed o n a LfO x Lf c m si li ca ge l co lumn . 

Th e co lumn wa s e lut ed with 1000 ml met hyl e n e c hl or id e t 

remove the rematning start in g material . Th e co lumn w s e-

lu ted with a second lit e r of met hyl n e c hlor id e , and O 2 . g 

whit e so lid , m. p . 130° , w<l ~ recovered . NMR s h o w d o nl y a 

phenyl sign a l and JR mat c h ed that of phthalic an hydrid e 

( m. p . 130° ). 
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Elution with one liter 10% ethyl acetate 90% - mcthy-

lene chloride and one liter 20% ethyl acetate - 80% methy-

lene chloride yielded 0 . 15 g yellow solid . The solid was 

further purified by preparative TLC (two plates 
1000 mic-

ron thickness, 15% ethyl acetate - 85% methylene chloride) . 

Spectra of the isolated compound were identical to those of 

3 - di hydro p ht ha l i mid o - 2 - me thy .l - l - p .r op P n r, , ;J 8 . 

The column was eluted with 2 liters 20% ethyl ace Lat:e -

80% methylene chloride and l liter 40% eLhyl acetate - GO% 

methylene chloride . The recovered yellow solid , 0 . 35g , 

was redissolved in a minim u m amount of methylene chloride 

and purified by preparative TLC ( 20% ethyl acetaLe _ 80% 

methylene chloride) . The single band , R.f 0 .4 -0 . 55 , was 

worked u p with methylene chloride and ethyl acetate in the 

standard mann er . The white solid had spectral properties 

identical to 

2 , 5-dione, 

3 ,4-benzo-6 , 7-dihydro-6,6-dimethyl(lH)azepine-

3 9 . 
rv 

Photolysis of N-isobutylphthalimide in Lert-butanol 

A solution of 1 . 5 g N-isobutylphthalimide in 220 ml 

sodium dried terL-butanol was purged with niLrogen for an 

hour and irradiated in a Type A photolysis for 11 hours 

with the Hanovia lamp . Analytical TLC ( 30% elhyl acctaLe _ 

70% methylene chloride ) showed only one major producL w1Jo 0
c 

matched 39 . 
rv 

Absence of phthalic anhydride was noL 

verified . Le (fl ow rate = 20 drops/40 sec . , 12% elliyl 
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acetate - 88% methylene chloride ) coinjection of authentic 

samples showed to be the major product and 38 
rv 

only 

to be present in very minor quantities . NMR of t:he evap-

orated reaction mixture had the characteristic l a kyl sing-

let of but no vinylic signals . Isolatjon of the major 

product by preparative TLC ( 20% ethyl acetate - BO% methy

lene chlor j de ) yielded a white crystalline solid 

0 . 4-0 . 55 with spectral properties identical Lo 

Photolysis of N-isopropylphthalimidc 

in Acetonitrile 

3'.) . 

A solution of l . 5 g N-isopropylphlhal i mide in 230 ml 

c;p0ctrograde ac<'tonitrile wa:; pur'ged with nil"ror,e ii foi• c1n 

hour and irradiated in a Type A photolysis for ten hours 

with t:he Hanovia lamp . Analytical TLC (30% ethyl acetate -

70% methylene chloride ) showed one producl, 

The reaction mixture was evaporated to dryness under 

vacuum . NMR of the residue showed an alkyl doublet at 

,-,1 . 36 . The residue was redissolved in a minimum amount of 

methylene chloride and ethyl acetate . Preparative TLC (2 

plates 1000 micron thickness , 20% ethyl acetate - 80% 

methylene chloride ) yielded ~O . 2 g yellow oil , 

0 . 5 . The oil was further purified by preparaLive TLC ( 2 

plates 500 micron Lhickness , 20% ethyl c1cetc1tc - 80% 

methylene chloride ). The product was isolated afler the 

usual workup . The white crystalline solid , m. p . 220° 
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( fro m benzene/Skelly B) was characterized by · + 
lLS spectra 

as 3 , 4-benzo-6,7-dihydro-7-methyl ( lH ) azepine - 2 5 ct · 
, - ione , 

NMR : ( CDC1 3 ) 1 . 2 - 1 . 4 O( d J =6 . 5Hz , 3H , CH
3
), 2 . 7-2 . 9 5 

c5 ( 

CH-N ), 6 . 4-7 . l c5 (m, broad , lH N-H ) , , 

7 . 1 - 7 . 9 c5 ( m, 4H , phenyl ). 

IR : ( KBr ) 3300 , 3200 ( N-H stretch ) , 3080 , 2990 , 2930 , 

2880 ( C-H stretc h), 1685 ( C=O ketone stretch ), 1655 ( C=O 

amide stretch ) 1 600 , 1570 , 1450 , 1395 , 1330 , 1 290 , 1240 , 

-1 

790 , 760 , 700 , 615 cm . 

m, 

MASS SPEC : m+/e 189 ( P , 34 %), 174 ( 23% ), 149 ( 9% ), 148 ( G4% ), 

147 ( 36% ), 146 ( 66% ), 130 ( 18% ), 129(11% ), 118(16% ), 105(1G% ), 

104 ( 45% ), 90 ( 10% ), 77 ( 14% ), 76 ( 34 %), 51 ( 11% ), 50 ( 17% ), 

49(7% ), 45 ( Base , 100% ) , 44(13% ), 43 ( 22%) , 42 ( 11%) , 39 ( 9% ), 

32 (4 0%) . 

UV : ( EtOH ) ,\ max 322 ( E = 159), 284(E = 1,120 ), 236(E = 7 , 170 ) , 

209 ( £: = 22 , 100 ) and at 254 nm ( E = 3, 1 60) . 

Photolysis of N-isopropylphthalimide 

in tert-butanol 

A solution of 1.5 g N-isopropylphthalimide in 220 ml 

sodium-dried tert butanol was purged with nitrogen for an 

hour and irradiated in a Type A photolysis for 11 hours 

with the Hanovia lamp . Analytical TLC (30 9a ethyl acetate _ 

70% methylene chloride ) showed one producl , Rf = ,· ,0 . Lf . 

,•,Retention time by Le ( 12% ethyl acetale - 88% rnelhy1cnc 

chloride ) , flow rate 20 drops/70 sec . ) was 1fG min. 
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( Le with 12 % e t hyl acetat e - 88 % me thyl e ne chloride 

s howed only on e major product with a r e tention tim e ~ 45 min .) 

Th e r e action mixture wa s evaporat e d to dryn e s s under 

vacuum . Pr e para tive TLC ( 2 plat es 1000 micron thickn ess , 

20% e thyl ac e tat e - 80 % me thyl e n e chloride) y i e ld e d a prod

uct who se s p e ctra l properti es match e d tho se of 3 , 4-b e nzo-

6 , 7-dihydro - 7-m e thyl ( lH ) az e pin e -2 , 5-dion e , 40 . 
~ 

Photolys i s of N-tert-butylphthalimid e in Ac e tonitril e 

A s olution of 1 . 5 g N-t e rt-buty lphthalimid e in 

230 ml s pectrograd e acetonitril e wa s purge d an hour wi t h 

dry nitroge n and irradiat e d in a Typ e A photoly s i s for 11 

hour s with th e Hanovia l a mp . Analyti c al TLC (30 % e thyl 

ac e tat e - 70% me thyl e n e chlorid e ) s how e d on e major p rodu c t , 

0 . 45 . 

Th e r e action mixtur e wa s e vapor a t e d to dr y n ess und e r 

vacuum . NMR of th e r es idu e s how e d two alkyl s i g nal s olh e r 

than startin g mat e rial . Preparative TLC of th e r es idu e 

(2 plat es 1000 micron thi ck n ess , 

me thylen e c hlorid e ) y i e ld e d a band, 

2 0 % e th y l ac e tat e - 80 % 

Rf = 0 . Li 5 -0 . G , whi c h 

wa s work e d up in th e u s ual mann e r with me thyl e n e cl1l o rid e 

and e thyl ac e tat e . Th e r es idu e was p uri i i e d ru r l h 1, r liy 

preparative TLC u s in g th e pr e viou s co ndition s . TI P third 

purifi c ation s t e p wa s al s o pr e p a r a tive TL C (1 plat JOOO 

mi c ron t hickn ess , 1 5% e th y l ace t a t e 85% me th y l e n e c hl o r-

id e ) . Th e whit e Cry s ta 11 in e s O lid ' r v . 1 5 g ' m . p . 1 5 8 - 1 5 <J O ' 
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was characterized by its spectra as 3 , 4-benzo-6 , 7-dihydro-

7 , 7-dimethyl ( lH ) azepine-2 , 5-dione , 41 . 

NMR : 1 . 25-1 .4 5 o ( s , 6H , CH 3 ), 3 . 05-3 . 2 O ( s 2l-! , , 

CH 2 -C=O ), 7 .4 -8 . 4 O ( m, SH , phenyl and N-H ). 

IR : 3280 , 3190 ( N-H stretch ), 3070 , 3050 , 3000 , 

2990 , 2930 , 2900 ( C- H stretch ), 16L~S ( C=O sLretch ), 1595 , 
( KBr ) 

1570 , 1475 , 1440 , 1390 , 1280 , 1235 , 1165 , 985 , 810 , 775 

760 , 710, 690 , 630 , 610 
-1 

cm 

, 

MASS SPEC : m+ /e 203 ( P , 60% ), 188 ( 27% ), 187 ( 11% ), 148 ( 6 4 %), 

147 ( Base , 100% ), 146 ( 25% ), 130 ( 20% ), 105 ( 16% ), 104 ( 45% ), 

76 ( 40% ), 50 ( 15% ), 4 4( 35% ), 42 ( 13% ), 32 ( 9% ). 

UV : ( EtOH ) Amax 330 ( E = 105 ), 292 ( E = 1590 ), 245 ( E = 8590 ), 

237 ( E = 8810 ) , 213 ( E = 27 , 100 ) , and at 254 ( E = 7030 ). 

Photolysis of N- tert-butylphthalimide in tert-butanol 

A solution of 1 . 5 g N-tert-butylphthallmide in 220 ml 

sodium-dried tert-butanol was purged for an hour with nitro

gen and irradiated in a Type A pho tolys i r; for 10½ Ji ours 

with the Hanovla lamp . Le analysis ( 12 96 e Lhyl ace ta Le -

88% methylene chloride ) showed that only one ma j or product 

was produced . 

The reaction mixture was evaporated to dryness under 

vac u um . PreparaLive TLC ( 2 plates 1000 mjcron thickness , 

20% elhyl acetate - 80% methylene chloride ) yi.elded one 

band Rf= 0 . 5-0 . 6, which wa s worked up ln Lhc usua1 manner . 
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The white crystalline solid, m. p . 157-15 90 , had identi-

cal IR and NMR spectra with the 7 , 7 - dimethyl compound 41. 

Photolysis of N-butylphthalimide in Acetonitrile 

A solution of 2 g N-butylphthalimide in 230 ml 

spectrograde acetonitrile was purged with nitrogen ~ 2 

hour and irradiated in a Type A photolysis for 11 hours 

with the Hanovia lamp . Analytical TLC ( 30% ethyl acetate_ 

70% methylene chloride ) showed one major product 

and two minor products, Rf= 0 . 65 and ~0 . 7 . 

The reaction mixture was evaporated under vacuum, and 

NMR of the res i due showed small vinyl signa ls . Th e resi-

due was then redissolved in a minimum amount of methylen e 

chloride and methanol and eluted on a 4 cm x 40 cm si lica 

gel column . After the column was eluted with one lit er 

50% hexane - 50% methylene chloride and 2 lj ters methy -

leno chlor.idc , Llic unreacted stdr'ti n r; mc1i. C'r.ic1L , 0.7 r; , w,11 ; 

recovered . The column wa s e luted with 4?5 ml 1 % ethyl 

acetate - 99% methylene chloride and 500 ml 10 % ethy J 

a c et ate - 9 O 90 met h y le n e ch lo r i de to remove u n r ca c i (' rl :; L cl r l _ 

ing material . 

Th e minor products were removed from the column by 

elution with one lit e r 20% ethy l acetate - 80% methylene 

chloride (th e la st 100 ml contaminated wi l h the ma jor prod-

uct) . A yel low oil <O . l g was collected and rcpurJficd 

by preparative TLC (14 % ethy l acetate - 86% methylen 
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chloride). Th e oil was characterized by its spectra as th e 

cis and trans isomers of l-dihydrophthalimido-2-but e ne . 

NMR: 1.5-1.8 o(d J 4 . SHz , 3H, CH
3

), 3.3-3.8 cS and 

4 . 1-4.6 6(2m, <2H , N-CH 2
), 5 .3- 5 . 65 cS(m, 2H , -CH=CH- cis 

and trans), 5 . 65-5 . 85 o ( s broad, lH, OH), 7 . 25-7 . 9 cS(m SH 
' ' 

phenyl and N-CH-0) . 

IR : 3420, 3280 (0-H s tr etch ), 2980 , 2930 (C-H 

stretch ), 1665 (C=O stretch ), ] 600 , 1480, 1390, 1285 c m- 1 . 

The major product , 0 . 3 g , was contained ln two 

liters 50% ethyl acetate - 50% methylene chloride . The 

product was further purified by preparative TLC ( 2 plates 

1000 micron thickness , 22 ~0 ethy l acetate - 78° h 
'ii met y l ene 

chloride). On the basis of spectra , melting poinL , and 

le data the product was identified as 3 ,4- benzo-6 ,7- di-

hydro(lH)azepine-2,5-dione, 37 
rv 

Photolysis of N-sec-bulylphthalimide 

in Acetonitrile 

A sol uti on of 0.7g N-sec-butylphthalimide in ?20 ml 

spectrograde acetonitrile was purged with nitrogen for an 

hour and irradiated in a Type A photolysis for 7½ hours 

with the Hanovia lamp. Analytical TLC ( 20% ethyl ac late -

80% methylene chloride ) showed Lwo products , Rf = 0 . 05 

and 0 .1 3 and Rf = 0 . 15 and 0 . G ( 30% elhyl a c (' t at· c -

70% methylene chloride ) . 

