
868 HELVETICA CHIMICA ACTA - Vol. 54, Fasc. 3 (1971) - Nr. 86-87 

[6] W .  Schmidt, Dissertation Nr. 4605, ETH Zurich 1970; H.-R. Blattrnann & W .  Schnzzdt, 

171 R. B. Woodward & R. Iloffmann, Angew. Chem. 81, 797 (1969) und ibzd., Int .  Ed. 8, 781 119691. 
[8] R. Hoffmanrh, J .  chem. Physics 39, 1397 (1963). 
[9] J .  R. Hendrickson, J. Amer. chem. SOC. 86. 4854 (1964). 

Tetrahedron 26, 5885 (1970). 

jlO] M .  J .  S.  DeWar, private Mitteilung. 
1111 H.-R. Blattrnann, V .  Boekelheide, E.  Hetlbronner & J.-P. Weber, Helv. 50, 68 (1967). 
1121 W .  Schmidt, wird veroffentlicht. 
1131 , I .  F .  M .  Oth, Angew. Chem. 80, 633 (1968) und ibzd., Int .  Ed.  7, 646 (1968) ; Kec. Trav. chnn. 

Pays-Bas 87, 1185 (1968). 
j14] J .  F.  M .  Oth, unveroffentlicht. 
[15] V .  Boekelheide & C. E.  Ramey, J .  Amer. chem. Soc. 92, 3681 (1970); H .  Blaschke, C. E. Barney, 

I .  Calder & V. Boekelkeade, i b id .  92, 3675 (1970). 
1161 K .  A .  M u s z h t  & E.  Fischer, J. chem. Soc. B 1967, 662. 
1171 K .  A .  Muszkat & W .  Schmidt, Helv., in Vorbcreitung. 

87. Photochemical Reactions 
Part  63 [l] 

The Photodecarbonylation of a-Aryl Aldehydes 
by H. Kuntzel l ) ,  H.  Wolf, and K. Schaffner 

(~rganisch-chemisches Laboratoriuni der Eidg. Technischen Hochschulc, 8006 Zurich 

(16. 11. 71) 

Summary. Ultraviolet irradiation of the aldehydes 6-11 in degassed solutions results exclusively 
in dccarbonylation to the major products 34, 35 and 37-40, and to small amounts of 2.3-diphenyl- 
2,3-dimethyl-butancs 36 from the phenpl aldehydes 6 and 7. In the presence of tri-wbutyl- 
stannane, incorporation of stannane hydrogen competes, to substrate-specific limits, with the 
intramolecular deuterium transfer in 7 + 35 and 11 --t 40. The quantum yiclds for decarbonylation 
are @!?: - 0.4-1.0 for the phenyl aldehydes 6 and 9, and 0.02 for 8.  Hammett correlations of @!:: 
with resonancc constants ( R )  for 6 ( X  = H ,  p-CH,, -OCH, and -CP,) and with om+ values for the 
meta-substituted isomers are in agreement with the proposed cr-cleavage to  an associated radical 
pair with only moderate free radical character as the primary photochcrnical step. 

@-co for 10 (X = H) is 0.11, and for 10 (X = OCH,) 0.065. It is noteworthy that  decarbonyla- 
tion of 10 (X = OCH,) occurs also at 3340 A (@-co = 0.11) i.e., upon excitation in an absorption 
band which is presumably lower in energy than the n --f 7c* transition and corresponds to the 
aromatic L ,  transition of 2-methoxynaphthalenc. 

Singlet inultiplicity of the reactive cxcited states is pruhahlc on the basis of the fdct that  the 
decarbonylation uf 6 (X  = H) and 10 (X = H and OCH,) could he sensitised neither by acetone 
nor acetophenone, and could bc quenched neither by naphthalene nor by czs-l,3-pentadiene and 
nor by 1,3-cyclohexadiene 

9150 

p, punsaturated homoconjugated aldehydes have been shown to undergo a 
predominantly unimolecular decarbonylation in deaerated solution 131 [4]. The 
preceding paper on this subject [3]  dealt with the mechanistic investigation of alde- 
hydes such as K-laurolenal (1 ; Chart I). It presented evidence that the reaction occurs 
from the singlet-excited state and that in fact two products, in this specific case the 

1) Taken in par t  from thc Doctoral Dissertation of H .  Kuntzel [Z]. 
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enantio~ners S-2 and R-2 (in yields of ca. 88% and 1 2 O , & ,  respectively), are formed. 
The quantum yield for 1 + 2 in hexane at 3130 A is 0.61. The conclusion was drawn 
that, in a primary photochemical process, cc-cleavage leads to intimately associated 
allyl-formyl radical-pair intermediates, from w-hich carbon monoxide is eliminated 
with concurrent stereospecific transfer of the formyl hydrogen to the ally1 radical 
component. The relative orientation of the partners in the incipient radical pairs, as 
preformed in the ground state conformers, determines the location of the transferred 
hydrogen in the olefinic products 2. A concerted decay to the major product, S-2, as a 
competing sicglet-excited state process, remains an additional mechanistic possibility. 

Char t  1 Representatrue Example of Earlzev Results [3] 

The Photodecarbonylataon of R-( +)-Lanrolenal (1) 

R-1 R=H,D s-2 R - 2  

This paper reports on work which aimed at  gaining information concerning some 
of the hitherto unexplored aspects of this type of photoreaction. Specifically, the 
response of the unimolecular process of decarbonylation to structural modifications 
of the unsaturated aldehyde system, such as the extension of the j3, y-double bond in to  an 

Chart 2. cc-Aryl Aldehydes Used for  Investigation of Phototytic Decarbonylation 

4 n.1-4 

CH, 

x’ 0 L I :cRo 

CH3 

8 n . 2  
9 n = 4  

5 

; ; I ; } . =  

6 R = H , X = D  

RCO 
I 

H3C - C- CH3 

Obx 

‘ H  
P-CHj 
m-CH3 
P-OCH3 
m-OCH, 
p-01 

P-CFa 
. m-CF, 

lo = H  } XsH,0CH3 11 R - D  
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aromatic riizg 2 : ~ ,  the incorporation of aldehyde and unsaturated moieties iiz a n  aliphatic 
chain  instead of a cyclic systeni, and th,e szkbstitbttion of the aromatic riizg by electron 
donating and witlzdrawijzg groz@s z ) ,  was to bc examined. Preliminary experiments with 
plienyl aldeliydcs of types 4 and 5 [GI showed that irradiation of the m-phenyl aldehydes 
4 (n = 1) and 5 resulted in rapid photo-clecarbonylation to toluene and diphenyl- 
methane, respectively, whereas aldehydes 4 (n = 2-4) cxhibited, by comparison, only 
negligible tendencies towards eii1nir:ation of carbon monoxide3). Consequently, the 
x-aryl aldehydes 661 1 were synthesised and investigated in more photochemical 
detail4). 

Results 

Syntheses 0-f [he Aldehydes (Charts 3 and 4 ) .  The reaction sequencos 12 --f 13 -+ 14 + 6, 13 + 
15 + 7 (Chart 3 ) ,  30 3 31 i 32 --+ 10 and 31 -3 33 4 11 (Chart 4) served for the preparation of 
ddchydes of type 6,  7, 10 and 11, with the exccption of 6 ( p - D  and p-CF,) and 7 (p-CL;,). Ui- 
allcylation of the arplacetates 12 and 30 (methyl or ethyl estcrs) with methyl iodide and sodium 
hydride in climct.hylformamic1c was follomcd by lithium aluminium hydride and deuteride re- 
ductions to alcohols 14, 15, 32, and 33, respectively. Among the general methods available for the  
oxidation of  primary alcohols t o  aldehydes, extensive investigation led to the preference of the 
following: the Doeriizg oxidation using pyridinc-sulfur trioxide complex and triethylaminc in 
diniethylsulfoxide [S] for alcohols 14 and 15 (X = H, D, CH3, OCH, and Br), 29 (n 1 2 and 4) 
and 32 and 33 (X = H and OCH,) ; oxidation with the Z O ~  reagent (silver carbonate on celitc) 
:9] for 14 and 15 (X == 9- and m-CF,). 

Aldehyde 6 (p-D) was obtained by reductive debromination ol the 0-deuteriated p-bromo- 
phenyl alcohol 16 with lithium and deuterium oxide. Preliminary experiments with 14 (p-Br) under 
the same reaction conditions had shown that  deprotonation by lithium is sufficiently slow to  allow 
the non-deuteriatcd alcohol t o  function also as a proton source and thus to significantly lower thc 
deuterium content in 6 (p-U). 

p-Trifluoromcthylphenyl acid (13) was prepared from p-trifluoromethylbcnzoic acid (17) c f u  
thc reaction sequence 17 ++ 21 (Chart 3) .  The cyanide 21 resisted attempted acid-catalysed 
hvdrolysis, but  yielded 13 on prolonged treatment with aqueous alkali. The synthesis of the 
phenylacetic acid 12 froin nz-trifluoromcthylbcnzoic acid (22) included the conventional stcps 
22 + 23 + 24 --f 12. 

I n  the preparation of the cyclopropane a.nd cyclnpcntane derivatives, 8 and 9, known procc- 
tluros, as summarized in Chart 4, mere essentially folloived [lo] [ l l l .  I n  order t o  avoid the poor 
yield of aldehyde 8 in the direct Stephen reduction o f  cyanide 26 (n == 2) [lo], the latter was 
hydrolysed by  alkali, iollowwl by lithium aluminum hydride reduction of the resulting acid 27 and 
Doering oxidation [S] of thc alcohol 29 (n = 2) to 8. Acid-catalyscd cthanolysis of the cyanide 29 
(n = 4) [lZ] afforded ester 28 which was reduced to alcohol 29 (n = 4) and subsequently reoxidised 
to 9 as above. 

2, 

~. .~ ~ 

Further work, involving the s)-stems 3a-d, is in progress [Z ]  15:. 

a x = 

b X = NCHs 
c x = o  
d x = s  

") The ,&position of unsaturation as one of the necessary criteria for the (unimolccular) photo- 
decarbonylation had been established previously for /?,y-unsaturatecl aldehydes [4]. From the 
preceding investigation [3] a further structural restriction emerged, viz. : in addition the 
reaction requires that overlap between the C,CO G bond and the olcfinic z system (or allylic 
stabilisation o f  the incipient radical on  C, upon the proposcd photochemical cc-cleavage) he 
possible. 
Part  of thesc rcsults have been coiiimunicatcd in a preliminary form [ 7 ] .  
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(‘hart 3.  Syntheses of Aldehydes of T j ipe  6 and 7 

wCooR - W C O O R  
X’ X’ 

12 R = H, CH,, C2H, 13 

6 R = H  
7 R-I3 

14 R = H  
15 R = D  

X = H, p-/m-CH,, p-/m-OCH,, 
p-Br, p-/m-CF, 

16 14 R=CH20H 
6 R=CHO 

f i  COOH 

F 
F3C 

22 

I 
18 R = CH2OH 
19 R = CH2CI 
20 R = CH2CN 

21 R = C N  23 R - O H  
13 R = COOH 24 R - C I  

12 R -COOH 

Chart 4. Syntheses of Aldehydes 8-11 

25 26 R = CN, n=2 ,4  30 R = COOCH,. R =  H 
27 R =  COOH,n=2 31 R =COOCH, 
28 R = COOCZH,, n = 4 32 R =CHzOH 
29 R = CHzOH, n = 2 , 4  
8 R =  CHO, n = 2  10 R =CHO 
9 R = CHO, n = 4  11 R = C D O  

871 

H 
“=[OCH, 
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Irradiation of Aldehydes 6-11 i n  Degassed Soltitiom (Chart 5). Excitation of the n + 
z* transition of aldehydes 6 (X = H, $- and *z-CH,, -OCH,, -CF, and $-Rr), in degas-d 
iso-octane solutions with wavelength 3130 A, afforded predominantly two products of 
decarbonylatio~i~). The major product in each case was the corresponding cumene 34. 
The amount of the minor components, 2,3-diplienyl-2,3-dimethyl-butanes 36, was in 
some runs below ca. 0.5% and was then not determined accurately. Table 1 sum- 
marizes the composition of some represmtative reaction mixtures. The photo- 
decarbonylation a t  3130 A of the deutcrioaldehydcs 7 (X H, $- and m-CH,, -OCH, 
and -CF,) in pentane occurred with quantitative deuterium incorporation into the 
cuniene products 35'7 for the most part. Only the forination of 35 ($-Br) in the 
photolysis of the $-bromo-deutcrioaldehyde 7 in pmtane involvitd a partial loss of 
deuterium (7%) .  Irradiation of aldehyde 7 (X = H) in the aromatic absorption band 
with wavelength 2537 A again resultcd in dccarbonylation to 35 (with full retention of 
deuterium) and 36 (X = H for each). 

The absence of an intermolecular hydrogen transfer process in the dxarbonylation 
to 34 was ascertained in an experiment with 3130 '4 using a solution of 0 . 4 5 ~  6 
($-D; 59.8% d,) and 0 . 4 1 ~  7 (X = H) in pentane. Interruption of the irradiation after 
a conversion of 2% of the initial aldehydes, and mass spectrometric analysis of the 
photoproduct mixture, revealed the exclusive presence of do- and d,-cumenes, 34 
( X  = H and $-I>) and 35 (X = H). Random displacement and formation of d,-cumenes 
had not occurred. 

Chart 5. Irradiatioiz of Aldehydes 6-11 

hv 

X 

6 R - H  
7 R = D  

34 R = H  
35 R = D  

WCDO 1 
36 

0.41 M 7 35 

+ 

D W C H O  

0.45 M 6(p-D) 3 4 b - D )  

CRO R 

8 n = 2  37 n = 2  10 R - H  39 R = H  
9 n = 4  38 n = 4  11 R - D  {::oCHj 40 R =  D 

5) 

O )  

Other non-identified photoproducts generally amounted to less than 1-2yo of the decarbonyla- 
tiori products. 
Deuterium analyses were effectcxcl by inass spectrometry, with an average error 5 + 17;. 
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The photolyses of aldehydes 8 and 9, effectcd by 3130 A in iso-octane, afforded 
mainly5) cyclopropyl-benzene (37) and cyclopentyl-benzene (38), respectively. 
Irradiation of the naphthyl aldehydes 10 and 11 (X = H for each) in pentane, at  2537 
and 3130A, gave the isopropyl-naphthalenes 39 and 40 (X = H for each), respectively, 
with a loss of 3% of the initial isotope label in the latter case. The methoxynaphthyl 
aldehyde 10 (X = OCH,) was photolysed in acetonitrile at  2537, 3130 and > 3270 A, 
and in benzene a t  3130 A. Product 39 (X = OCH,) was formed exclusively in each 
run. The deuterioaldehyde 11 (X = OCH,) in acetonitrile, at  wavelengths > 3270 A,  
gave 40 (X = OCH,) with a loss of 5% deuterium. 

Deuterium isotope effects on the rate of decarbonylation were determined for the 
aldehydes 6/7, X = H :  1.10, p-CH,:  1.15, wz-CH,: 1.19, 9-OCH,:  1.40, m--CF,: 1.13 
(at 3130 -4 in iso-octane), and for l o j l l ,  X = H: 1.06 (at 2537 A in pentane). 

Table 1. Photo lyses  of A l d e h y d e s  6 ( X  = H ,  p- a d  in-Clf,, m-OCH,, p-BY), 7 (X = H ) ,  8, 9 and 
10 ( X  = H ,  OCH,) : Cornposition of M i x f z i r e  Produced  ") 

Aldehyde Concentration Wavelength Composition of Mixture [yo! 
I I 

I 
.\r-C-CROb) Xr-C--KC) [Ar--C(CH,),I, 

(6-10) (34,35,37-39) (36) 
I ! 

No. (X) [mole/l] rA1 

10 (OCH,) 

0.011 
0.040 

0.012 
0.042 
0.10 

0.010 
0.010 
0.010 
0.010 

0.01 

0.01 

0.1 
0.1 

0.05 
0.13 
0.1 

3130 
3130 

3130 
3130 
2537 

3130 
3130 
3130 
3130 
3130 

3130 
2537 
3130 

2537 
3130 

> 3270 

87 
1 1  

16 
2 0 
47 

63 L 
20 3 
79.3 
46 3 

95 4 

86 1 

5 5 
85 

75 
8 0 
58 

11 
67 

81 
73 
50 

26.8 
64.7 
12.6 
38.2 

1 .o 
10.7 

45 
15 
2 5 
2 0 
32 

2 
21 

3 
7 
3 

0.2 
7. 2d) 
4.0d) 
1 2 )  

a) Number of light quanta absorbed differs in each run. Degassed solutions: 6-9 in iso-octane, 

b) R = H for 6 and 8-10; R = D for 7. 
") R = H for 34 and 37-39; R = D for 35. 
d )  Structure assignments based solcly on analogy of VTC. 1-etention times relative to those of 36 

10 (X = H) in pcntane, 10 (X = OCH,) in acctonitrile. 

(X = H, p-CH,, 9-OCH,). 

