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Abstract t A mild and neutral reducing system consisting of 
ALNiCl -6I-l O-THF has been developed and reacted with a series 
of orga4i.c E onpounds containing different functional groups in 
order to evaluate its synthetic utility. It was observed that 
this system very efficiently reduces the oC-enones to the satu- 
rated ketones, 
ding alcohols, 

aromatic aldehydes ahd ketones to the correspon- 
nitriles and nitroarenes to amines, acid anhydrides 

and acid chlorides to aldehydes, disulphides to thiols and 
epoxides to the corresponding alcohols. On the other hand iso- 
lated double bonds, carboxylic acids, esters, lactones, primary, 
benzyl and ally1 halides, aliphatic aldehydes and ketons and - 
allphatic nitro conpounds were found to remain inert to this 
system. Furthermore-, the reducing properties of Al-NiC12.6H20 in 
several other organic solvents were also studied. 

Although a host of reagents are available in the literature for 

reduction of organic functional groups; the development of mild, neutral 

and selective reducing systems still attract a great deal dattention of 

the organic chemists. In recent years, reagents based on aluminium find 

wide application in organic chemistry because of their ready availability, 

easy handling and low cost. In two earlier communications lr2 wedescribed 

the utility of the system consisting oE Al-NiC12. 6H20-THF for selective 

reduction Of a-enones and nitroarenes under mild and neutral conditions. 

LXlring the course of these investigations we observed some interesting 

reducing properties of this system which prompted us to take up a syste- 

matic study of the reduction of a series of selected organic conpounds 

containing various functional groups, the results of which are delineated 

in this article. 
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RRSUJJIS br DISCUSSION 

Moist NiCl2.6H20 readily reacts with aluminium powder exothermically 

as such or in the presence of organic solvents such as THF, MeOH, EtOH, 

CHC13, Et20 etc. with the formation of a black spongy mass. In this redu- 

cing system the substrate is taken in MF and poured into a solid mixture 

of metallic aluminium powder and nickel chloride hexahydrate. A vigorous 

exothermic reaction takes place which subsides autocratically after sOme 

time (about ten minutes) D Dilution followed by filtration of thereaction 

mixture constitute the sinple work-up. 

Reduction of=-enones 

Selective reduction of the double bond of the K-enones without 

affecting the carbonyl is an inportant transformation in organic chemistry. 

Table It Reduction of the double bond of<-enone with Al-NiCl2,6H20 in 

different solvent 

O(-enone 
Reaction 
time(min) 

Producta Solvent yieldb 
(%I 

-CHO 

I 

b I - 

4 & \ 

AC0 \ 
5 y17 

10 

10 

15 

10 

5 

5 

THF 
Ether 
Methanol 
Toluene 
DMF 

THF 
Ether 
Methanol 
Tbluene 
DMF 

THF 
Ether 
Methanol 
?bluene 

7846 

YZ 
60 

92 
90 
85 
75 
70 

95 
92 

2 
w 

1 tin 
LX-IF 76 

a, Produz are characterised by IR,NMR and MS and by Direct conparison 
with authentic conpounds. 

b, Yield refers to the yzeld of pure isolated products of >98%purity- 

WCHO 

Ir! 

THF 
Ether 

Y3.z:' 
DMF 

THF 
Ether 
Methanol 
Toluene 
DMF 

!DiF 
Ether 
Methanol 
Toluene 
DMF 

75 
70 
60 

75 
So 

;02 
59 

68 

3: 
65 
50 
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Quite a fern number of reagents3 are known to reduce the g-enone selecti- 

vely but high cost of the reagents, stringent reaction conditions and poor 

selectivity of these procedures warrant the need for new and useful alter- 

native procedures. We observed through entry 1 to 6 in Table 1 that with c - 
Al-NiC12.6H20 in solvents like ll-iF, diethyl ether, methanol, DMF etc. iso- 

lated double bond, carbonyl and ester function present elsewhere in the 

molecule is not effected. 