,'. Retention time 80 mjn. ( 20 drops/SO sec ., l? 9o ct hyl cJce

tate - 88% methyle n e chloride ). 



351 

The reaction mi x tur e wa s evaporat ed t o dryn ess und er 

vacuum. NMR of the residue revealed vin y li c as well as 

alkyl s i g nal s . Th e resid u e wa s dissolved in a minimum a-

mount of met hyl ene c hlorid e , and the prod uct s were separa t 

e d from the starting mat e rial by preparative TLC ( 2 plates 

100 0 mi c ron thickness , 1 9% ethyl acetate - 81% methy l e n e 

chloride) . Th e r e were three mai n resultant bands . Th e to p 

band was identified by NMR as starting mat e ri al . 

The seco nd band Rf= 0 . 7 was worked u p with met h y l e n e 

chloride . 
NMR of the band contained vin y li c signa l s a nd 

was s imilar to other dihydrophthalimide alkene alcohols . 

Th e prod u ct was further p uri fied by p r epara ti ve TLC ( 2 

plates 250 mi cron t hi ckness , 11 % ethyl acetate - 89% 

methyle n e ch l or id e ) . 
Th e band Rf= 0 . 35 -0. 6 was workod 

u p with methy l ene chloride to yield a li ght yellow oi l and 

white crysta l s , which were again p uri fied by preparative 

TLC l plate 500 micron thickness, 12% ethyl acetate 

88% methy l e n e chloride) . 
The res ult ant l ower ba nd ( fo l -

lowin g methylene c hl oride workup) was te n tatively identi-

fied by NMR a nd IR as 
3-dihydrophthali mi do-l-hutenc . 

NMR : ( CDC1
3

) 1. 3 -1. 5 o(d J=GHz, 3H , CH 3 ), 4. 5- 4. 9 o (m, HI, 

N-CH) , L~.9-5 . 3 o(2m, 3H , -CH=CH 2 ), 5 . 7-5 . 9 o ( s broad , lll , 

OH ), 7 . 2-7 .7 o (m, SH , N-CH-0 and phenyl ). 

IR: 

stet c h), 

3400 , 3280 (0-H stretch ), 2960 , 2920 ( C-H 

1660 (C =O stretch ), 1600, 1385, 1285 
-1 

C ITI 
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Th e third band Rf= 0 . 3-0.55 (fir st plates) was 

worked up in the u s ual mann e r. Th e residue , 0 . 2 5 g , was 

redissolved in a minimum amount of met hyl e n e chloride a nd 

f urth er purified by p r eparat iv e TLC ( 2 p l ates 1000 mi cron 

thickness, 
1 5% ethy l acetate - 85% methy l e n e ch lorid e ). 

Th e s in gle band , 
Rf= 0.2-0.4, was worked up in the u s u al 

manner with methy l ene chloride and methanol, and the solid 

was recrystallized twice from be n zene/hexane . The stru ct ur e 

was assig n ed as the cis and tr ans i so mers of 3 ,4 -benzo-6 ,7 -

dihydro-6,7-dimethyl(lH)azepine-2,5-dione, 

basis of the spectral data and me l ti n g poi n t , 

on the 

172-214°. 

NMR: 
(CDC1

3
) 1.0 5- 1.4 5 0( 3 d J=7Hz , 6H , CH 3 ), 2 . 5-3 . 0 o 

(m, lH, cis and trans O=C-C-H), 3 .4 -3 . 9 o ( p of d J=71-lz, 

and 2!-:!z , lH, N-CH), 4. 05- 4.4 5 o (m, lH, N-CH), 6 . 9-8 . 2 

o( 2 m broad and m, 5H , pheny l and N-H) . 

IR : ( CHC1
3

) 3420 , 3220 ( N-H stretch ), 3080 , 3000 , 2980, 

2950 , 2900 ( C-H stretch ), 1685 , 1660 ( C=O stretch ), 1600 , 
-1 

1570, 1480, 1450, 1390, 1 375, 1360, 1290 , q70 cm . 

MASS SPEC : 
m+/e 203 (P, 4%), 188 (4 %), 174 (11 %), 161(16%), 

160(Base, 100% ), 159(10%), 148(58%), 1 47( 10% ), 132 ( 21% ), 

1 31 (1 3% ), 130 ( 26% ), 105(23%), 104(54%), 103(10%), 78(8%), 

77(18%), 76(25%), 55 (4 q% ), 51 (1 1% ), 50 (14 %), 44(gq%), 

41(18%). 

Anal: Calc ulated for 
C , 70 . 91% ; H , 6 .4 5% ; 

N, 6 . 89% ; Found : C , 70.97%; H, 6 . 63% ; N, 6 . 82°6 . 
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Photolysis of Inactive 

N-2-methylbutylphthalimid e ( I ) 

A solution of 

butylphthalimide in 

l. 5 g N-2-methyl-

230 ml spectrograde acetonitrile wa s 

optically inactive 

purged with nitro8en for an hour and irradiat e d · in a Type A 

photoly s i s for 14 hour s with a Hanovia lamp . Analytical 

TLC of the reaction mixture ( 30% e thyl ac e tat e - 70 9.co th me y-

l e ne chlorid e ) s how e d minor product s , a nd 

one major product , 

Th e reaction mixture wa s e vaporat e d to dryn ess und e r 

vacuum . NMR of th e r es idu e s how e d an alkyl doubl e t . Th e 

r e sidue wa s di s solv e d in minimum amount of me thyl e n e c hlor-

id e and me thanol . The major product wa s i s olat e d aft e r 

purification by preparative TLC ( 2 plat es 1000 mi c ron 

thickn ess , 20% e thyl acetate - 80 % me thyl e n e chlorid e ) . 

Th e product was charact e rized by le and s p ec tral dat a a s 

3 , 4-benzo-6 , 7-dihydro-6-m e thyl ( lH ) az ep in e - 2 , 5 -di o n e , 3 

Photoly s i s o f Inactiv e 

N-2-m e thylbutylphth a limid e (II) 

A s olution of 2 g optically inactiv e N-2-m e th y l-

butylphthalimide in 230 ml s p e ctro g rad e a ce tonitril e was 

pur ge d with nitrogen for an hour and irradi a t e d in a Typ e A 

photoly s i s for 15 hour s with th e llanovi a lamp. An lyti-

cal TLC of th r e action mixtur e wa s s imil a r t o th - pr e vi o u s 

r e action . 
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The reaction mixture wa s evaporated to dryne ss under 

vacuum . The residue was redissolved in a minimum amount of 

methylene chloride and eluted with three liter s methylene 

chloride . The last l½ liter s contain ed a whit e so lid 

identified by IR and melting point as phthalic anhydride . 

The major product wa s again characterized by it s spectra 

following preparative TLC as 

Photolysis of Inactive N-2-met hylbutylphthalimid e 

and cis-1,3-pentadiene 

A so lution of lg 

phthalimide and 

optically inactiv e N- 2- me thylbut y l-

8 g fr es hly distilled cis-1,3-r ntadi e ne 

in 210 ml sodium-dried tert-butanol wa s purg d with nitro-

ge n for 15 minute s and irradiated in a Ty pe A photolysis 

for 3 3/4 hours with a Corex filtered Hanov ia lamp . (Th e 

s hort irradiation period, fil r, and triplet quencher wa s 

expec t ed to s top secondary Ty p II reactions a nd a lJow i so-

lation of 3,4-benzo-6,7-dihydro-6-ethyl-6-methyl(Jli)aze-

pine-2 , 5 -dion e ) . Analytjcal TLC of the reaction of th e 

r eaction mixture (30 % ethyl acetate - 70% m th y l e n e ch l or

id e and 20% e thyl acetate - 80% me thyl e n e cli]orid0) sho wed 

se v e ral products, R = 0 . 4-0 . 8 . Le analyf;is s h o wed Lhat 

f 

36 wa s a minor product compared with lwo sl1or i er reten-

tion tim e (mor e highly alkylated) peaks. 

The reaction mixtur e was evaporated to dryn ss under 

va cu um . Th major product was purjfied thrf'c I im 0s by 
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preparative TLC (1 0% ethyl acetate - 90% methylene chloride , 

7% ethyl acetate - 93% methylene chloride , and 5% ethyl ace

tate - 95% methylene chloride ). NMR of the residue, fol

lowing workup, showed no 0-H but vinyl signals as well as 

the usual alkyl and phenyl signals . IR showed no OH or 

NH bands characteristic of either the azepinedionc or tlie 

dihydro phthalimido alkene alcohol , analogous to the work 

of Kanaoka . ( Le ana l ysis of the product showed that more 

than one co mponent was present.) 
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Quantum Yields for N- al k y lphthalimides 

Th e quantum y i e ld of any pho to c h e mic a l reaction i s a 

meas ur e of th e reaction ' s eff ici e n cy (th e mor e eff i c i e nt 

th e reaction, the hi g her th e quantum yield) . Th e quantum 

y i e ld i s defined to be the ratio of mol es of p r o duct to the 

quantity of light incident on th e photolysis sa mpl e . In 

thes e st u dies , the mol es of product for med co uld either be 

meas ur ed with an int e rnal hydrocarb o n s tand a rd , by glpc , or 

with an ex t ernal aromatic standard s u c h s benzami de b y 

high pressure liquid c hromato graphy . Th e quantity of light 

could e ith er be meas ured by th e ac tinom e try met hod s of 

. d T b 10 5 
Dunion an rum ore or th e me thod of Parker a nd Hat c har d ~o7 

Both of these methods are detailed below . 

The method of Dunion nd Trumbore e mp l oys cyclope nta-

non e actinometry . Cyclopentanone i s p hot oche mi ca lly con-

0 

v er t ed to 4-p e nt en al at 253 7A in a reaction who se quantum 

yield has b ee n accurately d e t er min e d as 0 . 37 ..l. 0 . 02 . From 

th e d ef initi on above , the quantity of light incident on the 

sa mp l e would be mol es 4-pe nt e n al /~ or moles 4-pe nt e nal/ . 37 . 

Mol es 4-p e nt e nal co uld b determined by response fac-

tors . An authentic sa mpl e of 4-pe nt e nal w s obtained by 

photolysis of cyclopentanone followed by distill ti o n and 

s ub sequ e nt g lpc preparation . Mo l ar response fac t ors were 

determined u s in g nonan e as a standard . 

Se v era l so lution s of cyclope nt ano n e and n o n a n w r 

irradiated in sealed tubes in the merry-go-round appar tus 
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with Source Blight for 12 hours . The quantity of 4-pentenal 

-4 

produced was determined to be 3 . 64 x 10 moles by the fol-

lowing equation : 

moles 4-pentenal = Response Factor x moles nonane x area 4-pentenal 

area nonane 

This quantity divided by 0 . 37 gave the light quantity inci

-4 

dent on all the samples as 9 - 83 x 10 einsteins . 

The second method employs ferrioxalate actinometry and 

is effective in the irradiation range of interest, 250-25 5 

nm . The irradiation of a sulfuric acid solution of potas

sium ferrioxalate results in the reduction of iron from its 

ferric to ferrous state . The quantity of ferrous ions and 

subsequently the quantity of light can be determined by the 

complexation of ions . The quantity of light or einsteins 

(moles of photons) is equal to the product of the ferrous 

ions produced and the quantum yield at 254 nm for ferrioxa

late decomposition (which has been accurately det•rmined at 

1.25) . 

There are two methods for measuring einsteins with 

this type of actinometry, the split ratio method c1nd the 

direct irradiation method . The difference lies in the ab-

sence of the quartz reflector and reference cell Lil the 

direct irradiation method shown in Figure 8 . The light 

source is effective for 200 hours and provides the 254 nm 

light for irradiations in this study . for bolh met:hod8 the 

light from the monochromator is collimated 1:hrough a ciuartz 
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GJ 2 \ GJ 0 
3 

1 . Monoc hromator 

2 . Quartz collimating 
len s 

3 . Optically clear 

quartz reflector 

L, . Sa mpl e cell 

5 . Reference cell 

Figure 8 
6 . Backup cell 

len s , and the resultant parallel rays are e ith er spl it by 

the r eflec tor in the split ratio method or impinge dir ct

ly on the sa mpl e cell in the direct irradiation met hod . 

For both ferrioxalate me thod s standard sol uti o n s mu st 

be prepared : 

1 . Actinometer so lution : Potassium ferrioxalate , 0 . 006M, 

was prepared by dissolving 2 . 94 g sol id K
3

re ( C O ) 
2 4 3 

in 

800 ml distilled water . Sulfuric acid, 100 ml lN , wa s add-

ed s lowly , and th e solution was diluted to l lit er with dis

till ed water . 

2 . Indicator sol ution : 0 . 1% 1,10-phenanthrolene in dis-

till ed wat er . 

3 . Buffer so lution : Sulfuric acid, 360 ml lN w.i:; c1dc ir '<i 

s lowly to 600 ml lN sod ium acetate , and the co mbin ed mix

tur was diluted to l liter with wat er . 

The actinometer sol ution mu st be stored in the dark , and 

all work mu st be done ei ther in tlie dark or with photo-

grap hi c red light due to photoscnsit ivit y of the errioxa -
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late solution . All dilutions and washings must be done with 

distilled water . 

In both methods, the light intensity or photons per 

second impinging on the sample cell was measured as follows : 

A known volume v1 
of actinometer solution (must fill reac

tion vessel ) was irradiated at the desired wavelength, 25 4 

nm, for a time t , meas u red in seconds . When the irradia-

tion of the ferrioxalate solution was completed, an aliquot 

of the photolyte of v 2 was pipetted into a volumelric flask . 

To this aliquot , 2 ml indicator solution and a volume equal 

to v
2 

of the buffer solution were added . The mixture was 

then diluted to the mark, which defined v3 
as the volume of 

the flask . The blank was prepared of unirradiated actino-

meter in the same proportions as the irradiated sample . 

Both solutions were allowed to stand at room temperature 

for an hour. 