Attempted QUenching and Sensitisatioiz Experiments:  Effect of Added Tri-n-butyl- 
stannane (Chart 6). The additiGii of naphthalene (0.34 and 0 . S 0 ~ ;  irradiation at  
> 3270 A) or cis-1,3-pentadiene (1.0 and 5 . 0 ~ ;  irradiation a t  3130 A) to degassed 
0.05111 pentane solutions of 6 (X = H) did not change the rate of conversion to 
decarbonylation product. After a 55% conversion of aldehyde no cis + t r a m  iso- 



rnerisation of pentadiene by energy transfer n detectable. Irradiation of 0.0Sat 6 ili 

acetone at  2537 and 3130 A did not effect any decarboiiylation. 
When the naphthyl aldehydes 10 were irradiated at  3130'4 (for X :: H, in pentane) 

and > 3270 '4 (for X = OCH,, in acetonitrile) in degassed solutions containing ca. 
0 . 1 ~  1,3-cyclohexadiene, the decarbonyl;~tion to the products 39 (X = 1-1 and OCH,) 
occurred with unaltered efficiency, although in tlie case of 10 (X = H) simu1tanr:ous 
sensitised dient: dinierisation [l3] took place. Triplct sensitisation of each naplitliy: 
aldehyde using acetophenone or benzophcnone and light of 3660 A and > 3270 A, 
respectively, did not result in cheiiiical reaction. That energy transfcr did occur for thn 
system naplithvl aldehyde 10 (X = H) - benzophenonc was dcinonstrated by th? fact 
that the photoreduction of benzophenoiie with benzhydrol to pinacol [14], upon 
excitation with wavelengths above 3270 I\, was entirely quenched  by 0.04511 10 
(X == H). 

Chart 6. Photolysis o/ the Aldeliydes 7 (A' ~ H )  oizd 8 11% the P y e s e z r r  of 'L'Yi-ii-biityl-stailnanp 

44$ CHDOI- 
hv 
P 

1.1 M Bu,SnH 
CDO 

0.33 M 7 10%34 R=H 6 6 x 4 1  
24% 35 R=D 

hv 
____j 

0.054 M Bu,SnH 

0.052 M 8 42 R=CHO 
43 R = H  

25% 37 

In the presence of tri-Pz-butylstannaiie, incorporation of hydrogen deriv2d from it 
competes with the otherwisc quantitative retention of the deuterium in tlie photo- 
decarbonylation products 35 (X = H, $-CH,, $- and 9%-OCH,) and 40 (X = lH). The 
results, as sumrnarised in Table 2, show tliat the extent of hydrogen uptake remains 
constant over the range of 0.5-2.0~1 stannane for the deuterioaldehydes 7. The 
decarl-tonylation of the naphtliyl deuterioaldeiiydcs 11, with added tri-?z-butyl- 
stannane, occurred also with partial uptake of hydrogen ('50/, for X = H, a t  
3130 A ;  53% for X = OCH,, at  > 3270 -A). Pliotoreduction to the primary alcohols, 
as an important competing process to decarbonylation, was observed in all the phenyl 
aldehydes 7, whereas the reduction of the naplithyl analogues 11 was observable only 
to a very small extent. The ratio between decarbonylatiun and reduction of 7 (X = H), 
a t  different concentrations of reactants, is suniinarised in Table 3. I t  is noteworthy 
that the  formation of bicuinyl 36 (X := €I) is entir-ely quenched by the stannane even 
at  high aldehyde concentrations. Furtlicrmore, reduction to alcohol did not occur 
when, instead of the stannane, isopropyl alcohol (1076 in pentane) was added, which 
acts as a relativcly good hydrogen donor in the photoreduction of saturated and M ,  /I- 
unsaturated ketones and aldehydes. 

The irradiation of tlie phenyl aldehyde 8,  at 3130 A& in the presence of the staiinanc, 
furnished a mixture of cyclopropylbenzene (37) ,  wpropylbenzene (43) and 2-phcn!,l- 
butanal (42). Periodical gas chroniatographic (VPC.)  analyses during the photolysis 
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Table 2. Photolyses of Aldehydes 7 ( X  = H ,  p-CH,, p- and m-OCH,) and 11 ( X  = H .  OCH,) 
together with 2’ri-n-baitylstanizav2e in Degassed Solutions: Uptake of Hydrogen by the Decorbonylation 

Infermediates 

hldeh ydca) 
Nu. (X) 

n-Bu,SnH Product of Ue~arbonylat ion~)  
Concentration No. (X) 

7 (H) 99% dlb) 0.24ni 35 (11) 77.0% d, 

0.5 1.0 M 1 35 (H) 70.8% d, 
2.0 M 1 

35 (fi-CH,) 76.90,; dl 

35 (P-OCH,) 87.1vj, d, 

I 
1 
1 

7 (P-CH,) 98y0 d,”) 0.5 31 

1.0 M 

2.0 M 

1.0 A1 

2.0 1LI 

7 (nz-OCH,) 98% d1”) 0.5 nr 
1.0 M 

2.0 n i  
35 (nz-OCH,) 70.3% d, 

40 (HI 295y0 d, 

40 (OCH,) 479/, d, 

7 (P-OCH,) 99% d,”) 0.5 h l  

I 11 ( I € )  99% d,”) 0 . 0 9 M  
1.0 M 

11 (OCH,) 99% dlC) 0 . 1 4 ~  

”) See footnote 6. 
”) Irradiation at 3130 A in a turn-table rcactor, aldchyde conceiitrations jn pentane: 0.1 M 7, 

c, Irradiation at > 3270 A, 0 . 0 5 l M  11 (X -= OCH,) in benzene. 
0 . 0 6 7 ~  11 ( X  = H). 

Table 3 .  Irradiation of Aldeh-vde 7 ( X  = H )  and Tri-n-butylslannane in Degassed Pdntane Solution: 
Decavbon3ilation and Reduction“) 

Aldehyde (X = H) n-Bu,SnH Composition of Mixture Produced 

0 . 1 0 M  7 0 . 1 6 ~  64% 7 20% 35 (X = H) 160/, 41 
0 . 1 0 M  7 0 . 3 2 ~  58% 7 17% 35 (X = H) 25% 41 
0 . 3 3 ~  7 1 . l M  29% 7 24% 35 (X = H) 4676 41 

”) Irradiation a t  3130 A in a turn-table reactor. 

indicated that the formation of 43 was due to photodecarbonylation of aldehyde 
42, and that cyclopropylbenzene (37) was not noticeably subjected to  secondary 
photochemical reactions. 1-Phenyl-1-hydroxymcthyl-cyclopropane (29, n = 2 ) ,  
2-phenylbutan-1-01, 2-phenyl-2-methylpropanal (6, X = H) and cumene (34, X = H) 
were not found among the reaction products. 

Identification of Products. The cumenes 34 (X = H, p- and m-CH,, p-Br), cyclo- 
propylbenzene (37), cyclopentylbenzene (38) and n-propylbenzene (43) were identified 
by comparison with commercially available samples. The characterization of the 
cumenes 34 (X = j h -  [151 and m-OCH,, j h -  and m-CF,) and the 2,3-biphenyl-2,3-di- 
methyl-butane 36 (X = H [16], p-CH,, p-OCH,) by IR., NMR. and mass spectra suffi- 
ced to allow for unequivocal structural assignments. Photoproduct 39 (X = OCH,) 
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was identified with l-isopropyl-Z-irietlioxy-naphtha~eiie, which was syntliesised froiii 
1 -acetyl-2-mctlioxy-naplitlialene j-171, and 39 (X = EX) exhibited thc expected spectral 
data and proved to bc isonieric with a sample of 2-isopropylnaphthalcne'). The 
deuteriated products of type 34 (p-D), 35, 40 and 41 showed the appropriate IR., 
NMR. and mass spectra, and they were indistinguisliablc by VPC. from the non- 
deutcriated analogucs. Product 42 was identical with 2-plienylbutanal prepared from 
commercially available ethyl 2-phenylbutyrate by thc reduction-oxidation sequence 
described, c.g., for 13 + 14 + 6 (X = H).  

QzLaiztuvM. Efficiency of the Photodecarboizylations. The quantuni yields of de- 
carbonylation (@.& for the aldehydes 6 and 8-10 are given in Table 4. Both the 
decreasc of aldehyde and  the increase of product concentration showed first-order 
kinctics up to  at  lcast 30% conversion in each case. 
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Table 4 Quniitzinz Y i e l d c  of I-'kotodecarhovii,lufioM. uf . 4 l d e h d e s  6, 8,  9 a id  10 ") 

@-c 0 
2537 3130 A 3340 4 

0 . 1 ~  6 (11) 
0 . 0 1 ~  6 (P-CH,) 
0 . 0 1 ~  6 (m-CH,) 
0.0111 6 (P-OCH,) 
0.01 iu 6 (1lz-0C.H~) 
0 . 0 l n r  6 ( p - B r )  
0 . 0 1 ~  6 (p-CF,) 
0 . 0 1 ~  6 (m-CF& 
ll.0lM 8 
0.01M 9 
0 . 1 ~  10 (H) 
0 . 1 ~  10 (OCH,) 

0.64") 0.76 
0.80") 
1.00") 

0.767 
1.04") 

1.2.ic) 
0.71 
0 . 6 0 C )  
0 . 0 2 C )  
K 3 9 C )  

0.29h) U.11") 
0.073") 0. 06jb) 0.1 l b )  

") Tkgassed solutions; aldehydes 6,s and 9 in iso-octane, 10 (X  = H) in pentane, and 10 (X = OCH,) 

") Measurements using ferri-oxalatc actinornetry [ Z O ]  and VFC. for the clcterrnination of aldehyde 

") Measurements in turn-table reactor ~ i t h  aldehytlc 6 (X = H) as standard; average error 8-10yo. 

in acctonitriie. 

concentrations; estimated error 5 0.02. 

Discussion 
The general aspects of the photocarbonylation of the cyclic P,y-unsaturated 

aldchydes [3] 1.13 and the oc-aryl aldchydes 6-11 under degassed conditions - con- 
cerning the singlet multiplicity of the reactive excited states, their unimolecular 
decay to products, the small deuterium isotope effect, and the limited interferzncc of 
the stannane hydrogen - arc all quite similar. These far-reaching Linalogies strongly 
suggest that the same basic reaction mecliariisrn operates in both classes of compounds. 

- 

2-Isopropylnaphthalene was synthcsisetl from naphthalene and isoproppl p-toluenesulfonate 
according to a proccdure which is claiined [I81 to afford the  1-isopropyl isomer 39 (X = H) by 
clistillative separation from unreacted naphthalenc. In  our preparation, however, the II i .  
spectrum lacks the strong bands at ca. 775 aiicl 795 c n r l  wliicli are characteristic for 1-alkyl- 
naphthalenes, and the absorption pattern in t h c  700-900 cin-~l region agrees rather wlth thc 
2-isomeric structure [19]. It appears possible tha t  the 1-isopropyl compound 39 (X -= H )  
initially formed, isninerises under the temperature conclitions of the  separation. 
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The photodecarbonylation of the /9, y-unsaturated aldehyde X-( +)-laurolenal (1) 
has been shown to occur by two paths (see Chart 7) which were ascribed to represent 
predominantly the reactions of two rotameric aldehyde forms [3] .  The major rotamer 
A, in which the oxygen is directed towards the olefinic @-carbon, furnishes product S-2 
either in a concerted decarbonylation process or via a closely associated formyl-ally1 
radical-pair intermediate B, whose relative spatial orientation remains as preformed 
in its rotameric aldehyde precursor A until carbon monoxide is eliminated and 
hydrogen is transferred to the a-carbon. I t  was proposed that some of the same 
product, S-2, as well as the enantiomer R-2,  were formed from a minor rotamer (C), 
through an intermediary radical pair (D),  in which the formyl hydrogen maintains a 
position about equidistant from the a- and y-carbon atoms, and the oxygen is directed 
away from the centre above the ally1 radical. The latter radical-pair intermediate is 
less closely associated than the former, and it is amenable to hydrogen uptake from 
tri-n-butyl stannane at  the y-carbon in a process which competes with the intramolecu- 
lar transfer of formyl hydrogen to the same position. 

Chart  7 .  Proposed Mechanism of the Decavbonylation of K-Laztrolenal (1) [3 ]  ; Conformations of 
Aldehydes 6 (with M a x i m u m  Exaltation of the n + z* Transition) and 8 (cf. [21] [22]) 

B s - 2  

D R - 2  

I I I 
I I I 

E (6) F (8) 

Assuming the same basic mechanism for the decarbonylation of a-aryl aldehydes 
- i .e. a-cleavage of the C,-CO bond prior to the transfer of hydrogen -the constitutional 
and conformational differences between /I, y-unsaturated aldehydes such as 1 and 
aliphatic aryl aldehydes may be expected a priori to affect the results of photo- 
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decarbonylation of the latter in several ways. 'The aromatic system should prove 
unfavorable for the minor route involving hydrogen transfer to  a y-carbon ( c j .  
C + R-2), although conformations resembling C may be preferred to  those analogous 
to A (uide i..f.a). It should also less effectively stabilise the incipient radical pair 
resulting from pliotolytic m-cleavage, and thus inore readily allow for biinolecular 
reactions of, e.g., the substituted benzyl component. One can conclude from the 
preceding investigation [3] that  the aldehyde ground-state conformations do not 
essentially change on excitation and prior to the singlet cleavage process, and that a 
structural requirement for reaction is overlap between the C,-CO o-bond and the 
aromatic n-system3). The plienyl aldehydes now reported on seem to meet with this 
second condition when the results of conforniational analyses of similar compounds, 
including the corresponding methyl ketone homologues by Cookson [21] and by 
3facKenzie [22], are consulted; these take into account the exaltation of the n + 7c* 
absorptions observed for such ketones except for the cyclopropyl compound analo- 
gous to aldehyde 8. The parallel trend of the UV. data for aldehydes 6, 8 and 9, 
suggests that  the conclusions concerning the preferred conformations of methyl 
ketones 1221 are qualitatively also applicable to the aldehyde series. On this basis, 
aldehydes 6 and 9 would fall into one category of conformers, and the cyclopropyl 
aldehyde 8 into another. Conformations E and F (Chart 7) are thus likely to most 
nearly approximate to  the prevailing rotaniers in the two types of aldehydes. In both 
cases then the C,-CO cr-bond and the axis of the aromatic n-system are suitably 
oriented for 01-bital overlap. Similar conclusions, albeit also somewhat speculative, 
may be derived from the differences of the UV. spectra shown by the naphthyl 
aldehydes 10 and their respective decarbonylation products 39 (X = H and OCH, in 
each case). 

The phenyl aldehydes 6 and 9 exhibit exalted .n + n* transitions at  ca. 300 nni. 
With the exception of 6 (m-CF,), for which F = 103 in ethanol and 104 in iso-octane, 

log & ( n , r + )  

t 

-OCH3 -Br -CH, 

0 para-Substituents 
A meta-Substituents 

Fig. 1. Haminett Correlation of the lug& (n,n*) Values ofAldehydes 6 with Resonance Constants (R,  [23]) 
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the extinction coefficients are greater in ethanol 1-E between 113 (for 6,$-CF,) and 301 
(for 6, $-OCH,)] than in iso-octane [F between 106 (for 6, p-CF,) and 190 (for 9)], and 
in all cases the maxima do not shift significantly upon solvent change. A Hammett 
correlation of the log& (a, n*) values of aldehydes 6 with resonance constants (2) [23] 
gives approximately linear relationships in the para- and meta-substituted series (Fig. 
1). Among the phenyl aldehydes investigated 1-formyl-1-phenyl-cyclopropane (8) 
constitutes the only exception which shows no important increase in intensity and a 
distinct solvent sensitivity of the n +x* absorption :& = 48 a t  280 nm (shoulder) in 
ethanol, and F = 47, 35, 31, and 22 at  283, 292, 302, and 312 nm, respectively, in iso- 
octane]. 

In the UV. spectra of the naphthyl aldehydes 10 (X = H and OCH,) the aromatic 
absorptions are superimposed on the n + x* transitions. In  the aldehyde 10 (X = H) 
the intensities of the 292 and 313 nm bands are strongly enhanced in relation to  those 
in the decarbonylation product 39 (X = H): A F ~ E ~ ~  = 8900 and dsii?39 = 60. It is 
interesting that the introduction of methoxyl in the C-2 position of naphthalene 
inverts the differences in absorption intensities between aldehyde and decarbonylation 
product, i.e. 0~~~~~~ = 119, Aeg;-g = 386, A E ~ ~ , ,  = 68 (minimum). 

Decarbonylation Quartturn Efficiency; Reactions with Tri-n-butylstannane Hydrogen. 
The quantum yields of decarbonylation of the aliphatic phenyl aldehydes 6 are 
generally quite high (Table 4). The best linear Hammett correlation of the reaction 
efficiencies a t  3130 A in the para-substituted series (with the exception of the $-bromo 
derivative) was iound using resonance constants (52) [23], and in the meta-substituted 
series using 02 1241, a field constant with ca. 33% resonance effect (Fig. 2). Thee values 

p-Br T I  .\ I 

T Photodecarbonylation of Aldehydes 6 
0 Incorporation of Stannane Hydrogen into Products 35 

Fig. 2 Hammctt Correlatzons of the Quantum Effacaencaes of Decarbonylataon (6 - 34) at 3730 A 
and UPtake of Tra-n-hutylstannane Hydrogen (7 + 35) 

obtained (e = ~ 0.25, Q,,, N - 0.53) can be satisfactorily reconciled with the proposed 
a-cleavage as the primary photochemical step to give an associated radical pair 
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( c f .  Chart 8) 1~1th only moderate free dimethylbenzyl radical character lo). The uptake 
of stannane hydrogen in the photoproducts 35 (X = H, p-CH,, and $-OCH,) 
(Table 2) 11) shows an inverse dependence on the /ma-substitution, with a p value 
of 4-0.70, This result appears plausible in t-ernis of enhanced stabilisation of the 
radical-pair intermediate with increasing electron density available in the dimethyl- 
benzyl moiety. 