Table 1 summarises the reduction results of &-enone chosen to 

determine the synthetic effectiveness of this reagent in diethyl ether, 

methanol, ethanol, toluene and dimethylformamide in addition to THF. 

Reduction of carbonyl conpounds with ALNiCl2.6H20-THF 

Aliphatic cyclic and acyclic ketones , aliphatic aldehydes, carboxy- 

lit acids, esters and lactones were not reduced by this system even after 

prolonged exposure or excess use of the reagents. But when benzylaldehyde 

2 was treated with this system for 10 minutes, it gave banzylalcohol &in 

Table 2 8 Reduction of carbonyl conpounds with Al-NiC1206H20-THF 

Substrate 
Reaction 
time (n&n) 

Producta Yieldb(%) 

Benzaldehyde 
B 

Vanillig 

Acetop!enone 

lo 
m-Chlozbenzaldehyde 

o-Hydroxybensaldehyde 
12 

Cinnama;dehyde 

+,J 
PhthaUi_ anhydride 

QtPhenyputirlc anhydride 

BenzoyEhloride 
g 

&Phenl+butyroyl chloride 

p-Chlor?$benzoyl chloride 

10 Benzylalcohol 
& 

10 Vanillylalcohol 
B 

10 Set-phenethylalcohol 
l& 

10 mChlorobenzy1 alcohol 
ua 

10 o-Hydrox benzyl alcohol 
ISa 

10 Cinnanvlylcohol 
-13a 

10 Phthalashyde 
196 

10 

10 

o&Pheny$tyraldehyde 

Benzaldetyde 

Benzyl a&oh01 

d"heny$tyraldehyde 

p-Chlor;%zaldehyde 

P-Chloro&$syl alcohol 

92 

90 

75 

SO 

85 

60 

60 

20 

70 

70 

20 

80 

SO 

25 

a, Products are characterized by IR, NMR, MS 
with authentic materials. 

and by direct conparison 

b, Yields were determined by GLC 
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92% yield. Other exarrples or reduction of aromatic carbonyl 

deleniated in Table 2. From Table 2 it is clear that ether, 

groups are 
, 

aroma ti c 

halide and even the double bond of the oC-enone 2 was not affected in 

this reduction, 

Reduction of aromatic carbonyl conpounds with Al-W.C1206H20 in 

several other eolvents were also studied. Interestingly, it was observed 

that when alcoholic solvents were used in place of 'IHF the major isolable 

products of reduction were not the corresponding alcohols of the substra- 

tes but the corresponding ethers. When other solvents like diethyl ether, 

to1uenc, DMF, CHC13 etc. were used the products Were only the correspon- 

ding alcohols albeit in low yields.As a typical exanple anisaldehyde was 

reduced with Al-NrC12.6H20 in various organic solvents and the results" 

are furnished in Scheme 1. 

The possibility of a Canniszaro type reaction in case of reduction 

of aromatic aldehyde 1s eliminated on the basis of the fact that in all 

the cases (Table 2) no trace of the corresponding acids were detected in 

the reaction rrxture. 

H3a 
-0 

/ \ (310 
- 

A1-Nic:f.6H20 > H+Q-Q-/"" 
- 

7 7a, R=H, 72, R=Alkyl 

THF 2 (9096) 

MeQH 2_a (20%) 72, R=CH3 (60%) 

EtOH 5 t30°%)+7>, R=Et (70%) 

(3H3CH2CH2.0H la (30%)+7& R=C3H7-(70%) 

PhCH2OH ' 2 (50%)+7&r RShCH2-(50%) 
> 

Et20 > (89% 
> 

CRC13 3 (30%) 

,DMF 2 (50%) 