The number of moles of ferrous ions was deLPrmined 

spectrophotometrically. At 510 nm the absorbance A was re -

lated by Beer ' s law to the moles of ferrous ions n as 
re++ 

follows : 

A = bx Ex c (where b = l cm and 

C = 

n ++ 
Fe 

A A 
= 

b X E 
4 

1.1 X 10 

= 
A 

lJ 
1.1 X 10 

X 

lJ • 
£ = l . l x l 0 l 1 t er'.,/ mole -cm ) 
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(where once again v
1 

is the volume of actinometer photolyzetl 

v
2 

is volume of the aliquot taken , and v3 
is the diluted vol

ume ) . 

The intensity or quantity of light ( photons) per unit time 

( sec) can be determined as : 

I = 
moles of ferrous ions 

1 . 25 moles/einstein x t 

since einsteins 
= moles of ferrous ion 

<P 

where t is the time of photolysis 

Substituting from an earlier equation: 

fl X 

I = 
t 

and <P = 1 . 25 

The split ratio was controlled by Lhc angJe of t.:hc 

quartz reflector, which split the light beam into two un

equal components . The small component of t.:he beam W<lS de

flected into the reference cell, (5 ) which monit.:orcd Lile 

light entering the sample cell . The backup cel.J (G) deter-

mined the portion of the larger beam noL trapped by Lhe 

sample cell . The split ratio is defined as t.:hc ratio of 

the light entering the sample cell less tile backup cc--11 Lo 

the lighL in the reference cell . 
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The split ratio was calculated before and after each 

phthalimide photolysis . The split rat i o was determined ex

perimentally as follows . Three cells were filled with actin

ometer (4), a 9 ml cell, and ( 5 ) and ( 6 ), 32 ml cells as 

shown in Figure 8 . The cells were irradiated as shown in 

the diagram for 30 minutes, and samples were prepared for 

spectrophotometric analysis as described previously . It is 

essential for quantifying the light impingent on the sample 

cell that the split ratio remain constant before and after 

a photolysis ru n. 

From the absorbance measured for the three cells and 

the dilutions u sed , the split ratio was calculated by the 

following equations : 

Split Ratio= 

2 + 
Moles Fe S 1 amp e 

- Moles re 2 + 
Backup 

Moles Fe
2 + 

Reference Cell 

It was experimentally determined that all the light was ab

sorbed by the sample cell so the split ratio could then be 

defined as : 

Moles 

Split Ratio= 
Moles 

[ ' 2 + 
C 

2 + 
Fe 

Sample 

Reference 

Further substitution yielded an equalion, which could be 

solved with experimental values : 



Spl i. t Rc.1 t io -
ASampl<> v,, , 

V V 
l 

-v-

The data for three spl i t rc1Lio,; 1:; p,1v, 11 i11 1'1) le XXII . The 

s u b s e q u e n t c a l c u l a t i o 11 c, s Ii o w l: Ii l' r o n : _i ~ · L r · r I l' v , , ~ t h e s p l i t 

ratios nd th ere for e lh c (]u.t11Lurn yi,,Jd ,!,,1,,,,111i 1ations . 

Th sa mpl e who se lJ.Udnlurn yj,,Jrl w.1 .. to 1,, l. e termi n d 

was prepared as s t alccl 011 p.tr,<' 3',CJ . Tlr, !'•'I 1 ~nee and back-

up cells were filled wi th c1cti11om<' Lr•r :_·nL1 11 j,, 1,. The irradi-

at ion wa s con du c t e d for 3 0 hour d , 111, I t It,· , l, .. ,,;, ban c e O f th e 

two actinom eter cel l s wcJ.,j mr' 1...;1n'•'cl <11 t,,,. It,, ,:andard prep-

aration . Tw o separcJ.te but idL'11 L ic c1 J lO -l,u11 r· i "radiations 

were conducted co n sccutiv,,ly . Th,, qu 111 Ii L :, ... •)f light we re 

calculated by the following cqu 1tin11:: : 

2 + 
Mole s F e = 

Moles 
Einste in s = 

= 

X A 
t.. 

W ilL'Y'<' 

r 2+ 
. C 

Referenc(' 
'2 ()) re + 

= 

Moles re2+ ,, :;,,1 it 
= Re [ C' rL'rll'<' 

')i 
• L I 

11 
l . l X I I) 

1\,1 Lio -
' e2 + 

Backup 

I-:. 1 L i,, - f-1,, I,". I , 2+ 
____ _ _ Bac kup 

I ii I' I - 1-1,, I le 2 + 
Backup 
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Substitution gives the quantity in terms experimentally 

determined . 

Einsteins = 

x Split Ratio - A 
Backup 

V V 
l 3 -v2 

1 . 1 X 10
4 X 1 . 25 

The data and calculations are shown in Table XXIII . 

Table XXII 

Split Ratio Determinations 

Split Ratio #1 (15 minutes ) 
;': 

Cell Volume(V1
l_ Aliquot(V 2

l_ Dilution(V ) 
3-

Sample 12 . 00 

Reference 32 . 00 

Backup 32 . 00 

Split Ratio #1 = 

Volumes in ml 

1.00 

10.00 

12 . 00 

. 174 X 12 . 00 X 50 . 00 

4 
l.1Xl0 Xl.00 

. 036 x 32 . 00 x25.oo 

1.1 X 10
4 X 10 . 00 

50 . 00 

25 . 00 

25 . 00 

- 0 = 

;': 

Absorbance 

. l 7 4 

. 036 

. ooo 

36 . 2 
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Table XXII (Continued) 

Split Ratio #2 (30 minutes ) 

~': 
:.': 

Cell Volume ( V 1l Aliquot ( V 2l Dilution 

Sample 12 . 00 

Reference 32 . 0 0 

Backup 32 . 00 

1.00 

10 . 00 

12 . 00 

. 38 x12 . oo x50 _00 

1 . 1x10
4 x1.oo 

50 . 00 

25 . 00 

25 . 00 

Absorbance 

. 38 

. 08 

. oo 

Split Ratio #2 = 
- 0 = 35 . 8 

. 08 X32 . 00X 25 . 00 

1.1 X 10
4 X 10 . 00 

Split Ratio #3 ( 30 minutes ) 

·}: 
:.': 

Cell Volume ( V 1l Aliquot ( V 2 l Dilution Absorbance 

Sample 12 . 00 

Reference 32.00 

Backup 32.00 

Split Ratio #3 = 

1.00 

10 . 00 

12 . 00 

. 385 X 12 . 00 X 50 . 00 

4 
1.1Xl0 Xl.00 

. 08 X 32 . 00 X 25.00 

1.1 X 10
4 X 10 . 00 

Average Split Ratio= 36 . 00 

Volumes in ml 

50 . 00 

25.00 

25 . 00 

- 0 = 36 . l 

. 385 

. 08 

. oo 
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Table XXIII 

Determination of Light Quantity by Split Ratio 

( Run l ) 3 0 . 0 () hou:rs 

X A ) 
Backup 

A 
Reference = . 60 

A = . 42 
Backup 

V = 32 . 00 
l 

V
1 

= 32 . 00 

v
3 

= 50 . 00 

v
3 

= 50 . 00 

;':Ei nsteins = 
. 032 X . 050 

1.25x1.1x10
4 

. 60 X 

. 001 36 . 00 -
. 42 
. 002 

= 

= 

1.17 X 10 -
7 

X 2 . 1 4 X 10
4 

2 . 50 x 10-
3 einsteins 

(Run 2) 30 . 00 hou:rs 

A = . 58 V = 32 . 00 v2 = 1.00 

Reference l 

A = .41 Vl = 32 . 00 v2 = 2 . 00 

Backup 

;':Einsteins 
. 032 X . 050 . 58 

= 
--X 36 . 00 

1.1 X 10
4 . 001 

1.25 X 

= 1.17 X 10 - 7 
X 2 . 07 X 10

4 

= 2 .4 X 10 - 3 einsteins 

.,. 

v3 = 50 . 00 

v3 = 50 . 00 

. 41 
-

. 002 

"within a r un V 
1 

and V 
3 

are always equal and may be fac tared 

Because concentrations are in moles/liter the volumes v
1
,v, 

must be converted to liters . 
2 

out. 
and v

3 
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The second method for d e termination of li g ht quantity 

u s in g ferrioxalate actinometry i s th e direc t irradi a tion 

me th od . Th e quartz r ef l ec tor wa s r e mov e d . This me thod r e -

quires careful determination of the irradiation tim e . Th e 

int e n s ity , whi c h ha s b ee n prev iou s l y defined , was meas ur ed 

b efore a nd af t er eac h determination . S inc e these int e n s i-

ties were constant , the quantity of light impin gi n g o n the 

p h otolysis sa mpl e wa s ca lculat ed to be th e prod u ct of th e 

int e n s ity and th e irr a diati o n time (in seco nd s ) l ess th e 

light n o t absorbed ( whi c h i s meas ur ed accurately by th e 

backup cell ). 

Th e int e n s iti es were ca l c ul a t ed by measurin g the ab

so rbanc e of th e sa mpl e and ba ck up cells for an irrad i at ion 

period of exac tly 30 minut es ( 1800 seco nd s ). Th e int e n s i

ti es we r e ca l c ul ated for the equa ti on and fol l o win g exper i

me ntal data . 

Run #1 

._': -;': ·}: 

AR = . 39 Vl = . 012 v 2 = . 5 0 v 3 = . 050 

-;': ._': .,,,: 

AB = . 0 Vl = . 032 v 2 = . 012 v 3 = . 025 

E = 1 . 1 X 10
4 t = 1 8 00 sec <P = l. 2 5 

Int e n s ity = 
. 39 X . 012 X . 050 

= 9. 4 5 x 10 - 9 e in steins / sec . 

Volum e in ml 
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Run #2 

:,': 
:,': :,': 

AR = . 391 Vl = . 012 v2 = . 001 v3 = . 050 

:,': 
~': .,,': 

AB = 0 Vl = . 032 v2 = .012 v3 = . 025 

. 391 X . 012 X . 050 

Intensity = 
10 - 9 

10 4 X 10
3 = 9 .4 8 X 

1 . 1 X 1. 25 X . 001 X 1.8 X 

Run #3 

:,': 
:,': ..,,: 

AR = . 388 Vl = . 012 v2 = .001 v3 . 050 = 

..,,: 
.,,,: -:,': 

AB = 0 v2 = . 032 v2 = .012 v3 . 025 = 

. 388 X . 012 X . 050 

Intensity = 
= 9 . 41 X 10 - 9 

1 . 1 X 10 4 X l. 2 5 X . 001 X 1.8 X 10
3 

Average Intensity = 9 . 44 x 10-
9 

einsteins/sec . 

The number of moles of product in a photochemical re

action or the numerator of the quantum yi ld equalion could 

be determined by glpc with an internal hydrocarbon standard 

such as eicosane or hexadecane . This method served the 

double purpose of monitoring starting material disappear

ance or percentage conversion, as well as product formation . 

In order to measure the amounl of product formalion , an 

authentic sample of product must be isolated for <l termi

nation of a response factor with the selected hydrocarbon. 

Volume in ml 
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Th e rn oJec; of' p-r oduct formatio n is def in ed a s : 

Mol es Produ c t = Response Factor x Mol es Standard x Ar ea Pr o duct 
Area Stan d ard 

An alt ernat e me thod for th e d e t e rmin a tion of product 

formation, high press ur e liquid c hrom a to g r ap hy with UV d e 

t ec tor, can b e u se d wh e n the prod u c t ha s a phenyl moi ety , 

i . e . UV absorption at 25 4 nm . An al i quot o f p h o t o lyt e i s 

mi xed with an a liquot of a s tandard so luti o n of an ex t e rnal 

aro mat i c s tandard, s uch as b e nzamid e . As before , th r e -

spo ns e factor of the product a nd the s t a ndard mu s t b e d e t er -

min ed as s hown in th e previous eq uati o n . (Liquid c hr o ma -

tography on a silica ge l colu mn offers th e a dv a ntages of 

separat i o n of any co mpone nt s whi c h can b e separat e d by 

s ilica ge l TL C , a n d sepa r at i o n of thermal l y un s tabl e co m-

ponen t s . ) Th e difficultie s e n co unt ere d are : selec ti o n of 

a solve nt sys t e m, selection of a f l o w rate , a nd maint a inin g 

contr o l of th e in s trum e nt long e nough to c ur e th e co lumn 

with th e s olve nt (1 day pr ior to a n y quantitative work ) 
~': 

Thi s me thod, b eca u se of poss ibl e int e rfere n ce of a n aro

mati c standard, ca nnot quantitative ly meas ur e s t art in g ma-

terial co nve rsion s trai gh t a way. ( The proble m may b c ir c um -

vented by mi x in g an al i q u ot of th e soluti on b efo r e photo

ly s i s with an a liquot of th e s tandard so lution a nd co mpar-

in g the area ratios befor e p h oto l ys i s with tho se fter ) . 

·/: 
On e add ition a l p r oble m may ar i se i f wa t er fro m r e v e r se 

p ha se liquid chro matography co mes in co nta c t with t h e 

s i l i ca ge l col umn. Th e col umn b eco mes deactivated n d i s 

only r eac tivat ed by s low e lution with increasingly n o n po l ar 

so lve nt s ystem s . 
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The ring expansion products could not be separated 

from alkyl phthalimides by glpc . A compromise was effected 

where starting material conversion was determined by glpc, 

and product formation was determined by liquid chromatogra-

phy . Th e overall effic i ency of ring expans ion was deter-

mined by a combination of the two methods where moles of 

product formed were co mpared to moles of starting material 

decomposed . The ring expansion products ~ , 2:.] , ~9 , 4J , 

and 41 were isolated by the methods stated on pages 337 to 

rv 

3 5 5 . Th e response factors for the ring expansion products 

as determined on a s ili ca gel column with a 12% ethyl ace

tate a n d BB% methylene chloride solvent system are shown in 

Table XXIV. (Samples of the products were purified until 

only one peak was present.) 

in the table . 