The quantum yield greater than unity of the decarbonylation of $-bromoaldehyde 
6 suggests that  the unimolecular reaction process is paralleled here by some radical 
chain initiation. Corroborative evidence is seen in the 774 hydrogen uptake in the 
reaction of the deuterioaldehyde 7 (p-Br) in pentane solution. 

The cyclopropyl aldehyde 8 reacts with a strikingly low quantum yield, @?kg = 

0.02, although conlorinationally u-~d overlap between tlie C,-CO bond and the aromatic 
system should be available (cf. F) as required for an efficient de~arbonylat ion~) .  
Among the factors which may contribute to lowering the reactivity in this case, two 
ran be immediately accounted for. The dissociation energy of the C,-CO bond of 8 
~ a cyclopropyl bond -- can be estimated to cxceed that of the other aldehydes (6, 9, 
10) and thus make pliotolytic cc-cleavage less favorable. Furthermore, reversible 
n-assisted cyclopropanc opening, as an efficiently competing photoprocess, may well 
make an important contribution to the apparent pliotostability of 812). 

The wavelength dependence of the decarbonylation quantum efficiencies of 6 
(X = H) and 10 (X = H and OCH,) deserves special attention. Of particular interest is 
the observation that the decarbonylation of tlic methoxynaphthyl aldehyde 10 
(X = OCH,) is also initiated by irradiation a t  > 3270 A, i.e. in tlie long-wavelength 
absorption band, which corresponds to tlie aromatic L ,  transition of methoxy- 
naphthalene and is of lower energy than the carbonyl excited singlet state of, e.g., tlie 
naphthyl aldehyde 10 (X = H). That the reaction again involves a predominantly 
uniriiolecular process is seen from the 950/, retention of deuterium in the pliotolysis 
11 + 40 (X = OCH, in both) in acetonitrile which still amounts to 47% in the presence 
of the stannane (Table 2)13). Barring tlie possibility that  the carbonyl group is 
involved in the long-wavelength transition of 10 (X := OCH,), it would follow f y o r n  

By comparison, Neude SC Gross 1251 report a e value of - 1.36 for the hydrogen abstraction from 
substituted toluenes by the piperidinium radical, a frcc radical process. 
The photolyses in thc presence of tri-wbutylstannane wcrc carried out a t  sufficiently low 
concentrations of aldehydes 7 in order to minimise the formation of products 34 arising from 
competitive hydrogen addition to free dirncthylbenzyl radicals capable of recombination to 
bicuniyls 36. 
For the photochemical cleavage of cyclopropyl methyl ketones in solution sec Mavsh et al. [26] 
ant1 I-cfcrences therein. The rcductive clcavage of 8 to 42 (Chart 6), in the presence of 
tri-n-butylstannane, may in fact originate from the intcrccption by stannane hydrogen of the 
diradical foriiied upon photolytic fission of the three-mcmbcred ring in 8. I t  is not possible, 
however, to distinguish this path from hydrogen abstraction by excited earbonyl oxygen as an 
altcrnative primary step; cf. 1261 [27]. 
The relatively extensive uptake of stannane hydrogen in the photolysis of 11 (X = OCH,) is in 
contrast to t h e  corrrsponding results with the naphthyl analogue 11 (X = H). The difference 
may be due, a t  least in part, to greater steric hindrancc to formation of a planar resonance- 
stabilised radical in the 2-methoxy series and hcncc a greater tendency towards dissociation 
of the photolytically formed associated radical-pair. A somewhat similar situation has been 
discussed for certain alicyclic p, y-unsaturated aldehydes [3]. 
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these results that the unirizolecular decarbonylation is not a s$ec<fic process of the aldehyde 
excited state but can also be induced by an appropriate n*-excited systeriz14). This fact has 
to be born in mind when evaluating the wavelength dependence of the quantum yield 
of, e.g., aldehyde 6 (X = H) whose aromatic and n +x* carbonyl absorption bands 
overlap only slightly. Decarbonylation upon aromatic n + x* excitation a t  2537 A 
is less efficient than upon excitation in the n + x* band at  3130 A (@kg = 0.64, 
@!;: = 0.76). An inherently less efficient reaction of the excited phenyl group or 
physical energy dissipation to  ground state may here compete with intraniolecular 
energy transfer from excited phenyl to  aldehyde group which should be exothermal. 

Reactive Excited State Multiplicity. Both the insensivity of the decarbonylation of 
phenyl aldehyde 6 (X = H) towards relatively high concentrations of the potential 
triplet quenchers naphthalene ( 0 . 8 ~ )  and czs-l,3-pentadiene ( 5 . 0 ~ ) ,  and the failure 
of acetone sensitisation do not rigorously exclude thc possibility that the  reaction 
occurs a t  a higher rate than diffusion-controlled birnolecular triplet quenching, and 
from a triplet state which is energetically higher than that of acetone. The degree of 
aldehyde reduction to primary alcohol (7, X = H + 41) in the presence of tri-n- 
butylstannane - e.g., 60% 41 using 0 . 3 2 ~  stannane, with @?: N 0.7 without stan- 
nane - requires direct competition between reduction, which implicitly involves an 
excited state amenable to diffusion-controlled processes, and decarbonylation. I t  
seems likely, therefore, that reduction and decarbonylation originate from the same 
excited state which would then necessarly have singlet multiplicity. An analogous 
situation has already been demonstrated for the @, y-unsaturated aldehyde 1 [3].  
There remains, however, the alternative that reduction occurs from the excited singlet 
state but that  decarbonylation occurs from an extremely short-lived triplet state of 
the phenyl aldehyde. 

Arguments in favor of the singlet niultiplicity of the reactive excited state of the 
naplithyl aldehydes 10 (X = H and OCH,) are less ambiguous. A photoreaction of the 
triplet excited carbonyl was a priori unlikely in view of the energetically favoured 
possibility of intramolecular energy transfer to the naphtha1enel5). Reaction of 10 
(X = H) from its lowest triplet state is, in fact, ruled out for two reasons: (a) the 
failure of acetophenone to sensitise decarbonylation, and (b) the demonstration of 

14) It is noted in this connection, however, that  the diniethyl acetal derivative of 10 (X = H), 44, 
remains unchanged upon irradiation a t  2537 and > 3000 A. 

2537 or >3000 & 

44 

16) The naphthyl aldchydc 10 (X = H) in ether-isopentane-ethanol (5 : 5 : 2) (EPA) glass at 77 K 
exhibits phosphorescence which, by comparison with the emission of 1-isopropplnaphthalene 
(39, X = H), is very similar in band shape and lifetime but is slightly shifted to  shorter wave- 
lengths [lo: t = 2.50 s ,  onset ca. 452 nm, maxima at 470, 504 and 540 nm; 39: t = 2.06 s, onsct 
ca. 458 nin, maxima at 475, 508 and 545 nm]. The phosphorescence intensity of the niethoxy- 
naphthyl aldehyde 10 (X = OCH,) [lo: T = 2 s, onset ca. 470 nni, maxima at 498, 533 and 
575 (shoulder) n m ;  39: Y = 5 s ,  onset ca. 470 nm, maxima at 498, 533 and 575 (shoulder) nm] 
is only 1/7th of the emission of 10 (X = H). 

56 
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triplet quenching by 1,3-cyclohexadiene without affecting the decarbonylation. Tile 
same conclusion can be drawn for 10 (X = OCH,) from the lock of acetophenone 
sensitisation. As cyclohexadiene did not quench the decarbonylation of 10 (X = OCH,) 
nor did it undergo dimerisation, direct proof that any triplet energy transfer had 
occ,urred, is in this case, however, lackinglfi)). 

Conclusion. The results of the photodecarhonylation of a-aryl aldehydes can lie 
accounted for by a mechanism which has been formerly proposd for cyclic p, y -  
unsaturated aldehydes i3-1. The present study thus sliows that the process of uni- 
molecular photodecarbonylation applies also to the aliphatic l 7 )  aryl aldehyde system 
and provides for wider application of this, in general, very smooth and efficient 
plmt oreaction 

\Ve gratefully acknowlcdge financial support for this research affordctl by theSchweiz. National- 
/onds zzw FBrderung der wissenschaftlicl~n Fors~ki ing ,  C 7BA .4G, Ihscl ,  and J .  R.  Geigy A G ,  Bascl. 

Experimental Part 
General remarks. ~ Unless otherwise stated, the working up of crude reaction mixtures 

involved extraction with ether or ethyl acetate, washing of thc organic layer with water or satd. 
NaCl solution to the neutral point, drying over anhydrous MgSO,, and rcmoval of solvcnt by 
distillation over a I'zgr~uz column a t  normal pressure (for phcnyl derivatives) or by  evaporation 
1 1 2  vactto in a rotatory evaporator. 

Melting poznis (taken in open capillaries in an  oil bath) and boiling points are not corrected. 
Refraction indices wcre measured on a Ze7.s~ rcfractonreter. 

Gas chrovnatogravlzs (VPC.)  were run on  Vaviun-iierograph A-90P3 niodels with helium as 
carrier. 

U V .  spectra: A,,,, are given in nm (8 valucs in paranthcscs). ~ fR. spectra: Y,,, in cm-l. ~ 

.Y.WE. spectra: a t  60 or 100 MHz. Chcinical shifts arc given in 6 valucs, with (CH,),Si as internal 
standard. -\bbreviations: s (singlet), d (doublet), 1 (triplet), q (quartet) aiid h (heptct) for first- 
order multiplets, vlz for multiplcts not dcscribrd by other symbols, and J for coupling constants 
in cps. Proton integration of each signal is in agrccment with the positions assigned. 

Syntheses of Aldehydes 6-11. - 2-PksnyZ-2-meth~Z-propanal (6, -I' = H ) .  18.4 g o f  a JO:,; 
NaH (400 imnol) dispersion in mineral oil \vcrc added to  300 m l  of anhydrous diinethylforniamide. 
The mixture was kept under N,, stirred, and coo1t:d to  ca. 10,'. 56.4 g (400 mmol) of CH,J and 
subsequently 16.4 g (100 nimol) of ethyl phcnylacctntc (12, R = C,H,, X = H)ls) (dropwise 
addition over 1 h) ~ ~ ' e r c  added. The hydrogen evolved was allowcd to  escape through a mcrcury 
seal. The mixture was warmed to room temperature, stirred for 14 h ,  then poured on to ice-cooled 
dilute HC1. The usual working up and distillation of the crude product gave, at 95-105"/10 Torr, 
9.33 g (4976 yield) of ethyl 2-pheJ.lyZ-2-mct~zyZ-prop~io~zate (13, R = C,H,, X = H ) .  1R. (film): 
703, 765, 1498, 1600, 1730. NMR. (CUCI,): 1.17/t ( 3  H)+4.11/q ( 2  H), ,J = 7.1, CH,CH,; 1.58/s, 
gew-(Cli,),; 7.3/yit, arom. H. Mass spectrum: wz/e = 192 (Mi, C,,H,,O,), 119 (base peak). The 
residue after distillation was dissolved in ether;  extraction with NaHCO, solution afforded 4.75 g 
(28%) of 2-pheizyl-2-~~iethyl-propion~c acid (13, K 2 X = I I ) ,  m.p. 75-77". 

8.2 g (42.7 mmol) of ester 13 (R = C,H,, X = H) were added to  a solution of 1.6 g (42.2 mmol) 
of LijllH, in 300 nil of anhydrous ether. Tlic mixturc: VY;LS heated. under reflux for 0.5 h, thcn 

That  the triplet excited niethoxynaphthyl aldchydc 10 (X = OCH,) is less efficiently quenched 
by  1,3-cyclohexadiene than  is 10 (X  -~ H), is shown by the fact tha t  concentrations of 
0.4 x 10-3~f 10 (X = OCH,) as compared \vith 0.9 x 10 -,n#1 10 (X = 13) were necessary in order 
to  quench 55 yo of the phosphorescence in 0.07 nr cyclohcxadieiie in E P A  glass at 77 I<. 
. l i ter  the  conipletion of our investigation of the phenyl aldehydes 6 [ 2 ] ,  Tonhyn & Colter [28] 
reported on the  photolq-sis of an aliphatic homoallylic aldehyde, 2,2,4-trimethylpent-3-en-a1 
Jvhich resulted in decarbonylation as the major photocheniical process. 
Material available coininercially from F I h i k ~  A G ,  Buchs (Switzerland). 
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cooled, treated with Seignette salt solution, and worked up as usual. Distillation of the crude 
product gave 5.5 g (85% yield) of 2-phenyl-2-methyl-pyopan-7-ol (14, X = H ) .  B.p. 105-109"/ 
10 Torr. I€<. (film) : 702,768,1045,1498,1602,3360. NMR. (CDC1,) : 1.33/s, gem-(CH,),; 3.85/s, CH,; 
7.3/m, arom. H. Mass spectrum: m/e = 150 (Mf, C,,H,,O), 119 (base peak). 

1.5 g (10 mmol) of alcohol 14 (X = H) were dissolved in 20 ml of (CII,),SO and 20 ml of acetic 
anhydride. After stirring for 14 h in the dark a t  room temperature, the solution was brought to 
PH 7-8 with 2~ Na,CO,. Extraction with pentane and distillation furnished 0.70 g (47% yield) 
of a fraction, b.p. 70-8OC/10 Torr, which contained 80% 2-phenyl-2-methyl-propunol (6, X = H )  
and 15% starting materiallSj. Pure6 (X  = H) was isolated by X'PC. (SF-96, 133"). IR. (film): 697, 
760, 838, 1495, 1605, 1720, 2715. UV. (C,H,OH): 259 (243), 297 (125); (iso-octane): 259 (260), 
300 (135). NMR. (CDC1,): 1.46/s, gem-(CH,),; 7.3/m, arom. H ;  9.50/s, CHO. Mass spectrum: m/e = 
148 (M+, C,,H,,O). 119 (base peak). - 2,4-DinitrophenyZhydrazone 0.f 6 (X = H ) :  m.p. 144.5-145". 
UV. (C,H,OH): 360 (22900). 

C,,H,,N,O, Calc. C 58.53 H 4.91y0 Found C 58.80 H 5.11% 

11 higher boiling fraction of the distillation (b.p. 115-130"/10 Torr) furnished 480 mg (23% 
yield) 7-methyZthiomethoxy-2-me2hyZ-2-phenyl~~ropune. IR. (film) : 699, 731, 767, 1075, 1490, 1600. 
NMR. (CDC1,) : 1.35/s, gem-(CH,),; 1.99/s, S-CH,; 3.57/s, CH,-l; 4.58/s, -SCH,O-; 7.3/9n, arom. 
H .  Mass spectrum: m/e = 210 ( M + ,  C,,H,,OS), 163, 132, 119 (base peak), 61. 

2-Phenyl-2-nzethyl-propunul-1-d (7, X == 11). Reduction of ester 13 (R = C,H,, X = H) with 
Li41D4 gave (90% yield) 2-phenyl-2-methyl-propun-7-01-7, 7-d, (15, X = H ) .  B.p. 103-105"/10 Torr. 
IR .  (film): 699, 759, 1498, 1601, 2091, 2198, 3360. Mass spectrum: 98% dZ6)20). 

Oxidation of alcohol 15 (X = H) according to  Albright C? ul. [29] furnished (30% yield) 
2-phenyl-2-methyl-propu~~uZ-7-d (7, X = H ) .  I R .  (film) : 700, 758, 1496, 1610, 1716, 2050, 2115. 
UV. (C,H,OH): 260 (198), 299 (140); (iso-octane): 259 (193), 300 (117). NMR.  (CDC1,): 1.47/s, 
gem-(CH,)2;  7.3/m, arom. H. Mass spectrum: l00./6 d,,)"). 

2-Phe~~ylyl-2-methyl-pi~o~unul-4'-d (6, X = p - D )  . A solution of 2.51 g of 2-p-bromoplienyl-2- 
methyl-propan-1-01 (14, X = p-Br) in a few drops of acetone was saturated with deuterium oxide 
and cvaporatcd to  dryness in  wucuo. The procedure was repeated four times. The 1R. (film) of the 
residue (16) showed a ratio of 1 : 2.6 for the bands a t  3340 and 2485 cm-I. 2.26 g (9.8 mmol) of 16 
were added to 0.42 g of a 36% Li (60 mmol) dispersion in paraffin in 100 ml anhydrous tetra- 
hydrofuran and heated under reflux for 55 h with stirring; the reaction system was kept under i\r 
throughout. After cooling, the mixture was treated with 1.2 g (60 mmol) of L),O and subsequently 
with satd. NH,C1 solution. The usual working up and distillation of thc crude product gave 1.01 g 
(69% yield) of 2-phenyZ-2-methyl-propun-7-01-4'-d (14, X = p-D). B.p. 130"/10 Torr. IR.  (film) : 
701, 764, 853, 1045, 1598, 2255, 2275, 3350. N1LIR. (CDCI,) : 1.36/s, gem-(CH,),; 3.60/s, CH,-1; 
7.4/m, 4.35 arom. H.  Mass spectrum: m/e = 151 (M+. C,,H,,UO), 150 (M+,  C,,H,,O), 120 (base 
peak), 119; 59.8% d,6)20). 