Scheme-1 
Reduction of acid chlorides and acid anhydrides 

-rboXYlic acids such as benzoic acid, esters of carboxylic acids 

such as methyl beneoate, and lactones are resistant to this reducing sy3- 

tem. However, acid anhydrides such as phthalic anhydride M and=_phenyl 

butyric anhydride 15 were reduced to the corresponding aldehydsein exe- 

ellent yields (Table 2). In case of phthalic anhydride E the 

dialdehyde 14a produced Initially - are Partially reduced to the 
corresponding dials 14b. - Acid chlorides were also rapidly reduced to 
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the corresponding aldehydes. Thus benzoyl chloride g_6r a-phenyl butyroyl 

chloride 12 and p-chlorobenzoyl chloride 12 were converted into benzylde- 

hyde z,~+phenylbutyraldehyde ILa and p-chlorobensaldehyde e in yields 

of 80%, BOX and 60% respectively. The low yield in case of benzoyl chlo- 

ride 16 and p-chlorobensaldehyde 18 is due to the fact that the aldehydes 

produced initially are partially converted into the corresponding alcohols 

& and 12 in 20% and 25% yields respectively. The reduction results Of 

acid anhydrides and acid chlorides are summarised in Table 2, 

Reduction of Nitroarenes 

Reduction of nitroarenes to the corresponding amines could be achi- 
5 

eved by a variety of reagents . Reaction of nitroarenes with this system 

also gives the corresponding antines in excellent yield. Thus nitrobensene 

12 gave ossonL~olly pu~c aniline in 90% yield-It has been observed thto- 

ugh substrates g to 27 in Table 3 that the presence of methyl, hydroxyl. 

amino-, nitro- and chloro substituent in any of the OrthOr meta and para -- 
positions of the benzene ring do not have marked effect on the nature and 

yield of the products. In none of the cases mentioned in Table 3 forma- 

tion of products other than the corresponding amines were observed. 

Reduction of @oxides 

Reduction of epoxides to the corresponding alcohols, is one of the 

fundamental reactions i6n2;rganic synthesis and can be effected by a veri- 

ety of reducing agents.- Hmever, preferential reduction of oxiranes 

in the presence of such easily reducible functionalities as carbonyl grcup 

is rare?2-24 Our results of selective reduction of oxiranes usingAl-Ni.c% 

6H20-THF are sumrrarised in Table 4. From Table 4 it is evident that in 

the majority of the cases the ring opening of the oxiranes istaking place 

from the less hindered side of the epoxide giving the nore substituted al- 

cohols except in case of styrene oxide which gave 75% of 1-phenylethanol 

37a and only 10% of 2-phenylethanol 37b. - - It is interesting to note that 

&,p -epoxy ketones such as 35 and 36 are not reduced by this system and - 
the starting materials were recovered unchanged after work-up.The higher 

yields of 33a and 34h in case of epoxide 3_3 and 2-4 respectively indicate - 
that the rate of reduction of epoxide is much faster than the rate of re- 

duction of <-enones by this system. 
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Table 3 I Reduction of aromatic nitro groups with Al-NiCl2.6H2O IS 
different solvent 

Reaction 
Substrate t.l.me(min) Producta Solvent Yieldb(%) 