The flow rates are also shown 
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Table XX I V 

Response Fact or s of Ri ng Expan s i on Produc t s 

Flow Rat e Mol es Mol es 
Compound ( drops / sec ) Standa rd Compound St andard Ra t i o 

3 , 4 -ben zo -6 , 7 - 20/70 benzamide 5 . 3gx10-5 1. 22 x10 - 4 
. 44 

dihydro - 6 -

me thyl ( lH ) 

azep ine - 2 , 5 -

dione 36 

3 , 4 -benzo - 6 , 7- 20/40 ben zamide L,. 48Xl0 - 5 1.llXl0 - 4 . 40 

dihydro - 6 , 6 -

d ime t hyl ( lH ) 

a zepine - 2 , 5 -

dion e 39 
rv 

3 , 4 -ben zo - 6 , 7 - 20/4 0 benzamide 8 . 85Xl0-5 l.llf Xl 0 - 4 
. 78 

dihydro (lH ) 

a zepine - 2 , 5 -

d i one 37 

3 , 4 -be nzo - 6 , 7 - 20/ 50 ben zamide 4 . 72x10 - 5 
8 . 26Xl0 - 5 

. 57 

d ihydro -7 , 7 - d i -

me thyl( l H)a ze -

p ine - 2 , 5 -dion e 
41 
rv 

3 , 4-benzo-6 , 7-di- 20/70 m-methoxy - 5 . 39x10 - 5 
8 . 61Xl0-5 

. 63 

hydr o -7-me thyl ben zamide 

( lH )a zep ine - 2 , 5-

dione 40 
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Table XXIV ( Continued ) 
Molar 

Area Area Response 

Compound Compound St andard Ratio Avg . Fact or 

3 , 4-benzo - 6 , 7- 236 93 2 . 54 

dihydro - 6 -me thyl 269 107 2 . 52 2 . 53 .17 5 

( l H) a zep ine - 2 , 5 -
164 65 2 . 52 

dione 36 

3 , 4 -ben zo - 6 , 7 - 460 26 0 l. 77 

dihydr o - 6-6 - d i - 40 8 22 0 1. 85 1. 81 . 223 

me t hyl(lH) aze -
562 311 l. 81 

pine - 2 , 5 - di one 
39 

3 ,4-benzo - 6 ,7-di- 501 14 3 3 . 50 

hydro (lH)azep i ne - 960 277 3 . 47 3 .47 . 22 4 

2 , 5 - d i on e 37 
986 286 3 . 45 

3 ,4-ben zo - 6 ,7 -di- 47 8 105 4. 55 

bydro -7, 7-di- 569 125 4 . 55 

me thyl(lH) a ze - 114 4 . 58 
568 

p ine - 2 , 5 - d i one 
4. 56 .125 

377 82 4. 60 

1il 
401 88 4 . 56 

678 149 4. 55 

3 ,4 - ben zo - 6 , 7- 228 1 35 1. 69 

dihydro - 7- 265 152 l. 74 

methyl( lH )aze - 79 1.72 1. 72 . 363 
136 

pine - 2 , 5 -dione 

40 181 109 1. 67 

106 60 1.77 
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Quant u m Yields by Cyclopentanone Actino metry I 

A 25 ml solution of . 1608 g N-ethylphthalimide and 

0 . 0420 g hexadecane in sodium - dried tert-butanol was divid

ed into three 4 ml portions , which were introduced by sy-

ringe to the freeze-pump-thaw photolysis vessels . After L1 

freeze-pump-thaw cycles , two of the samples were irradiated 

for 12 hours with the cyclopentanone samples . 

The tubes were opened , and al ml aliquot was taken 

from each. The aliquots were allowed to alr evaporate as 

far as possible in vials . An aliquot of . 9 ml . 0502 g/100 

ml benzamide in methylene chloride was added . The follow-

ing results were obtained on the silica gel column using 

12% ethyl acetate and 88% methylene chloride at 20 drops/ 

40 sec . flow rate . 

Tube Area Product Area Standard Ratio 

l 178 
240 . 742 

. 765 

201 
255 . 789 

2 145 
188 . 771 

.763 

167 
221 .75G 

Moles Standard Moles Prod./ml Total Moles Product 

-6 
-7 2 . 56 X 10 -G 

l 3.73 X 10 
6 . 39 X 10 

-6 
-7 2 . 52 x 10 -G 

2 3 . 7 3 X 10 6 . 32 X 10 

0 

With the light quantity for 12 hours in Sou~ce B (2537A ) 

being 9 . 35 x 10-4 einsteins, the quani.um yield for N-cthyl-

phthalimide is 0 . 0026. 
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Quantum Yi e ld s by Cyclopentanone Ac tinom e try II 

Th e following solut i ons were prepared : 

Solution 

N- alkyl
phthalimide 

or Imid e Phthalimid e ( g ) 
Sta nd a rd ( g ) 

(Ei cosan e ) 

l n-propyl . 1600 . 0 399 

2 e thyl . 1608 . 0 4 0 8 

3 i so butyl . 1600 . 040 2 

4 isopropyl . 1598 . 0L~00 

5 tert - butyl . 1603 . 0405 

6 N, N-dib e nzoyl- . 2 4 22 . 0408 
i sob utylamin e 

Th e so lution s we r e th e n dilut e d to 25 ml with so dium-

dri e d tert-butanol . Two 4 ml sa mpl es of eac h so lution were 

introduced t o th e freeze-pump-thaw pho toly s i s vessels . 

Aft er four fr eeze -pump-thaw cyc l es the tub es were sea l ed , 

eq ually spaced in th e merry- go -round apparat u s , a nd irradi-
o 

ated for exac tly 12 hour s with So ur ce B ( 2537A ) light . 

Th e tub es we r e opened a nd two l ml al iquots of each 

were imm edia t e ly removed for product a n a l ysis . Th al iqu ots 

were air e v apora t e d as mu ch as possible before the al iqu ot 

of s t a nd ard was added . 

Sa mpl es of th e photolyte a nd unirr ad iat ed sol uti o n s 

were co mpa r ed to d ete rm i n e percentage s t ar tin g ma t eria l 

co nversio n . The results a lon g with glpc Column D conditi o n s 

are sho wn in Tab les XXV and XXVI . 
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The number of moles of standard in solution for each 

product analysis is described by the following equation : 

moles standard= 
V X C 

m 

where v = volume of aliquot, c = concentration of solution 

(in the same units as the volume ) , and m = molecular weight . 

The moles of standard for each photolysis tube are calcu-

lated below . Benzamide , which was recrystallized from hex-

ane , was the standard for all products except 40 . 
rv 

m-mr-Lh-

oxybenzamide, which was shown to be pure by le , NMR, and 

melting point was used as a standard for the i ~ opropyl _ 

phthalimide quantum yield determination. 

Solution 1 : v = l ml c = 0.0524 g/50 ml m = 121 g/mole 

moles benzamide = 
lX 0 . 0524/50 

121 
= 8 . 6 X 10-5 

Solution 2: v = 0 . 9 ml c = 0 . 0502 g/100 ml m = 121 g/mole 

moles benzamide 
= 0 . 9X 0.0502/100 = 

121 
3.7 X 10-6 

Solution 3 : v = o . 9 ml c = 0 . 0502 g/100 ml m = 121 g/mole 

moles benzamide = 
0 . 9 X . 0502/100 

121 
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Solution 4 : v = 1 ml c = 0 . 1009 g/ 100 ml m = 151 g/ mol e 

mo l es of me thoxybe n za mi de = 
1 X 0 . 1009/100 

151 

Solution 5 : Du e to the large a mount of product formation , 

two aliquots we r e a dd e d . 

v = 0 . 9 ml c = 0 . 0 502 g/ 100 ml and v = 1 ml 

c = 0 . 052 4 g / 50 ml m = 1 21 g /m o l e 

mol es of bcnzamide = 
0 . 9x 0 . 050 2/ 100 + 1 x 0 . 05 2 4/ 5 0 

121 

= 

= 

= 

-4 3 4 . 52x l0 + l.048 Xl0-
121 

l.50xl0- 3 

121 

-5 
l . 23Xl0 

Th e a r ea ratio is th e n th e only unkn o wn t rm in the 

eq uation : 

mole s prod u c t = mo l es s t a ndard x mol ar r espo n se factor 

x area ratio 

Thi s quantity i s th e mol es of prod u ct in th 1 ml liquot . 

Th e total moles of prod uct produced mu s t be 4 times the 

quantity from the equ at i o n . The relative areas , flo w r t es , 

moles product/ml , a nd tot a l mo l es of product for eac h photo 

lysis tube are shown in Table XX VI I . 

Th e quantity of light u s d for the 12 hour irradiation 

-4 
was 9 . 35 x 10 ein ste in s . Th e reaso n th i s light quanlit y 
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co uld b e u sed wa s a comparison of the quantum y i e ld for 

N- e thylphthalimid e in thi s exper im e nt and in th e pre viou s 

expe riment . Th e mole s of product prod u ced , as we ll as 

s tartin g ma t er ial conv e rt e d , co in c id ed for th e sa me irrad i-

at ion tim e . Th e quantum yields are s hown in Tabl e VII , 

wh ere tert-butyl has th e highest quantum yield . 

Efficiency of th e r eac tion is defined to be the rat i o 

of mol es of product produced to mol es of start in g ma t er i a l 

decomposed . Th e results are s h o wn in Tabl e VIII with th 

t er t-butyl be in g th e mos t efficient a nd the i so butyl the 

l eas t . 

Table XXV 

Percent Co nvers ion of N-al kylp hthali mid es 

in Quantu m Yield De termin a tion 

( 0 Hour s ) 

Column Area 

Sol uti o n Temperature Phthalimide Sta nd ard Rat io Avg . 

l 131 53 2 . 47 

l 14 3 59 2 . 4 3 

190° 
2 . Lf 4 

l 595 2 Lf 5 2 . 4 3 

l 618 25 4 2 . 43 

2 569 2 4 5 2 . 32 

2 60 4 2 6 1+ 2 . 29 

170° 2 . 30 
2 561 2 4 2 2 . 32 

2 690 302 2 . 28 
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Table XXV (Continued) 

Column Area 

Solution Temperature Phthalimide Standard Ratio Avg . 

3 
689 204 2 . 65 

3 
363 132 2 . 75 

170° 
2 . 72 

3 
263 95 2.77 

3 
283 105 2 . 70 

4 
297 120 2 . 48 

4 
296 118 2.51 

170° 
2 . 50 

4 
726 290 2 . 50 

4 
755 300 2 . 52 

5 
330 124 2 . 66 

5 
310 114 2.72 

170° 
2 . 68 

5 
320 119 2 . 69 

5 
360 136 2 . 65 

6 
611 227 2 . 69 

6 (Column H) 533 196 2 . 72 

252° 
2 . 68 

6 
315 117 2 . 69 

6 
311 119 2.64 
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Table XXVI 

Percent Starting Material Conversion in -
Quantum Yield Determination (12 Hrs . Irradiation ) 

Solu- Area Area % 

ti on Tube Phthalimide Standard Ratio Avg . Conversion 

l A 182 86 2,11} 
l A 215 102 2 . 11 

2 . 09 14.7 

l B 237 115 2 . 06 

2 A 508 243 2 . 09 

2 A 356 169 2 . 11 
2 . 10 8 . 9 

2 B 634 302 2 . 10 

2 B 645 307 2 . 10 

3 A 458 213 2 . 15 

3 A 398 186 2 . 14 
2 . 15 21.l 

3 B 396 183 2 . 16 

3 B 4 31 203 2 . 13 

4 A 219 97 2' 26 l 
4 A 245 108 2 . 27 

r .26 9 . 6 

4 B 313 139 2 . 25 

4 B 290 128 2.27 

5 A 287 140 2.05 

5 A 523 257 2 . 04 
2 . 04 23.9 

5 B 508 252 2 . 02 

5 B 489 239 2 . 05 
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Table XXVI ( Continued ) 

Sol u- Area Area % 
t i on Tube Phthalimide Standard Ratio Avg . Co nv e r s ion 

6 A 307 116 2 . 65 

6 A 310 115 2 . 70 
2 . 68 ( 0 . 2 ) 

6 B 315 117 2 . 69 

6 B 311 117 2 . 67 

Table XXVII 

Moles of Rin g Expansion Product 

in Quantum Yield by Cyclopentano n e Actinometry II 

Area Area Total 

Flow Rate Pro- Stan -
Moles Moles 

Solu -
tion Tube ( drops/sec ) duct dard Ratio Avg . xio-7 /ml X 10-6 

l A 128 ll5 1.11} 
l A 126 lll 1.15 

20/70 l.ll 16 . 7 6 . 68 

l B 175 159 1.10 

2 A 174 132 . 76 

2 A 200 154 . 77 

20/40 . 76 6 . 3 2 . 5 

2 B 92 70 . 76 

2 B 165 125 . 76 

3 A 28 7 121 2 . 37 

3 A 338 143 2 . 36 
20/40 2 . 35 l 9 . 5 7 . 8 

3 B 389 166 2 . 34 

3 B 409 175 2 . 34 
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Table XXVII 

( Continued ) 

Mo l es Moles Total 

Solu- Flow Rate Pro- Stan-
Mo l es Moles 

tion Tube (drops / sec ) duct dard Ratio Avg . x10 - 7m1 x10 - 6 

4 A 144 186 . 77 

4 A 147 189 . 78 

4 A 152 198 . 77 

20/50 . 77 18 . 4 7.38 

4 B 113 144 . 78 

4 B 104 141 . 79 

4 B 203 271 . 75 

5 A 520 138 3 . 77 

5 A 397 106 3 . 75 

5 B 
20/70 266 71 3 . 75 

3 . 75 5 7 . 7 23 . l 

5 B 379 101 3 . 75 
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Quantum Yield by Fe rrioxalat e Actino metry I 

A 25 ml s olut i on wa s prepared with 0 . 0 4 11 g c i cosa n e , 

. 1603 g tert-b u tylphthali mi d e , a nd so dium-dri e d tert-butanol . 