3.18 g (20 mmol) of pyridine-SO, complex in 25 ml (CH,),SO were added dropwise to  a solution 
of 0.94 g (6.2 mmol) of alcohol 14 (p-D) and 6.50 g (64 mmol) of triethylamine in 20 ml (CH,),SO 
[S]. After stirring for 1 h at room temperature, the mixture was worked up and the crude product 
furnished on distillation 0.88 g (95% yield) of 2-phen~yZyl-2-methyl-propunul-4'd (6, X = p-D). B.p. 
105-120°/10 Torr. 1K. (film) : 702, 762, 836, 149.5, 1735, 2255, 2280, 2695, 2795. Mass spectrum: 
m/e = 149 (M+, C,,H,,DO), 148 ( M t ,  C,,H,,O), 120 (base peak), 119; 55.8% d16))20) .  

2-p-~'oZyl-2-methyl-propunul (6, X = 9-CH,). 20 g of a 50% NaH (400 mmol) dispersion in 
mineral oil was twice stirred up in pentane under N, and subsequently decanted. At 5-10" the 
NaH was combined with 600 ml anhydrous dimethylformamide and 57.0 g (400 mmol) of CH,I, 
and 20 g (112 mmol) of cthyl p-tolylacetate (12, R = C,H,, X = p-CH,) in 50 ml of dimethyl- 

I*) Oxidation method by Atbright & Goldmun [29]. I n  subsequent preparations of the aldehyde 6 
(X = H) ,  the Doering oxidation [8] gave better yields (ca. 90%). In preliminary experiments, 
oxidations of alcohol 14 (X = H )  with pyridine-CrO, yielded small amounts of aldehyde with 
chiefly a 5 : 2 mixture of /3,,!-dimethyl-,!-phenyl-ethyl alcohol and acetophenone; oxidation (a) 
with dimethyl azodicarboxylate [30] gave only traces of aldehyde, (b) with dicyclohexyl- 
carbodiimide and pyridinium trifluoroacetate [31] gave ca. 30% aldehyde. 
I n  VPC. the deuteriated compounds were indistinguishable from the non-deuteriated analogues. 
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forniamide were added dropwise. The mixture was stirred under N, a t  room tcmperature for 46 11. 
Thc H, evolved was allowed to  escape through a mercury seal. After treatment with C,H,OH an(1 
with satd. NH,Cl solution, working up gave 8.5 g (42q/, yield) of 2-p-toZyZ-2-methyzyl-propionic aczd 
(13, I? = H ,  X = p-CH,) and, after distillation of the ncutral fraction, 14.1 g (56% yield) of ethyl 
2-p-toZyZ-2-meth~yZ-propzonate (13, R = C,H,, X = p-CH,). B.p. 119-122"/10 Torr, ng., = 1.4907. 
IR. (film) : 668, 730, 820, 1385, 1615, 1730. UV. (C,H,OH) : 263 (320). NMR. (CDCl,) : 1.17/t (3 H) 
+4.12/y ( 2  H), j = 7.1, CH,CH,; 1.55/s, gem-(CH,),; 2.31/s, arom. CH,;  7.2/.4.4'BB' pat tcm,  
arom. H. Nass spectrum: m/e = 206 ( M + ,  C13H180z), 133 (base peak). 

Ester 13 ( R  = C,H,, X = p-CH,) was reduced with Lil\lH4. Distillation of the crude product 
furnished 2-p-toZyZ-2-methyl-~ropan-7-ol (14, X = p-CH,) (81 "/o yield). B.p. 122-125"/10 Torr ; 
P L ~ ~ . ~  = 1.5215.1R. (film) : 606,722,816,1458,1512,3350. UV. (C,H,OH) : 264 (350). NMR. (CDC1,) : 
1.24/~ ,gem-(CH,)~;  2.29/s, arom. CH,; 3.40/s, CH,-l; 7.l/A.A'RR'pattern, arom. H. Massspectrum: 
wz/e = 164 ( M + ,  C,,H,,O), 133 (base peak). 

Oxidation of alcohol 14 (X = p-CH,) by Doering's method [ S ]  gavc Z-p-toZyl-Z-ynethyl-~~o~unuZ 
(6, X = p-CH,) (89"/6 yield). B.p. 120-140"/12 Torr; n:., = 1.5098. IR .  (film) : 723, 817, 846, 1470, 
1515, 1730, 2795. UV. (C,H,OH): 265 (396), 297 (195); (iso-octane): 265 (359), 301 (148). NBIR. 
(CDC1,): 1.39/s, gem-(CH,),; 2.31/s, arom. CH,; 7.1/A21'BB' pattern, arom. H ;  9.55/s, CHO. 
Mass spectrum: m/e = 162 ( M + ,  C,,H,,O), 133 (base peak). - 2,4-UivzztrophenyZhydruzone of 6 
( X  = p-CH,) : 1n.p. 166-167". UV. (C,fI,OH): 363 (22300). 

C,,H,,N,O, Calc. C 59.64 H 5.30 9 16.37% Found C 59.74 H 5.20 iK 16.38Oi, 

2-p-ToZyZ-2--methyZ-propanal-/-d (7, X = P-CH,). Reduction of thc ester 13 (R = C,H,, 
X = p-CH,) with LiAlD, gave 2-p-toZyZ-2-methyl-propun-7 -oZ-1, 1-d, (15, 9-CH,) (8076 yicld). 
B.p. l12-120°/10 Torr. IR.  (film): 722, 818, 1516, 2082, 2103, 3360. UV. (C,H,OH): 26.5 (355). 
Mass spectrum: m/e = 166 ( A T + ,  CllH14DzO), 133 (base peak); 98% d,6)2n). 

Doering oxidation [8] of alcohol 15 (X = p-CH,) gave 2-p-tolyl-2-methyl-propunuZ-I-d (7, 
X = p-CH,). IR.  (fi lm): 721, 818,1515,1713, 2043, 2116 cm-'. UV. (C,H,OH): 266 (384), 299 (202); 
(iso-octane): 266 (358). 302 (153). Mass spectrum: in/e  = 163 ( M + ,  C,,H,,DO), 133 (base peak); 
99% d,6)2n). 

2-m- ToZyZ-2~methyZ-propanul (6, X = m-CH,) . Mcthylation of methyl m-tolylacetate (12, 
R = CH,, X =: nz-CH,)ls) furnished 2-m-toZyZ-2~inethyZ-p~opzon~c ucid (13, R = H ,  X = m-CH,) 
(30% yield); methyl 2-rn-toZyZ-Z-nzethyl-p~op~onut~ (13, K = CH,, X = m-CH,) (53% yield). 
For the latter b.p. 116--124"/13 Torr; n: = 1.5007. 1R. (film): 708, 790, 1589, 1608, 1735. XMR. 
(CDC1,): 1.57/s, gem-(CH,),; 2.34/s, arom. CH,; 3.63/s, CH,-1; 7.2/m, arom. H .  Mass spectrum: 
nzje = 192 (Mi - ,  C,,H,,O,), 133 (base peak). 

Reduction of ester 13 ( R  = CH,, X = nz-CH,) with LiXIIH, gave 2-m-loZyZ-2-methyZ-pYopalz-/-ol 
(14, X = m-Cfl,) (91% yield). B.p.  123-128"/13 Torr; n g  = 1.5208. IR .  (film): 710, 788, 1047. 
1590, 1609, 3370. UV. (C,H,OH) : 264 (304). NMR. (CDC1,) : 1.30/s, gem-(CH,),; 2.35/s, arom. CH,; 
3.57/s, CH,-1; 7.2/m, arom. H. Mass spectrum: m/e = 163 ( M + ,  C,,H,,O), 133 (base peak). 

Doering oxidation [8] of alcohol 14 (X = m-CH,) furnished 2-ni-toZyZ-2-nzethy2-~ropunuZ (6, 
S = m-CH,) (97% yield). B.p. 113-118"/11 Torr; .I","., = 1.5084. IR.  (film): 707, 785, 810, 1365, 
1492, 1588, 1608, 1732, 2697, 2795. UV. (C,H,OH) : 265 (326), 298 (150) ; (iso-octane) : 265 (290), 
301 (120). NMR. (CCl,) : 1.41/s, gem-(CH,),; 7.l/nz, arom. H ;  9.38/s, CHC). Mass spectrum: m/e = 
162 (M+,  C,,H,,O), 133 (base peak). - 2,4-~i~rzatvophen.vlhydru~one of6 ( X  = in-CH,): 1~7.p. 144- 
144.5"; UV. (C,H,OH) : 361 (19900). 

C,,H,,N,O, Calc. C 59.64 H 5.30 N 16.37% Found C 59.50 H 5.13 N 16.53% 

2-m-lo1yl-Z-mefhyl-propunaZ-I-dl (7, X ~ m-CH,). Reduction of the ester 13 (R : CH,, 
X = m-CH,) with LiXID, gavc 2-m-tolyl-2-methyl-prop~~z-1-oZ-1, 7-d, (15, X = m-CH,) (97% 
yield). B.p. 113-118"/11 Torr. 1R. (film) : 707, 788, 1588, 1608, 2083, 2195, 3350. UV. (C,H,OH) : 
264 (250). Mass spectrum: m/e = 166 (AT+, CllH14D~O), 133 (base peak);  98% d,6)2n). 

Doering oxidation [81 of the alcohol 15 (X = m-CH,) afforded 2-m-toiyZ-2-methyZ-pro~unul- 
/ ,7-d (7, X = m-CH,) (82% yield). B.p. 110-115"/10 Torr. IR.  (film): 706, 792, 1056, 1400, 1588, 
1606, 2050, 2138. UV. (C,H,OH): 266 (340), 298 (158); (iso-octane): 265 (380), 299 (124). Mass 
spectrum: nz/e = 163 (Mi. ,  C,,H,,DO), 133 (base peak);  99% d16),0). 
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Z-p-Methoxyphenyl-2-iizethyl-propanal (6, X = p-OCH,). A solution of 25.0 g (150 mmol) p- 
methoxyphenylacetic acid (12, R = H ,  X = p-OCH,) 18) and 0.75 g of p-toluenesulfonic acid in 1 1 
CH,OH mas heated under reflux for 53 h, then concentratcd in uacuo and taken up in ether. The 
solution was washed with 2~ NaHCO, and satd. NaC1. Distillation of the crude product gave 
25.4 g (94% yield) of meth-vl p-nzethoxyphenylacetate (12, R = CH,, X = p-OCH,). B.p. 96-99"/ 
0.19 Torr; nL4., = 1.5125. IR.  (film): 729, 823, 1047, 1290, 1516, 1588, 1617, 1740, 2835. UV. 
(C,H,OH): 277 (1430). NMR. (CCl,): 3.55/s, CH,; 3.67+ 3.77/2s, two OCH,; 7.0/AA'BB'pattern, 
arom. H. 

Methylation of the ester 12 (R = CH,, X = p-OCH,) furnished 2-p-methoxyphenyl-2-nzethyl- 
pvopiouzic acid (13, R = H, X = P-OCH,) (77% yield) and methyl 2-p-methoxyphenyl-2-methyl- 
propionate (13, R = CH,, X = fi-OCH,) (32% yield); b .p .  113-116"/0.8 Torr; ng.5 = 1.5075. 
IR.  (film): 835, 1515, 1585, 1615, 1735. UV. (C,H,OH): 276 (1800). 

Rcduction of the ester 13 ( R  = CH,, X = p-OCI3,) with LiAH, gave 2-p-methoxyphenyl-2- 
methyl-p~opan-7-ol (14, X = p-OCH,) (84% yield). B.p. 117-118"/0.8 Torr; m.p. 44-44.8'; ngp6 = 
1.5176. TR. (film) : 831, 1515, 1585, 1615, 3410. UV. (C,H,OH) : 275 (2190). XMR. (CDCI,) : 1.29/s, 
geni-(CH,),; 3.53/s, CH,-l; 3.77/s, OCH,; 7.1IAA'BB' pattern, aroin. H. Mass spectrum: m / e  = 

180 (M+, C,,H,,O,), 149 (base peak), 121. 
Oxidation of the alcohol 14 (X = p-OCH,) with (CH,),SO and acetic anhydride19) afforded on  

distillation (85-120"/12 Torr) four products which were isolated by VPC. (SE-32, 240") : 
1) 64:/, 2-p-Methoxyphenyl-2-methyl-propanal (6, X = p-OCH,). IR. (film) : 801, 834, 1038, 

1258, 1519, 1584, 1613,1728, 2700, 2800,2835. UV. (C,H,OH) : 275 (1710), 300 (301) ; (iso-octane) : 
276 (1280), 300 (150). NMR. (CDCI,): 1.43/s, gem-(CH,),; 3.79/s, OCH,; 7.1IAA'BB' pattern, 
aroin. H ;  9.45/s, CHO. Mass spectrum: m/e = 178 (nil+, CllH1402), 149 (base peak), 121. - 2.4- 
Dinitrophenylhydrazone of 6 ( X  = p-OCH,): m.p. 144-146". UV. (C,H,OH): 362 (18300). 

C,,H,,N,O, Calc. C 56.98 H 5.06% Found C 56.96 H 4.83% 

2) 15% 2-p-Methoxyphenyl-2-methyl-propun-l-yl acetate. 1R. (film) : 835, 1255, 1615, 1740, 

3) 1776 2-p-Methoxyphenyl-Z-methyl-7-methylfhiomethoxy-propane. IR. (film) : 832, 1070, 1616, 

4) 4oj, Unknown product. 
Doerang oxidation [S] of the alcohol 14 (X = p-OCH,) gave aldehyde 6 ( X  = p-OCH,) in 94% 

yield; b.p. 143-148"/10 Torr. 
2-p-Methoxyphenyl-2-methyl-propanal-7-d (7, X = p-OCH,). Reduction of the ester 13 ( R  = 

CH3,  X ;= p-OCH,) with LiAlD, furnished 2-p-methoxyphenyl-2-methyl-propan-7-ol-l,l-d, (15, 
X = 9-OCH,) (86% yicld). R.p. 142-147"/10 Torr; m.p. 4547".  IR. (CHCI,): 831, 1034, 1579, 
1612, 2085, 2195, 3570. UV. (C,H,OH) : 273 (1700). Mass spectrum: m/e = 182 ( M + ,  C,,H,,D,O,), 
149 (base pcak) ; 98.3% d,6)2n). 

Doering oxidation [8] of the alcohol 15 (X  = p-OCH,) affordcd aldehyde 7 (X = p-OCH,) 
(97% yield). B.p. 134-137"/10 Torr. IR.  (film) : 786, 836, 1034, 1252, 1516, 1582, 1613, 1712, 2045, 
2115, 2830. UV. (C,H,OH): 277 (1660), 300 (320, shouldcr); (iso-octanc): 278 (1760), 300 (265, 
shoulder). Mass spectrum: rn /e  = 179 (Mf, C,,H,,DO,), 149 (base peak);  98.9% d16),,). 

2-m-Methoxyphenyl-2-methyl-propanal (6, X = m-OCH,) , w-Methoxyphenylacetic acid (12, 
K = H ,  X = m-OCH,)ls) was esterified as described for 12 (R = H,  X = 9-OCH,). Methyl m- 
methoxyphenylacetate (12, R = CH,, X = YA-OCH,) was obtained (92% yield). B.p. 87-90"/ 
0.25 Tom; n;: = 1.5137. IR. (film): 697, 776, 1052, 1261, 1497, 1588, 1738, 2835. 

Methylation of the ester 12 ( R  = CH,, X 1 m-OCH,) gavc 2-m-methoxyphenyl-2-methyl- 
propionic acid (13, R = H, X = m-OCH,) (79% yield), m.p.  62.5" after three crystallisations from 
petroleum ether, and methyl 2-m-methoxyphenyl-2-methyl-propionate (13, R = CH, , X = ni-OCH,) 
(17% yield). I3.p. 99-103"/0.5 Torr;  ng = 1.5070. IR .  (film): 702, 776, 1585, 1600, 1730. UV. 
(C,H,OH) : 274 (1880). NMR. (CCI,) : 1.57/s, gem-(CH,),; 3.65+ 3.80/2s, two OCH,; 7.l/m, arom. H.  
Mass spectrum: m/e = 208 (M+, C,,H,,O,), 149 (base peak), 121. 

Reduction of thc ester 13 (R = CH,, X = m-OCH,) with LiAlH, gave Z-m-methoxyphenyl-2- 
nzethyl-propan-7-ol(14, X = m-OCH,) (71% yield). B.p. 94-96'/0.25 Torr; ng = 1.5276. I R .  (film): 
704, 780, 1049, 1582, 1601, 3380. UV. (C,H,OH): 272 (1590). NMR. (CCl,): 1.31/s, gem-(CH,),; 

2840. Mass spectrum: m/e = 222 (M+, C,,H,,O,), 163, 149 (base peak). 

2835. Mass spectrum: m/e = 240 (A[+, C,,H,,O,S), 163, 149 (base peak). 
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3.55/s, CH, - l ;  .3.79/s, OCH,: 7.0/m, arom. H. Mass spectrum: wz/e = 180 (M+, C,,H,,O,), 149 
(base peak), 121. 