C6H5-NO2 

19 - 

P-CH3C&N02 

20 - 

o-CH3C6H4N02 

21 - 

p-HOC6H4N02 

22 - 

p-HOOCC6H4N02 

23 - 

p-NH2C6H4N02 

24 - 

p-C1C6H4N02 

25 
- 

m-Cl C6H4N02 

26 - 

10 

10 

10 

10 

10 

10 

10 

10 

'sHfiNH2 

19a - 

p-CH3C6H4NH2 

20a 
- 

o-CH3C6H4NH2 

21a - 

p-HOC6H4NH2 

22a 
- 

p-HOOCC6HqNH2 

23a 
- 

p-NH2C6H4NH2 

24a 
- 

p-ClC6H4NH2 

25a 
- 

m-Cl C6H4NH2 

26a 
- 

6-Nitroquinolene 10 

27 

6aminoquinolene 

27a - 

THF 
Ether 
Methanol 
Toluene 
DMF 

82 

g 

THF 
Ether 
Methanol 
Toluene 
DMF 

B-IF 
Ether 
Methanol 
Toluene 
DMF 

x05 
82 
85 
72 

80 

8p 

7825 
75 

!tiiF 
Ether 
Methanol 
Toluene 
DMF 

:z 
80 
84 
75 

THF 
Ether 

z$$ 
DMF 

z 

7805 
70 

nw 
Ether 
Methanol 
Toluene 
DW? 

so2 
86 
80 
70 

THF 85 
Ether 82 
Methanol 85 
Toluene 76 
DMF 72 

THF 90 
Ether 82 

k?$:l :z 
DMF 79 

TliF 80 
Ether 82 
Methanol 75 
Ttl&le 70 
DMF 72 

a, Products are characterised by direct conparison with commercially 
available authentic compounds and also by IR, NW? and MS. 

b, Yields were determined by GLC. 
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Table 4 : Reduction of epoxides with Al-NiC12.6H20-THF 

Epoxides Reaction Producta Yieldb 
time (tin) 

c”3cH2+,c”&“* 
5 

CH3~CH2),,CH(OWcH3 

?S? 80 

z! CyLlolll .1111111 

CyclohsxcM OlllJa 5 
3 Ha 

10 
-4 

s 
70= 

E~khlmhydrln 'CL 75= 
30 

WV OAC 

4F I 
33 

PI 
\ w 0 34 

5 

10 

10 

lb I 
31n - 

VI7 

Cl? 34b 
OH 

No reoctlon 

30 

30 

5 OH 

82 

65 

10 

85 

5 

70 

5 

75= 

loc 

a. Products are characterised by IR, Nm, MS and by direct conparison 
with authentic conpounds. 

b. Unless otherwise stated yield refers to the yieldsof pure isolated 
products. 

CO Yields deterndned by GLC. 
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Reduction of ndscellaneous organic conpounds 

AlJcyl, ally1 and benzyl halides are not reduced by this reagent 

and were recovered unchanged after the reaction. Similarly sulfoxides 

and sulfones were also inert to this system. Reduction of amides with 

this system was not clean. However, treatment of benzandde with Al-NiCIZ. 

6H20-D-IF for ten minutes gave a corrp,lex mixture of products in which small 

amount of benzylalcohol was detected. 

Disulphides upon treatment with the reagent gave th1oJ.s. Thus dip- 

henyl dlsulphide 3-8 and dibutyl disulphide 32 were converted to thiO- 

phenol 38a - and n-butyl marcaptan 3B in 95% and 90% yieldrespectivelY= 

Nitriles were also cleanly reduced to the corresponding arrdnes by 

this system. Reduction of bensonitrile 4tJ and mmethoxy benzonitrile 

4I_ gave benzylamine 40a , m-methoxy aniline 4% in 90% and 85XyLelds - 
respectively. Similarly n-butyro nitrile .42 gave n-pmtyl amine in 70% 

yield. 

Table 5 : Reduction of disulphides and Nitriles with Al-NiC12~6H20-l'HF 

Substrate Reaction time 
knin) 

Producta Yieldb 

CN 

8 

IO 

/ SH 

CL 3&l 

0 -NH 
42 2 

Q 0 CN 10 

OMe Ohlc - 

!I!, 

41 

4 10 v NH2 10 
CN 

42 
420 

a, Products are characterised by IR, NMR, MS and by direct conparison 
with authentic conpounds. 

b, Yields were deterrmned bv GUZ 
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Selectivity 

'Ihe systematic study on the reducing properties of the Al.-NiCl3. 