A 9 ml sa mpl e in th e freeze - p ump - thaw photoly s i s v esse l 

( F i gur e 9 ) was carried throu g h f ive fr ee z e - p um p -tha w cyc l es . 

l 

2 

1 . " 0 -rin g " j o jnt 

2 . stopcoc k 

3 . photoly s i s ce ll 

4 . q u artz wind o w 

5 . magn e ti c s tirr e r 

6 . freeze-p um p -th a w vessel 

( as s h o wn during degass in g , 

wh e n perpendic ul ar pho t o lyt e 

drain s int o p hotoly s i s ce ll ) 

Figure 9 . Freez e-Pump-Tha w-Vessel for Qua ntum Yie ld 
Determination 

The v esse l in Fi g ur e 9 had a #9 Pyr e x " 0 r in g " joint with 

11 0 r i ng " rubber was h er and was d e t c h a bl e from th e " bl ack 

box " quartz irrad i a tion v esse l . ( Th e rcuc li o n mu s t b e 

per iodically checked to pr v e nt freez in g o f th e r eac tion 

mixtur e . ) Thi s appa r a tu s a l so my b e reused after cleanin g 

as the final sealin g i s with a s topcock rath er th a n d - s tru c -

tiv e sea lin g with a tor c h . ( Special care mu s t b tak e n 

wh e n opening or clos in g th e s t opcock to prev nt bre kin g 

th e va c uum .) As in th e d e t e rmination of li g ht qu ntity 

d urin g ir rad i at i o n , th e r eact i o n mi xt u re was ag it at d mag 

n etically . 
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Th e first photolysis wa s ca rri ed o ut for 30 hours with 

Source C li g ht at 254 nm . Two l ml aliquots were tak e n and 

concentrat e d as far as possible . Al ml aliquot of 0 . 0524 g/ 

50 ml (b e nzamid e in me thyl e n e chloride ) was added to relate 

-6 
th e area ratios to 8 . 6 x 10 mol es . Th e area re s ult s and 

mol es of prod u ct produced are g ive n b elo w. (On ce agai n th e 

quantity only r ep re se nt ed th e numb er of moles in th e l ml 

aliquot .) 

The so lve nt s y s t e m wa s o n ce aga in 12% e thyl ac e tate 

88% methylene chloride , but th e flow rate was 20 drops/ 4 5 

sec . 

Area 
Product 

287 

3 4 5 

394 

4 29 

Ar ea 
Standard 

121 

146 

17 4 

185 

Ratio 

2 . 37 

2 . 36 

2 . 2 7 

2 . 32 

Mol es /ml 

2 . 33 2 . s 1 x10- 5 

Total Mol es 
Produc e d 

2 . 2sx10 - 5 

Th e second run wa s a repeat of the first . A 9 ml al i-

quot of the so lution u sed in the f ir st run was taken throu g h 

fiv e fre e z e - pump-thaw cycles . Th e irradiatior was co nduct-

ed for 30 hours after determination of th e seco nd sp lit 

ratio , and two l ml aliq u ots were taken a nd evapo rat e d s l o w-

ly on a s t ea m b a th . One ml of the standard solution 

( 0 . 0524 g/50 ml ) wa s added to eac h al i q uot . Th e area r e -

~;u lt :; r111cl jJl'ocluc l fcn •111 .1l iun ,Jr'• ' : :hnw11 n11 tl1( • f'n l] n win p; f)AP, C' . 
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Area Area Total 

Product Standard Ratio 

Moles 

Avg. Mol es/ ml Produced 

5 4- 2 232 2 . 32 

l 84- 78 2 . 36 

214- 91 2 . 35 2 . 35 2 . s2x10-6 
2 . 7Xl0-S 

4-16 178 2 . 34 

402 171 2 . 36 

Both runs were made on the same sample c + • 
oncenLration, 

with the same wavelength light, and for the sa me irradia-

tion period . The product yields for each reaction differed 

only in the third place, which further verified the con

sistency of the two runs . The data on light quantity by 

split ratio gave the quantum yield for tert-butylphthali

mide as 0 . 0093 which was the right magnitude but differed 

from the quantum yield determined by cyclopentanone acti-

nomc'1ry lly d factor of 2.!J . 

The split ratios determined experimentally and those 

calculated by others in previous experiments also differed 

by a factor of 2.5. When the split ratios were determined 

no light reached the backup cell , and the light intensity 

-9 

was constant in the sample cell at 9 . 48 x 10 einstcins/ 

sec . By the direct irradiation method, Lhe cinsteins im-

pinging on the sample in 30 hours (108,000 sec .) was 

1 . 02 x 10-
3 einsteins . The quantum yields were then c lcu-

lated to be . 0222 and . 02223 or an average of 0.0223. This 

quantity is consistent with the quantum yield from cyclo-
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pentanone actinometry for the d composit i o n or N-tert-butyl-

phthalirnide . The co nsi stency showed cyclope nt ano n e actinom-

ctry to be a viable method for determin tion of qu ntum 

yields in N-alkylphthalimid es . 

Quantum Yi e ld by Ferrioxalate Actin melry II 

A 25 ml so lution wa s prep red with 0 . 1600 g tert-butyl

phthali rn id e , 0 . 0412 g eic sa n e , and odi um-dri ed tert-buta-

nol . A 9 ml portion of th e solutio n in the pholo ly s i s 

v esse l u sed in the previous ·xperi ment was l: kPll throu gh 

five freeze-pump-thaw cycles . The light intensity wa s 

c h ec k ed before a nd after eac h run aga in becau~e an w bulb 

was used . The sample wa s th n irradi ted ror 15 hour s 

with Source C light at 254 nm with n o quartz reflector, 

only a backup c 11 . The workup for prod u ct analysis was 

-6 
h e same (8 . 6Xl0 mol es of benzamid ) . 

Th e int e n s i ies were measur ,d without: Lile quartz r -

flector on the s mpl e and ba kup c lls for exc1c Lly 30 min -

utes . The intensity calcul ations wer•e d L rmined by th 

sample cell s in ce no light re ched th baf·kup (Ab k = 0 ) . a up 
-11 

(Onc e ag in <P = 1 . 25 at 25 4 nm and l = 1 .1 x iO 1/mol -cm .) 

Run 1 

A= 0 . 475 Vl = . 01 20 1 

Intensity= 
. 475 X . 0120 X . 0500 

4 -3 
1. 25 x 1. 1x10- Xl800 x 1. ox10 

= 
-8 

L . l xl0 

t = 1800 
S C 

in . /s c . 
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Run 2 

A= 0 . 476 V
1 

= 0 . 01 2 0 l 

t = 30 . 01 min. = 1 8 01 sec . 

Int e n s ity= 
0 . 476 X . 0120 X 0 . 0500 

e in . / sec . 

Th e inten s iti es we re con s i s t e nt , h e nce th e li g ht qu a ntity 

wa s onc e a gain the produ c t of th e int n s ity a nd th e irr a di-

ation tim e in sec ond s l ess th e li g ht not a b s orb e d . Th e a b-

s orba n ce of th e ba c ku p c e ll a t a diluti o n o f 1 2 t o 2 5 ml 

wa s 0 . 01 , th e r e f o r e that t erm was n eg li g ibl Th e li g ht 

qu a ntit y wa s th e n 54,000 sec . of 1 . 1 x 10-
8 

e in s t e in s / sec . 

-4 . . 
o r 5 . 94 x 10 e in s t ei n s . 

As p r e viou s ly s t a t e d , th e p r od u c t a n a l ys i s was ca rri e d 

out a s in p r e viou s a n a ly ses . Th e r es ult s ar e s h o wn in th e 

followin g t a bl e : 

Tota l 

Ar ea Ar a Mo l es 

Produ c t Standard Ra tio Av g . Mol es /ml Produ ce d 

5 1+ 39 l. 39 

47 33 l. 39 
1 . s 1 x10-6 l . 36X lO- S l. 40 

11 2 8 0 l. 3 9 

109 76 l. 4 3 

Th e qu a ntum y i e ld f o r t e rt-bu ty l ph th a limid was c l c u -

l a t e d t o b e 0 . 0 222 9 f r o m t h e a b o v e d a t a . Th s r es ul t s a r e 



386 

consisten t with the previous ferr i oxalate q t • uan u m yield 

deter mination and also the cyclopentanone at · c inometry de-

termination . A second run of ferrioxalate ( II ) ld cou not 

verify the first beca u se the sample froze during irradiaLion . 

The quantum yields , although lo w, were consistent , and cer

tain reactions were quite efficient . 

Photolysis of Active N-2 - methylbutylphthalimide I 

A solution of 0 .4 805 g N-2-methylbutylphthalimide and 

0 . 1203 g hexadecane in 130 ml sodium-dried tert-butanol in 

a quartz tube was purged with nitrogen for an hour and 

irradiated in a Type B photolysis for 21 hours . Glpc 

( Column F , 190° ) analysis of a zero hour and an irradiated 

sample showed 11-12% starting material conversion . 

The solve n t was dist i lled at atmospheric pressure , and 

the residue was then passed on Column Q at 175-185° , and 

unreacted starting material was recovered . ( Unirradiated 

starting material was also purified under similar condi-

tions ). Solutions were prepared with 0 . 1209 g unirradiated 

and 0 . 1102 g irradiated starting material each in 5 ml 

pure ethanol . Comparison of the rotation of the unirradi-

ated with that of the phthalimide recovered after 21 hours ' 

. . . ( [ ] 25 

irradiation showed little loss of optical act1v1ty _a 370 

25 

= +8 . 680 at 0 hours and [ a ] 370 = +8 . 640 at 21 hours ). 
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Photolysis of Active N-2 - methylbutylphthalimide II 

A solution of 1 . 49 39 g op ti ca l ly active N- 2 -m ethyl

butylphthalimide a nd 0 . 4 29 1 g h exadecane in 100 ml sod ium

dried tert-butanol was d i vided in to 5-m l aliq u ots i n q u artz 

tub es . A zero hour sa mple was reta in ed , a n d 1 2 t u bes were 

fitted with rubber septa covered with al uminum foil. Each 

tube wa s p u rged with nitr ogen for 10 minu tes . The tubes 

were eve nly space d in the merry-go - ro und apparat u s a nd 

irr a di a t ed with So urce Blight . 

Two tub es , eq ually spaced , were re moved at 10, 15, 20 , 

25 , and 31 h ours . Starti n g material co nv ersio n was mo ni-

t ored by glpc on Col umn F , and the re s ults are s hown in 

Table XXVII I. ORD studies s how ed co n centric l in es , that 

diverged at low wavelength s . Due to the s mall differences 

in starting material conversion absolute rotations co uld 

not b e determin ed . 

For eac h time tube s were removed fro m th apparatus , 

two l ml al iqu ots of the r eac tion mixtur e were placed in 

labeled vials a nd evaporated to dryn ess . A sta nd rd sol u-

tion of l ml of 0 . 0524 g/50 ml 
-6 

( 8. 66 x 10 moles/ml ) re-

crystallized be n za mid e in met hyl e ne c hlorid e was cidded to 

each . Le analy s i s of the major prod u ct wa s co ndu cte d for 

A cha n ge in c ur ve shape wo u ld be exp cte d with r spect to 
tim e if either optically active 3 ,4 -benzo-6 , 7-dihydro-6-
e thyl-6-methyl(lH ) azep i ne-2 , 5-dione or 3 ,4-benzo-6 , 7-dihy
dro-6 -m e th yl (lH) azepine-2 , 5-dione we r e produced-meaning 
prod u cts are inactive . 
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the v ario u s time s a mp l es ( flow rat e 2 0 drops/65-70 sec . , 

12 % e thyl acetate - 88% me thyl e n e chloride ) , a nd th e r e 

s u lt s a r e s hown in Table XXIX . 

Table XXVIII 

Perce nt Conversion of Optically Activ e 

N-2- me thyl b utyl p hth ul imid e 

Ar ea 
Tim e Start in g Area % Co n -

Sample ( Hr s . ) Mat e rial S t a nd ard Ratio Avg . v e r s ion 

A 0 233 105 2 . 22 

A 0 248 114 2 . 18 

A 0 268 1 22 2 . 20 
2 . 19 0 

A 0 26 0 119 2 . 18 

A 0 2 48 114 2 . 18 

A 0 262 119 2 . 20 

A 10 . 5 372 180 2 . 07 

A 10. 5 320 153 2 . 09 

A 10 . 5 280 134 2 .0 9 
2 .0 9 4 . 6 

B 10 . 5 25 7 1 22 2 . 10 

B 10.5 280 133 2 . 11 

B l O. 5 251 120 2 . 0 9 

A J. 5 269 J. 31 2 . 0 5 

A J. 5 23 4 11 l[ 2 .0 5 

B J.5 205 J. 0 0 2 . 05 2 . 05 6 .4 

B 15 206 101 2 . 0 4 

B 15 206 101 2 . 0 4 

B 15 236 l J. 5 2 . 05 
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Table XXVIII ( Continued ) 

Area 

Time Starting Area % Con-

Sample (Hr s . ) Material Standard Ratio Avg. version 

A 20 2 4 9 124 2 . 01 

A 20 228 113 2 .0 1 

A 20 226 11 1+ 1.98 
2.00 8 . 7 

B 20 203 102 1.99 

B 20 291 145 2.00 

B 20 287 143 2 . 00 

A 2 5 . 5 277 142 l. 9 5 

A 25.5 295 151 1.95 

B 25 . 5 182 94 l. 94 
1.95 11 

B 2 5. 5 223 115 l. 94 

B 2 5 . 5 225 115 1.96 

A 31 234 l 2lf l. 8 9 

A 31 248 132 l. 8 8 

A 31 219 117 1. 87 
l. 88 1 11. 2 

B 31 230 122 l. 8 9 

B 31 199 106 l. 8 8 

B 3] 225 121 J • 8 6 
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Table XXIX 

Product Yield from Photolysis of 

Optically Active N-2-methylbutylphthalimjde 

.,,,:.,,': 

Moles Tota l Moles 

Area Area Prod./ml Product 

Pro- Stan-
·l: (Xl0-6 ) ( xl0- 5 ) 

Sample duct <lard Ratio Avg. 