Doering oxidation L8J of the alcohol 14 (X = i~z-OCli,) furnished aldehyde 6 ( X  = in-OCH,) 
(78% yield). €3.1). 94--97"/0.3 Torr;  n;f = 1.5193. 1R.  (film) : 702, 780, 1050, 1266, 1488, 1582, 1600, 
1728, 2695, 2800, 2830. UV. (C,H,OH): 277 (1730), 300 (212, shoulder); (iso-octane): 277 (1690), 
300 (150, shoulder). NMR. (CCI,): 1.45/s, gem-(CH,),; 3.79/s, OCH,; 7.0/m, arom. H ;  9.46/s, CHO. 
Mass spectrum. +n/e = 178 (&I+ ,  C,,H,,O), 149 (base peak),  121. - 2,4-Ui?~,itrophenyZhydrazone oJ6  
(S == m-OCH,) : n1.p. 141-141.2"; I;\'. (C,H,OII): 361 (23300) 

C1,Hl8N4O, Calc. C 56.98 H 5.06 N 15.64% Fount1 (: 57.04 H 5.03 N 15.530/6 

Z-ni-Methol.yphenyl-Z-meth~/Z-~ro~~~~?.uZ- I-d (7, X :< 111-OCH3). Reduction of the  ester 13 
( R  = CH,, X :=- m-OCH,) with LiAID, gave 2-ni-m~fho,~~yphe~zyl-Z-~~zethyl-~ropun-l-oZ-7,  7-d2 (15, 
S = ni-OCH,) (90% ~7icld). B.p. 153-157°/10 Torr. 1K. (film) : 703, 784, 1583, 1601, 2082, 21911, 
3380. UY. (C,,H,OH): 274 (1675). Mass spectrum: 9 ~ / e  = 182 (,l~f+, CllHl , l~20,) ,  149 (base peak);  
96.57; d26)20). 

.Iloerzng oxidation [8: of the alcohol 15 (X = M-OCH,) afforded aldehyde 7 (X = n%-OC,H,) 
(84% yield). H.p.  134-137"/10 Torr. TK. (film) : 701, 789, 880,  1047, 12.56, 1490, 1582, 1600, 1712, 
2050, 2118, 2828. UV.  (C,H,OH): 278 (1690), 300 (160. shoulder); (iso-octane): 277 (l550),  300 
(112, shoulder). Mass spectrum: w/e  = 179 (M+, CllH131)Oz), 149 (base peak);  98.20,; d,6)20). 

2-p-Rromophenyl-2-nzeth~~Z-~ropanul (6, X : p-Rr). Ethyl p-bromophenylacetate (12, R : 
CpH,. X = p-Hr) was methylated to  2-p-browzophen~~l-Z-mcthyl-propionic acid (13, R : H ,  
X = p-Rr) (49'j/, yield), m.p. 122-124", and to ethyl ~-p-hroniophenyl-2-methyl-propio~latc (13, 
R = C,H,, X := p-Br) (44:/, yield). R.p. l09-l1Oq/O.6 Torr. 1K.  (film): 718, 755, 826, 1010, 1098, 
1495, 1590, 1731. Mass spectrum. w / e  = 272/270 ( A T + ,  C,,HI,BrO,), 199 (base peak), 179, 1.57, 
118. 

8.44 g (34.6 mmol) of acid 13 (R = H ,  X = p-Br) in 200 in1 of anhydrous cther were reduced 
with 1.33 g (3.5 mmol) of LiAIH, in ether solution added dropwise. After 30 min heating under 
reflux, Seignette salt solution was added. By the usual working up 7.68 g (97%) of Z-p-bromophenyl- 
2-methyl-propan,.-1-oZ (14, X = p-BY) mere obtained. U . p .  164-167"/10 Torr. 1R.  (CHCI,) : 826, 
1010, 1045, 1493, 1592, 34.50, 3610. LJ\'. (E tOH) :  267 (290). NMR. (CC1,): 1.25/s, gem-(CH,),: 
3.42/s, CIL-1 ; 7.3/AA'BB' pattern,  arom. 11, Mass spcctrutn: injc = 230/228 (M+,  C,,H,,BrO), 
199, 197 (base peak). 

Doering oxidation 1x1 of the alcohol 14 (X  = p-Br) gave aZdehyde 6 (X = p-Br) (880,; yield). 
B.p. 137-144"/10 Torr:  n?., = 1.5528. I R .  (film) : 719, 747, 820, 841, 1011, 1102, 1495, 1580, 
1726, 2700, 2800. TTV. (C,H,OH): 268 ( 3 2 8 ) ,  297 (195); (iso-octane): 269 (445), 302 (166). NMR. 
(CCI,): 1.42/s, g e ~ z - ( C H ~ ) ~ ;  7.3/AA'BD' pattern, arorn. H ;  9.40/s, C11( ass spectrum: m/e = 
228/226 (Mf, C1,Hl,BrO), 199, 197 (base peak), 171, 169, 118. - 2,4-D ophenylhydrazone of 6 
(X = p-Br) : m.p. 153.5-154": 1JV. (C,H,OH) : 358 (19200). 

Cl6H1,Br~,O, Calc. (: 47.19 H 3.71 Br 19.62 r\T 13.76% 
Found ,, 47.18 ,, 3,76 ,, 19.69 ,, 13.72% 

2-1-]-Hromophe~zyl-2-nzethyl-propa,zal-I-d (7, X = p-Br). Reduction of the ester 13 ( R  = C,H,, 
X = p-13r) with LiXII), furnished Z - p ~ b r o r ~ ~ o p h e ~ z j ~ Z - 2 - ~ ~ ~ e t h y l - ~ r o p a n - l - o Z - / ,  1-11, (15, X = p - B r )  
(90% yield), b.p. 155-165"/10 Torr. IK. (CHCI,): 826, 896, 1011, 1402, 1590, 2090, 2200, 3610. 
UV. (C,H,OH) : 269 (274). Mass spectrum: m / e  = 232/230 ( J P ,  Cl,,H,,Brll,O), 199, 197 (base peak), 
118; 98.50/" 

D o e r i q  oxidation [SJ of the alcohol 15 (X =z p - H r )  gave uZdelLwle 7 (X  = p-Br) (94oj, yield). 
F3.p. 142 147"/10 Torr. IR.  (film) : 717, 733, 829, 1009,1493, 1.588, 171 2, 2050, 211.5. UV. (C,H,OH) : 
269 (326), 298 (206); (iso-octane): 269 (338), 302 (176). Mass spectrum: mnje = 229/227 ( A T + ,  
C,,H,,Br~O), 199, 197 (base peak) ; 99.5% d,G)20) .  

2-~~-Z'r~f~uoronzetAylphc~zyl-2-llzPthyZ-propu~~ul (6, X = p-CF,). 13.44 g (76.7 mmol) of p-tri- 
fluoromethylbenzyl alcohol (18) Ih.p. 98-101r'/ll Torr;  TR. (film) : 820, 1587, 1621, 3310,l) ; UV. 
(C,H,OH) : 264 (355)], obtained from p-trifluoromcthylbenzoic acid (17) l8) by TiAIH, rednction 
(91 yo yield), in 25 nil of ether were added dropwise to  a solution CJf 25.Gg (216 mrnol) freshly distilled 
SOCI, in 30 ml of ether. After 1411 stirring at i-ooiii temperature the  product, p - t r z ~ l ~ o r o m e t h y Z b e ~ z ~ ~ / i  
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chloride (19) was isolated (82yo yield) by direct distillation from the  reaction mixture. H.p. 7.5 
80°/10 Torr. 1R. (film): 693, 755, 838, 162021). NMR. (CDCI,): 4.60/s, CH,; 7.5jAA'BB' pattern, 
arom. 13. 

4.73 g (24.3 minol) of chloride 19 were addcd dropwise t o  a boiling solution of 2.1 g (43 Ininol) 
of NaCN in 12 ml of II,O and 20 ml of C,H5(IH22). After stirring for 3 h a t  reflux temperature 
the usual working up gave 3.42 g (73% yield) of p-trifl~~oromethylbenzyl cyaizide (20). B.p. 112-118"/ 
11 Torr;  m.p. 45-46". IR. JCHCI,): 1621, 225OZ1). UV. (C,H,OH): 264 (448). Mass spectrum: 
w r / e  = 185 (M+, C,H,F,N), 166, 116 (base peak), 89. 

Methylation of the cyanide 20 furnished 2-p-trifluoromethyZphenyl-2-methyl-pvopionitrile (21) 
(85% yield). B.p. 99-108"/10 Torr. IR.  (film) : 699, 842, 1518, 1583, 1602, 223SZ1). UV. (C,H,OH): 
264 (412). Mass spectrum: mje = 213 ( M + ,  C,,H,,F,N), 198 (base peak), 178, 151. 

5.9g (27.7 mmol) of cyanide 21 were hydrolysed by  boiling for 20 h with 90 ml of 20% aqueous 
NaOH and 30 ml C,H,OH to give 2-p-trzfluorornethylphenyl-2-nzethyl-propionamide [1.4 g ;  22qo 
y d d ;  n1.p. 138-141"; IR.  (CHCI,) : 845, 1620, 1682, 3400, 351Oz1)j and 5.05 g (78% yield) of 2-p- 
trz f lz~oronzethylphenyl-2-~~thyl-prop~on~c acid (13, R = H,  X = p-CF,). M.p. 73.5-74' after three 
crystallisations from ether-petroleum ether. IR.  (CHCI,) : 1621, 1705, 1745, 3000 (very broad) ,l). 

I 'V.  (C,H,OH): 263 (324). 
Reduction of acid 13 (K = H, X = p-CF,) with LihlH, furnished 2-p-tri;fluoronzethyZphenyL-Z- 

methyl-propan-1-ol (14, X = p-CF,) (88% yield). B.p. 123-129'/10 Torr;  m.p. 35--36". IR.  (film) : 
711, 842, 1601, 335OZ1). UV. (C,H,OH): 264 (309). NMR. (CCI,) : 1.28/s, gem-(CH,),; 3.43/s, CH,-1; 
7.5/AA'BR'pattern, arom. H. Mass spectrum: wzje = 218 (M+,  CilH,,F,O), 187 (base peak), 159. 

6 g of carefully dried Fdlzzon reagent [9] (8.3 mmol of Ag,CO, on celite dried for 4 h at 100' and 
0.1 Torr) and 250 ml of anhydrous benzene were pu t  into a flask equipped with dropping funnel, 
water separator, and magnetic stirrer. Benzene (30 ml) was distilled off under stirring, then 600 mg 
(2.75 nimol) of alcohol 14 (X  = p-CF,) in 30 ml of benzene were added dropwise and again 30 ml 
of solvent removed by  distillation; the  mixture was then kept for two days a t  reflux temperature 
under stirring. The black reaction mixture was filtered through celite and washed with 500 nil 
CH,CI,. Evaporation of the solvent and distillation afforded 750 mg of a mixture (b.p. 115- 
125'/10 Torr) composed of 43% starting material and 5574 Z-p-tr~flworomethylphenyl-2-meth~yl- 
propaizal (6, X = p-CF,). The latter was isolated b y  VPC. on SE-30 a t  216". IR. (film) : 725, 845, 
1581, 1618, 1726, 2700, 280Oz1). UV. (C,H,OH): 264 (396), 302 (113); (iso-octane): 265 (336), 303 
(106). NMR. (CCI,) : 1.48/s,gem-(CH3),; 7.5/AA'BB'psttern, aroni. H ;  9.52/s, CHO. Massspectrum: 
m/e 216 (M+, CllHllF,O), 197, 187 (base peak), 159, 127, 69, 51. - 2,4-Dii~,itrophenylhydrazone of 6 
( X  = p-CF,): m.p. 159-160"; UV. (C,H,OH): 360 (21450). 

C,,Hl,F,N,O, Calc. C 51.52 H 3.82 F 14.38 N 14.14% 
Found ,, 51.49 ,, 3.92 ,, 14.36 ,, 14.19% 

In  a second experiment 100 mg (0.46 mmol) of alcohol 14 (X = p-CF,) were oxidised as abovc, 
but using toluene instead of benzene. After 5 h reaction, then evaporation of the toluene, thc 
residue gave, after distillation (b.p. 120-180"/10 Tori-) and separation by VPC. (SE-30, 218"), 
30% of starting material, 9% of aldehyde 6 ( X  = p-CF,), and 49% of 2-p-trifluoromethylphenyl- 
propan-2-ol [m.p. 25-30"; IR .  (film): 712, 843, 1620, 3370; mass spectrum: mje 204 (M+, 
C l o ~ ~ ~ l F , C ~ ) ,  189 (base peak), 185, 173, 1451. 

2-p- Trzfluorometl~ylphenyl-2-methyl-propalzal-1-d (7, X = p-CF&). Reduction of acid 13 
(It = H ,  X = p-CF,) with Li AIII, afforded Z-p-tr~flz~oronaet~~yZphenyl-~-methyl-pro~an-l-ol-l, 1-d, 
(15, X == P-CF,) (88% yield). R.p. 122-129'/10 Torr;  m.p. 34-36", IR.  (film): 704, 843, 1582, 1621, 
2085, 2195, 3340"). UT'. (C,H,OH): 258 ( 3 2 2 ) ,  263 (297). Mass spectrum: m/e = 220 (A&+, 
C,,H,,D,F,O), 201, 187 (base peak), 159; 94.6% dZ6),O). 

Alcohol 15 (X = p-CF,) was oxidiscd using the procedure described for 14 (X = p-CF,) in 
benzene. The resulting crude reaction product was subjected t o  a second oxidation furnishing 
(98% yield) a mixture (b.p. 120-130°/10 Torr) composed of 55% starting material and 4074 

21) The trifluoromethyl group of all +substituted derivatives exhibits strong characteristic IR. 
bands at 1019 (sharp), 1069 (sharp), 1124 (broad), 1168 (broad) and 1329 (broad) cm-l, all 
positions + 4 cn-l .  

") Method by F m ~ n  & Hubjohn [32]. 
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aldehyde 7 ( X  p-CF,). The latter mas separated by  VPC. (SF-96, 180"). IR. (film): 718, 843, 
1582, 1610, 1718, 2052, 2118,l). Mass spectrum: m/e = 217 (ilf+, CllHl,,DF,Oj, 198, 187 (base 
peak), 159; 98.50/! d16)20). 

2-in- 7'~i f l~a~0~izeth~i lphenyl-2-methyl-propanai  (6 ,  X 7 n-CF,).  nz-Trifluoromethylbenzoic acid 
(22) la) was converted stepwise into m - t r z f l u o v o m e t h ~ ~ l b ~ ~ ~ ~ ~ ~ l  alcahol i23 ; 9276 yield; b.p. 104-105"/ 
14 Torr;  IK. (film): 704, 798, 1598, 1618, 331OZ3); UV. (C,H,OH): 264 (542)] and m-tvifZuovomethyl- 
henzyl chloride [24; 87% yield; b.p. 65-73"/10 Torr; 1R.  (film): 661, 702, 718, 806, 1495, 1600, 
1618"'); NMR. (CCI,): 4.55/s, CH,; 7.5/nz, aroni. H ;  mass spectrum. in/e = 176 (M+, C,H,ClF,), 
157, 127 (base peak, C,H5F, by  high resolution), 1071 following the procedure described for 
17 --f 18 + 19 

.A solution of the Gvignavd reagcnt preparctl from 6.4.5 g (33 mmol) of chloride 24 and 930 mg 
(38 gram-atoms) of Mg files in 250 nil anhydrous ether was heated under rerlux for 2 h ,  treated with 
dry ice, and further heated for another 0.5 h. After acidification and extraction with ether, the 
organic layer was washed repeatedly with 2 N aqueous KaHCO, . The combined aqueous portions 
furnished on acidification and working up  4.88 g (71 :&) of m-iriJluovomPzethyEphe~.y~acetic acid (12, 
K -= H, X = m-CF,). 1LI.p. 76-77.5" after threc crystallisations from CH,CI,-petroleum ether. 
I K .  (CHC1,): 918, 1493, 1598, 1620, 1715, 3000 (very broad)2'3). 

9.35 g (42.9 mmol) of methy l  n i - t r~ l z~ovometh~~ lp l i en~ lace tn2e  [12, R = CH,, X = m-CF,; b.p. 
104-105"/13 Torr; v&,"-~ = 1.4482; 1R. (film): 703, 803, 1498, 1599, 174523); UV. (C,H,OH): 264 
(520) ; NMR. (CCI,) : 3.62/s, CH,; 3.69/s, OCH,; 7.5/m, aroni. H ; mass spectrum: m / e  = 218 (:?Ti-, 
CloHgF302), 159 (base peak)], prepared (83?/, yield) from 12 (R  = H, X = m-CF,) as described for 
12 (R 2 H, X =I p-OCH,), werc methylated according to the procedure described for 12 (R  : 
C,H,, X = p-CH,). The resulting m e t h ~ ~ l  ?-m-tvifluovonzethylphenyl-Z-meth?il-propionate (13, 
I< = CH,, X = m-CF,) was obtained in 8676 yield. H.p. 105-110°/10 Torr;  nbo = 1.4509. IR .  (film) : 
706, 804, 1494, 1596, 1613, 173hZ3). LJV. (C,H,OH) : 264 (544). Nh'IK. (CCl,) : 1.59/s, gent-(CH,),; 
3.64/s, OCH,; 7.5/m, arom. H .  Mass spectrum: m/e = 246 ( M I ,  C12H131~302), 187 (base peak), 159. 