6H20-'JIiF system described above indicate that this is a relatively mild 

reducing system than the hydride reducing agent like 4LAU-iHqr NaRH4 etc. 

and therefore suggest the possibility of several selective reductions. 

As mentioned earlier, selective reduction of the double bond of an&@-un- 

saturated carbonyl conpound without affecting isolated double bonds, car- 

bonyls and ester yroups present elsewhere in the molecule is possible 

with this system. Similarly selective reduction of an epoxide is also 

possible in the presence of (i) carbonyl, (ii) acetate ester, (iii) halo- 

gen, (iv) isolated double bond and even (v) oC-enone. It is noteworthy 

that in case of oxirane 3_4 the maJor product 34a was obtained in 70% 

yield Which is indicative of the fact that the rate of reduction of epoxi- 

de ring with this system is even faster than the rate of reduction of 

Oc- enon es. 

Similarly, the inertness of organic halides towards this reagent 

allows the selective reduction of a nitrile in the presence of a halide 

group. Reaction of 5-Rromovaleronitrile 43 with Al-NiClZ.6H20-THF gave 

80% yield of conpound 43a - 

8595 

Br-C N 
42 

- BrWNH, + Br-c,j 
43a - k3 

One important aspect of this reagent is that it is capable of selectively 

reducing an epoxide in the presence of an ester. Reaction of 4,5-oxido- 

methyl pentanoate 4A upon treatment with this reagent gave after work 

and treatment With p-TsOH, $-valerolactone 44a and 6 -valerolactone 

44b in 80% and 15% yield respectively. 

Q I I 

opyme - 9 
+ 6 

fY4a Ub 
Selective reduction of arorratic carbonyl covxdds in the presence of ali- 

phatic carbonyl by this reagent is well demonstrated by the reduction of 

1-phenyl pentane-1, I-dione 45 to corrpound 42 in 80% yield. 
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As for the mechanism of this reduction no clear-cut statement can 

be made at this stage but based on the following noteworthy observations 

electron transfer cannot be dismissed as part of the mechanism. It is 

presumably involved in the dissolving metal reductions which do show the 

same regioselectivity (e.g. in case of oxirane reduction) as described in 

this paper. Anhydrous NiCl2 does not react with aluminium powder but 

addition of a few drops of water to this system initiates a vigorous exo- 

thermic reaction and evolution of H2 and formation of black precipitate 

which probably is W(O)?6 The hydrogen might be produced by aluminium 

with HCl generated from hydrolysis of NiC12?6 Ni(O) has a strongtendency 

to lose electrons to go to its oxidation states and thereby makes the 

system a reducing one. The fact that both p-anisylalcohol and p-anisal- 

dehyde give p-methoxy methylbenzoate 27 upon treatment with Al-NiC12.6i120 

in 1%01-I suggest that reductions of aromatic aldehydes directly to their 

ethers take place via the alcohol stage and probably through a aluminium 

alkoxide intermediate. The 1ms.t plausible reason for selectivity shown 

by this reagent towards different functional groups could be due to the 

fact that the potential needed to transfer an electron from Ni(O) to diff- 

erent functional groups is different. 

Conclusions 

The study described above confirms the versatility of Al-N1C12. 

6H20-THF as an useful, rmld and sinple reducing system. The reagent is 

mild and therefore selective in many cases. This reagent also reacts 

under neutral conditions and therefore useful when acid or base sensitive 

groups are prc*ent in the molecules. In this method the short reaction 

time is an added advantage. Besides the high yield of the reduced produ- 

cts and easy work-up procedure makes it an useful alternative to the 

existing methods. 

EWERIMENTAL 

14elting points were determined in a kofler block and are uncorre- 

cted. C.C. analysis of the reaction mixture were performed on a varian 

3700 gC gas chromatograph using carbowax 20M colunms. For TLC silicagel 

G (E. Plerck India) was used. All the solvents were purified and dried 

before use. Most of the starting mterials utilized in this study were 
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either commercially available or prepared as per standard literature pro- 

cedure and were purified before use. All the reactions were carried out 

under nitrogen atmosphere. 