A 184 103 1. 79 

A 148 82 1. 80 
1 . 79 2.7 1. Lf 

A 166 92 1.80 

A 169 96 1.76 

B 121 44 2 . 75 

B 450 164 2 . 74 

B 248 89 2 . 79 2.75 q . 2 2 . L 

B 186 68 2 . 74 

B 232 85 2.73 

C 258 65 3 . 91 

C 166 43 3 . 86 
3 . 88 5 . 9 2.9 

C 167 43 3 . 88 

C 19LJ 50 3 . 88 

D 254 54 4 . 70 

D 247 57 4 . 75 
'+ . 71 7.l 3.6 

D 213 46 4 . 64 

D 217 46 4.64 

D 219 LJ6 4 . 76 

,':A= 10.5 hours ; B = 15 h:rr; . ; C = 20 h:r1; . ; ll = 25 . 'J houri;; 1: - 31 11:r:, . 

,•:,':Moles product/ml = response factor ( . L75) x area rc1l. io x rnol<':: O<'nz

ami.de ( 8 . 'l x 10 -
5 ) . 
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Table XXIX ( Cont inued ) 

.,,,,.,,,. 

Area Area 
Moles Total Moles 

Pro- Stan -
Prod . /ml Product 

Sampl e '': duct dard Ratio Avg . (x l0- 6 ) ( x1 0-5) 

E 171 30 5 . 70 

E 200 35 5 . 71 

E 194 34 5 . 71 5 . 73 8 .7 Lj. . 4 

E 197 35 5 . 63 

E 194 33 5 . 88 

,':A = 10 . 5 hours; B = 15 hr s .; C = 20 hr s .; D = 25 . 5 hour s ; 

E = 31 hrs . 

,'n':M oles product/ ml = response factor ( . 175) x area rcJLio x 
mole s benzamide c 8 . 7 x 10 -6 ). 
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Preparation of N,N-dibenzoylisobutylarnine 

In a 100 ml 1-neck round bottom flask fitted with re

flux condenser and magnetic stirrer , 27 g of N-i sobutyl

benzamide were liquified, and 40 ml of benzoyl chloride 

( excess ) were added slowly . The stirred mixture was slowly 

heated to 190-200°C for 17 hours . The excess unreacted 

benzoyl chloride was removed by vacuum distillation. NMR 

showed that the residue wa s 70% product by comparison of 

starting material triplet at 3 .4 6 to product doublet for 

the same N-C-H at 3 . 9 cS. 

Vacuum distillation of the residue yielded 13.9 g im-

pure imide at 155-160°/0 . 6 mm. The solid was recrystallized 

three times from hexane and dried under vacuum to yieJd 9 . 3g 

white plates , m. p . 95-97° . Purity can be determined by loss 

of the farthest downfield multiplet in the phe nyl region of 

the NMR which is simplified to one phenyl multiplet. Glpc 

on Column Hat 200° showed 99 . 59., purity. 

NMR : ( CDC1
3

) 0.9-1.15 cS ( d J=G, 5Hz, 611 , CH
3

), l.8-2.7 cS 

(m, lH, (CH) CH), 3 . 85- 4.0 5 cS(d ,J=7Hz, 2H , N-CII
2

-C'II), 

3 2 

7.0-7 . 7 cS(m, lOH, phenyl) . 

IR: (CC1
4

) 3070 , 30Lt0 , 2970, 2940, 2880 (C-11 stretch ), 

1695, 1665 ( C-0 stretch ), 1600, 1580, 1465, J!JSO, 143:i, 

1375, 1360, 1325, 1305, 1240, 1180, 1090, ]075, ]030, 

920 , 715, 695 (monosubstituted benzene), 
-1 

GGO cm . 

UV: (EtOH) Amax 249 ( £ = 12,000), 23<.J(E. = Jl,500), 

224(£ = 13,200), 219(£ = 13 , 600), 2l5(E = 1'3 , 200), incl 
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at 25 4 ( € = 1 1 , 500 ). 

Photolysis I of N, N-dibenzoylisobutylamine 

A solution of 1 . 5 g N , N-dibenzoylisobutylamine in 200 

ml sod iu m- dried tert-butano l was purged with nitrogen for 

a n hour in a quartz tube fitted with a wired-on septum and 

mag n etic stirrer. The solution was irradiated with Source 

Blight for 150 hours . Samples were taken with nitrogen 

purged needles at 12 , 48 , a n d 96 hours a n d analyzed by glpc 

on Column Hat 150° and 200°. No product format i on or start-

i ng mater i al disappearance was observed. TLC showed only 

one spot under conditions where a ketoamide would separate 

from starting material. 

Photolysis II of N, N-dibenzoylisobutylamine 

The solution of 2 . 5 g N,N-dibenzoylisobutyla mi n e and 

ge n for l 1/2 hours . A Type A photolysis was co nducled for 

92 ho u rs with the Hanovia lamp . On samples lakcn during 

the course of the reaction , gJpc showed Lwo trace products 

and one minor product on Column Hat 150° and 200° . Co in -

jection showed the major product to be N-isobutylhenzamide. 

The Rf of the product also matched that of isobutylhenznmlde 

using TLC with 20% ethyl acetate and 80% methylene cillorlcle . 
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The solvent was evaporated to five ml. Passage of th e 

so lid and liquid on Co lumn Oat 190° gave a sol id wh ose NM R 

also matched isobutylb e n za mid e . 

Que n chi n g Exp e riment o n N-t e rt-butylphthaJimide 

Th e followin g so lution s we r e prepared: 

Sample l Sa mpl e 2 Sa mpl e 3 

t ert -butylphthalimide 
0.Lf380 g 0.4394 g 0.433 5 g 

-0 . 2380 -0.2386 -0. 233 0 

0.2000 g 0 . 2 008 g 0.2005 8 

Eico sa n e 0. 288 4 g 0 . 2889 g 0 . 2829 g 

-0.2382 -0 . 238 4 -0. 2333 

0.0502 g 0.0505 g 0 . 0496 g 

-.': 

Cis - 1 , 3-pentadie n e 23 . 7531 g 23 . 2594 g 

-23 . 5830 -21.5595 

0 . 170] g J.599 9 8 

All three sol ution s we r e diluted to 25 mJ with dry tert-

butyl alcohol ( sodi um-di s till ed ) . Four ml of edc h Si'i mpl e 

were pipetted into quartz tubes whi ch were then rilled with 

rubber septa . 

dry nitroge n. 

Each sa mp l e wa s degassed 90 secon d s with 

The samples were placed in a merry-go- r o und 

apparatus and irradiat ed for 9 hours with 10 Gencr<l1 Cloc

tric 15 watt Gl5T8 germi c id al ]amps ( 90% of the I jglll < 750 

0 

nm i s 25 4 nm or 2537A ). 

fr es hly distilled 

Zero-hour sc1mp l es of ear:h soJ uti o n 
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were compared with the irradiat ed sa mples by glpc o n Col

umn Fat 170° at attenuation 16 x 10-
11

. Th e re s ult s are 

s hown in Table XXX . 

Perce nta ge Di s appearance of Start i~ g Mater i als 

Sa mpl e 1 : 100 
2 . 54 100 = 1 2 . 7% - X 
2 . 91 

Sa mple 2 ; 100 - 2 .37 
X 100 = 13 . 6% 

2 . 74 

Sampl e 3 : 10 0 
2 . 41 

-
~ 

X 100 = 1 5 . 3% 

The di s appearance of s tarting mater i al was n ot appreciably 

s l o wed in a 0 . lM or a lM tri ple t qu e n cher s olution ov r a 

so lu tio n contai nin g n o q u e n c her . Thi s indi cates that th e 

photodeco mposit i on of t er t -b ut ylp hthali mid e do es n ot arise 

via t h e triplet s tate . 



396 

Table XXX 

Conversion of t er t -bu t y l p h t ho l i m i d c 

in Quenching Experiment 

Tim e Area Area 

Sample (hours) Standard Phthalirnide Ratio Avg. 

l 0 348 1007 2.89) 2 .91 

l 0 426 1250 2 . 9 3 

l 9 380 961 2.53 

l g 360 923 2 56J 
l 9 349 906 2.59 

2.5 4 

l 9 321 799 2 . Li 9 

2 0 442 1203 2.72 

2 0 505 1384 2.74 
2 . 7 Li 

2 0 430 1]81 2.75 

2 0 Li 2 8 1179 2 . 75 

2 9 428 1026 2. 40] 2.37 

2 9 452 1071 2 . 37 

2 9 470 1106 2 .35 

3 0 358 1034 2.88] 2 . 86 

3 0 397 1129 2 . 8 4 

3 9 407 978 2.00] 
2 . l/ l 

3 9 367 88 4 2 . 11 l 
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Quenching Experiment on N-i sobutylph thalimid e 

The following sol ution s were prepared: 

Sample l Sample 2 Sa mpl e 3 

Isobutylphthalimide 
0.4430 g 0.4423 g 0.4L>Lf 7 g 

-0. 2 4 2Lf -0.2421 -0.2445 

0.2003 g 0 . 2002 g 0.2002 r, 

Eicosane 0 . 2928 g 0.2935 g 0.2963 g 

0 . 2428 0.2Lf30 0. 2 '-f 5 3 

0.0500 g 0.0505 g 0.0510 g 

-.,': 

Cis-1 , 3-pentadiene 24 . 2697 g 25 . 7080 g 

-24 . 0716 -23.9778 

0.1981 g l.7302 g 

All three solutions were diluted to 25 ml with dry tert-

butyl alcohol (distilled from sodium ). Pour ml of each 

sa mpl e were pipetted into quartz tubes, which were then 

fitted with rubber septa . Each sample was degassed for 90 

seconds with dry nitrogen. The septa were covered with 

aluminum foil , equally spaced in the merry-go-round a11para

tus, and irradiated for 9 hours with 10 General ~Jeclric 

15 watt Gl5T8 germicidal lamps . Zora-hour sc1mpler; of each 

solution were compared with irradiaL d samples of oach solu

tion by glpc on Column F a't 190° at atlenuat.ion 16 x 10- 11 . 

Tubes were numbered as in the previous exp rimenL . 

sults are shown in Table XXXI . 

·): 

freshly distilled 
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The relative rates of disappearance were calc ul ated 

as before : 

No Qu e n c h er : 100 - 2 • 32 
X 100 = 13 . 8% 2.69 

0.lM Quencher : 100 -
2

· 18 x 100 = 17 . 8% 
2 . 65 

1 . 0M Quencher : 100 -
1

•
80 

X 100 = 34 . 1 % 
2 . 7 3 

Th e rate of disappearance was n ot decreased by quencher but 

rather accelerated , and the rate of accelerat i o n was in-

creased by incr ased amounts of quencher . Th er was the 

possibility of exper im e nt a l error s inc e o nJ y o n e tube of 

each sol uti on was irradiated . The exper im entaJ r sults , 

however , indi cated that the c i s-1 , 3 - pe nt adi n participated 

e ith er directly or indirectly in th photodecomposit i on 

of N-i sob utylphth a limid e (t o a gr tr exte nt than in N

t ert -but y l p hth al imid e ) . 
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Tabl XXXI 

Conv rsion of i s o- bu i. y l p ll t lJ n 1. i mid<' 

l TI Quenching Experiment 

Time Area Area isobutyJ-

Sa mple (h o u rs ) Standard phthalimidc Ratio Avg. 

l 0 251 676 2.69} 
l 0 229 616 2 . 69 2 . 69 

l 0 206 55 4 2 . 69 

l 9 236 547 2 32} 
l 9 23 4 5 4 3 2.32 2.32 

l 9 232 537 2 . 31 

2 0 2 Lf 5 650 2.65} 
2 0 240 639 2 . 66 2 . 65 

2 0 23 4 616 2 . 63 

2 9 256 558 2.18} 
2 9 252 557 2 . 21 2.18 

2 9 27 4 590 2 .1 5 

3 0 218 592 2 71} 
3 0 211 584 2 . 7 Lj 2 .7 3 

3 0 237 650 2 . 74 

3 9 232 415 J.79} 
3 

g 240 428 l . 8 0 l . 8 0 

3 9 251 451 l . 8 l 
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Qu e n c hing Check o n N-isobutylphthalimid e 

Fo ur ml al iquot s of Sample l sol ution from the N-i so 

b utyl phthali mid e quenchin g experi me nt we r e pipetted into 

thre e quartz tube s and numb e r e d 7-1, 7- 2 , and 7-3. Four 

ml a liquot s of th e Sa mpl e 3 solution from th sa me expe ri-

me nt ( co ntainin g lM c i s -1,3-pentadi e n e ) we r e p ip tted int o 

thr ee quartz tub es and numb ered 8-1 , 8 -2, and 8-3. Zero 

hou r sa mpl es of eac h so lution we r e retained and numb ered 

7-0 and 8-0 . Th e s ix tub es were fitted with rubber septa 

and d egassed f or 90 seco nd s with dry nitroge n . r::ach sept um 

wa s co v ere d with aluminum fo il, and t h e tub es were e qually 

spaced in th e mer ry-go-round apparat u s . Th e tubes we r e 

th e n irradiat e d as in th e previous exper im e nt for nine 

0 

hour s ( 2537A li g ht). 

Th e z e ro hour sa mples were co mpa r d with th e irradiated 

sa mpl es by g l pc on Column Fat 190° at atte nu atio n 

Th e results a re s h o wn in Tabl e XXXII. 