Reduction of the ester 13 (R = CH,, X = wCF,) with IAiAIH, gave 2-in-tr~fluovomethylphenyl- 
Z-~nnethyl-pmpan-l-oZ (14, X = m-CF,) (79y0 yicld). 13.p. 116-120"/11 Torr;  T Z ~  = 1.4662. IK. 
(film) : 709, 719, 804, 1050, 1496, 1597, 1615, 334OZ3). NMK. (CCI,): 1.30/s, gem-(CH,),; 3.47/s, 
CH,-1; 7.5/yn, arom. H. Mass spectrum: m/e = 218 (LTf+, CliIHl,F,Oj, 187 (base peak), 159, 127. 

Oxidation of the  alcohol 14 (X = nz-CF,) with the  Fktizon reagent [9] in toluene afforded, after 
18 h reaction, a mixture (b.p. 95-105'/10 Torr) composed of 13% start ing material and 850!, 
aldehyde 6 ( X  = m-CF,) (65% yield). The latter was separated by VI'C. (SE-30, 190"); 92g., = 

1.4577. 1R. (film) : 704, 803, 862, 1493, 1614, 1735, 2700, 28OlZ3). UV. (C,H,OH) : 263 (689), 301 
(118); (iso-octane): 263 (.560), 301 (110). NMR. (CCI,) : 1.49/ .~ ,  gem-(CH,),; 7.5/m, aroin. H ;  9.48/s, 
C H O .  Mass spectrum: W L / ~  =: 216 (M+.  Cl~Hll1~,O), 197, 187 (base peak), 159, 127. - 2,4-Dinztro- 
phenylhydrazone  o f 6  ( X  = 111-CFJ: m.p. 129-129.5". UV. (C,t150H): 358 (21 800). 

C,,H,,F,N,O,, Calc. C 51.52 H 3.82 F 14.38 N 14.1476 
Found ,, 51.65 ,, 3.87 , ,  14.22 ,, 14.2376 

2-111- Tvzfl.Lloromethylpheny1-Z-~eth~~l-propanal-l-d (7, X = nz-CF,). Reduction of ester 13 
(K = CH,, X : m-CF,) with LihlTI, furnished 2-m-~rz f l z~oromet~z~ylph~~z~~Z-Z-n~e~hyZ-pvopun-~-o l -  
I ,  I -d ,  (15, X = nz-CF,) (91% yield). R.p. 124-128"/10 Torr. IR. (film) : 706, 801, 1593, 1612, 208.5, 
334OZ3). UV. (C,H,OH): 263 (664). Mass spectrum: m/e = 220 (>%f+, C,,H,,L),F,O), 187 (base peak), 
159, 127; 95.3% d,6)2"). 

Oxidation of alcohol 15 (X = m-CF,), as descrilied for 14 (X = m-CF,), gave (840/, yield) 
a mixture (b.p. 110-120"/10Torr) composed o f  387; of starting material and 51% of aldehyde 7 (S = 

n-CF,) ; the latter was isolated by V1'C. (SE-30, 220"). IR. (film) : 704, 802, 850, 1593, 1612, 1719, 
2046, 210823). llV. (C,H,OH): 264 (.55.5), 300 (103) ; (iso-octane): 264 (.528), 302 (104). Mass 
spectrum: wz/e 7 217 (AU-l, C,,H,,L)F,O), 198, 187 (base peak), 159, 1.51, 127; 98.3% d16)20). 

I-Phei~.yl-il-1-fovmyl-i).cZopro~une (8) .  14.9 g ( 1  20 niinol) of bcnzy l  cyanide (25)lR) were alkylatcd 
with 1,2-dibromoethane and NaNH, in ether 1111. 7.55 g (44% yield) of 7-pheny~-7-cyuvzo-cyclo- 

23) Tlie trifluoromethyl group of all iiz-substituted derivatives exhibits strong characteristic I R  
bands at 1078 (sharp), 1098 (sharp), 1128 (broad), 1366 (broad) and 1333 (broad) c i r l ,  all 
positions & 4 cn - l .  

~~ - 
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propaiae (26, n = 2) were obtained; b.p. 65-74"/0.4 Torr. IR .  (film) : 701, 759, 949, 1503, 1602, 
2338. NMR. (CDC1,): 1.55/AA'BB' pattern, cyclopropyl H ;  7.3/m, arom. H .  (Lit.: b.p. 137"/ 
30 Torr [lo], 110-113"/1 Torr [33].) 

5.59 g (39.1 tnmol) of cyanide 26 (n = 2 )  were hydrolysed by heating under reflux for 22 h in a 
solution of 30 g KOH in 90 ml CH,OH and 10 ml H,O. The solution was diluted with H,O, the 
CH,OH evaporated, and acidified. The usual working up gave 6.0 g (95% yield) of crystalline 
I-phenyZ-7-carbox~~-c~~cZpropune (27). 3l.p. of crude product 76-79" (lit. : 86-87" [ l l ] ) .  IR .  (CHCl,) : 
950, 1496, 1589, 1602, 1680, 2900 (very broad). 

Reduction of the acid 27 with LiAlH, furnished in 787; yield I-phenyl-l-hydroxymethyz- 
cjdopropane (29, n = 2). B.p. 74-80"/0.3 Torr (lit. ' 117-122"/12 Torr [lo]). IR. (film): 699, 760, 
1031, 1495, 1587, 1601, 3350. NMR. (CCI,) : 0.75/AA'BB' pattern, cyclopropyl H ;  3.45/s, CH,-l'; 
7.2/m, aroin. H. 

Oxidation of the alcohol 29 (n = 2 )  with pyridine-SO, complex and triethylamine in (CH,),SO 
[8] afforded the aldehyde 8 (82% yield). B.p. 115-122"/10 Torr (lit.: 104-106"/12 Torr [ lo]);  

= 1.5405. IR .  (film) : 701, 721, 764, 898, 1501, 1.582, 1603. 1712, 2695, 2818. UV. (C,H,OH) : 
258 (209), 280 (48, shoulder); (iso-octane): 258 (196), 283 (47), 292 (359, 302 (311, 312 ( 2 2 ) ,  324 (9). 
NMK. (CDCl,): 1.1-1.8/AA'BB' pattern, cyclopropyl H ;  7.3/m, arom. H ;  9.30/s, CHO. Mass 
spectrum: m / e  = 146 (Mf, C,,H,,O, base peak), 117, 115, 91.- 2,4-Dinitrophenylhyd~azone of 8 :  
m.p. 188-189" (lit.: 189" [lo]). 

I -  Phenyl-I-forlnyl-cyclopentane (9).  Alkylation of benzyl cyanide (25) with 1,4-dibroinobutane 
[ l l ]  gave 7-phenyl-7-cyano-cycZopentane (26, n = 4) (69% yield), b.p. 110-125"/10 Torr. IR.  (film) : 
659, 754, 1488, 1587, 2212. (Lit.: b.p. 148-153°/20 Torr [lo], 148-159"/20 Torr [12], 145-160"/ 
25-30 Torr [34] , )  

On acid-catalysed ethanolysis [12] the cyanide 26 (n = 4) afforded 7-phenyl-7-carboxy- 
cyclopentane (1.4% yield) (m.p. 156-158"; lit. : m.p. 156-158" [12], and 158-159" [ l l ] )  and I-phenyl- 
7-methoxycarbonylcyclopentane (28) (84% yield), b.p. 105-107"/10 Torr. I R .  (film) : 701, 783, 1495, 
1580, 1601, 1728. NMR. (CC14): l . ll/t  (3  H)+4.01/q ( 2  H),  J = 7, CH,CH,; 1.8/m (6 H)+2.6/m 
( 2  H), cyclopentyl H ;  7.2/m, arom. H .  (Lit.: b.p. 118-120°/0.75 Torr [12], 142-144"/10 Torr [lo].) 

Reduction of the ester 28 with LiAIH, gave I-phenyl-l-hydvoxynzethyl-cyclopentune (29, n = 4) 
(67% yield), b.p. 103-105"/10Torr. IR. (film) : 701,718,1050,1498,1579,1601,3380. UV. (C,H,OH) : 
258 (206). NMR. (CC1,) : 1.7-2.0/m, cyclopentyl H ;  3.36/s, CH,OH; 7.2/m, arom. H .  Mass spectrum: 
m/e = 176 (M+,  C,,H,,O), 146, 145 (base peak), 144, 91. T i t . :  1i.p. 142-144"/10 Torr [lo]. 

Doering oxidation [8] of the alcohol 29 (n : 4) gavc, in quantitative yield, a mixture (b.p. 
145-155"/10 Torr) composed of 25% of starting material and 70% of aldehyde 9. The latter was 
isolated by  VPC. on SE-30 (250"). 1R. (film) : 702, 760, 1493, 1579, 1600, 1723, 2805, 2790. US'. 
(C,H,OH) : 261 (470), 300 (234) ; (iso-octane) : 262 (355), 300 (190). S M R .  (CDC1,) : 1.7/m (6 H )  + 
2 S / m  ( 2  H) ,  cyclopentyl H ;  7.3/mn, arom. H ;  9.39/s, CHO. Mass spectrum: l n / e  = 174 (M+, 
C,,H,,O), 145 (base peak), 91. - 2,4-~)initropl~enylhydruzolze of 9 1n.p. 167" (lit.: m.p. 167-168" 
[35]); UV. (C,H,OH): 364 (20000). 

2-(l-NaphthyZ)-2-methyl-propanal (10, X = H ) .  Methylation of methyl I-naphthylacetatc 
(30, X = H),  1n.p. 81-82.5", t o  methyl 2-(7-nuphth~~l)-Z-met~~.yZ-propzonate (31, X = H )  was achieved 
in 83% yield. M.p. 81-82.5"; b.p. 105-108°/0.02 Torr. UV. (C,H,OH): 270 (5450), 281 (6440), 291 
(4470), 312 (280). IR.  (CCl,) : 860,920, 1252,1342, 1362,1385, 1432, 1512,1600, 1730, 3040. NMR. 
(CDCl,): 1.75/s, gem-(CH,),; 3.53/s, OCH,; 7.15-7..5 (4 H)+7.6-7.9 ( 3  H)/2 m, arom. H.  Mass 
spectrum: m/e = 228 ( M + ) ,  169 (base peak). 

C,,H,,O, Calc. C 78.52 H 7.060/6 Found C 78.68 H 7.18% 

Reduction of the ester 31 (X = H) with LiAlH, gave 2-(l-naphthyl)-Z-lnethyZ-p~opan-l-ol 
(32, X := H )  (87% yield), b.p. 124"/0.04 Torr (viscous oil). IR. (film) : 775, 805, 1365, 1395, 1510, 
1600, 3040, 3090, 3360. NMR. (CDCI,): 1.60/s, gem-(CH,),; 4.05/.s, CH,-l; 7.2-8.0 (6 H)  +8.2-8.5 
(1 H)/2 m, arom. H. Mass spectrum: m/e = 200 (Mf, C,,HI60), 169 (base peak). 

Doering oxidation 181 of the alcohol 32 (X = H) gave aldehyde 14 (X = H) (80% yield), 
b.p. 110"/0.4 Torr (liquid). UV. (C,H,OH): 270 (14400), 281 (17100), 292 (11300), 313 (990); 
(pentane): 313 (298). IR. (film). 778, 805, 1360, 1390, 1510, 1600, 1725, 2690, 2790, 3040. XMR. 
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(CDCI,): 1.58/s. {em-(CH,),; 7.3-7.5 (4 kI)+7.6-7.9 ( 3  H)/2 111, arom. H ;  9.62/s, CHO. AIass 
spectrum : m/c = 108 (,W+), 169 (basc peak) 

CiaH140 Calc. C 84.81 H 7.12';a 1:ountl C 84.W H 7.16:; 

2-(7-.\:aphfhyl)-2-methyl-propa,2al-l-rZ (11. S = H ) .  Reduction of thc ester 31 (X = H) with 
LiAIU, afforded2-( / -naphthyl)-2-meth~~l-pYopal2-/ -ol- l ,  I - d ,  (33, X = H). IR. (film): 778, 801, 1363, 
1385, 1395. 1510, 1600, 2085, 2200, 3030, 3090, 3361) (broad). XMK. (CDCI,): 1.60/s, gem-(CI-I,),; 
7.2-8.0 (6 H)+8.2-8.5 (1 H ) / 2  nz, arom. H.  Mass spcctrum: mi. : 202 (A+, C,,H,,D,O), 169 
(base peak) ; 99 7;; d, 6)20 ) .  

Doeriiig oxidation [ X I  of the alcohol 33 (X :.= H )  furnishcd aldehyde 11 (.S = H ) .  I R .  (film). 
779, 802, 1360, 1380, 1395, 1510. 1600, 1714, 2040, 2102. 3040. NMR. (CnCl,): 1.63/s, gem-(CH,),; 
7.3-7.5 (4 H )  + 7.6-7.9 (3  H)/2  m, aroni. H Mass spectrum : m / e  = 199 (.I"+, C,,H,,DO). 169 (basc 
pcak) ; 100% di6) ,O) 

17-(_7-dlr tho~I~~l- i i~iphf~yl)-2-meth?,[-pfopuanl  (10, S -- OCH,) =). ( 2 - H ~ d r o x ~ - l - n ; l ~ , h t h y i ) -  
acetic acid, m.p .  148-150 (l i t . :  n1.p. 151" [371)25), was mcthylated (91% yicld) with CH,N, to 
mefhyl (2-methoxy-7-naphth~l)-acetnle (30, X = OCH,) .  M.p. after crystallisation from pentane 
67-68'. IIV. (C,H,OH): 236 (15200), 282 (4300). 293 (3501)). 323 (1720), 337 (1970). IR. (CHCI,) 
%5, 1025, 1090. 1160, 1250, 126.5, 1515. 1600, 1630, 1740, 2830, 3050. NMK.  (CCI,) : 3.58+ 3.90/2 s. 
two OCH,; 3.99/s, CH,; 7.1-7.9/m, arom. H. 1Iass spectrum: in/e : 230 ( M t ,  C,,H,,O,), 171 
(base pcak). 

10 g (210 nimol) of NaH wcrc suspendcd in 100 nil of abs. tetrahydrofuran. 25 g (175 inmol) or 
CH,T were addccl and, with stirring under N,, 15 g (6.5 mmol) of ester 30 (X =~ OCH,) in 120 nil of 
ubs. tctrahydrofuran were dropped slowly into the  mixture a t  0". .After stirring for 4 days at room 
teiiipcrature thc  mixture was heated under reflux for 1 h and then poured onto icc-cold satd. 
XH,C1 solution. The c.rude mixture from the usual working contained 41% of 31 (X  = OCH,) and 
597; of monomethylated product, according to  NMK. analysis. The mcthylation procedure was 
rcpeated four times (total reaction time 23 days) until a yicltl of 95% of crude methyl Z-(Z-metRoxy- 
/-nuphthyE)-2-nzethyZ-propzonate (31, X = OCH,) was obtainedzs). Distillation at 115-120"/0.06 Torr 
Raw: 12 g (72% yield) of a solid inatcrial. which after crystallisation from pentane had m.p. 58". 
I!\'. (C,H,OH) : 282 (4900), 293 (3920). 322 (1875). 334 (1120). IR.  (CHCI,) : 860, 1070, 1130, 1150, 
1270, 1510, 1600. 1620. 1725, 2830. NMR. (CDCl,): 1.85/s, gem-(CH,),; 3.58+3.83/2 s, two OCH,; 
7.1-7.4 (3  H) + 7.6-8.1 (3 H)/2 m,  arom. H. Mass spcctrum: m / e  = 258 (M+,  ClsH18(I,)2 199 (basc 
pcak) . 

Rcduction oi the ester 31 (X = OCH,) with Li-llH% gave 2 - ( 2 - m e ~ h o x ~ ~ - / - ~ r a p h l l ~ ~ y l ) - ~ - m s / h y l -  
pvopavi-1-ol (32, X = OCH,) (850/, yield). B.p. 115"/0.05 Torr (liquid). IK. (CHCI,): 1040. 1060, 
1510, 1600, 1620, 2830, 3510 (broad). NYIR. (CDCI,) : 1.8i/s,  gem-(CH,),; 3.87/s. CH,-l; 3.90/.s, 
OCH,; 7.05-7.9 (5 H )  + c a .  8.3  (1 H) /2  nz, aroni. H .  Mass spectrum: wile = 230 (M+, C,,H,,O,), 199 
(basc pcak). 

floerilzgoxirlation ~ 8 ]  of alcohol 32 (X = OCH,) fui-nishcrl d d e h y d c  10 (S = OCH,)  (64% yield). 
B.p. 115':/0.02 Torr;  rn.p., aftcr crystallisation from pentane, 77-78'. UV. (C,H,OH) . 284 (6300). 
295 (shoulder). 322 (shouldur). 336 (2000). IR. (CHC1,): 660, 910, 1070, 1330, 1370, 1460, 1510, 
159X. 1623, 1720, 2700, 2830. NMK. (CDCI,) : I .70/.s, genz-(CH,),; 3.83/s, OCH,; 7.1-7.55 (3  H )  + 
7.65-7.9 (2 H)+8.0-8.3 (1 H)/3 m. arom. H ;  9.55/s CHO. Mass spcc t rum m / e  = 228 (.If+), 199 

(base peak). C15H1602 Calc. C: 78.03 H 7.065, l'nund C. 79.00 H 7.04'y0 

2,4-L)iizi(rophenvlh?,dvazolze of 10 (S  = OCH,) : m.p. 171"; L!V. (C,H,OH) : 365 (21200) 

(:21H20N405 Calc. C h1.76 I 1  4.94 S 13.72:;; Fcnintl C 61.76 H 4.95 N 13.67:" 

2~(2- iMrfho~yvy- I -~zaphthy l ) -2-me/h j~ l~propaiza l~ / -~I  (11, S ~- OCH,) 24) .  Reduction of ester 31 
(X = OCH,) with Li-SID, gavc 2 - ( Z - n z e t h o x y - l - n u p ~ l h ~ ~ ) - Z - ~ ~ e f h y 2 - p r o - / - o l - l ,  I - d ,  (33, X = OCH,) 
(87% yield). B.p. 1ZOa/0.05 Torr (liquid). IR .  (CHC,l,): 910, 980, 1030, 1065, 1105, 1310, 1370, 
1460. 1510. 1600, 1620, 2100, 2210, 2840, 3510 (broad). N M R .  (CDC1,). 1.65/s, gem-(CH,),; 

24) Preliminary work b5- ,\robs [36:. 
9s) Synthesised according to  the  procedurc by Furman el al. [37j. 