General procedure for reduction of different functional groups 

with ALNiC12.6H20 in 'DiF 

To a freshly rmxed soled rruxture of alurmnium powder (10 m mol) 

and nickel chloride hexahydrate (15 m mol) is added a solution of the 

substrate (0.3 m n-01) In freshly distilled THF. A vigorous exothermic 

reaction takes place after a f# seconds which subsides after 10 minutes. 

When TLC of the reaction mixture showed disappearance of the starting 

material the reaction rmxture is diluted with !DiF (100 ml) and filtered. 

Evaporation of the filtratu gave the reduced products which arc purifLed 

further by chromatography. 

Generalproceare for reduction of different functional groups 

with Al-NiC12.6H20 in organic solvents other than THF. 

A solution of the substrate (0.3 m mol) in an organic solvent (e.g. 

MeOH, EtOH, propanol, benzylalcohol, ether, chloroform and DMF) is added 

to a solid mixture of nickel chloride hexahydrate (15 m mol) andaluminium~ 

powder (10 m irol). A vigorous exothermic reactlon takes place after afew 
_ 

seconds and subsides after about 10 minutes. When TIC of the reaction 

mixture showed asappearance of the starting naterlal the reactronmixture' 

is diluted with ether (100 ml) and filtered. Evaporation of the filtrate 

gave the reduced products which are purified by 

tillation. 

chromatography or by dis- 
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4 The NMR spectra were recorded either on a Varlan T-60 or JE0L FX 90 

Instrument. Infra-red spectra were recorded on a PERXIN-ELMER 580 B 

spectrometer either in CHC13 solution or in KBr pellets. Mass spectra 

Were recorded on a FIIUIGALQ IYAT INC0.5 50 GC PS Instrument. Conpound 

7_b (R=CH3) : lH NM7 (CBCI3), ppmt 6.9-6.0 (m, 3H, aromatic-H), 6.65 

(br lH, phenolic-OH), 4.92 (s, 2H, -CH2-OH), 4.42 (s, 3H, OCH3), 3.96 

(s, 3H, -G3), IR (cm-$: 1606, 1580, 1250, 1100, Ia:F/z 164 (M+, , 

7_b (R&HZ-CH3) I 1H NtA (CBC13), ppm: 7.2-6.7 (Ill, 311, aromatic-H), 4,2 

is, m, -0-CH2-Ph) , 3.79 (s, 3H, OCR,), 3.4 (q, J=7Hz, 2H, -0-C_H2-CH3) 

1.25 (t, J='/Hz, 3H, -0-CH2CH3), 1.25 (t, J='/Hz, 31-1, -O-ai2-CH3), IR 

(cm-')* 2840, 1605, 1455, 1250, 1175 etc. Ms:m/z 182 (M+)r 7_b (R=-CH2- 

CH2-(x3): lH NMR kDC13) ppml 7.2-6.6 (m, 3H, aromatic-H), 4.12 k, 

2H, -0-CH2-Ph), 3.5 k, 3H, -z3), 3.2 (t, J=7Hz, 2H, -0-CH2-E3), 

1.44 (m, J=7Hz, 2H, -E2-CH3), 0.8 (t, JdHz, 3H, CH3-CH2~0-). IR 

(cm-'): 2800, 1607, 1508, 1456, 1250, 1180, 1105, 830, MS:m/z 196 (M+, 

zI_b (R-CH2-Ph): 1H NMR tClX1,) ppmr 7.2-6.6 (m, 8H, aromatic-H), 4.4 

k., 4H, -0-CH2-Ph), 3.7 (s, 3H, -O-E3) IR (cm-'): 2040, 1606, 1507, 

1455, 1260, 1045 etc. Ms:m/z 244 W+,. 2% rrp 55OC: 'H NMR (C0C13) 

ppmr 3.97 (m, 2H, -z2-OH), 3.8 (m, lH, -OH), 1.22 (s, 4H, -E2-) ,O.82 

(t, J=5H2, 311, -cH3), IR (cm-'): 3400, 2950, 2860, 1490, 1080 etc. 