Th e r e lativ e rat es of disappearance were ca l c ul a t e d 

a s before : 

( 7 ) : 
2 .4 5 

X l 00 13 .L~ % No Quencher 100 - = 2 . 83 

( 8 ) : 100 
l. 7 9 

X 100 32 .7 % Quencher - = 2 . 66 

Th ese perce nt ages reflec t ed a dramati increas in t h e 

r ate of pho t odecompo s iti o n of N-i sobutylp hthali mid with 
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lM quencher present ( v er ifying th e results of th e pre vi o u s 

e xperim e nt ). The reaction i s definitely not qu enc h ed by 

cis-1 , 3-pentadiene . 
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Table XXXII 

Conversion of N- isobutylphthalimide 

in Quenching Experiment II 

Sample Standard Starting Material Ratio ~ 

7-0 251 708 282) 2.83 

239 678 2 . 84 

8-0 255 577 2.66} 
249 660 2.65 2.66 

213 
568 2.67 

Irradiated Samples 

7-1 206 
509 2.47} 

227 
547 2.41 2.44 

193 
472 2.44 

7-2 208 
524 2. Lf 7 2.45 

7-3 217 
532 2.'15) 2. Lf 7 

183 
456 

2. Lf 9 

8-1 200 
363 

1.82 1.82 

8-2 238 
430 1. 81} 

l. 7 9 

249 
442 

1.77 

' l. 7 9 

8-3 258 
453 

1.76 

206 369 
l. 7 9 

l . 7 8 

206 360 
l. 7 5 

2 5 lf 460 
J • 81 
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Determination of Product Yields 

in Quenching Experiments 

The yields of ring expansion products for the quench

ing reactions of N-i sobutylphthalimide and N-terL-butyl-

phthalimide were determined by le. An aliquot of each 

photolyte was removed and evaporated to dryness, and a one-

ml aliquot of standard benzamide in methyJene chloride solu-

tion (0.1105 g/100 ml) was added . Analysis was conducted 

with a 12% et hyl acetate-BB% methylene chlor id e solvenl 

system at a flow rate of 20 drops/30 sec . 

The calculations were si mil ar to previous experimenls 

where moles product/ml= area ratio x response factor x 

mol es benzamide. In this case , moles benzamide = 

and the response factors for the two products were . 223 and 

.125 for the 6,6-dimethyl a nd the 7,7-dimethyl azepi.nedioncs 

respectively. The results of these cc1leulc1Lio1 1 !; , 1y,,, ,; hown 

in Table XXXIII. 

Several important observations can be made from these 

experiments . The rate of starting material disappearance 

increases with increasing quencher concenlration, bul the 

ring expansion prod u ct yield decreases. New procluc l peab; 

in the le are observed in photolysis solutions with qu·nr:h<'r . 
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Table XXXI II 

Product Yields for Qt.enching Experiments 

Quencher Area Area 
Area Total Moles 

Concen- Pro- Stan-
Prod/ml Produ c t 

Material tration duct dard Ratio Avg . ( XlQ-b) ( x10- 5 ) 
---

t-bu yl 0 282 53 5 . 32 

t-butyl 0 40 2 73 5.51 
5 . 3 6 . 0 2 . 4 

t-butyl 0 351 66 5 . 32 

t-butyl 0 421 83 5 . 07 

t-butyl 0 . lm 291 60 485} 
t-butyl O. lm 302 62 4.87 4 . 86 5 . 5 2 . 2 

t-butyl O. lrn 296 61 4. 85 

t-butyl l. Orn 239 92 2 . 601 

t-butyl l.Om 273 103 2 . 65 

r-63 3 . 0 l. 2 
t-butyl l. Orn 256 98 2 . 61 

t-butyl l. Orn 305 115 2 . 65 

i sobutyl 0 235 213 1.10 

i sobutyl 0 272 257 1.06 
1.06 2 . 2 . 87 

i sobutyl 0 153 llflf l. 06 

i sobutyl 0 176 169 1.04 

i sobutyl O. lm 69 86 . 80 . 79 1.6 . 6Lf 

i sobutyl 0 . lm 68 86 . 79 

i sobutyl O. lrn 71 92 . 77 

i sobutyl l. Orn 28 86 .33 } 
. 33 7 . 28 

i sobutyl l.Om Lf4 132 . 33 
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Photoly s i s of N-methylphthalimide in Ac e tonitrlle 

A sol uL.i on or: J g N-m c thyl p l1Ll1 a llmid e in ?30 ml :::; p cc 

trogr a d e acetonitrile wa s purged with nitrogen for an hour 

and irradiated in a Type A photolysis for 16 hour s with th e 

Han o via lam p . Analyti2al TLC of th e r eac tion mixture ( 30% 

e thyl acetate-70% methy l e n e c hloride ) s how ed no d e t ec tabl e 

product form ation. Th2 r eac tion mixtur e wa s vaporat e d to 

dry n ess und e r vacuum . 

in g mat er i al . 

NMR of th e r es idu e s how e d only s tart-

Ph otolysis of N-nethylphthalimid e in Te rt-butanol 

A sol uti o n of 1 g N-m e thylphthalimid e in 220 ml so dium

dri ed t rt-butanol was purged wi th nitrogen for an hour 

and irradi ated ln a TyJe A photoly s i s for 18 h o ur s with 

the Han o via lamp . Analytical TLC of th e reaction mixtur ~ 

( 2 0% e thyl acetate-BO% met hyl e n e c hl o rid e and 3 0 t e thyl 

ac e tat e -70 % me thyl e n e ~hloride ) s how ed no d etec tabl e pr o duct 

form tion, o nl y s t art.i 1g material . Th e r e a c tion mixtur e 

wa s e vap ora t ed t o dryness und er va c uum . 

again s how ed o nl y star: in g mater lal. 

NMR of th e residue 

Photoly s i s of N-m ethylJ hthalimid e and cis -1, 3-pent diene r 

A so lution of lg N-m e thylphthalimid e and 7 g fr s hly 

distill e d c i s -1, 3 - p ntad i ene in 23 0 ml spec trogradc ac to

nitril e wa s p u rged wi th nitro ge n for 15 minu es a nd irradi-
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ated in a Typ e A photolysis for 7 hours with a Corex f ilt er -

ed Hanovi a lamp . 
Anal ytical TL C of the r eact i o n mi xt u re 

( 20% e th yl ace tat e - BO% methylene c hl or id e ) s how ed p r od u ct 

formation Rf= 0 . 5 a nd 0.6 . 

The reac ti o n mi x tu re wa s evaporated to dryn ess und er 

va c uum. 
Th e residue was dissolved in a minimum a mo u nt of 

met h yle n e ch l or id e , a nd part i al p urifi catio n of th e prod u cts 

atta in e d by preparat iv e TLC ( 2 plate s 1000 mi cro n thicknes s , 

10% et h yl acetate-90% me th yle n e c hlori de ). 

was identified by NMR as s t ar tin g ma t er i a l. 

Th e top band 

The seco nd a nd thi rd band s Rf= 0.5 a n d 0.6 wer e in

separabl e even after repeated preparative TLC ( 5% ethyl 

ace tat e -9 5% methylene c hl or id e ) . 
Although the products 

were not charac t er iz ed , th e NMR of th e resid u e s how ed alkyl 

as well as vinylic s i g n als in addition to th e phe n yl and 

N- CH signals . 
3 

Photolysi s of N-m et h ylphthal imid e and cis -1, 3 - pentad i e n e II 

A sol ution of lg N- me th ylphtha limid e a nd fre s hly di s-

till e d c i s -1 , 3 - pe nt ad i e n e in 22 0 ml sod ium-dri ed tert-but-

anol wa s p ur ged with nitr oge n for 15 minut es and irradiat d 

in a Ty pe A p h oto lysis for 7 1/ 2 h o ur s with a Corex filter-

e d Han o vi a l a mp . 
on ce aga in analytical TLC s h o wed prod u ct 

formation , and NMR of the im p ur e products following prepara -

tiv e TL C s h o wed the vinylic a n d alkyl s i g nal s . 
These two 
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reactions co n clusively proved that the alkene react e d with 

the phthalimide . 

Photolysis of Isobutylene and Phthalimide 

A so lution of 0.7 g phthalimide in 210 ml spectrograde 

ac e tonitrll c was purged with nitr o g en for 1/2 hour in a n ice 

ba t h . 
I sob utylen e , 22 ml, were co nd e n sed into the reaction 

mi xture . 
A Type F photolysis wa s conducted for 5 1/ 2 hours 

with the Hanovia lamp. 
Silica gel TLC on 30% e thyl acetate-

70% methylene chloride showed only star ting mat er ial. Th e 

reaction mixtur e wa s then e vaporated to dryn ess , and NM R 

of the residue showed a s mall concentration of protons in 

the 1-2 o r eg ion . 

The resid u e wa s redissolved in a minimum amount of 

methanol and methyl e n e chloride and streaked on two 20 x 20 

cm 1000 micron thickne ss silica gel p lat es . The sol v e nt s 

were allowed to thoro u ghly dry . 
The plates were then e-

luted to excess with 20% ethyl acetate - BO% me thylen e ch lor

ide . Th e band betwe e n 0 . 4 and . 75 Rf was scraped . (Th e 

expected products , 3 ,4- benzo-6 , 7-dihydro-6,6-dimethyl(lH ) 

azepi n e-2 , 5-dione and 3 ,4- benzo-6 ,7 -dihydro-7,7-dimethyl 

(lH) azepine-2 , 5-dione, which were prepared ind ependently 

by irradiation of N-isobutylphthalimid e and N-L orL-b1ityl

µht!Jc1lim jd e r es p ec tively, would b e in thi f> rl'g:i o n on Ll1c plate s 

und er the e lution conditions ). 
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The scrap ing s we re wa s h ed with me thyl e n e chloride and 

met hanol . Wh e n the sol v e nt s were evaporat ed , NMR did not 

sho w th e large s in glet b etween l a nd 20 indi ca tiv e of the 

dim e thyl compounds and i sobutyl e n e p hoto- cycloaddit l o n 

A duplicat e sampl e wa s irradiat e d for 5 hour s. Produ ct for

mation wa s not s hown e ith er by NMR or s ili ca gel TLC . 

Photolysis of N-m e thylphthalimid e and Furan 

A so lution of lg N-methyl p hthalimid e and 6 g freshly 

di s till ed furan in 210 ml spectrograde acetonitril e wa s 

p urged with dry nitrog e n . A Typ e A photolysis wa s co ndu c t ed 

for 7 hour s with th e Hanovi a lamp . Co mp ar i so n of a O hour 

sample and an irradiat e d sampl e s how ed only s t art in g ma-

terial by TLC . Th e r eact ion mixtur e wa s evaporated to dry-

n ess and the r es idu e wa s rin sed several times with carbo n 

, 

t etrac hlorid e . NMR of the residue s h owed only star tin g 

mat e rial (ph e nyl to alkyl region 4: 3 ). 

Two duplicate sa mpl es were irradiated for 6 1/2 a n d 

5 h o ur s respectively. Th e r e was n o prod u ct formatio n in 

e ither wh e n t ested by NMR a nd TL C. (I t is p r ha ps signi 

fi cant that Koch found f u ran additions to his imino-ethers 

to b e reversible wh e n h ea t ed . ) Wh en a fourth sample was 

irradi ate d for 7 hour s , and the solve nt wa s allowed to 

evapora t e at room temperature, there was st ill no prod u ct 

formation . 
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Photoly s i s of N-2-propenylphthalimid e 

A so lution of lg N- 2-propenylphtha limid e in 210 ml 

spect ro grade ace t o nitril e wa s degassed for an hour with dry 

nitrogen . A Type A photo ly s i s wa s con du c t ed for 17 hour s 

with the Hanovia l a mp . Comparison of a O hour sa mpl e with 

a n irradiated s mple o n s ili ca ge l TLC with 10 % thyl ace-

tate-90% me thyl e n e c hlorid e and 30% e thyl acetate-70% 

methyle n e c hl or id e s how e d only s tartin g material. 

The reaction mixtur e wa s concentr a t ed to dryness , a nd 

the res i due wa s redissolved three times in ca rbon tetra-

ch l or i de whi c h was evapo rated und er va c uum . The NM R of th 

residue s how ed only un co nv er t ed s tartin g material . A d u pl i-

ca t e sa mpl of th e p h thal imi de wa s irr a di a t ed un der the 

same condit i o n s for 16 hour s with n o reaction detectable 

by NMR or TLC. 

Ph oto l ysis of N-m et hylphth a limid e a nd I so butyl e n e 

A so luti on of 1. 5 g N-m e th y l p hth al imid e and 210 ml 

spec tr og r a d e ace t o nitril e wa s purged with nitroge n for 1/ 2 

ho ur . Th e reac ti o n mixtur e wa s cooled in an i ce-sa lt-w a t ~r 

bath , and 14 ml isobutylene were co nd e n sed int o th 

nixtur e . A Typ F photolysis was co ndu c t e d for 2 . 75 h o ur s 

with the Hanovia lamp . Analyti ca l TLC ( 20% e thyl acetat -

80% met hyle n e chlor i de ) s h owed prod u ctio n of one prod u ct 

R = ~ 0 . 6 . 
'f 



Th e reaction mixture wa s evaporated to dryness under 

vacu um. 
NM R of the r esi du e showed no vinylic s ignal s but 

in stea d sho wed o n e alkyl s in glet s i g n al . In addition , a 

s inglet at 3 . 4- 3 . 5 O sho wed N- CH2 , but a b sence of signal s 

2 - 3 o s how ed no hydrog e n s a to C=O . 
Th e NMR ev id e n ce indi-

cated that the isobutyle n e was added in only o n e way . 

Th e residue was r ecrys talliz e d from the ace tonitril e , 

and 0.5 g star tin g mate rial wa s r ecovered . The filtrate 

was co n centr a t ed to dryness und e r vacu um and redissolved 

in a minimum a mount of met hyle n e chloride . 
Pr parativ TLC 

( 2 plates 1000 mi cro n thickness , 11% et hyl acetate-89% 

me thylen e ch l oride ) yielded a band Rf 0. 4 5 - 0 . 75, whi c h wa s 

worked up in t h e u sual fashion with met h a n o l a nd methylene 

c h lor i de . 

The resid u e , 
0. 2 g , was recrystallized three times 

fro m h exa n e . 
Th e whit e crys-<::alline solid , . 15 g , m. p . 88-890 

wa s assigned th e str u ct ur e of 3 ,4- be n zo - 6 ,7 -dihydro-1 , 6 , G

trim et h y laz epin e - 2 , 5 - dione o n the basis of th e spectral 

data , 56 . 