The sccond methylation step in dimethylformamide and phosphoryl tri-dimethylamidc as  
solvents proccrclctl considcrably slower cvcn than in tetrahl-drofuran. 
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3.90/s, OCH,; 7.1-7.8/m, arorn. H. Mass spectrum: nije = 232 (AT+, C,,H,,D,O,), 199 (base peak);  
98% dz6) 2n). 

Doeringoxidation [8] of alcohol33 (X  = OCH,) furnished aldehyde 11 (X = OCH,) (38U/o yield). 
H . p .  115"/0.04 Torr; m.p., after crystallisation from pentane, 77-78", I R .  (CHC1,) : 900, 1030, 1070, 
1330, 1370,1385,1460,1510, 1600,1620, 1710, 2080, 2120, 2830. NMR. (CDCI,): 1.70/s,gem-(CH3),; 
3.83/s, OCH,; 7.15-7.55 (3 H)  + 7.7-7.9 (2 kl) + 8.05-8.3 (1 H)/3 m, arom. H. Mass spectrum: m/e = 
229 ( M + ,  C,,H,,DO,), 199 (base peak);  99% d16)20). 

Photolyses of Aldehydes 6 and 7. - a) Setnipreparative Huns with Degassed So1utio:zs; 
Zdeiztzficafion of Products. 5-7 ml of 0.04-0.06 M pentane solutions of each aldehyde were degassed 
in Pyrex tubes in two freeze-thaw cycles a t  10-~5 Torr and irradiated in a turn-table reactor, 
equipped with magnetic stirring and a central 125-R: medium-pressure mercury iamp (QM 125 
Meda L.icht A G ,  Basel), placed in a double I'yrex immersion well. The inner jacket was water- 
cooled, and the outer jacket contained a filter solution of 0.60 g K,Cr04+ 0.17 g KOHjlS 1 H,O 
(path length 15 m m ;  transmission 8% a t  275 nm, 79% at 313 nni, 7% at 375 nm, measured in a 
quartz cell). The solvent of each tube was carefully evaporated, and analytical samples of the fol- 
lowing photoproducts were collected by VPC.  (scc also Table 1). 

From 6 and 7 (X  = H) : cumeize (2-phenylpvopane; 34, X : H ) ,  which was identified by coni- 
parison with an  authentic samplela), using VPC., IR.,  XMK. and mass spectra; 2-phenjdpropane-2-d 
(35, X = H ) ,  I R .  (CHCI,) : 1028, 1494, 1602, 2135, 2205; NMR. (CC1,) : 1.26/t, J = 0.9, CD(CH,),; 
7.14/m, arom. H ;  mass spectrum: m/e = 121 (M+,  C9HllD), 106 (base peak);  99.7% d 1 6 ) 2 0 ) ;  and 
2,3-diplaenyZ-2,3-dzmethj11-butane (36, X = H),  m.p. 115.5-116.5" ([141: m.p. 118.5-119.5') ; mass 
spectrum: m/e = 238 (M+, C,,H,,), 119 (base peak). 

From 6 and 7 (X = 9-CH,) : Z-(p-toZyZ)-propane (34, X = p-CH,), which was identified by 
comparison with an  authentic samplels), using VPC., l R . ,  XMR., and mass spectra; 2- (p-toZyZ)- 
propauze-2-d (35, X = p-CH,), IR.  (film): 722, 803, 820, 1112, 1516, 2138; mass spectrum: nzje = 
135 ( i l P + ,  C,,H,,D), 120 (base peak) ; 98.90/, d16) %") ; and 2,3-di-(p-toZ3,1)-2,3-dimet~ytyl-butane 
(36, X = p-CH,), 1n.p. 155-157"; mass spectrum: m/e = 266 (M+, C,H,,), 133, 78 (base peak). 

From 6 and 7 (X = nz-CH,) : Z-(m-toZyl)-propawe (34, X = m-CH,), which was identified by 
comparison with an  authentic samplela), using VPC., IK.,  NMR., and  mass spectra; and 2-(m- 
tolyZ)-propane-Z-d (35, X = m-CH,), 1R.  (film): 705, 780, 1589, 1608, 2115, 2150; mass spectrum: 
m/e = 135 (M+,  C,,H,,D), 120 (base peak);  99.0% ~1,6)~O). 

From 6 and 7 (X = p-OCH,) . Z-(p-mPtho~~//phewyZ)-propane (34, X = 9-OCH,) [13], 1R. (film) : 
684, 828, 1036, 1512, 1583, 1613, 2823; UV. (C,H,OH): 279 (1600); mass spectrum: nt/e = 150 
(]If+, C,,H,,O), 135 (base peak) ; Z-(p-methoxyphenyl)-propnne-Z-d (35, X = p-OCH,), IR. (film) : 
680, 827, 1037, 1510, 1580, 1612, 2132, 2825; mass spcctruni: m/e = 151 ( M + ,  C,,H,,DO), 136 
(base peak) ; 99.4% d16) ; and 2,3-di-(p-methox~phe~2~Z)-Z,  3-dimethyZ-butane (36, X = 9-OCH,), 
m.p. 182-184"; UV. (C,H,OH) : 276 (3135); mass spectrum: l n j e  = 298 (M+,  C,,H,,O,), 149 (base 
peak), 121. 

From 6 and 7 (X = m-OCH,) : Z-(ni-metWoxyphenyZ)-propane (34, X = m-OCH,), IR. (film) : 
702, 778, 1053, 1486, 1583, 1601, 1610, 2825; UV. (C,H,OH): 273 (1580); mass spectrum: m/e = 
150 ( M + ,  C,,H,,O), 135 (base peak), 105; and Z-(m-methoxypkenyZ)-propane-Z-d (35, X = m-OCH,), 
I R .  (film): 700, 776, 1052, 1487, 1583, 1601, 1611, 2132, 2822; mass spectrum: m/e = 151 (M+,  
C,,,H,,DC)), 136 (base peak), 106; 98.5./;, d16) ,"). 

From 6 and 7 (X  = P-Br) : Z-(p-bromopheizyZ)-propane (34, X = p-Br) [38] which was identified 
mith an  authentic samplels), using VPC., IR. ,  NMR. and mass spectra; and Z-(p-bromophenyZ)- 
propme-2 -d  (35, X = p-Br), IK. (film) : 716, 753, 803, 822, 1010, 1489, 1591, 2135; mass spectrum: 
m / e  = 201 (Mf, C,H,,BrD), 199, 186, 184, 105 (base peak);  93.0% d,6)Zn). 

From 6 and 7 (X = p-CF,) : Z-(p-trifluoronzethyZphenyl)-propune (34, X = p-CF,), IR.  (CHCI,) : 
840,1619*'); mass spectrum: nzje = 188 (M+,  C,,H,,F,), 173 (base peak); and Z-(p-tr2~Z'foromethyl- 
phenyZ)-propune-Z-d (35, X = p-CF,), 1K. (CHCI,) : 840, 1620, 214OZ1); mass spectrum: m/e = 189 
( M + ,  C,,H1,DF,), 174 (base peak);  98.5% dL6) ,o). 

From 6 and 7 (X = m-CF,) : Z-(m-trz.~Z~~oromethylphenyl)-propane (34, X = m-CF,), IR.  (CHC1,) : 
900, 1596, 1614,l) ; mass spectrum: mje = 188 (M+,  C,,H,,F,), 173 (base peak) ; and Z-(m-trzfZuoro- 
meth3iZibhenyZ)-propune-Z-d (35, X = m-CF,), 1K. (CHCI,) : 900, 1595, 1613, 214OZ1) ; mass spectrum: 
m / e  : 189 (A"+. C,,H,,DF,), 174 (base peak); 99.2% d ,6 )~o) .  
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b) 6 ( X  = H )  together wzth Isopropyl Alcohol a /  ~1730 A .  X 0.01 41 solution of 6 (X  = 13) in is(]- 
octanc containing lOyo isopropyl alcohol was irradiated in two tubes, one dcgassed and onc opcn, 
as described in a). In  each run the  composition of the product did not differ qualitatively from 
thosc in pure iso-octane (see Table 1); no alcohol 14 (X  = H) was formed (VPC. analysis). 

c )  6 ( X  = p-D) logethev wi th  7 (X = H )  a /  3130 A .  A degassed solution of 81 nig 6 o f  (X T: p - I ) ;  
0.45331) and 74 mg of 7 (X = H ;  0 . 4 1 4 ~ )  in 1.2 nil pcntanc was irradiated as described in a). The 
deuterium content ol the aldehydes bcfore irradiation was 22.80/" d, anti 77.2% d,. The photolysis 
\\-as discontinued at an aldehyde conversion of 20/;, and the aldehydes and r u m e m  pvoducts (35, 
X = H ,  and 34, X = p-Dj werc isolatcd by VPC. for mass spectrometric analysis. Thc deuterium 
contents were 22.20/, d, a n d  77.8% ti, for the aldehydes and 49.0% do, 50.5% tl,, and -r0.5% d2 
Ior thc ciimcncs6)'20) 

d) 7 ( X  = H )  ut 2537A. 4 ml of a 0 . 1 ~  solution of 7 (X  = H) in pcntanc were degassctl in a 
quartz tube and irratliatcd with a loa-pressurc mcrcury lamp (S I< 6 / 2 0 .  Qziavzlunapen G m h I f ,  
Hanau; main cmission a t  2537 A). After 16 h V1'C analysis on a 20"/0 S17-96 column, 5'x  1/4", a t  
200" showed 47% starting matcrial, 507; 35 (X  = H ) ,  and 3% 36 (X = H) (c j .  Table 1). Deuterium 
contcnt of 35 (X = Hj:  > 98% dI6)"). 

e) Aldehydes  7 together with Tri-n-hut~ilstannu?zE at  3/30 A .  Dcgasscd solutions of aldehydes 7 
(X = H, @-CIl,, 11- and ?n-OCII,) and frcshly prcparcd [39] it-Bu,SnH (b.p. 115-117"/10 Torr) 
were irradiated as rlescritxd in a). Samples of products 35 were isolated, by  VPC. on a ZOO/, S P 9 6  
column, 5' x 3/8", -lor mass spectrometric determination of the deuterium content. For rcsults sec 
Tables 2 and 3. 

f )  Relative Decurbonylattori E//iciencies o /Aldehydes  6 and 7. Six samples o f  each aldehydc in ca. 
0.01 ni iso-octane solution, containing an  appropriate alkane as internal VPC. rcfcrence, wcre 
tlegassed in Pyrex tubes and irradiated for 5, 10, 15, 20, 25, and 30 min, respectivcly, as described 
in a). The decrcase of aldehyde concentration was measured in each case by 2-3 VPC. injections. 
Thc relative efficicncies of decarbonylation wcre detcrrnined by the use of log [lO]/t diagrams. For 
tlic results scc Table 5. 

Tablc 5, The Photodecarbonylatzo?z~ of Aldehydes  6-9 A'elulive Ej / /c ienres")  

Lkuterium Isotope Effect @re1 
:lldehydc VI'C. Column YO') 

xo .  (X) 'Tcmperaturc") @-LO (6)/@,_co (7) 

6 
7 

6 
7 

6 
7 

6 
7 

6 

6 

6 
6 
7 

8 

9 
- 

172' ") 
172" d,  

182" ") 
182'  [ I )  

181" d) 

1810 ") 

202a ?) 

202" ") 

200 C) 

21 8" f )  

180" ") 

180 <I) 

180" ") 

210" f )  

176" [ I )  

1.00 
0.91 

1.05 
0.91 

1.31 
1.10 

1.37 
0.98 

1 .oo 
1.04 

0.93 

0.79 
0.70 

0.03 

0 . 5  1 

1 1 0  

1 1 5  

1 1 0  

1.40 

1.13 

- 
"j  Ca. 0 . 0 1 ~  aldehyde in dcgasscd iso-octanc solution; irradiation a t  3130 .A 
h, 20:" SF-95 column, 5' x 3jS". 
c) ~1 574. - Internal VPC. refcrenccs: d, u - C , ~ H ~ ~ ;  e') ~ z - ( ' ~ ~ H ~ ~ .  1 )  n-C,,H,,. 
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g) 6 (S = H )  in Acetone at 2537 and 3/30 A .  A 0.8 . 10Y’nr solution of 6 (X = H) in acetone 
(internal VPC. reference : n-C,,H,,) was degassed in a quartz cell and irradiated consecutively with 
a lowpressure and a medium-pressure mercury lamp (through aqueous 0.44% KH-phthalatc 
solution, cut-off at ca. 3040 .k). VPC. analysis, after each irradiation period, revealed no change in 
the initial aldehyde concentration. 

h) 6 ( X  : H )  together with Naphthalene or with 1,3-Pentadiene. Three 2-ml solutions each ot 
0 . 0 5 0 3 ~  6 (X  = H), wC,,H,, (VPC. reference), and naphthalene (0.80, 0.34, and O M )  and css-l,3- 
pentadienc (5, 1, and O M ) ,  respectively, were degassed in Pyrex tubes and irradiated in a turn-table 
reactor as described in a),  but using as filter solution acetone-H,O 1 : 5 (cut-off at 3270 A). After 4 h 
Irradiation, VPC. analysis showed that  the decarbonylation of aldehyde was quantitatively the 
same in all samples. Furthermore, no cis + trans isomerisation of pentadiene was detectable using 
a 20yo TCEP column, 2O’x 1/4”, a t  40”. 

Photolyses of Aldehyde 8. - a) 8 in Iso-octane n t 3 1 3 0 A .  Results are suminarised in Tables 1 
and 5. The decarbonylation product, cyclopropylbenzene (37), was identified by comparison with an 
authentic samplela) using VPC. retention time, IR .  and mass spectra. 

b) 8 with Tri-n-butylstannane a t 3 7 3 0 A .  The results of the irradiation of 0 . 0 5 2 ~  8 with 0.054111 
wBu,SnH in pentane are summarised in Table 6.  After 135 niin an additional portion ( 0 . 5 9 ~ )  
of stannane had been added. Cyclopropylbenzetze (37) and n-propylbenzene (43) were identified by 
comparison with commercial samples (VPC , IR . ,  mass spectra)l*). By VPC. on 20% SF-96 
( 5 x  3/8”, 172”). 15% SE-52 (5’x 1/4”, 145’), and l5”,b UCON 1715 (5’x 1/4”, 118” and 140”) 
columns thc 2-phenylbutanal (42) obtained was indistinguishable from a sample prepared from 
ethyl 2-phenylbutyratela) by reduction with LiAIH, and oxidation of thc resulting 2-phenyl- 
butan-1-01 with pyridine-SO, complex and triethylamine [ 8 ] .  Using the same VPC. conditions, 
I-phenyl-1-hydroxymethyl-cyclopropane (29, n = 2). 2-plicnyl-butan-l-o1, 2-phenyl-2-methyl- 
propanal (6, X = H ) ,  and cumenc (34, X = H )  could not he detected in thc photomixture. 

Table 6. Photolysis of Aldehyde 8 with I’ri-n-butylstanizanea) 

Compound % after an Irradiation Time of 

15 min 
~ 

135 min 195 mmb) 

1-Phenyl-1-formyl-cyclopropane (8) 97.3 86.5 80.1 
Cyclopropylbenzene (37) 2.0 3.4 4.8 
wPropylbenzene (43) 0.3 0.7 1.8 
2-Phenylbutanal (42) 0.1 8.0 7.7 

Y~~ ~~ ~~ 

”) 0 . 0 5 2 ~  8;  irradiation a t  3130 A ;  see text for [n-Bu,SnH] and analytical VPC. conditions. 
b, Further addition of n-Bu,SnH, see text. 

Photolyses of Aldehyde 9. See Tables 1 and 5 for the results of the irradiations of 9 at 
3130 3 in degassed solution. Thc decarbonylation product, cyclopentyEbenzene (38), was identified 
by comparison with an authentic sample1,) using VPC. retention time, IR. and mass spectra. 