M~:Q'z 298 (M+), 280 (M+-H~~) etc. (0 n oxidation with Jones reagent 

in acetone gave 2-Elcosanone, np 58'C). 32 : 1H NMR (CDC13) ppmt 5.3 

(m, -c&i), - 4.5 (d, J=8Hz, 2H, -G2-OAc), 3.7 (br, lH, -0&l, 2.0 (s, 

3H, _ -OAc), 1.62 (br, 3H, C=C-CH3), 1.1 ts, 6H,(CH)2C((OH)C-)f IR(cm-l) 

3450, 2960, 1740, 1440, 1370, 1235, 1030; MS:m/z 214 (M+,, 196 (M+- 

H20), 155 (M+-o-C0a3), 154 &I+-H~~-cocB,), 140, 137 etc. Analysis 

calculated for C12H2203' C: 67.26%, H 10.35%, found C 67.20%, H 10.4%. 

33: 'H NMR kBC13), ppm: 6.8 (m, lH, -CH=C(CH3)C, 3.9 (br, lH, -g), - 

2.4 (m, 4H, -C&2-C(O)- and C&H-E2-,, 1.8 (s, 3H, C=Cc(E3)-), 1.16 

(s, 6H, -CH3): IR Icm 'l) 3450, 2980, 1675, 1375, 1240, 1060: MS:m/z 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

168 (~3, 150 (M+-H,o), 135 (M+-H20-CH3) etc. Analysis calculated 

for C10H1602# c 71.39%, H 9.59%, found C 71.42%, H 9.7%. Eb a +-I 

NMR (cDC13) ppmr 3.92 (br, lH, -on), 2.42 (m, 3H, -a-i,-C@)- and 

C(O)-CH. - 1.22 (s, 6H, CH3, 1.02 td, J=l'lHz, 1H, -CH-) IR (cm-') 

3450, 2980, 1720, 1375, 1240, 1060 etc. M~:nc/z 170 (M+), 152 (M+ 

-H20), 134 etc. Analysis calculated for C10H1802, C 70.55%,H 10.66% 

found C 70.57%, H 10.68%. 33ar - 'H NMR (CLY.Z13) ppmr 6.9 (dd, J=16 

and lOHz, lH, -CH=C), 6.0 (d, J=16Hz, lH, -C=CH-1, 3.8 (ma lH, OH), - - 

2.2 LT., 3H (O)C-CH3), (s, 3H, C(OH)CHXi), (s, 3H,C(0H)(;H3), 1.1 (sr 

3H,s), 0.89 (s, 3Hr-CH3), IR (cm-l) 3400, 2960, 2880, 1680, 1640, 

1070 etc. MS:~/= 210 (~3, 192 CM+-~~0) , 177 (M+-H~~-cH~) etc. Ana- 

lysis calculated for C13H2202, c 74.24%. H 10.54%, found C 74.31%, 

H 10.57%. 34b: 'H NMR tCDC13), ppmr 3.72 (m, lH, -OH), 2.2 (s, 3H, 

-c(o)-$H3), 2.0 (m, 2H, -(O) CM2), 1.3 Lsr 3H, -C(0H)-CH3), 1.1 

(s, 3H, -c!H3), 0.9 Ls, 3H, -M3), IR (cm-') I 3400, 2960, 2880, 1725, 

1640, 1370 etc. MS:m/z 212 (M'?, 194 cM+-H,0), 179 (M+-H~O-CI~~) etc. 

Analysis calculated for C13H2402, c 73.5446, H 11.54%, found C 73.51% 

H 11.42%. 
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