NM R : 

N-CH
3

), 3 .4 5-3 . 55 o ( s , 21-l, N- CH 2 ), 7 .4 -8 . 1 o (m, 4H, 

I R : 

phenyl ). 
3080 , 2970 , 29 4 0 , 28 70 ( C-H stretch ), 1695 

( C=O stre t ch , ketone ), 1660 ( C=O stretch , amide ), 1 600 , 

148 5 , 147 5, 1 4 30 , 1400 , 1390 , 1355 , 1320, 1275, 1205, 

-1 
925 , 7 20 cm 

11 4 0 , 1075, 970 , 960 , 
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MASS SPE C : 
~--- m+/ e 217 (P, 15%), 176(22%), 175(ba se , 100 0 ) 

'() , 

163(63%), 160(98%) , 147(29%), 133(17 %), 131(19 %), 117 

( 22% ), 105( 2 4 %) , 104(53 %), 77(36%), 76 ( 53% ) 50 ( 19~ ) 
, 0 , 

44( 97% ), 4 2 (44 %) , 41( 53% ) . 

UV: (E tOH ) ;\max 319(£ = 176), 282 ( £ = 1660), 23 4 ( £ = 

10,400), 210 ( £ = 25 , 300 ), min 273 ( £ = 1580 ) and at ~ 

25 L/( £ = 41 80 ). 

Anal : 

N, 6.45 %; Found : 

c , 71.86 %, l-1, 6 . 96% , 

C , 71.83 %; H, 7.20 %; N, 6 . 38% . 

Photoly s i s of N-m e thylphthalimid e and 1 , 3-butadiene 

A soluti o n of 1 . 5 g N-m e thylphthalimid e and 210 spec

trograde acetonitri l e was purged wi th nitrog e n for 1/2 

hour. Th e r eac tion mixtur e was cooled in an i ce - salt -wat e r 

bath, and 22 ml 1,3-butadi e n e were condensed into th e r eac-

ti o n mi xture . A Type F photolysis wa s co ndu c t e d for 2 . 5 

hour s with th e Hanovia lamp . Analytical TLC of th e react i o n 

mi xture ( 2 0 % ethyl acetate-BO% me thylen e c hlorid e ) s h o wed 

o n e p r od u ct Rf= ~ O.6 ( Rf= ~0 . 3 with 10 % e thyl acetate-

9O% methyle n e c hlorid e ) . 

Th e r eac tion mix t u re wa s e vaporat ed to dryness und er 

va c uum. NMR of the r es idu e s how ed two sets of vinyl s i g n als 

and tw o se ts of do ubl e t s in the alkyl region . The ratios 

of the alkyl s ignal s varied fro m 1:2 wh e n a Corex filter 

wa s u sed to 1:4 with un f ilt e r d li g ht. Th e additio n prod-
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u cts were ro u g hl y assigned the s tru ct ur e of th sy n and 

anti isomers of 3 , 4-benzo-6 , 7 - dihydro-6- e thylid e n e -l - me thyl -

azepine-2 , 5 - dione on the basis of th e NMR spec tra . Th e min-

or product wa s the sy n isom e r ( which was not i so lated )* 

The r es idu e was redissolved in a minimum amount of 

methylen e chloride and th e product wa s purified by pr e para

tiv e TLC ( 2 plates 1000 micron thickn ess , 10% e thyl acetate-

90% methyl e ne c h lorid e ). 
Th e minor product ( by NMR ) wa s 

n ea rly elimi n ated . 
Th e residue wa s r e dis so lv e d and prepara-

tiv e TLC ( 2 plates 1000 micron thickn ess , 5% e thyl acetate-

95% me thyl e n e chloride ) yielded 0 . 25 g rin g expansion prod

uct following t h e usual workup with me thyl e n e chloride . 

The solid was redi ssolved in a minimum amount of me thy-

len e chloride and recrystall i zed five times from h exa n e . Th e 

s tructur e of th e prod u ct , m. p . 109 - 111° , wa s assigned on 

th e bas i s of th e spectral data as the anti i s omer of 3, 4-

be n zo-6 , 7-d i hydro - 6 - ethylidene-l-methylazepine-2 , 5-dione. 

NM R : 
( CDC1

3
) 1 . 9-2 . l 6 ( d J=7Hz , 3H , =CHCH 3 ), 3 . 1-3 . 2 6 

( s , 3H , N-CH3 ), 4 . 15-4 . 3 6 ( s , 2 H, N-CH2-c=) , 6 . 9 - 7 . 3 6 

( q J=7Hz , lH , =C H-CH
3

), 7 . 4-8 . 0 6 ( m, 4 H, phenyl ). 

IR : ( CC1
4

) 3080 , 2990 , 2960 , 2930 , 2880 ( C-H st r tch ), 

1680 , 1655 , 1650 ( C=O stre t c h ), 1630 ( C=C stre t c h), 

1595 , 1480 , 1 4 20 , 1395 , 13 3 0 , 13 2 0 , 1 29 0 , 1260 , 1185, 

-1 
10 7 5 , 950 , 605 cm 

"#': Th e sy n i so mer wa s characterized by NMR of th v a porat ed 
-react i o n mixLure l c,;s the s i_ g na1 1; 01 Lile pur i fi(•cl 

anti isomer and s tarting mat e ri a l . NM R : ( CDC1
3

) 2 . 2-2 . 4 6 ( d J=7Hz, 3 H, CH 3 -CH= ) , 3 . 1-3.2 6 
( s , 3 H, N-CH

3
), 4. 0-4 . 1 6 ( s , 2H, =C-CH 2N) , 6 . 2-6.7 6 ( q J=7Hz , 

l H, =CH - CH
3

), 7 . 4-8.0 6 ( m, 4H, ph e nyl ). 
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MASS SPEC : m+/e 215 (B ase , P, 100%), 200 ( 9 . 2% ), 186(20%), 

172(21%), 162(65%), 144(12%), 133 ( 6 .1 %), 129(10%), 116 

(1 3% ), 115(22%), 105(24%), 104(28%), 77(22%), 76(33%), 

57 (14 %), 5 4(1 8% ), 51 (1 2% ), 50 (1 6% ), 44(27%), 43(14%), 

42(39%). 

UV: ( EtOH ) :\max 3 40( € = 109), 289 ( € = 3650 ), 238 ( € = 

13,700), 219 ( € = 15,800), min. 214 ( £ = 14,700), and at 

254 ( € = 12,600). 

Anal : 

N , 6 . 51% . Found : 

C, 72.55%; H, 6 .0 9% ; 

C, 72.81%; H, 6.13% ; N, 6.35% . 

Photolysis of N-m e thylphthalimid e 

and Ethyl Vinyl Ether 

A so lution of 0 . 9 g N-m e thylphthalimid e and 7. 2 g 

freshly distilled e thyl vinyl et her in 210 ml spectrograde 

acetonitrile was irradiated in a Type A photolysis for 75 

minute s without nitrog e n purging. Analytical TLC ( 30% 

et hyl acetate-70% me thylen e chlor id e ) s how ed two products , 

Rf= 0.2 and 0.65 and Rf= 0 . 1 and 0 .4 (10 % et hyl acetate-

90% methylen e c hloride). 

The reaction mixtur e wa s evaporated to dryness und er 

vacuum. NMR of the residue sho wed two vinyl doublets but 

no alkyl region 1 . 0 - 2 . 5 c5 ( ev id e ntly the et ho xy gro up trip-

let was absent ). The residue wa s redissolved in a minimum 

amount of methylene chloride , and preparative TLC of th e 
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liquid (2 plates 1000 mi cro n thick n ess , 12% e thyl acetate-

88% me thyl e n e c hlorid e ) yielded t hr ee main band s wh e r e the 

top band wa s id e nti f i ed by NMR as sta rtin g mat e rial. 

Th e seco nd band ( Rf= 0 . 6-0 . 8 ) wa s i so lat e d following 

th e u s u a l worku p with met hanol and me thyl e n e chloride . 

Pr eparat iv e TL C ( 1 plate 1000 mi cro n thickness , 8% e th y l 

acetate-92% me thyl e n e c hl oride ) yielded two band s Rf= 

0 . 4-0.6 and 0 . 75-0 . 9 . 

as star tin g ma t e rial. 

Th e top band was again id e nti f i e d 

Th e seco nd band wa s r e plat e d ( o n e 

plate 1000 mi cro n thickness , 7 % e thyl acetate-93% methyl e n e 

chloride ), and once again there were two bands , the top 

being star tin g ma t er i al . Th e seco nd band was i so l ated 

followin g workup with methy l e n e chloride . Th e so lid, 

<0.01 g , wa s co mbined with the soli d from four s imilarly 

prepared reaction mixtur es . Th e so l id was r ecrysta lli zed 

s i x tim es from h exa n e (m . p . 2 0- 3 0°) . 

Ma ss spec of o n e of th e crystals s h o wed peaks at 161 

and 159 fo r ma x im a , NMR sho wed a s mall amount of residual 

+ 
s tartin g mat erial (m /' 161 ) . Th e maj or co mpo n ent mas s 

159 contained the pa ir of vinyl do u blets , a s in glet 3 .4 6 

and phenyl s i gnals . NM R ( 100 Ml/7. ) decoupling co n sta n t 

J=2-2. 5 Hz was co n s i s tent with ge minal co uplin g although no 

terminal methyle n~ was present in the IR. Th e str u ct ur e 

of th e min or prod u ct wa s tentatively ass i g n ed as 3 -m ethyle n e-

2-methyl-2 - aza indanon e . 

·l: 
Anoth er reaction wa s r un und er s imil ar conditions . After 

th e first preparative TLC p u rification , the seco n d band 

wa s removed and air-dried . Ma ss spec of the dried sil i ca 

gel s how ed the 161 and 159 peaks indi cat in g that the 1 59 

peak in t h e previo u s work wa s n o t a n ar ti fac t. 
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NMR : (CDC1
3

) 3.2 o(s, 3H, N-CH 3 ), 4.7-4.8 o(d J=2Hz , 

lH , vinylic) , 5.0-5 . 18 o ( d J=2Hz, lH, vinylic co upl ed 

to previous s i gna l), 7.2-7 . 8 o(m, 4H, phenyl ). 

IR : (CC1
4

) 2980, 2950, 2900, 2880 ( C-H stre tch), 1715 

( C=O stretch ), 1680, 1640, 1480, 1 44 0, 1390, 1320, 1270, 

1200, 1170 , 1110 , 1090, 1045, 1025 , 850, 720 
-1 

cm 

MA SS SPEC : 
m+/ e 159P (n o further calculation due to 

---
starting materi al contamination) . 

Th e third band was isolated following workup with 

methylene chloride and methanol. 
NMR of the residue sho wed 

no vinyl signals or alkyl s i gnals 1.0-2 . 5 o. Further puri-

fication wa s atta in ed by preparative TLC ( 2 plates 1000 

micron thickness, 14% e thyl acetate-86% methylene chloride ). 

The major band was worked up with methylene c hl oride and 

ethy l acetate , and recrystallized four times from hexane . 

On the basis of the spectral data, the white crystalline 

major product, 0 . 1 g , (m.p . 79-81°) was assigned the struc

ture of 3,4-benzo-6,7-dihydro-l-methylazepin -2,5-dione . 

NMR: 

3H , N-CH
3

), 3 . 5-3 , 8 o(m, 2H , N-CH 2 ), 7.3-7 . 9 o (m, 4H, 

phenyl ) . 

IR : (CC1
4

) 3080 , 2975 , 2970 , 2880 (C-H stretch ), 1695, 

1655 (C=O stretch ), 1600, 1485, 1470, 1430, 1400, 1390, 

1355, 1320, 1275, 1205, 1140, 1075, 1000 , 970, 955 , 920 , 

-1 
715 c m 

MASS SPEC : 
m+/e 189(P, 54 %), 161(24%), 147(13%), 146 

--
(70 %), 118(16%), 117(10%), 105(15%), 104(46%), 90 (1 3% ), 
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77( 2 0 %), 76(52%), 51(26%) , 50 (4 8% ), 4 5 ( 98% ), 44( 53% ), 

4 3 ( base , 100% ), 32 ( 44% ). 

UV : ( EtOH ) 11 mc1x 325 ( E= 1:37 ), 28 4( E = 1 6 10), 23 l( E = 

14 ,1 00), 207 ( E = 30 , 100) , rni n 2 7 2 ( E = 14 2 0), a n d at 25 4 

( E = 5 Lf 80 ). 

Anal : Calculated for c
11

11
11

No
2

: C, 69 . 82% ; 11, 5 . 86% ; 

N, 7 . 4 0 °o . found : C , 6 CJ • ', 6 % , H , 6 . 13 % ; N, 7 . ? 7 % • 
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List of GLPC Columns 

Column A: l / 8 " X 7 t Versamid 900 , 20% on Chrom w 100/120 . 

Column B: l / 8 11 X 6 I Versamid 900 , 20% on Chrom w 100/120 . 

Column C : 1/8 ' X 7 t Versamid 900, 20% on Chrom w 60/80 . 

Column D: l / 8 11 X 7 t Versa mid 900 , 20% on Chrom w 60/80 . 

Column E : 1/ 8 II X 3 t SE 3 0 , 3% on Varipart . 

Column F: l / 8 11 X 5 1 SE 3 0 , 3% on Varipart. 

Column G: 1 / 8 " X 8 1 SE 3 0, 20% on Chrom w 60/80 . 

Column H: 1/ 8 " X 9 1 SE 3 0 , 20% on Chrom w 60/80. 

Column I : 1 / 8 " X 17 I SE 3 0 , 20% on Chrom w 60/80. 

Column J : ]_ / 8 II X 3 t UCON HB 270X, 15% on Chrom w 80/100 . 

Column K: ]_ / 8 II X 9 1 UCON HB 270X , 15% on Chrom w 80/100 . 

Column L : 1/ 8 II X 6 1 XE 6 0 , 1 0% on Chrom p 80/100 . 

Column M: l / 8 11 X 6 1 DC 5 5 0 , 15% on Chrom w 80/100. 

Column N: ]_ / 4 II X 6 1 DC 5 5 0 , 15% on Chrom w 80/100 . 

Column 0 : 1/ 4 " X 7 1 SE 3 0 , 30% o n Chrom w 30/60 . 

Column p : ]_ / 4 II X 6 1 SE 3 0, 20% on Chrom w 60/80 . 

Column Q: ]_ / 4 II X 6 1 Versamid 900, 20% on Chrom w 100/120. 

Column R: 1 / 4 " X 6 1 Versa mid 900, 20% o n Chrom w 60/80. 
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