Photolyses of Aldehydes 10 and 11 (X = H). - a) 10 ( X  = H )  at 2537d. Two quartz 
tubes with 5 ml of 0 . 5 ~  solutions of 10 (X = H) in pentane and isopropyl alcohol, respectively, 
wcre degassed and irradiated with a low-pressure mercury lamp in a turn-table reactor. VPC. 
analysis showed that  only one product, 39 (X = H),  had been formed, with a ca. 45% conversion 
of aldehyde in pentane and ca. 60% in isopropyl alcohol. I-Isoprofiylnaphthalene (39, X = H )  was 
isolated by VPC. on a 20% SE-52 column, 5’x 3/8”, at 260”. The IR.  spectrum was identical with 
that  rcported in the literature [19b]. NMR. (CDCl,) : 1.40/d (6 H )  + 3.73/h (1 H), J = 7, CH(CH,),; 
7.25-8.1/m, aromat. H.  Mass spectrum: m/e = 170 (M+,  ClsH14), 155 (base peak). UV. (C,H,OH): 
273 (4200), 283 (5100), 293 (3600), 313 (386)27). 

27)  1-[sopropylnaphthalene (39, X = H) differed in VPC., IR. and NMR. from the product 
prepared according to the procedure by Hzckinbottom et al. [18] ’). 
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1)) 10 ( X  = H )  ai31308. 10 ml of a 0.08 ni solution of 10 ( X  = H) in pciitane werc dcgassed in a 
Pyrex tube and irradiated a t  3130 A to ca. 400,: conversion of aldehycle. Llccording to  VPC. product 
39 (X = H) was formed cxclusivcly (identification by NMR.  and mass spectruni). 

c) 11 ( X  = H )  at2537A. Two quartz tubes with 5 nil  of 0.1 ht solution of 11 (X = H) in pentanc 
ant l  isopropyl alcohol, respcctively. werc degassed and irradiated as described in a).  After ca. 750,; 
antl 8 0 %  conversions of aldchyde the product of each run, I-(l'-deuterioisopropyZ)-lzaphthalene 
(40, S = H ) ,  was isolated by VL'C. IR. (film) : ~ n t e r  alia 2150. NMR. (CLXI,):  1.43/s, CD(CH,),; 
7.2-8.0/m, arom. H, Mass spcctruui: in/e = 171 ( M + ,  C,,H,,D), 156 (base pcalr); 97% d, in both 
runs6)20) .  

d) l leuferium Isotope Effect on the Decarbowylation of  10 and 11 ( X  = H )  at 2537A. Ca. 0 . 0 6 ~  
solutions of,each aldehyde in pentane (VPC. reference : n-C,,H,,) wcre degassed in quartz tubes and 
irradiated in a turn-tablc rcactor with a low-pressure mercury lamp until a conversion of ca. 60% 
was rcached. (juantitativc VPC. analysis gave, aftcr correction for the differcnce in absorbance, a 
ratio of 1.06 for altlehyde conversion ( l l / l O )  and product formation (39/40, X = H). 

c )  11 ( X  = I f )  with Tr~:-n-butylstanna?ze at2537A. Two pentane solutions, 0 . 0 6 7 ~  11 (X = H) 
\$ith 0 . 0 9 ~  of n-Bu,Snl-I and 0 . 1 ~  11 (X = H) with 1 . 0 h 1  ?z-Bu,SnH, respectively, were degassed 
and irradiated as described in a).  Primary alcohol was formed in very sniall amounts besides thc 
major product 40 (X  7 H) at a ca. 657L convcrsion of aldchvde. The hydrocarbon was isolated 
by VPC. Mass spectrum: 2 95% dI6) 20) in both runs. 

f )  10 (X = H )  with /,3-CycEohexadiene at 3730A. Thrce Pyrex tubes with 5 ml of pentanc solu- 
tions [no. 1. 0 . 0 6 ~  10 (X = H), no. 2 :  0 . 0 6 ~  10 (X  = H) with 0 . 0 6 6 ~  1,3-cyclohexadiene, no. 3 :  
with 0.066 nf 1,3-cyclohcxadicnc] \vcre degassed and irradiated in a turn-table rcactor with a 
medium-pressure mercury lamp housed in a water-coolcd I'yrex finger. VPC. analysis aftcr a ca. 
207(, conversion of aldehyde showcd that  decarbonylation to  39 (X = H) had proceeded to the same 
extent in tubes no. 1 and 2 ;  thc diene solution in no. 3 had remained unchanged (no dimer forma- 
tion [13]), ant1 in no. 2 appreciable formation of dime dimers was observed in addition to decar- 
lionylation. 

g) 10 ( X  = H )  with Aretophenone (at 3660 d) and zwth k'ewophenone (at > 32708). A degasscd 
pcntanc solution of 0 . 0 6 2 ~  10 (X = H), 0 . 0 6 8 ~  acetophenone, and wC,,H,, (reference for VPC. 
analysis) was irradiated a t  3660 A (wave length not absorbed by aldchydc; isolated from an Osvam 
H H O  500-W high-pressure mercury lamp through a Rausclz SC LowzB 500-mni grating monochro- 
mator). No decrease in aldehydc coiiccntration nor forination of 39 (X = H) was detcctable after 
a prolonged irradiation period (18 h). 

A similar experiment t o  achievc sensitiscd decarhonylation, using bcnzophcnonc and a medium- 
pressure mercury lamp and acetone filter, was cqually unsuccessful. Triplet cnergy transfer from 
bcnzophenone to  10 (X = H) was demonstrated as follows: two solutions of 0 . 2 ~  benzophenone, 
no. 1 with 0 . 0 7 ~  diphenylcarbinol and 0 . 0 4 5 ~  aldchyde 10 (X = H), and no. 2 with 0 . 0 7 ~  cli- 
phcnylcarbinol, in t-butyl alcohol were dcgassed in Pyrex tubes and irradiated in a turn-table 
rcactor with a mcdium-pressure mercury lamp through an acetone filter (cut-off at ca. 3270 A). In 
run no. 2 there was 52% conversion to benzopinacol (n1.p. 184-185') ; in run no. 1, essentially no 
reaction had occurrcd. 

Photolyses of Aldehydes 10 and 11 (X = OCH,). - a) 10 ( X  = OCH,) at 2537 A2*).  
Three quartz tubes with 2 ml of a 0.05 M solution of 10 (X = OCH,) in acetonitrile wcre eachdegassed 
and irradiated with a lowpressure mercury lamp in a turn-table reactor. VPC. analysis on 20% 
SE-30 (at  250') and Apiczon-L columns (at  290 ') showcd that  Product 39 ( X  = OCH,) was formed 
cxclusively and that  the decrease of aldehyde was lincar in the log [ l O ] / t  diagram. The product was 
identificd with a sample of I-iso~ropyl-2-metho;vy-naphthale~~e (39, X = OCH,) [by VPC., m.p. (48"), 
IR., NMK. (1.5/d (6H) + 3.95/h (1 H) ,  J = 7, CH(CkI,),; 3.85/s, OCH,; 7.15-8.25/m, arom. H), and 
mass spectra (m/e -> 200 ( M + ,  CI,H,,O), 185 (base peak)], which was synthesised according to  a 
ltnown procedure [16]. 

b) 10 ( X  = UCH,) at31308 in Benzene and at > 327OA in Isopropyl Alcohol and in Acetonitrik. 
Ca. 0.1 M degassed solutions were irradiated to give only prodz4rt 39 ( X  = OCH,) in each case. The 
rate of decarbonylation in acctonitrile at > 3270 A was ca. twice as fast as that  in isopropyl alcohol. 

c) 11 (X = OC'H,) at > 3270 A in Isopropyl A41cuhol and in Acetonitrile. Ca. 0.09nf degassed 
solutions wcre irradiated to  ca. 80% aldehyde conrersion in acetonitrile and ca. 38% in isopropyl 
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alcohol. I n  each case /-(/'-deuterio~sopvopyZ)-2~iizethoxy-naphthaZerze (40, X = OCH,) was isolated 
by VPC. (SE-30 column a t  230"). IK.  (CHC1,): 970, 1020,1030, 1080, 1150,1330, 1460, 1510, 1600, 
1625,2830,2860. NMR. (CDC1,). 1.55/s, C(CEI3),;4.05/s, OCH,; 7.3-8.3/nz,aroni. H.Massspectrun1: 
m/e = 201 ( M + ,  C14H16DO), 186 (base peak) ; 94T1 d, (from acetonitrile), 95.50/, d, (from isopropyl 
alcohol) fi) 20) .  

d) 11 ( X  = OCH3) with 7'ri-n-bulylsta~znaIzr at > 3270 AZ4) .  A degassed solution of 0 . 1 4 ~  
n-Bu,SnH with 0.051 M 11 (X = OCH,) in benzene was irradiated to ca. 90% aldehyde conversion. 
On separation by VPC. (NPGS column at 260") most of the decarbonylation product was reductiv- 
ely dealkylated by thc excess stannane to give Z-metho,~ynapllthaZene. The isotope content of the 
intact photopvodzcct 40 ( X  = OCH,) was 4776 dI6) 2 0 ) .  

e) 10 ( X  = OCH,) with Acetophenone at3660AZ4).  A solution of 0 . 0 9 ~  10 (X = OCH,) with 
0 . 2 3 ~  acetophenone in benzene was degassed and irradiated with wavelength 3660 A (no light 
absorption by aldehyde). No decrease in aldehyde concentration nor formation of 39 (X  = OCH,) 
was detectable after prolonged irradiation (48 h). 

f )  10 ( X  = OCH,) with 1,3-Cyc2ohexadiene. Three Pyrex tubes with 5 ml acetonitrile solutions 
of 0 . 0 5 ~  10 (X = OCH,), 0 . 1 ~  1,3-cyclohexadiene, and0.05hi 10 (X  = OCH,) m i t h 0 . 1 ~  1.3-cyclo- 
hexadiene, respectively, were degassed and irradiated in a turn-table reactor a t  3130 A. After a 
ca. 20% conversion of aldehyde VI'C. analysis showed that  decarbonylation to  40 ( X  = OCH,) had 
proceeded to the same extent in tubes no. 1 and 3, and that  the diene concentration in tubes no. 2 
and 3 had remained unchanged (no dimer formation [13j) 

Quantum Yield Determinations of the Photodecarbonylation of Aldehydes 6 
(X = H) and 10 (X = H and OCH,). ~ The irradiation unit consisted of an optical bench with an 
Osvam HRO 500-Mr high-pressure mercury lamp. Its light emission was focussed by an appropriate 
system of mirror, quartz lcnses, and a water-cooled quartz cell on the entrance slit of a Rausch and 
Lomb 500-mm grating monochromator. The 5 50-4 band exit beam passed through two quartz 
cells (each with 1 cm length). For the irradiations, the degassed aldehyde solution was placed in the 
first cell, and actinometry solution in the second cell. The incident light intensity was monitored 
before and after each irradiation experiment, using actinomctry solution in the first cell. The 
ferrioxalate method described by Pavkev & Hatchard [20] was employed for actinometry (0.151~1 
FeK, [(COO)p]s solution; @F++ = 1.24 a t  2537, 3130, and 3340 8; photometric determination of the 
Fez+- l ,  10-phenanthroline complex at 5100 A, F = 11 100). 

a) 6 ( X  = H )  : 0 . 1 ~  solution in so-octane with n-C,,H,4 as internal reference; ca. 23% conver- 
sion a t  2537 and ca. 1276 conversion a t  3130 A; VPC. analysis on a ZOO/ ,  SE-52 column at 180". 

b) 10 ( X  = H )  : 0.1 M solution in pentane with ~-C,,H,, as internal reference; ca. 26% conver- 
sion at 2537 A and ca. 18% conversion a t  3130 A&; VPC. analysis on a 20% SE-52 column at 230". 

c) 10 ( X  = OCH,) : 0.1 M solution in acetonitrile with n-C,,H,, as internal refcrence; ca. 10% 
conversion at 2537 A, ca. 12% conversion at 3130 A, and ca. 17% conversion at 3340 A&; VPC. 
analysis on a 20% SE-52 column at 280". 

The results are given in Table 4 (p. 876). 

Phosphorescence of Aldehydes 10 (X = H and OCH,). - Measurements were conducted 
with a modified Aminco-Bowmun fluorophosphorimeter equipped with a phosphoroscope-stepper 
motor unit and a sample holder designed to  ensure a reproducible position of the sample tube in 
the phosphoroscope. Lifetimes were determined from decay curves using an oscilloscope. 

For the comparison of the phosphorescence intensities, excitation at 2820 A was used and the 
aldehyde 10 (X = H and OCH,) concentrations ( W ~ O - ~ M )  chosen werc such that  the integrated 
areas of the emission spectra were similar. The intensity ratio was calculated by corrccting for 
differences in integrated areas, absorbance of the solutions at the excitation wavelength, and 
photomultiplier sensitivity. The results are given in footnote 15. 

For the phosphorescence quenching experiments with 0.07 M 1,3-cyclohexadiene, excitation at 
3130 4 (for 10, X = H) and 3350 A (for 10, X = OCH,) was used, and the aldehyde concentration 
adapted for ca. 5.5% quenching of thc emission in both experiments. The result is given in footnote 
16. 

2- (1 - Naphthy1)- 1-methyl-propanal Dimethyl Acetal (44) : Preparation and Irradia- 
tion. - 880 mg (4.4 minol) of aldchyde 10 (X = H) were treated for 15 h with 137 (0.97 mmol) of 
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p-toluenesulfonic acid in 50 ml of CH,OH. The cooled solution was poured onto satd. NaHCO, 
solution and extracted with ether. The usual working up gave a crude product which contained 
ca. SOY/, of the acetal44. Samples for identification and irradiation purposes were isolated by VPC. 
on a 207; SE-30 column at 210”. I:\’. (C,H,OH) : 272 (690), 284 (8083), 294 (5643), 304 (1144), 
315 (457). IR. (film): 780, 805, 1075, 1110, 1601, 2820. NMK. (CCI,): 1.6/s, gem-(CH,),; 3.18/s, two 
OCH,; 5.03/s, CH-1; 7.2- 7.05+8.2---8.5/2 m, arom. H .  Mass spectrum: mje = 244 ( M + ) ,  169, 141, 
75 (base peak). 

CI6H2,,O2 Calc. C 78.65 H 8.250,; Found C 78.59 H 8.240/, 

.\ 0.08n1 solution of 44 in pentane was dcgassed in a quartz tube and irradiated a t  2537 A with 
i~ low-pressure mercury lamp. VPC. analysis indicatcd no chemical change after extensive irradia- 
tion. 

X similar experiment was carried out a t  > 3000 A& using a I’yrcx tube and a medium-pressurc 
mercury lamp. Again no reaction was observed. 

Microanalyses were carried out by Mr. W .  Alanser of the Microanalytical Laboratory, ETH 
Zurich. NMK. spectra were measured in our Instrumental Division (Prof. IY. Simon). We thank 
I’D Dr. ,J .  Seibl for the measurement and intcrpretation o f  the mass spectra. 
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88. Hormon-Rezeptor-Beziehungen: Synthese und Eigenschaften von 
NE-DansyllysinZ1-adrenocorticotropin -( 1-24) -tetrakosipeptid 

von R. Schwyzer und P.  W. Schiller 
Institut fur Molekularbiologie und Biophysik, 

Eidgenossische Technische Hochschule, 8049 Zurich 

(22. 11. 71) 

Sz&mvnary. We are investigating interactions between hormones and their potential receptor 
molecules by means of biologically active, synthetic hormone derivatives. The substituents are so 
chosen that they can supply quantitative information about specific contacts or convert the hormone 
to  an ‘affinity marker’. We describe the synthesis of NE-dansyllysineZ1-adrenocorticotropin-(1-24)- 
tetrakosipeptide. In  fat cells and in adrenal cells of the rat  the dansyl substituent does not seem to 
impair the interaction between the peptide moiety and its biological receptors. It allows for 
affinity studies by fluorescence depolarisation and for measurement of intramolecular and inter- 
molecular distances by means of energy transfer (fluorescence sensibilisation). 

Potentielle Rezeptormolekeln. Das gangige Konzept der Hormonwirkung iiber 
zellulare Rezeptoren ruft nach Identifizierung von Rezeptormolekeln und nach Auf- 
klarung des chemischen Mechanismus der Hormon-Rezeptor-Wechselwirkung [l]. 
Weder das eine noch das andere ist bisher gelungen. Zur Zeit untersuchen wir diesen 
Problemkreis mittels synthetischer Derivate von Peptid- und andern Horinonen (z. B. 
Diazoacetylcholin [ Z ] ) .  Wir gehen dabei von folgenden Annahnien aus : eine Rezeptor- 
niolekel muss imstande sein 

1. ihr Hormon spezifisch zu erkennen (sog. Diskriminatorwirkung), und als Folge 
davon 

2 .  ein physikalisches oder chemisches Signal erzeugen (sog. ((Transducer ))-WIT- 
kung), welches die erste einer ganzen Serie biochemischer Reaktionen auslost, die zur 
bekannten physiologischen Wirkung des Hormons fiihrt. 

Jede in der Erfolgszelle vorhandene (Makro-)Molekel, die imstande ist, ein Hormon 
spezifisch zu binden, konnte im Prinzip zur Unterscheidung zwischen verschiedenen 
Hormonen und somit als Diskriminator dienen : sie ist eine potentielle Rezeptormolekel. 
Ob sie auch tatsachlich eine Rezeptormolekel ist, hangt von ihrer Fahigkeit ab, das 
oben erwahnte Signal zu erzeugen. Unser Vorgehen zielt darauf hin, durch Bindungs- 
studien potentielle Rezeptoren aufzufinden und danach durch Signalstudien zu ver- 
suchen, sie als tatsachliche Rezeptoren zu identifizieren oder auszuschliessen. 
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